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Karaivanov and Townsend Dynamic Financial Constraints

Literature on �nancial constraints: consumers vs. �rms
dichotomy

� Consumption smoothing literature { various models with risk aversion
{ permanent income, bu�er stock, full insurance

{ private information (Phelan, 94, Ligon 98) or limited commitment
(Thomas and Worrall, 90; Ligon et al., 05; Dubois et al., 08)

� Investment literature { �rms modeled mostly as risk neutral
{ adjustment costs: Abel and Blanchard, 83; Bond and Meghir, 94

{ IO (including structural): Hopenhayn, 92; Ericson & Pakes, 95,
Cooley & Quadrini, 01; Albuquerque & Hopenhayn, 04; Clementi
& Hopenhayn, 06; Schmid, 09

{ empirical: e.g., Fazzari et al, 88 { unclear what the nature of �nancial
constraints is (Kaplan and Zingales, 00 critique); Samphantharak and
Townsend, 10; Alem and Townsend, 10; Kinnan and Townsend, 11
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Karaivanov and Townsend Dynamic Financial Constraints

Literature (cont.)

� Macro literature with micro foundations

{ largely assumes exogenously missing markets { Cagetti & De Nardi,
06; Covas, 06; Angeletos and Calvet, 07; Heaton and Lucas, 00;
Castro Clementi and Macdonald 09, Greenwood, Sanchez and Weage
10a,b

� Comparing/testing across models of �nancial constraints { Meh and
Quadrini 06; Paulson et al. 06; Jappelli and Pistaferri 06; Kocherlakota
and Pistaferri 07; Attanasio and Pavoni 08; Kinnan 09; Krueger and
Perri 10; Krueger, Lustig and Perri 08 (asset pricing implications)
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Karaivanov and Townsend Dynamic Financial Constraints

Objectives

� how good an approximation are the various models of �nancial markets
access and constraints across the di�erent literatures?

� what would be a reasonable assumption for the �nancial regime if it were
taken to the data as well?

{ many ways in which markets can be incomplete

{ �nancial constraints a�ect investment and consumption jointly (no
separation with incomplete markets)

{ it matters what the exact source and nature of the constraints are

{ can we distinguish and based on what and how much data?
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Karaivanov and Townsend Dynamic Financial Constraints

Contributions

� we solve dynamic models of incomplete markets { hard, but captures the
full implications of �nancial constraints

� we can handle any number of regimes with di�erent frictions and any
preferences and technologies (no problems with non-convexities)

� using MLE we can estimate all structural parameters as opposed to only
a subset available using other methods (e.g., Euler equations)

� using MLE we capture in principle more (all) dimensions of the data
(joint distribution of consumption, output, investment) as opposed to
only particular dimensions (e.g. consumption-output comovement; Euler
equations)

� structural approach allows computing counterfactuals, policy and welfare
evaluations

4
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Karaivanov and Townsend Dynamic Financial Constraints

What we do

� formulate and solve a wide range of dynamic models/regimes of �nancial
markets sharing common preferences and technology

{ exogenously incomplete markets regimes { �nancial constraints
assumed / exogenously given (autarky, A; saving only, S; borrowing or
lending in a single risk-free asset, B)

{ mechanism-design (endogenously incomplete markets) regimes {
�nancial constraints arise endogenously due to asymmetric information
(moral hazard, MH; limited commitment, LC; hidden output;
unobserved investment)

{ complete markets (full information, FI)

5
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Karaivanov and Townsend Dynamic Financial Constraints

What we do

� develop methods based on mechanism design, dynamic programming,
linear programming, and maximum likelihood to

{ compute (Prescott and Townsend, 84; Phelan and Townsend, 91;
Doepke and Townsend, 06)

{ estimate via maximum likelihood
{ statistically test the alternative models (Vuong, 89)

� apply these methods to simulated data and actual data from Thailand

� conduct numerous robustness checks

� get inside the `black box' of the MLE { stylized facts, predictions on data
not used in estimation, other metrics for model selection

6
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Karaivanov and Townsend Dynamic Financial Constraints

Main �ndings

� we use consumption, income, and productive assets/capital data for
small household-run enterprises

� using joint consumption, income and investment data improves ability
to distinguish the regimes relative to using consumption/income or
investment/income data alone

� the saving and/or borrowing/lending regimes �t Thai rural data best
overall (but some evidence for moral hazard if using consumption and
income data for households in networks)
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Karaivanov and Townsend Dynamic Financial Constraints

Main �ndings

� moral hazard �ts best in urban areas

� the autarky, full information (complete markets) and limited commitment
regimes are rejected overall

� our results are robust to many alternative speci�cations { two-year panels,
alternative grids, no measurement error, risk neutrality, adjustment costs.
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Karaivanov and Townsend Dynamic Financial Constraints

The common theoretical framework

� preferences: u(c; z) over consumption, c; and e�ort, z

� technology: P (qjz; k) { probability of obtaining output level q from
e�ort z and capital k

� household can contract with a risk-neutral competitive �nancial
intermediary with outside rate of return R

{ dynamic optimal contracting problem (T =1)
{ the contract speci�es probability distribution over consumption,
output, investment, debt or transfers allocations

{ two interpretations: (i) single agent and probabilistic allocations or (ii)
continuum of agents and fractions over allocations

9
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Karaivanov and Townsend Dynamic Financial Constraints

Timing

� initial state: k or (k;w) or (k; b) depending on the model regime (w is
promised utility, b is debt/savings)

� capital, k and e�ort, z used in production

� output, q realized, �nancial contract terms implemented (transfers, � or
new debt/savings, b0)

� consumption, c and investment, i � k0� (1� �)k decided/implemented,

� go to next period state: k0; (k0; w0) or (k0; b0) depending on regime

10
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Karaivanov and Townsend Dynamic Financial Constraints

The linear programming (LP) approach

� we compute all models using linear programming

� write each model as dynamic linear program; all state and policy variables
belong to �nite grids, Z;K;W; T;Q;B, e.g. K = [0; :1; :5; 1]

� the choice variables are probabilities over all possible allocations
(Prescott and Townsend, 84), e.g. �(q; z; k0; w0) 2 [0; 1]

� extremely general formulation

{ by construction, no non-convexities for any preferences or technology
(can be critical for MH, LC models)

{ very suitable for MLE { direct mapping to probabilities
{ contrast with the \�rst order approach" { need additional restrictive
assumptions (Rogerson, 85; Jewitt, 88) or to verify solutions
numerically (Abraham and Pavoni, 08)

11
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Karaivanov and Townsend Dynamic Financial Constraints

Example with the autarky problem

� \standard" formulation

v(k) = max
X

P (qijk; z)[u(qi + (1� �)k � ki0; z) + �v(ki0)]
f g Q

z; ki
0 #
i=1 qi2Q

� linear programming formulation

v(k) = max
X

�(q; z; k
0jk)[u(q + (1� �)k k

0
; z) + �v(k

0
)]

�(q;z;k0jk)�0
�

QxZxK0

s.t.
X

�(q�; z�; k
0jk) = P (q�jz�; k) �(q; z�; k

0jk) for all (q�; z�) 2 Q� Z

K0 Q

X
�K

QxZ

X
�(q; z; k

0jk) = 1

xK0
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Exogenously incomplete markets models (B, S, A)

� no information asymmetries; no default

� The agent's problem:

v(k; b) = max
X

�(q; z; k
0
; b
0
k; b)[U(q+b

0
Rb+(1 �)k k

0
; z)+�v(k

0
; b
0
)]

�(q;z;k ;b
j � �

0 k;b)
�

0 j
QxZxK0xB0

subject to Bayes-rule consistency and adding-up:X
�(q�; z�; k

0
; b
0jk; b) = P (q�jz�; k)

X
�(q; z�; k

0
; b
0jk; b) for all (q�; z�) 2 Q�Z

K0xB0 Q�K0xB0X
�(q; z; k

0
; b
0jk; b) = 1

QxZxK0�B0

and s.t. �(q; z; k0; b0jk; b) � 0, 8(q; z; k0; b0) 2 Q� Z �K 0 �B0

� autarky : set B0 = f0g; saving only : set bmax = 0; debt : allow bmax > 0

13
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Mechanism design models (FI, MH, LC)

� allow state- and history-contingent transfers, �

� dynamic optimal contracting problem between a risk-neutral lender and
the household

V (w; k) = max �(�; q; z; k
0
; w

0jk; w)[q��+(1=R)V (w0
; k

0
)]

f�(�;q;z;k0;w0jk;w)g
T�Q�

X
Z�K0�W 0

s.t. promise-keeping:X
�(� ; q; z; k0; w0jk;w)[U(� +(1� �)k� k0; z)+�w0] = w;

T�Q�Z�K0�W 0

and s.t. Bayes-rule consistency, adding-up, and non-negativity as before.
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Karaivanov and Townsend Dynamic Financial Constraints

Moral hazard

� additional constraints { incentive-compatibility, 8(z�; ẑ) 2 Z � Z

X
�(�; q; z�; k

0
; w

0jk; w)[U(� + (1� �)k � k
0
; z�) + �w

0
] �

T�Q�K0�W 0

�
X P (q ẑ; k)

�(�; q; z�; k
0
; w

0jk; w)
j

T�Q�K0�W 0
[U(� + (1� �)k � k

0
; ẑ) + �w

0
]

P (qjz�; k)

� we also compute a moral hazard model with unobserved k and k0 (UI) {
adds dynamic adverse selection as source of �nancial constraints

15
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Karaivanov and Townsend Dynamic Financial Constraints

Limited commitment

� additional constraints { limited commitment, for all (q�; z�) 2 Q� Z

X
�(� ; q�; z�; k0; w0jk;w)[u(� + (1� �)k � k0; z�) + �w0] � 
(k; q�; z�)

T�K0�W 0

where 
(k; q; z) is the present value of the agent going to autarky with his
current output at hand q and capital k; which is de�ned as:


(k; q; z) � max fu(q + (1� �)k � k0; z) + �vaut(k0)
k02K0

g

where vaut(k) is the autarky-forever value (from the A regime).
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Karaivanov and Townsend Dynamic Financial Constraints

Hidden output/income model

As MH or LC above, but instead subject to truth-telling constraints (true
output is q� but considering announcing q̂), 8 (z�; q�; q̂ 6= q�):X

�(� ; q�; z�; k0; w0jk;w)[U(q�+ � + (1� �)k � k0; z�) + �w0] �
T�XK0�W 0

� �(� ; q̂; z�; k0; w0jk;w)[U(q�+ � + (1� �)k � k0; z�) + �w0]
T�K0�W 0
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Karaivanov and Townsend Dynamic Financial Constraints

Functional forms and baseline parameters

� preferences:
c1��

u(c; z) =
1

� �z�� �

� technology: calibrated from data (robustness check with
parametric/estimated), the matrix P (qjz; k) for all q; z; k 2 Q� Z �K

� �xed parameters: � = :95; � = :05; R = 1:053; � = 1 (the rest are
estimated in the MLE; we also do robustness checks)

18
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Number of: linear programs solved variables constraints
Model: per iteration per linear program per linear program
Autarky (A) 5 75 16
Saving / Borrowing (S, B) 25 375 16
Full information (FI) 25 11,625 17
Moral hazard (MH) 25 11,625 23
Limited commitment (LC) 25 11,625 32
Hidden output (HO) 25 11,625 77
Unobserved investment (UI), stage 1 250 1,650 122
Unobserved investment (UI), stage 2 550 8,370 2,507
Unobserved investment (UI), total 137,500 n.a. n.a.

Note: This table assumes the following grid sizes that used in the estimation: #Q=5, #K=5, #Z=3, #B=5, #T=31; #W=5;
and #W=50 and #Wm=110 for the UI model

Variable grid size (number of points) grid range

income/cash flow, Q 5 [.04,1.75] from data percentiles
business assets, K 5 [0, 1] from data percentiles
effort, Z 3 [.01, 1]
savings/debt, B 5 (6 for B regime) S: [-2, 0], B: [-2, .82]
transfers/consumption, C 31 for MH/FI/LC, endog. for B/S/A [.001, 0.9]
promised utility, W 5 endogenous

Table 1 - Problem Dimensionality

Table 2 - Variable Grids Used in the Estimation

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Computation

� compute each model using policy function iteration (Judd 98)

� in general, let the initial state s be distributed D0(s) over the grid S (in
the estimations we use the k distribution from the data)

{ use the LP solutions, ��(:js) to create the state transition matrix,
M(s; s0) with elements fmss0gs;s02S

{ for example, for MH s = (w; k) and thus

mss0 � prob(w
0
; k

0jw; k) =
X

�
�
(�; q; z; k

0
; w

0

T�Q�Z
jw; k)

the state distribution at time t is thus D t
t(s) = (M

0) D0(s)

� use D(s), M(s; s0) and ��(:js) to generate cross-sectional distributions,
time series or panels of any model variables

19
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Structural estimation

� Given:

{ structural parameters, �s (to be estimated),
{ discretized over the grid K (observable state) distribution H(k)
{ the unobservable state (b or w) distribution { parameterized by �d

and estimated

� compute the conditional probability, gm1 (yjk; �s; �d) of any y = (c; q) or
y = (k; i; q) or y = (c; q; i; k) implied by the solution ��(:) of model
regime, m (m is A through FI), integrating over unobservable state
variables.

20
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Karaivanov and Townsend Dynamic Financial Constraints

Structural estimation

� allow for measurement error in k (Normal with stdev me assumed in
baseline)

� use a histogram function over the state grid K to generate the model
joint probability distribution fm(yj ^H(k); �s; �d; me) given the state
distribution H(k).

� estimated parameters determining the likelihood, � � (�s; �d; me)

21
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Karaivanov and Townsend Dynamic Financial Constraints

The likelihood function

Illustration:

� consider the case of y � (c; q), i.e., cross-sectional data fĉj; q̂jgnj=1. The
C �Q grid used in the LP consists of the points f # Q

h; qlg K; #c h=1;l=1 .

� from above,
fm(ch; qljH(k); �)

are the model m solution probabilities (obtained from the �'s and
allowing measurement error in k) at each grid point fch; qlg given

^parameters �Ps; �d and initial observed state distribution H(k): By
construction, h;l f

m(ch; qljH(k); �) = 1:

� suppose ĉj = c�j + "cj and
qq̂ c

j = qj
� + "j where " and "q are independent

Normal random variables with mean zero and normalized standard
deviations �c and �q (i.e., �c = me(cmax � cmin) and similarly for q).
Let �(:j�; �2) denote the Normal pdf.

22
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Karaivanov and Townsend Dynamic Financial Constraints

The likelihood function (cont.)

� ...then, the likelihood of data point (ĉj; q̂j) relative to any given grid
point (c; q) 2 C �Q given �;H(k) is:

�(ĉjjc; �2c)�(q̂ 2
jjq; �q)

� the likelihood of data point (ĉj; q̂j) relative to the whole LP grid C �Q
is, adding over all grid points fch; qlg with their probability weights fm
implied by model m:

Fm(ĉ m
j; q̂jj�;H(k)) =

XX
f (ch; qljH(k); �)�(ĉj

h l

jch; �2c)�(q̂jjql; �2q)

23
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Karaivanov and Townsend Dynamic Financial Constraints

The likelihood function (cont.)

� therefore, the log-likelihood of the data fĉj; q̂jgnj=1 in model m given �
and H(k) and allowing for measurement error in k; c; q is:

n

�m(�) =
X

lnFm(ĉj; q̂j
j=1

j�;H(k))

� ^in the runs with real data we use H(k) = H(k) { the discretized
distribution of actual capital stock data fk̂jgnj=1.

24
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Karaivanov and Townsend Dynamic Financial Constraints

Structural estimation (cont.)

� Note, we allow for:

{ measurement error in the data ŷ with standard deviation me
(estimated)

{ unobserved heterogeneity: the marginal distribution over the
unobserved state variables b or w (estimated as N(�b=w; b=w))

� in robustness checks we also allow for heterogeneity in productivity
or risk-aversion.

25
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Karaivanov and Townsend Dynamic Financial Constraints

Testing

� Vuong's (1989) modi�ed likelihood ratio test

{ neither model has to be correctly speci�ed

{ the null hypothesis is that the compared models are `equally close' in
KLIC sense to the data

{ the test statistic is distributed N(0; 1) under the null

26
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Karaivanov and Townsend Dynamic Financial Constraints

Application to Thai data

� Townsend Thai Surveys (16 villages in four provinces, Northeast and
Central regions)

{ balanced panel of 531 rural households observed 1999-2005 (seven
years of data)

{ balanced panel of 475 urban households observed 2005-2009

� data series used in estimation and testing

{ consumption expenditure (c) { household-level, includes owner-
produced consumption (�sh, rice, etc.)

{ assets (k) { used in production; include business and farm equipment,
exclude livestock and household durables

{ income (q) { measured on accrual basis (Samphantharak and
Townsend, 09)

{ investment (i) { constructed from assets data, i � k0 � (1� �)k
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Figure 1: Thai data − income, consumption, investment comovement

urban data, investment
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Figure 2: Thai data − income, consumption, assets changes
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Rural data, 1999-2005 Urban data, 2005-2009

Consumption expenditure, c
mean 64.172 148.330
standard deviation 53.284 131.710
median 47.868 115.171

Income, q
mean 128.705 635.166
standard deviation 240.630 1170.400
median 65.016 361.000

Business assets, k
mean 80.298 228.583
standard deviation 312.008 505.352
median 13.688 57.000

Investment, i
mean 6.249 17.980
standard deviation 57.622 496.034
median 0.020 1.713

1. Sample size in the rural data is 531 households observed over seven consecutive years (1999-2005).
2. Sample size in the urban data is 475 households observed over five consecutive years (2005-2009).
3. All summary statistics in the Table are computed from the pooled data. Units are '000s Thai baht.

Table 3 - Thai data summary statistics

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Calibrated production function from the data

� ^use data on labor, output and capital stock fq̂jt; ẑjt; kjtg for a
sub-sample of Thai households (n = 296) to calibrate the production
function P (qjk; z)

{ use a histogram function to discretize (normalized) output, capital
and labor data onto the model grids K;Q;Z

{ labor data is normalized setting zmax equal to the 80th percentile of
the labor data fzitg

� the result is an `empirical' version of the production function: P (qjk; z)
for any q 2 Q and k; z 2 K � Z:

28
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Karaivanov and Townsend Dynamic Financial Constraints

Application to Thai data (cont.)

� mapping to the model

{ convert data into `model units' { divide all nominal values by the 90%
asset percentile

{ draw initial unobserved states (w; b) from N(�w=b; w=b); initial assets
k are taken from the data

{ allow for additive measurement error in k; i; c; q (standard deviation,
me estimated)

� estimate and test pairwise the MH, LC, FI, B, S, A models with the
Thai data

29
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data — results

• the exogenously incomplete markets S and B regimes fit the rural Thai
data best overall (Table 5)

— independent of type of data used (only exception is 1999 c, q data)
— consistent with other evidence for imperfect risk-sharing and

investment sensitivity to cash flow/income

• using joint consumption, income and investment data pins down
the best fitting regimes more sharply than consumption/income or
investment/income data alone

• the full information (FI), moral hazard (MH) and limited commitment
(LC) regimes are rejected using investment/capital stock data

• the autarky (A) (no access to financial markets) regime is rejected with
all types of data
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Model γme σ θ µw/b
1

γw/b

2
LL Value

Moral hazard - MH 0.1632 0.0465 1.3202 0.4761 0.0574 -3.1081

(0.0125) (0.0000) (0.0000) (0.0139) (0.0005)

Full information - FI 0.1625 0.0323 1.1928 0.4749 0.0591 -3.1100

(0.0132) (0.0060) (0.0770) (0.0351) (0.0138)

Limited commitment - LC 0.1606 0.4390 1.2039 0.7010 0.0609 -3.0994

(0.0115) (0.0001) (0.0053) (0.0456) (0.0432)

Borrowing & Lending - B 0.0950 4.2990 0.1091 0.8883 0.0065 -2.5992

(0.0059) (0.0880) (0.0000) (0.0269) (0.0153)

Saving only - S * 0.0894 5.7202 9.2400 0.9569 0.0101 -2.5266

(0.0068) (0.0000) (0.0000) (0.0087) (0.0075)

Autarky - A 0.1203 3.1809 9.2000 n.a. n.a. -2.7475

(0.0046) (0.6454) (0.0000) n.a. n.a.

Model γme σ θ µw/b γw/b LL Value

Moral hazard - MH * 0.1240 1.0260 1.6057 0.7933 0.0480 -0.8869

(0.0086) (0.0046) (0.0584) (0.0053) (0.0007)

Full information - FI 0.1242 0.9345 1.9407 0.7938 0.0464 -0.9008

(0.0082) (0.0002) (0.0000) (0.0055) (0.0000)

Limited commitment - LC 0.1337 1.0358 7.7343 0.0188 0.0672 -0.9116

(0.0109) (0.0076) (0.5142) (0.0070) (0.0000)

Borrowing & Lending - B 0.1346 4.3322 1.8706 0.8397 0.0311 -1.0558

(0.0130) (0.0197) (0.0000) (0.0045) (0.0004)

Saving only - S * 0.1354 2.9590 0.0947 0.9944 0.0516 -1.0033

(0.0074) (0.0343) (0.8556) (0.0133) (0.0180)

Autarky - A 0.1769 1.2000 1.2000 n.a. n.a. -1.1797

(0.0087) (0.0000) (4.2164) n.a. n.a.

Model γme σ θ µw/b γw/b LL Value

Moral hazard - MH 0.1581 0.0342 0.9366 0.3599 0.0156 -2.8182

(0.0073) (0.0000) (0.0000) (0.0013) (0.0010)

Full information - FI 0.1434 0.1435 1.0509 0.5608 0.1244 -2.8119

(0.0083) (0.0018) (0.0009) (0.0112) (0.0105)

Limited commitment - LC 0.1626 0.8035 1.0179 0.0142 0.0630 -2.8178

(0.0075) (0.0102) (0.0147) (0.0074) (0.0003)

Borrowing & Lending - B 0.1397 1.0831 8.1879 0.9571 0.0398 -2.5582

(0.0071) (0.1102) (0.2536) (0.0359) (0.0267)

Saving only - S * 0.1245 5.6697 0.1114 0.9839 0.0823 -2.3825

(0.0077) (0.0225) (0.0744) (0.0248) (0.0432)

Autarky - A 0.1394 1.6922 9.2000 n.a. n.a. -2.6296

Table 4 - Parameter Estimates using 1999-00 Thai Rural Data *UPDATED*

Business assets, investment and income, (k,i,q) data

Consumption and income, (c,q) data

Business assets, consumption, investment, and income, (c,q,i,k) data

(0.0050) (0.3157) (0.0000) n.a. n.a.

1. µw/b and γw/b (the mean and standard deviation of the w or b initial distribution) are reported relative to the variables' grid range

2. Normalized (divided by n) log-likelihood values; 

3. Bootstrap standard errors are in parentheses below each parameter estimate.

* denotes the best fitting regime (including ties)

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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1,2Table 5 - Model Comparisons  using Thai Rural Data - Baseline Vuong Test Results (**UPDATED**)

Comparison
S

 v
 A

B
 v

 A

B
 v

 S

L
C

 v
 A

L
C

 v
 S

L
C

 v
 B

F
I v

 A

F
I v

 S

F
I v

 B

F
I v

 L
C

M
H

 v
 A

M
H

 v
 S

M
H

 v
 B

M
H

 v
 L

C

M
H

 v
 F

I

Best Fit

1. Using (k,i,q) data

1.1 years: 1999-00 MH* LC** B*** S*** A*** LC*** B*** S*** A*** B*** S*** A*** S*** B*** S*** S

1.2 years: 2004-05 FI*** MH*** B*** S*** A*** tie B*** S*** A*** B*** S*** A*** tie B*** S*** B,S

2. Using (c,q) data

2.1 year: 1999 MH** tie MH*** MH*** MH*** tie FI*** FI** FI*** LC*** LC** LC*** S*** B*** S*** MH,FI,LC

2.2 year: 2005 tie tie tie tie tie LC*** tie S*** tie tie tie LC* S** tie S*** S,LC,MH

3. Using (c,q,i,k) data

3.1 years: 1999-00 tie tie B*** S*** A** tie B*** S*** A** B*** S*** A** S*** tie S*** S

3.2 years: 2004-05 FI*** MH*** B*** S*** A*** FI*** B*** S*** A** B*** S*** A*** S*** tie S** S

4. Two-year panel

4.1 (c,q) data, years: 1099 and 00 MH*** LC*** B*** S*** MH** LC*** B*** S*** tie LC* tie LC*** tie B*** S*** LC,S

4.2 (c,q) data, years: 1999 and 05 MH*** MH*** tie tie MH*** FI*** B*** S*** tie B*** S*** A*** tie B*** S*** B,S,MH

5. Dynamics

5.1 99 k distribution & 04-05 (c,q,i,k) FI*** MH*** B*** tie tie FI*** B*** tie FI* B*** S*** A*** B*** B*** S** B

5.2 99 k distribution & 05 (c,q) tie MH*** tie tie MH*** FI*** tie tie FI*** B*** S*** A** tie B*** S*** S,B,FI,MH

5.3 99 k distribution & 04-05 (k,i,q) FI*** LC* B*** S** MH** FI*** B*** S* FI** B*** S* LC** B*** B*** S*** B

Notes: 1. *** = 1%,  ** = 5%,  * = 10% two-sided significance level, the better fitting model abbreviation is displayed; 2. Vuong statistic cutoffs: >2.575 = ***; >1.96 = **; >1.645 = *; <1.645 = "tie"

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data — results

• Networks (Table 6), by blood/kinship or loan/gift — evidence for high
degree of smoothing in c, q data
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1. Networks by friend or relative

1.1 (c,q) data, in network, n=391 FI** tie MH*** MH* MH*** FI*** FI*** FI*** FI*** LC*** tie LC*** S*** B*** S*** FI

1.2 (k,i,q) data, in network tie tie B*** S*** A*** tie B*** S*** A*** B*** S*** A*** S** B** S*** S

1.3 (c,q,i,k) data,in network tie tie B*** S*** A** tie B*** S*** A*** B*** S*** A** S*** tie S** S

1.4 (c,q) data, not in network, n=140 tie tie tie tie tie LC** tie tie tie LC** LC* LC** tie B* tie LC,MH

1.5 (c,q,i,k) data, not in network tie MH*** tie S*** tie FI*** tie S*** A** B** S*** A*** S*** tie S* S

2. Networks by gift or loan

2.1 (c,q) data, in network, n=357 FI** tie MH** tie MH*** tie FI*** FI** FI*** LC*** tie LC*** S*** B*** S*** FI,LC

2.2 (k,i,q) data, in network tie tie B*** S*** A*** tie B*** S*** A*** B*** S*** A*** S** B** S*** S

2.3 (c,q,i,k) data, in network tie MH*** B*** S*** A** FI*** B*** S*** A** B*** S*** A*** S*** tie S** S

2.4 (c,q) data, not in network, n=174 tie tie tie tie MH** LC* tie tie FI* tie tie LC** tie B** S*** S,LC,MH,FI,B

2.5 (c,q,i,k) data, not in network tie tie B*** S*** tie tie B*** S*** tie B*** S*** tie S** B* S*** S

Notes: 1. *** = 1%,  ** = 5%,  * = 10% two-sided significance level, the better fitting model abbreviation is displayed; 2. Vuong statistic cutoffs: >2.575 = ***; >1.96 = **; >1.645 = *; <1.645 = "tie"

Table 6 - Model Comparisons
1
 using Thai Rural Data - Networks (**UPDATED**)

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data { results

� Thai urban data (Table 7) { evidence for moral hazard in c; q and
c; q; i; k data
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1,2Table 7 - Model Comparisons  using Thai Urban Data - Vuong Test Results (**UPDATED**)
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1. Using (c,q,i,k) data

1.1. years: 2005-06 MH*** MH*** MH*** MH*** MH*** LC*** B*** S*** FI* tie S*** LC*** S*** B*** S*** MH

1.2. years: 2008-09 MH*** MH*** MH*** MH*** MH*** LC*** B*** S*** tie LC** tie LC*** S*** B*** S*** MH

2. Using (c,q) data

2.1. year: 2005 tie MH** MH*** MH*** MH*** tie FI*** FI** FI*** LC*** LC** LC*** S*** B*** S*** MH,FI

2.2. year: 2009 MH* MH*** tie MH* MH*** FI*** tie tie FI*** B*** S*** LC*** tie B*** S*** MH,B

3. Using (k,i,q) data

3.1. years: 2005-06 tie MH* tie S*** tie tie tie S*** tie tie S*** tie S*** tie S** S

3.2. years: 2008-09 FI* tie B*** S*** A*** FI* B*** S*** tie B*** S*** A** tie tie S* S,B

4. Two-year panel

4.1. (c,q) data, years: 2005 and 06 tie MH*** MH*** tie MH*** FI*** FI*** tie FI*** tie S*** LC** S*** B** S*** S,MH,FI

4.2. (c,q) data, years: 2005 and 09 MH*** MH*** MH*** MH*** MH*** FI*** FI*** FI*** FI*** B*** S*** tie S*** B*** S*** MH

Notes: 1. *** = 1%,  ** = 5%,  * = 10% two-sided significance level, the better fitting model abbreviation is displayed; 2. Vuong statistic cutoffs: >2.575 = ***; >1.96 = **; >1.645 = *; <1.645 = "tie"

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data { robustness

� estimated production function (Table 8)

� for q 2 fqmin; :::; q#Qg � Q

k� + z�
Prob(q = qmin) = 1� ( )1=�

2
1

Prob(q = qi; i 6= min) =
#Q� 1(

k� + z�
)1=�

2

� = 0 is perfect substitutes; �! �1 is Leontie�; �! 0 is Cobb-Douglas
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1,2
Table 8 - Model Comparisons  using parametric production function (**UPDATED**)

Comparison

M
H

 v
 S

M
H

 v
 B

M
H

 v
 L

C

M
H

 v
 F

I

L
C

 v
 B

F
I v

 A

F
I v

 S

F
I v

 B

F
I v

 L
C

M
H

 v
 A

B
 v

 S

L
C

 v
 A

L
C

 v
 S

Best Fit

S
 v

 A

B
 v

 A

1. Rural data

1.1 (k,i,q), years: 1999-00 FI** LC*** B*** S*** A*** LC*** B*** S*** A*** B*** S*** A*** tie B*** S*** S,B

1.2 (k,i,q), years: 2004-05 MH*** MH*** B*** S*** A*** FI*** B*** S*** A*** B*** S*** A*** S*** tie S** S

1.3 (c,q), year: 1999 MH*** MH*** tie tie MH*** FI*** B*** S*** FI* B*** S*** tie tie B*** S*** B,S,MH

1.4 (c,q), year: 2005 MH** MH** B*** S*** tie tie B*** S*** A** B*** S*** A*** B** B** tie B

1.5 (c,q,i,k), years: 1999-00 tie LC*** B*** S*** A*** LC*** B*** S*** A*** B*** S*** tie tie B*** S*** B,S

1.6 (c,q,i,k), years: 2004-05 MH*** LC*** B*** S*** A*** LC*** B*** S*** A*** B*** S*** A*** S* B** S*** S

1.7 (c,q) panel, years: 1999 and 00 MH*** tie tie S** MH*** LC*** B*** S*** FI*** B* S*** LC*** tie B*** S*** S,B

1.8 (c,q) panel, years: 1999 and 05 MH* tie tie tie MH*** LC** tie tie FI*** tie tie LC*** tie B*** S*** LC,B,MH,S

2. Urban data

2.1 (c,q,i,k), years: 2005-06 tie tie MH** MH*** MH*** tie FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** FI,MH,LC

2.2 (c,q), year: 2005 tie tie MH*** MH*** MH*** tie FI*** FI* FI*** LC*** tie LC*** S*** B*** S*** MH,FI,LC

2.3 (k,i,q), years: 2005-06 tie LC** tie S** tie LC** tie S*** tie tie S** tie S*** tie tie S,A

Notes: 1. *** = 1%,  ** = 5%,  * = 10% two-sided significance level, the better fitting model abbreviation is displayed; 2. Vuong statistic cutoffs: >2.575 = ***; >1.96 = **; >1.645 = *; <1.645 = "tie"

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data { robustness

� More robustness checks (Table 9)

� risk neutrality

� �xed measurement error variance

� allowing quadratic adjustment costs in investment

� di�erent grids and samples (alternative de�nitions of assets; region,
household and time �xed e�ects removed)

� hidden output and unobserved investment regimes
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1. Risk neutrality

1.1 (c,q) data MH*** LC*** B*** S*** A*** LC*** B*** S*** A*** B*** S*** A*** S*** B** S*** S

1.2 (k,i,q) data tie tie B*** S*** A*** tie B*** S*** A*** B*** S*** A*** B*** B*** A*** B

1.3 (c,q,i,k) data MH*** tie B*** S*** A*** LC*** B*** S*** A*** B*** S*** A*** S** tie S*** S

2. Fixed measurement error variance

2.1 (c,q) data tie tie MH*** MH*** MH*** tie FI*** FI*** FI*** LC*** LC** LC*** S*** B*** S*** MH,FI,LC

2.2 (k,i,q) data tie MH*** B*** S*** A*** FI*** B*** S*** A*** B*** S*** A*** S*** B*** S*** S

2.3 (c,q,i,k) data FI*** tie B*** S*** A*** FI*** B*** S*** A* B*** S*** A*** S*** tie S*** S

3. Investment adjustment costs

3.1. (c,q) data MH** tie tie MH* MH*** tie tie tie FI*** tie tie LC*** B* B*** S*** MH,B,LC

3.2 (k,i,q) data tie LC** B*** S*** A*** LC** B*** S*** A*** B*** S*** A*** S* A* tie S,A

3.3 (c,q,i,k) data tie MH*** tie S** MH** FI*** tie tie FI*** B*** S*** A*** S** B*** S*** S,FI

4. Removed fixed effects

4.1 removed year fixed effects, cqik tie tie B*** S*** A*** tie B*** S*** A*** B*** S*** A* S* tie S* S

4.2 removed fixed effects (yr+hh), kiq tie tie B* S*** A*** tie B* S*** A*** B* S*** A*** S*** A*** S* S

4.3 removed fixed effects (yr+hh), cq MH* MH*** MH*** MH*** MH*** tie FI*** FI** FI*** LC*** LC*** LC*** S*** B*** S*** MH

4.4 removed fixed effects (yr+hh), cqik MH*** tie MH*** MH*** MH*** LC*** FI*** FI*** FI*** LC*** LC*** LC*** S*** B*** S*** LC,MH

4.5 removed fixed effects, param. pr. f-n FI** LC*** tie tie MH*** LC*** tie tie FI*** LC*** LC*** LC*** tie B*** S*** LC

5. Other robustness runs (with 1999-00 c,q,i,k data unless otherwise indicated)

5.1 alternative assets definition tie MH*** MH** S*** tie FI*** FI** S*** tie B*** S*** A*** S*** A*** tie S,A

5.2 alternative income definition MH*** MH*** tie S* tie FI*** B** S*** A*** B*** S*** A*** S*** tie S*** S

5.3 alternative interest rate, R=1.1 tie tie B*** S*** A* tie B*** S*** A* B*** S*** A** tie B*** S*** S,B

5.4 alternative depreciation rate, δ=0.1 FI*** LC*** B*** S*** A*** FI* B*** S*** A** B*** S*** A*** tie B* S*** S,B

5.5 coarser grids MH*** MH*** B*** S*** A*** FI*** B*** S*** A*** B*** S*** A*** B** B*** S*** B

5.6 denser grids MH*** LC*** B*** S*** A*** LC*** B*** S*** A*** B*** S*** A*** tie B*** S*** B,S

5.7 generalized effort disutility form FI*** tie B*** S*** A* tie B*** S*** tie B*** S*** tie S*** B*** S*** S

5.8 mixture of normals b,w distributions MH*** MH*** B*** S*** tie FI*** B*** S*** A* B*** S*** A*** S*** tie S*** S

2
6. Runs with hidden output (HO) and unobserved investment (UI) models

v MH v FI v B v S v A v LC Best fit v MH v FI v B v S v A v LC Best fit

Table 9 - Model Comparisons

6.1 hidden output model, cqik tie tie B*** S*** A*** LC** B,S HO*** HO*** HO*** HO*** HO*** HO*** HO

6.2 unobserved investment model, cqik UI*** UI*** B*** S*** tie UI*** B UI*** UI*** UI*** UI*** UI*** LC* LC

1. *** = 1%,  ** = 5%,  * = 10% Vuong (1989) test two-sided significance level. Listed is the better fitting model or "tie" if the models are tied. Sample size is n=531; data are for 1999-00 unless noted otherwise.

2. For computational reasons (incompatibility between the k, q estimation grids and the non-parametric production funcion) the HO model is computed with the parametric production function (read with table 8); 

the UI model is computed with coarser grids (read with line 5.5 above).

1
 using Thai Data - Robustness Runs  (**UPDATED**)

Rural data Urban data

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Estimation runs with simulated data

� Generating simulated data { use the MH regime as baseline

{ �x baseline grids and parameters, �base (Table 10)
{ generate initial state distribution D(k;w): here we set H(k) to have
equal number of data points at each element of K and, for each k,
draw w from N(�w; 

2
w) (can use mixtures of normals)

{ solve the MH dynamic program and generate simulated data for
c; q; i; k; sample size n = 1000

{ allow measurement error in all variables, " � N(0; 2me) (apply to
simulated data)

{ two speci�cations: \low measurement error" with me = :1 of each
variable's grid span and \high measurement error" with me = :2 of
grid span

35
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Model γme σ θ ρ μw/b
1 γw/b LL Value2

Table 10 - Parameter Estimates using Simulated Data from the Moral Hazard (MH) Mode
Assets, investment and income, (k,i,q) data

Moral hazard - MH * 0.0935 0.6557 0.1000 0.2212 0.8289 0.0778 -1.0695
(0.0019) (0.0144) (0.0001) (0.0079) (0.0008) (0.0029)

Full information - FI * 0.0937 0.5495 0.1000 0.2720 0.8111 0.1078 -1.0692
(0.0019) (0.0648) (0.0011) (0.0291) (0.0081) (0.0105)

Limited commitment - LC 0.1053 1.3509 1.1087 -4.2141 0.4483 0.5468 -1.2410
(0.0032) (0.0916) (0.0037) (11.645) (0.0408) (0.0003)

Borrowing & Lending - B 0.1011 1.0940 1.0811 -1.5783 0.0096 0.9995 -1.1821
(0.0021) (0.0782) (0.1352) (2.6279) (0.0003) (0.0683)

Saving only - S 0.0972 0.5000 1.2043 -1.8369 0.5184 0.1697 -1.1407
(0.0025) (0.0000) (0.0000) (0.0000) (0.0104) (0.0076)

Autarky - A 0.2927 0.0000 2.0000 2.2117 n.a. n.a. -2.5390
(0.0046) (0.1431) (0.5000) (1.4179) n.a. n.a.

baseline parameters 0.1000 0.5000 2.0000 0.0000 0.5000 0.3500

Consumption and income, (c,q) data
Model γme σ θ ρ μw/b γw/b LL Value
Moral hazard - MH * 0.1041 0.4851 2.7887 -0.2338 0.4780 0.2867 -0.1462

(0.0022) (0.0188) (0.0742) (0.6062) (0.0098) (0.0117)
Full information - FI 0.1102 0.4462 0.0934 -1.2892 0.5056 0.2644 -0.1784

(0.0027) (0.0000) (0.0001) (11.694) (0.0108) (0.0180)
Limited commitment - LC 0.1157 1.1782 1.2024 -10.9857 0.2276 0.6321 -0.2185

(0.0019) (0.0032) (0.0334) (1.6645) (0.0279) (0.0375)
Borrowing & Lending - B 0.1160 0.6007 0.1544 -1.5090 0.5202 0.3489 -0.2182

(0.0023) (0.0000) (0.0043) (0.0170) (0.0178) (0.0312)
Saving only - S 0.1077 0.0000 1.9849 3.0075 0.4204 0.4527 -0.1842

(0.0020) (0.0000) (0.4816) (0.0445) (0.0278) (0.0272)
Autarky - A 0.1868 0.0276 0.9828 0.2036 n.a. n.a. -0.7443

(0.0122) (0.0124) (0.0004) (0.0271) n.a. n.a.
baseline parameters 0.1000 0.5000 2.0000 0.0000 0.5000 0.3500

Assets, consumption, investment, and income, (c,q,i,k) data
Model γme σ θ ρ μw/b γw/b LL Value
Moral hazard - MH * 0.0952 0.5426 2.1951 0.2267 0.5005 0.3464 -0.8952

(0.0020) (0.0079) (0.0889) (0.0162) (0.0119) (0.0097)
Full information - FI 0.1358 0.5436 0.0967 -6.4718 0.5567 0.2862 -1.4184

(0.0029) (0.0167) (0.0021) (1.3883) (0.0127) (0.0082)
Limited commitment - LC 0.1381 1.2000 0.1239 -36.3392 0.2654 0.5952 -1.4201

(0.0031) (0.0114) (0.0009) (2.7831) (0.0212) (0.0211)
Borrowing & Lending - B 0.1339 1.2000 7.7164 -3.0189 0.4048 0.3238 -1.5624

(0.0036) (0.2416) (0.0000) (20.484) (0.0135) (0.0134)
Saving only - S 0.1678 0.0000 0.0727 -1.1738 0.3818 0.2771 -1.7803

(0.0040) (0.0000) (0.0004) (0.0028) (0.0212) (0.0230)
Autarky - A 0.3302 1.2000 0.1000 0.4681 n.a. n.a. -3.0631

(0.0042) (0.3634) (0.2738) (0.6550) n.a. n.a.
baseline parameters 0.1000 0.5000 2.0000 0.0000 0.5000 0.3500

1. μw/b and γw/b (the mean and standard deviation of the w or b initial distribution) are reported relative to the variables' grid range
2. Normalized (divided by n) log-likelihood values; 
3. Bootstrap standard errors are in parentheses below each parameter estimate.
* denotes the best fitting regime (including tied)
All runs use data with sample size n=1000 generated from the MH model at the baseline parameters

l
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1. Using (k,i,q) data
1.1 low measurement error tie MH*** MH*** MH*** MH*** FI*** FI*** FI*** FI*** LC*** LC*** LC*** S** B*** S*** MH,FI
1.2 high measurement error tie tie tie tie MH*** tie B** tie FI*** tie tie LC*** tie B*** S*** all but A
2. Using (c,q) data
2.1 low measurement error MH*** MH*** MH*** MH*** MH*** FI*** FI** tie FI*** tie S* LC*** S** B*** S*** MH
2.2 high measurement error FI*** tie B* MH* MH*** tie tie FI*** FI*** tie tie LC*** B*** B*** S*** B,FI
3. Using (c,q,i,k) data
3.1 low measurement error MH*** MH*** MH*** MH*** MH*** tie FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH
3.2 high measurement error tie MH*** MH*** MH*** MH*** FI*** FI*** FI*** FI*** LC** LC*** LC*** B*** B*** S*** MH,FI
4. Two-year (c,q) panel, t = 0, 1
4.1 low measurement error MH*** MH*** MH*** MH*** MH*** FI*** FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH
4.2 high measurement error tie tie MH*** MH*** MH*** tie FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH,FI,LC

5. Robustness runs with simulated data2

5.1 sample size n = 200 MH*** MH*** MH*** MH*** MH*** tie tie FI*** FI*** tie LC*** LC*** B*** B*** S*** MH
5.2 sample size n = 5000 MH*** MH*** MH*** MH*** MH*** tie FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH
5.3 coarser grids MH*** MH*** MH*** MH*** MH*** FI*** FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH
5.4 denser grids used to simulate data MH*** MH*** MH*** MH*** MH*** FI** FI*** FI*** FI*** LC*** LC*** LC*** B** B*** S*** MH
5.5 (c,q) data long panel (t = 0, 50) MH*** MH*** MH*** MH*** MH*** FI*** FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH
5.6 (c,q) data from t = 1,000 MH** MH*** MH*** MH*** MH*** FI** FI*** FI*** FI*** LC*** LC*** LC*** S** B*** S*** MH
5.7 zero meas. error in simulated data MH*** MH*** MH*** MH*** MH*** FI*** tie FI* FI*** B* tie LC*** B*** B*** S*** MH
5.8 data simulated at MLE estimates MH*** MH*** MH*** MH*** MH*** tie tie tie FI*** LC* LC*** LC*** tie B*** S*** MH
5.9 sim. data from S, removed fixed effects MH*** MH*** B*** S*** A*** FI*** B*** S*** A*** B*** S*** A*** tie B*** S*** B,S
5.10 simulated data from the LC regime FI*** LC*** MH*** MH*** MH*** LC*** FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** LC
6. Runs with heterogeneity in the simulated data
6.1 heterogeneous productivity MH*** MH*** MH*** MH*** MH*** tie tie FI*** FI*** tie LC*** LC*** B*** B*** S*** MH
6.2 heterogeneous risk aversion MH*** MH*** MH*** MH*** MH*** FI** FI*** FI*** FI*** LC*** LC*** LC*** B*** B*** S*** MH
6.3 heterogeneous interest rates MH*** MH*** MH*** MH*** MH*** FI*** tie FI*** FI*** tie LC*** LC*** B*** B*** S*** MH

1. *** = 1%,  ** = 5%,  * = 10% two-sided significance level, the better fitting model regime's abbreviation is displayed. Data-generating model is MH and sample size is n = 1000 unless stated otherwise.
2. these runs use (c,q,i,k) data simulated from the MH model and low measurement error (γme

Table 11 - Model Comparisons using Simulated Data1 - Vuong Test Results

 = 0.1) unless stated otherwise
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Karaivanov and Townsend Dynamic Financial Constraints

Runs with simulated data { robustness

� smaller/larger sample or grid sizes, measurement error level; using
estimated parameters

� heterogeneity: we also perform runs where we run the MH regime at
di�erent parameters or grids to generate a composite dataset with

{ heterogeneity in productivity (multiplying the Q grid by 10 factors
on [0:75; 1:25]) or

{ heterogeneity in risk aversion (three values for � based on Schulhofer-
Wohl and Townsend estimates, 0.62, 0.78 and 1.4).

36

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

50
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Karaivanov and Townsend Dynamic Financial Constraints

Into the MLE `black box'

� Thai vs. simulated data { assets persistence (Fig. 3)

{ a data feature all models (S,B the least) struggle to match well is the
extremely high persistence of capital k in the Thai rural data

{ urban data closer to MH regime
{ evidence for infrequent investment in the data (once every 30-40
months on average) { Samphantharak and Townsend, 09
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Figure 3: Thai vs. simulated data; business assets transition matrix

Note: axis labels corresponds to k percentiles; 1 is 10th, 5 is 90th; values larger than 4*10−3 plotted in color

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Into the MLE `black box'

� Thai vs. simulated data { time paths (Fig. 4)
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Figure 4: Thai vs. Simulated data − Time Paths
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Karaivanov and Townsend Dynamic Financial Constraints

Into the MLE `black box'

� Thai vs. simulated data { �nancial net worth (Fig. 5)
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Karaivanov and Townsend Dynamic Financial Constraints

Into the MLE `black box'

� Thai vs. simulated data { ROA (Fig. 6)
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each circle represents a household

Figure 6 − Thai vs. simulated data − return on assets
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Karaivanov and Townsend Dynamic Financial Constraints

Into the MLE `black box'

P data� m 2

� al asure of �t, Dm #s (s s )
ternative me = j j

j=1 wherejsdata s
J

j j denote

various moments of c; q; i; k (mean, median, stdev, skewness,
correlations)

model, m = MH FI B S A LC
criterion value (rural), Dm = 321.1 395.4 38.5 20.8 28.1 6520
criterion value (urban), Dm = 36.8 32.0 36.4 35.3 35.4 236.7
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data { GMM robustness checks { consumption

� Based on Ligon (1998), run a consumption-based Euler equation GMM
estimation (*this method uses c time-series data alone) to test:

{ the `standard EE', u0(ct) = �REu0(ct+1) in the B model vs.

{ the `inverse EE', 1
u0(ct)

= 1
�RE(

1 ) in the MH modelu0(ct+1)

{ assuming CRRA utility the sign of the GMM estimate of parameter
b (= �� or � depending on regime) in the moment equation

c
E (h(�b ; b)) = 0 where � = i;t+1
t it it is used to distinguish B vs. MHcit

{ additional pre-determined variables (income, capital, average
consumption) can be used as instruments

� Result: further evidence favoring the exogenously incomplete regimes in
the Thai rural data.
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Instruments b std. error J-test

--- -0.3358* 0.0602 -0.454 -0.218 n.a.

income -0.3257* 0.0546 -0.433 -0.219 1.006

income, capital

income, capital, avg. consumption

-0.3365*

-0.3269*

0.0499

0.0492

-0.434

-0.423

-0.239

-0.231

2.389

2.793

Notes:

Table 13: Consumption Euler equation GMM test as in Ligon (1998), rural sample

[ 95% conf. interval ]

1. b is the estimate of the risk aversion coefficient; assuming households are risk-averse, 
a negative b suggests the correct model is B (standard EE); a positive b suggests MH (inverse EE)
2. the estimates are obtained using continuous updating GMM (Hansen, Heaton and Yaron, 1996). 
Matlab code adapted from K. Kyriakoulis, using HACC_B method with optimal bandwidth.

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Karaivanov and Townsend Dynamic Financial Constraints

Thai data { GMM robustness checks { investment

� Based on Arellano and Bond (1991) and Bond and Meghir (1994), run
GMM of the investment Euler equation (*this method uses k; i; q panel
data)

{ under the null of no �nancial constraints besides quadratic adjustment
costs in investment, the coe�cient �3 on income, q in the regression�

i

k

�
jt

= �1

�
i

k

�
jt�1

+ �2

�
i

k

�2
jt�1

+ �3

�q
k

�
+ dt + �j + "jt

jt�1

should be negative
{ ^We �nd �3 > 0 (albeit insigni�cantly di�erent from zero), thus
rejecting the null of no �nancing constraints.

{ Consistent with MLE kiq results with adjustment costs (S, A win).

� Caveat: this method does not allow to distinguish the exact source of
�nancing constraints.
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Dynamic panel-data estimation, one-step difference GMM using lags of 2 or more for instruments
Group variable: household Number of observations: 1552
Time variable : year Number of groups: 388
Number of instruments = 24 Observations per group: 4
dependent variable = it / kt

Coef

Table 14: Investment Euler equation GMM test as in Bond and Meghir (1994), rural sample

Robust st. err. z P > |z| [ 95% conf. interval ]

it-1 / kt-1

 
 

0.3232775 0.0595142 5.43 0.000 0.2066317 0.43992

(it-1 / kt-1)
2 -0.0965482 0.2777705 -0.35 0.728 -0.6409683 0.44787

qt-1 / kt-1 0.0002172 0.0002812 0.77 0.440 -0.0003339 0.00077

year dummies included

Arellano-Bond test for AR(1) in first differences: z =  -1.87  Pr > z =  0.061
Arellano-Bond test for AR(2) in first differences: z =  -0.48  Pr > z =  0.628
Arellano-Bond test for AR(3) in first differences: z =  1.25  Pr > z =  0.211
Hansen test of overid. restrictions: chi2(17)  =  22.29  Prob > chi2 =  0.174

Note: observations with zero assets (k) were excluded.

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Figure 7: Policy experiment − reduction in the gross interest rate R from 1.05 to 1.025

assets, k
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Karaivanov and Townsend Dynamic Financial Constraints

Future work

� further work on the theory given our �ndings with the Thai data

{ multiple technologies, aggregate shocks, entrepreneurial ability, explicit
adjustment costs

{ other regimes { costly state veri�cation, limited enforcement
{ transitions between regimes

� data from other economies, e.g. Spain { more entry-exit, larger sample
size (joint work with Ruano and Saurina)

� supply side { lenders' rules for access, regulatory distortions (Assuncao,
Mityakov and Townsend, 09)

� computational methods { parallel processing; MPEC (Judd and Su, 09);
NPL (Aguiregabirria and Mira; Kasahara and Shimotsu)

44
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Karaivanov and Townsend Dynamic Financial Constraints

Moral hazard with unobserved investment (UI)

� Structure

{ unobserved: e�ort z; capital stock / investment k; i
{ observed: output q
{ dynamic moral hazard and adverse selection: both incentive and
truth-telling constraints

{ the feasible promise functions set W is endogenously determined and
iterated on together with V (Abreu, Pierce and Stacchetti, 1990)

� LP formulation

{ state variables: k 2 K and a vector of promises,
w � fw(k1); w(k2); :::w(k#K)g 2W (Fernandes and Phelan, 2000)

{ assume separable utility, U(c; z) = u(c) � d(z) to divide the
optimization problem into two sub-periods and reduce dimensionality;
wm { vector of interim promised utilities

45

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

66
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Karaivanov and Townsend Dynamic Financial Constraints

Moral hazard with unobserved investment (UI) part 1

V (w; k) = max
X

�(q; z;wm w;k)[q + Vm(wm; k)]
f�(q;z;wmjw;k)

j
g
Q�Z�Wm

s.t.
X

�(q; z;wmjw;k)[�d(z) + wm(k)] = w(k) (promise keeping)

Q�Z�Wm

s.t. incentive-compatibility, for all z�; ẑ 2 Z

X P (q ẑ; k)
�(q; z�;wmjw;k)[�d(z�) +wm(k)] �

X
�(q; z�;wmjw;k)[�d(ẑ) +wm(k)]

j

Q�Wm Q�Wm
P (qjz�; k)

s.t. truth-telling, for all announced k̂ 6= k 2 K; and all �(z) : Z ! Z

X P (qj ^�(z); k)
k̂ � �(q; z;wmjw;k)[� ^w( ) d(�(z)) + wm(k)]

Q�Z�Wm
P (qjz; k)

and subject to Bayes consistency and adding-up

46
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Karaivanov and Townsend Dynamic Financial Constraints

Moral hazard with unobserved investment (UI) part 2

Vm(wm; k) = max �(�; k
0
;w

0
wm; k)[ � + (1=R)V (k

0
;w

0
)]

f�(� k0;w0j ^; w ;k)g;
�

fv(k;k;k
j

m
0;�)g

T�K

X
0�W0

s.t., for all 0 ^0 ^ ^�; k ; k ; k 6= k; and k0 6= k0

X
�(�; k

0
;w

0j � ^ ^ ^ ^wm; k)[u(� + (1 �)k � k
0
) + �w

0
(k
0
)] � v(k; k; k

0
; �) (utility bounds)

W0

s.t.
X

^v(k; k; k
0 ^; �) � wm(k) (threat keeping)

T�K0

s.t. wm(k) =
X

�(�; k
0
;w

0jwm; k)[u(�+(1��)k�k0)+�w0(k0)] (interim promise-keeping)

T�K�W0

and subject to Bayes consistency and adding-up.

47
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Micro Founded Macro Models

�	 Theoretical models tell well articulated, plausible stories of the impact of the financial 

sector on growth, inequality, poverty. But how do we know that these models match up 
to reality and can thus help us in the formulation of policy? 

�	 This lecture shows how to estimate the key financial economic underpinnings of two 
well known, pre-existing models in the literature. The case study is Thailand but we
extend this local within-country data and to data from other countries. 

�	 We do this by fitting micro economic data to the choices that households and
businesses make, thus delivering a subset of the key parameters. The remaining 
parameters are calibrated at plausible values, but typically using only subsets of the 
data, as with initial conditions. Then the model at all these imposed parameter values is 
simulated over time, and predicted paths of macro aggregates are compared to actual 
time paths in the data. Macro aggregates include growth, inequality,  income, savings 
rates, and labor share of GDP, as well as key parts of each model, that is, the fraction of 
households running business or the fraction of households participating in the financial 
sector. Financial deepening is exogenous, imposed at observed values in one model, 
and endogenous, a key choice in the other. 
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Micro Founded Macro Models (cont.)

�	 Each model lends itself to a quantification of the welfare gains from a policy intervention. In the model 

with an exogenous expansion of the financial sector, we can measure impact on winners as well as 
losers, as households may or may not shift occupations as access to credit and savings increases, and 
even when they do not shift, there are changes in investment on the intensive margin. The impact of 
financial deepening depends as well on endogenous wages and interest rates; eventually increasing 
wages have a huge impact on the relatively poor who do not start businesses but work for others. In the 
model with endogenous financial deepening, a government takeover of the banking system creates an 
inefficiency wedge which is associated with a clearly evident stagnation in growth rates. The welfare loses 
from this repression, and conversely the welfare gains from subsequent financial liberalization are 
quantified using the lens of the model. 

�	 Though welfare gains as a fraction of wealth from financial liberalization can be quite large, the impact on 
subsequent growth can be small, if not negligible, as growth depends on the endogenous expansion of 
the financial system, which depends on investment in costly infrastructure. Likewise, time series and 
panel data generated from the model offer a stark warning that running cross-country regressions to 
assess the impact of finance on growth and inequality is treacherous if the data come from actual 
economies in transitions (not yet in steady state). 

�	 The larger theme here, however, is not to promote these two models as the end of the story, but rather 
to promote the method of analytic attack. The models are relatively successful in Thailand, but fit less 
well in Mexico, especially during a devaluation and sudden stop. As it turns out, that outcome was 
predictable from the first step, from the ability the assumed key ingredients to fit the micro data. Indeed, 
one can take each of the models to local, village and regional data within Thailand, and deduce that the 
occupation choice model is reasonably successful, but the financial depending model does not take into 
the account the contrasting behavior of government vs. private sector financial service providers. The 
lecture ends with a comparison of the successes and failures of each model, hence directions for further 
research. Ultimately policy recommendations vary from one model to the next so it is important to find 
one that is approximately correct in both its micro and macro aspects. 
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“Growth and Inequality: Model Evaluation Based on an Estimation-

Calibration Strategy” Jeong & Townsend, 2003


..." 
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Empirical Observations on M exico and Thailand Calibration DSGE with Financial Sector New mo dels
 

Static Applied General Equilibrium: Dual Sector Model 

	 Bernhardt and Lloyed-Ellis ( Restud 2000) and Gine and Townsend 
(2004) 

 Occupational choice: Farmers, Workers and Entrepreneurs 
 Given distribution of talent, i.e. Öxed-cost of openning a Örm H (x) 

over (0, 1), distribution of inherited wealth G (b)
 
 Farmers: W = g + b
 
 Workers: W = w  v + b
 
 Entrepeneurs:
 
W = max0l and 0k bx ff (k, l)  wl  (k + x)g + b 

 A person with inherited wealth b and talent x chooses her profession 
to maximize W : w > w = v + g then no one will be farmer. If 
x  xe (b, w ) then she will become an entrepeneur, otherwise she 
will become a worker. 
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Empirical Observations on M exico and Thailand Calibration DSGE with Financial Sector New mo dels 

Static Applied General Equilibrium: Dual Sector Model
 

 Transition 

 General equilibrium: 

 E (w ) = 
R
H (xe (b, w )) G (db) and 

L (w ) = 
R R x e (b,w ) l (b, x , w ) H (dx) G (db)0 

 E (w ) + L (w )  1 with equality if w > w . 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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LEB Model 
� Model Economy 

For the rest of the article please visit: "Growth and Inequality: Model Evaluation Based on an Estimation-Calibration Strategy." by Hyeok Jeong 
and Robert M. Townsend.  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2864508/# 
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Empirical Observations on M exico and Thailand Calibration 

Transitions 
DSGE with Financial Sector New mo dels 

Bernhardt and Llloyed-Ellis: Rudimentary Dynamics
 

	 Given W each person solves maxC +B W U (C , B) this gives the 
bequest function B (W ) 

	 Gt (b) =) wt =) Gt+1 (b) 

	 The phases of economic development 

	 Phase 1 (the Dual Economy, 0  t  t1) Wages remain at w . 
Incomes and wealths grow in the Örst-order stochastic sense. 

	 Phase 2 (the Transition, t1  t  t2) Wages begin to rise, but 
income and wealths continue to grow in the Örst-order stochastic 
sense. 

	 Phase 3 (Advanced Economic Development, t  t2) Wages rise, and 
incomes and wealths grow in the second-order stochastic sense. 

	 Phase 4 (Long Run) Wages converge and the distribution of incomes 
and wealths converage to unique limitting distributions which are 
independent of the initial distribution. 
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Empirical Observations on M exico and Thailand Calibration DSGE with Financial Sector New mo dels 

Incorporate Financial Sector 
Gine and Townsend (2004) 

	 A fraction a of people have access to borrowing and lending, 
equilibrium interest rate R 

	 Farmers: W = g + Rb 
	 Workers: W = w  v + Rb 
	 Entrepeneurs: 
W = max0l and 0k ff (k, l)  wl  R (k + x)g + Rb 

 If x  x (R, w ) then she will become an entrepeneur, otherwise she e
will become a worker. 

	 General equilibrium (w , R) are such that 

 S (w , R) = ab and
 
x (R ,w )
D	 (w , R) = a 

R R e
(k (R, w ) + x) H (dx) G1 (db)0 

 E (w ) = a 
R
H (x (R, w )) G1 (db) + (1  a) 

R
H (xe (b, w )) G2 (db)e

x (R ,w )and L (w ) = a 
R R e l (R, w ) H (dx) G1 (db) +0
 

(1  a) 
R R x e (b,w ) l (b, x , w ) H (dx) G2 (db)
0
 

 D (w , R)  S (w , R) with equality if R > 1
 
	 E (w ) + L (w )  1 with equality if w > w 
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Empirical Observations on Mexico and Thailand Calibration 

Policy Impact 
DSGE with Financial Sector New models 

Gine and Townsend (2004) Thailand
 

INTERMEDIATION IMPACTS GROW TH , INTERMEDIATION, INEQUALITY, POVERTY, # FIRMS 

Macro simulation: 
Credit Matters 

Eventual diminishing 
Returns, BUT WE GET 
TFP 

Investment will move 
too 

Dynamics due to 
improved 
intermediation 

η = .026,  .321, 0grω γ= = 

[Intermediated Model (SES Data). Notes: . Source: Giné and Townsend (2004)] 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Policy Evaluation 

Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models
 

Gine and Townsend (2004) Thailand
 

DISTRIBUTION OF GAINS 

Gains depend on
 
wealth and talent-

need disb of each-
-

Rich hh sensitive to
 
Interest rate,
 
occupation choice
 

Not talented rich
 
give up firms and
 
save
 

Change in talent will 
change impact 

Poverty Reduction: 
Laudable Goal 

Here it is
 
Linked to macro
 
growth
 

[Welfare Comparison in 1979 (Townsend Thai data) Source: Giné and Townsend (2004)] 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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F igu r e 7.6.2.2 D a t a a nd model-p r ed icted a ver age en t r ep r eneu rsh ip levels, 2000-2008 
(met r ic #2) 

Source: Own calculations, ENOE/ENEU 

Once again, the model predicts a higher entrepreneurship rate for the sector of the economy 

without credit. The entrepreneurship rate for this sector dies not vary substantially, whereas the 

entrepreneurship rate for the credit-enabled sector does vary a great deal, and again, increases 

noticeably in 2005. 
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F igu r e 7.6.2.3 M odel-p r ed icted en t r ep r eneu rsh ip levels in cred it- a nd non-cred it secto rs, 
2000-2008 (met r ic #2) 

Source: Own calculations, ENOE/ENEU 
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Empirical Observations on Mexico and Thailand Calibration 

Transition 
DSGE with Financial Sector New models 

DSGE: Greenwood-Jovanovic (JPE 1990)
 

© University of Chicago Press. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Empirical Observations on M exico and Thailand Calibration DSGE with Financial Sector New mo dels
 

DSGE: Greenwood-Jovanovic (JPE 1990) 

 A model of Önancial participation 

 Household j maximizes 
" 

j 
# 

b

t ln cE0
 

• 

Â
 t
 
t=0 

with three investment choices 

 Riskless: it1 at the end of period t  1 yields dit1 in period t 

 Risky: it1 at the end of period t  1 yields 
 

qt + ej 
 
it1 in period t
 

t
 
 Financial intermediary: it1 at the end of period t  1 yields
 
r (qt ) it1 in period t, Öxed-fee q
 

 Zero-proÖt condition for Önancial intermediaries implies
 

r (qt ) = g max (d, qt ) 

q = a 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

85
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Empirical Observations on M exico and Thailand Calibration DSGE with Financial Sector New mo dels
 

DSGE: Greenwood-Jovanovic (JPE 1990)
 

 Value function of individual i 

 Z  
j 
 

W (kt ) = max ln (kt  st ) + b max fVNP,VPg dF (qt+1 ) dG et+1 st ,ft    
j 
 

VNP = W st qt+1 + e + (1  ft ) dft t+1 

VP = V 

st 


ft 

 
qt+1 + ej 

 
+ (1  ft ) d

 
 q
 

t+1 

and V (kt ) = 
maxst 


ln (kt  st ) + b 

R 
max fW (st r (qt+1)) , V (st r (qt+1))g dF (qt+1)

 

 Equilibrium: Set of value functions v (kt ) , w (kt ), saving rules, 
s (kt ) and f (kt ) such that 

 choose to whether or not remain in the Önancial market 
V (kt ) ? W (kt ) 

 choose to whether or not to stay indepedent W (kt ) ? V (kt  q) 
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Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models 

Townsend and Ueda (Restud 2007)
 

© International Monetary Fund. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

87
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://www.sciencedirect.com


Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models 

Townsend and Ueda (Restud 2007)
 

© International Monetary Fund. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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GJ Model 
� Model Economy 

Courtesy of Hyeok Jeong and Robert Townsend. Used with permission.
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Estimation 
� Likelihood Function 

Courtesy of Hyeok Jeong and Robert Townsend. Used with permission.
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Estimation, cont.


Courtesy of Hyeok Jeong and Robert Townsend. Used with permission.
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Estimation, cont.


Courtesy of Hyeok Jeong and Robert Townsend. Used with permission.
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Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models
 

Townsend and Ueda
 
(Restud 2007)
 

[Benchmark, best-fit (left-hand graphs) and Higher  V ariance, best-fit (right-hand graphs). Source: 

Townsend and Ueda (2005)] 

© Reivew of Economic Studies, Ltd. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Townsend & Ueda (2010) “Welfare Gains from Financial 

Liberalization,” IER
 

© International Monetary Fund. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Townsend & Ueda, IMF WP/03/193, 2003


© International Monetary Fund. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Townsend & Ueda, IER, 2010


© International Monetary Fund. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models 

Mexico: GDP Growth, 1989-2006
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Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models 

Mexico: Financial Participation, 1989-2006
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Empirical Observations on Mexico and Thailand Calibration DSGE with Financial Sector New models 

Mexico: Change in Inequality, 1989-2006
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Felkner, John and Robert M. Townsend (2009) 
“The Geographic Concentration of Enterprise 

in Developing Countries,” Working Paper, 
University of Chicago. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

100
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN
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Figure 3
 
Courtesy of John S. Felkner and Robert M. Townsend. CC BY-NC-SA
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ENTERPRISE CONCENTRATION 
1986-1996
 

TAMBON DISTRICT LEVEL 
(6500 TAMBONS)
 

Bivariate LISA Map:
 
1986 Enterprise in Relation to 
Enterprise Growth 1986-1996
 

In Spatial Neigbhors
 
Clusters Significant at P < .05 Level
 
Corresponding Moran Scatterplot 

Bins Mapped
 

Bivariate LISA Map: Legend 1986 Enterprise in Relation to 
Enterprise Growth 1986-1996 Major Roads 

In Spatial Neigbhors 
AREAS WHERE ENTERPRISE IS CONCENTRATING 

NEW ENTERPRISE CONCENTRATIONS 

LOW ENTERPRISE AREAS 

AREAS LOSING ENTERPRISE 

" 
Kilometers 

0 90 180 360 Figure 4 
Courtesy of John S. Felkner and Robert M. Townsend. CC BY-NC-SAwww.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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ENTERPRISE CONCENTRATION 1986-1996 
BIVARIATE LISA MAP
 

STATISTICALLY SIGNIFICANT
 
CONCENTRATIONS (P < .1)
 

" 
Legend 

AREAS WHERE ENTERPRISE IS CONTINUING TO CONCENTRATE 

NEW ENTERPRISE CONCENTRATIONS ARISING 

LOW ENTERPRISE AREAS 

AREAS LOSING ENTEPRISE Figure 6 
Major Roads 

Map is an output from a bivariate 
Local Moran Index for 1532 villages, 
considering 1986 fraction in enterprise surrounded 
by 1986-1996 growth in fraction in enterprise 

REDS are village with higher 
than average enterprise in 1986, 
surrounded by villages with higher than 
average growth in enteprise 1986-1996 

PINKS are villages with lower 
than average enteprise in 1986, 
surrounded by villages with higher than 
average enterprise growth 1986-1996 

DARK BLUES are villages with lower than 
average enterprise in 1986, surrounded by 
villages with lower than average enterprise 
growth 1986-1996 

LIGHT BLUES are villages with higher than 
average enterprise in 1986, surrounded by 
villages with lower than average enterprise 
growth 1986-1996 

Courtesy of John S. Felkner and Robert M. Townsend. CC BY-NC-SAwww.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Primary Estimation:  
Occupational Choice Structural Simulation
 

Spatial Model:  
M Parameter Varies Across Space
 

Bivariate LISA Map 1986-1996
 

"
 
ENTERPRISE CONCENTRATION 

1986-1996 
STATISTICALLY SIGNIFICANT 

CONCENTRATIONS
 
(P = .1 OR LESS)
 

Kilometers
 
0 10 20 40
 

Legend 
AREAS WHERE ENTERPRISE IS CONTINUING TO CONCENTRATE 

NEW ENTERPRISE CONCENTRATIONS ARISING 

LOW ENTERPRISE AREAS 

AREAS LOSING ENTERPRISE Figure 10
 
Major Roads 

Map is an output from a bivariate 
Local Moran Index for 1532 villages, 
considering 1986 fraction in enterprise surrounded 
by 1986-1996 growth in fraction in enterprise 

REDS are village with higher 
than average enterprise in 1986,
 
surrounded by villages with higher than 
average growth in enteprise 1986-1996
 

PINKS are villages with lower 
than average enteprise in 1986, 
surrounded by villages with higher than 
average enterprise growth 1986-1996
 

DARK BLUES are villages with lower than
 
average enterprise in 1986, surrounded by
 
villages with lower than average enterprise
 
growth 1986-1996
 

LIGHT BLUES are villages with higher than
 
average enterprise in 1986, surrounded by
 
villages with lower than average enterprise
 
growth 1986-1996
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Figure 7
 
Courtesy of John S. Felkner and Robert M. Townsend. CC BY-NC-SA
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Figure 13

Courtesy of John S. Felkner and Robert M. Townsend. CC BY-NC-SAwww.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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“Growth and Inequality: Model Evaluation Based on an Estimation-

Calibration Strategy” Jeong & Townsend, 2003
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“Growth and Inequality: Model Evaluation Based on an Estimation-

Calibration Strategy” Jeong & Townsend, 2003
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Jeong, Hyeok and Robert M. Townsend (2003) 
“"Growth and Inequality: Model Evaluation 

Based on an Estimation-Calibration Strategy," 
with Hyeok Jeong,” IEPR WP #5-10. 
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A.3 Summary Table 

1. LEB 

1.1. Aggregate Dynamics 

Success Failure/Anomaly 

Trends and movements of income level 
Movements of income growth rate Initial high growth 
Inequality movements Lower inequality level overall 
Increasing population share of entrepreneurs Lower level of population share of entrepreneurs 
Direction of changes in population composition Population size ordering 

(too few non-participant entrepreneurs 
too many participant entrepreneurs) 

Higher fraction of entrepreneurs in the nancial 
sector 
Financial expansion onto growth 
(especially the upturn of late 1980Ws) 

1.2. Subgroup Dynamics
 

Success Failure/Anomaly 

Income of non-participant workers increases 
(though less than in the data) 

Incomes of all three other categories decrease 

Missing co-movements of growth rates 
across occupation groups before 1992 

Capturing occupational income gap Gap is too large 
Non-participant entrepreneurs earn higher income 
than participant entrepreneurs 
Missing the surge of income of participant 
entrepreneurs in late 80Ws and subsequent increase 
of income of non-participant entrepreneurs 
Subgroup inequality levels are too low 
Higher inequality among participants 
than non-participants 
Inequality among participants decreases 
Missing divergence between participant and 
non-participant groups 
Fail to relate movements of aggregate income 
growth and inequality to growth patterns of the 
richest group, the participant entrepreneurs 

1.3. Decomposition
 

Success Failure/Anomaly 

Capturing compositional e�ects on growth 
and inequality change 

Too large orders of magnitude 

Signs of all e�ects on inequality change are right 
(Increase in subgroup inequality and 
decrease in income gap via convergence) 

Too large orders of magnitude 
(Due to too large occupational income gap) 

Adding nancial expansion helps decomposition 
e�ects to be closer to data 

But not good enough and exogenous addition 
of nancial sector creates other anomalies 

42 

© University of Southern California. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.
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1.4. Shape of Income Distribution
 

Success Failure/Anomaly 

Fail to predict overall shape of income 
distribution 
Spike at the low end hence missing income 
variation among the poor 
Missing the extremely rich 

2. GJ 

1.1. Aggregate Dynamics 

Success Failure/Anomaly 

Trend and level of average income Not capturing movements 
(stagnation and then upturn after 1986) 

Trend and level of inequality Not capturing movements (downturn after 1992) 
and over-predicts the increase 

Trend and level of nancial expansion Missing nonlinear pattern of expansion 
(surge after 1986) 

1.2. Subgroup Dynamics
 

Success Failure/Anomaly 

Average income of participants increases Average income of non-participants stays constant 
Missing co-movement of growth rates before 1992 

Income gap between participants and 
non-participants (LEB anomaly solved) 

Gap is too large 

Higher growth rates of participants than 
non-participants, hence diverging income 
levels between them (LEB anomaly solved) 

Missing catch-up of non-participants after 1992 

Inequality within participants increases 
(LEB anomaly solved) 

Too low subgroup inequality 

Fail to relate movements of aggregate patterns of 
growth and inequality to the growth patterns of 
the richest group, participant entrepreneurs 

1.3. Decomposition
 

Success Failure/Anomaly 

Capturing compositional e�ects on growth Too large orders of magnitude 
and inequality change 
Signs of across-group inequality e�ects are right Wrong signs of within-group inequality e�ects 

Too large across-group inequality 

1.4. Shape of Income Distribution
 

Success Failure/Anomaly 

Overall shape of income distribution 
Missing middle class 
Over-predicting poverty 
Missing the extremely rich 

43 

© University of Southern California. This content is excluded from our Creative
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Lecture 1 

 

Finance, Growth, Volatility 
 

Theory, data, and the formulation of policy 
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Finance and Growth 
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King and Levine (1993) “Finance and Growth: 
Schumpeter Might be Right.” Quarterly Journal of 
Economics 108 (3):717-737.  

 View the Abstract.  
 
Rajan and Zingales “Financial Dependence and 

Growth.”  The American Economic Review Vol. 88, 
No. 3 (Jun. 1998), pp. 559-586.   

View the Abstract.  
 
Levine. “Finance and Growth: Theory and Evidence.” 

In Handbook of Economic Growth: Edition 1, 
Volume 1, Chapter 12. pp. 865-934. Elsevier, 
2005.  View the Abstract. 
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Importance of Research to Policy: 
 “Research that clarifies our understanding of the role of finance in 

economic growth will have policy implications and shape future 
policy-oriented research. Information about the impact of 
finance on economic growth will influence the priority that policy 
makers and advisors attach to reforming financial sector policies. 
Furthermore, convincing evidence that the financial system 
influences long-run economic growth will advertise the urgent 
need for research on the political, legal, regulatory, and policy 
determinants of financial development.” 

 
BUT Specific Policy Implications are not Immediate:  
However, it is not necessarily immediate to go from the general 

idea to policy guided by the way financial systems actually work: 
the empirical proxies for “financial development” frequently do 
not measure very accurately the concepts emerging from 
theoretical models. We are far from definitive answers to the 
questions of whether finance cause growth, and if it does, how? 
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Role of Financial Systems: Five categories are helpful in organizing a review 
of the theoretical literature and tying this literature to the history of 
economic thought on finance and growth.   
• Produce information ex ante about possible investments and allocate 
capital 
• Monitor investments and exert corporate governance after providing 
finance 
• Facilitate the trading, diversification, and management of risk 
• Mobilize and pool savings 
• Ease the exchange of goods and services 
 
Each of these financial functions may influence savings and investment 
decisions and hence economic growth. 

 
Issue: Levels, Steady State Transitions: So the thesis is 
that intermediation matters and thus changes in intermediation matter. 
But this begs the issue of whether growth happens as levels of 
intermediation systems  change gradually or a good, fixed level today 
can influence rates of growth in the future. 
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Some theoretical caveats:  
1. Growth accounting literature, is long run growth more about technology improvement - he 
says yes, but this leaves out transitions, which could be important, or even poverty traps, 
systems get stuck. 
2. Savings rates are not monotone with increases in return, or improved risk bearing, it can go 
the other way. 

 3. Levine (2011): Finance promotes economic growth primarily by improving the efficiency of 
capital allocation, not by increasing investment. Thus, finance should not be viewed as a 
plumbing system, where pouring more credit in one end yields more growth at the other. 
Rather, finance is like an economy’s central nervous system, choosing where to allocate 
resources and it’s the latter thing that matters. 
 

So does finance cause   growth, reduced inequality, lower ? Not necessarily:   

 “Theory provides conflicting predictions concerning the relationship between financial  
development and both income distribution and poverty alleviation. Some theories claim that 
financial intermediary development will have a disproportionately beneficial impact on the 
poor. Banerjee and Newman (1993), Galor and Zeira (1993) and Aghion and Bolton (1997). 
Other models posit a non-linear relationship between finance and income distribution. 
Greenwood and Jovanovic (1990) show how the interaction of financial and economic 
development can give rise to an inverted U-shaped curve of income inequality and financial 
intermediary development.” 

Unfortunately, despite his appeal to theory, the econometrics does not make the link (yet).  
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Volatility and Growth 
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Some facts about volatility – these are important before we start thinking that all volatility 
is coming from the financial system. More specifically, there may be links to the financial 
system and hence implications for policy, but we need to get specific in order to know 
how to think productively about finance, volatility, and policy. 

 

Koren and Tenreyro . “Volatility and Development.” The Quarterly  Journal of Economics  
(2007) 122 (1): 243-287.  View the abstract. 
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Why important? Because policy comes from looking at the underpinnings, in this case sectors: 
helps to point out the potential areas to which risk management efforts should be directed. If, 
for example, a large part of a country’s volatility is accounted for by high exposure to a few 
high-risk sectors, then policies aimed at mitigating volatility (or its consequences) should 
probably focus on the development and strengthening of financial institutions and, perhaps, 
on the diversification of the economy. If, instead, most of the volatility is due to country-
specific shocks, then attention should probably be directed to macroeconomic policy (i.e., 
excessive volatility might reflect inadequate aggregate domestic policies).  

Quantification: 60% is country specific, 40% is sectoral, so the latter is nontrivial. Data informs 
theory: if diversification is limited, then one might think the correct thing to do is to 
concentrate on developing safe sectors first. However, there is no tradeoff in the data between 
mean returns and risky returns so this might not be the correct way of thinking. 

Express innovations in the growth rate of GDP per worker in country j, denoted by qj, as the 
weighted sum of the innovations in the growth rates of value-added per worker in every 
sector, yjs, with s = 1, …, S: 

qj  = ∑s ajsyjs, 

 where the weights ajs denote the share of employment in sector s of country j. 

 To separate the role of domestic aggregate risk from that of the sectoral composition of the 
economy, we can further breakdown innovations to a sector's growth rate, yjs, into three 
disturbances:  

yjs  = λs   + μj + εjs. 
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Acemoglu and Zilibotti (1997) “Was Prometheus 
Unbound by Chance? Risk, Diversification, and 
Growth.” 

A model which explains why poor countries are 
and remain volatile even as they grow. It’s very 
costly to have sectors/projects/assets which 
cover all shocks and the optimal investment 
strategy leaves holes for a while. There is an 
optimal financial policy which involves 
building pooling resources and limits re-trade 
but does not escape the proposition that 
diversification is costly.  
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Key fact: Growth may come at the expense of financial volatility/crises, 
i.e., without credit busts, countries do not grow.  

 

This statement is not causal, but if we take correlation of finance and 
growth seriously, then we should take this seriously too. 
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View the abstract.  

 
Some more details on the measures used: crises 

are the principal source of negative skewness 
once we have controlled for major exogenous 
shocks such as wars and large scale deterioration 
in the terms of trade. “We choose not to use 
variance to capture the uneven progress 
associated with financial fragility because high 
variance captures not only rare, large, and abrupt 
contractions, but also frequent or symmetric 
shocks.” 
 

13 www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

127
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://qje.oxfordjournals.org/content/123/1/359.abstract


14 

“Thailand and India illustrate the choices available to countries with weak institutions. Whereas 
India followed a path of slow but steady growth, Thailand experienced high growth, lending 
booms, and crisis (see Figure I). GDP per capita grew by only 114% between 1980 and 2002 in 
India, whereas Thailand’s GDP per capita grew by 162%, despite the effects of a major crisis.” 

Content removed due to copyright restrictions. View Figure 1 from Rancière et. al. (2008).
http://qje.oxfordjournals.org/content/123/1/359.full.pdf+html
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How their model works: it’s political economy, misregulation:  
“Here, we present a stochastic growth model where growth depends 
on the nature of the financial system. We consider an economy 
where imperfect contract enforceability generates borrowing 
constraints, as agents cannot commit to repay debt. This financial 
bottleneck leads to low growth because investment is constrained by 
firms’ internal funds…” 

 
Policy conclusion is nuanced:  

“Crises are costly. Widespread bankruptcies entail severe deadweight 
losses. Furthermore, the resultant collapse in internal funds 
depresses new credit and investment, hampering growth. But is it 
possible for systemic risk taking to increase long-run growth by 
compensating for the effects of enforceability problems? Yes…”  
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Finance and Volatility 

16 www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

130
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Both Acemoglu et al. and Rancière et al. suggest that 
volatility can (should) diminish at higher levels of output.  

 
However, to the extent that growth and volatility are 
correlated, the bilateral pairings of topics are not all 
consistent with one another, i.e. finance causes growth, 
growth comes with volatility, but finance reduced volatility. 

 
There is related empirical work trying to sort this out: 
Dabla-Norris and Srivisal (2013), “Revisiting the Link 
Between Finance and Macroeconomic Volatility” 

 
Read the summary of the article.  

17 www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

131
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://www.imf.org/external/pubs/cat/longres.aspx?sk=40284.0


These policy conclusions seem to leave the context of the above review of the literature,  
forgetting lessons learned: empirical patterns in the aggregate data, need to 
sectoral/micro data, needs to integrate data analysis is theory. Some examples 

  

Levine (2011) “Regulating Finance and Regulators to Promote Growth” 

Contrast with his earlier paper and with the literature that argues that some volatility is 
inevitable:  

 

Motivation is financial crisis: “Following the global financial crisis of 2008, countries 
stabilized their financial systems and attempted to bolster regulatory systems to protect 
against systemic risks. Disappointing rates of recovery, however, have shifted the policy 
focus to growth. How important is the operation of the financial system for economic 
growth and which financial regulatory reforms will improve financial sector operations 
and promote growth?” 

 

Read the abstract and the article.  
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The idea is that by looking at the data, and controlling for various factors, we can draw 
policy conclusions. 

 

 

19 

© International Monetary Fund. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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“Understand where financial system is relative to financial possibility frontier.” It’s a 
good idea to have a notion of a frontier, i.e., for a given country, the utility 
possibilities frontier. Being on the frontier means Pareto optimal (it does take 
data, but also conceptual frameworks, to determine this). Beck's financial 
possibility frontier is in contrast almost exclusively empirical. 

 
He distinguishes structural, from institutional, from policy: 

 Structural problems holding back frontier 
 Institutional deficiencies holding back frontier – country-specific analysis of 

binding constraints  
 Policy restrictions keeping country below frontier 
 Cross-country comparison that can identify policies that can explain country’s 

position relative to frontier  
  
Somehow the empirical frontier is used as a metric warning: Being beyond frontier 

might indicate overshooting. Benchmarking analysis can serve as additional crisis 
indicator. 

An important comment on policy and implementation problems in the end: all 
financial sector reform is local! Ignore political economy at your own risk. 
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Another policy paper that concentrates on credit booms and is motivated by the recent financial 
crisis. 

Read the Executive Summary.  
 

There is the view that financial liberalization is a cause: first, credit booms are often triggered by 
financial reform, capital inflow surges associated with capital account liberalizations, and 
periods of strong economic growth insistence on understanding trade off  and prescribing 
policy but its largely a policy of preventing booms. This note explores past credit booms with 
the objective of assessing the effectiveness of macroeconomic and macro prudential policies in 
reducing the risk of a crisis or, at least, limiting its consequences. For instance, Basel III 
introduced a capital buffer range that is adjusted “when there are signs that credit has grown 
to excessive levels” (Basel Committee on Banking Supervision, 2010). 
 

See individual sections on monetary policy, fiscal policy, macro prudential: it’s a literature review 
but policies are not tied that tightly to models and not getting beneath the surface of 
aggregated evidence. 
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1. Understanding the unit of analysis and the data 

 

2. Applied General Equilibrium Development 
Economics   

 

3. What it is, and what it is not  
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 India 

 
 
 
 

 
 
 
 
 

 Townsend (1994) “Risk and Insurance in Village India” 
 Using general equilibrium structure, derive efficiency, benchmark 

standards for outcomes 
◦ Idiosyncratic shocks are pooled, aggregate must be shared 
◦ Here, look at “starting point” and outcomes 

 income vs. consumption 

◦ More generally though, literature now includes other outcomes  
 labor supply (intensive, extensive) margins 

 investment (cash flow) 

 levels of capital (human and physical), occupation choice 

23 

Consumption 
Income

© The Econometric Society. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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 Going back in history is another way to get 
variation 
◦ Focus here is on institutions 

 land holdings, fragmented into long narrow strips! 

 In contrast to village India, doing much more ex ante, 
for some reason, e.g., private information, do less ex 
post 

 But keep general equilibrium perspective 
◦ How it all fits together 

◦ Do not look at landholdings alone 

◦ Do not look at one market or institution in isolation 

24 

Robert Townsend. The Medieval Village 
Economy. 1993. 
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 Preferences/Endowments/Technolog
y (production, storage) 
◦ Includes measured obstacles to trade 
◦ A PET Economy 

 But these are intended to be REAL, 
this is why started in villages in first 
place! 

 Assumptions about underpinnings, 
micro structures do matter 
◦ Part of the empirical work! 

 Controversies remain, to be resolved  
◦ Part of structure is inferred, not 

measured directly  
◦ Limited by analytic capability of 

getting closed-form solutions 
◦ Limited by computational feasibility 
◦ Identification, how much or how little 

structure do we need 

25 

 Counter to “anything goes” (Sonnenschein-Mantel-Debreu 
1973-1974), general equilibrium does impose testable 
restrictions (Brown and Matzkin 1996) 

 Models as Economies, Townsend (1988) 

 

Image courtesy of Infidelic on Flickr. CC BY-NC-SA. 
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 Using the language of international, cross-country economics to think 
about villages (and regions)  
 

◦ Villages’ outputs, GDP 

 Four villages in each province 

 Variation in cross section and over time 
 
 

◦ Allocation of village’s savings 

 Into real and financial investment 
 

 

◦ Balance of payments for  
representative villages 

 Trade and current account 

 Balancing financial and real flows 
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◦ Monthly survey: 180 months for  selected villages 
◦ Annual Rural Survey and Urban Survey –wider cross section 

 In 2009, survey 3,184 households across 200 villages, towns and cities 
 New Enterprise Survey, including medium and large 
 (includes city neighborhoods as in earlier work on Chicago ethnic  neighborhoods)  
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28 

o Featuring other secondary data on GIS database 
archive with auto search 
o Here wealth from CDD, archive includes SES, 

Labor Force Survey, Population Survey, bank 
location, surveys of industry 

(High wealth in red) 

(High wealth in red) 
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 Not simple individual maximization in partial equilibrium (as in 
some versions of permanent income) 
◦ It is general equilibrium, including endogenous prices such as interest rates 

 Not financial products narrowly, i.e., impact on individuals 
◦ It is efficiency for the  entire system 
◦ It is about improvements using Pareto criterion 
◦ As distinct from distribution of wealth 

 Not fixated on complete markets, nor on incomplete markets 
◦ It is about empirical tests to determine which, or something in between 

 Not Washington Consensus of 1990’s liberalization, or 
intervention/regulation now 
◦ But rather using theory and data as guide to policy 

 Modeling local and national economies with general equilibrium 
perspective using measured underpinnings (more on this below) 
◦ Thailand 

 Townsend (2011) Financial Systems in Developing Economies 
◦ Mexico 

 Harriman, Moreno, Townsend and Zhorin (2012)   
◦ European history 

 Townsend (1990) Financial Structure and Economic Organization: Key Elements 
and Patterns in Theory and History  

 
 

29 www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

143
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Positive: To explain, understand 
◦ Why are some individuals (villages, regions, countries) poor? 
◦ And what happens when there is growth? 

 Normative: To prescribe, intervene 
◦ Workable solutions to alleviate poverty 
◦ Not just as in targeting individuals, but also more inclusive financial systems 
◦ Market design, optimal regulation and if/when/how to intervene 
◦ Example: work towards reconciling financial access (micro, development) with 

financial stability (macro) 

 Algorithm 
◦ Tests of benchmark standards (full or constrained-efficient) 

◦ If do not reject ⇒ leave it alone or build on this base 

 e.g., build formal/national on informal/village 

◦ If with obstacles to trade (constrained-efficient) 
⇒ reject full efficient 

 but accept constrained-efficient and leave it alone 

⇒ or, alleviate constraints 
 collateral constraints ⇒ legal reforms might help 

 moral hazard constraint ⇒ possibility of more monitoring 

 If distortion comes from ill-designed regulation ⇒ Fix the policy 
 Not as unlikely as it might seem 

◦ “International best practice” typically lacks theoretical/empirical underpinnings 
 A patchwork to fix perceived problems or symptoms when things go wrong 

 Not based on fundamentals 
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 Contrast with “standard” macro general equilibrium models 
 First with implicit micro financial underpinnings 
 AGE: Applied General Equilibrium 

 To compute Walrasian outcome: Scarf (1967) 

 U.S. taxes on capital gains: Shoven & Wally (1972, 1973) 

 CGE: Computable General Equilibrium 
 Predecessor: Johansen (1960) (Monash, Australia and  

Cambridge, U.K.) 

 Reviews: Kehoe and Kehoe (1994); Dawkin, Srinivasan and Walley (2001) 

 Applications: World Bank policy assessments, climate modeling 

 Measurement 
 Drawing on, integrated with, NIPA (HH, Firms, etc.), input/output matrix 

 Key underpinning: Complete markets or equivalent 
 What if not true ⇒ Separation of households/firms fail 

 DSGE: Dynamic Stochastic General Equilibrium 
 RBC, Real Business Cycle: Kydland Prescott (1982) 

 Review: Cooley (1995) 

 Measurement (drawing on NIPA) 

 Key Underpinning: Gorman aggregation with complete markets 
 Method does generalize  

 With Pareto weights: Negishi (1960) 

 But what if as-if-complete-markets fail, then separation fails 

 Where is the financial modeling? 

 

 

Advantage Disadvantage 

Lots of realistic 

sectors 

Static 

  No uncertainty 

Advantage Disadvantage 

Dynamics Assumes 
representative 

consumer 

Shocks No 
redistributive 
wealth effects 
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 Bernanke and Gertler (1989, 1990); 
Bernanke, Gertler and Gilcrist (1998); 
Kiyotaki and Moore (1997); Christiano, Motto 
and Rostagno (2003) 

 Surveys: Brunnermeier, Eisenbach and 
Sannikov (2012)  

 Sweden: Jacobson, Linde and Roszbach 
(2005) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Recent directions: Moving toward 
incorporating micro development 
◦ Christiano, Motto, Rostagno (2012) 

Advantages Limitations 

Built on micro 
underpinning 

Initially addressing 
only aggregate micro 
data 

Costly State 
Verification  
(Townsend 1978) 

Retains and adds 
actors 

Key is credit, 
financial accelerator  

Micro assumptions not 
tested 

32 

Advantages Disadvantages 

Using more micro 
data 

Still creating economic 
actors not intending to 
match to data 

Firm size data: 
Influence of 
development (Hsieh 
and Klenow 2009) 

Implicitly assuming 
separation  

Financial variables Households, separate 
from firms, even with 
financial imperfections 

Bankruptcy 

Application of CMR 2003 to Indian Economy, RBI 
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 Households run enterprises and make high contribution to 
GDP  
◦ Not just small is beautiful, small is important quantitatively 

 More than any other sector in Thailand up to the 1990’s and 
to TFP, productivity change: Jeong and Townsend (2004) 

 Measurement 
◦ Use corporate financial accounting but apply to households: 

Samphantharak and Townsend (2010) 
◦ Can be applied to surveys more generally 

 Some key measured micro underpinnings, examples: 
◦ Occupational choice/wealth/credit: Paulson, Townsend, Karaivanov 

(2006) 
 Amplifier depends on limited commitment vs. moral hazard 

◦ Firm financing: Albuquerque and Hopenhayn (2002); Clementi and 
Hopenhayn (2006); Meisenzahl (2011)  
 Distinguish limited commitments, moral hazard, costly state 

verification  

 Underpinnings do matter 
◦ Things are rarely monotonic: Matsuyama (2007)  

 Same theory with application to a wide variety of sub-fields 

◦ Perverse steady states with costly state verification: Boyd and Smith 
(1994) 

◦ Endogenous credit constraint can attenuate North/South flows: 
Gertler and Rogoff (1990) 

 Applied General Equilibrium Development Economics  
◦ Exemplars of micro and macro coming together: details to follow 

 Gine and Townsend (2004); Banerjee and Duflo (2005); Ueda and 
Townsend (2006)—more literature described below 

33 

“The only way to obtain measures 
[of income and consumption] is by 
imposing an accounting 
framework on the data, and 
painstakingly constructing 
estimates from myriad responses 
to questions about the specific 
components that contribute to the 
total.” Angus Deaton (1997) 

From Samphantharak, Krislert 
and Robert M. Townsend. 
Households as Corporate Firms.  
Cambridge University Press, 
2009.  
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 Adjustment and equilibrium in asset demand and supply (or policy) 
equations 
◦ India: Green, Moore, Murinde and Suppakitjarak (2012) building on Brainard and Tobin 

(1968)  

 VAR’s distinguish firms, households in response to monetary shock: 
Christiano, Eichenbaum and Evans (2006)  
◦ Indonesia: Ridhwan, de Groot, Rietveld and Nijkamp (2011) 

 In the U.S., and cross-country, but much in the tradition of households as 
firms 
◦ Credit crisis and liquidity trap: Guerrieri and Lorenzoni (2011) 
◦ Inflation and prices of real assets: Piazzesi and Schneider (2010) 
◦ Consumer bankruptcy: Chatterjee, Corbae, Nakajima, Rios-Rull (2007); Livshits, 

MacGee, Tertilt (2007) 
◦ Wealth distribution and international capital flows: Mendoza, Quadrini and Rios-Rull 

(2009) 

 Distribution within firm sector, self-finance and dividends vs. borrowing 
firms: Chari, Christiano and Kehoe (2008); Armenter and Hnatkovska 
(2011)  

 CFSP projects underway: Measure and Model 
◦ Flow of funds in Thailand, Mexico, Brazil 
◦ But distinguish SME’s from large corporate,  

urban vs. rural, geographic flows  
◦ Transactions outside formal banking system 
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 Flow of funds between a village in 
Chachoengsao and the other sectors, 
in November 2009 

 Flow of Funds: Townsend Thai Survey Data (Srivisal, in progress) 

 VARs to assess quantitative impact of monetary policy shocks 

 Models of money: Lim/Townsend (l998), Alvarez/Pawasutipaisit/Townsend (in progress) 

 Impact will depend on financial regimes within villages and across regions 

Corners of the 
red polygon 
indicate zero 
value on the 
axes  

35 

 Flow of funds from financial corporate 
sector 
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1. Insurance 

2. Credit 

3. Obstacles to Trade  
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 Motivating facts: Testing for full insurance in repeated cross-sections/panel/inequality 
histograms: Deaton and Paxon (1994); Jappelli and Pistaferri (2009) 

37 

But, rejects to what? 

Exogenous incomplete markets Endogenous incomplete, mechanism design 

o Deaton (1987, 1991, 1992); Campbell 
and Deaton (1989); Carroll (1992); 
Huggett (1993); Aiyagari (1995); 
Bewley (1997); Krueger and Perri 
(2007) 

o Breakthrough, dynamics: promised utility 
dynamics: Green (1987); Abre, Pearce  and 
Stacchetti (1986); Spear and Srivastava (1990) 

Empirical Implementation 

First order approach 
Numeric, linear programs 

o Moral Hazard: Rogerson (1985) 
o Permanent income vs. moral hazard: Ligon (1998)  
o Limited commitment: Ligon, Thomas, Worral (2002) 
o Moral hazard, unobserved output: Kinnan (2012) 
o Permanent income vs. private information: Abraham 

and Pavoni (2004); Attanasio and Pavoni (2010) 

o Phelan and Townsend (1991) 
o Fernandez and Phelan (1991) 
o Doepke and Townsend (2006) 
o Lehnert, Ligon, Townsend (1999) 

Methods of bringing it back together: Linear programs, dynamic 
programs, maximum likelihood estimation, fitting histograms, 
multiple variables (Karaivanov and Townsend, 2012) 

o Autarky 
o Buffer stock 
o Borrowing/lending 
o Limited commitment 

 Findings 

◦ Consumption smoothing good 

◦ With joint variables 

 Urban, towns ⇒ endogenous 
mechanism design 

 Rural, villages ⇒ saving, 
borrow/lending 

o New Dynamic Public Finance: 
Mirlees (1971) 

o Review: Golosov, Tsyvinski and 
Werning (2006) 

o Unobserved output 
o Moral hazard 
o Moral hazard with 

unobserved capital 

Need to reintegrate  

 Exciting direction! 

◦ Lim (l992) ,Meh and Quadrini (2006); Ai and 
Yang (2007); Schmid (2008); Dubois, Julienan 
and Magnac (2008); Kocherlakota and Pistaferri 
(2009),  
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 Background: Finance causes growth, empirical facts 

◦ Reduced form: King and Levine (1993); Levine (1997); Rajan and Zingales (1998);  
Beck, Demirguc-Kunt and Levine (2004) 

 Qualitative theory becomes quantitative, theories now estimated in data 

◦ Occupation choice, investment and credit 
 
 
 
 
 

◦ Risk sharing, insurance and endogenous  
financial deepening 
 
 
 

 Evaluation of First Generation Quantitative Models: LEB vs. GJ 

◦ Compare and contrast, success and failure: Jeong and Townsend (2008) 

 Roadmap for next generation of models 

38 

• Lloyd Ellis Bernhardt (1993) LEB; 
Galor and Zeira (1993); Banerjee 
and Newman (1993 ); Aghion and 
Bolton (1997) 

• Big wage effects on poverty reduction, wage 
more than doubles: Gine and Townsend 
(2004) 

• Endogenous TFP in transition 78%: Jeong 
and Townsend (2005) 

• Greenwood & Jovanovic (1990) GJ; 
Bencivenga and Smith (1991) 

• Cannot run regressions on transition data: 
Townsend and Ueda (2006) 

• Welfare losses from government takeover of 
banking, up to 28% gain from liberalization: 
Townsend and Ueda (2010) 

 Next wave of models: The literature takes off  
◦ Financial reforms and the persistence of history: Buera and Shin (2010), Peters (2012) 

◦ Distinguishing two sectors: Kaboski, Buera and Shin (2009)  

◦ IInequality and growth: Blaum (2012 

 Transient misallocations: Moll (2010); Banerjee and Moll (2010)  

 Financial intermediation, technological progress and costly-state verification: 
Greenwood, Sanchez and Wang (2012) 

 Private and public sectors, growing like China: Song, Storesletten and Zilibotti 
(2011) 

  Links to “micro” international  Helpman, Itskhoki, Muendler, Redding (2012) 
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Evaluation of a large scale micro�nance experiment:
reduced-form and structural analysis

Kaboski and Townsend (2011 and 2012)

Robert M. Townsend

MIT

March 2013

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 1 / 32
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What is this lecture about?

Evaluating the impact of a large-scale micro�nance quasi-experiment

Example of how to use a reduced-form IV, and a structural analysis in
complementary fashion.

Highlight the strengths and weaknesses of each approach

a

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 2 / 32
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Motivation: The importance of heterogeneity in evaluating
micro�nance programs

A recurrent theme of this lecture is importance of heterogeneity when
valuating programs, both reduced-form and structural.

anerjee et. al. (2010) analyze RCT of classic microcredit in Hyderabad city.

group-based lending, small loans, female borrowers, low interest rates.
Patterns: on average no impact on total expenditures, but increase in durables
in the short-run.
Masks heterogeneous e¤ects: Business creation, business assets, self-employed
hours worked, pro�ts increase for those who had already existing businesses, as
does their durables consumption. Their non-durable consumption does not
change.
HHs with high propensity to become new business owners increase their
durable goods�spending and decrease nondurable consumption, consistent
with �xed cost to enter entrepreneurship.
HHs with low propensity to become new business owners instead increase their
consumption of nondurables.

e

B

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 3 / 32
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Motivation: The importance of heterogeneity in evaluating
micro�nance programs

Crepon et. al. (2011): RCT in Morocco, with larger loan sizes in an
environment with little access to credit pre-program, and lending to men.

Similar results, no e¤ect on consumption (small cutback in consumption for
agri + livestock)
No e¤ects on business creation, but fewer existing activities discontinued and
scale of activities in agri + livestock increases.

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 4 / 32
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Reduced Form Evidence - Kaboski and Townsend (2012)

Paper evaluates the short- and longer-term impacts of the very large
Thailand�s �Million Baht Village Fund�program (governmental micro�nance
program)

Access to high quality pre- and postprogram panel data

Quasi-experiment/ Natural experiment setup leading to cross-household
variation in credit-per-household

What are the e¤ects of the increased credit on total credit, consumption,
agricultural investment, income growth?

What are the general equilibrium e¤ects?

Next paper asks: What type of model are these �ndings consistent with?
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KT (2012) - Description of the Program

Big program: 1.5% of GDP in 2001

a¤ected 77,000 households

Valid quasi-experiment, since likely exogenous:

Surpise program: Parliament dissolved in November 2000, new government
elected in January 2001
Variation: each village" received 1 million fund, regardless of village size

Increased credit 1-for-1, no e¤ect on interest rates
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KT (2012) - Description of the Program (cont.)

Set up quasi-formal micro-lending village fund

Rules to ensure equal access

Typical loan: 20,000 baht ($500), one year loan limits, 2 guarantors, 7
percent nominal interest rate

Investment or consumption loans (explicitly)

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 /7 32
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KT (2012) - Data and Outcomes

Panel survey data from the Townsend Thai dataset.

Five years (1997-2001) of pre-experiment data, six years (2002-2007) of
post-program data.

Supplement the data with information gathered in informal interviews
conducted in the �eld.

Four outcome classes:

short-term credit, borrowing from other formal sources (i.e., the BAAC and
commercial banks); reasons for borrowing and measures of the tightness of
credit markets (interest rates, default and informal borrowing).
Consumption and its di¤erent components: grains, dairy, meat, fuel, clothes,
home repair, vehicle repair, eating out, tobacco, alcohol, ceremonies, and
education.
Income and productive decisions: asset and income growth, and components
of net income (agriculture by component, business, and wages/salaries),
investment (agricultural and business), and input use (wages paid and
fertilizer/pesticides), wages by type of activity
Di¤erential impacts on the above variables in female-headed households
(Microcredit is often targeted toward women)
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KT (2012) - Method

Outcome yn,t for household n at time t depends on the amount of short-term
Village Fund credit household receives, VFCRn,t .

I
yn,t = αVFCRn,t + ∑ βiXi ,n,t + φt + φn + εn,t

i=1

Xi : Household control variables such as number of adult males, adult
females, children, dummy for male head, age of HH head, age of head
squared, years of schooling of the head.

Time speci�c e¤ect φt and household-speci�c e¤ect φn .

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 /9 32
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KT (2012) - Instrument

Instrument used is the interaction between the inverse number of households
in the village (invHHn) and the post-program year dummies, χt=t� for
progrma year t�.

First stage regression:

VFCRn,t = λ2 invHHn � χt=2002 + λ3 invHHn � χt=2003

+
I

∑
i=1

δiXi ,n,t + φt + φn + en,t

Orthogonality Assumptions:

εn,t , un,t ? invHHn � χt=2002 jXi ,n,t , φt , φn
εn,t , un,t ? invHHn � χt=2003 jXi ,n,t , φt , φn
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KT (2012) - Heterogeneity Analysis

α1 measures an average e¤ect over all households

If believe that female-headed households are di¤erent, consider estimate α̂2
from:

I
yn,t = α1VFCRn,t + α2VFCRn,t � χfemale ,n + ∑ βiXi ,n,t + φt + φn + εn,t

i=1

(instrument VFCRn,t � χfemale ,n by χfemale ,n � invHHn � χt=2002 or
χfemale ,n � invHHn � χt=2003
First, check "validity" of instrument (can never fully check, but can get an
idea): village size not correlated with many characteristics.
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KT (2012) - Results

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 /12 32
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KT (2012) - Results

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 /13 32
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KT (2012) - Results

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 /14 32
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A cautionary tale by Townsend and Urzua (2009)

Even instrumental variables does not always deliver the e¤ect we are
expecting to measure: Townsend and Urzua present a cautionary example
(more to come in future lecture).

IV strategy: use an instrument for participating in the intermediated sector,
namely the �cost of use of �nancial sector�- here, availability of funds per
capita from Village Fund.

LATE estimate cannot tell you the e¤ect of �nancial intermediation on
entrepreneurs�pro�ts vs. workers�wages because changes in the costs of
using the �nancial sector also change occupational decisions in a non-uniform
way and many other margins - point is, unobserved heterogeneity and
multiple margins of response matter!

E¤ects are non-monotonous when more funds available: reduced form results
cannot capture these heterogeneous e¤ects or di¤erent channels. LATE does
not have a clear interpretation without monotonicity.

With monotonicity could still at least get total e¤ect for those induced to
take up �nancial services (but not impact on di¤erent groups for example).
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KT (2011): Overview
Overview of Structural Paper

Few rigorous, structural estimates of the real returns to micro�nance, and
how they compare to direct transfer schemes.

KT use the variation introduced by a large-scale governmental micro�nance
program �The Thai Million Baht Village Fund�program.

Build a dynamic, structural model of credit constrained and bu¤er-stock
building households and estimate it on the pre-program data. Then use
post-program data for validating their model.

Why do we need the structural model here? Many of the impacts in KT
(2012) are puzzling without an explicit theory of credit-constrained behavior.

HHs increased their borrowing and their consumption roughly one for one with
each dollar put into the funds (cannot match with a perfect credit model, such
as a permanent income model, given that interest rates did not fall)
HHs not initially more likely in default, despite increase in borrowing.
Increase in frequency of investment, but unclear for level of investment
(puzzling if investment is divisible).
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KT (2011): What ingredients from data and reduced-form
paper need to be captured by model?

Precautionary savings model to capture uninsured income shocks seen in the
data

Add limited short-term borrowing (with constraints)

Default exists in equilibrium, so does renegotiation, to match the data.

Investment is rare but large when it occurs: indivisible, illiquid, high-yield
project, with stochastic size process

Income growth both high and very variable over households.
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KT (2011): Model

Based on standard bu¤er stock model of savings behavior under uncertainty
(Aiyagari (1994), Deaton (1991)) with additional investment option.

At time t + 1, liquid wealth of a household includes the principal and interest
on liquid savings from the previous period (1+ r) St and current realized
income Yt+1

Lt+1 = Yt+1 + (1+ r) St

Current income consists of permanent component Pt+1 and transitory
one-period shock Ut+1 :

Yt+1 = Ut+1Pt+1

Permanent income:
Pt+1 = PtGNt+1 + RDI ,t It

�

where: �rst term is a random walk component based on shock with drift G
and shock Nt+1, DI ,t 2 f0, 1g is a decision of whether to undertake a lumpy
investment project of size It

� or not.
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KT (2011): Model

Stochastic project size:
It
� = it

�Pt

so that project opportunities are increasing in permanent income (consistent
with data).

Liquid savings can be negative, but borrowing is bound by a limit St � sPt .
s is the key parameter to calibrate the intervention (more credit will make it
more negative).

Household maximizes expected discounted utility:

V (L0, I0
�,P0; s) = max

fCt>0g
fSt+1g
fDI ,tg

E0

"
∞

∑
t=0

βt
C1�ρ
t
1� ρ

#

Ct + St +DI ,t It
� � Lt

where all variables are as de�ned above.

Robert M. Townsend (MIT ) Kaboski and Townsend 03/13 /19 32

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

172
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



KT (2011): Model

Expectations taken over all shocks:

Nt is random walk for permanent income: log (Nt ) follows N
�
0 2, σN

�
Ut is transitory income shock: ut = log (Ut ) follows N

�
0, σ2u

�
it
� is project size relative to permanent income: log (it

�) follows N
� 2µ ,i σi

�
Default: allow for a minimal consumption level cPt and default if
consumption would fall lower:

Ddef ;t = 1 if (s + c)Pt < Lt
= 0 else

in which case policies become: Ct = cPt , St = sPt , DI ,t = 0.
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KT (2011): Estimation

Parameters to be estimated: fr , σN , σu , σE ,G , c , β, ρ, µi , σi , sg
R is estimated using separate data and procedure.

σE is the variance of a classical measurement error on income with log
variance σE .

Use MSM (method of simulated moments) with optimal weighting matrix.

Use only �ve years pre-intervention (1997-2001)
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KT (2011): Estimation

How to deal with heterogeneity? Literature o¤ers two options:

Structural modeling to explicitly allow for all sources (or some important ones)
of heterogeneity
But these require �nite horizon and discretizing the choice variables (i.e.,
DCDP models presented above)
Filter out heterogeneity: standard in the bu¤er stock literature, to purge
business cycle and household variation from data.

Run regressions of the type

lnZen,t = γZXnt + θZ ,j ,t + eZ ,n,t

where� n indexes

exp eLn,t/Yen,t�households, j region and t time, Zn,t is either of Yn,t ,, Cen,t , Den,t , and Xnt is vector of
variables (adult males, adult females, children, male

e
household compos

e
ition

household head, age,
education, and household �xed e¤ect), and θZ ,j ,t is a region-time speci�c
e¤ect to capture business-cycle variation.
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KT (2011): Estimation

Construct �ltered data as:

lnZn,t = γZX + θZ ,j + gZ (t � 1999) + beZ ,n,t
where gZ is pre-intervention trend of the data and beZ ,n,t are the residuals.
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KT (2011): SMM Intuition

Without going into full procedure, some intuition for moment conditions used
Of course, all parameters are identi�ed jointly from all moment conditions,
but intuitions are useful:

εs (X , r) = Earned_intt � rSt�1
εcr (X , r) = Owed_intt � rCRt�1

where Earned_intt and Owed_intt are earned and owed interest on liquid
savings/borrowings respectively.
Need to solve for consumption, investment and default decisions:
C (Lt ,Pt , It

�; θ), DI (Lt ,Pt , It
�, θ), Ddef (Lt ,Pt ; θ). Data is observed on

actual decisions Ct , It ,Deft and the states Lt and Yt .
De�ne deviations of actual from predicted variables, conditional on the
states. By Law of iterated expectations, these deviations should be zero and
are used as moment conditions.
With simulated method of moments: conditional expectation is computed by
drawing a series of shocks for U,N and I � and measurement error E and
taking averages.
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KT (2011): SMM Intuition

Income process moments help identify the income process.

For example; for the drift component G :

εg (Lt ,Yt ,Yt+1; θ) = log (Yt+1/Yt )� E [log (Yt+1/Yt ) jLt ,Yt ]

Additional moment conditions: De�ne

εC (Ct , Lt ,Yt , θ) = Ct � E [Ct jLt ,Yt ]
εD (DI ,t , Lt ,Yt , θ) = DI ,t � E [DI ,t jLt ,Yt ]
εI (Dt , It , Lt ,Yt , θ) = Dt It � E [Dt It�jLt ,Yt ]

then use:
E [εC ] = E [εD ] = E [εI ] = 0

and in addition:

E [εC logYt ] = E [εD logYt ] = E [εI logYt ] = 0

E [εC (Lt/Yt )] = E [εD (Lt/Yt )] = E [εI (Lt/Yt )] = 0
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KT (2011): Prediction and Evaluation

Million Baht Program modeled as a relaxation of the borrowing limit.

First evaluate model�s predictions for 2002 and 2003, along 5 dimensions: log
consumption, investment probability, log investment levels, default probability
and income growth.

Draw series of shocks of U, N and I � and measurement error from the
distributions previously estimated and simulate the paths (500 times).
Creates 500 arti�cial datasets, made of the pre-intervention years and
predicted two years.

Then ask whether reduced-form regressions would yield similar estimates
using simulated data versus real data for post-intervention.

Model performs quite well on post-intervention data

Important lesson: Same regressions as impact evaluation in reduced-form
paper but we need the structural model to interpret those correctly (see next
two slides).
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KT (2011): Results and Heterogeneity

Find large e¤ects on consumption, but insigni�cant on investment and
structural model can explain why.

Average coe¢ cients mask a lot of heterogeneity and this is where structural
approach is more useful than su¢ cient statistics one.

Consider the following �gure, with di¤erent households being a¤ected
di¤erently by the program

Careful! Coe¢ cients don�t tell the full story.

Households who di¤er only in unobservables might respond di¤erently
E¤ects may be nonlinear and time-varying
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KT (2011): Results

Household i : would respond to increased borrowing by increasing
consumption and borrowing to the limit in response to their lower than
expected income

Household ii had higher than expected income and would invest and not be
constrained in consumption, and would not need to borrow

Household iii , though not investing will also increase consumption without
borrowing by reducing its bu¤erstock (since it now has a relaxed borrowing
constraint)

Households i to iii would hence increase consumption, yet are very di¤erent,
since ii and iii would not borrow to do so.

Household iv : is in default, no e¤ect on consumption or investment, simply
increases indebtedness

Household v : this is the �target�household of microcredit programs
traditionally: would increase investment in response to credit.
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KT (2011) - Counterfactual and Welfare Analysis

Strength of structural model is that one can perform counterfactual analysis
and do welfare calculations.

Consider counterfactual policy: Pure transfer which also provides additional
liquidity.

Advantage of Million Baht program: provides more than 1 mill. in potential
liquidity since borrowers increase their credit by 1 mill., but nonborrowers also
bene�t from the increased potential liquidity from the relaxed borrowing
constraint in the future. Borrowers have access to more liquidity than equally
distributed pure transfer.
Disadvantage: liquidity in form of loan, hence interest costs which are high.

Heterogeneity: Severely constrained households (in default or close) or
non-constrained households prefer pure transfer. Constrained households
prefer Million Baht Program.

Compare cost of Million Baht program to transfer program which yields same
expected utility.
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KT (2011) - Counterfactual and Welfare Analysis
(continued)

Average equivalent transfer per HH is just 7000 baht, (30 % less than the
10,100 baht per HH from Million Baht)

Masks a lot of heterogeneity: 10% value program at 16,200 baht or more,
other 10% value it at 900 baht.

Only 24% value program more than its cost.

Many HHs bene�t disproportionately from program because of increased
liquidity, but most bene�t much less because of interest cost.
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KT (2011): Summary

Combine theory (precautionary savings model with indivisible investments)
and policy experiment to evaluate micro �nance

Findings:

Short-lived increases in consumption for most
Increases in investment and permanent increases in consumption for small
share

Intuition: as in Aiyagari model:

Relax borrowing constraints -> increase consumption -> until drive down
precautionary savings
Now add indivisible, high yield investment: Agents with high savings make
high yield investment
Relax borrowing constraints -> those near threshold increase investment ->
increase future income -> increase consumption

Structural Model greatly useful to:

Interprete results (which might have been a bit obscure in reduced form)
Quantitative predictions, counterfactuals, and evaluation
Experiments can be used to test structural models
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What is this lecture about?

We illustrate the limitations of reduced-form and IV analysis.

Highlight the bene�t of using reduced-form and structural analysis together
Based on Urzua and Townsend (2009) paper.

Turn to a detailed structural analysis in Keniston et al.(2012) - Using BBL
methodology

This methodology allows to estimate determinants of costs and demands of a
player, i.e., a bank, without having to solve for all strategies of all players
(even o¤ equilibrium).

We then illustrate limitations of this approach when there is a need to know
counterfactual strategies (o¤-equilibrium).
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Urzua and Townsend (2009)

What is the impact of �nancial intermediation on productivity?

A¤ects occupational choice as well as allocation of risk

Consider both static and dynamic structural models, and IV and OLS.

Goal is to bridge the structural approach and the reduced-form IV approach

Highlight that under strong assumptions, IV can recover the true LATE, but
even then it can be very di¤erent from the Average Treatment E¤ect (ATE),
or the Treatment on the Treated (TT) e¤ect.

This is driven by the presence of heterogeneity in the population

Having more margins of decisions, as well as more periods in a dynamic
contract increases di¢ culty to interpret IV.
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Standard Model of Occupational Choice

Individual preferences: u(c) = c

Beginning of period wealth bi (observed by econometrician)

Cost of entry into business θEi (private information, with density fθE )

Talent as a wage earner Wθi (private information, with density f W ),θ

independent of Eθ

End of period wealth:

Wi = w W+ θi + bi if wage earner

W E
i = π θi , bi ,w + bi if entrepreneur

where pro�ts come from

� �

π
�
Eθi , bi ,w

�
= max f (k, l) wl k Eθifk ,l

� � �
g

s.t : 0 � k � bi � Eθi
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Standard Econometric Approach for e¤ects of occupational
choice

Decision rule D = 1 if person becomes entrepreneur

D
�
E W E Wθi , θi , bi ,w

�
= 1 if π

�
θi , bi ,w

�
> w + θi

= 0 else

Can reduced form approach identify e¤ects of occupational choice?
Econometrician observes income (either π + bi or bi + w

W+ θi depending
on occupation). End of period income is:

Yi = Di
�

π
�
Eθi , bi ,w

�
W+ bi

�
+ (1�Di )

�
w + θl + bi

�
If assume linear separable model, π = φww

E+ φθθi + φbbi then:

Yi = w + bi + (φbbi + (φw � 1)w)Di + εi

where Wεi = θi +
�

Eφθθi � Wθi

�
Di , is correlated with Di (so simple OLS

produces biased estimators).
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Standard Econometric Approach for e¤ects of occupational
choice II

Instead, use IV. Instrument: reandomly assigned subsidy that increases profts
by ψ (only conditional on setting up a �rm, cannot be used to �nance k).

New decision rule: D E W Eθi , θi , bi ,w = 1 if Wπ θi , bi ,w + ψi > w + θi ,

and Di = 0 else.

� � � �
Subsidy is valid instrument:

A¤ects choice of occupation but not potential outcome
Satis�es monotonicity assumption: for each individual, an increase in subsidy
increases chance of becoming entrepreneur

If subsidy can take two values, ψ̄ and ψ̄0 then

∆IV
E

=

�
Yi jψi = ψ̄i

0 , bi = b
�
� E (Yi jψi = ψ̄ ,i bi = b)

E
�
Di jψi = ψ̄i

0 , bi = b
�
� E (Di jψi = ψ̄ ,i bi = b)

which is also equal to the local average treatment e¤ect (LATE):

∆LATE = E
h
π
�
Eθi , bi ,w

�
� w � Wθi jDi

�
ψ̄0
�
= 1,Di (ψ̄) = 0,bi = b

i
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Standard Econometric Approach for e¤ects of occupational
choice III

Treatment on the treated (TT): average bene�t of becoming an entrepreneur
for those who actually become entrepreneurs

∆TT (b) = E
�

π
�
Eθi , bi ,w

�
�
�
w W+ θi

�
jDi = 1, bi = b

�
Average treatment e¤ect (ATE): e¤ect of becoming entrepreneur versus wage
earner for the entire population

∆ATE (b) = E
�

π
�
E Wθi , bi ,w

�
�
�
w + θi

�
jbi = b

�
If no heterogeneity, or all heterogeneity observed, then
∆LATE A= ∆ TE = ∆TT . Else, di¢ cult to estimate ∆ATE and ∆TT .
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Parametric estimation for e¤ects of occupational choice
(ATE and TT)

Can �nd ATE and TT if make additional parametric assumptions on
functional forms for pro�ts (f quadratic) and distribution functions of θs
(normally distributed)

Probability of being entrepreneur:

Pr
�

E Eπ θ

=
� i , bi ,w + ψi > w + θi

Pr E Wφ

�
0 w

�
w + φ + + >

�
+θθi φbbi ψi w θi

�
= Φ@ (φw � 1)w + φbbi + ψiq

2 2 2σ + φ σW θ E

1A
where 2 2σ and W Eσ are the variances of θ and θ , respectively.W E
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Parametric estimation for e¤ects of occupational choice
(ATE and TT) II

Expected pro�ts conditional on being an entrepreneur:

E
�

π
�
Eθi , bi ,w

�
jDi = 1, bi ,ψi

�
(1)

2 2φ σ
= φww + φbbi � θ Eq (

λ
2 2 2σ + φ σW θ E

0@ φw � 1)w + φbbi + ψiq
2 2 2σ + φ σW θ E

1A
where λ () is a function (the Mills�ratio).

Hence, correct regression is of pro�ts/earnings onto the wage, bi , and λ -
note that φθ and

2σ cannot be separately identi�ed.E
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Parametric estimation for e¤ects of occupational choice
(ATE and TT) III

Average wages among entrepreneurs (unobserved of course):

E
�
w E+ θi jDi = 1, bi ,ψi

�
(2)

2σ
w W= + q (

λ
2 2 2σ + φ σW θ E

0@ φw � 1)w + φbbi + ψiq
2 2 2σ + φ σW θ E

1A
which depends only on identi�ed parameters (from the probit), so can be
constructed for all bi and ψi values.
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Parametric estimation for e¤ects of occupational choice
(ATE and TT) IV

Hence, can compute:

∆TT (b,ψ)

= E
�

π
�
Eθi , bi ,w

�
jDi = 1, bi = b,ψi = ψ

�
| {z }

identi�ed from (1)

�E
�
w + θEi jDi = 1, bi = b,ψi = ψ

�
| {z

identi�ed from (2)

∆ATE E(b) = E
�

π
�
Eθi , bi ,w

�
�
�
w + θ

}
i

�
jbi = b

�
= (φw � 1)w + φbb

To get unconditional version, just integrate over b and ψ over appropriate
region.
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Further Note on Heterogeneous Treatment e¤ects I

Method by Heckman and Vytlacil (2001)

Compute the Local IV estimator, ∆LIV :

LIV ∂E (Yi jpi , bi = b)∆ (p, b) = p
∂pi

j i = p

where pi is the propensiry score, here p
W

i = θi � Eφθθi .

This can identify the treatment parameter

∆MTE (p, b) = E
�

π
�
E W W Eθi , bi ,w

�
�
�
w + θi

�
jbi = b, θi � φθθi = p

(treatment e¤ect for those individuals indi¤erent between occupations, given

�

p and b).
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Further Note on Heterogeneous Treatment e¤ects II

Can then obtain ∆ATE and ∆TT as weighted averages of ∆MTE :

∆TT M(b) =
Z

∆ TE (u, b TT)ω (u, b) du

∆ATE b
Z

∆MTE( ) = (u, b ATE)ω (u) du

where ATEω (u) = 1,
TTω (u, b) = Pr (p (w , b,ψ) > u) /

R
Pr (p (w , b,ψ) > u) du

To compute ∆LIV (p, b), can approximate it by a polynomial on pi .
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Measuring Impact of Occupations on Income I

Directly simulate data from model to compare di¤erent estimates.
Parameterize model (see table 1 in paper for all details).

How do we do this?

We �x some parameters for the full model (�calibrate�it), randomly assign a
subsidy to some agents.

Model then tells us what occupation each agent chooses and what his
realized income is. We also know what his counterfactual would have been
without the subsidy.

Directly estimate the e¤ects of occupation by directly looking at income
before and after the subsidy for the same individual.

Then try to directly run the IV regression on the model-generated data (see
the next slide).
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Measuring Impact of Occupations on Income II

Subsidy = f0, 1g.
Suppose researcher tries to estimate e¤ect of occupational choice from
κ3 + κ2bi below:

Yi = κ0 + κ1bi + κ2biDi + κ3Di + εi

Can use subsidy as IV for Di .

OLS and IV are very di¤erent (see next slide): IV shows negative impact,
OLS positive - because occupational choice is related to unobserved talent,
hence endogenous. IV is �correct�: individuals who switch occupation as result
of subsidy are those with lower pro�ts and higher wages (than those who
already are entrepreneurs).
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Using Model structure to generate counterfactual
outcomes and causal e¤ects of occupation

Since we know structure of model - can generate counterfactuals.

Provide individuals�who originally did not get subsidy with the subsidy and
compute LATE generated from model (directly) - �nding: LATE very similar
to IV (negative again)

TT and ATE computed as positive numbers (overall, there are positive
bene�ts from being an entrepreneur).

Conclusion: the econ model delivered a valid instrument which does correctly
identify the causal e¤ect, and the causal e¤ect can di¤er from ATE or TT.
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OLS and IV Estimates
Model of occupational choice-estimates from 

cross-sectional data

Paramter

k0

k1

k2

k3

Estimates

0.606** 1.189**

1.142**

-0.082

-0.356*

-0.450

1.155**

-0.136**

0.457**

0.303**

∆OLS ∆IV

Average Effect (k2b + k3)
-

Image by MIT OpenCourseWare.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

203
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Occupational Choice under Financial Intermediation

Incorporate an intermediated sector in model above.

Individual speci�c cost of using �nancial sector, Qi (travel time, e¤ectiveness
of bank in the village, etc..)

Maximization of entrepreneur in intermediated sector (neoclassical separation
between production and household wealth):

max f
�
k l E E, , θik ,l

�
� wl � (1+ r)

�
k + θi

�
Occupation choice for agents in intermediated sector:

D
�
E Wθi , θi ,w , r

�
= 1 if π

�
Eθi ,w , r + bi (1+ r)�Qi + ψi

W> w + θi + bi (1

�
+ r)�Qi

= 0 else
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Occupational Choice under Financial Intermediation II

Outcome observed under intermediation:

Y E W
I θi , θi , bi ,w , r

E W E= D

�
i

�
�

θ , θi ,w , r
� �

π
�

θi ,w , r
�
+ bi (1+ r)

+
�
1�D

�
E Wθi , θi ,w , r

�� �
w W+ θi + bi (1

�
+ r)

(not counting subsidy and intermediation costs)

�

With� out intermedia�tion, occupational choice as before:
D E W
i θi , θi , bi ,w = 1 if Eπ

�
θi , bi ,w

�
+ ψi > w

W+ θi and Di = 0 else.

Hence observed outcome under autarky (A) is (not counting subsidy)

YA
�
E Wθi , θi , bi ,w

�
= D E W E

i

�
θi , θi , bi ,w

� �
π
�

θi , bi ,w
�
+ b� i

W+ 1�Di
�
E Wθi , θi , bi ,w

�� �
w + θi +

�
bi
�
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Occupational Choice under Financial Intermediation III

Choice of sector (intermediated vs. not):Υi = 1 if in intermediated sector, 0
else.

Υi
�
E Wθl , θi , bi ,w , r ,ψ ,i Qi

[YI YA ]

�
= 1

if

 h �
D
�
E W w r

�
�D

�
E W 0

+ θi , θi , , θi , θi , bi ,w

!�i
ψi �Qi

�

Υi = 0 else

E¤ect of �nancial intermediation at individual level is:

∆Υ
i = YI � YA
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Identifying the E¤ects of Financial Intermediation

ATE and TT:

ATE = E
�

∆Υ� i

TT E ∆Υ= i

�
jΥi = 1

W= E
�
YI
�
E E Wθi , θi

�
, bi ,w , r

�
� YA

�
θi , θi , bi ,w

�
jΥi = 1

�
Shortcut: denote by Di = D

autarky and D r D E
i ( ) = θi ,

�
E W� θi , θi ,w , bi the occupation choice under

Wθi ,w , r

�
�
the occupation choice under

intermediation.

Observed outcome:

ξ i = Υi � YI + (1� Υi )� YA
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Identifying the E¤ects of Financial Intermediation II

Observed outcome dpeends on all choices and outcomes, even if just
interested in e¤ect of �nancial intermediation:2

i (r)
�6 D π
�
Eθi ,w , r

ξ i = Υi �

�
+ (1+ r) bi

�
64 +

3
W(1�Di (r))

�
w + θi + bi (1+ r)

77
2
Di
� �

E6 π θi , bi ,w

� 5

+ (1� Υi )

��
+ bi46 +

3
W(1�Di )

�
w + θi + bi

7� 75
Assume linear pro�t functions under both autarky and intermediation.

π
�
Eθi , bi ,w

�
E= γ� � ww + γbbi + γθθi

Eπ θi ,w
E, r = δww + δr r + δθθi
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Identifying the E¤ects of Financial Intermediation II

Hence observed e¤ect ξ i can be rewritten, using the functional form
assumptions as:

ξ i = w + bi + rΥibi
+ (γw � 1)wDi (1� Υi ) + γbbiDi (1� Υi )
+ ((δ�w � 1)w + δ�r r)Di (r)Υi + δbbiΥiDi (r)

E W+ηi θi , θi , r ,Q

where� ηi =
Eδθθi � Wθi

�
ΥiDi (r)�

�
E W E W Wγθθi � θi

�
ΥiDi +

�
γθθi � θi

�
Di + θi so

it depends on unobserved talents.
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Identifying the E¤ects of Financial Intermediation III

E¤ect of �nancial intermediation is:

∆Υ ∆ξ i
i =

∆Υi
= rbi + (((δw � 1)w + δr r)Di (r)� (γw � 1)w � γbbi )Di

∆ηi+
∆Υi

which depends on occupation of individual under each regime and unobserved
talents.

Cannot be estimated by simple OLS since unobserved talent enters error term
ηi .
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Identifying the E¤ects of Financial Intermediation IV

Is Qi a good instrument for Υi? It a¤ects choice of intermediation but not
potential outcomes. Can estimate IV e¤ect if have two values of entry costs,
Q̄ and Q̄ 0 :

¯
∆IV (Q )

E (ξ i jQ ¯i = Q 0, bi = b)=
� E (ξ i jQi = Q, bi = b)

E (Υi jQi = Q̄ 0, bi = b)� E (Υi jQi = Q̄, bi = b)

to identify local treatment e¤ect of �nancial intermediation on income

∆LATE (Q ) = E
�
YI � YA jbi = b,Υi

�
Q̄ 0
�
= 1,Υi (Q̄) = 0

�
What does this measure? Gains in outcomes (pro�ts and wages) for those
induced to join intermediation sector as consequence of reduction in
intermediation costs (all margins adjusting together).

It does NOT measure e¤ects of �nancial intermediation on pro�ts for
entrepreneurs or wages for wage earners: change in Q also induces
endogenous changes in occupation (i.e., NOT holding occupation constant)!
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Identifying the E¤ects of Financial Intermediation V

How about computing an ∆IV separately for wage earners and entrepreneurs?
Would that capture the local causal e¤ects of �nancial intermediation?

No: responses in occupational choice are not uniform. If restrict to
entrepreneurs, we lose gains from those initial entrepreneurs who became
wage earners in response to change in intermediation cost.

What does it identify if we compute it by group? Identi�es e¤ect of �nancial
intermediation on entrepreneurs (resp., wage earners) who would not have
switched occupations as a result of the change in the instrument.
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Identifying the E¤ects of Financial Intermediation VI

Can also compute IV estimator to identify the LATE of e¤ect of occupation:

� E ξ ψ = ψ̄0, b = b E (ξ ψ = ψ̄,
∆IV

b = b)
ψ̄, ψ̄0

� i i, b

�
j i i

�
� j i i

=
E
�
D̃i jψi = ψ̄0, bi = b

�
� E

�
D̃i jψi = ψ̄, bi = b

where D̃i = Di (r)Υi +Di (1

�
� Υi ).

Under uniform e¤ect of ψ on D̃, ∆IV identi�es the LATE of occupation on
income.

Again, caution: ∆IV cannot measure e¤ects for those induced to enter
entrepreneurship as a result of the subsidy: since produces intermediation
choices which are non uniform and endogenous.

We can use ∆IV to identify the e¤ects of entrepreneurship if there was a
subpopulation for which the subsidy changed but intermediation would not
change (e.g., they have too high Q and would never enter intermediation in
any case).
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How does econometric estimation perform? Simulations

Again, parameterize and simulate the model.

What would happen if an econometrician estimates:

Yi = κ0 + κ1bi + κ2biΥi + κ3Υi + εi

OLS and IV both positive, but OLS is double e¤ect of IV (because of
selection).

Counterfactual analysis (simulations to uncover true causal e¤ects): since we
know all parameters of model, we can simulate outcomes, also for various
subgroups and see the true e¤ects of intermediation and occupational choice.
Let�s compare these to the OLS and IV �ndings. For example, can see e¤ects
on individuals switching from "wage-earner under autarky" to "entrepreneur
with �nancial system access" - which is impossible without a structural
model.
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How does econometric estimation perform? Simulations II

Findings from the simulations: Overal LATE across population is very close to
the IV coe¢ cients.

Notice that changes in Q can make people move away from entrepreneurship
towards wage work: illustrates non uniform changes, as some people now �nd
it better to just put their money in the bank and work as wage earners (if
have low talent for entrepreneurship for example).

Similarly, changes in a subsidy cause people to non-uniformly change to
intermediated sector.
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Further Results of E¤ects of Occupation on Income

Suppose econometrician tries to estimate the following model of the e¤ects
of occupation on income:

Yi = τ0 + τ1bi + τ2biDi + τ3Di + εi

where again, Di = 1 if individual i is an entrepreneur and 0 otherwise.
Results on the next slide.

Again, as for the e¤ects of intermediation, OLS delivers a positive e¤ect
whereas IV suggests negative e¤ect of occupation (entrepreneur).
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Model Generated Local Average treatment Effects
Model of occupational choice and financial intermediation

Parameter

∆LATE(Ψ) (1,0)

∆LATE(Q) (0.25,1)

Value

-0.466

0.388 3,757

1,548

2,219 From Wage Earner to Entrepreneur

From Autarky to Financial Intermediation

From wage worker under autarky to entrepreneur 
under autarky 

From wage worker under autarky to wage worker
under financial intermediation

From entrepreneur under autarky to wage worker 
under financial intermediation

From entrepreneur under autarky to entrepre-
neur under financial intermediation

From wage worker under autarky to entrepreneur 
under financial intermediation

From wage worker under autarky to entrepreneur
under financial intermediation

From wage worker under financial intermediation 
entrepreneur under autarky

From wage worker under financial intermediation 
to entrepreneur under financial intermediation

278

322

71

-0.444

0.355

-0.203

0.752

0.430

911

176

75

2,595

-0.278

-0.724

-0.519

Number of
Movers

Direction

Image by MIT OpenCourseWare.
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Dynamics

Consider now a dynamic model with household discounted expected utility

E0

 
∞

∑ tβi u (cit )
t=0

!

Individuals di¤er in their discount factors, βi = β̄+ θ β̄i where is common
knowledge but θi is private.

Let sit be savings, as fraction of wealth kit . Eψt is proportion of savings
invested in risky enterprise sector, Wψt is fraction invested in wage sector
activities.

Investment in enterprise yields E Eδt + ε where Eε is a random shock andit it
investment in wage activities yields W Wδt + ε .it
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Dynamics

Law of motion of wealth in autarky:

kit+1 = sit �
h
Eψt �

�
E Eδt + εit

�
W+ ψt �

�
W Wδt + εit

�i
� kit (3)

Consumption in autarky is cA = (1it � sit ) kit .
Welfare under autarky satis�es Bellman equation:

W0 (kit , θi ) = max u (cit ) + β E (W0 (kit
E i +1, θi ))

ψt ,
Wψt ,cit ,sit

subject to (3).
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Dynamics

With CRRA preferences, risky assets and wage sector investments are
constant fractions of available resources:

cAit = α̃Ai kit = α̃it

�
yE W
it + yit

�
with α̃A E= (1� βi ), y is the income from enterprise, and yW the incomei it it
from labor

yE E
it = ψt�1

�
E Eδt�1 + ε� it�1 kit�1sit�1

yW W W W
it = ψt δ�1 t�1 + εit�1

�
�
kit�1sit�1

Hence, consumption in autarky is: cA � A A= 1 β̄ θit � i yit = α yiy + ε whereit
y yE A
it = + yW is total income, α = 1it it �

�
Aβ̄ and ε =

�
.t �θi yi it

Robert M. Townsend (Institute) Structural 03/13 37 / 65

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

220
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Dynamics

In intermediated sector, households share all idiosyncratic shocks. Law of
motion of wealth:

kit+1 = s
W

itkit max
n

Eδt , δt

o
(1� τ) (4)

where τ is marginal intermediation transaction cost.

Value function in the intermediation sector satis�es Bellman Equation:

VI (kit , θi ) = max [u (cit ) + βiE (VI (kit+1, θi ))]cit ,sit

subject to (4).
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Dynamics

Under CRRA preferences, we have again: c I = αit ˜ IAi t where

A W E I ¯t = max
n

δt�1, δt�1
o
(1� τ) and α = 1i � β� θi

c I I I= α A I+ ε with α = 1� β̄ and I
it t ε =it it �θiAt is the unobserved
component.
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Once-and-for-all participation decision

At t = 0, household decides whether to enter intermediated sector once and
for all.

Zi are individual-speci�c participation costs.

Participation decision is Ii0 with: Ii0 = 1, VI (ki0 � Zi , θi ) � W0 (ki0, θi )

Observed consumption is then

cit = cAit (1� Ii0) + c Iit Ii0
c Ay IA � A
it = α it + α t α yit Ii0 + vit

with v A I
�
I � A

� �
it = ε + i0 ε ε

�
. Note that error vit depends on decision Iit it it i0

and hence cit �regression�is endogenous. Need IV strategy.
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Once-and-for-all participation decision

Potential instrument: Zi : only a¤ects decision at time 0 but not potential
outcomes (i.e., consumption cA or c I ) for t > 0it it

Will identify LATE

ATE and TT di¢ cult as before because of heterogeneous treatment e¤ects -
only if no selection on unobserved gains (unlikely) would ATE, TT and LATE
coincide.
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Sequential participation decision

Suppose instead that participation decision is made each period. Then, for
those not yet in the intermediated sector at t, value function satis�es:

U (c
W0 (k

it ) +
it , θi ) = max

Eψ , Wψ ,c max
it ,sit

�
βiE fW0 (kit+1, θi ) ,V1 (kit+1 � Zi , θi )t t

g

�
subject to

kit+1 = sit �
h
Eψt �

�
E E W W Wδt + εit

�
+ ψt �

�
δt + εit

�
� kit

i
Threshold value k� (Zi , θi ) de�nes participation.

Savings st and investments E Wψ ,t ψt will now depend on wealth kit even with
CRRA: hence variation in Zi a¤ects not just decision to participate (k�), but
also pre-participation outcomes.
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Identi�cation Power of Policies

Unanticipated policies can help identify e¤ect of �nancial intermediation.

An unanticipated once-for-all change in Zi at time t� e¤ectively transforms
t� into �period 0�of the previous example, in which Zi was a valid instrument
- we can analyze the agent�s decision as if it was a once-for-all decision.

This policy is a valid instrument, because, as in the once-for-all choice of
intermediation example, Zi a¤ects participation, but not potential outcomes.
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Bottomline

Cautious when using reduced-form IV.

IV is not always wrong: the lesson is to use it carefully and through the lens
of a model.
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Keniston, Montes, Saurina and Townsend (2012)

Observation: banks and cajas in Spain locate around their home provinces.
How can we estimate costs of bank expansion?

Use Method of Simulated Maximum Likelihood, similar to Bajari, Benkard,
and Levin (2007, hereafter, BBL).

Important distinction to before: intermediation cost Q was random before.
Here, banks are choosing where to locate - di¤erent setup!

Robert M. Townsend (Institute) Structural 03/13 45 / 65

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

228
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Before we start: main messages

First, the �reactions�of other banks are estimated from the data. No need to
solve their behavior fully - great simpli�cation.

Second, we only need to �simulate forward�once - and we get the value
functions, without all counterfactual, alternative strategies speci�cally
considered. This is the key point of BBL. Details below!
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Model of bank pro�ts and entry

Banks operate chains of branches, making loans and collecting deposits. Earn
pro� πipt from bank i in province p in year t.

Vector of state variables for each bank/province/year is sipt (e.g., GDP of
province, number of own branches and rival branches, distance from original
province, etc..)

Vector of state variables for all provinces for a given bank/year is sit .

Entry indicator variables ιipt and let ηipt be number of new branches.
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Maximization problem of the bank

V (siτ) = max

(
∞

t�τ

 
P

∑ ∑ P Bβ π sipt + C ιipt sit + C ηipt sipt siτ
ηi ,ιi t=τ p=1

� � �
j
� �

j
�!

j
)

where CP
�
ιip�t j it �� s is the cost the bank pays if it enters the province in year t and

CB ηipt jsipt is the cost incurred to open ηipt branches in that province

Hypothesis tested: CP is a function of distance of province to the bank�s existingipt
network of branches in other provinces.
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Timing

1 Banks chose interest rates at national level (nash eqm)
2 Make loans and take deposits in provinces in which already operating - get
pro�ts

3 Privately observed cost of entry and opening new branches realized
4 Decision to enter provinces and open new branches in existing ones - incur
start up costs

5 GDP in province evolves exogenously
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Static Actions

Deposit rate rdep,t , borrowing rate in interbank loan market, ρ

Within period pro�t of bank i in period t if active in province p:

π
�
sipt
� 4
= ∑ liptz (rzt � ρt ) + dipt

�
ρt � rdep,t

z=1

�
� ACt � nit

where z indexes four sectors.

liptz= quantity of loans in sector z , dipt is total province deposit for the bank
in year t, ACt is the cost of operating a bank branch.
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Static Actions II

Number of branches of competitors in province p for bank i in year t :
n�ipt = ∑Bb=1 nbpt
Province/bank/sector level �xed e¤ects δipz

Demand for loans:

liptz = β1zn
2 2

ipt + β2znipt + β3zn ipt +� β4zn�ipt

∑Bb=1 nbpt rzbt+β5z rzit + β6zGDPpt + β7z n�ipt
+ δipz + εiptz

Demand for deposits is identical.
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Static Actions III

Interest rate determined according to Nash Equilibrium. For bank operating
in set Pi of provinces, optimization problem is:

max∑ liptz (rzt ρt ) + dipt ρt rdep,t ACt nitrzit Pi

�
�

�
�
� �

chosen simulatenously with other banks.
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Dynamic Actions I

Each period, decide on entry and number of branches

Cost of entry into province p:

CP
�

Pιpit jsipt , v ;γ
�
= ιipt

P

�
Pγ0 + γ1distipt + γ2υpt

�
where υpt is iid N (0, 1).

Distance modeled as:

n
distipt = ∑ imt

m2Pi ,m 6=p
kms (p,m)

(where kms (p,m) is distance in km between provinces p and m).
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Dynamic Actions II

Cost of opening branches:

CB
�
js B

�
I 0

�
o o B

�
I c c Bη ipt ,υipt ; α = (η > ) α0η + α1ηυipt + (η < 0) α0η + α1ηυipt

Shocks enters both cost of opening new branches and liquidating

�
(closing)

�

existing ones.
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Estimation

Vector to be estimated, o o c cθ = (β , ....,1z β ,7z γ0,γ1,γ2, α ,0 α ,1 α ,0 α1) includes
β (coe¢ cients on loan demand/supply functions), γ (vector of coe¢ cients of
entry costs), α (vector of coe¢ cients on cost of opening/closing branches).

Estimated reduced form Markov process for province GDP and number of
other banks�branches (polynomials)

For GDP, GDPt is only function of GDPt�1
For the number of competitor�s branches, predict n ipt from OLS regression of�
n�ipt on polynomial terms of nip(t�1), log (GDPt .�1) and n�ip(t�1)

Estimate demand parameters β using static methods, with IV = lagged values
of number of own and competitors�branches as instruments for current levels.

Decisions to enter provinces and construct branches: complex functions of
states: unfeasible to solve. Instead, estimate them based on observed actions.
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Estimation II

Semi-parametric estimation of decision to enter new province as function of
states:

Pr
�
Pιipt = 1jsit

�
= F

�
n�ipt ,GDPipt , kmsipt

with F () being a �exible functional form (e.g., logit on 3rd o

�
rder polynomial

of states).

Choice to open new branches:

E
�

η jsipt
�
=
�
nipt , n ipt ,ipt GDP� ipt

where H () estimated via ordered probit on third order p

�
olynomial of states.

Potential concern in the estimation of these policy functions lies in the
number of state variables to include in these regressions. Because banks
consider their full forward expansion paths when deciding to enter a province,
the characteristics of all surrounding provinces may also be included among
the state variables, thus potentially increasing them to an unfeasibly large
dimension.
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Estimation III

What about �xed costs parameters α and γ? - use BBL technique.

Vi (sit jσit ; θ) (resp., Vi
�
sit jσ0 ; θ

�
) is expected current and future pro�tit

under actual strategy σit (resp., strategy σi
0 ).t

Given entry shock received at true parameter, it must be:

Vi
�
s 0
it jσit ; θ

�
� Vi

�
sit jσi0 0

t ; θ
�

Strategy: generate estimates of actual and counterfactual value functions
using forward simulation, then �nd θ that maximizes prob that inequality
above holds at all entry decisions.
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Forward Simulation

Simulate path of actions taken by bank (given that we know static demands,
state transitions and policy functions):

start from state after entry si (t+1) and draw shocks υBp(t+1) and υPp(t+1)
for�each new� province, predict if entry by testing if
Φ Pυ > F̂ n ,GDP , dist (if yes, ι̂ = 1)ip(t+1)

�
�ip(t+1) ip(t+1) ip(t+1)

�
ip(t+1)

predict new branches closed/opened by evaluating:

η̂ipt+1 = Ĥ
�
nip(t+1), n�ip(t+1),GDPip(t+1), υ

B
p(t+1)

�
update GDP, interest rates, number of other banks�branches according to
transition functions
start from new state generated, si (t+2) and iterate
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Dynamic Parameter Estimation

Suppose (to illustrate) that the bank decides not to enter province p. Then
the following inequalities hold (second line substitutes the parameterizations
assumed):26 CP

�
Pιi�pt = 1jsit , υ ;γipt664 +CB B� �η jsipt , υ ; α

� 3� 77 � βE
�
Vi
��� 57 si (t+1)jσi (t+1);ipt θipt

+βE Vi si (t+1)jσi
0 ; θ(t+1)

��

2
γ0 + γ1dist

P o+6 ipt γ2υpt + α0ηipt4 � o B+�α1ηiptυipt

3
+βE Vi si (t+1)jσi

0 ; θ(t+1)

� � ���� 75 � βE Vi si (t+1)jσi (t+1); θ
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Dynamic Parameter Estimation

Rearranging:

Pr
�
ιipt = 1jsit ; θ

�0 0
�γ0 �0γ1dist� � 0α � B

ipt � α0ηipt 1ηiptυi
P= Pr

B ptB@γ2υ Vi si t 1 σi t 1 ; θipt � @BB +βE @ ( + )j ( + )

11
�Vi

�
si (t+1)

1
jσi
0 ; θ(t+1)

C� A CCACA
Complication: two sources of uncertainty, future pro�ts from entry and
current value of shocks.
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Dynamic Parameter Estimation II

Expected pro�ts from entry = generated by di¤erence in two forward
simulations (one assuming entry in the province this period, the other
assuming not).

Integrate these di¤erences over current period shocks to cost of opening
br�anches: cre�ates joint distribution of shocks and branch openings
g Bη ,ipt υ .ipt

Hence entry probability is (using �rst period shock draws to integrate over
combinations of branches/shocks):

Pr
�
ιipt = 1jsit ; θ

1

�
= 1�

M

M

∑
m=1

Φ

0B@
0B@ �γ0 � γ1distipt � αo0ηipt ,m

�αo1ηipt ,mυBipt ,m
+ 1

/
M

1
M ∑m=1

� γ2

1
Wi ,m (sit jσit ; θ)�Wi ,m t jσi0 ; θt

C�
si

�� A CA
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Maximum Likelihood

Likelihood Function: � ι (1 ι )maxΠtΠp Pr ιipt = 1jsit ; θ i �
θ

�
pt
�
1� Pr

�
ιipt = 1jsit ; θ

��
ipt

Important simpli�cation: counterfactual strategies are only made of
�single-province�deviations. Rules out strategies like entering several
provinces simultaneously, but not individually.

What is the great advantage of this approach? We are not solving for ALL
strategies of all players backwards - much simpler.
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Assuncao et al. (2012)

Keniston et al. paper deduces the behavior of the �market�from the data
(taking as given the observed Markov structure from the data), and optimizes
only for one bank at a time, then repeats for other banks.

They do not have to compute the Nash equilibrium, with all players, in order
to estimate all parameters simulatenously.

This is a big computational simpli�cation.
This is essence of BBL
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Assuncao et al. (2012)

What is this missing?

On equilibrium path, we know how all competitors will react. Then, we
optimize a given bank�s problem on that equilibrium path.

Note that we did not compute the strategies of all other players: we just
observed the equilibrium in the data

But what if the bank tries out a counterfactual strategy? (which it must do
since it is chosing the optimum).

Then generates an o¤-equilibrium situation and other players will adapt - will
also play o¤-equilibrium strategies, which we do not know.

We cannot see the o¤-equilibrium strategies in the data - only the equilibrium.
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Assuncao et al. (2012)

Bottomline is that all the assumptions needed from BBL are hard to maintain
when we switch to more complex bank problems.

For example, when we switch to entry problems with endogenous markets,
rather than exogenous provinces, and evolving state variables.
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LECTURE 3:

GROWTH, TFP, AND INEQUALITY WITH FINANCIAL
MARKET IMPERFECTIONS

(The Case of Limited Commitment)
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Table of Contents

Featuring especially transitions rather than steady state
growth. This literature is about reforms, both real and
financial, including financial sector expansion.

Featuring cross-sector and cross-country evidence: including
countries with and without micro finance

Can constraints be alleviated in the long run, maybe doing
nothing is not so costly? Importance of transitions and
reconciling cross country evidence.
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Song, Storesletten, and Zilibotti (2011), “Growing like China”

How can growth and returns on investment be so high and yet capital outflow
abroad; the role of inefficient, state-finance enterprise.

Our paper is part of a recent literature arguing that low aggregate TFP
especially in developing countries is the result of micro-level resource
misallocation.

Facts:

I Over the last 30 years, China has undergone a spectacular economic
transformation involving not only fast economic growth and sustained
capital accumulation, but also major shifts in the sectoral composition
of output, and a growing importance of markets and entrepreneurial
skills.

I The rate of return on investment has remained well above 20%. Saving
rates have been even higher: in the last 15 years, China has experienced a
growing net foreign surplus: its foreign reserves swelled from 21 billion
USD in 1992 (5% of its annual GDP) to 2,130 billion USD in June 2009
(46% of its GDP).
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Song, Storesletten, and Zilibotti (2011), “Growing like China”
       

 

Figure 1. Foreign Reserves and the Difference between Deposits and Loans

note: The figure plots China’s foreign reserves (solid line) and the domestic bank deposits minus 
domestic loans (dotted line), both expressed as a percentage of GDP.

The combination of high growth and high return to capital, on the one hand,
and a growing foreign surplus, on the other hand, is puzzling.

Figure removed due to copyright restrictions. Go to "Growing Like China" to view the figure.  
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Song, Storesletten, and Zilibotti (2011), “Growing like China”

Reforms timeline:

I China introduced its first economic reforms in December 1978

I A new stage of the reform process was launched in 1992, after Deng
Xiaopings Southern Tour

I The process gained momentum in 1997, as the 15th Congress of the
Communist Party of China officially endorsed an increase in the role of
private firms in the economy

Post-1992 transition:

I In spite of very high investment rates (39% on average), the rate of return
to capital has remained stable: while the aggregate return to capital has
fallen slightly (from 28% in 1993 to 21% in 2005), the rate of return to
capital in manufacturing has been increasing since the early 1990s and
climbed close to 35% in 2003.

I Financial assets available to individual savers: the average real rate of
return on bank deposits, the main financial investment of Chinese
households, was close to zero during the same period.
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Song, Storesletten, and Zilibotti (2011), “Growing like China”   .   

59 percent in 1998 to 47 percent in 2007 (Bai and Zhenjie Qian 2009, Table 4).3 The 
falling labor share has contributed to rising inequality even across urban households 
(Dwayne Benjamin, Brandt, John Giles, and Sangui Wang 2008).

B. Reallocation in Manufacturing

The reallocation of capital and labor within the manufacturing sector is a focal point 
of our paper. Figure 2 plots alternative measures of the evolution of the employment 
share of private enterprises. Our preferred measure is based on annual firm-level sur-
veys conducted by China’s National Bureau of Statistics (NBS), which include the 
universe of Chinese industrial firms (manufacturing, mining, and construction) with 
sales over 5 million RMB. The solid line plots the proportion of domestic  private 

4.6 percent if one excludes state-owned and collectively owned enterprises. In the same period, the average growth 
rate of real GDP per capita was about 9 percent. Using data from the NBS Urban Household Surveys 1992–2006, 
Suqin Ge and Dennis T. Yang (2009) report an annual growth rate of 4.1 percent for the basic wage (the lowest skill 
category) and of 6.2 percent for workers with “middle-school education and below.” These are useful benchmarks 
since they separate the wage growth due to technological progress from that due to human capital accumulation—
which reflects the increasing quantity and quality of education. Two additional remarks are in order. First, wages are 
deflated using the provincial consumer price index (CPI). The annual CPI growth rate was on average 0.9 percent-
age points lower than that of the GDP deflator in these years. Second, the compliance rate for pension contributions 
paid by employers declined dramatically in this period. Both considerations suggest that the growth of labor costs 
per worker for firms was lower than the figures above.

3 Bai and Qian (2009) report data until 2004. The estimates for 2004–07 were kindly provided by Bai and Qian.

Figure 2. Private Employment Share

notes: The figure shows, first, the DPE share of employment as a share of SOE +	 DPE employ-
ment in manufacturing (NBS 1998–2007) and in the urban sector (CLSY 1992–2007). Second, 
it plots DPE +	FE employment as a share of total employment in manufacturing (NBS 1998–
2007) and in the urban sector (CLSY 1992–2007).

Figure removed due to copyright restrictions. Go to "Growing Like China" to view the figure.  
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Song, Storesletten, and Zilibotti (2011), “Growing like China”
State-owned enterprises (SOE) are, on average, less productive and have better
access to external credit than do domestic private enterprises (DPE).

SOE finance more than 30% of their investments through bank loans compared
to less than 10% for DPE.

    

while the share of SOE remains high in capital-intensive industries. Panel A of Figure 
5 plots the 2001 SOE share of total employment across three-digit manufacturing 
industries against the capital intensity that each of these industries had in the United 
States (2001 is the first year for which data are available). Already in 2001 SOE were 
significantly more represented in those industries which are more capital intensive in 
the United States. For instance, the SOE employment share in the ten most capital-
intensive industries was 57.9 percent, while in the ten least capital-intensive industries 
it was 25.8 percent.8 The withdrawal of SOE from labor-intensive sectors has contin-
ued thereafter. Panel B of Figure 5 plots the percentage change in the SOE employ-
ment share between 2001 and 2007 against the capital intensity of the corresponding 
industry in the United States. The correlation coefficient is highly positive (0.576).

D. income inequality

The economic transition of China has been accompanied by increasing income 
inequality—even within the urban sector. For instance, the Gini coefficient of 

8 Industries are classified according to the capital-labor ratio in the United States in 1996 (classifying according to 
their respective Chinese ratios would create an endogeneity problem). The US data are from NBER-CES Manufacturing 
Industry Database, http://www.nber.org/nberces. We match the industries listed by the 2002, 2003, and 2004 China 
industrial Economy Statistical yearbook (CIESY) to the SIC codes. Among 31 industries in CIESY, only 27 can be 
matched, 18 at the SIC two-digit level and 9 at the SIC three-digit level. Details are available upon request.

Figure 4. Share of Investment Financed by Bank Loans and Government Budgets

note: The figure plots the average share of investment financed by bank loans and government 
subsidies across firms of different ownership, in percent.

Sources: CSY 1998 to 2001 and 2003, China Economy and Trade Statistical yearbook 2002 
and 2004.

Figure removed due to copyright restrictions. Go to "Growing Like China" to view the figure.  
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”

I The growth success of Asian economies

I Reforms with fixed financial friction

I Explain the high long period of growth of investment and total factor
productivity these do not jump up immediately

I This is again how reforms (other than financial) can lead to growth but
there is a section at the end which does the opposite, like the next paper,
Jeong and Townsend (2007)

Following a reform that triggers efficient reallocation of resources, our model
economy with financial frictions converges slowly at half the speed of the
neoclassical growth model to the new steady state, and its investment rates
and total factor productivity start out low and rise over time. We present data
from the so-called miracle economies on the evolution of macro aggregates,
factor reallocation, and establishment size distribution, which support the
aggregate and micro-level implications of our theory.

The miracle economies financial markets remained largely underdeveloped until
the latter stages of their economic transitions, as evidenced by their low ratios
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”

Figure 1 in the next slide presents the main features of the development
dynamics for China [year 0 = 1992], Japan [1949], Korea [1961], Malaysia
[1968], Singapore [1967], Taiwan [1959], and Thailand [1983]. For each
economy, year 0 (in [ ] above) on the horizontal axis is its date of large-scale
reforms, and hence the beginning of its economic transition. A point on the
horizontal axis therefore corresponds to different calendar years for different
countries.

All these economies exhibit large and persistent output gains, which appear
slow when seen through the lens of the neoclassical growth theory. In the
neoclassical model, such transitions can only be thought of as a transition from
an initial state with low capital stock to a steady state with high capital stock,
which is characterized by a fast convergence. A reasonably-calibrated
neoclassical model a capital share of 1/3, a discount factor of 0.96, an
intertemporal elasticity of substitution of 0.67, and a depreciation rate of 0.06
predicts that it should take fewer than six years for aggregate capital stock to
cover half the distance to the steady state. The data suggest a half-life of at
least 15 years. Even the economic miracles seem three times slower when
compared to a calibrated neoclassical model.
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”
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Fig. 1: Transitional Dynamics from the Economic Miracles. In each panel, all available
series for the seven economies are shown, and the thick solid line is the unweighted average across
them. See the Data Appendix for a detailed description of the data. The horizontal axis is in years,
and year 0 corresponds to each economy’s reform date.

8

Courtesy of Franciso J. Buera and Yongseok Shin. Used with permission.

Per-Worker GDP Relative to the US
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Courtesy of Franciso J. Buera and Yongseok Shin. Used with permission.

Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”, main exercise part I

Our main exercise analyzes the transitional dynamics triggered by a sudden,
unexpected reform that eliminates idiosyncratic distortions, with financial
frictions remaining intact.

1. The economic transition is gradual. Following the reform, GDP grows at
an annualized rate of 3.6% for 18 years, and it takes 10.5 years for the
capital stock to cover half the distance to the new, post-reform steady
state almost twice as long as the comparably calibrated neoclassical
transition.

2. The model generates endogenous dynamics of TFP, which increases by 5%
per year for eight years, although there is no further exogenous change
after the reform.

3. The investment rate rises over time, peaking six years after the reform.

4. We show that, in the data from the reform episodes, there is substantial
and persistent reallocation of production factors, across different industrial
sectors and also from state-owned production units to those in the private
sector.
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”, main exercise part II

5. For the three countries with available data Japan, Korea, and Singapore
the average manufacturing plant size increased after the reforms. On
average, plant size increased by 80% over the 15 years following the
reform, in line with the model prediction.

6. A similar pattern emerges in Thailand, for which we have data on
employment by firm size bins. While the data are available only from
1988, five years after the identified reform, they show a substantial
increase in the fraction of workers employed in firms with more than 100
employees (from 21% in 1988 to 41% in 1998), and also a corresponding
decline in the fraction of workers employed in firms with fewer than ten
employees (from 58% to 39%).

7. These patterns in the data are broadly consistent with the post-reform
dynamics of the average establishment size in the model.
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Model:

I Transition dynamics are endogenously determined by the extent of
resource misallocation in the pre-reform economy and the degree of
imperfections in financial markets.

I Individuals differ in their entrepreneurial productivity and choose each
period whether to be an entrepreneur and operate his technology or to
supply labor for wage.

I Financial frictions in the form of collateral constraints are modeled by
assuming imperfect enforceability of contracts.

We calibrate the parameters that are invariant across countries and over time
so that our undistorted, perfect-credit model economy matches the US data on
standard macroeconomic aggregates, earnings distribution, establishment size
distribution, and establishment dynamics. As for the reform-related parameters,
the degree of an economys financial frictions is calibrated to the data on
external finance to GDP ratios, and the distribution of pre-reform idiosyncratic
distortions is chosen to match the changes in TFP and capital-to-output ratios
between the year of the reform and the twentieth post-reform year.

We then use our model to quantify the role of initial resource misallocation and
financial frictions in explaining the actual time paths of GDP, TFP, and
investment rates along the growth accelerations or economic miracles in the
data.
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”

Pre-reform economy:

I Resources are misallocated.

I Subsidized entrepreneurs run larger operations and have more income and
wealth than is warranted by their true productivity, while the opposite is
true for taxed entrepreneurs.

I Productive entrepreneurs returns to saving are high since wealth, via
collateral constraints, enables entry and expansion of business and so are
their saving rates.

I Those with low entrepreneurial productivity are either workers or
unconstrained, small-scale entrepreneurs, and hence their returns to
saving, and accordingly their saving rates, are much lower.

I The aggregate saving rate is an income-weighted average of the two
groups saving rates, and as a consequence starts out low.
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”

The sudden reform initiates a process of massive resource reallocation:

I The underdeveloped financial market acts as a bottleneck: It takes time
for productive-but-poor entrepreneurs to save up the collateral needed for
starting a business and then operating at the efficient scale.

I This gradual reallocation the entry and expansion of productive-but-poor
entrepreneurs and the downsizing and exit of incompetent,
previously-subsidized ones manifests itself in the slow pace of the
transition overall, and more important, in the persistent TFP dynamics.

I Over time, productive entrepreneurs, with their high saving rates, account
for larger fractions of wealth and income, and the aggregate saving rate
rises.

I Eventually, the diminishing marginal returns to capital take over, and even
the saving rates of productive entrepreneurs, who are less likely to be
constrained now, start to fall over time, spanning the downward arc of the
aggregate saving rate.
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Buera and Shin (2012), “Financial Frictions and the Persistence of History:
A Quantitative Exploration”

Exercise: incorporate an exogenous financial development process, which is
calibrated to the observed increase in measures of financial intermediation
along the growth experiences.

In year 0, we maintain the assumption that all idiosyncratic distortions are
removed at once. In addition, assume now an increase in the external finance
to GDP ratio from 0.3 to 0.86 over the next 20 years, which also takes 20 years
in the data. We assume that individuals in the model have perfect foresight
about this exogenous process.

The results are qualitatively similar to the benchmark results. This exercise has
more financial frictions than the benchmark exercise exactly when the economy
has the most misallocation (i.e., right after the reform). Not surprisingly,
especially immediately following the reform, the reallocation and the transitions
are slower here: It takes 13 years (rather than 10.5) for the aggregate capital to
cover half the distance to the new steady state. The investment rate also rises
more gradually than in the benchmark exercise, as the more severe financial
frictions in early stages slow down the growth of productive-but-poor
entrepreneurs.
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Jeong and Townsend (2007), “Sources of TFP Growth: Occupational
Choice and Financial Deepening”

Exogenous expansion of financial sector on the extensive margin explains
macro, time-varying TFP.

This paper explains and measures the sources of TFP by developing a method
of growth accounting based on an integrated use of transitional growth models
and micro data. We decompose TFP growth into the occupational-shift effect,
financial-deepening effect, capital-heterogeneity effect, and
sectoral-Solow-residuals. Applying this method to Thailand, which experienced
rapid growth with enormous structural changes between 1976 and 1996, we
find that 73% of TFP growth is explained by occupational shifts and financial
deepening, without presuming exogenous technical progress. Expansion of
credit is a major part. We also show the role of endogenous interaction
between factor price dynamics and the wealth distribution for TFP.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

267
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Jeong and Townsend (2007), “Sources of TFP Growth: Occupational
Choice and Financial Deepening”
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Figure 2. Decomposition of Factor Growth in Thailand 

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

268
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Jeong and Townsend (2007), “Sources of TFP Growth: Occupational
Choice and Financial Deepening”
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Figure 3. Occupational Transition in Thailand 

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Jeong and Townsend (2007), “Sources of TFP Growth: Occupational
Choice and Financial Deepening”
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Figure 4. Financial Development in Thailand 

Left Scale: P Right Scale 

Notes: P: Population fraction of formal financial sector from SES. PRIVY: Ratio of private credit to GDP          
PRIVATE: Ratio of private credit to total domestic credit. LLY: Ratio of M3 (measure of liquid liabilities) to GDP

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Jeong and Townsend (2007), “Sources of TFP Growth: Occupational
Choice and Financial Deepening”
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Figure 13. Sources of TFP Growth 
Notes: Financial-deepening effect and occupational-shift effect are measured as in equations (38) and (39), respectively.

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Coeurdacier, Guibaud and Jin (2012), “Credit Constraints and Growth in a
Global Economy”

Divergent savings behavior as in the life cycle across emerging and advanced
economies explains capital outflow; must take into account the demographics.

Unprecedented trends:

1. A large and persistent increase in the private saving rate in emerging Asia
against a steady decline in the private saving rate in advanced economies.

2. The emergence of global imbalances with developing countries running a
large current account surplus and advanced economies a current account
deficit.

3. A sustained fall in the world long-term interest rate.

Recent theoretical advances have been designed to explain (2) and (3), with
little emphasis placed on (1) despite its underlying centrality.

The pattern is even more obvious when it comes to household saving rates in
countries such as the U.S. and China. In 1988, household saving rates were
about the same in the two countries at about 5%. By 2007 the household
saving rate in China reached almost 30% while that of the U.S. declined to a
level of about 2.5%. This begs the question as to why saving behaviors against
common world interest rate movements can be diametrically opposite across
economies.
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Coeurdacier, Guibaud and Jin (2012), “Credit Constraints and Growth in a
Global Economy”

A full calibration of our model to the experience of these two economies
indicates that our mechanism can explain about 40% of the divergence in
aggregate saving rates of these two economies and a significant fraction of the
changes in saving rate at cohort level in each economy.

The main supportive evidence is that the decline in the young’s saving rate is
larger in the U.S. than in China, and the rise in the saving rate by the
middle-aged in China is larger than the rise in the U.S.

The key departure of this paper from the existing literature is the ability of our
framework to explain the divergence in saving rates that is, the differential
response of saving rates to interest rate changes that leads to their greater
dispersion in the long run. Existing models with a saving-based account of
global imbalances tend to focus on differences in the levels of saving rates, and
the outflow of capital from the high-saving rate country to the low-saving rate
country upon integration of these economies. Over time, however, differences
in levels do not become more pronounced whereas in the data, initial
differences in saving rates in 1990 are dwarfed by their differences in 2010.
Moreover, when incorporating the growth experiences of countries, existing
papers tend to predict the opposite patterns.www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Coeurdacier, Guibaud and Jin (2012), “Credit Constraints and Growth in a
Global Economy”

Our benchmark framework consists of multiple open economies, populated with
overlapping generations of agents living for three periods. In all economies,
young agents are subject to borrowing constraints, but the tightness of the
constraint is more severe in developing countries than in advanced economies.
We show that a countrys aggregate saving places a greater weight on the
(dis)saving of the young for less credit-constrained economies, and greater
weight on the middle-ageds saving for more constrained economies. A fall in
the world interest rate induces greater borrowing (lower savings) by the young
through a loosening of constraints while leading to greater savings of the
middle-aged through a dominant income effect.

In this framework the decline in the world interest rate is brought about by the
increasing size of Asia relative to the rest of the world.
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Coeurdacier, Guibaud and Jin (2012), “Credit Constraints and Growth in a
Global Economy”

Comparisons with other literature:

Our model is an extension and variation of Jappelli and Pagano’s (1994)
closed-economy three-period OLG model with household credit constraints.

The surge in investment due to the strong neoclassical effect can potentially
dominate the effect driven by high precautionary saving in emerging markets.
Buera and Shin (2009), Benhima (2012), and Song, Storesletten and Zilibotti
(2011) the point of contention with this literature from an empirical viewpoint
may be that even though investment as a share of GDP declined during the
East Asian crisis, it quickly reverted to and subsequently exceeded its pre-crisis
level. The recent period during which global imbalances were most pronounced
saw an increase in investment-GDP in Asia rather than a fall.

Another strand of the literature holds that corporate saving behavior is pivotal
in accounting for global imbalances. However, levels of corporate savings have
risen uniformly in both developing and advanced economies, with China
actually experiencing a fall in its corporate saving rate making corporate
saving behavior less likely to be the main factor of divergence.
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Table of Contents

Featuring especially transitions rather than steady state
growth. This literature is about reforms, both real and
financial, including financial sector expansion.

Featuring cross-sector and cross-country evidence: including
countries with and without micro finance

Can constraints be alleviated in the long run, maybe doing
nothing is not so costly? Importance of transitions and
reconciling cross country evidence.
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Buera, Kaboski, and Shin (2012), “The Macroeconomics of Microfinance”

Impact of micro finance. Promoting financial access is intended to weaken
financial constraint and does increase capital and output in partial equilibrium
but actually lowers capital (savings and income of top talent guys). In the end
the effect is largely distributional, towards relatively low wealth when taking
into account GE effect on increases in wages and interest rate.
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1. Broad financial frictions impede development (BKS, AER,
2011)

• TFP, output ↓ substantially
• Distortion of entry to large-scale sectors is important

2. Wide-scale microfinance: (BKS, wp, 2012)
• TFP ↑
• capital ↓
• per-capita income ≈ 0
• increases wages, redistributing from “rich” to “poor”
(marginal entrepreneurs and workers)

3. Important GE effects: more redistribution but smaller
aggregate impact
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Can Microfinance Undo these Frictions?
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Aggregate Impact: GE vs. PE
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Distribution of Welfare Gains, bMF = 1.5w
fraction of permanent consumption
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Table of Contents

Featuring especially transitions rather than steady state
growth. This literature is about reforms, both real and
financial, including financial sector expansion.

Featuring cross-sector and cross-country evidence: including
countries with and without micro finance

Can constraints be alleviated in the long run, maybe doing
nothing is not so costly? Importance of transitions and
reconciling cross country evidence.
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Song, Storesletten, and Zilibotti (2011),
“Growing like China”
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Song, Storesletten, Zilibotti ’Growing Like China’

I This paper uses theory to understand the growth experience of
one specific country in one specific episode: China 1990 - 2010

I Environment of the Chinese experience after 1990: opening
the economy for private enterprise, especially after 1997

I Stylized facts a theory about China has to account for

1. Fast, sustained growth
2. No decline in the return to capital despite high investment rate
3. Large increases in foreign reserves

I Why is this a problem for standard theory?
I Closed economy neoclassical growth model: marginal return to

capital should fall
I Open economy: If returns are high, why does not capital flow

into China (but ends up in houses in Nevada)?

I This paper: model with financial frictions can solve this
problemwww.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Ingredients
I Two type of firms: private and state-owned

I Private firms: productive but cannot borrow (much)
I State firms: unproductive but can borrow

I We will microfound this productivity advantage later
I Private firms expand through saving so that factors get

reallocated
I Implications:

(1) Reallocation keeps aggregate return to capital high as
private sector faces inelastic supply of capital with low shadow
costs (remember the Lewis 1954 model)
⇒Opportunity costs of capital are low because state firms are
unproductive
(2) Reallocation causes capital outflows as savers cannot save
in private firms and public firms decline in importance
⇒Private firms cannot demand capital

I Beautiful example where a simple idea accounts for two
aggregate patterns simultaneously

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

285
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



The Model: Households
I OLG structure (work when young) with preferences

Ut =
c

θ−1
θ

1,t −1
θ−1

θ
+β

c
θ−1

θ
2,t+1−1

θ−1
θ

I Heterogeneity: some are workers, some are entrepreneurs and
skills are perfectly inherited. Differences between the two:

1. Workers earn wt and invest in bank deposits (at rate Rt)
2. Entrepreneurs work as managers in entrepreneurial firms and

can earn mt > wt and invest either in bank deposits (at rate
Rt) or in their own firm (at rate ρt). Because of financial
constraints, we can have ρt > Rt

I Managers can work as workers, but in equilibrium mt > wt so
that they do not want to (this is a parametric condition)

I Population grows at rate ν (“urbanization”)www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Organizational form

I To generate productivity differences between state and private
firms, SSZ tell a story about decentralization

I Each firm (i.e. both state and private) can produce using one
of two technologies.

1. Centralized production: Firms have access to production
function

yt = kα
t (Atnt)

1−α

2. Decentralized production: Firms can delegate decisions to
managers. Then they have a production function of

yt = kα
t (χAtnt)

1−α

with χ > 1

I Hence: Delegation gives productivity advantage but is
contractually intensive as it induces a moral hazard problem
due to incomplete contractswww.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Decentralized production
I Delegating decision rights to managers is costly
I In particular: A manager can steal a share ψ of output

y = kα (χAn)1−α , but if he steals he does not get paid his
wage m

I Hence: value of a decentralized firm with capital k?

V (k) = max
n,m

{
kα (χAtn)

1−α −wtn−m
}

mt ≥ ψkα (χAtn)
1−α (1)

where m is the managerial wage and (1) is the manager’s
incentive constraint

I Clearly, m = ψkα (χAtn)
1−α , so that

V (k) = max
n

{
(1−ψ)kα (χAtn)

1−α −wtn
}

I Standard Cobb-Douglas problem with “extra productivity”
(1−ψ)χ1−α and we assume that (1−ψ)χ1−α > 1 -
otherwise, private firms will not produce in equilibrium.
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State versus Private Firms

I Difference between state and private firms: Managerial control
I State firms have limited corporate control, i.e. managers can

steal everything: ψ = 1
I Private firms are better in monitoring managers: ψ < 1

I This implies:
I State firms will use centralized technology: yt = kα

t (Atnt)
1−α

I Private firms will use decentralized technology:
yt = kα

t (χAtnt)
1−α

I Hence:
I State firms are financially integrated but less productive
I Private firms are subject to financial constraints but more

productive
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The Model: Firms

I E-firms (entrepreneur) and F-firms (financially integrated,
state firms) with

yE ,t = kα
E ,t (χAtnE ,t)

1−α and yF ,t = kα
F ,t (AtnF ,t)

1−α ,

where χ > 1 and At+1 = (1+ z)At

I Note: with constant returns, F firms only survive because the
other firms are financially constrained (we will see this in detail
in the recitation)

I Note: 2 frictions
I Contractual friction between manager and owner: More severe

in state firms, which generates comparative advantage in
productivity for private firms. However: friction is nice story
but less essential.

I Credit market friction: This is the important friction! Allows
state firms to survive, generates transitional dynamics as
E-firms save slowly and causes capital outflows.www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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The Model: Financial Markets

I All savings and investment done via banks
I Banks take deposits and pay Rd

I Banks can lend to domestic firms at rate R l and face iceberg
costs ξ (only needed for quantitative analysis)

I Banks can lend and borrow internationally at rate R
I Hence: in equilibrium

Rd = R and R l =
R

1−ξ

I For quantitative part: ξt declines over time (“financial
development”)

I When lending to E-firms, there will be a constraint (see below)
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Analysis: F-Firms

I F-firms are our standard, neoclassical firms with Cobb Douglas
production

I Letting κF = kF
AnF

we get the usual factor demands, where
marginal products are equal to the factor price

R = MPK ⇒ κF =
( α

R l

) 1
1−α

w = MPL⇒ wt = (1−α)κα
F At

I Hence: κF is given (as R l is) and wages grow at rate At

I Like in Lewis (1954): Factor prices do not depend on the
allocation of factors between sectors as long as F-firms are
active

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

292
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Analysis: E-Firms
I Given κF , we can solve the value function of entrepreneurial

firms

V (k) = max
n

{
(1−ψ)kα (χAtn)

1−α −wtn
}
. (2)

I The FOC for this problem is

(1−α)(1−ψ)kα (χAtn∗)
1−α = wtn∗,

so that the optimal employment level n∗ is

n∗ =
[
(1−α)

w
(1−ψ)(χAt)

1−α
]1/α

k . (3)

I Substituting into (2) and noting that w = (1−α)κα
F At , we get

V (k) =
[
(1−ψ)χ1−α] 1

α R lk ≡ ρEk ,

where ρE is the rate of return to capital in entrepreneurial
firms
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Analysis: E-Firms

I Recall: Internal rate of return is

ρE =
[
(1−ψ)χ1−α] 1

α R l

I Now note that:
I Because (1−ψ)χ1−α > 1 so that private return to capital

exceeds R l (note: this was exactly the condition that E-firms
are more productive)

I Without borrowing constraints, private firms would attract all
funds and state firms would not exist
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Analysis: Capital supply to E-Firms

I Now we introduce borrowing constraints
I Capital stems from savings and bank loans

kE ,t = sE
t−1+ lEt−1

I E-firms face borrowing constraint: Can only commit to repay
share η of profits. Hence

R l lEt−1︸ ︷︷ ︸
Paying back loan

≤ η ρEkE ,t︸ ︷︷ ︸
Profits

= ηρE

(
lEt−1+ sE

t−1

)

I This will be binding so that leverage ratio is

lEt−1

sE
t−1+ lEt−1

=
ηρE

R l = η
[
(1−ψ)χ1−α] 1

α (4)

I Borrowing is “easy” if η is high and productivity χ is highwww.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Accumulation of E-firms
I Entrepreneurs face the dynamic problem

Ut =
c

θ−1
θ

1,t −1
θ−1

θ
+β

c
θ−1

θ
2,t+1−1

θ−1
θ

where

c1,t = mt − sE
t

c2,t = ρE sE
t +

(
ρE −R l

)
lEt

=




ρE︸︷︷︸
Return

+
(

ρE −R l
)

︸ ︷︷ ︸
Premium

ηρE

R l −ηρE
︸ ︷︷ ︸
Leverage




sE
t

I Yields constant savings rate

sE
t = ζEmt , (5)

which is very nice to aggregate (see below)
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Aggregate Dynamics
I Entrepreneurial output: AK-model
I To see this note that aggregate entrepreneurial output is

YE ,t =
∫ 1

0
yE ,t (i)di ,

because there is a mass one of entrepreneurs
I But using n∗ and w (see (3) above)

yE ,t (i) = kt (i)
α (χ)1−α (Atnt (i))

1−α

= k (i)
(

χ (1−ψ)1−α
) 1

α
(

1
κF

)1−α

= k (i)
(

χ (1−ψ)1−α
) 1

α R I

α

=
1
α

ρEk (i) . (6)www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Aggregate Dynamics
I Hence:

YE ,t =
∫ 1

0

1
α
(ρEkE ,t (i))di =

1
α

ρEKE ,t

so that aggregate entrepreneurial output is proportional to
aggregate entrepreneurial capital

I Entrepreneurial capital: grows at constant rate because
1. managerial wages mt are proportional to yE ,t and hence

proportional to kE ,t (see (6) on last slide)
2. young managers save constant rate of their managerial

earnings (see (5))
3. Leverage ratio is constant (see (4))

I Hence

YE ,t+1

YE ,t
=

KE ,t+1

KE ,t
= constant,

i.e. entrepreneurial sector grows at constant rate
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Reallocation and Aggregate Productivity
I Reallocation from low to high productive units increases

aggregate efficiency. Here

YF = Kα
F (AtNF )

1−α =

(
KF

AtNF

)α
AtNF = κα

F AtNF

YE = (KE )
α (χAtNE )

1−α =

(
KE

χAtNE

)α
χAtNE

I Again substituting for employment NE and w (see (3))

KE

χAtNE
=

KE

χAt

[
(1−α)

w (1−ψ)(χAt)
1−α
]1/α

KE

=
1

χAt

[
1

κα
F
(1−ψ)(χ)1−α (At)

−α
]1/α

=
1

χ1/α (1−ψ)
1
α
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Reallocation and Aggregate Productivity

I Hence:

YE =

(
κF

χ1/α (1−ψ)
1
α

)α

χAtNE =
1

1−ψ
κα

F AtNE

I Productivity per worker

Yt

Nt
=

YE ,t +YF ,t

Nt
=

(
NF + 1

1−ψ NE

)

Nt
κα

F At =

(
1+

ψ
1−ψ

NE

Nt

)
κα

F At

I Productivity grows because of
I technological progress (At)

I because of reallocation, as NE ,t
Nt

is increasing because the
entrepreneurial expands over time
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Transitional Dynamics

Courtesy of the American Economic Association, Zheng Michael Song,
Kjetil Storesletten, and Fabrizio Zilibotti. Used with permission.

Figure removed due to copyright restrictions. Go to "Growing Like China" to view the figure.  

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

301
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://www.aeaweb.org/articles.php?doi=10.1257/aer.101.1.196


Growth and Capital Outflows
I Consider extreme borrowing constraints: η = 0 so that lE = 0

(i.e. E-firms do not borrow)
I Then:

KFt︸︷︷︸
Investment

+ Bt︸︷︷︸
Lending to ROW

= ζwt−1Nt−1︸ ︷︷ ︸
Deposits by workers

I Hence

Bt = ζ (1−α)Nt−1κα
F At−1−κFAtNF ,t

=




ζ (1−α)κα−1
F

(1+ z)(1+ν)︸ ︷︷ ︸
constant

− NF ,t

Nt︸︷︷︸
decreasing




κFAtNt︸ ︷︷ ︸
increasing

I Consistently high returns and capital outflows because demand
for funds (from F firms) declines precisely because they are
being replaced by E-firms.
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Buera, Kaboski, and Shin (2011),
“Finance and Development: A Tale of Two Sectors”
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Development Facts

1. Huge differences in economic development across
countries.

2. Development �explained� by TFP differences.
3. Poor countries are particularly unproductive in
manufacturing sector.

4. Large differences in scale across sectors.
5. Underdeveloped �nancial/credit markets in less developed
countries.
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Sectoral Productivity

Figure removed due to copyright restrictions. View "Finance
and Development: A Tale of Two Sectors" to see the figures. 
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Goal of the Paper

� Construct a quantitative model:
� where scale is the main difference across sectors;
� that matches key features of size distribution of
establishments across sectors (average size) and within
sectors (thick right tail).

� Quantify the effect of credit frictions on:
� per-capita income, sectoral TFP, establishment size
distribution, K/Y ratios.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

306
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Preview of Results

Financial frictions

� reduce per-capita output by as much as 50%;
� lower the relative TFP of manuf. sectors;
� increase the relative price of manuf. sector, explaining 80%
of the relative price-income relationship;

� decrease K/Y ratios, when severe
� decrease scale in service sector relative to manuf. sector.
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Model

� Two sectors:  = (   ), with different �xed costs,
�  � .

� Heterogenous entrepreneurial ability/productivity and
wealth.

� Endogenous credit frictions: limited enforcement.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

308
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Model: Plant Technology

� Lucas (1978), Rossi-Hansberg and Wright (2006)
� Fixed cost �  � (in units of sector output)
� Period technology:  (  ) = ��

� : entrepreneurial productivity
� : capital input
� : labor input
� �+ �  1
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Model: Preferences

Households maximize

 () = 0

1X

=0

� ()

 () =
1

1¬ �

�
 1¬ + (1¬  ) 1¬

� 1¬�
1¬ 
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Model: Timing
Sector and Occupation Choice
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Model: Individual Problem
Workers' Bellman Equation

 ( ) = max
0�0

 () + �E
¬
0 0

�
+ 0 �  + (1 + ) 
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Model: Individual Problem
Entrepreneurs' Bellman Equation

 ( ) = max
0

 () + �E
¬
0 0

�
+ 0 �  (   )¬  ¬  ¬ (1 + )� + (1 + ) 

 � 

( ;�)

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

313
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Model: Endogenous Rental Limits

max
0

 () + �E
¬
0 0

�
� 

where

 = max
0

 () + �E
¬
0 0

�
+ 0 � (1¬ �) [ (   )¬  + (1¬ �)]
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Model: Endogenous Rental Limits

max u (c) + βEzv
(
a′, z′

)
≥ vj,def

m
pjf (zj , k, l) −Rk − wl − (1 + r)pjκj + (1 + r)a

≥ (1− φ) [pjf (zj, k, l) − wl + (1− δ)k]

m
k ≤ k

j
(a, z;φ)
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Stationary Competitive Equilibria

 ( ), policies  ( ),  ( ), 0 ( ),  ( ),  ( ) and
prices , ,  such that:

� Allocations solve individuals' problems given prices;
� Labor, credit and goods markets clear;
�  ( ) satis�es

 ( ) = ¬() [ ( )]
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Pareto Distribution of Productivity

 � �
¬(�+1)
 ,  ? 

� Thick right tail within each sector.
� Cobb-Douglas benchmark.
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First Best Benchmark: Results
Size Distribution of Establishments

� Sector :

Pr
h
~  

i
=

�
 (̂)



��(1¬�¬�)
� Average employment per establishment � :

�
�
=

� + 

0� + 
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Perfect Credit Benchmark: Results
Sectoral (Net) Production Function

 (   ;) � 
1=�

�+�+1=�
�

�+�+1=�

 
�

�+�+1=�
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General Equilibrium Effects

a
More rich,
Low talent
entrepreneurs

zTz
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Importance of Credit Frictions

a Impact depends
on joint
distribution of a,z

zTz
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Empirical Strategy

1. Choose technology (� ��) and productivity process
(�  ) to match US data on the size distribution and
dynamics of establishments and income concentration.

2. Choose �nancial frictions (�) to match cross-country
variation in external �nance to GDP.

3. Use cross-country data on the size distribution of
establishments to test additional implications of theory.
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Per-Capita GDP, TFP, K/Y

Figure removed due to copyright restrictions. View "Finance
and Development: A Tale of Two Sectors" to see the figures. 

74www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

323
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.101.5.1964
http://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.101.5.1964


Additional Testable Implications

� Signi�cant scale differences across sectors
� Sector-level scales are differentially affected by �nancial
frictions.
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Scale Differences: US v. Mexico

� Comparable industry classi�cation (NAICS), at least for
manufacturing.

� US: Economic Census 2002
� Mexico:

� 2004 Economic Census (non-�xed establishments/�rms not
included)

� ENAMIN 2002 (all small establishments)
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Conclusions

� Financial frictions are quantitatively important (factor of 2)
for GDP/capita

� Scale differences help understand the impact of �nancial
frictions on sectoral productivity.
� biggest TFP effects on large scale/manufacturing sector
� distorts relative prices and capital accumulation
� entry and self-�nance are quantitatively important

� Size distribution varies systematically across countries and
across sectors.
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LECTURE 4:

Growth, TFP, Domestic and International Capital Flows with
Other Frictions in Financial Intermediation: Costly State

Verification, Adverse Selection, and Moral Hazard

Cross-country in steady state, and an example of unbalanced
growth
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

A model which is meant to capture Levine’s review of the first lecture, that is,
a particular function of financial intermediation, and technological progress in
that intermediation, incorporated into a growth model.

Address cross-country interest rates spreads and a resource-using costly state
verification with diminishing returns and exogenous technological progress.

Uganda could more than double its output if it would adopt best practice in
financial sector (maximum technology available world-wide). However, this is
still only 29% of the gap between its potential and actual output).

In the model, improvements in financial intermediation account for 29% of U.S.
growth.

The framework also is capable of mimicking the striking decline in the
Taiwanese interest-rate spread. At the same time, it predicts a significant rise
in its capital-to-output ratio. It is estimated that dramatic improvements in
Taiwans financial sector accounted for 45% of the country’s economic growth.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

J. Greenwood et al. / Review of Economic Dynamics 16 (2013) 194–215 195

Fig. 1. Interest-rate spreads and capital-to-GDP ratios for the United States and Taiwan, 1970–2005. Data sources for all figures are discussed in Appendix A.

information costs of policing investments, and the costs of misappropriation of savers’ funds by management, unions, and
so on that arise in a world with imperfect information. An improvement in financial intermediation does not necessarily
affect the rate of return earned by savers. Aggregate savings may adjust in equilibrium so that this return always equals
savers’ rate of time preference.

The left panel of Fig. 1 plots the intermediation wedge for the U.S. economy over time. (All data definitions are presented
in Appendix A.) The United States is a developed economy with a sophisticated financial system. The wedge falls only
slightly. At the same time, it is difficult to detect an upward trend in the capital-to-output ratio. Contrast this with Taiwan
(shown in the right panel): There is a dramatic drop in the interest-rate spread. As the cost of capital falls, one would expect
to see a rise in investment. Indeed, the capital-to-output ratio for Taiwan shows a significant increase. The observation that
there is only a small drop in the U.S. interest-rate spread does not imply that there has been no technological advance in
the U.S. financial sector. Rather, it may reflect the fact that efficiency in the U.S. financial sector has grown in tandem with
the rest of the economy, while for Taiwan it has outpaced it. For without technological advance in the financial sector, banks
would face a losing battle with the rising labor costs that are inevitable in a growing economy. The intermediation spread
would then have to rise to cover costs; more on this later.

Now, in Goldsmithian fashion, consider the scatterplots presented for a sample of countries in Figs. 2 and 3. The left
panel in Fig. 2 shows that countries with lower interest-rate spreads tend to have higher capital-to-gross domestic product
(GDP) ratios. The right panel illustrates that a higher capital-to-GDP ratio is associated with a greater level of GDP per
capita. Dub this the capital-deepening effect of financial intermediation. Next, turn to the left panel in Fig. 3. Observe that
lower interest-rate spreads are also linked with higher levels of total factor productivity, TFP. This would happen when
better intermediation tends to redirect funds to the more efficient firms. The right panel displays how higher levels of
TFP are connected with larger per-capita GDP. Call this the reallocation effect arising from financial intermediation. The
capital-deepening and reallocation effects from improved intermediation play an important role in what follows. While the
above facts are stylized, to be sure, empirical researchers have used increasingly sophisticated methods to tease out the
relationship between financial intermediation and growth. This literature is surveyed masterfully by Levine (2005). An early
example of the empirical research examining the link between financial intermediation and growth is the well-known
paper by King and Levine (1993). The upshot is that financial development has a causal effect on economic development;
specifically, financial development leads to higher rates of growth in income and productivity.

The impact of financial development on economic development is investigated here, quantitatively, using a costly state
verification model that was developed by Greenwood et al. (2010). The source of inspiration for the framework is the
classic work by Townsend (1979) and Williamson (1986). It has two novel twists, though. First, firms monitor cash flows
as in Townsend (1979) and Williamson (1986); however, here the efficiency of this activity depends on both the amount of
resources devoted to it and the productivity of the monitoring technology used in the financial sector. Second, firms have ex
ante differences in the structure of returns that they offer. A financial theory of firm size emerges. At any point in time, firms
offering high expected returns are underfunded (relative to a world without informational frictions), whereas others yielding
low expected returns are overfunded. This results from diminishing returns in information production. As the efficiency of
the financial sector rises (relative to the rest of the economy), funds are redirected away from less productive firms in the
economy toward more productive ones. Furthermore, as the interest-rate spread declines and the cost of borrowing falls,
capital deepening occurs in the economy.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

Levine (2005), King and Levine (1993): the upshot is that financial
development has a causal effect on economic development; specifically, it leads
to higher rates of growth in income and productivity.

We investigate this impact quantitatively, using a costly state verification
model. The source of inspiration for the framework is the classic work by
Townsend (1979) and Williamson (1986).

Novel twists:

1. Firms monitor cash flows; however, here the efficiency of this activity
depends on both the amount of resources devoted to it and the
productivity of the monitoring technology used in the financial sector.

2. Firms have ex-ante differences in the structure of returns that they offer.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

A financial theory of firm size emerges:

I At any point in time, firms offering high expected returns are underfunded
(relative to a world without informational frictions), whereas others
yielding low expected returns are overfunded. This results from
diminishing returns in information production.

I As the efficiency of the financial sector rises (relative to the rest of the
economy), funds are redirected away from less productive firms in the
economy toward more productive ones.

I As the interest-rate spread declines and the cost of borrowing falls, capital
deepening occurs in the economy.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

196 J. Greenwood et al. / Review of Economic Dynamics 16 (2013) 194–215

Fig. 2. The cross-country relationship among interest-rate spreads, capital-to-GDP ratios and GDPs per capita. The three letter country codes are taken from
the International Organization for Standardization, ISO 3166-1 alpha-3.

Fig. 3. The cross-country relationship among interest-rate spreads, TFPs and GDPs per capita.

The model is calibrated to match some stylized facts for the U.S. economy, specifically the firm-size distributions and
interest-rate spreads for the years 1974 and 2004. It replicates these facts very well. The improvement in financial sector
productivity required to duplicate these facts also appears to be reasonable; it does this with little change in the capital-to-
output ratio. In the model, improvements in financial intermediation account for 29 percent of U.S. growth. The framework
also is capable of mimicking the striking decline in the Taiwanese interest-rate spread. At the same time, it predicts a sig-
nificant rise in the capital-to-output ratio. It is estimated that dramatic improvements in Taiwan’s financial sector accounted
for 45 percent of the country’s economic growth.

The calibrated model is then applied to the cross-country data. It performs reasonably well in predicting the differences
in cross-country capital-to-output ratios. Similarly, it does a good job of matching the empirical relationship between fi-
nancial development and average firm size. Financial intermediation turns out to be important quantitatively. For example,
in the baseline model Uganda would increase its per-capita GDP by 116 percent if it could somehow adopt Luxembourg’s
financial system. World output would rise by 53 percent if all countries adopted Luxembourg’s financial practice. Still, the
bulk (or 69 percent) of cross-country variation in per-capita GDP cannot be accounted for by variation in financial systems.

Other researchers have recently investigated the relationship between finance and development using quantitative mod-
els. The frameworks used, and the questions addressed, differ from the current analysis. For example, Townsend and Ueda
(2010) estimate a version of the Greenwood and Jovanovic (1990) model to examine Thai financial reform. Their analysis
stresses the role of financial intermediaries in producing ex ante information about the state of the economy at the aggre-
gate level. Financial intermediaries offer savers higher and safer returns. Townsend and Ueda (2010) find that Thai welfare
increased about 15 percent due to financial liberalization.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

196 J. Greenwood et al. / Review of Economic Dynamics 16 (2013) 194–215

Fig. 2. The cross-country relationship among interest-rate spreads, capital-to-GDP ratios and GDPs per capita. The three letter country codes are taken from
the International Organization for Standardization, ISO 3166-1 alpha-3.

Fig. 3. The cross-country relationship among interest-rate spreads, TFPs and GDPs per capita.

The model is calibrated to match some stylized facts for the U.S. economy, specifically the firm-size distributions and
interest-rate spreads for the years 1974 and 2004. It replicates these facts very well. The improvement in financial sector
productivity required to duplicate these facts also appears to be reasonable; it does this with little change in the capital-to-
output ratio. In the model, improvements in financial intermediation account for 29 percent of U.S. growth. The framework
also is capable of mimicking the striking decline in the Taiwanese interest-rate spread. At the same time, it predicts a sig-
nificant rise in the capital-to-output ratio. It is estimated that dramatic improvements in Taiwan’s financial sector accounted
for 45 percent of the country’s economic growth.

The calibrated model is then applied to the cross-country data. It performs reasonably well in predicting the differences
in cross-country capital-to-output ratios. Similarly, it does a good job of matching the empirical relationship between fi-
nancial development and average firm size. Financial intermediation turns out to be important quantitatively. For example,
in the baseline model Uganda would increase its per-capita GDP by 116 percent if it could somehow adopt Luxembourg’s
financial system. World output would rise by 53 percent if all countries adopted Luxembourg’s financial practice. Still, the
bulk (or 69 percent) of cross-country variation in per-capita GDP cannot be accounted for by variation in financial systems.

Other researchers have recently investigated the relationship between finance and development using quantitative mod-
els. The frameworks used, and the questions addressed, differ from the current analysis. For example, Townsend and Ueda
(2010) estimate a version of the Greenwood and Jovanovic (1990) model to examine Thai financial reform. Their analysis
stresses the role of financial intermediaries in producing ex ante information about the state of the economy at the aggre-
gate level. Financial intermediaries offer savers higher and safer returns. Townsend and Ueda (2010) find that Thai welfare
increased about 15 percent due to financial liberalization.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

Firms:

I Firms hire capital, k, and labor, l , to produce output, o, in line with the
constant-returns-to-scale production function o = xθkαl1−α.

I The productivity level of a firms production process is represented by xθ,
where x is aggregate and θ is idiosyncratic. The idiosyncratic level of
productivity is a random variable. The realized value of θ is drawn from
the two-point set τ = {θ1, θ2}, with θ1 < θ2. The set τ is the firms type
and differs across firms.

Financial intermediaries:

I Intermediation is competitive.

I Intermediaries raise funds from consumers and lend them to firms.

I Even though an intermediary knows a firms type, τ , it cannot observe the
state of a firms business (θ , o, and l) either costlessly or perfectly.
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Greenwood, Sanchez, and Wang (2013),“Quantifying the Impact of
Financial Development on Economic Development”

Let Pij(lmj , k, z) denote the probability that the firm is caught cheating
conditional on the following:

1. The true realization of productivity is θi

2. The firm makes a report of θj

3. The intermediary allocates lmj units of labor to monitor the claim

4. The size of the loan is k (which represents the scale of the project)

5. The level of productivity in the monitoring activity is z

The function Pij(lmj , k, z) is increasing in lmj and z and decreasing in k.

The steady state for the model provides a mapping between productivity in the
production (x) and financial sectors (z) on the one hand, and output (o) and
interest-rate spreads (s) on the other. This mapping can be inverted to infer x
and z using observations on o and s, given a vector of parameter values, p.
Take the parameter vector p that was calibrated/estimated for the U.S.
economy and use the Taiwanese data on per-capita GDPs and interest-rate
spreads for the years 1974 and 2004 to obtain the imputed Taiwanese
technology vector.
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Martin and Taddei (2012), “International Capital Flows and Credit Market
Imperfections: a Tale of Two Frictions”

Excessive capital flows and boom-bust cycles (at least in theory, not
quantitative/calibrated).

In recent years, global imbalances large and persistent capital flows from Asia
to the United States and other developed economies have spurred renewed
interest in the macroeconomic effects of financial frictions. Financial frictions
have also been invoked to explain the run-up to the financial crisis of 2007-08
and the unfolding of events during the crisis itself.
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Martin and Taddei (2012), “International Capital Flows and Credit Market
Imperfections: a Tale of Two Frictions”

Instead of limiting the amount of resources that can be channeled towards
productive investment, financial frictions are portrayed in the literature as the
source of an excessive supply of assets that has channeled too many resources
towards unproductive investment. (We covered such papers earlier, as on
China.)

We need to acknowledge that there are different types of frictions. On the one
hand, underprovision of assets and limited investment are typically attributed to
limited pledgeability. On the other hand, overprovision of assets is typically
attributed to some form of asymmetric information regarding the quality of
borrowers, which fuels investment by unproductive or inefficient individuals.

Existing macroeconomic models focus mostly on limited pledgeability while
neglecting adverse selection (see previous lecture).
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Martin and Taddei (2012), “International Capital Flows and Credit Market
Imperfections: a Tale of Two Frictions”

We have a standard growth model in which credit markets intermediate
resources between savers and investors in capital accumulation. Individuals are
endowed with some resources and an investment project for producing capital,
and they must decide whether: (i) to undertake their project and become
entrepreneurs, in which case they demand funds from credit markets, or; (ii) to
forego their project and become savers, in which case they supply their
resources to credit markets.

To give adverse selection a central role in credit markets, we also assume that
an individual’s productivity is private information and thus unobservable by
lenders. This induces cross-subsidization between high- and low-productivity
entrepreneurs.

All borrowers must pay the same contractual interest rate in equilibrium. This
implies that high-productivity entrepreneurs, who repay often, effectively face a
higher cost of funds than low-productivity entrepreneurs, who repay only
seldom. It is this feature that gives rise to adverse selection by providing some
low-productivity individuals, who would be savers in the absence of
cross-subsidization, with incentives to become entrepreneurs.
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Martin and Taddei (2012), “International Capital Flows and Credit Market
Imperfections: a Tale of Two Frictions”

Macroeconomic implications of adverse selection:

1. It leads to an increase in the economy’s equilibrium interest rate, while
boosting equilibrium borrowing and investment.

2. By fostering inefficient entrepreneurship, it generates a negative wedge
between the marginal return to investment and the equilibrium interest
rate.

Through (1), adverse selection induces the economy to attract more capital
flows and boosts net capital inflows from the international financial market,
relative to the full-information economy. By (2), since the true marginal return
to investment lies below the world interest rate, these capital inflows can lead
to a fall in aggregate consumption.
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Moll, Townsend, and Zhorin (2012), “Entrepreneurship, Inequality, and
Growth with Information Constrained Factor Markets”

There is evidence that even within a given economy, obstacles to trade may
vary depending on location. In a companion paper, Karaivanov and Townsend
(2012) estimate the financial/information regime in place for households
including those running businesses using Townsend Thai data from rural areas
(villages) and from urban areas (towns and cities). They find differences across
these locations. For example, a moral hazard constrained financial regime fits
best in urban areas and a more limited savings regime in rural areas. More
generally, there seems to be (related) regional variation.

A number of recent papers argue that financial frictions arising from limited
commitment problems can explain large cross-country income differences. We
argue that different micro financial underpinnings have potentially very
different implications at both the macro and the micro level. To this end, we
develop a general equilibrium framework that encompasses different regimes of
frictions, and compare the implications of two concrete frictions: limited
commitment and moral hazard.
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Moll, Townsend, and Zhorin (2012), “Entrepreneurship, Inequality, and
Growth with Information Constrained Factor Markets”

1. Aggregate TFP in the two regimes is depressed but for completely
different reasons:

I Under limited commitment this results from a misallocation of capital
across firms with given productivities.

I Under moral hazard, TFP is endogenously lower at the firm level because
entrepreneurs exert suboptimal effort.

2. Occupational choice, the firm productivity and size distributions, and
income and wealth inequality also differ markedly.

3. Individual transitions are much faster in the limited commitment regime
than under the moral hazard, resulting for example in more dispersed
wealth growth rates:

I In the limited commitment regime binding borrowing constraints and high
marginal products of capital provide an incentive for entrepreneurs to
attempt to save themselves out of these constraints.

I Under moral hazard individual wealth or promised utility moves slowly as
output-dependent penalties and awards are spread into the future.

4. There are implications as well for regional and sectoral capital flows.
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Moll, Townsend, and Zhorin (2012), “Entrepreneurship, Inequality, and
Growth with Information Constrained Factor Markets”

In particular, the most realistic financial regime for the given economy, which
varies regionally and in urban vs. rural stratifications of the data, is a not a
simple convex combination of the two extremes. The bottom line is that the
behavior of macro aggregates depends on micro financial underpinnings.
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Finance and Development: 

Limited Commitment vs. Moral Hazard 

Benjamin Moll Robert M. Townsend Victor Zhorin 
Princeton MIT Chicago 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Motivation 

•	 Micro evidence: even within given economy, obstacles to trade 

may vary depending on location. 

•	 For example, ? using Townsend Thai data: moral hazard 

constrained financial regime fits best in urban areas and a 

more limited savings regimes in rural areas. 

•	 More generally, regional variation: ?? 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

What We Do
 

•	 Ask: What difference do the micro financial foundations make 

for the macro economy? Will argue: a big one. 

•	 Develop a general equilibrium model of entrepreneurship and 

financial frictions that is general enough to encompass: 

(1)	 financial frictions stemming from limited commitment. 

(2)	 financial frictions stemming from private information (moral 

hazard). 

(3) Mixtures of different regimes in different regions.
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

What We Do 

•	 Study aggregates: GDP, TFP, capital accumulation, wages 

and interest rates... 

•	 ...but also micro moments: prod. distribution, size 

distribution of firms, dispersion in MPKs. 

•	 Show: all of these look potentially very different, depending 

on the underlying financial regime. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

347
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Implications for Literature 

•	 Large literature studies role of financial market imperfections 

in development. 

•	 Most existing studies: limited commitment. 

•	 Much fewer: moral hazard (???) 

•	 We should use micro data to choose between the myriad of 

alternative forms of introducing a financial friction into our 

models. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Common Theoretical Framework 

•	 Households: wealth, a, entrepreneurial ability, z . Markov 

process µ(z '|z). 

•	 Continuum of households of measure one, indexed by i ∈ [0, 1] 

•	 Preferences over consumption and effort: 

∞0 
βtE0 u(cit , eit ). 

t=0 

• Occupational choice: entrepreneur (x = 1) or worker (x = 0). 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Entrepreneurs and Workers 

•	 Entrepreneurs, x = 1: technologies 

y = f (z , ε, k, l) = zεkαlγ , α + γ < 1 

•	 ε ≡ idiosyncratic production risk, with distribution p(ε|e). 

•	 Workers, x = 0: supply ε efficiency units of labor, with 

distribution p(ε|e). 

•	 Note: Depending on x = 0 or x = 1, ε is either firm 

productivity or worker’s efficiency units. Allow for differential 

responsiveness to e through appropriate scaling. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Risk-Sharing 

•	 Households contract with risk-neutral intermediaries to form 

“risk-sharing syndicates”: intermediaries bear some of HH risk. 

•	 “Risk-sharing syndicates” take (w , r) as given. 

•	 Assume: can only insure against production risk, ε, but not 

against talent, z . 

•	 Optimal contract: 

(1)	 assigns occupation, x , effort, e, capital, k, and labor, l . After 

ε is drawn, assigns consumption and savings c(ε) and a ' (ε). 

(2)	 leaves zero profits to intermediary ⇔ maximizes individual’s 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Timing 

Courtesy of Benjamin Moll, Robert M. Townsend, and Victor Zhorin. Used with permission.
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Optimal Contract: Bellman Equation 

0 
v(a, z) = max p(ε|e) {u[c(ε), e] + βEv [a'(ε), z ']} s.t. 

e,x,k,l,c(ε),a!(ε) 
ε 

0 
p(ε|e) {c(ε) + a'(ε)}

ε 0 
≤ p(ε|e) {x [zεkαlγ − wl − (r + δ)k] + (1 − x)wε]} + (1 + r)a 

ε 

and s.t. regime-specific constraints 

Capital Accumulation 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Private Information
 

• effort, e, unobserved ⇒ moral hazard problem. 

• Note: moral hazard for both entrepreneurs and workers. 

• IC constraint: 

0   
p(ε|e) u[c(ε), e] + βEv [a ' (ε), z ' ]

ε 0   
≥ p(ε|ê) u[c(ε), ê] + βEv [a ' (ε), z ' ] ∀e, ê, x 

ε 

• Lotteries Connection to Optimal Dynamic Contract 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Formulation with Lotteries Return 

• Notation: control variables d = (c , ε, e, x). 

• Lotteries: π(d , a ' |a, z) = π(c , ε, e, x , a ' |a, z) 0 
' v(a, z) = max π(d , a ' |a, z) {u(c , e) + βEv(a , z ' )} s.t. 

π(d,a!|a,z) 
D,A 0 
' π(d , a ' |a, z) {a + c}

D,A 0 
= π(d , a ' |a, z) {xΠ(ε, e, z ; w , r) + (1 − x)wε} (1 + r)a. 

D,A 0 
' π(d , a ' |a, z) {u(c , e) + βEv(a , z ' )}

(D\E ),A 0 p(ε|ê) ' ≥ π(d , a ' |a, z) {u(c , ê) + βEv(a , z ' )} ∀e, ê, x 
p(ε|e)

(D\E ),A 0 0 
π(d , a ' |a, z) = p(ε|e) π(d , a ' |a, z), ∀ε, e, x 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Limited Commitment 

•	 effort, e, observed ⇒ perfect insurance against production 

risk, ε. 

•	 But collateral constraint: 

k ≤ λa, λ ≥ 1. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Factor Demands 

•	 Denote optimal occupational choice and factor demands by 

x(a, z), l(a, z ; w , r), k(a, z ; w , r) 

• and individual (average) labor supply: 

0 
n(a, z ; w , r) ≡ [1 − x(a, z)] p[ε|e(a, z)]ε. 

ε 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Steady State Equilibrium 

• Prices r and w , and corresponding quantities such that: 

(i) Taking as given r and w , quantities are determined by optimal 

contract 

(ii) Markets clear

  
l(a, z ; w , r)dG (a, z) = n(a, z ; w , r)dG (a, z)  
k(a, z ; w , r)dG (a, z) = adG (a, z). 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Parameterization 

• Preferences 
1−σc χ 1+ϕ u(c , e) = U(c)−V (e), U(c) = , V (e) = e 

1 − σ 1 + ϕ 

• Recall production function εzkαlγ . 

• Parameters: 

α = 0.3, γ = 0.4, δ = 0.06 

β = 1.05−1 , σ = 1.5, χ = .5, ϕ = .2 ⎡ ⎤ 
0.8 0.2 ⎣ ⎦ε ∈ {2, 4}, e ∈ {0, 1}, p(ε|e) = 
0.2 0.8 

• Parameters same (range) as those estimated from micro data 

by ? 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Limited Commitment vs. Moral Hazard 

• Savings behavior very different in two regimes. 

• Limited commitment: borrowing constrained. 

U ' (cit ) = βEz,t 
� 
U ' (cit+1)(1 + r) + µit+1λ 

� 
U ' (cit ) > β(1 + r)Ez,t U ' (cit+1) 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Limited Commitment vs. Moral Hazard 

• Moral hazard: inverse Euler equation (???). �	 �−1 

U ' (cit ) = β(1 + r)Ez,t Eε,t 
1 

U ' (cit+1) 

•	 Jensen ⇒ savings constrained 

U ' (cit ) < β(1 + r)Ez,t Eε,t U ' (cit+1). 

• Note: presence of uninsurable ability z . 

• Difference in savings reflected in equilibrium r among others. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Limited Commitment vs. Moral Hazard 

Table: Comparison of Different Regimes 
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Courtesy of Benjamin Moll, Robert M. Townsend, and Victor Zhorin. Used with permission.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

362
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Limited Commitment vs. Moral Hazard 
Figure: Wealth Lorenz Curves 
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Limited Commitment

Moral Hazard

It can be seen that wealth inequality in higher in the limited 
commitment regime. This is a direct consequence of the bigger 
dispersion in marginal products of capital. 

Courtesy of Benjamin Moll, Robert M. Townsend, and Victor Zhorin. Used with permission.
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Mixtures of Moral Hazard and Limited Commitment 

•	 Combine the two regimes in one economy. 50% of pop. 

subject to moral hazard, 50% to limited commitment. 

•	 Motivation: no reason why economy as a whole should be 

subject to only one friction. 

•	 Estimated “on the ground” by ? and ?: for Thailand, MH fits 

better in and around Bangkok and LC better in Northeast (see 

also ?) 

•	 Also: factor prices different in two regimes ⇒ potentially 

interesting GE effects. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Mixtures of Moral Hazard and Limited Commitment 

Figure: Aggregate Impact of Importance of Moral Hazard vs. Limited 
Commitment, m 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Mixtures of Moral Hazard and Limited Commitment 

Table: Comparison of LC and MH Sectors in Mixed Regime 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Individual Transitions 

•	 Speed of individual transitions is also very different. 

' •	 Examine eigenvalue of transition matrix Pr(a , z ' |a, z) that 

governs speed of convergence. 

•	 Limited commitment: eig. = 0.9396 ⇒ half life = 11.1 years. 

•	 Moral hazard: eig. = 0.9823 ⇒ half life = 38.8 years. 

•	 The slower speed of individual transitions under MH can also 

be seen in next figure which shows the distribution of 

individual wealth growth rates 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Distribution of Wealth Growth Rates 

Limited Commitment Moral Hazard 
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• Note: these are of course numerical examples rather than 

general proofs. 

Courtesy of Benjamin Moll, Robert M. Townsend, and Victor Zhorin. Used with permission.
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

A Transition Experiment 

•	 Start economy in steady state with 100% of pop. subject to 

limited commitment. 

•	 At time t = 10, friction changes: entire pop. now subject to 

moral hazard. 

•	 Possible interpretation: big migration from area where limited 

commitment is prevalent to one with moral hazard. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Transition Dynamics 

• Similar to before but wt , rt vary over time. Bellman: 

0 
Vt (a, z) = max p(ε|e) {u[c(ε), e] + βEz Vt+1[a ' (ε), z ' ]} s.t. 

e,x,k,l,c(ε),a!(ε) 
ε 0 

p(ε|e) {c(ε) + a ' (ε)}
ε 0 
≤ p(ε|e) {x [zεf (k , l) − wt l − (rt + δ)k] + (1 − x)wt ε]} + (1 + rt )a 

ε 

and s.t. regime-specific constraints 

• Market clearing analogous to before. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Algorithm 

• Adaptation of Buera and Shin (forthcoming) 
0 0)} =1. 

T
t• Begin with initial guesses {(w Then for
 , r
t t

j = 0, 1, 2, ... we follow 

∞(a, z). Given Vjj
T

j
T (a, z), find V
jT(1) Set V
 (a, z) = V
 −1(a, z) 

and so on. 

(2) Compute factor demands and supplies 

{k
jt (a, z), l

j
t (a, z), n
jt(a, z)} =0 

T
t

j
t

j
t

j
t

T
t
j
t

)}
, r̂

({(w
(3) Compute excess demand ED

j
t

=1), t = 1, ..., T ., r

j+1 j+1 j

t
T
t)}(4) Construct {(w
 ) that sets ED
 = 0
 , r
 =1: find ( ̂wt t

and set 

j+1 j+1(w
t , r
t ) = η(w
jt
j
t ) + (1 − η)( ̂w
jt

j
t, r̂ ),
 η ∈ (0, 1)
, r


j
t• Repeat (1)-(4) until ED = 0 for all t.
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Transition 

• So far: only small open economy, fixed r . But results 

encouraging. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Conclusion 

•	 Details of financial sector matter for the macro economy. 

•	 Needed: more research that makes use of micro data and 

takes seriously the micro financial underpinnings of macro 

models. 

•	 Join what have been largely two distinct literatures – macro 

development and micro development – into a coherent whole: 

•	 Macro development needs to take into account the contracts 

we see on the ground. 

•	 Micro development needs to take into account GE effects of 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Formulation with Lotteries Return 

•	 Capital and labor only enter the budget constraint ⇒ can
 

reduce dimensionality of problem.
 0 
max p(q|e){zqkαlγ − wl − (r + δ)k}
k,l 

Q 

•	 FOC: 0	 0 
αz p(q|e)qkα−1lγ = r + δ, γz p(q|e)qkαlγ−1 = w 

Q	 Q 

•	 Solutions: k(e, z ; w , r), l(e, z ; w , r). 

•	 Realized (not expected) profits: 

Π(q, z , e; w , r) = zqk(e, z ; w , r)αl(e, z ; w , r)γ −wl(e, z ; w , r)−(r+δ)k(e, z ; w , r) www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Formulation with Lotteries (cont’d) Return 

• Notation: control variables d = (c , q, e, x). 

• Lotteries: π(d , a ' |a, z) = π(c , q, e, x , a ' |a, z) 0 
' v(a, z) = max π(d , a ' |a, z) {u(c , e) + βEv(a , z ' )} s.t. 

π(d,a!|a,z) 
D,A 0 
' π(d , a ' |a, z) {a + c}

D,A 0 
= π(d , a ' |a, z) {xΠ(q, e, z ; w , r) + (1 − x)wq} (1 + r)a. 

D,A 0 
' π(d , a ' |a, z) {u(c , e) + βEv(a , z ' )}

(D\E ),A 0 p(q|ê) ' ≥ π(d , a ' |a, z) {u(c , ê) + βEv(a , z ' )} ∀e, ê, x 
p(q|e)

(D\E ),A 0 0 
π(d , a ' |a, z) = p(q|e) π(d , a ' |a, z), ∀q, e, x 

C ,A C ,Q,A 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Connection to Optimal Dynamic Contract Return 

•	 Two sources of uncertainty: productivity, z , and prod. risk, ε. 

•	 Argue: our formulation has optimal ε-insurance, but no
 

z-insurance.
 

•	 Consider two cases: 

(1)	 special case with no z-shocks, and only ε-shocks: our 

formulation equivalent to optimal dynamic contract ⇒ 

optimal insurance arrangement regarding ε shocks. 

(2)	 general case: uninsurable z-shocks added on top. No 

equivalence. www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Equivalence with only ε− but no z-Shocks 

• Standard formulation of optimal dynamic contract 

0 
Π(W ) = max p(ε|e) τ (ε) + (1 + r)−1Π[W ' (ε)] s.t. 

e,x,k,l,c(ε),W !(ε) 
ε 

τ (ε) + c(ε) = x [εf (k , l) − wl − (r + δ)k] + (1 − x)wε 0 0 
p(ε|e) {u[c(ε), e] + βW ' (ε)} ≥ p(ε|ê) {u[c(ε), ê] + βW ' (ε)} ∀e, ê, x 

ε ε 0 
p(ε|e) {u[c(ε), e] + βW ' (ε)} = W . 

ε 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Equivalence with only ε− but no z-Shocks 

Proposition 

Suppose the Pareto frontier Π(W ) is decreasing at all values of 
promised utility, W , that are used as continuation values at some 
point in time. Then the following dynamic program is equivalent 
to the optimal dynamic contract on the last slide: 0 
v(a) = max p(ε|e) {u[c(ε), e] + βv [a ' (ε)]} s.t. 

e,x,k,l,c(ε),a!(ε) 
ε 0 0 

p(ε|e) {u[c(ε), e] + βv [a ' (ε)]} ≥ p(ε|ê) {u[c(ε), ê] + βv [a ' (ε)]} ∀e, ê, x 
ε ε 0 

p(ε|e) {c(ε) + a ' (ε)}
ε 0 
= p(ε|e) {x [εf (k , l) − wl − (r + δ)k] + (1 − x)wε} + (1 + r)a 

ε 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Equivalence with only ε− but no z-Shocks 

Proof: The proof has two steps. 
Step 1: write down dual to standard formulation. Because the 
Pareto frontier Π(W ) is decreasing at the W under consideration, 
we can write the promise-keeping constraint with a (weak) 
inequality rather than an inequality. This does not change the 
allocation chosen under the optimal contract. The dual is then to 
maximize 0 
V (π) = max p(ε|e) {u[c(ε), e] + βV [π ' (ε)]} s.t. 

e,x,k,l,c(ε),π! (ε) 
ε 0 0 

p(ε|e) {u[c(ε), e] + βV [π ' (ε)]} ≥ p(ε|ê) {u[c(ε), ê] + βV [π ' (ε)]} ∀e, ê, 
ε ε 0 

p(ε|e) τ (ε) + (1 + r)−1π ' (ε) ≥ π. 
ε 

τ (ε) = x [εf (k , l) − wl − (r + δ)k] + (1 − x)wε − c(ε) 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Equivalence with only ε− but no z-Shocks 

Step 2: express dual in terms of asset position rather than 
profits. Let 

π = −a(1 + r), π ' (ε) = −a ' (ε)(1 + r) 

and rewrite the dual using this change of variables. Finally, define 
v(a) = V [−(1 + r)a].. 

•	 The change of variables just uses the present-value budget 

constraint to express the problem in terms of assets rather 

than the PDV of intermediary profits. 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

General Case with Both ε− and z-Shocks 

•	 Standard formulation of optimal dynamic contract 0 
Π(W , z) = max p(ε|e) τ (ε) + (1 + r)−1Ez Π[W ' (ε), z ' ] s.t. 

e,x,k,l,c(ε),W !(ε) 
ε 

τ (ε) + c(ε) = x [zεf (k , l) − wl − (r + δ)k] + (1 − x)wε 0	 0 
p(ε|e) {u[c(ε), e] + βW ' (ε)} ≥ p(ε|ê) {u[c(ε), ê] + βW ' (ε)} ∀e, ê, x 

ε	 ε 0 
p(ε|e) {u[c(ε), e] + βW ' (ε)} = W . 

ε 

•	 Compare this to our formulation 
' •	 Optimal contract: utility W (ε) cannot depend on z ⇒
 

principal absorbs all gains or losses from z shocks.
 
' •	 Our formulation: agent’s utility varies with z and its wealth
 

does not. Since agent wealth equals principal’s utility (profit)
 
' this means that the principal’s welfare is independent of z . www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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∀ e, ê

 

 
  

Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Why Are MPKs Equalized? Return 

s.t. 

• Suppose more general production tech: 

• Output y ∼ g(y |e, k), cdf G (y |e, k). 

• Make argument with simplified version of model: 

V (w , k) = max g(y |e, k) {y − τ(y) + (1/R)V (w ' (y), k ' (y))} dy 
e,c(y ),k!(y ),w !(y) 

c(y) + k ' (y) = τ (y) + (1 − δ)k 

g(y |e, k) {U[c(y), e] + βw ' (y)} dy = w 

g(y |e, k) {U[c(y), e] + βw ' (y)} dy ≥ g(y |ê, k) {U[c(y), ê] + βw ' (y)} dy , 
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Why Are MPKs Equalized? Return 

• Assumption 1 There exist functions P and f     
such that
 

y
G (y |e, k) = P e
 

f (k)


•	 E.g.: y is log-normally distributed 

log y − µ(e, k) 

    

G (y |e, k) = Φ 
σ(e, k) 

•	 Sufficient condition for Assumption 1: 

µ(e, k) = µe (e) + µk (k), σ(e, k) = σe (e) 

•	 Follows from 

log y − µe (e) − µk (k) 
(e) 

G (y |e, k) = Φ
 
σe 

log(y/f (k)) − µe (e) y 
σe (e) f (k)

= Φ
 = P
 e ,
 f (k) ≡ exp(µk (k)) www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Why Are MPKs Equalized? Return 

Claim 1: Under Assumption 1, expected output can be written as 

yg(y |e, k)dy = qp(q|e)dq f (k) (1) 

Proof: Define p(x |e) ≡ ∂G (x |e)/∂x . Then 

g(y |e, k)dy = p 
y

e 
1 

dy
f (k) f (k)

or using the change of variables q = y/f (k) 

g(y |e, k)dy = p (q|e) dq 

Similarly, we obtain (1).. 
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ê
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Why Are MPKs Equalized? Return 

Claim 2: Under Assumption 1, expected marginal products of 
capital are equalized across agents and equal R − 1 + δ, 

∂ 
yg(y |e, k)dy = qp(q|e)dq f ' (k) = R−1+δ, all (w , k)

∂k 

Proof: 

V (w , k) = max p(q|e) {qf (k) − τ (q) + (1/R)V (w ' (q), k ' (q))} dq 
e,c(q),k!(q),w !(q) 

c(q) + k ' (q) = τ(q) + (1 − δ)k 

p(q|e) {U[c(q), e] + βw ' (q)} dq = w 

p(q|e) {U[c(q), e] + βw ' (q)} dq ≥ p(q|ê) {U[c(q), ê] + βw ' (q)} dq, ∀ e, 

FOCs ⇒ MPKs equalized. www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Motivation Model Limited Commitment vs. Private Information Mixtures Transitions 

Capital Accumulation Return 

• Representative capital producing firm solves 
∞0 Dt

V0 = max s.t. 
(1 + r)t 

t=0 

Bt+1 + It + Dt = Rt Kt + (1 + rt )Bt , Kt+1 = It + (1 − δ)Kt 

• ⇒ no arbitrage:	 Rt = rt + δ. 

•	 Bond market clearing 

Bt + adGt (a, z) = 0, all t 

•	 Can show: 

Vt = (1 + r)(Kt + Bt ), all t 

• Zero profits + bond market clearing ⇒ 

Kt = adGt (a, z), all t. www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Measurement in development 


•	 Measurement in development is extremely important, albeit sometimes neglected 

topic. this is summarized by two quotes, one old and one new: 

•	 Lord Kelvin: In physical science a first essential step in the direction of learning any 

subject is to find principles of numerical reckoning and practicable methods for 

measuring some quality connected with it. I often say that when you can measure 

what you are speaking about and express it in numbers you know something 

about it; but when you cannot measure it, when you cannot express it in numbers, 

your knowledge is of a meager and unsatisfactory kind: it may be the beginning of 

knowledge, but you have scarcely, in your thoughts, advanced to the stage of 

science, whatever the matter may be. 
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Bill Gates' quote removed due to copyright restrictions.
	
To read his comments, visit the article on the Wall Street Journal.
	
http://online.wsj.com/article/SB10001424127887323539804578261780648285770.html.
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Fortunately economists have development a  common coherent set of 
measurement tools which achieve this objective. Further they do not require a 
distinction between microeconomics and macro economics but rather, can 
be applied at the household, village, regional, national, and international level . In a 
sense one size fits all so a little investment in learning these tools goes a long way. 
They are useful for a variety of sub disciplines and, further, allow integration across 
sub fields. 
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The basis unit is the set of financial accounts: the balance sheet, income stmt, and stmt 
of cash flow. These are typically thought of as relevant  as they are  applied to corporate 
firms but they are highly useful as applied to households, especially those running business 
and enterprise, as is typical in developing countries. Below in this lecture we outline the 
steps for doing this.

      As a result we can make  the distinction between the income statement (on an accrual 
basis of accounting)  and the stmt of cash flow allow , which in turn allows us to separate 
out long run productivity, return on assets/projects versus short run liquidity problems. We 
can thus measure how a given entrepreneur or household manages is wealth, its portfolio 
of assets and liabilities, and how it manages if it can to smooth short term financial deficits, 
the difference between consumption plus investment less income. 

As changes in the balance sheet and net worth are linked mechanically to savings as 
measured from the income statement plus incoming gifts and remittances, we can use the 
tool to understand where increases and decreases in net worth are coming from (in 
addition to poverty dynamics and inequity, changes in households relative standings in the 
community, in the cross sectional distribution of wealth.) Growth of net worth may come 
from incoming gifts, but for many the larger part is due to savings rates and productivity 
(return on assets). For the most part return on assets is persistent and indeed, those with 
high rates of return self-invest back into their own business/ household enterprise. Others 
prefer financial assets. The point is the savings and productivity are to breakdown 
performance into key factors, and thus one can assess the impact of changing 
circumstances or policy interventions on these components. 
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Aggregating up to larger units,  the household financial accounts allow us to create 
for villages (or collections of villages in a region), the village (regional) income and 
product accounts" : production accounts, appropriation accounts, savings/investment 
accounts. Finally we can get the village (regional) balance of payment accounts, and 
use the tools of international economics to study trade and financial flows within a 
country. 

Finally, that part of savings which is financial rather than real investment, by 
construction is associated with changes in financial assets. We can thus create the 
flow of funds and measure financial intermediation across sectors (household, 
business, government, financial firms, and foreigners), where useful by particular 
asset/instrument. We can do this at the regional and village level, as well. This is a key 
component in the constructing models with financial underpinnings, so that we are 
not in ignorance, our knowledge is not meager, and we can measure the role of the 
financial system in times of growth and macro instability, including regional disparities, 
and assess the need for and impact of regulatory and macro policy. 
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6

Households as Corporate Firms: 
An Analysis of Household Finance Using Integrated 

Household Surveys and Corporate Financial Accounting 

Krislert Samphantharak, UC San Diego 

Robert M. Townsend, MIT 
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7

Objectives 

• We create the balance sheet, income 
statement, and statement of cash flows for 
households in developing countries. 

• The purpose is to better measure productivity, 
risk, and the financial situation in an analysis 
of high frequency panel data. 
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8

Unfortunately, ... 

"... The only way to obtain ... [these] measures is 
by imposing an accounting framework on the 
datal and painstakingly construct estimates 
from myriad responses to questions about the 
specific components that contribute to the 
total... II Angus Deatonl 1997 
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9

The Problems 

• There are often large timing differences between inputs 
purchased and outputs sold as for farmers with 
infrequent harvests and timing differences between 
inputs acquired and revenue received as for businesses 
with trade credit. 

• Thus high frequency data are important for the study of 
liquidity, the smoothing of consumption, the protection 
of investment from cash flow fluctuations, and the 
financing of budget deficits. 

• This necessitates the distinction between cash flow as a 
measure of liquidity and net income as a measure of 
performance. 
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What We Do 

• Apply, and modify where appropriate, the 
standard financial accounting, as these were 
invented to draw this distinction. 
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Households as Corporate Firms: 
Finance 

• Assets 

• Household debt as Firm's liabilities 

• WeaIth as Equity 
- Initial wealth as Contributed capital 

- Savings as Retained earnings 

• Consumption as Dividends 

• Gifts as Equity issue 

• Household budget constraint as Firm cash flow 
constraint 
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Corporate financial accounts help us 
distinguish... 

• Assets vs. Wealth 

• Accrual income vs. Cash flow 

• Savings as budget surplus (as in cash flow statement) 
vs. Savings as change in wealth accumulation (as in 
balance sheet) 

• Liquidity management (of budget deficit) vs. Asset & 
liability management (of wealth accumulation) 
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1. Asset, liability and wealth 

• Assets • Liabilities 
Cash in hand Account payables (Trade 
Account receivables (Trade credits) 
credits) Other borrowing 
Deposit at financial • Wealth 
institutions Initial wealth 
ROSCA (Net position) 

Cumulative net gift 
Other lending received 
Inventories Cumulative savings 
Fixed assets (Retained earnings) 

• Household assets 
• Agricultural assets 
• Business assets 
• Land and other fixed 

assets 
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2. Multi-period production, storage and 
inventory 

• LSMS agricultural module asks about inputs used over a 
specified cropping season, and the amount spent, equating 
the two 

• However if the household used inputs held in previous 
inventory, then expenditures during the specified season 
might be recorded as zero 

• Likewise, inputs purchased during the season may not have 
been used on the plot 

• Though perhaps not overly inaccurate in annual crop cycles, 
the problem can become more acute in monthly or quarterly 
data 
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2. Multi-period production, storage and 
inventory, Cont. 

• Townsend Thai monthly survey asks first for the 
(value and quantity of) inputs acquired since the 
previous interview and then for actual (value and 
quantity of) inputs used on land plots 

• An input inventory account can thus be constructed 
(inputs acquired but not yet used) 

• Revenue raises similar timing issues 
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3. Outputs from one production 
activities as inputs in others 

• Example: Household may raise chickens and use their eggs 
as input for food sold in its restaurant 

• We treat this transaction as if the household sold the 
output from one activity (in a market), and then 
repurchases the same commodity at the same value (from 
the market) as the input for the other activity 

• If the net income from the second activity is realized in the 
same period, there is no change in both the total 
household net income and total cash flow from 
production because revenue from one activity is 
completely offset by cost from the other activity 

• Net income of the second activity may not be realized in 
the same period if the input is used in multi-period 
production process (See previous slide) 
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5. In-Kind Transaction 

• Non-cash transactions are not included in the standard 
statement of cash flows for a corporate firm since they do 
not change cash holdings 

• However, we decide to include both cash and non-cash 
transactions with outside entities in the statement of cash 
flows 

• Reasons: 
- Barter exchanges are common in developing economies 

- Assumption of liquidity as reflected by cash alone is not entirely 
appropriate for households in developing countries 

• The ability to use commodities as a medium of exchange may help the 
households mitigate the problem of a cash-only budget constraint 
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7. Livestock 

• In some cases, household revenues are from selling the outputs 
produced by the animals (such as chicken eggs or milk) and in other 
cases the revenues are from selling the animals themselves (such as 
chickens or cows) 

• we consider the animals as one type of household assets and 
distinguish between the two different incomes generated by the 
livestock 

(1) Livestock Activity 
- Sale of milk = Revenue from livestock activity 
- Spending on animal feed and vaccine = Cost of livestock activity 
(2) Livestock Assets 
- Sale of cows (alive or dead) = Income as capital gain (or loss, if the sale 

price is lower than the purchase price) to the livestock assets 

• We depreciate the livestock as they age 
• When an animal dies prematurely, we treat it as capital loss; when a 

new animal is born, it is considered as capital gain within the total 
livestock asset category 
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8. Gift &Transfer 

• Gifts are special transactions since they contribute to the wealth of 
the household without being directly related to the production 
process so it is not the savings of the household 

• Unlike borrowing, the gift is not a household's liability as it is not a 
simple debt 

• we create a new line item under household wealth called 
cumulative net gifts received 

• In this way the gift received is interpreted as an increase in wealth 
and it is comparable to new equity issued to new shareholders in a 
firm's capitalization activity 

• Labor exchange: If the household receives this help we consider it 
as a labor cost of production-thus net income is lower than it 
otherwise would be, without the subtraction, and retained earnings 
are lower; at the same time, cumulative net gifts received goes up 
by the amount as the incoming gift 
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See table 4.1 and table 7 in Samphantharak and Townsend (2009). 
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holds-corporate-firms-analysis-household-finance-using-integrated-household-surveys-and-corporate-financial-accounting.
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Liquidity Management 

• Statement of Cash Flow 

D = Fl + F2 + ... + Fn 

• Variance decomposition of deficit 

- - - -
D t - D == I[FI,t - F; J + [F2,t  F 2 ] + ... + [F ,Dt - Fo J 

L,[D, -Dr == L,[F1,T - PHD, -DJ + L,[F2,T - FHD, -D] + .. . .L L,[F!I,' -FHDT-DJ 
j i i 

ar CD) == COY CD, F ) + COY D, F + ... + COY (D , F,J 
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Cash Flow Deficits and 
Mechanisms 

• What deficits? 
- Overall deficit C + 1- Y, or C-Y, I-Valone 

Mechanisms 

• Decrease in deposits at financial institution 

• Decrease in net ROSCA position 

• Lending (e.g. Loan recall) 

• Borrowing 

• Net gift received 

• Decrease in cash holding 
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Asset & Liability Management 

• In the previous section, we looked at different devices that 
the households use to finance their cash shortfall, i.e. 
their cash flow deficits 
- illiquidity management" 

• In this section, we turn to another related but different 
issue: how the households manage their asset and liability 
composition when they accumulate (or decumulate) 
wealth (net worth) from savings out of net income and 
gifts received 
- Analogous to firm's asset and liability management out of its 

equity (retained earnings and new equity issues) 
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Portfolio Management continued 

• Again, looking at the variance decomposition 
- Similar to what presented in the previous section 

- Main difference is that we would like to explain the co
movements of household's wealth accumulation (from 
retained earnings out of net income plus net gifts received) 
and changes in the position of different types of household 
assets and liabilities (as reflected in the balance sheet) 
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Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission. 

27www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

414
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://www.sciencedirect.com


     
 


 

     
 

 
 

Wealth Accumulation and Factors Accounting for
 

Success
 

Anan Pawasutipaisit and Robert M. Townsend
 

April, 2010
 

Figures and tables from this paper are available under a Creative Commons BY-NC-SA license. 

28www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

415
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



       
	              

             

	               
              

       

            
        

 
              

              
              
              
              
              

	       
         

            
      
 

      
  

Wealth distribution and growth in the survey 
•	 Top 1% households own about 1/3 of the total wealth. Top 5% households 

own about half of the total wealth. Bottom half own less than 10%. 
•	 The least wealthiest group at the beginning seems to be the one that rises 

most rapidly while share of top 10% is going down. The gap between rich 
and poor has been decreasing over time. 

Table 5. % of Net Worth Held by Various Groups Defined by 
Percentiles of the Wealth Distribution in each year 

Year 
Percentile 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
0-50% 5.58 5.99 6.43 6.81 7.24 7.70 8.75 9.22 9.62 9.94 10.07 10.40 10.67 
50-90% 28.31 28.08 28.03 28.29 28.70 29.03 31.25 32.18 32.70 33.45 34.28 34.88 35.42 
90-95% 11.99 11.58 11.66 11.23 10.96 11.46 11.43 11.25 11.46 11.32 11.34 11.26 11.23 
95-99% 19.52 19.67 18.75 18.29 17.90 17.86 17.88 17.60 17.20 17.04 16.91 16.47 16.13 
99-100% 34.60 34.69 35.12 35.38 35.19 33.95 30.70 29.76 29.02 28.25 27.40 26.99 26.55 

•	 Growth is decreasing in initial wealth 
Table  6.  Growth of  Net  Worth by  the  Initial  Wealth Distribution  in 1999 
Initial Wealth in 1999 1 quartile 2 quartile 3 quartile 4 quartile 
Growth of Wealth(Mean) 17.36 7.51 5.07 2.95
 
Growth of   Wealth(Median)  20.36  7.28  4.31  2.53 
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�	 Taking the advantage of the long monthly panel, we can track relative position of 
net worth within changwat for each household. 

�	 Example of some households who  experience  large increases and decreases in their 
relative position. 

�	 Some household fall down. 

�	 Histogram of change in relative position over 7 years, center is at zero but (std. 
dev. =13.75, min=-57, max=80). 
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Growth of net worth: a decomposition into productivity and
savings rate 

�	 Saving can be thought of a combination of savings rate, productivity and assets 
level 

�	 This interpretation is suitable for households that use assets to generate income, 
but harder to interpret for households that have labor earning as primary source of 
income. 

�	 When we look at ROA, look only at non-labor households. 

�	 In term of growth 
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All Chachoengsao Buriram Lopburi Sisaket 
HH-month 0.0013 0.0113 0.0021 0.0107 0.0007 

(0.8747) (0.4253) (0.8971) (0.5042) (0.9730) 
HH-year 0.0257 0.1742 0.0455 0.0722 0.0527 

(0.3253) (0.0003) (0.3565) (0.1633) (0.4094) 
HH 0.1710 0.5161 0.1589 0.0855 0.1672 

(0.0107) (0.0000) (0.2099) (0.5350) (0.3089) 

             
 
 All  Chachoengsao  Buriram  Lopburi  Sisaket 

 HH-month  0.0035  0.0292  0.0398  0.0102  0.0031 
 (0.6532)  (0.0542)  (0.1113)  (0.4446)  (0.8246) 

 HH-year  0.0314 
 (0.1722) 

 0.1049 
(0.0291)  

 0.1768 
 (0.0144) 

 0.0719 
 (0.0782) 

 0.0171 
 (0.6586) 

 HH  0.2016  0.3790 0.2142   0.4887  0.1367 
 (0.0006) (0.0017)   (0.2472)  (0.0000)  (0.1773) 

        

            

              

        

           

Table 18. Correlation of Growth of Net Worth and Savings Rate for Non-labor Hou
 

Notes: number in parenthesis is the signiDcance level 

*,**,*** represent signiDcance at the 10, 5, and 1 percent level, respectively 

Table 19. Correlation of Growth of Net Worth and Savings Rate for Labor Househo 

Notes: number in parenthesis is the signiDcance level 

*,**,*** represent signiDcance at 10, 5, and 1 percent level, respectively 
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All Chachoengsao Buriram Lopburi Sisaket 
HH-month 0.3576 0.5664 0.7394 0.5497 0.2665 

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
HH-year 0.4040 0.5081 0.7661 0.5270 0.3301 

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
HH 0.5256 0.6830 0.7366 0.6853 0.4423 

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 

     
 

	             

	              
   

            

             

        

       

ROA and growth of net worth 

�	 A standard accounting concept for Dnancial analysts, but here is for household. 

�	 There is signiDcant and positive correlation between growth of net worth and ROA 
at all levels. 

� Correlation tends to be higher when we average overall 7 years. 

Table 20. Correlation of Growth of Net Worth and ROA for Nonlabor Households 

Notes: number in parenthesis is the signiDcance level 

*** represents signiDcance at 1 percent level 
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�	 There is considerable persistence, especially for households in the three provinces 
except Buriram. 

�	 Households successful over the [rst half of the  sample  are likely successful over the  

second, or luck per se is not an explanation for success. 
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 Obs  Mean  Std.  Err.  Std.  Dev.  Lower  Upper  Pr(T  t 

 Chachoengsao  170  -.0283  .0904  1.1797  -.2069  .1503  0.6227 
 Buriram  179  .4188  .1259  1.6847  .1703  .6673  0.0005 
 Lopburi  130  .0776  .1006  1.1479  -.1215  .2768  0.2211 

 Sisaket  238  .0618  .1106  1.7068  -.1561  .2798  0.2883 
	 All	  717  .1324  .0562  1.5049  .0221  .2427 
 0.0094
 

�	 In Buriram, persistence is much lower (correlation is 0.07 and not statistically sig-
niDcant). 

�	 There are two pieces of evidence that o er some explanation for Buriram: change 
in occupation and change in household composition. 

�	 For change in occupation, households in the survey typically have multiple sources 
of income. 

�	 Households in the Northeast change occupations more often than those in the 
Central region, and the highest average number of changes is for Buriram. 

�	 To see whether household tends to switch into an occupation that gives it a higher 
rate of return, we compare ROA before and after switching occupation. 

Table 27. Mean-comparison tests H0: di  erence in ROA = 0, H1: di  erence in RO 
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Predictive power of ROA 

� Classify households into 3 groups by ROA: high, middle, and low
 

� Whether there is any di erence in wnancial and physical assets accumulation?
 

� Physical assets of high ROA group wuctuates but with an apparent increasing trend.
 

� One interpretation could be that high ROA households put their wealth back to
 
their income generating activities to get a high return.
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Villages as Small Open Economies
 

Archawa Paweenawat and Robert M. Townsend
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Dual Roles of Households
 

•	 In village accounting, households play two roles, as 
producers and as consumers 

•	 In the production account, only the transactions 
related to products sold by one HH in the village and 
used as inputs by other HH in the village would 
cancel 

•	 If the products sold by one household in the village 
are consumed by other households, the transactions 
will remain in the production account 
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Sampling and Measurement Errors
 

•	 Sampling error can also create the residual in 
intra-village transaction 

•	 One might miss a pivotal household of which 
transactions are a big part of the village average 

•	 Measurement error should be small if the 
number of sampled households is large and the 
error is i.i.d. over households 
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Consumption of Village Products 

• We can categorize most transaction in our
 
survey into intra-village and inter-village
 

•	 Unfortunately, this is not the case for 
consumption 

•	 However, we can indirectly estimate the 
consumption of village products from the net 
sale of village products less the investment of 
village products 
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Labor Income 

•	 In Thai villages, most households also play the 
role of business firms and engage in production 
activity as single proprietors 

•	 The distinction between household and business 
sectors is difficult  to  make  

•	 Therefore, we consider all labor income as the 
income from household production as if the 
household were a proprietor supplying labor 
services 
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Village Economic Accounts 

•	 We create village economic accounts by 
aggregating the economic accounts of every 
household in the village 
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 Uses  Sources 

 Production  expenses  Production  revenues 

 Interest  expenses  Interest  revenues 

 Depreciation  Capital  gains 

 Insurance  premium  Less:  Capital  losses 

 Property  tax  Insurance  indemnity 

 Net  income  before  tax 

 Charge  against  revenue  Total  revenue 

 Uses  Sources 

 Interest  expenses 

 Less:  Interest  revenues 

 Production  revenues 

 Less: Production  expenses  

 Depreciation 

Insurance   premium 

 Property tax  

 Profit 

 Net  income  before  tax 

 Less:  Capital  gains 

 Plus:  Capital losses  

 Less:  Insurance  indemnity 

 Charge  against  output  Output 

Production Account
 
Statement of Income Production Account 
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Villages͛�Outputs 

•	 Over time, the outputs of villages in 
Chachoengsao have been decreasing 

•	 The outputs of other villages have been 
increasing 
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Courtesy of Consortium on Financial Systems and Poverty. Used with permission. 
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Appropriation Account
 

•	 The appropriation account shows how a 
household distribute its profits 

•	 The profits is defined as the total income from 
production 

•	 Villages in the Northeast region consume 
most of their profits and have smaller share of 
retained earnings 
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Saving-Investment Account
 

•	 The saving-investment account considers the 
changes�in�a�household͛s�assets�and�liabilities 

• The saving-investment account can be created
 
by the change of items in the balance sheet
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Uses Sources Uses Sources 

Change in financial assets Change in liabilities Change in financial assets Change in net worth 

Change in inventories Change in net worth Change in inventories Contributed capital 

Change in livestock assets Contributed capital Change in livestock assets Current retained earnings 

Change in fixed assets Current retained earnings Change in fixed assets Depreciation 

Plus: Depreciation 

Less: Change in liabilities 

Change in total assets Change in liabilities and 
net worth 

Gross investment Gross saving 

 
 

   
  
 

Saving-Investment Account
 
Changes in Balance Sheet Saving-Investment Account 
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Saving-Investment Account: Central vs. N.E.
 

• Changes in net worth of villages in the Central
 
come mostly from current retained earnings
 

•	 Changes i n net  worth of villages i n the  
Northeast come mostly from gifts 
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Village Balance of Payments 
•	 Trade balance records the exports net of the imports of goods and 

services between village residents and nonresidents 

Current account	 = Trade balance + net interest income + net transfer 

•	 Capital account measures the change in ownerships of livestock and fixed 
assets between village residents and nonresidents 

•	 Financial account measures the transaction of financial assets between 
village residents and nonresidents 

•	 We have the balance of payments identity 

Current Acc + Financial Acc + Capital Acc = 0 

• This can be summed up in the relationship: 

Y C I + T = (X M)Trade + (X M)Capital + Inv 
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 Balance of Payments for Representative Villages
 

Courtesy of Consortium on Financial Systems and Poverty. Used with permission. 
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Introduction to 

Flow of Funds Account 
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Example: Thailand's FFA in 2008 

NFC FC GG HH & NPISH RoW Total 

I. NET ACQUISITION OF FINANCIAL ASSETS 5 17,74 7 1,019,188 78,30 1 1,153,686 135,587 2,904,509 

1. MONETARY GOLD AND SDRs 0 811 ,849 0 0 0 811,849 

2. CURRENCY AND DEPOSITS 148,222 (371,180) (1 S,961) 584,889 4,924 350,894 

3. SECURITIES OTHER THAN SHARES (69,92S) 172,814 35,S25 128,674 38,666 30S,754 

4 . LOANS 332,958 459,270 (5,136) (10,361 ) 10,739 787,470 

S. SHARES AND OTHER EQUITY 78,197 (72,816) 44,052 255,037 155,469 459,939 

6. INSURANCE TECHNICAL RESERVES 0 0 0 125,792 0 12S,792 

7. OTHER ACCOUNTS RECEIVABLE 28,295 19,251 19,821 69,6S5 (74,2 11 ) 62,811 

II. NET INCURRENCE OF LIAB ILITI ES 1,031,6B6 1--s22,709 134, 122 346,887 469, 105 2,904,509 

1. MONETARY GOLD AND SDRs 0 0 0 0 811 ,849 811 ,B49 

2. CURRENCY AND DEPOSITS 0 698,463 2,975 0 (350,544) 350,894 

3. SECURITIES OTHER THAN SHARES 39,426 201,349 82,S87 (159) (17,449) 30S,754 

4 . LOANS 61' ,578 (173,632) 40,208 299,042 , 0,274 787,470 

S. SHARES AND OTHER EQUITY 308,030 74,149 0 0 77,760 459,939 

6. INSURANCE TECHNICAL RESERVES 976 124,816 0 0 0 12S,792 

7. OTHER ACCOUNTS PAYABLE 71,676 (2,436) 8,352 48,004 (62,78S) 62,811 

III. FINANCIAL SURPLUS OR DEFICIT (HI) (S 13,939) 96,479 (55,821) 806,799 (333,5 18) 0 

(Data from Office of the National Economic and Social Development Board of Thailand) 
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NFC FC GG HH & NPISH RoW Total 

A. NON FINANCIAL ACCOUNT 

1. GROSS SAVING 1,460,961 194,301 419,694 675,801 (49,830) 2,700,927 

2. GROSS CAPITAL FORMATION 2,134,522 7,660 336,241 141,933 2,620,356 

3. PURCHASE OF LAND (NET) 23,747 306 11,797 (35,850) 

4. STATISTICAL DISCREPANCY (9,285) 89,856 80,571 

5. TOTAL SURPLUS OR DE FICIT (-) (1-2-3-4) (688,023) 96,479 71,656 569,718 (49,830) ° 

I A D 

Notice: 
4 

iA AR 4 

• Discrepancies between surpluses from NIPA and from FFA are 
quite large for all sector but Fe whose financial statements are 
usually available. 

• Sum of surplus and deficit across all sectors is zero by identity 

~ RV 

III . FINANCIAL SURPLUS OR DE FICIT (I-II) (513,939) 96,479 (55,821) 806,799 (333,518) 

C. SECTOR DISCR EPANCY (AS-BIll.) (174,084) 
° 

° 127,477 (237,081) 283,688 ° 
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FFA and the Townsend Thai Survey Data 

• We have seen that FFA is linked to BS and NIPA (which is 
an income statement). So, with the framework to 
construct household BS and IS from the Townsend Thai 
survey data, we can compile flow of funds data for the 
households in the survey as well. 

• Note that this is possible also because the survey data 
contain information about the other party that 
households transacted with. 

• Example of how each household's transaction enters FFA 
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FFA and the Townsend Thai Survey Data 

• Flow of funds between a village in Chachoengsao and the 
other sectors in November 2009. (data from previous slide) 

FC 

External HH ,___ 

bb 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

448
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



62

FFA and the Townsend Thai Survey Data 

• Flow of funds between a village in Chachoengsao and the 
other sectors in November 2009. (data from previous slide) 

FC 

NFC 

- Currencies 

-Loans 

- Trade Credits 
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•	 FLOW OF FUNDS THROUGH THE FINANCIAL SYSTEM IS A KEY, NATURAL MEASUREMENT FOR THE 
CONSTRUCTION OF FINANCIAL MODELS: Flow of funds accounts (FFAs) use the traditional sectors 
of the NIPA (firms, household, government, and the rest of the world) and measure financial flows 
among them. There is, however, a heavy reliance on flows of the sectors with financial corporations 
and financial markets, as these are best measured given typical reporting requirements. But that is 
a limitation in the measurement, which can be improved, and not a limitation in the 
conceptualization of accounts and their link to standard national income. The latter, NIPA, is the 
basis for most of the models considered previously (CGE, DSGE). Better measurement adds the 
mechanics of assets and adjustments as a key part of the story. This can and should be done at the 
micro level (firm, household, financial institution) as well as aggregated up to key sectors, 
depending on the model or application. 

•	 WHAT ARE FLOW OF FUNDS ACCOUNTS: Essentially, savings  comes from income statements and, 
via an identity, savings (plus gifts and remittances) are put as a flow into real and financial 
investments. The portion which is not retained earnings creates a financial flow. Adjustments are 
made so that income is on a cash flow rather than accrual basis. Roughly, a flow is created by
difference over time of the line items in the balances sheets (adjusting for capital gains and losses). 
Flows of funds do often feature the balance sheet directly as well, not just differences and flows. 
The point: we can see directly the use of financial markets and institutions by asset type. 

•	 TWO TRADITIONS OF FLOW OF FUNDS IN THE LITERATURE: 
–	 VAR and FFAs- There is relatively recent work by Christiano, Eichenbaum & Evans (2006) which uses VAR with 

FFAs at a detailed level to gauge the impact of monetary policy in the U.S.  This digs a bit deeper than the 
imposed sectors and measured flows in their macro financial models, reviewed earlier. Ridhwan et al. (2011) is 
a VAR study of the regional impacts of monetary policy in Indonesia using provincial level data on GDP and 
trade. As the authors note, Indonesia is a diverse, heterogeneous set of islands and a good place to expect to
find geographic or sectorial variations in impact and to try to distinguish the interest rate channel from the 
bank lending channel of Bernanke, Gertler, & Gilchrist (they have data on firm size). 

–	 Demand Equations- There is an older tradition emanating from the seminal work of Brainard & Tobin (1968) 
understanding the financial systems through demand equations and costs of adjustment (supply equations or 
policy variables match the demand). In short, that paper emphasizes the interconnectedness across assets and 
sectors which the flow of funds make explicit. An example of a demand equation approach that takes this into
account for policy is a study of Green et al (2012), using flow of funds accounts from the Reserve Bank of India. 
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•	 MODELING: The interest in this lecture is the use of FFAs for modeling. We can focus on the
household side, as in some literature, and on the firm side, in other literature. Recent work of 
Guerrieri & Lorenzoni (2011) and Piazzesi & Schneider (2010) uses the flow of funds data from the 
household sector to model financial crisis and to determine  the impact of shifts in inflation 
expectations, respectively. 

–	 HOUSEHOLD SECTOR AND FINANCIAL DECISIONS: The focus of Guerrieri and Lorenzoni’s paper is on the 
household sector and financial decisions (though the instruments and choices are typically restricted, 
exogenously, as in borrowing constraint models). Households consumers solve dynamic stochastic optimization 
problems by their choice of consumption (durables and nondurables), labor supply (at a wage determined by
exogenously variation productivity, subject to a Markov process), and saving and borrowing (up to a limit). An
unexpected, permanent tightening in a consumer borrowing capacity forces borrowers to deleverage and 
savers to accumulate more buffers, as future borrowing is more limited. This direct and indirect net increase in 
saving forces the interest rate on bonds (saving accounts) down. In fact, the interest rate overshoots due to
the nontrivial distribution of wealth; there is a strong adjustment for those with low wealth. Cuts in 
consumption and increases in labor supply move output in opposite directions. The consumption effect is 
stronger when there are nominal rigidities. Durable goods adds another asset and another margin of 
adjustment. This model is as applicable to macro as it is to financial access, where, presumably, the process 
runs in reverse, toward liberalization rather than tightening. 

–	 FLOW OF FUNDS AND CHANGES IN WEALTH: Piazzesi and Schneider’s paper draws explicitly on flow of funds 
for studying large changes in the size and composition of net wealth driven by demographics and expectations. 
In the U.S. in the 1970’s, net worth dropped by 25% on average and the portfolio shifts from equity to real-
estate dropped by about 20%. The authors attribute these to entry into the market by baby boomers, lower 
aggregate saving, increased price of housing, changed expectations, and the erosion of bond portfolio by
surprise inflation. The key state variables are the joint distribution of asset holdings and incomes as well as 
heterogeneous expectations. All these are taken from the Survey of Consumer Finances micro data and the 
Michigan Survey of Expectations of Prices and Income. The authors adopt a temporary equilibrium framework 
so that they can equate asset demands to supply (coming from the other sectors in the FFAs) without solving 
forward looking optimization problems. 
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•	 OTHER PAPERS IN THE HOUSEHOLD TRADITION: Chatterjee et al. (2007) model consumers and 
their borrowing subject to understood contingencies that allow them to default on lenders. They
use the model to match both micro statistics on bankruptcy and unsecured credit as well as macro 
aggregates, earnings, and the distribution of wealth. Livshits et al. (2007) use a life cycle model and 
directly parameterize expense shocks.  

•	 FIRMS: A firm financing literature begins with the key financing constraint in representative firm 
models of macro (reviewed earlier in this lecture).  As reviewed in Chari et al. (2008), there are 
supposed to be binding collateral constraints, wedges between internal and external funds, and 
fluctuations in these which impact investment. But looking at the U.S. flow of funds, the typical 
non-financial firm sector is not a net borrower seeking to finance investment or other activities; in 
fact, the firm is paying dividends. Chari et al. (2008) thus argue that we need data on non-financial 
firms. This is crucial to an understanding of how financial market disturbances affect the broader 
economy and for learning how to design appropriate regulatory policy for financial markets. 

•	 CONSORTIUM ON FINANCIAL SYSTEMS AND POVERTY (CFSP): CFSP is a research organization that
features a working group on flow of funds with the goal of enhancing measurement and using FFAs 
in models.  Many of the papers discussed on this page were featured at a recent conference. More
information on this event, including the proceedings and presentations, can be found at
http://www.cfsp.org/research/workshops/flow-funds-accounts-and-savings-workshop. The 
Consortium has also entered into partnerships with developing countries, including Mexico and 
Thailand, to improve flow of funds and their use in models and in policy making. For more
information on the project with Mexico, please visit http://www.cfsp.org/research/research-
projects/regional-approach-financial-savings-and-intermediation#.UJGZvG8mToE. 

65www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

452
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://www.cfsp.org/research/research-projects/regional-approach-financial-savings-and-intermediation#.UmZjvBAt2ZR
http://www.cfsp.org/research/research-projects/regional-approach-financial-savings-and-intermediation#.UmZjvBAt2ZR
http://www.cfsp.org/research/workshops/flow-funds-accounts-and-savings-workshop


NFC 
red polygon] ,IXlO,000 FC indicate zero 
value on the 
axes 

2008 
External HH NFC 

RoW 

- Currencies--2005 

- Loans 

- Trade Credits 
NPISH GG 

HH 

flow of funds between a village in
flow of funds from financial corporate• Chachoengsao and the other sectors,
sector in November 2009 

Corners of the 

66www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

453
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 
 

 

 
 

 

  

 

	 

	 

	 

•	 MEANING OF THE FIGURES:  FFAs can be used within a country at various levels of 
aggregation. Traditional FFAs are illustrated by the figure on the left for Thailand, 
and unconventional FFAs (as in the future) are on the right for Thai villages. Both 
of these pictures are possible due to the standardization of measures through 
NIPA. These figures come from Srivisal (2012). 

•	 WHAT THE FIGURES SHOW:  In both figures, deficits and surplus are measured 
relative to diamonds. On the left, net flows of each traditional sector with the 
formal financial system are shown for various years. Typically, there is a surplus 
generated from the household sector (HH) and deficits from the rest of the world 
(ROW). The dividing line between a surplus and a deficit is the edge of the pink 
diamond. We see variation at the national level over time. On the right, a village in 
the Townsend Thai Data is running a  deficit with the village fund (NIPISH)  in cash 
and a surplus in trade credit with outside nonfinancial corporations (NFC). 

•	 This measurement tells us that economies at various levels are interacting with 
each other, but the exercise is not a substitute for modeling. For example, cash 
plays a large role in mediation in the relationship between a village economy with 
the outside world. Alvarez et al. (2012) study the transaction demand for cash, i.e. 
when to hold and when to go to the bank. Cash is, as observed, a financial 
transaction on center stage. Holding a lot of cash might suggest transaction costs 
are high. Ultimately, the impact of monetary policy on the village economy will be 
determined. 
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LECTURE 6:  

Insurance: from Village Insurance to Financial  
Access and Targeting to Risk Instruments  
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Risk and insurance in village India 
Policy question: the effectiveness of financial 
institutions 
Policy question: the role of neglected 
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Policy question: can well-intended 
interventions result in welfare losses 
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Appropriate design of rainfall instruments 
Identifying implicit obstactes to take up 
evidence from actual interventions 
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Risk and Insurance in Village India  

Robert Townsend  

Econometrica, 1994  
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Motivation  

.	 Large part of the population in developing economies live in 
high-risk environments 

.	 However, there are numerous mechnisms for how risk can be 
shared 

. diversification of activities  

. financial transactions  

. gifts and transfers within the family/network  

. ...  

.	 How well do households do using any of these mechanisms? 

.	 Main insight: By focusing directly on the implications of 
optimal rish-sharing we do not have to explicitly specify these 
mechanisms 

.	 In particular: Arrow-Debreu style complete markets not 
necessary! 
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Optimal risk sharing  

.	 Main implication: Individual consumption should not depend 
on individual income, once aggregate consumption is 
controlled for 

.	 Hence: Allocations are as if all output were pooled together 
and then optimally distributed 

.	 Intuition: If one agent absorbs his idiosyncratic risk, other 
agents are locally risk-neutral with respect to this shock and 
hence should offer insurance to the former 
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Where to test risk-sharing? The environment  

.	 Risk-sharing is a property of a group of individuals. This could 
be 

. family  

. village  

. syndicates (banks, kinships...)  

. Hence: researcher has to decide which group to consider. In 
this paper: risk-sharing within villages 

. People have to face idiosyncratic risk - otherwise there is 
nothing to insue against and we cannot test anything 
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Characteristics of village economies  

. Risk is important property of the environment, because 
agriculture is predominant income source 

. Individuals face idiosyncratic risk as they specialize in different 
crops 

.	 in fact: this itself is already indicative that there are other 
risk-sharing mechanisms and diversification is not needed! 

.	 From a theoretical point of view, villages seem promising to 
sustain risk-sharing agreements as 

. Village members face repeated interactions 

. Villages have own contract enforcement mechanisms 

. Informational asymmetries are presumably limited 
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Risk and diversification possibilities in agriculture  

.	 Yields are risky. In Aurepalle the coefficients of variations 
range from 0.5 (sorghum) to 1.01 (castor). 

.	 Diversification across crops is possible as cross-crop correlation 
ranges from 0.09 to 0.81. 

.	 Soil is also not uniform, so that the CV for castor ranges from 
0.7 to 1.01 depending on the type of soil. 

.	 Again: diversification across soil is possible as the correlation is 
only 0.37. 

.	 But: households do not hold the “market portfolio” of soil-crop 
combinations 
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The income process: Idiosyncratic risk exists  

© The Econometric Society. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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The income process: Idiosyncratic risk matters  

© The Econometric Society. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Dynamics of the income process 
Basic picture: Inequality and uncorrelated shocks. 
Recall: Households are of very different size. 

© The Econometric Society. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Dynamics of individual consumption 
Basic picture: consumption profiles much smoother than income 
process 

© The Econometric Society. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Testing risk-sharing formally: Theory  
k. Let ct (ht ) be consumption of individual k after history 

ht = (ε1,ε2, ...,εt ) 
. Optimal allocation of consumption across individuals 

maximizes   
M T   
∑ λk ∑ β t ∑ kP (ht )W k ct (ht ) ,Ak 

t
i=1 t=1 ht 

subject to the aggregate endowment of the village  
M 

∑ ck	 (ht ) ≤ ct (ht ) for all htt 
k=1 

.	 Here: Ak is age-sex index, which might affect marginal utility t 
of consumption 

.	 Note: could allow for leisure-labor tradeoff (and this is done in 
the paper) 

.	 Note also: choice variable are state-contingent consumption 
allocations 
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Consumption allocations: Individuals 

.	 Solving this problem for state ht yields the FOC 
 	  

k	 μ (ht )λk Wk
I ct (ht ) ,Ak

t =	 ≡ μ̃ (ht )β t P (ht ) 

which says: λ -weighted marginal utilities are equalized across 
individuals   

.	 Suppose: W (c,A) =  −σ−1exp −σ c = −σ−1exp (−σ c̃) .A
Then:   1 1	 1kc̃t	 (ht ) =  ln (λk ) − ln Ak − ln (μ̃ (ht ))σ	 σ t σ 

.	 Depends on ht only via common multiplier μ, i.e. full 
insurance of idiosyncratic shocks 

.	 risk aversion σ governs sensitivity wrt to shocks in μ 

.	 λk and Ak
t affect level and trend of individual consumption 
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Consumption allocations: Households 
. Problem: Data has household consumption 

. Determinants of consumption: (1) pareto weights (wealth), 
(2) HH composition, (3) Agg consumption, (4) Relative risk 
aversion 

16www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

471
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Empirical Application  

.	 Theory implies that 

∗j	 j jct = α j + β j ct + δ j At + ζ j Xt
j + ut 

∗jwhere c is “age-weighted” family consumption, ct ist 
aggregate consumption and X j are additional variables t 

.	 According to the theory: 
. β j = 1 if identical risk aversion  
. δ j = −1/σ  
. ζ j = 0  

.	 Test for those implications using 
. Family-specific time series regressions  
. Panel where all families are pooled  

1 .	 Note: N ∑j β j = 1 if only ct included. Hence: mostly the 
dispersion of β j is interesting 
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Exclusion for idiosyncratic income: Time Series  
For how many individuals can you reject ζ = 0 or  ζ = 1? 

© The Econometric Society. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Exclusion for idiosyncratic income: Panel  

© The Econometric Society. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Interpreting optimal risk sharing: λ and wealth 

. Theory implies that 

1 1 1k Akc̃t (ht ) =  ln (λk ) − ln − ln (μ̃ (ht ))σ σ t σ 

. Empirical implementation 

k∗k kc = αk + β k ct + δ k At + ζ k X k + ut t t 

. Hence: the fixed effect αk is related to the pareto weight λ k 

. If risk-sharing were generated through Arrow-Debreu-style 
market, αk should be explained by individuals’ period 0 wealth 

. Reason: with complete markets, there is one budget constraint 

. Interesing to see if estimated intercept αk varies with 
measures of wealth 

. land holdings  

. inheritances  

. value of owned bullocks  
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Wealth and Pareto weights  

© The Econometric Society. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Summary and lessons  

.	 Village households adapt well to the risk they are facing 

.	 Apparently there are important risk-sharing mechanisms, which 
make diversification on the employment level unneccessary. 
Note that this is an important efficiency gain if we think that 
specialization is important for productivity 

.	 While wealth is correlated with the pareto weights, the results 
are inconsistent with existence of Arrow-Debreu markets 

. Explanatory power of inheritance is limited 

. Explanatory power of assets that are accumulated over time is 
high 

. This pattern is more consistent with models of private 
information about individual productivity 
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Alem and Townsend (2012) “An Evaluation of Financial 
Institutions: Impact on Consumption and Investment Using 
Panel Data and the Theory of Risk-Bearing” 

This paper shows how to rate outside financial institutions using 
instruments for financial access, such as distance to provider’s 
branch. Those with financial access are compared to those 
without, to see if risk sharing is improved. The treatment group is 
the set of customers of the financial intuitions, directly measured 
through actual use in the data. 

We derive both consumption and investment equations from a 
common core theory with both risk and productive activities. The 
empirical specification follows closely from this theory. We link 
financial institution assessment to the actual impact on clients, 
rather than ratios and non-performing loans. 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

Results: 
.	 A government development bank (BAAC) is particularly 

helpful in smoothing consumption and investment, in no small 
part through credit, consistent with its own operating system, 
which embeds an implicit insurance operation. The complete 
market hypothesis is rejected. The results appear to be driven 
by low wealth households. 

. Commercial banks are smoothing investment, largely through 
formal savings accounts. 

. Other institutions seem ineffective by these metrics. 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

Model: a modified version of the final choice model of Greenwood 
and Jovanovic (1990). 

Financial institutions: 
.	 Costs: Costly to establish or to learn to use. Household i has 

to pay a once-and-for-all lump-sum cost Zi to become a 
member of a financial institution, incurred at the time of 
joining. 

.	 Benefits: Provide households access to better information 
and as-if-complete markets. 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

Preferences: autoregressive preference shock ξi ,t+1 = ρξit + νit , 
where νit is i.i.d. over individuals and time. Potential endogeneity 
problem if ρ >  0. 

Technology: qit = fi (kit , θt + εit ), where θt + εit is a composite 
technology shock. For wage earning households, kit is simply a 
constant, not business capital. 

Investment: gi (Iit , kit , ωit ) is the cost of adjustment function where 
Iit is investment of household i at t and ωit is an i.i.d. 
household-specific shock to the cost of capital stock adjustment. 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

At t = 0, financial participation decision is made. At that point, 
household i occupation, all initial preference shocks ξi0, technology 
shocks θ0 + εi0,adjustment cost shocks ωi0 and initial asset 
conditions ki0 are predetermined. Initially, the household can only 
see the sum, θ0 + εi0. 

Value functions: 
Participant in the financial system: 

Vi (ki0 − Zi , ξi0, θ0 + εi0, ωi0) 

Autarky: 
Wi (ki0, ξi0, θ0 + εi0, ωi0) 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

Policy Functions for the Different Financial Regimes 
Consumption Investment 

Pi0 = 1 for all t > 0 cit = ci (Ȝi, ξit , ct ) Iit = Ii (kit, ωit , ct )
(participation) 
Pi0 = 0 (autarky) for all t > 0 cit = ci (kit, ξit ,șt + εit, ωit) Iit = Ii (kit, ξit, șt +εit,ωit) 

Courtesy of Consortium on Financial Systems and Poverty. Used with permission.
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

qit 
cit = Pi0[fi + demi + dt + ξit ] + (1  − Pi0) η0kit + η1 + χit

kit 

Iit qit /kit 
= Pi0[const1+dt +bi +ωit ]+(1−Pi0) φ0 + φ1 + νit

kit kit 

Cost Zi does not affect potential levels of consumption or 
investment other than in the initial date before our sample periods, 
but cost Zi does affect the initial choice of financial participation. 
In this sense, Zi in the theory is a valid instrument for the 
participation decision. 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

Instruments for Zi : alternative measures of the cost of financial 
participation based on geographical variation 

. History of institution use 

. Time to district center 

. GIS: use the responses from nearby CDD villages in 1996 to 
create a weighted membership variable for each of the villages 
of the Townsend Thai survey. 

. The averaging is removing some measurement error. 

. Can impute values to villages that otherwise are missing 
headmen responses. 

. There may be supply-side variation. 
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Policy question: the effectiveness of financial institutions -
Alem and Townsend (2012) 

Shocks in the data:  
. Aggregate: The data start in May 1997, just prior to the 

onset of the July 1997 financial crisis, and continue through 
2001, that is, through the recovery. 

. Idiosyncratic: The data from households and small 
businesses specialized in different mixes of occupations and 
subject to different shocks. 
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Policy question: the role of neglected informal finance 
The relationship between kinship networks and financial access, 
and the channels through which their effects occur are not well 
understood in the literature. 

Kinnan and Townsend (2012) show that within a village, 
households connected to each other through chains of financial 
transactions (gifts, loans) or related by family ties, can mean the 
effective treatment groups, those indirectly as well as directly 
connected to a financial service provider, is larger. Ignoring the 
effect of being indirectly connected to financial networks and 
institutions, and using households not directly connected as a 
comparison group, may yield biased estimates of the effect of 
financial access, due to the spillover of indirect access through 
other households. This also means that those not connected in any 
way are actually even more vulnerable than had been surmised, and 
might be targeted. Andgelucci, de Giogi, Rangel, and Rasul 
(2009) find similar effects in Mexico. 
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Kinnan and Townsend (2012) “Kinship and Financial 
Networks, Formal Financial Access and Risk Reduction” 

Analyze the role of indirect access (through another household) to 
financial institutions in facilitating access to credit. 

Strikingly, the results show that an indirect connection is as 
effective in consumption smoothing as a direct connection, 
suggesting that borrowing and lending among households acts to 
distribute capital from formal financial institutions. 

For investment smoothing, presence of kin is very effective while 
bank connections do not play a significant role. 
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Policy question: the role of neglected informal finance -
Kinnan and Townsend (2012) 

Prevalence of transfers with other households in the village:  

.	 Out of 531 households in 16 villages, 411 borrow or receive 
gifts at least once over 84 months. 

.	 Conditional on participation, the average household 
borrows/receives from 3.2 other households (minimum 1, 
maximum 17). 

.	 Intra-village borrowing transactions tend to be large, but 
relatively infrequent: 

.	 The average amount borrowed per transaction is 12,200 baht, 
which is equal to 60% of average monthly household 
expenditure. 

.	 The average household borrows from other villagers 4.75 times 
over 84 months. 
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Policy question: the role of neglected informal finance -
Kinnan and Townsend (2012) 

Consumption-smoothing specification: 

Δciνt = α1Δyiνt + α2Δyiνt × di ,B + α3Δyiνt × ri ,B + 

+α4Δyiνt × ki + α5Δyiνt × ω̄i + δB,t + εit 

ciνt and yiνt are, respectively the per capita consumption and 
income of household i in village v in month t. 

di ,B and ri ,B indicate, respectively, direct and any connection to 
the financial system. 

ki is an indicator for presence of kin in the village. 

ω̄i is household i ’s average net worth over the sample period and 
δB,t is a common time effect for all households connected to the 
financial system. 

37www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

492
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



�       
  
� 

Policy question: the role of neglected informal finance -
Kinnan and Townsend (2012) 

Investment-smoothing specification: 

I y y y 
= α1 + α2 × ri ,B + α3 × ki + 

A A iνt A iνt A iνtiνt 

y
+α4 × ω̄i + β1ri ,B + β2ki ,B + β3ω̄i + δν + δB,t + εit

A iνt 

A is total household assets. 

δν is village fixed effects, included to capture common 
characteristics such as suitability of the area for different 
occupations (rainfall, proximity to large towns, etc.). 

δB,t is a common time effect for all households connected to the 
financial system. 
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Policy question: the role of neglected informal finance -
Kinnan and Townsend (2012) 

Results: consumption smoothing 
Coef. 

Unconditional 0.078 
Sign. level 

1% 
Net effect p-value 

No any bank access 
Direct bank connection 
Indirect bank connection 
Presence of kin 

0.1645 
-0.1658 
-0.1643 
0.0102 

1% 
1% 
1% 
1% 

-0.013 
0.0002 

0.696 
0.958 
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Policy question: the role of neglected informal finance -
Kinnan and Townsend (2012) 

Results: investment smoothing 
No All Above- Below 
controls house- median median 

holds investment investment 
size size 

Income 0.1078* 0.6526*** 0.6370*** 0.0077 
[0.0649] [0.1950] [0.2102] [0.3359] 

IncomeX. . . 
Any link -0.1268 -0.0821 0.2931 
to bank [0.1288] [0.1292] [0.3983] 
Kin in -0.4136*** -0.5056*** 0.4543 
village [0.1549] [0.1599] [0.3256] 
Net worth -0.1087 -.0405** -0.3710 
(mill. baht) [0.0762] [0.0205] [0.2357] 
N 6055 5794 2319 3463 
Note: Heteroskedasticity-robust standard errors in brackets.  
Significance: ***=1 percent level; **=5 percent; *=1 percent.  

© Cynthia Kinnan, Robert Townsend, and the  American Economic Association.  All rights reserved. This content is
excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Policy question: the role of neglected informal finance -
Kinnan and Townsend (2012) 

Different types of networks (kin versus financial) matter for 
different types of insurance: the relatively small deviations of 
realized income from desired contemporaneous consumption, versus 
the potentially large difference between the scale of an investment 
opportunity and the amount of cash on hand to finance it. 

.	 Financing needs of small magnitudes can be most effectively 
met with borrowing that can be implicitly or explicitly 
collateralized with tangible assets or threatened loss of 
participation in the financial network. 

.	 Kinship networks are important in financing investment for 
transactions too large to be collateralized with tangible assets, 
so that extended or nonpecuniary punishments by kin are 
important in assuring lenders that their loans will be repaid. 
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Policy question: the role of neglected informal finance  

Angelucci, de Giorgi, Rangel, and Rasul (2009) “Village 
Economies and the Structure of Extended Family Networks” 
Apply the Hispanic naming convention to the household census 
data for 504 poor rural villages from the evaluation of Progresa, a 
social assistance program in rural Mexico, to construct 
within-village extended family networks. 

Results: Family networks are larger (both in the number of 
members and as a share of the village population) and 
out-migration is lower the poorer and the less unequal the village 
of residence. The results are consistent with the extended family 
being a source of informal insurance to its members. 
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Policy question: the role of neglected informal finance -
Angelucci, de Giorgi, Rangel, and Rasul (2009) 

The relationship between the structure of extended family networks 
and the characteristics of the local village economy: 

. The need for resource-sharing is greater in poorer or more 
marginal villages, because the costs of forming links outside 
the village are higher. 

. The establishment of resource sharing family networks may 
help to smooth consumption and increase investment, hence 
endogenously improving the wealth in the village economy. If 
this effect dominates overall, we expect to observe larger and 
denser family networks in less marginal villages. 
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Policy question: the role of neglected informal finance -
Angelucci, de Giorgi, Rangel, and Rasul (2009) 

Empirical specification: measures of economic environment in 
the village as explanatory variables and measures of network 
structures as dependent variables 

.	 Village-level OLS with the number of family networks in the 
village as dependent variable 

.	 Household-level SURE with indicators for eight different types 
of kinship links within village (head-sibling, head-offspring, 
etc.) as dependent variables. 

.	 Village-level probit with probability of having at least one 
migrant out of the village from a given network as dependent 
variable. 
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Policy question: the role of neglected informal finance -
Angelucci, de Giorgi, Rangel, and Rasul (2009) 

Two key variables measuring economic environment in each village:  

. An index of the development or marginality of the village 
designed by the Mexican federal government. 

. An index of household’s permanent income, from which we 
construct the Gini coefficient for each village. This coefficient 
proxies the extent of within-village inequality in the 
distribution of income, assets, and land. 
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Chiappori, Samphantharak, Schulhofer-Wohl and 
Townsend (2012) “Heterogeneity and Risk Sharing in 
Village Economies” 

Policy question: can well-intended interventions that provide 
missing insurance have the opposite of their intended effect, i.e. 
welfare losses for at least some households. 

Heterogeneity in risk preferences is documented in this paper. 
Intuitively, can use variation in village level risk and response of 
household-specific consumption to that risk to back our 
coefficients of risk aversion. Then an outside intervention could 
actually cause a welfare loss for the most risk tolerant household 
who had been providing insurance. 

Full insurance cannot be rejected. As the risk sharing, 
as-if-complete-markets theory might predict, estimated risk 
preferences are unrelated to wealth or other characteristics. 
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Intuition on measuring heterogeneity in risk preferences: 

From the literature on risk sharing: efficient risk sharing allocates 
more risk to less risk-averse households, so a household whose 
consumption strongly co-moves with the aggregate must be 
relatively less risk averse. Thus, a household’s risk aversion is 
identified up to scale. 

Under full insurance, the only reason two households’ 
consumptions can move together is that both of their 
consumptions are co-moving with aggregate shocks; both must be 
relatively risk tolerant. Similarly, if two households’ consumptions 
are not strongly correlated, at least one must have consumption 
that does not move strongly with the aggregate shock; at least one 
must be very risk averse. 
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Measuring heterogeneity in risk preferences: 
Under the maintained hypothesis of full insurance, the data must 
satisfy 

ln αi ln βi ln ξi ,m(t) 1 
ln cit = + t + + (− ln λj(i),t ) +  �it

γi γi γi γi 

βi is the household’s rate of time preference.  
γi is household’s coefficient of relative risk aversion.  
ξi ,m is the household’s relative preference for consuming in month  
m ∈ {Jan, Feb, ..., Dec}.  
mt is the month corresponding to date t.  
j(i) is household  i ’s village.  
αi is a non-negative Pareto weight.  
λj(i),t is the Lagrange multiplier on village j ’s aggregate resource  
constraint at date t.  
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Measuring heterogeneity in risk preferences:

   1 1 
E [νit νi ,,t ] =  

γi γi
i , � i ,=i=i �

νit is the log consumption residual from linear projection on a 
household-specific intercept, time trend, and month dummies. 

This gives us Nj moment conditions in Nj unknowns, where Nj is 
the number of households in village j . 
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Test of efficient risk sharing: 

ln αi ln βi ln ξi ,m(t) 1 
ln cit = + t+ + (− ln λj(i),t )+bj ln incomeit +�it

γi γi γi γi 

As used in most literature in practice:  

ln cit = ai + dj(i),t + bj ln incomeit + uit  
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Key difference: the latter ignores heterogeneity in both risk and 
time preferences and absorbs the household-specific trends and 
seasonality into the aggregate shocks dit . 

This may be generate bias against the null of full insurance when 
risk preferences are heterogeneous, because of the assumption that 
aggregate shocks affect all households’ consumption equally even 
though, under heterogeneous preferences, aggregate shocks have a 
larger effect on the consumption of less-risk-averse households. 
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Measuring the welfare cost of aggregate risk: 
The basic idea, following Lucas (1987), is to calculate a 
household’s expected utility from a risky consumption stream and 
compare it to the amount of certain consumption that would yield 
the same utility. 

For each household, we find the value of k such that the household 
would be indifferent between living in the real economy with risky 
aggregate endowment, and living in an economy with a constant 
aggregate endowment equal to (1 − k) times the expected 
aggregate endowment of the real economy. 

. If k > 0, the household is willing to give up a fraction k of its 
consumption to eliminate aggregate risk. 

. If k < 0, aggregate risk gives the household a welfare gain 
equal to a fraction k of consumption. 
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Measuring the welfare cost of aggregate risk: 

Schulhofer-Wohl (2008) shows that the welfare cost depends only 
on the household’s risk aversion γi , not on its endowment share or 
the size of the economy: 

γi /(1−γi ) 
∗ )−(1−γi )/γik(γi ) = 1  − πs (p ,s 

s 

∗where πs p is the equilibrium price of a claim to one unit of s 
consumption in state s. 

For γi sufficiently close to zero, k(γi ) is negative, which means the 
household has a welfare gain from aggregate risk. The gain arises 
because the household is selling so much insurance to more 
risk-averse households that the resulting risk premiums more than 
offset the risk the household faces. 
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Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 

Results: 
.	 Welfare losses for households with the mean risk tolerance of 

1 are on the order of 1% of mean consumption, or about 10 
times what has been estimated for the United States. 

.	 The estimates also show that allowing heterogeneity matters 
dramatically for the results: the welfare costs are typically two 
to three times as large if we assume all households have 
identical risk preferences. 

.	 In each village, the more risk tolerant a household is, the 
smaller its welfare cost of aggregate risk. 

.	 Households that are sufficiently close to risk neutral have 
welfare gains from aggregate risk: their welfare cost is less 
than zero. 

55www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

510
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Policy question: can well-intended interventions result in 
welfare losses - Chiappori et al. (2012) 
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Courtesy of Pierre-Andre Chiappori, Krislert Samphantharak, Sam Schulhofer-Wohl, and Robert M. Townsend. Used with permission.
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Tazhibayeva and Townsend (2012) “The Impact of Climate 
Change on Rice Yields: Heterogeneity and Uncertainty” 

Basis risk may be larger than we think due to within-village 
heterogeneous impact of village-level rainfall shocks. Rice farmers 
choose based on soil, hydrology, water flow, to plant at different 
times, meaning a common rainfall shocks hits farmers differentially. 

We specify a three-stage production function for rice cultivation 
which incorporates the sequential nature of both production 
shocks, including weather, and input choices based on sequentially 
updated information sets of history of realized shocks and observed 
changes in crop growth. The production function is CES across 
stages, thus taking into account substantial complementarities 
between different phases of the biophysical crop growth process, in 
contrast to the substitute nature of commonly used Cobb-Douglas 
specification. 
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Rainfall insurance: why is take up low -
Tazhibayeva and Townsend (2012) 

Taking advantage of detailed panel data, we are able to distinguish 
two dimensions of the effect of climate change on rice yields: 

. The extent of heterogeneity in yield distributions across 
households, both in means and in variation, or uncertainty, 
that is present under a given climate, and how this cross 
sectional heterogeneity in means and variation is affected by 
climate change. 

. How climate change affects yield uncertainty from the 
household’s perspective. 
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Rainfall insurance: why is take up low -
Tazhibayeva and Townsend (2012) 

We consider two alternative climate change scenarios for Southeast 
Asia, one with mild increases of temperature and rainfall 
throughout the year and the other with more extreme temperature 
increases and less rainfall during months of rice cultivation. 

We find that from a household’s perspective, mean yields decrease 
with more severe climate change. While this decrease is 
statistically significant, its magnitude is low. There is no significant 
change in mean household yields for a milder climate change. Yet 
at the same time, heterogeneity in mean yields across households, 
in the cross section, increases for both alternative climate change 
scenarios. From the perspective of the farmer, uncertainty in the 
distribution of yields decreases in the more extreme climate. 
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Rainfall insurance: why is take up low -
Tazhibayeva and Townsend (2012) 

Set up: 
fi (yi−1, xi , εi ) =⎛ ⎞1/γiγiNi ⎠ = Ai ⎝θi (yi−1 exp(εi−1))
γi + (1  − θi ) Bi

 
x αin exp(εi )in 

n=1 

where i ∈ {1, 2, 3} indexes the three production stages, and εi are 
stage-specific production shocks, including weather. 

Households are forward looking and make expectations of weather 
and prices into the future based on current information. The 
timing of planting is incorporated through its effect on the timing 
of stages and therefore on the weather realization for a given plot. 
While weather is mostly uniform within a village, or even across 
nearby villages, its impact is heterogeneous as farmers plant at 
different time. 
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Rainfall insurance: why is take up low -
Tazhibayeva and Townsend (2012) 

CES: 
Lack of flexibility in adjusting timing of inputs use once production 
has started. Thus input choices are driven more by the demands of 
the current state of the crop, prior to realization of all weather 
shocks, and less by expectations of future weather shocks. 

Cobb-Douglas: 
Substantial flexibility in timing of inputs application even after 
planting has started. Consequently, input choices are driven by 
expectations of future weather shocks and current weather 
realizations, with current and future inputs being substituted for 
one another depending on the relative effect of current versus 
expected impact of weather realizations. That is, the important 
factor in farmer’s decisions is farmer’s weather expectations once 
planting has started. As a result, Cobb-Douglas specification does 
not capture heterogeneity in planting time. 
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Rainfall insurance: why is take up low -
Tazhibayeva and Townsend (2012) 

Courtesy of Kamilya Tazhibayeva and Robert M. Townsend. Used with permission.
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Kapphan (2012) “Weather Risk Management in Light of 
Climate Change Using Financial Derivatives” 

The main objective of this paper is to propose a method for 
structuring index-based weather insurance such that it yields 
optimal hedging effectiveness for the insured without imposing 
functional form assumptions on the relationship between crop 
yields and weather, using a fully non-parametric approach. In 
addition, to account for transaction costs, a weather contract is 
derived that maximizes an insurer’s profits such that the insured 
still considers the loaded contract as a viable purchase (for a given 
level of risk aversion). 
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Appropriate design of rainfall instruments -
Kapphan (2012) 

Rather than restricting attention to piecewise linear contracts in 
the first place, I determine the classical parameters of a derivative 
contract (trigger and limit) from the optimization problem and in 
addition derive the local slope of the pay-off function (tick size) at 
each realization of the underlying index. 

Simulated weather and crop yield data is used, which represents a 
maize-growing region in Switzerland, and is derived from a 
process-based crop simulation model in combination with a 
weather generator. 

In the Over-the-Counter (OTC) weather derivative market, generic 
weather derivatives are offered that possess a linear payoff structure 
in contrast to the non-linear contracts considered here. I find that 
hedging weather risk with linear contracts decreases the insured’s 
hedging benefits, as well as the insurer’s profits, by about 20 to 24 
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Appropriate design of rainfall instruments -
Kapphan (2012) 

With climate change putting an end to stationarity of weather and 
yield time series, a fundamental assumption underlying risk 
management is undermined. 

Adjusted insurance contracts are simulated that account for the 
changing distribution of weather and yields due to climate change. 
For the underlying location, crop and climate scenario, I find that 
the benefits of hedging weather with adjusted contracts almost 
triple for the insured (relative to contracts based on today’s 
climatic conditions), and insurers’ expected profits increase by 
about 240% when offering adjusted contracts. 
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Appropriate design of rainfall instruments -
Kapphan (2012) 

Farmers face a stochastic yield y ∈ Y ≡ [y , y ].  
The distribution of output, F (y |z), depends on the weather  
variable z with cdf G (z).  

The farmers’ expected utility maximizing contract p ∗(z) solves 

max u(y + p(z))dF (y |z)dG (z) 
p(z) Z Y 

subject to the constraint that the insurer does not make losses 
with the weather insurance contract p(z) in expectation: 

p(z)dG (z) ≤ 0 
Z 

.  
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Appropriate design of rainfall instruments -
Kapphan (2012) 

Courtesy of Ines Kapphan. Used with permission.

Figure 2.3: Conditional yield density and insurance contract for Index 2  
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Appropriate design of rainfall instruments -
Kapphan (2012) 

Examining the relationship between pay-offs and the frequency of 
payments, I find that the optimal insurance contract offers high 
levels of protection for catastrophic weather events that occur with 
very low probabilities. At the same time, the optimal insurance 
contract offers moderate payments for small deviations from 
average weather conditions. 

For all contracts considered, I find that the insured breaks-even, 
i.e. receives an indemnification that compensates for the premium, 
in 48% of the cases. 
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Estimating degree of co-movement in consumption  

Suri (2011) deals with the reflection problem, estimating the 
degree of co-movement in consumption. She does this by 
contrasting within-village insurance (from idiosyncratic shocks) 
with across-village insurance (from aggregate village shocks). She 
shows that village income shocks are not covariate. 

But is it necessarily the case in other countries that insurance is 
actually worse across villages or regions? Paweenawat and 
Townsend (2011) and Hong (2013) reject that even in point 
estimates. Remittances seem to play a huge smoothing role. 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

The test proposed in this paper measures the extent of local risk 
sharing, i.e. how far from Pareto optimality households are. 

Since the village is presumed to be the relevant risk sharing group, 
the between village response to shocks estimates the behavioral 
response if there was no risk sharing within the villages. It 
therefore serves as an important benchmark or ‘norm’ for what the 
counterfactual of no risk sharing at the village level would look 
like. 

The estimator is adapted from an estimator derived in the peer 
effects literature for an experimental setting (see Boozer and 
Cacciola (2001)). 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

Assuming homogeneous risk aversion: 

= β ̄Cij Cj + δSij + φAij + γZj + �ij 

Cij is the consumption for household i in village j .  
¯ Cj is the average consumption for village j .  

Sij is income shock of household i in village j .  

Aij are household level demographics.  

Zj are any village level covariates.  
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

Within-village: 

Cij − C̄j = (Sij − S̄j )δW + (Aij − Āj )φ
W + �ij − �̄j 

Between-village: 

¯ ¯Cj = Sj δB + Āj φ
B + Zj γ

B + �̄j 

Contrast estimator: 
δ̂W 

β̂ = 1  − 
δ̂B 

Perfect risk sharing test: joint test of β = 1  and  δW = 0,  which  
requires δW = 0  and  δB  = 0.  As  δB goes towards zero, the test 
approaches zero power. 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

The panel version of the estimator would basically use the first  
differences in consumption instead of the levels of consumption.  

With heterogeneity in the rates of risk aversion (and hence in the 
regression coefficients), as long as the shocks to income are 
uncorrelated with the risk aversion, the contrast estimator 
estimates the average beta in the sample. 

Boozer and Cacciola (2001) show that this is equivalent to a 
particular IV estimator, with specification not in terms of average 
village consumption but in terms of the leave-out mean village 
consumption (mean of the village excluding the specific 
household), which is then instrumented with the leave-out mean 
village shock while controlling (in both stages of the IV regression) 
for the individual shock. 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

An estimated β̂ coefficient different from one could imply any or 
all of the following: 

1.	 The relevant risk sharing group is not the village but some 
other group, like ethnicity, caste, gender or a combination of 
these. 

2. The relevant risk sharing group is the village, but individuals  
in the risk sharing groups are not fully insuring each other.  

3.	 Individuals are in fact not smoothing consumption over space, 
but instead they are insuring with their future selves. 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

Kenya results: 

. Use per capita specifications of maize consumption and crop 
consumption. 

. Cannot reject β = 1 (reject weakly at 10% significance level 
for log specification). 

.	 For level crop consumption, δ̂B is not different from zero. In 
all other cases, both δ̂W and δ̂B are significant, and β̂ ranges 
from 0.4 to 0.7. 

. Results are similar with and without accounting for household 
FE. 

. For village specification: 
. Cannot reject perfect risk sharing. 
. Cannot reject small amounts of risk sharing. 
. Reject no risk sharing. 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

Cote d’Ivoire results:  
. Use per capita specifications of food consumption and total 

consumption. 
. Reject β = 1 for level specifications without household FE. 
. Cannot reject β = 1 for log specifications without household 

FE or for any specification with household FE (FD). 
. For log total consumption, δ̂B is not different from zero (both 

with and without household FE). In all other cases, both δ̂W 

and δ̂B are significant, and β̂ ranges from 0.5 to 0.8. 
. For log food specification with household FE, δ̂W 

different from zero. 
is not 
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Suri (2011) “Estimating the Extent of Local Risk Sharing 
Between Households” 

Relevant policy questions: 

At what level of geographic aggregation does local risk sharing 
break down? 

What level of regional aggregation should government policy be 
targeted to? 

How widespread do income shocks in an economy have to be to 
warrant a role for government policy? 
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Conflicting evidence on consumption smoothing from 
Thailand 

Paweenawat and Townsend (2011) “Village Economic 
Accounts: Real and Financial Intertwined” 

Using the household panel data from Townsend Thai data, we 
create the economic and balance of payments accounts for a set of 
villages in rural and semi-urban areas of Thailand. We then study 
these village economies as small open countries, as in international 
economics, exploring in particular the relationship between the real 
(production and trade) and financial (credit and financial flows) 
variables. We examine inter-village risk-sharing and the 
Feldstein-Horioka puzzle. 
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Paweenawat and Townsend (2011) “Village Economic 
Accounts: Real and Financial Intertwined” 

We use the contrast estimator specification developed in Suri 
(2011) to estimate the risk-sharing coefficient. Our results suggest 
that within-village consumption-against-income risk-sharing is 
better that across-village and, while there is smoothing in both, 
the mechanisms are different. In both cases, the estimate of 
risk-sharing coefficient is significantly different from perfect risk-
sharing. 

We do find complementary evidence using a mean squared metric, 
differences in consumption financing mechanisms within versus 
across villages. Within village, there is greater use of gifts but in a 
typical village’s relationship with the rest of the economy, there is 
greater use of cash and formal borrowing. 
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Consumption Risk-Sharing  
•  =  

 +ߙ + 
௧ and we can estimate:  ܥ ,௧ ߝ,௧௩

are the consumption and income of household 

ҧ ܥ௧
Following Suri (2011), we use the contrast estimator to overcome this ҧ ௩ܻതߜ+ߙ=௩ߙܥ െ ௩ߙ ௐߜ ܻ	ത Ƹ 

=  ,௧ܻߜ +ܻ and 
is the average consumption of households in village ௧௩ҧܥ

ҧെ ௩ܥ ) = ( ) +  ( ,௧ 
First equation is between regression and second is within regression 

•	 We can estimate ߚ as: ߜመௐߚመ = 1െ ߜመ 

• 

Full risk-sharing model suggests that ௩ߙ+ ܥߚܥ ҧ , ௧ ܥ ݅ , , ௧ݐ ௧where ݒ  in village ݒ  in 
, , 

 in time ݐ , ,  
time  

Deaton(1990) shows that the OLS estimation of  ߚ will be biased toward 1.  
.  

•  
 ߝ  • + ௧ 

problem:  ௧ ௩,௧െ തܻ௩ ) + ,௧ െߝ ܥƸ௩, ൫ߝ ௧ ௧ ௧ ௧, , , , , 
•  

We can do this analysis at household level as well as at village level or 
provincial level. 
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Table of Contents 
Risk and insurance in village India 
Policy question: the effectiveness of financial 
institutions 
Policy question: the role of neglected 
informal finance 
Policy question: can well-intended 
interventions result in welfare losses 
Rainfall insurance: why is take up low 
Appropriate design of rainfall instruments 
Identifying implicit obstactes to take up 
evidence from actual interventions 
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Low take up of formal insurance (identifying implicit 
obstacles) - evidence from actual interventions 

.	 Karlan, Osei, Osei-Akoto, Udry (2012) “Agricultural Decisions 
after Relaxing Credit and Risk Constraints” 

.	 Cole, Gine, Tobacman, Topalova, Townsend, and Vickery, 
(2013) “Barriers to Household Risk Management: Evidence 
from India” 

.	 Mobarak and Rosenzweig (2012) “Selling Formal Insurance to 
the Informally Insured” 

.	 Gine and Yang (2009) “Insurance, credit, and technology 
adoption: Field experimental evidence from Malawi” 
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Karlan, Osei, Osei-Akoto, Udry (2012) “Agricultural  
Decisions after Relaxing Credit and Risk Constraints”  

We experimentally manipulate the financial environment in which 
farmers in northern Ghana make investment decisions. We do so 
by providing farmers with cash grants, grants or access to purchase 
rainfall index insurance or both. The experiments are motivated by 
a simple model which starts with perfect capital and perfect 
insurance markets, and then shuts down each. To test the model 
predictions, we turn to a three-year multi-stage randomized trial. 
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Low take up of formal insurance 
Karlan, Osei, Osei-Akoto, Udry (2012) 

Main results: 
.	 Demand for index insurance is strong, and insurance leads to 

significantly larger agricultural investment and riskier 
production choices in agriculture: when provided with 
insurance against the primary catastrophic risk they face, 
farmers are able to find resources to increase expenditure on 
their farms. 

.	 Demand for insurance in subsequent years is strongly 
increasing in a farmer’s own receipt of insurance payouts, and 
with the receipt of payouts by others in the farmer’s social 
network. 

.	 Both investment patterns and the demand for index insurance 
are consistent with the presence of important basis risk 
associated with the index insurance, and with imperfect trust 
that promised payouts will be delivered. 
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Low take up of formal insurance 
Karlan, Osei, Osei-Akoto, Udry (2012) 

Environment: 
.	 Agriculture in northern Ghana is almost exclusively rainfed. 

Thus weather risk is significant and index insurance on rainfall 
has promise. 

.	 If risk is discouraging investment, and marginal return on 
investments are high, the returns to removing risk could be 
high. 

.	 We have strong evidence that rainfall shocks translate directly 
to consumption fluctuations (Kazianga and Udry, 2006). Thus 
mitigating the risks from rainfall should lead to not just higher 
yields but also smoother consumption. 
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Low take up of formal insurance 
Karlan, Osei, Osei-Akoto, Udry (2012) 

2-period model:  
u(c) +  β πs u(cs )  

s∈S 

Model assumptions: The household is a member of an informal 
risk sharing group which permits the efficient ex-post pooling of all 
risk. This informal risk sharing operates such that every household 
consumes the expected value of its second period consumption in 
any realized second period state. We assume that the risk pooling 
group is sufficiently diverse that there is no aggregate risk. This 
extreme assumption serves to focus on the implications of binding 
credit constraints in the absence of any risk-based motivation for 
moving resources across periods. 

88
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Low take up of formal insurance 
Karlan, Osei, Osei-Akoto, Udry (2012) 

Model predictions: 
With binding credit constraints (either with or without 
complete insurance markets), investment rises with a capital 
grant and falls when insurance is provided: 

.	 The capital grant reduces the shadow price of the binding 
borrowing constraint, raising the relative value of consumption 
in the future and therefore inducing higher investment in 
agricultural inputs. 

.	 In contrast, the promise of future resources through insurance, 
even in the bad state, increases that shadow price and lowers 
the relative value of consumption in the future. Hence 
investment in agricultural inputs falls with promised 
contingent payments. 
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Low take up of formal insurance 
Karlan, Osei, Osei-Akoto, Udry (2012) 

Model predictions: 
When credit constraints are not binding but insurance is 
imperfect, investment rises with the provision of insurance or a 
capital grant: 

.	 The cash grant increases cash on hand, saving in the safe 
asset and thus consumption in either state of the second 
period, implying more investment in the risky asset. Index 
insurance directly increases consumption in the low state of 
period 2, implying greater investment in the risky asset. 
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Risk and Return in Village Economies  

Krislert Samphantharak (UCSD)
Robert M. Townsend (MIT) 

February 19, 2013 
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Main Objectives  

• Present a model for a study of risk and return of household’s productive 
assets in developing economies 

• Application: Measure risk-adjusted return, and use it to analyze productivity of
assets of household enterprises 
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Contribution  

• Some development economics literature considers risk faced by households 
and its enterprises but few (or none) does not consider household risks as a
co-movement with the market or aggregate economy 

• This paper defines and measures risk of household assets in a way 
consistent with economic and finance theory 

• Return to household enterprises estimated in many studies may incorporate 
risk premium as a part of the return, in addition to the measure of productivity 

• Households with higher return could be the households with risky 
production technology rather than with higher productivity 

• This paper uses risk-adjusted return as a measure of productivity 

• In sum, this paper argues for the necessity of high-frequency household 
survey for the study of risk and return of household enterprises 
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Summary of Our Findings  

• A major prediction from our model seems to hold in townships: Higher risk (as
measured by beta) is associated with higher expected (average) return on 
assets 

• Robust when allowing for time-varying exposure to risk, human capital, 
and time-varying stochastic discount factor 

• In contrary to the predictions from the model, idiosyncratic risk is positively 
associated with expected return on assets 

• We find that exposure to both aggregate and idiosyncratic risks of the 
household is negatively correlated with average age of household members 
and initial wealth of the households, and positively associated with household
head being male and initial leverage (debt to asset ratio) of the household. 

• In addition, aggregate risks are also negatively correlated with the education 
attainment of the household heads 

• Finally, adjusted for risks, the returns on household enterprises tend to be 
lower for the households with male head and with lower initial wealth 
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A Basic Model  

•	 J households, indexed by j = 1, 2,... J 
•	 I production activities, indexed by i = 1, 2,... I, that utilize capital as the only

input 
• Each production technology delivering the same consumption good is 

linear in capital 

• At the beginning of each period, the economy starts with aggregate wealth, 
W, which consists of: 

• The assets held from the previous period (“the trees”) 
• The net income generated by all of the assets held by household j, net of

depreciation,  (“the fruit”) 
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A Basic Model - 2  

• The social planner then chooses current transfer to each household j, 

c

• The current period consumption of household j is 
I 

j = ∑rj
ikij + τ j 

i=1 

• The social planner also chooses the assets to be allocated to each activity run
by the household in the following period 
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A Basic Model - 3  

• The value function of the social planner is 

⎛ J ⎛ I ⎞ ⎞
V W( ) = max λ ju j ikij + τ j +φE V W / 

⎝⎜
∑ ⎝⎜∑rj ⎠⎟ 

⎡⎣ ( )⎤⎦⎠⎟i/τ j ,k j j=1 i=1 

subject to aggregate resource constraint 

J I J I 

∑⎛∑rj
ikij + τ j 

⎞ 
+ ∑∑kij

/ = W ,
⎝⎜ ⎠⎟ j=1 i=1 j=1 i=1 

W is the aggregate wealth of the whole economy at the beginning of the 
current period, i.e. 

J I 

W = ∑∑(1+ rj
i )kij

j=1 i=1 
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A Basic Model - 4 

• Therefore, the value function can be rewritten as 

J I ⎛ J I J I ⎞⎛ ⎞ ⎛ ⎞ ⎡ ⎛ ⎞ ⎤i i i i/ i/V 1+ rj ⎠⎟ 
= max ik j +φE V 1+ rj⎝⎜

∑∑( )kj τ j ,k j 
⎜∑λ ju j ⎝⎜∑rj + τ j ⎠⎟ ⎢ 

⎝⎜
∑∑( )kj ⎠⎟ ⎥⎟ j=1 i=1 

i/ 
⎝ j=1 i=1 ⎣⎢ j=1 i=1 ⎦⎥⎠ 

I 

∑ 
J J I 

τ j + kij
/ = kij . 

j=1 j=1 i=1 j=1 i=1 
∑∑

subject to the aggregate resource constraint 

J 

∑∑
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A Basic Model - 5  

• The first-order conditions imply

[τ j ] : λ ju jc (cj ) = µ for all j

[kij
/ ] :φE VW W / ) 1+ rj

i/ ⎤⎦ = µ⎡⎣ ( ( ) for all i and all j  

where  µ is the shadow price of consumption in the current period  

• Note that this setup assumes a close economy 
• We can generalize and allow the economy to have external borrowing and

lending, i.e. small-open economy by redefining W = W − (1+ r)D + D / 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

555
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



                          

A Basic Model - 6  

• Finally, for each i and j, we get 

W / i/φE VW ⎡ W / ⎤
1 = 

⎡⎣ ( )(1+ rj )⎤⎦ = E ⎢
φVW ( ) (1+ rj

i/ )⎥ = E ⎡⎣m
/ Ri

j
/ ⎤⎦µ µ⎢ ⎥⎣ ⎦ 

i/ i/ φVW (W / )where  Rj = 1+ rj and m / =
µ 
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A Basic Model - 7  

• Remarks: 
m /•	        is a stochastic discount factor, which is common across households 
and assets 

• This condition holds for each of the assets allocated to production 
activity i run by household j, for all i and all j. This equation is equivalent
to the “pricing equation” derived in the consumption-based asset pricing
model 

• This condition also holds for any of the portfolios constructed by any
combinations of the assets for all i and all j 

• The production technology is linear in capital 
• This implication allows us to study the risk and return of household 

portfolio of assets instead of the risk and return of each individual 
assets 
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A Basic Model - 8  

• Next, since E m / Ri
j
/ ⎤⎦ = E m / ⎤⎦ E Ri

j
/ ⎤⎦ + cov m / i/ ), we have⎡⎣ ⎡⎣ ⎡⎣ ( , Rj 

m / i/ i/1 = E ⎤⎦ E Rj ⎤⎦ + cov m /⎡⎣ ⎡⎣ ( , Rj ) 
i/ 

i/ 1 cov (m / , Rj ) var (m / )
E Rj ⎤⎦ = −⎡⎣ E ⎡⎣m

/ ⎤⎦ var (m / ) E ⎡⎣m
/ ⎤⎦ 

E Ri
j
/ ⎤⎦ = γ / + β λ⎡⎣ m / ,ij m / ,ij 
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A Basic Model - 9  

cov (m / , Ri
j
/ )

• We interpret  β 
m / ,ij = − 

var (m / ) as the “quantity” of the risk of the assets 

used in activity i by household j that cannot be diversified 

• In equilibrium, this risk is compensated by risk premium, which is proportional
to the “price” of the risk. The price of the risk is in turn equal to the common 
(normalized) non-diversifiable aggregate volatility of the economy, as 
measured by the inverse of the Sharpe ratio of the economy’s stochastic 

var (m / ) 
discount factor λ 

m / 
= 

m / E ⎡⎣ ⎤⎦ 

γ /•      is the risk-free rate, i.e. the rate of return on zero-beta assets with 
cov (m / , R /f ) = 0 

/ 1Rf = γ / = 
E ⎡⎣m

/ ⎤⎦ 
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A Basic Model - 10  

• Interpretation: / i/cov (RM , Rj )=• βM ,ij	 / = “quantity” of the risk of the assets used invar (RM )
activity i by household j that cannot be diversified 
= E Ri

j / ⎤⎦ − γ /• λM ⎡⎣                            = “price” of aggregate risk, as measured by market 

excess return 

γ /•	    = return on risk-free assets, i.e. the rate of return on zero-beta 
assets 

• In equilibrium, aggregate risk is compensated by risk premium, which is 
proportional to the “price” of the risk. The price of the risk is in turn equal to 
the common (normalized) non-diversifiable aggregate volatility of the 
economy 
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A Special Case: Quadratic Value Function 

• We consider a special case of quadratic value function 

( ) = −
η (W − W * )2 ,2which implies 

J I⎛	 ⎞
VW	 ⎝⎜

∑∑Rj 
i/ 

⎠⎟ 
= −η RM

/(W / ) = −η(W / − W * ) = −η i/kj − W * ( / kM − W * )
j=1 i=1 

where 
J I	 

∑∑ 

j=1 i=1 

J I J I 
i/ i/ 

∑ 
1 1j i= =

Ri
j
/ kj Ri

j
/kj 

V W	

/ /i∑∑k k= M j 

∑ 
J 

∑
/ j=1 i=1 j=1 i=1 

∑ 
=RM I	 /≡

k/i Mk j 
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A Special Case: Quadratic Value Function - 2  

• In this case, we have 
φη(RMkM − W * ) φηW * φηkMm / = − = − R ,M

/

µ µ µ 

m / / 

/ 

or = a − bRM , 

i/ 
i/ 1 cov (m / , Rj ) var (m / )⎡⎣ −• Since E Rj ⎤⎦ = 

E ⎡⎣m
/ ⎤⎦ var (m / ) E ⎡⎣m

/ ⎤⎦ 

we have 
/ i/ / 

i/ cov (a − bRM , Rj ) var (a − bRM )E Rj ⎤⎦ = γ / − / /
⎡⎣ var (a − bRM ) E ⎡⎣a − bRM ⎤⎦

//

/ i/ / 
i/ cov (RM , Rj ) ⎛ b var (RM ) ⎞E Rj ⎤⎦ = γ / + / / ⎟⎡⎣ ⎜ var (RM a − bE RM ⎤⎦) ⎝ ⎡⎣ ⎠ 
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A Special Case: Quadratic Value Function - 3  

• Finally, in this case we have a linear relationship between the expected return 
of an asset and its risk as measured by the comovement with the aggregate 
return 

E Ri
j / ⎤⎦ = γ / + βM ,ij λM⎡⎣ 

cov (RM
/ , Ri

j
/ ) where βM ,ij = / var (RM ) 

• This condition is equivalent to the relationship between risk and expected 
return derived in the traditional Capital Asset Pricing Model (CAPM) in asset 
pricing literature 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

563
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Complete Market Environments  

• Mechanisms behind Complete Market Outcome: Tradable Assets versus 
Consumption Reallocation 

• Although our empirical counterpart is parallel to what has been done in
traditional CAPM literature, the mechanisms that deliver the predicted 
allocation outcomes are different 

• Finance literature assumes that households (investors) have access to 
complete markets that allow them to trade their assets ex ante 

• Optimally allocated assets deliver the returns that the household 
uses to finance its consumption, ultimately maximizing its utility 
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Complete Market Environments - 3  

• In this study, households do not necessarily trade their assets ex ante, 
but given asset holding, complete markets in this economy arise from 
transfers between households in the economy that result in optimal ex 
post consumption allocation across household, i.e. consumption 
allocation under full risk sharing 

• These transfers could be through formal or informal financial 
markets, or through gifts within social networks 

• As long as these mechanisms leading to full risk sharing exists, then
the return on assets held by each household must satisfy the Euler 
equation 
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Complete Market Environments - 4  

• Chiappori, Samphantharak, Schulhofer-Wohl, and Townsend (2012) find 
evidence of nearly complete risk sharing for households with relatives living in
the same village 

• Consistent with studies by Samphantharak and Townsend (2010), and 
Kinnan and Townsend (2011) 

• Similar to the findings in Angelucci, De Giorgi, and Rasul (2011) for 
Mexico 

• Evidently, informal village institutions in Thailand provide risk sharing similar to
what is assumed in our model (and also implicitly assumed when researchers 
test capital asset pricing models using data from the modern financial 
markets) 
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Data  

• Townsend Thai Monthly Survey 
• Monthly panel data 
• Integrated household survey in rural Thailand 
• 4 townships (each with 4 villages) from 4 different provinces 

• Chachoengsao and Lopburi provinces in the more-developed Central
region near the capital Bangkok 

• Buriram and Srisaket provinces in the less-developed Northeastern 
region by the border of Cambodia 
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Data - 2  

• Overall sample in the survey: 
• Survey started in August 1998 with a baseline survey; monthly updates

began in September 1998 (month 1); still on-going (currently month 174) 
• About 45 households in each village 

• Sample included in this paper: 
• Month 5 to month 160 

• 156 months (13 full years); Jan 1999-Dec 2011 
• Only households present for the entire 156-month period are included in 

this study: 541 households 
• Salient feature of households: Pervasive networks of extended families 
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RemarksRemarksRemarks

variables are computed as of August 1998 (the initial baseline survey, i.e. Month 0).

Remarks

variables are computed as of August 1998 (the initial baseline survey, i.e. Month 0).

Remarks

variables are computed as of August 1998 (the initial baseline survey, i.e. Month 0).

Table 1 Descriptive Statistics of Networks in Village and TownshipTable 1 Descriptive Statistics of Networks in Village and TownshipTable 1 Descriptive Statistics of Networks in Village and Township 

Region 
Township (Province) 
Number of Observations 

CentralCentral 
Chachoengsao Lopburi 

129 140 

NortheastNortheast 
Buriram Srisaket 

131 141 
% of Households with relatives living in the same...% of Households with relatives living in the same...

 Village 
Township 

50.4% 
87.8% 

76.4% 
88.4% 

80.9% 
97.1% 

87.9%
94.0% 

Remarks The unit of observation is household. Relatives are defined as parents of household head, parents of householdThe unit of observation is household. Relatives are defined as parents of household head, parents of householdThe unit of observation is household. Relatives are defined as parents of household head, parents of householdThe unit of observation is household. Relatives are defined as parents of household head, parents of householdThe unit of observation is household. Relatives are defined as parents of household head, parents of householdThe unit of observation is household. Relatives are defined as parents of household head, parents of household 
head's spouse, siblings of household head or of household head's spouse, or children of household head. Networkhead's spouse, siblings of household head or of household head's spouse, or children of household head. Networkhead's spouse, siblings of household head or of household head's spouse, or children of household head. Networkhead's spouse, siblings of household head or of household head's spouse, or children of household head. Networkhead's spouse, siblings of household head or of household head's spouse, or children of household head. Networkhead's spouse, siblings of household head or of household head's spouse, or children of household head. Network 
variables are computed as of August 1998 (the initial baseline survey, i.e. Month 0).variables are computed as of August 1998 (the initial baseline survey, i.e. Month 0).variables are computed as of August 1998 (the initial baseline survey, i.e. Month 0).

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Table 2  Table 2  

RemarksRemarksRemarks

computed from all of the 156 months (January 1999 to December 2011).

Remarks

computed from all of the 156 months (January 1999 to December 2011).

Remarks

computed from all of the 156 months (January 1999 to December 2011).

Table 2 Revenue from Production Activities (% by Township)Revenue from Production Activities (% by Township)Revenue from Production Activities (% by Township) 

Region: CentralCentral NortheastNortheast 
Township (Province): Chachoengsao Lopburi Buriram Srisaket 
Production Activities

 Cultivation 13.2% 39.4% 13.5% 33.7%
 Livestock 21.0% 22.8% 1.0% 1.1%
 Fish and Shrimp 17.6% 0.0% 0.3% 1.6%
 Non-farm Business 28.8% 19.7% 59.2% 28.6%
 Wage Earning 18.4% 15.2% 22.6% 27.9% 

Number of Sampled Households 129 140 131 141 
Remarks The unit of observations is township. The percentage of revenue is the revenue of each productionThe unit of observations is township. The percentage of revenue is the revenue of each productionThe unit of observations is township. The percentage of revenue is the revenue of each productionThe unit of observations is township. The percentage of revenue is the revenue of each productionThe unit of observations is township. The percentage of revenue is the revenue of each productionThe unit of observations is township. The percentage of revenue is the revenue of each production 
activity from all households in our sample divided by the total revenue from all activities. The revenues areactivity from all households in our sample divided by the total revenue from all activities. The revenues areactivity from all households in our sample divided by the total revenue from all activities. The revenues areactivity from all households in our sample divided by the total revenue from all activities. The revenues areactivity from all households in our sample divided by the total revenue from all activities. The revenues areactivity from all households in our sample divided by the total revenue from all activities. The revenues are 
computed from all of the 156 months (January 1999 to December 2011).computed from all of the 156 months (January 1999 to December 2011).computed from all of the 156 months (January 1999 to December 2011).

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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PercentilesPercentiles PercentilesPercentiles

CentralCentralCentralCentralCentralCentral
ChachoengsaoChachoengsao LopburiLopburi

NortheastNortheastNortheastNortheastNortheastNortheast
BuriramBuriram SrisaketSrisaket

Remarks

Table 3 Descriptive Statistics of Household Characteristics, By TownshipTable 3 Descriptive Statistics of Household Characteristics, By TownshipTable 3 Descriptive Statistics of Household Characteristics, By TownshipTable 3 Descriptive Statistics of Household Characteristics, By Township 

Number of Percentiles Number of Percentiles 
Observations 25th 50th 75th Observations 25th 50th 75th 

Region CentralCentralCentral 
Township (Province) ChachoengsaoChachoengsao LopburiLopburi 
As of December 1998:

 Household size 129 3.0 4.0 6.0 140 3.0 4.0 5.0
 Male 129 1.0 2.0 3.0 140 1.0 2.0 3.0
 Female 129 1.0 2.0 3.0 140 1.0 2.0 3.0
 Male, age 15-64 129 1.0 1.0 2.0 140 1.0 1.0 2.0
 Female, age 15-64 129 1.0 1.0 2.0 140 1.0 1.0 2.0

 Average age 129 29.3 36.3 44.5 140 25.6 32.3 42.0
 Max years of education 129 6.0 9.0 12.0 140 4.2 6.0 9.0
 Total Assets (Baht) 129 380,465 1,109,228 3,636,334 140 336,056 1,074,082 2,387,329 

156-Month Average (January 1999-December 2011):156-Month Average (January 1999-December 2011):
 Monthly Income (Baht) 129 7,561 13,696 23,637 140 5,836 10,486 20,765
 Total Assets (Baht) 129 857,892 1,745,109 4,275,229 140 653,339 1,645,757 3,052,390

 Fixed Assets (% of Total Assets) 129 37% 61% 80% 140 40% 59% 71%
 Total Liability (Baht) 129 8,470 31,455 105,216 140 34,595 121,412 285,300
 Liability to Asset Ratio 129 0% 2% 6% 140 4% 8% 16% 

Region NortheastNortheastNortheast 
Township (Province) BuriramBuriram SrisaketSrisaket 
As of December 1998:

 Household size 131 3.0 4.0 5.0 141 4.0 5.0 6.0
 Male 131 1.0 2.0 3.0 141 2.0 2.0 3.0
 Female 131 1.0 2.0 3.0 141 2.0 2.0 3.0
 Male, age 15-64 131 1.0 1.0 2.0 141 1.0 1.0 2.0
 Female, age 15-64 131 1.0 1.0 2.0 141 1.0 1.0 2.0

 Average age 131 20.9 27.6 39.3 141 25.2 32.0 36.3
 Max years of education 131 4.0 6.0 8.3 141 5.3 7.0 10.3
 Total Assets (Baht) 131 356,201 572,491 947,314 141 156,313 387,634 881,455 

156-Month Average (January 1999-December 2011):156-Month Average (January 1999-December 2011):
 Monthly Income (Baht) 131 2,073 3,677 5,584 141 2,160 3,672 5,276
 Total Assets (Baht) 131 503,434 741,882 1,114,981 141 317,444 577,064 1,048,213

 Fixed Assets (% of Total Assets) 131 39% 57% 69% 141 35% 63% 75%
 Total Liability (Baht) 131 24,316 56,805 109,264 141 23,471 42,932 75,531
 Liability to Asset Ratio 131 3% 8% 17% 141 4% 9% 17% 

Remarks The unit of observations is household.The unit of observations is household. 

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Return on Assets  

• We use return on household total assets from all productive activities 
• Crop cultivation; livestock; fish & shrimp farming; and household 

business 
• Include both real and financial assets held by the households 
• Do not attempt to separate returns on different types of assets, i.e. 

consider household assets as portfolio of productive assets used in 
various activities 

• We use average return on assets 
• Do not attempt to estimate production function in this paper 
• In effect assuming linear production technology, i.e. average return 

equals to marginal return 
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Return on Assets - 2  

• Construction of ROA 
• Step 1: Construction of household financial accounts by household, by

month 
• Samphantharak and Townsend, Households as Corporate Firms, 

2010 
• Step 2: Compute “adjusted net income” 

• Net income subtracts compensation to household own labor 
• Townsend and Yamada, 2008 

• Step 3: Compute “adjusted ROA” = Adjusted net income divided by
household total fixed assets 

• ROA is real return, adjusted for inflation using regional inflation rates 
from Bank of Thailand 
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Percentiles Percentiles

CentralCentralCentralCentralCentralCentral
ChachoengsaoChachoengsao LopburiLopburi

NortheastNortheastNortheastNortheastNortheastNortheast
BuriramBuriram SrisaketSrisaket

is households. Unadjusted ROA is return on total assets, not adjusted for household’s labor contribution to 
reported in annualized percentage. Mean and standard deviation of ROA are computed from monthly adjusted 

over 156 months (January 1999 to December 2011). Sharpe ratio is computed as the standard deviation of ROA 
of the mean ROA. Adjusted ROA is return on total assets, adjusted for household’s labor contribution to their own 

Remarks Unit of Unadjusted ROA is return on total assets, not adjusted for household’s labor contribution to 
their own business percentage. Mean and standard deviation of ROA are computed from monthly adjusted 
ROA for each (January 1999 to December 2011). Sharpe ratio is computed as the standard deviation of ROA 
divided by absolute Adjusted ROA is return on total assets, adjusted for household’s labor contribution to their own 
business enterprises.

Remarks Unit of observations is ROA is return on total assets, not adjusted for household’s labor contribution to 
their own business enterprises, reported in Mean and standard deviation of ROA are computed from monthly adjusted 
ROA for each household over 156 to December 2011). Sharpe ratio is computed as the standard deviation of ROA 
divided by absolute value of the mean ROA is return on total assets, adjusted for household’s labor contribution to their own 
business enterprises.

Remarks Unit of observations is households. return on total assets, not adjusted for household’s labor contribution to 
their own business enterprises, reported in annualized and standard deviation of ROA are computed from monthly adjusted 
ROA for each household over 156 months (January 2011). Sharpe ratio is computed as the standard deviation of ROA 
divided by absolute value of the mean ROA. on total assets, adjusted for household’s labor contribution to their own 
business enterprises.

Remarks Unit of observations is households. Unadjusted ROA is assets, not adjusted for household’s labor contribution to 
their own business enterprises, reported in annualized percentage. deviation of ROA are computed from monthly adjusted 
ROA for each household over 156 months (January 1999 to ratio is computed as the standard deviation of ROA 
divided by absolute value of the mean ROA. Adjusted ROA is adjusted for household’s labor contribution to their own 
business enterprises.

Remarks Unit of observations is households. Unadjusted ROA is return on not adjusted for household’s labor contribution to 
their own business enterprises, reported in annualized percentage. Mean and deviation of ROA are computed from monthly adjusted 
ROA for each household over 156 months (January 1999 to December 2011). ratio is computed as the standard deviation of ROA 
divided by absolute value of the mean ROA. Adjusted ROA is return on total adjusted for household’s labor contribution to their own 
business enterprises.

Remarks Unit of observations is households. Unadjusted ROA is return on total for household’s labor contribution to 
their own business enterprises, reported in annualized percentage. Mean and are computed from monthly adjusted 
ROA for each household over 156 months (January 1999 to December 2011). as the standard deviation of ROA 
divided by absolute value of the mean ROA. Adjusted ROA is return on total assets, labor contribution to their own 
business enterprises.

Remarks Unit of observations is households. Unadjusted ROA is return on total assets, not labor contribution to 
their own business enterprises, reported in annualized percentage. Mean and standard deviation of from monthly adjusted 
ROA for each household over 156 months (January 1999 to December 2011). Sharpe ratio is deviation of ROA 
divided by absolute value of the mean ROA. Adjusted ROA is return on total assets, adjusted for contribution to their own 
business enterprises.

Remarks Unit of observations is households. Unadjusted ROA is return on total assets, not adjusted for to 
their own business enterprises, reported in annualized percentage. Mean and standard deviation of ROA are adjusted 
ROA for each household over 156 months (January 1999 to December 2011). Sharpe ratio is computed as the of ROA 
divided by absolute value of the mean ROA. Adjusted ROA is return on total assets, adjusted for household’s to their own 
business enterprises.

Remarks Unit of observations is households. Unadjusted ROA is return on total assets, not adjusted for household’s labor
their own business enterprises, reported in annualized percentage. Mean and standard deviation of ROA are computed from
ROA for each household over 156 months (January 1999 to December 2011). Sharpe ratio is computed as the standard
divided by absolute value of the mean ROA. Adjusted ROA is return on total assets, adjusted for household’s labor
business enterprises.

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

                   
                  
                     

                     

Table 4 Descriptive Statistics of Return on Assets: Quartiles by TownshipTable 4 Descriptive Statistics of Return on Assets: Quartiles by TownshipTable 4 Descriptive Statistics of Return on Assets: Quartiles by TownshipTable 4 Descriptive Statistics of Return on Assets: Quartiles by TownshipTable 4 Descriptive Statistics of Return on Assets: Quartiles by Township 

Number of PercentilesPercentiles Number of PercentilesPercentiles 
Observations 25th 50th 75th Observations 25th 50th 75th 

Region: CentralCentralCentral 
Province (Township): ChachoengsaoChachoengsao LopburiLopburi 
Unadjusted ROA

 Mean 129 -0.52 1.81 6.62 140 1.95 5.03 9.98
 Standard Deviation 129 3.90 7.48 16.60 140 10.24 16.54 24.75
 Sharpe Ratio 129 0.24 0.37 0.59 140 0.19 0.32 0.50 

Adjusted ROA
 Mean 129 -1.72 0.38 3.99 140 -1.67 1.46 4.53
 Standard Deviation 129 4.38 7.56 16.61 140 10.16 16.51 24.77
 Sharpe Ratio 129 0.18 0.32 0.50 140 0.11 0.21 0.31 

Region: NortheastNortheastNortheast 
Province (Township): BuriramBuriram SrisaketSrisaket 
Unadjusted ROA

 Mean 131 0.18 2.02 4.78 141 2.78 5.15 9.58
 Standard Deviation 131 8.68 13.98 22.90 141 10.60 17.77 31.20
 Sharpe Ratio 131 0.09 0.16 0.26 141 0.21 0.29 0.41 

Adjusted ROA
 Mean 131 -1.32 0.28 1.56 141 0.21 1.99 4.29
 Standard Deviation 131 8.38 13.92 22.59 141 10.16 16.78 26.87
 Sharpe Ratio 131 0.06 0.11 0.25 141 0.09 0.17 0.25 

Remarks Unit of observations observations is households. households. Unadjusted Unadjusted ROA is return on total total assets, assets, not adjusted adjusted for household’s household’s labor contribution contribution to 
their own business enterprises, enterprises, reported in annualizedannualized percentage.percentage. Mean Mean and standard standardstandard deviation of ROA ROA are computed computed from monthly monthly adjusted 
ROA for each household household over 156 months months (January 1999 1999 to December December 2011). Sharpe SharpeSharpe ratio is computed computed as the standard standard deviation deviation of ROA 
divided by absolute value value of the mean ROA. ROA. Adjusted Adjusted ROA is return return on total assets, assets, adjusted for household’s household’s labor labor contribution contribution to their own 
business enterprises. 

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Risk and Return: Township as Market  

• Assumptions: 
• Risk-free rate = 0 (Rf = 1) 

• Assume that households hold assets with returns co-moving with 
inflation, i.e. assets with real zero return 

• Relax this assumption later 
• Expected returns computed from time-series average over 156 months 
• Market = Village 

• Market return Rm = Average township ROA 
• For each household, the corresponding average township ROA 

excludes household’s own ROA (to minimize problem from 
measurement errors) 

• Extensions: Use province and entire sample as market instead 
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Risk and Return: Township as Market - 2  

• Step 1: Compute household beta from a simple time-series regression for each 
HH 

/ = α j + β jRM ,t + ε j ,tRj ,t 

• Step 2: Cross-sectional regression for each township, using time-series average
T 

/ = /                    as proxy for expected return E R jRj ∑Rj ,t ( ) 
t=1  

Rj
/ = α + λβ j + η j . 

λ = E RM• In theory, the null hypotheses from the model are that ,  ( ) and that the 
constant term α is zero 
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Panel A: Constant BetaPanel A: Constant Beta 

Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying Beta

CentralCentral NortheastNortheast
Chachoengsao Lopburi Buriram Srisaket

1.250*** 2.307*** 0.530*** 1.888***
(0.0988) (0.126) (0.121) (0.191)
-0.325* -0.631*** -0.782*** -1.114***
(0.197) (0.215) (0.152) (0.350)
1,161 1,260 1,179 1,269
0.330 0.204 0.019 0.260

1.19 2.40 -0.07 1.04
0.75 1.47 0.54 0.75

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant BetaPanel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying Beta

Region: CentralCentral NortheastNortheast CentralCentral NortheastNortheast
Township (Province): Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket
Beta 2.135*** 2.465*** 0.432 2.335*** 1.250*** 2.307*** 0.530*** 1.888***

(0.271) (0.266) (0.316) (0.337) (0.0988) (0.126) (0.121) (0.191)
Constant -0.535 -0.503 -0.122 -0.847 -0.325* -0.631*** -0.782*** -1.114***

(0.479) (0.513) (0.369) (0.665) (0.197) (0.215) (0.152) (0.350)
Observations 129 140 131 141 1,161 1,260 1,179 1,269
R-squared 0.467 0.210 0.017 0.297 0.330 0.204 0.019 0.260
Township Returns:
    Monthly Average 1.68 2.49 0.15 0.80 1.19 2.40 -0.07 1.04
    Standard Deviation 0.07 0.10 0.10 0.10 0.75 1.47 0.54 0.75

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant BetaPanel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying Beta

Region: CentralCentral NortheastNortheast CentralCentral NortheastNortheast
Township (Province): Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket
Beta 2.135*** 2.465*** 0.432 2.335*** 1.250*** 2.307*** 0.530*** 1.888***

(0.271) (0.266) (0.316) (0.337) (0.0988) (0.126) (0.121) (0.191)
Constant -0.535 -0.503 -0.122 -0.847 -0.325* -0.631*** -0.782*** -1.114***

(0.479) (0.513) (0.369) (0.665) (0.197) (0.215) (0.152) (0.350)
Observations 129 140 131 141 1,161 1,260 1,179 1,269
R-squared 0.467 0.210 0.017 0.297 0.330 0.204 0.019 0.260
Township Returns:
    Monthly Average 1.68 2.49 0.15 0.80 1.19 2.40 -0.07 1.04
    Standard Deviation 0.07 0.10 0.10 0.10 0.75 1.47 0.54 0.75

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market 

Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA 

Region: CentralCentral NortheastNortheast 
Township (Province): Chachoengsao Lopburi Buriram Srisaket 
Beta 2.135*** 2.465*** 0.432 2.335*** 

(0.271) (0.266) (0.316) (0.337) 
Constant -0.535 -0.503 -0.122 -0.847 

(0.479) (0.513) (0.369) (0.665) 
Observations 129 140 131 141 
R-squared 0.467 0.210 0.017 0.297 
Township Returns:

 Monthly Average 1.68 2.49 0.15 0.80
 Standard Deviation 0.07 0.10 0.10 0.10 

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Figure 2 Risk and Return
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Panel A: Township as Market 
© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

Remarks: Horizontal Axis = Beta; Vertical Axis = Expected Return. Each graph 
represents each of the four provinces. We treat each province as the market. Top left chart 
is Chachoengsao; top right is Buriram; bottom left is Lopburi; and bottom right is 
Srisaket. 
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Risk and Return: Township as Market - 5  

• Findings: 

• A major implication of the model captures a substantial part of the data. 
In particular, higher risk, as measured by the co-movement of household 
ROA and village ROA, is associated with higher average return 

• The main results hold for 9 out of 16 when we re-define the “market” from 
township to village, and 5 out of 9 when we re-define the “market” from 
township to network 

• The results are robust when we extend the model to capture time-varying
beta (exposure to risks), human capital, and time-varying stochastic 
discount factor 
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Figure 1 Example of Network Map from Buriram

• Alternative definitions of “market”: Extended kinship networks between 
households within the same village 

Figure 1 Example of Kinship Network Map from a Village in Buriram Province 

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

Remarks: Numbers denote the structure number in which each household lives. Lines 
connecting numbers denote kinship relationship between households. 
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Household’s Mean ROAHousehold’s Mean ROA
CentralCentralCentralCentralCentral
LopburiLopburiLopburiLopburiLopburi

NortheastNortheastNortheastNortheastNortheast
SrisaketSrisaket

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each network group. Only network 
groups with more than 15 households are included. Household’s mean adjusted ROA is the average of household adjusted 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, 
computed by household’s net income (net of compensation to household labor) divided by household’s average total assets 
over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple 
time-series regression of household adjusted ROA on network ROA over the 156 months. Robust standard errors in 
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

                 
                 

                    
               

                  
                

                 
                 

                    
               

                  
                

                 
                 

                    
               

                  
                

                 
                 

                    
               

                  
                

                 
                 

                    
               

                  
                

                 
                 

                    
               

                  
                

                 
                 

                    
               

                  
                

Table A.2 Risk and Return Regressions: Network as MarketTable A.2 Risk and Return Regressions: Network as MarketTable A.2 Risk and Return Regressions: Network as MarketTable A.2 Risk and Return Regressions: Network as Market 

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA 
Region: Central 
Province: Lopburi 
Village: 
Network: 

01 
03 

030303 
030303 

04 
06 

06 
01 

Beta -3.088 3.2653.2653.265 7.366*** 5.189*** 
(5.808) (5.023)(5.023)(5.023) (2.304) (0.976) 

Constant 0.433 1.5231.5231.523 0.123 -1.655 
(1.394) (1.222)(1.222)(1.222) (0.816) (1.908) 

Observations 16 181818 20 33 
R-squared 0.012 0.0410.0410.041 0.464 0.345 
Network Returns:

 Monthly Average 
Standard Deviation 

2.03 
0.20 

2.462.462.46 
0.410.410.41 

2.52 
0.13 

2.85
0.35 

Region: Northeast 
Province: BuriramBuriram Srisaket 
Village: 
Network: 

13 
03 

14 
03 

01 
03 

06 
02 

09 
02 

Beta 1.373 0.728 2.842*** 3.832** 1.540** 
(1.019) (1.335) (0.693) (1.653) (0.614) 

Constant -0.249 -0.460 -2.205* -0.452 0.554 
(0.702) (0.875) (1.128) (1.932) (0.984) 

Observations 23 27 23 37 36 
R-squared 0.184 0.015 0.365 0.374 0.134 
Network Returns:

 Monthly Average 
Standard Deviation 

0.38 
0.20 

-0.52 
0.16 

-0.58 
0.14 

1.88 
0.13 

0.87
0.13 
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Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
ChachoengsaoChachoengsao LopburiLopburi

BuriramBuriram SrisaketSrisaket

is household. Each column reports a regression result for each village in the four province. Household’s mean adjusted ROA is the 
ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, computed 

(net of compensation to household labor) divided by household’s average total assets over the month. The adjusted ROA is then annualized 
points. Beta is computed from a simple time-series regression of household adjusted ROA on village ROA over the 156 months. Robust 

Remarks Unit of Each column reports a regression result for each village in the four province. Household’s mean adjusted ROA is the 
average of household the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, computed 
by household’s net to household labor) divided by household’s average total assets over the month. The adjusted ROA is then annualized 
and presented in is computed from a simple time-series regression of household adjusted ROA on village ROA over the 156 months. Robust 

Remarks Unit of observations is reports a regression result for each village in the four province. Household’s mean adjusted ROA is the 
average of household adjusted ROA from January 1999 to December 2011. Adjusted ROA is rate of return on household’s total asset, computed 
by household’s net income (net of labor) divided by household’s average total assets over the month. The adjusted ROA is then annualized 
and presented in percentage points. a simple time-series regression of household adjusted ROA on village ROA over the 156 months. Robust 

Remarks Unit of observations is household. Each result for each village in the four province. Household’s mean adjusted ROA is the 
average of household adjusted ROA over the 156 months to December 2011. Adjusted ROA is rate of return on household’s total asset, computed 
by household’s net income (net of compensation to by household’s average total assets over the month. The adjusted ROA is then annualized 
and presented in percentage points. Beta is computed regression of household adjusted ROA on village ROA over the 156 months. Robust 

Remarks Unit of observations is household. Each column reports a village in the four province. Household’s mean adjusted ROA is the 
average of household adjusted ROA over the 156 months from January Adjusted ROA is rate of return on household’s total asset, computed 
by household’s net income (net of compensation to household labor) total assets over the month. The adjusted ROA is then annualized 
and presented in percentage points. Beta is computed from a simple household adjusted ROA on village ROA over the 156 months. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for village in the four province. Household’s mean adjusted ROA is the 
average of household adjusted ROA over the 156 months from January 1999 to December Adjusted ROA is rate of return on household’s total asset, computed 
by household’s net income (net of compensation to household labor) divided by household’s total assets over the month. The adjusted ROA is then annualized 
and presented in percentage points. Beta is computed from a simple time-series regression adjusted ROA on village ROA over the 156 months. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for province. Household’s mean adjusted ROA is the 
average of household adjusted ROA over the 156 months from January 1999 to December rate of return on household’s total asset, computed 
by household’s net income (net of compensation to household labor) divided by household’s the month. The adjusted ROA is then annualized 
and presented in percentage points. Beta is computed from a simple time-series regression of ROA on village ROA over the 156 months. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each village in the mean adjusted ROA is the 
average of household adjusted ROA over the 156 months from January 1999 to December 2011. Adjusted ROA household’s total asset, computed 
by household’s net income (net of compensation to household labor) divided by household’s average total assets adjusted ROA is then annualized 
and presented in percentage points. Beta is computed from a simple time-series regression of household ROA over the 156 months. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each village in the four province. ROA is the 
average of household adjusted ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return asset, computed 
by household’s net income (net of compensation to household labor) divided by household’s average total assets over the month. then annualized 
and presented in percentage points. Beta is computed from a simple time-series regression of household adjusted ROA on village months. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Each column reports a regression result for each village in the four province. Household’s mean
average of household adjusted ROA over the 156 months from January 1999 to December 2011. Adjusted ROA is rate of return on household’s
by household’s net income (net of compensation to household labor) divided by household’s average total assets over the month. The adjusted ROA
and presented in percentage points. Beta is computed from a simple time-series regression of household adjusted ROA on village ROA over the
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

                        
                         

                       
                        

Table A.1 Risk and Return Regressions: Village as MarketTable A.1 Risk and Return Regressions: Village as MarketTable A.1 Risk and Return Regressions: Village as MarketTable A.1 Risk and Return Regressions: Village as Market 

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA 
Province: ChachoengsaoChachoengsao LopburiLopburi 
Village: 02 04 07 08 01 03 04 06 
Beta 2.473*** 3.232*** 6.741** 0.720 2.163 3.185 4.399*** 4.884*** 

(0.375) (0.418) (2.672) (1.034) (2.919) (1.963) (1.040) (0.810) 
Constant -1.105 -0.333 -0.739 1.162 -0.827 0.312 0.257 -1.629 

(0.867) (0.679) (0.790) (1.097) (1.131) (0.886) (0.612) (1.438) 
Observations 35 36 27 31 34 29 37 40 
R-squared 0.449 0.702 0.446 0.036 0.012 0.126 0.472 0.337 
Village Returns:

 Monthly Average 
Standard Deviatio

1.09 
n 0.14 

1.48 
0.08 

4.13 
0.50 

0.73 
0.12 

2.03 
0.17 

2.49 
0.34 

2.48 
0.14 

2.85
0.33 

Province: BuriramBuriram SrisaketSrisaket 
Village: 02 10 13 14 01 06 09 10 
Beta 0.827 0.547 0.217 0.697 2.759*** 3.680*** 1.557** 1.902** 

(1.263) (1.114) (0.737) (1.508) (0.450) (1.265) (0.658) (0.934) 
Constant -0.628* 0.346 0.684 -0.541 -2.407** -0.558 0.735 -1.748 

(0.370) (0.996) (0.843) (0.780) (1.094) (1.525) (1.035) (1.870) 
Observations 34 28 34 35 38 42 39 22 
R-squared 0.022 0.010 0.003 0.014 0.510 0.387 0.114 0.149 
Village Returns:

 Monthly Average 
Standard Deviatio

-0.14 
n 0.11 

1.56 
0.14 

0.36 
0.23 

-0.52 
0.17 

-0.57 
0.16 

1.88 
0.12 

0.87 
0.13 

0.95
0.15 

Remarks Unit of observations observations is household. household. Each column column reports a regression regression result for each eacheach village in the four four province. Household’s Household’s mean adjusted adjusted ROA is the 
average of household adjustedadjusted ROA over over the 156 months from January 1999 1999 to December 2011. 2011.2011. Adjusted ROA isis rate of return on on household’s total total asset, computed 
by household’s net income income (net of compensation compensation to household household labor) divided divided by household’s average averageaverage total assets over over the month. The The adjusted ROA is is then annualized 
and presented in percentage percentage points. Beta Beta is computed from from a simple time-series time-series regression of of householdhousehold adjusted adjusted ROA on village ROA over the 156 156 months. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
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Critique: Time-Varying Exposure to Risks  

• Households in our sample likely changed the (composition of) assets and
production activities during the 156-month period 

• Consequently, the risks faced by households (betas) were not constant 
• We allow for time-varying beta by using an empirical strategy similar to Black, 

Jensen and Scholes (1972) 
• Perform our empirical analysis on the subsamples of 60 months (5 years)

at a time 
• Specifically, we estimate household’s  	and expected return using the 

time-series data from month 5 to month 64 (years 1-5) for all households; 
then perform a similar exercise using the time-series data from month 17 
to month 76 (years 2-6), and so on until the five-year window ends in
month 160 (years 9-13) 

• With all of the estimated 	and expected return from all of the 9 sub-
periods, we finally estimate the risk-expected return equation 
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Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant BetaPanel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying Beta

Region: CentralCentral NortheastNortheast CentralCentral NortheastNortheast
Township (Province): Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket
Beta 2.135*** 2.465*** 0.432 2.335*** 1.250*** 2.307*** 0.530*** 1.888***

(0.271) (0.266) (0.316) (0.337) (0.0988) (0.126) (0.121) (0.191)
Constant -0.535 -0.503 -0.122 -0.847 -0.325* -0.631*** -0.782*** -1.114***

(0.479) (0.513) (0.369) (0.665) (0.197) (0.215) (0.152) (0.350)
Observations 129 140 131 141 1,161 1,260 1,179 1,269
R-squared 0.467 0.210 0.017 0.297 0.330 0.204 0.019 0.260
Township Returns:
    Monthly Average 1.68 2.49 0.15 0.80 1.19 2.40 -0.07 1.04
    Standard Deviation 0.07 0.10 0.10 0.10 0.75 1.47 0.54 0.75

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant BetaPanel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying Beta

Region: CentralCentral NortheastNortheast CentralCentral NortheastNortheast
Township (Province): Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket
Beta 2.135*** 2.465*** 0.432 2.335*** 1.250*** 2.307*** 0.530*** 1.888***

(0.271) (0.266) (0.316) (0.337) (0.0988) (0.126) (0.121) (0.191)
Constant -0.535 -0.503 -0.122 -0.847 -0.325* -0.631*** -0.782*** -1.114***

(0.479) (0.513) (0.369) (0.665) (0.197) (0.215) (0.152) (0.350)
Observations 129 140 131 141 1,161 1,260 1,179 1,269
R-squared 0.467 0.210 0.017 0.297 0.330 0.204 0.019 0.260
Township Returns:
    Monthly Average 1.68 2.49 0.15 0.80 1.19 2.40 -0.07 1.04
    Standard Deviation 0.07 0.10 0.10 0.10 0.75 1.47 0.54 0.75

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market

Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant BetaPanel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying BetaPanel B: Time-Varying Beta

CentralCentral NortheastNortheast CentralCentral NortheastNortheast
Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket

2.135*** 2.465*** 0.432 2.335*** 1.250*** 2.307*** 0.530*** 1.888***
(0.271) (0.266) (0.316) (0.337) (0.0988) (0.126) (0.121) (0.191)
-0.535 -0.503 -0.122 -0.847 -0.325* -0.631*** -0.782*** -1.114***
(0.479) (0.513) (0.369) (0.665) (0.197) (0.215) (0.152) (0.350)

129 140 131 141 1,161 1,260 1,179 1,269
0.467 0.210 0.017 0.297 0.330 0.204 0.019 0.260

1.68 2.49 0.15 0.80 1.19 2.40 -0.07 1.04
0.07 0.10 0.10 0.10 0.75 1.47 0.54 0.75

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA
Panel A: Constant BetaPanel A: Constant BetaPanel A: Constant BetaPanel A: Constant Beta Panel B: Time-Varying BetaPanel B: Time-Varying Beta

Region: CentralCentral NortheastNortheast
Township (Province): Chachoengsao Lopburi Buriram Srisaket
Beta 2.135*** 2.465*** 0.432 2.335***

(0.271) (0.266) (0.316) (0.337)
Constant -0.535 -0.503 -0.122 -0.847

(0.479) (0.513) (0.369) (0.665)
Observations 129 140 131 141
R-squared 0.467 0.210 0.017 0.297
Township Returns:
    Monthly Average 1.68 2.49 0.15 0.80
    Standard Deviation 0.07 0.10 0.10 0.10

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Remarks Unit of observations is household. Household’s mean adjusted ROA is the average of household adjusted ROA over the 156 months from January 1999 to 
December 2011. Adjusted ROA is rate of return on household’s total asset, computed by household’s net income (net of compensation to household labor) divided by 
household’s average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed 
from a simple time-series regression of household adjusted ROA on provincial ROA over the156 months. For columns (5), Beta is computed from a simple time-series 
regression of household adjusted ROA on the ROA of the entire sample over the 156 months. Bootstrap standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                                                 

                       
                         

                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

                        
                       

                         
                         

Table 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as MarketTable 5 Risk and Return Regressions: Township as Market  

Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA 
Dependent Variable: 

Region:  
Township (Province):  
Beta 

Constant 

Observations 
R-squared 
Township Returns:

 Monthly Average
 Standard Deviation 

Panel B: Time-Varying BetaPanel B: Time-Varying Beta  
CentralCentral NortheastNortheast 

Chachoengsao Lopburi Buriram Srisaket 
1.250*** 2.307*** 0.530*** 1.888*** 
(0.0988) (0.126) (0.121) (0.191) 
-0.325* -0.631*** -0.782*** -1.114*** 
(0.197) (0.215) (0.152) (0.350) 
1,161 1,260 1,179 1,269 
0.330 0.204 0.019 0.260 

1.19 2.40 -0.07 1.04 
0.75 1.47 0.54 0.75 

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Critique: Return to Aggregate Human Capital  

• The model presented earlier in this paper implies that household beta 
captures all of the aggregate, non-diversifiable risk faced by the household 

• It is possible that there is an omitted variable bias in the estimation of beta if 
the average return on township total assets is not the only determinant of the 
aggregate risk 

• Aggregate wealth, W, in the economy-wide resource constraint likely comes 
from other assets in addition to tangible capital held by the households in the 
economy 

• We address this issue by computing an additional household beta with 
respect to return to aggregate human capital, h, proxied by the change in 
aggregate labor income of all households in the economy (Jagannathan and 
Wang 1996) 
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Critique: Return to Aggregate Human Capital - 2  

• Step 1: Compute household beta from a simple time-series regression for 
each household 

/ a hRj ,t = α j + β j
aRM ,t + β hj RM ,t + ε j ,t 

• Step 2: Cross-sectional regression for each township, using time-series 
average / = ∑ 

T

R /j ,t as proxy for expected return E R jRj ( )
t=1 

R /j = α + λ a β 
j
a + λ h β 

j
h + η j . 
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Critique: Time-Varying Stochastic Discount Factor 

• Similar to the traditional CAPM in finance literature, our model assumes that 
parameters that determine stochastic discount factors are time-invariant 
when we take the model to the empirical analysis 

• However, parameters are in theory determined by the shadow price of 
consumption goods, which likely moves over time as the aggregate 
consumption of the economy changes 

• In order to capture this time-varying stochastic discount factor, we follow a 
strategy introduced by Lettau and Ludvigson (2001a and 2001b) who show 
that the stochastic discount factor is a function of consumption-wealth ratio 

• The log consumption-wealth ratio, cay, in turn depends on three 
observable variables, namely log consumption, c; log physical (non-
human) wealth, a; and log labor earnings, y 

cayt = ct − wt = ct −ωat − (1−ω )yt , 
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Critique: Time-Varying Stochastic Discount Factor - 2  

• Step 1: Estimate cay from a time-series regression of aggregate variable for 
each township 

  cay = ct 
* −ωat 

* −θyt 
* −δ ,t 

• Step 2: Compute household beta from a simple time-series regression for 
each household 

/ a h cay cay cay*a (cay a cay*h (cay h Rj ,t = α j + β j
aRM ,t + β j

hRM ,t + β j t + β j t ⋅ RM ,t ) + β j t ⋅ RM ,t ) + ε j ,t 

• Step 3: Cross-sectional regression for each township, using time-series 
/ /average = ∑ 

T 

Rj ,t as proxy for expected return E R j )Rj (
t=1 

/ a  + λ cay β 
j + λ cay*a β 

j + λ cay*h β j
h cay cay*a cay*hRj = α + λ a β 

j + λ h β j 
 + η j . 
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Table 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as Market

Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA

Chachoengsao

Table 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as MarketTable 6 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as Market 

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA 
Region: CentralCentral NortheastNortheast CentralCentral NortheastNortheast 
Province: Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket 

Beta with respect to 1.242*** 2.233*** 0.564*** 1.813*** 1.094*** 2.005*** 0.392*** 1.893***
 return on market physical capital (ra) (0.0840) (0.139) (0.131) (0.162) (0.0755) (0.151) (0.0971) (0.169) 

Beta with respect to 0.00177 0.0217 -0.0524 0.149** -0.00542 0.0375* -0.0310 0.179***
 return on market human capital (rh) (0.0182) (0.0223) (0.0454) (0.0615) (0.0166) (0.0210) (0.0334) (0.0469) 

Beta with respect to -0.00441 0.00246 0.0333** 0.0789***
 residual log consumption (cay) (0.0138) (0.00797) (0.0150) (0.0188) 

Beta with respect to -0.00533 -0.0304 -0.131*** -0.101**
 the interaction cay*ra (0.0220) (0.0448) (0.0392) (0.0425) 

Beta with respect to 0.00134 -0.000574 0.0109 -0.0130
 the interaction cay*rh (0.00176) (0.00187) (0.00712) (0.00839) 

Constant -0.307* -0.584*** -0.757*** -1.080*** -0.156 -0.464* -0.589*** -1.164*** 
(0.181) (0.223) (0.169) (0.288) (0.169) (0.242) (0.156) (0.294) 

Observations 1,161 1,260 1,179 1,269 1,161 1,260 1,179 1,269 
R-squared 0.329 0.203 0.021 0.270 0.315 0.203 0.049 0.306 
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Idiosyncratic Risk  

• Our model and empirical strategy allow us to decompose total risks faced by
the households and their enterprises into two components: aggregate 
(nondiversifiable) risk and idiosyncratic (diversifiable) risk 

Rj
/
,t = XM

/
,t β j + ε j ,t 

var(Rj
/ ) = β j

/ΩM β j + var(ε j ), 
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Risk Premium and Risk-Adjusted Returns - 2  

• In effect, non-zero alpha is a part of expected return that is not explained by 
household’s exposure to aggregate risk (as measured by household beta) 

• We use household alpha as our measure of beta-adjusted return to compare 
productivity of assets across household enterprises 

• Parallel to Jensen’s alpha in finance, used by financial practitioners as a 
measure of “abnormal” returns 

• Measure of performance of securities or fund managers 

• Empirically, we compute 2 versions of household alpha 
• Expected return adjusted for aggregate risk (beta) 
• Expected return adjusted for aggregate risk (beta) AND idiosyncratic risk 

(sigma) 
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Idiosyncratic Risk  

• Recall that the model implies that only aggregate risk matters for expected 
return, and idiosyncratic risk is completely shared across households and is 
not priced 

Rj
/
,t = XM

/
,t β j + ε j ,t 

• However, if complete market assumption does not hold, then idiosyncratic 
risk is not completely shared and could be compensated 

• Empirically, compute idiosyncratic risk as the standard deviation of        ε 
j ,t 

from the time-series regression above, called it household sigma, σ j 

• (Cross-sectional) test whether expected return is associated with σ j 

Rj
/ = α + λ /β j + θσ j + η j . 
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PercentilesPercentiles PercentilesPercentiles

CentralCentralCentralCentralCentralCentral
ChachoengsaoChachoengsao LopburiLopburi

NortheastNortheastNortheastNortheastNortheastNortheast
BuriramBuriram SrisaketSrisaket

Table 7 Decomposition of RisksTable 7 Decomposition of Risks 

Region: 
Township (Province): 
Systematic Risk 
Idiosyncratic Risk 

Number of 
Observations 

1,161 
1,161 

Percentiles 
25th 50th 

ChachoengsaoChachoengsao 
0.072 0.135 
0.758 0.865 

75th 

0.242 
0.928 

Number of 
Observations 

CentralCentralCentral 

1,260 
1,260 

25th 

0.057 
0.784 

Percentiles 
50th 

LopburiLopburi 
0.109 
0.891 

75th 

0.216 
0.943 

Region: 
Township (Province): 
Systematic Risk 
Idiosyncratic Risk 

1,179 
1,179 

0.086 
0.707 

BuriramBuriram 
0.164 
0.836 

0.293 
0.914 

NortheastNortheastNortheast 

1,269 
1,269 

0.194 
0.330 

SrisaketSrisaket 
0.428 
0.572 

0.670 
0.806 
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Table 8 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as Market

Household’s Mean ROAHousehold’s Mean ROA

Table 8 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as MarketTable 8 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as MarketTable 8 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as MarketTable 8 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as MarketTable 8 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as Market 

Dependent Variable: Household’s Mean ROAHousehold’s Mean ROAHousehold’s Mean ROA 
Region: CentralCentral NortheastNortheast 
Township (Province): Chachoengsao Lopburi Buriram Srisaket 

Beta with respect to 0.274*** 1.063*** -0.00632 1.228***
 return on market physical capital (ra) (0.0970) (0.148) (0.116) (0.122) 
Beta with respect to -0.00129 0.0617*** -0.0389 0.0850**
 return on market human capital (rh) (0.0134) (0.0142) (0.0322) (0.0353) 
Beta with respect to -0.00616 -0.00201 0.0199* 0.0484***
 residual log consumption (cay) (0.00997) (0.00654) (0.0116) (0.0159) 
Beta with respect to -0.00388 0.0107 -0.0955*** -0.0641*
 the interaction cay*ra (0.0128) (0.0435) (0.0274) (0.0388) 
Beta with respect to 0.000155 -0.00143 0.00725 -0.0126
 the interaction cay*rh (0.00113) (0.00137) (0.00616) (0.00844) 
Sigma 0.319*** 0.256*** 0.172*** 0.202*** 

(0.0305) (0.0158) (0.0207) (0.0211) 
Constant -2.198*** -3.667*** -2.422*** -2.728*** 

(0.204) (0.240) (0.193) (0.217) 
Observations 
R-squared 

1,161 
0.478 

1,260 
0.325 

1,179 
0.166 

1,269 
0.406 

© Krislert Samphantharak and Robert M. Townsend. All rights reserved. This content is excluded from
our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

594
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://ocw.mit.edu/help/faq-fair-use/


Risk Premium and Risk-Adjusted Returns  

• Although empirical tests of CAPM yield less than satisfactory results, 
practitioners use CAPM to compute risk premium and risk-adjusted return 

• We apply similar idea to our study 

• Recall the cross-sectional regression 

Rj
/
,t = α j + β jRM

/
,t + ε j ,t 

• One of the null hypotheses of is that, for all HH i, 

α j = 0 
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Risk Premium and Risk-Adjusted Returns - 2  

• In effect, non-zero alpha is a part of expected return that is not explained by 
household’s exposure to aggregate risk (as measured by household beta) 

• We use household alpha as our measure of beta-adjusted return to compare 
productivity of assets across household enterprises 

• Parallel to Jensen’s alpha in finance, used by financial practitioners as a 
measure of “abnormal” returns 

• Measure of performance of securities or fund managers 

• Empirically, we compute 2 versions of household alpha 
• Expected return adjusted for aggregate risk (beta) 
• Expected return adjusted for aggregate risk (beta) AND idiosyncratic risk 

(sigma) 
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Table 9 Descriptive Statistics of Household Alpha: Township as Market

Observations Deviation
Percentiles

Correlation with Simple ROA
Number of Standard 

Panel A: ROA, Adjusted for Aggregate RisksPanel A: ROA, Adjusted for Aggregate RisksPanel A: ROA, Adjusted for Aggregate Risks

Panel B: ROA, Adjusted for Aggregate and Idiosyncratic Risks

observations is households. ROA adjusted for aggregate risks is a household average of a time-varying 
the regressions of household’s ROA on market’s mean ROA (ra), market return on human capital (rh), 
(cay), and their interactions cay*ra and cay*rh over 156 months from January 1999 to December 2011. 

aggregate and idiosyncratic risks is the ROA adjusted for aggregate risks as described above, and further 

Remarks Unit households. ROA adjusted for aggregate risks is a household average of a time-varying 
constant terms of household’s ROA on market’s mean ROA (ra), market return on human capital (rh), 
residual interactions cay*ra and cay*rh over 156 months from January 1999 to December 2011. 
ROA adjusted risks is the ROA adjusted for aggregate risks as described above, and further 

Remarks Unit of observations is ROA adjusted for aggregate risks is a household average of a time-varying 
constant terms from the ROA on market’s mean ROA (ra), market return on human capital (rh), 
residual consumption (cay), and cay*ra and cay*rh over 156 months from January 1999 to December 2011. 
ROA adjusted for aggregate and risks is the ROA adjusted for aggregate risks as described above, and further 

Remarks Unit of observations is households. for aggregate risks is a household average of a time-varying 
constant terms from the regressions of market’s mean ROA (ra), market return on human capital (rh), 
residual consumption (cay), and their cay*rh over 156 months from January 1999 to December 2011. 
ROA adjusted for aggregate and idiosyncratic ROA adjusted for aggregate risks as described above, and further 

Remarks Unit of observations is households. ROA risks is a household average of a time-varying 
constant terms from the regressions of household’s ROA ROA (ra), market return on human capital (rh), 
residual consumption (cay), and their interactions cay*ra 156 months from January 1999 to December 2011. 
ROA adjusted for aggregate and idiosyncratic risks is the for aggregate risks as described above, and further 

Remarks Unit of observations is households. ROA adjusted for is a household average of a time-varying 
constant terms from the regressions of household’s ROA on market’s (ra), market return on human capital (rh), 
residual consumption (cay), and their interactions cay*ra and cay*rh from January 1999 to December 2011. 
ROA adjusted for aggregate and idiosyncratic risks is the ROA risks as described above, and further 

Remarks Unit of observations is households. ROA adjusted for aggregate risks average of a time-varying 
constant terms from the regressions of household’s ROA on market’s mean return on human capital (rh), 
residual consumption (cay), and their interactions cay*ra and cay*rh over 156 1999 to December 2011. 
ROA adjusted for aggregate and idiosyncratic risks is the ROA adjusted for described above, and further 
adjusted for the standard deviation of the error terms in the first-stage regressions.

Remarks Unit of observations is households. ROA adjusted for aggregate risks is a
constant terms from the regressions of household’s ROA on market’s mean ROA (ra),
residual consumption (cay), and their interactions cay*ra and cay*rh over 156 months from
ROA adjusted for aggregate and idiosyncratic risks is the ROA adjusted for aggregate risks
adjusted for the standard deviation of the error terms in the first-stage regressions.

                 
                  
                 

                  

                 
                  
                 

                  

                 
                  
                 

                  

                 
                  
                 

                  

                 
                  
                 

                  

                 
                  
                 

                  

                 
                  
                 

                  

                 
                  
                 

                  

Table 9 Descriptive Statistics of Household Alpha: Township as MarketTable 9 Descriptive Statistics of Household Alpha: Township as MarketTable 9 Descriptive Statistics of Household Alpha: Township as MarketTable 9 Descriptive Statistics of Household Alpha: Township as MarketTable 9 Descriptive Statistics of Household Alpha: Township as MarketTable 9 Descriptive Statistics of Household Alpha: Township as Market 

Province Number of 
Observations MeanMean Standard 

Deviation 25th 
PercentilesPercentiles 

50th 75th 
Spearman’s RankSpearman’s Rank 

Correlation with Simple ROA 
Panel A: ROA, Adjusted for Aggregate RisksPanel A: ROA, Adjusted for Aggregate RisksPanel A: ROA, Adjusted for Aggregate RisksPanel A: ROA, Adjusted for Aggregate Risks 

Central
 Chachoengsao 129 -0.21 4.87 -2.03 -0.38 1.30 0.8765***
 Lopburi 140 -0.57 5.63 -2.78 0.08 2.22 0.7606*** 

Northeast
 Buriram 131 -0.22 4.14 -1.96 -0.26 1.47 0.8539***
 Srisaket 141 1.43 5.93 -0.64 0.87 2.67 0.9663*** 

Panel B: ROA, Adjusted for Aggregate and Idiosyncratic RisksPanel B: ROA, Adjusted for Aggregate and Idiosyncratic RisksPanel B: ROA, Adjusted for Aggregate and Idiosyncratic RisksPanel B: ROA, Adjusted for Aggregate and Idiosyncratic RisksPanel B: ROA, Adjusted for Aggregate and Idiosyncratic RisksPanel B: ROA, Adjusted for Aggregate and Idiosyncratic Risks 
Central

 Chachoengsao 129 -3.28 4.94 -4.55 -1.93 -0.79 0.3609***
 Lopburi 140 -4.35 5.58 -6.81 -3.14 -0.72 0.4812*** 

Northeast
 Buriram 131 -2.52 4.05 -4.36 -1.95 -0.61 0.7585***
 Srisaket 141 -2.20 4.81 -3.33 -1.14 -0.02 0.7727*** 

Remarks Unit of of observations is households. ROA adjusted adjusted for aggregate aggregate risks is a household household average of a time-varying 
constant terms from from the regressions regressions of household’s household’s ROA on on market’s meanmean ROA ROA (ra), market market return on human capital (rh), 
residual consumption consumption (cay), and their their interactions interactions cay*ra and and cay*rh over over 156 months months from January January 1999 to December 2011. 
ROA adjusted for for aggregate and idiosyncratic idiosyncratic risks is the ROA adjusted adjusted for aggregate aggregate risks asas described above, and further 
adjusted for the standard deviation of the error terms in the first-stage regressions.adjusted for the standard deviation of the error terms in the first-stage regressions.adjusted for the standard deviation of the error terms in the first-stage regressions.adjusted for the standard deviation of the error terms in the first-stage regressions.adjusted for the standard deviation of the error terms in the first-stage regressions.adjusted for the standard deviation of the error terms in the first-stage regressions. 
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Risk Premium and Risk-Adjusted Returns - 4  

• Findings: 
• Exposure to both aggregate and idiosyncratic risks of the household is 

negatively correlated with average age of household members and initial 
wealth of the households, and positively associated with household head
being male and initial leverage (debt to asset ratio) of the household. 

• Aggregate risks are also negatively correlated with the education 
attainment of the household heads 

• Adjusted for risks, the returns on household enterprises tend to be lower 
for the households with male head and with lower initial wealth 
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Rate of ReturnRate of Return

bilities divided by initial total Remarks bilities divided by initial total 
assets.
Remarks bilities divided by initial total 
assets.
Remarks bilities divided by initial total 
assets.
Remarks bilities divided by initial total 
assets.
Remarks bilities divided by initial total 
assets.
Remarks
assets.
Remarks Beta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total lia
assets.

Table 10 Determinants of Rate of Returns and RisksTable 10 Determinants of Rate of Returns and Risks 

Dependent Variable: Rate of ReturnRate of Return RiskRisk 
Adjusted for Household’s Own Labor 
Adjusted for Aggregate Risk 
Adjusted for Idiosyncratic Risk 

No 
No 
No 

Yes 
No 
No 

Yes 
Yes 
No 

Yes 
Yes
Yes 

Beta 
(Aggregate Risk)

Sigma 
(Idiosyncratic Risk) 

Household Size (Aged 15-64) 

Average Age of Household Members 

Education of Household Head 

0.203 
(0.353) 
-0.0413 
(0.0296) 

-0.374*** 

-0.154 
(0.323) 

-0.00938 
(0.0254) 
-0.287** 

-0.190 
(0.307) 
0.00136 
(0.0234) 
-0.230* 

-0.280 
(0.277) 
0.0246 

(0.0215) 
-0.174 

0.00465 
(0.0936) 
-0.0170* 
(0.00877) 
-0.0722** 

0.433 
(0.577) 

-0.0925** 
(0.0464) 
-0.203 

Household Head Gender (Male=1) 

Initial Wealth 

(0.126) 
0.877 

(0.727) 
-0.0586* 

(0.145) 
0.258 

(0.565) 
0.00206 

(0.135) 
-0.155 
(0.505) 
0.0234 

(0.122) 
-0.854* 
(0.467) 
0.0664* 

(0.0296) 
0.771*** 
(0.195) 

-0.0219** 

(0.182) 
2.191* 
(1.149) 

-0.139** 

Initial Leverage 

Constant 

(0.0306) 
9.661** 
(4.325) 

6.628*** 

(0.0167) 
3.823 

(3.045) 
2.528 

(0.0206) 
2.377 

(2.945) 
1.442 

(0.0352) 
-5.061 
(3.915) 
-1.753 

(0.0105) 
2.165* 
(1.267) 

1.475*** 

(0.0618) 
28.95*** 
(9.632) 

12.84*** 
(2.097) (1.807) (1.739) (1.591) (0.526) (2.958) 

Township Fixed Effects Yes Yes Yes Yes Yes Yes 
Observations 483 483 483 483 483 483  
R-squared 0.111 0.032 0.035 0.079 0.098 0.147  
Remarks Beta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total liaBeta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total liaBeta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total liaBeta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total liaBeta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total liaBeta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total lia Beta is with respect to aggregate return on physical assets. Initial wealth is in baht. Initial leverage is initial total liabilities divided by initial total bilities divided by initial total 
assets.
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Conclusion  
• A major prediction from our model seems to hold in townships: Higher risk (as

measured by beta) is associated with higher expected (average) return on 
assets 

• Main result holds in several subsamples when using village and kinship 
network as definition of market 

• Main result is robust when allowing for human capital and time-varying 
stochastic discount factor 

• In contrary to the predictions from the model, idiosyncratic risk is positively 
associated with expected return on assets 

• Exposure to both aggregate and idiosyncratic risks of the household is 
negatively correlated with average age of household members and initial 
wealth of the households, and positively associated with household head
being male and initial leverage (debt to asset ratio) of the household. 

• Aggregate risks are also negatively correlated with the education attainment 
of the household heads 

• Adjusted for risks, the returns on household enterprises tend to be lower for 
the households with male head and with lower initial wealth 
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Down or Out:  
Assessing the Welfare Costs  

of Household Investment Mistakes  

Laurent Calvet, John Y. Campbell,  
and Paolo Sodini  
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Outline 

• Household Finance: The Measurement 
Challenge 

• Our Unique Dataset 
• Who Participates and How Much? 
• How Well Diversified Are They? 
• Mean-Variance Analysis for Household 

Portfolios 
• Who Diversifies? 
• Conclusions 
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Investment Mistakes  
• Our approach: gaps between standard models 

and observed decisions are investment 
mistakes. 

• Households may make them, but can (we hope) 
be educated out of them. 

• Major examples: 
– Underdiversification (“Down”) 
– Nonparticipation (“Out”) 

• We will measure the welfare costs of these 
mistakes at the household level. 
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Data Coverage 

For each household, we have 
• Demographic data (age, gender, marital status, 

household size, education, birthplace, 
residence) 

• Asset data (holdings at the end of the year and 
sales during the year), coded by ISIN 

• Flow data (labor income, pension income, 
welfare payments, capital income by assets, 
interest paid, and private pension savings). 
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Courtesy of Laurent  E. Calvet, John Y. Campbell, and Paolo Sodini. Used with permission.
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Courtesy of Laurent  E. Calvet, John Y. Campbell, and Paolo Sodini. Used with permission.
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Asset Allocation in Sweden  

• There are four main types of households in 
Sweden: 
– Poor households with only cash 
– Households saving to buy a house, using both 

safe and risky assets 
– Homeowners with few financial assets 
– Rich households 
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Sources of Idiosyncratic Risk 
Equal Treatment of All Assets 

• We can log-linearize the equation to get 

§
¨ ¨  

1 1 ln( 1  1  
· 
¸
¹
¸ ρ a,hln(σ i h ln(σ a h )  ≈  C  ,  )  +  )  − + a,h 2  2  C , 

© a  

(R2 = 98%) 

• Households who fail to diversify might fail by:  
– picking volatile assets 
– holding a concentrated portfolio 
– picking correlated assets. 
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Sources of Idiosyncratic Risk 
Separate Treatment of Stocks and Mutual Funds 

•	 Assume mutual funds have no idiosyncratic risk 
Dh = share of stocks in the risky portfolio 
Cs,h = Ca,h / Dh 

2 = concentration in the stock portion of the portfolio 

§
¨ ¨  

1	 1 ln( 1 ·  
ln(σ i h	 h ln(σ s h ) ≈ ln( D  )  ,  )  +  C  )  − 1 +  + s ,h ¸ 

¹
¸ ρ s ,h2  C 2 , 

© s  

(R2	 = 71%) 

• Households who fail to diversify might fail by:  
– holding a high share of individual stocks 
– picking volatile stocks 
– holding a concentrated portfolio of stocks 
– picking correlated stocks. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

609
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Efficient benchmark  

Return 
mean Sophisticated 

and aggressive 

Large return loss 

Unsophisticated 
and cautious 

Small return loss 

Return standard deviation  
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Dynamic Risk Management  

Adriano A. Rampini Amir Sufi S. Viswanathan 
Duke University University of Chicago Duke University 

Finance Seminar  
Stanford Graduate School of Business  

Stanford, CA  
October 26, 2011  
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Understanding Risk Management  

Rationale for corporate risk management: financial constraints  

• Financing constraints render firms effectively risk averse 

• See Froot, Scharfstein, and Stein (1993) 

• Empirical prediction 

• More financially constrained firms are more likely to manage risk 

Evidence does not support theory 

•	 “The actual corporate use of derivatives, however, does not seem to 
correspond closely to the theory.” – Stulz (1996) 
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Risk Management – Theory 

Rethinking risk management 

• We theoretically and empirically challenge the notion that financial con
straints and risk management should be positively related. 

Basic theoretical insight 

•	 Financing risk management trade-off 

•	 Collateral constraints link availability of financing and risk management 

•	 When net worth is low, firms use net worth for investment at expense of 
risk management 

•	 Prediction: More financially constrained firms hedge less 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

613
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Risk Management – Evidence 

Revisiting evidence 

• Evidence on fuel price risk management by airlines 

• More constrained airlines hedge less both ... 

◦ in cross-section and ... 
◦ in time series 

• Risk management drops substantially as airlines approach distress 

• Anecdotal evidence: American Airlines 2009 10-K 

“[a] deterioration of the Company’s financial position could negatively 
affect the Company’s ability to hedge fuel in the future.” 
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f f  

f f 
� �� � 

Model (Cont’d) 

Limited enforcement 

• Firm can default on ... 

• state-contingent promises to pay Rbf and ...  

• promise to take delivery on forward purchases pfx ...f 

◦ in which case counterparty keeps inputs xf f 

Collateralize all promises (repayment) and forward purchases  

• Promises cannot exceed fraction θ of resale value of (depreciated) capital  

θk(1 − δ) ≥ Rbf + (pf − p f)x���� f 
financing 

risk management 

• Endogenous, state-contingent collateral constraints 

• Related Kiyotaki/Moore (1997) 
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Financing Risk Management Trade-off (Cont’d) 

Basic trade-off 

• Financing need can override hedging concern  

t t + 1  

  
  
  
  
  
  
  
  
  
  
  

                      

Π(s, s̄f) 

Π(s, sf) 

 

� 

Vw(w(s̄
f), s̄f) 

X
No risk management: 

 XFinancing need Vw(w, s) X Vw(w(s̄
f), s̄f)  = Vw(w(s

f), sf)
 X  

I
I 

Vw(w(s
f), sf) 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Empirical Lab: Airline Fuel Price Risk Management  

Image removed due to copyright restrictions. To see the photograph, visit the Getty Images website.
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Hedging around Distress (Cont’d) 

Fuel hedging around airline distress 

• Dramatic decline in hedging as airlines approach distress; slow recovery  
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Downgraded to CCC+ or worse at t = 0  

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

618
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://www.sciencedirect.com


MIT OpenCourseWare
http://ocw.mit.edu

14.772 Development Economics: Macroeconomics
Spring 2013

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

619
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://ocw.mit.edu
http://ocw.mit.edu/terms


Macro approaches to consumption smoothing and risk
sharing

Using consumption and income data to test models

Robert M. Townsend

MIT

March 2013
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Summary:

This lecture focuses on several papers that test various models of consumption
smoothing and insurance in the lifecycle (largely from the macro literature). These
papers di¤er in i) the market structure they assume or test (standard incomplete
markets (SIM) in which agents can only trade risk free bonds) vs. bu¤er stock
(savings only or limited credit), and on occasion perfect insurance markets, in
which all idiosyncratic shocks can be insured, and ii) the data they use.

Robert M. Townsend (MIT ) Macro Approaches 03/13 2 / 63
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Summary of the papers covered:
The �rst paper by Kaplan and Violante assesses the degree of consumption
smoothing in the SIM model and �nds that it is less than in the data for
permanent shocks, i.e., the data for the US exhibits more insurance against
permanent shocks. In the SIM model, permanent shocks can only partially be
insured against as they will a¤ect agents for the rest of their life. Over the
lifecycle, the insurance of permanent shocks increases in the data.

Robert M. Townsend (MIT ) Macro Approaches 03/13 3 / 63
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This paper also discusses the Blundell, Pistaferri, and Preston (BPP) methodology.
BPP examine the link between income and consumption inequality and are
well-known for pioneering a method for constructing a panel data on consumption
and income, using an imputation procedure. This procedure involves using
variables which are common in the CEX and PSID, to estimate a consumption
demand function in the CEX, and then map it to households in the PSID.
They then regress consumption on suitable measures of permanent and transitory
income shocks to estimate how much of the shocks is passed through to
consumption. They �nd that permanent shocks in the data are partially insured
by agents, and transitory shocks are mostly fully insured, except for the very poor.
Taxes and transfers play an important insurance role.

Robert M. Townsend (MIT ) Macro Approaches 03/13 4 / 63
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Deaton and Paxson take a di¤erent look at the data, by examining successive
cross-sections of cohorts in the US, the UK, and Taiwan. They �rst quantify how
much consumption and income inequality increases with age within cohorts. They
then consider the following models: the PIH, intertemporal allocation with risk
aversion, bu¤er stock model and borrowing constraints, as well as models with
risk sharing and insurance between individuals. For each, they derive the
implications for the evolution of within-cohort inequality and relate the theory
back to the empirical �ndings.

Robert M. Townsend (MIT ) Macro Approaches 03/13 5 / 63
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The paper by Campbell and Deaton documents and attempts to explain the
�excess smoothness�, namely the fact that consumption seems to react too little
to permanent income shocks, that is there is more insurance in the data than the
model would imply. They use disposable income data compiled by Blinder and
Deaton (1985) and some data compiled by themselves.

Robert M. Townsend (MIT ) Macro Approaches 03/13 6 / 63
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The paper by Krueger and Perri combines Italian Household Survey data (1987 to
2008 - the advantage of which, they claim, is that it contains both income and
consumption data), and the PSID to examine the degree of consumption
smoothing in response to several income shocks. They also examine the response
of wealth to income shocks and introduce heterogeneity between households in
terms of asset/business ownership. The response of consumption to income
shocks is relatively small, with wealth responding more. This points to either good
insurance by the households, with wealt bearing the bulk of the adjustment cost,
or to wealth shocks correlated with income shocks.

Robert M. Townsend (MIT ) Macro Approaches 03/13 7 / 63
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The common thread among these papers is to examine in the data the degree of
consumption smoothing and to adopt a lifecycle perspective, albeit with di¤erent
market structures. They all face the challenge of incomplete and limited data in
developed countries on both consumption and income. The takeaway is that there
is some limited consumption smoothing, but that household behavior exhibits
several anomalies that cannot be captured by the simple lifecycle model. The
weakness of these papers is to not propose a good and robust alternative to the
permanent income hypothesis or workhorse lifecycle model.

Robert M. Townsend (MIT ) Macro Approaches 03/13 8 / 63
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What is this lecture about?

How does the macro literature incorporate and test di¤erent �nancial models
against each other?

How to distinguish between market structures and contract arrangements
with consumption and income data?

example: how to distinguish between permanent income hypothesis with
perfect credit markets and a bu¤er stock model.

Papers presented here (and two additional ones in the "Appendix" slides)
potentially di¤er in their conclusion but show that empirical work can be
productively done, even with limited data.

Robert M. Townsend (MIT ) Macro Approaches 03/13 9 / 63
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What are the di¢ culties?
Di¢ culty 1: Data limitations make these questions di¢ cult to address

Need both longitudinal data on income and on a comprehensive measure of
consumption.

Surprisingly perhaps, no such a dataset in the US! Consumption either very
aggregated, or income data poor.

Strategies used by authors in the face of this data limiation:

Using either Panel Study of Income Dynamics (PSID) and Consumer
Expenditure Survey (CEX) data alone (Hall & Mishkin 1982, Altonji & Siow
1987, Cochrane 1991, Mace 1991, Dynarski & Gruber 1997)
Constructing synthetic cohorts to merge high quality cross-sectional income
and consumption data (Attanasio & Davis 1996).

Robert M. Townsend (MIT ) Macro Approaches 03/13 10 / 63
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What are the di¢ culties?
Di¢ culty 2: Separate permanent from transitory shocks in �nite data

Need to identify individual income shocks in the data. Given the empirical
autocovariance function of individual income, income shocks are combination
of very persistent and very transitory shocks (MaCurdy 1982, Abowd & Card
1989, Blundell & Preston 1998).

In panel data: only total income change observed: how to disentangle shocks
of di¤erent persistence?

Strategies used:

Simply measure response of consumption to total income changes (Altonji &
Siow 1987, Krueger & Perri 2005, 2008)
Use proxies for permanent and transitory income changes (e.g., disability and
short unemployment spells, respectively) to separately identify the two shocks
(Cochrane 1991, Dynarski & Gruber 1997)
Estimate consumption response of households to tax rebates (Souleles 1999,
Shapiro & Slemrod 2003), assumed to be perceived as either permanent or
transitory change in income by households.

Robert M. Townsend (MIT ) Macro Approaches 03/13 11 / 63
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Kaplan and Violante (2010)
Idea

Ask: do current incomplete-markets macroeconomic frameworks used for
quantitative analysis admit the right amount of household insurance? their
benchmark is the BPP estimate (see Appendix slides)
Start with the standard incomplete markets (SIM) model: no access to
state-contingent claims, but self-insurance through trading a
non-state-contingent bond. (in its life-cycle version)
Households with CRRA utility, subject to permanent and transitory shocks to
earnings while they work, and retirement social security bene�ts.
Debt limit: either natural borrowing limit or zero limit.
Save for life-cycle, and precautionary reasons and their wealth helps in
absorbing income shocks.
Simulate arti�cial panel from model:

(i) How does BPP empirical estimate for consumption smoothing compare to
the SIM model one? (equivalently, how much consumption insurance is there
in data beyond self-insurance?)
(ii) Does BPP methodology actually yield reliable estimates of insurance
coe¢ cients? (apply it to their arti�cial data, for which they know true
coe¢ cient)

Robert M. Townsend (MIT ) Macro Approaches 03/13 12 / 63
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Kaplan and Violante (2010)
Results

SIM model generates insurance coe¢ cient for transitory shocks of 94% in
natural borrowing constraints (NBC) economy, and 82% in the zero borrowing
constraint (ZBC) economy, which is close to the empirical estimate of 95%.

But insurance coe¢ cient for permanent shocks is 22% in the NBC economy,
and only 7% in the ZBC economy, much lower than actual 36% one from
BPP.

Life-cycle pattern of insurance coe¢ cients for permanent shocks is sharply
increasing and convex, whereas BPP �nd no age pro�le. Hence, model
generates too much consumption smoothing for older workers nearing
retirement, but too little smoothing for workers in early stages of their
life-cycle.

Robert M. Townsend (MIT ) Macro Approaches 03/13 13 / 63
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Kaplan and Violante (2010)
Results

Reliability of estimator proposed by BPP: works very well for transitory
shocks, but tends to systematically underestimate true coe¢ cient for
permanent shocks which is 23% in both the NBC and ZBC economy. Reason:
Their estimation procedure, analogous to IV, exploits orthogonality condition
between consumption growth and a particular linear combination of past and
future income shocks. Bias of this approximation grows when borrowing
constraints are tighter. Empirical insurance coe¢ cients could be even larger.

Robert M. Townsend (MIT ) Macro Approaches 03/13 14 / 63
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Kaplan and Violante (2010)
Results (continued)

Explore two extensions to SIM model to generate less sensitivity of
consumption to permanent shocks:

1. Allow agents to have some foresight about future income realizations.
Advance information does not bridge gap between model and data.

2. Generalize statistical process for earnings: Instead of a random walk (I(1)
process), make persistent component an AR(1): For some values of
persistence coe¢ cient, SIM model matches data

Robert M. Townsend (MIT ) Macro Approaches 03/13 15 / 63
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Kaplan and Violante (2010)
Standard Incomplete Markets Model

No aggregate uncertainty

Agents work until retirement T ret .

Probability ζt of surviving to period t; with ζt = 1 for all ages before
retirement

Utility:
T

E0 ∑ tβ �1
t ζtu (Cit )

t=1

with income process:

logYit = κt + yit
yit = zit + εit

zit = zit�1 + ηit

where κ is a deterministic income pro�le, common across all households, z is
the permanent shock, ε the transitory one. Both εit and ηit have zero mean,
normally distributed with variances σε and ση.

Robert M. Townsend (MIT ) Macro Approaches 03/13 16 / 63
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Kaplan and Violante (2010)
Standard Incomplete Markets Model

Budget constraint:

Cit + Ai ,t+1 = (1+ r r)Ait + Yit if t < T et

ζ
C t
it + Ai ,t+1 = (1+ r)Ait + P (Yi ) if t T ret

ζt+1
�

where: Ait are assets for period t and P is the social security payo¤ function;
as a function of lifetime earnings.

Calibrate model using standard numbers from lifecycle literature (which pieces
numbers together from various US data sets such as the PSID, or the CEX).

Robert M. Townsend (MIT ) Macro Approaches 03/13 17 / 63
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Kaplan and Violante (2010)
Lifecycle Pro�le in Calibrated Model

Robert M. Townsend (MIT ) Macro Approaches

© The American Economic Association, Greg Kaplan, and Giovanni L. Volante, and
All rights reserved. This content is excluded from our Creative Commons license.
For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Deaton and Paxson (1994)
Idea

PIH implies that consumption of each person follows random walk.

implies that dispersion of consumption within a group of people should
increase over time (as long as they do not have perfectly correlated income
shocks)

Applies for example to a cohort of people born in the same year: inequality
should increase as they age.

Does NOT mean that aggregate inequality (across all cohorts at a point in
time) should increase over time: within cohort result only. (older people have
more dispersion, yet young are constantly replacing the old).

This increasing inequality can be found in other models than PIH as well.

Reason for studying this: understand better how economy handles risk
(closely related to work by Townsend (1994)).

Robert M. Townsend (MIT ) Macro Approaches 03/13 19 / 63
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Deaton and Paxson (1994)
Idea

Start with evidence: data from the US, Britain and Taiwan, to examine
intra-cohort dispersion of consumption, income and earnings over time

Use 47 annual household surveys across those 3 countries

Consider then models and contrast their implications for evolution of
within-cohort inequality to data. (PIH, intertemporal allocation with risk
aversion, bu¤er stock model with borrowing constraints, models with
risk-sharing and insurance between individuals).

Robert M. Townsend (MIT ) Macro Approaches 03/13 20 / 63

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

639
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Deaton and Paxson (1994)
Empirical Methodology

Use successive years of cross-sectional household survey data to follow
cohorts over time. (not panel data, but for each cohort use representatives
from each cross-section).

Example: Taiwanese born in 1945. Means considering those 31 years old in
1976 survey, the 32 years old in the 1977 survey and so on.. ending with the
45 years old in 1990 survey.

Actually better than panel data, since no attrition and only summary
statistics used, so these are more accurate.

Problem in data: consumption is at household level, earnings and income are
individual, and household composition evolves over time. Convert everything
into household units.

Taiwan: Personal Income Distribution Surveys, US: Consumer Expenditure
Survey, Great Britain: Family Expenditure Survey

Robert M. Townsend (MIT ) Macro Approaches 03/13 21 / 63
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Deaton and Paxson (1994)
Empirical Results - Taiwan

Robert M. Townsend (MIT ) Macro Approaches

© The University of Chicago Press. All rights reserved. This content is excluded from our Creative
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Deaton and Paxson (1994)
Empirical Results - United States

Robert M. Townsend (MIT ) Macro Approaches
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Deaton and Paxson (1994)
Empirical Results - Great Britain

Robert M. Townsend (MIT ) Macro Approaches
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Deaton and Paxson (1994)
Empirical Results - Age E¤ects on inequality

Robert M. Townsend (MIT ) Macro Approaches
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Deaton and Paxson (1994)
Empirical Results - Age E¤ects on inequality

The age pro�le of inequality for US is close to linear (but rate of dispersion
slows down after retirement, around age 60). Regression result: variance of
logs within each cohort increases by 0.07 every decade

In Taiwan: convex pro�le, no further widening of inequality after 60.
(regression coe¢ cient of 0.08 on decade of age)

In Britain: slightly convex, also no further widening of inequality after 60.
(variance increases by 0.1 for every decade).

These numbers are extremely large relative to the overall increases in
aggregate inequality (across all cohorts)

Probably demographic changes in those countries, combined with those
intra-cohort results can explain large part of the overall increases in inequality.
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Deaton and Paxson (1994)
Theoretical Results: Inequality in the PIH

Intertemporally additive preferences, quadratic per period utility (certainty
equivalence)

Interest rate = discount rate

Then optimal choice in PIH implies: (see Hall 1978):

cit = ci ,t�1 + uit

Assume cov (cit�1, uit ) = 0
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Deaton and Paxson (1994)
Theoretical Results: Inequality in the PIH

Hence, the variances over any set of individuals who exist both at t � 1 and
at t is:

vart (c) = var 2
t�1 (c) + σt

where 2σt is the period t variance of uit . Hence, variance of consumption
mechanically increases over time.

In addition, if ci ,t 1 independent from uit (stronger than zero covariance!),�
then cross-sectional distribution of consumption at time t is second-order
stochastically dominated by the cross-sectional distribution of consumption in
any earlier period.

Note importance of ��xed membership�assumption: variances must be taken
over same people at time t � 1 and t. Is not valid for a society in which old
die and are replaced by young ones.
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Deaton and Paxson (1994)
Theoretical Results: Inequality in the PIH

Caveats:

Random walk model and PIH itself have limitations: for example quadratic
utility

If allow for taste shifters over time or for heterogeneous preferences across
individuals, then results could be either strengthened or weakened.(that
dispersion in preferences can be due to shifts in household composition for
example, which seems important in Taiwan).

Important caveat is assumption that cov (cit 1, uit ) = 0 (it is NOT implied�
by PIH itself for the cross-section, although true for each individual
separately).
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

Inequality increases in the PIH independently from the income process.

But income process a¤ects share of the age-inequality pro�le

Consider a single asset At :

At = (1+ r) [At�1 + yt�1 � ct (1)�1 ]

where y are earnings, as speci�ed earlier r is real constant rate.

Using terminal condition (assets need to be zero in terminal period T ):

r
βtct = 1+ r

At +
r R�t

∑ k(1+ r)� Etyt+k (2)
1+ r k=0

where
βt = 1�

h
1/ T(1+ r) �t+1

i
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

In the standard in�nite horizon PIH, T = ∞ and β = 1.

In �nite horizon case: βt is concave and decreasing in t.

Using (2) and (1):
βt∆ct = ηt

where: ηt is the consumption "innovation":

r
ηt =

R�t

1+ r ∑ ∑ (1+ r)�k (Et
k=0

� Et�1) yt+k
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

As a function of the history then:

t
ct = c0 + ∑ β�1τ ητ

τ=0

Because innovations are uncorrelated:

t
var 2(ct ) = var (c0) + ∑ 2β�τ σητ

τ=0

where 2σηt is the variance of age t consumption innovation ηt .
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

Implications:

1 After retirement, when no more earnings innovations, no more consumption
innovations either and growth in consumption inquality should decrease.

This is what the graphs showed for Britain and Taiwan. US is anomalous and
could be due to uncertainty regarding health costs, not covered as well as in
the two other countries
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

2. Age inequality pro�le (i.e. cross sectional variation along a cohort) can be
either concave or convex up to retirement, depending on persistence of
shocks to earnings: concave unless individual earnings are very stationary.

For example, rηt =
εt where εt is white noise. Hence, 2σ1+r ηt is constant and

var (ct ) = var (c 2
0) + ση ∑tτ=0 β�2τ is increasing and convex, since β�2τ is.

Persistent example: yt = yt 1 + εt � θεt 1 with 0� � � θ � 1. Then:

∆c �1 R
t = βt

h
βt (1�

1θ) + θr (1+ r )�
i

εt

where Rβt = βt = 1� 1/ (1+ r R) �t+1 (annuatization factor computed to

R). Inequality-age pro�

h
le will be concav

i
e if β�1 R

t βt (1� θ) + θr (1+ r )�1 is

decreasing in age, which occurs if: 1/θ > r/ (1

h
+ r ) (1+ r T) �R -

i
� 1

true unless θ very close to 1 (high persistence

�
).

h i�
In data, pro�les are not concave. Imply that if the PIH is valid, earnings must
contain a large stationary component (or PIH is not valid).
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

3. PIH also implies that dispersion of income increases with age (up to
retirement) and rate of dispersion depends on stochastic income process.

To see this consider

y d
r

t = At + yt = β
1+ r tct + st

where y dt is disposable income, as sum of asset income and earnings. Savings
st is di¤erence between disposable income and annuitized consumption βtct .
Savings de�ned in this way satisfy Campbell�s "rainy day" equation (savings is
equal to NPV of future expected fall in earnings):

R+1�t
st = ∑ k(1+ r )� Et ( )

k=
�∆yt+k

1
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Deaton and Paxson (1994)
Theoretical Results: Shape of the pro�le

Can hence rewrite disposable income as

ydt = βt

 
t R+1�t

c 1 k
0 + ∑ βτ

� ητ
τ=1

!
� ∑ (1+ r)� Et∆yt+k

k=1

If stationary earnings: cross-section distribution of earnings will be constant,
savings will also be stationary and have a constant cross-section distribution.
Disposable income is sum of consumption (integrated process) and savings
(stationary) so will also be integrated and its distribution will disperse at the
rate of consumption.

This is not borne out in the data, since within-cohort distribution of earnings
is dispersing with age.

If nonstationary earnings, earnings are dispersing. Both savings and
consumption are integrated, and variance of disposable income (the sum of
both) will grow until retirement, but at faster rate than variance of
consumption.
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Deaton and Paxson (1994)
Theoretical Results: Relaxing Certainty Equivalence

Suppose more general, intertemporally separable preferences u (cit ), with δ
discount rate.

Euler equation drives evolution of consumption:

(1+ rt+1) λ (cit+1) = (1+ δ) λ (cit ) + uit

where λ = u0.

If δ � rt+1, marginal utilities of consumption become more dispersed over
time. Can show that if in addition, marginal utility of consumption is concave,
variance of consumption increases (su¢ cient but not necessary condition).

On the other hand, if there is a precautionary motive (λ convex), dispersion
of consumption is limited by people�s desire to minimize risk and prudence.
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Deaton and Paxson (1994)
Theoretical Results: Bu¤er Stock Savings

In bu¤er stock models, liquidity constraints, impatience and stationary
earnings can generate an invariant distribution for consumption (constant
consumption inequality).

Hence consumption inequality will be less than earnings inequality - this
resembles the data for Britain and the US, apart from earnings not being
stationary

With non stationary earnings, bu¤er stock will be used to smooth out only
transitory changes, while long run changes will translate into consumption
change. Generates invariant distribution of ratio of consumption, income and
assets to earnings, so all four quantities�variances grow at same rate. This
�ts Britain and US data.
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Deaton and Paxson (1994)
Theoretical Results: Conclusion

If no transfers between generations and age distribution in a population is
constant, consumption and income inequality remain constant, even though
within cohort inequality is increasing. Data con�rms that changes in
aggregate inequality are much smaller than changes in within-cohort
inequality over time.

Relationship between age and inequality implies link between demographic
change and distribution of resources. Taiwan for example has experienced
relative aging, so now more older people relative to young: and hence, overall
inequality has increased.

Results suggest di¤erent explanation for the Kuznets curve (that inequality
should �rst increase as development increases, and only then decrease), if
economic development is accompanied by a demographic transition from high
to low fertility. Eventually this leads to redistribution from young to old,
widens inequality, up to point where new stable population distribution is
established.
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Campbell and Deaton (1989)

In the data, both macro (at aggregate level) and micro (individual
households�level) "excess-smoothness" is observed.

What is excess-smoothness?

Lifecycle model implies that shocks to permanent income fully incorporated
in consumption, while innovations to transitory consumption of income not.

If we can identify the permanent shock to income, it should be translated one
to one into consumption.
Campbell and Deaton (1989): consumption seems to be too smooth - does
not react su¢ ciently to innovations to the permanent component of income.
Other evidence: West (1988), Galì (1991) and Hansen Roberds and Sargent
(1991).
Micro evidence in favor of over-smoothing, together with possible explanation
in terms of incomplete markets: Attanasio and Pavoni (2009)
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Campbell and Deaton (1989)

Excess sensitivity and excess smoothness are di¤erent: Excess sensitivity: how
consumption reacts to past (predictable) income shocks. Excess smoothness
refers to how consumption reacts to present (unpredictable) income shocks.

Paper documents and tests for Excess smoothness and relates it to
"excess-sensitivity".

Core idea: in permanent income model, consumption should not react to
anticipated changes in income, but should react to permanent changes in
income.

Main Equation: "Saving for a rainy-day Equation", introduced by Campbell

∞ 1
st = � ∑

i=0
Et (∆yti +i )

(1+ r)

that is, savings is the discounted present value of expected future declines in
income.

This equation can be given empirical content if specify a process for
expectation-formation.

Robert M. Townsend (MIT ) Macro Approaches 03/13 41 / 63

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

660
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Campbell and Deaton (1989)

First di¤erences in US labor income well-described by AR(1) with positive
autoregressive parameter

this means innovations to such a process are "more than permanent" (i.e.,
forever)

Changes to permanent income are greater than changes to measured income,
so consumption should change by more than measured income

Not true in the data: consumption much less variable than income �uctuations.

Possible explanations they consider:

Innovations to labor income are in reality less persistent
Consumers have more limited information than econometrician (i.e.,
expectation formation model is wrong).
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Campbell and Deaton (1989)

Actual equations they work with are in loglinear version: For savings:

∞
st/yt � �∑ iρ Et∆ log yt+i + κ

1

where κ is a constant. For consumption:

∆ct+1 r
yt

�
∞

ρ� µ ∑ i (Et+1r 1
� Et )∆ log yt+i

where r =interest rate and µ is the growth rate of real labor income.
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Attanasio and Pavoni (2009): Explaining
excess-smoothness

Study testable implications for the dynamics of consumption and income of
models with moral hazard problem with hidden saving.

Agents typically achieve more insurance than under self insurance with a
single asset.

Consumption exhibits �excess smoothness�

Equivalent to a violation of the intertemporal budget constraint considered in
a Bewley economy (with a single asset).
Excess smoothness parameter has a structural interpretation in terms of the
severity of the moral hazard problem.

Tests of excess smoothness, applied to UK micro data:

Thanks to theoretical model, can interpret them as tests of the market
structure faced by agents.
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Appendix Slides
Very useful material to understand the Kaplan and Violante paper better (as well

as for its own sake!)
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Krueger and Perri (2010): How do households respond to
income shocks?
Idea

Use the Italian Survey of Household Income and Wealth (1987-2008) and two
most recent waves of the Panel Study of Income Dynamics (2004-2006)

Document correlations of consumption and wealth with short run and long
run labor income changes

Find that labor income changes are associated with small consumption
changes, and larger wealth changes

This is less true if the changes are long-term ones

Implications: labor income shocks have small persistence and can be well
insured with simple savings (bond).
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Krueger and Perri (2010): How do households respond to
income shocks?
Idea

How households react to shocks depends on underlying �nancial structure.

If no �nancial markets, consumption bears full weight of adjustment to income
shocks
With complete markets, no e¤ect of transitory shocks on consumption

Important question for macro policies and public policies (social insurance)

Their contribution: don�t only consider consumption adjustment, but also
adjustment of wealth in response to income shocks

Hence use the "only" two datasets containing data on consumption, income
and wealth (PSID and Italian consumer survey) (by the way - these are NOT
the only such datasets!)

Divide households in two groups: households who do own businesses or real
estate and households who do not.
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Krueger and Perri (2010): How do households respond to
income shocks?
Documenting consumption smoothing

Italian survey: For households who do not own wealth nor real estate
nondurable consumption changes by about 23 cents in response to a short
run (two years) 1 Euro change �nancial wealth responds by about 17 cents.
(Similar in the PSID).

In response to longer run (six years) income changes consumption response
becomes stronger, while wealth response becomes weaker.

For households who own real estate or businesses the consumption response
to income shocks is much smaller (5 cents) while wealth response is much
larger.
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested

Consider two �nancial models to test which one better accounts for the data:
standard PIH model and standard incomplete markets model

PIH: households can freely borrow and save with a risk-free bond; quadratic
utility and face both purely transitory and purely permanent shocks.

Standard incomplete markets model: CRRA utility (precautionary savings
motive), zero borrowing constraint, with same type of shocks.

Show that the co-movement between income, consumption and wealth
changes both in the short run and in the long run predicted by the model is
consistent with that observed in the data for non-business, non-real estate
owners, if transitory shocks are an important source of income changes and if
measurement error in income is substantial (which they think is plausible)

Hence, simple PIH model does remarkably well for consumption response.
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested

Long-run response of wealth is informative about model too (see the formal
predictions below)

In models in which the size of precautionary saving motive independent of
income realization or wealth level (PIH or with CARA utility and nonbinding
borrowing constraints), wealth response should be lower for longer horizon
income shocks (keeping magnitude of shock constant)

In incomplete markets model with CRRA utility (and/or borrowing
constraints) wealth response to income shock is increasing with time horizon.

Again, data more consistent with pure PIH.
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested - details of the PIH

Quadratic per period utility, discount factor β

Free lending and borrowing at rate r , assume β (1+ r) = 1
After tax labor income process:

yt = y + zt + εt + γt
zt = zt�1 + ηt

where�y is expected household income, 2εt~N 0, σε is transitory shock,

η ~t N 0 2, ση is permanent income shock and γt~N 0 2, σγ is measurement
error.

� �� � �
Simple budget constraint (for illustrative purposes):

ct + wt+1 = yt + (1+ r)wt

where wt = at + et is total wealth, ct are expenditures (durable and
nondurable, lumped together). Transfers already included in labor income yt .
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested - details of the PIH

Responses: (see Deaton 1992) over one period:
r

∆ct = εt + η
1+ r t

ε
∆ twt =

1+ r
∆yt = ∆εt + ηt + ∆γt

Can deduce responses over N periods:
t

∆N ct = ∑
τ=t�N+1

�
r

ε
1+ r τ + ητ

t

�

∆Nwt = ∑
ετ

τ=t�N+1 1+ r

t
∆N yt = ∑

τ=t�N+1

�
∆N εt + η +τ ∆Nγt

�
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested - details of the PIH

Hence the bivariate regression coe¢ cients are given by:

Cov
Nβc =

�
∆N ct ,∆N yt

�
Var

�
∆N yt

� =
Nσ2η + rσ

2
ε / (1+ r) NQ

=
N 2ση + 2

�
2σε +

2σγ

� + (1�M r) 1+r
NQ + 2

βNw =
Cov

�
∆Nwt ,∆N yt

�
2σ

=
Var

�
∆N yt

� ε / (1+ r)

Nσ2η + 2
�

σ2ε + σ2γ

� = (1�M)
[NQ + 2] (1+ r)

where M =
σ2γ
2 2 is the share of transitory shock attributed to measurementσγ+σε
2σ

error, Q = η
2 2 is ratio of permanent shock to transitory shock.σγ+σε
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested - details of the PIH

Larger permanent shock (Q) -> larger consumption response, smaller wealth
response.

Increasing N has exactly same e¤ect as increasing permanent shock ratio Q.
(intuition: all transitory shocks are mean-reverting while permanent shocks
cumulate. Increasing N e¤ectively increases persistence of shocks).

Larger measurement error lowers both coe¢ cients (well-known attenuation
bias).

Because of certainty equivalence (quadratic utility), size of variances 2ση and
2σε per se has no e¤ect.
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Krueger and Perri (2010): How do households respond to
income shocks?
Models tested - details of the SIM

Utility
c1�σ

u (c) =
1� σ

Income process yt = ytyet where yt is the stochastic part of income in logs,
speci�ed as:

log (y

e
et ) = zt + εt

zt = zt�1 + ηt

with εt~N
� 2
� σε
2 , σ

2
ε

�
and ηt~N

�
� σ2η
2 , σ

2
η

�
(chosen such that E ( eyt ) = 1).

No analytical solutions exist, unlike PIH, so calibrate it with plausible
parameters, solve it and simulate paths. Then run regressions on the data
generated from model and compare coe¢ cients to data (both in�nite and
�nite horizon).
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Krueger and Perri (2010): How do households respond to
income shocks?
Detailed wealth response analysis

Analyze in detail components of wealth reaction

All wealth components, but especially real estate and business�assets
co-moves very strongly with labor income shocks, for the whole sample.

Large part of this co-movement may be driven by the �reverse�correlation
between labor income shocks and the prices of real estate (or value of
businesses), rather than be a response of wealth accumulation to income
shocks.

Suggest that simple model with only idiosyncratic income shocks, but no
shocks to value of assets is not appropriate for households who own real
estate or business.
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Appendix Slides: A new Methodology: Blundell, Pistaferri
and Preston (2008) (BPP)

First, let us introduce an important methodology used in BPP. De�ne the
following:
Income process: Path of residual log earnings yit (deviations from a deterministic
and predictable experience pro�le common across all households).

t
yit = ∑ aj

0xi ,t j
j=0

�

x : vector of shocks, aj is vector of coe¢ cients. Shocks are iid with vector of
variances σ. Formulation incorporates very general processes (like ARIMA).
Insurance coe¢ cient: cit is consumption: Insurance coe¢ cient for shock xit is:

x cov (∆c
φ = 1� it , xit )

var (xit )

(both variance and covariance are taken over cross-section of all households). Can
also de�ne the insurance coe¢ cient at age t x, φt by taking variance and
covariance conditional on all households of age t.
Interpretation: Share of variance of the shock which does NOT translate into
consumption variation.

Robert M. Townsend (MIT ) Macro Approaches 03/13 59 / 63

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

676
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Appendix Slides: Blundell, Pistaferri and Preston (2008)
Methodology

In model simulated data, straightforward to calculate coe¢ cients. In real
data: transitory versus permanent shocks not distinguishable and impossible
to estimate from �nite panel data.

Instrumental variables type method: Let yi be vector of income realizations
for household i , for all ages and let gxt (yi ) be a measurable function of this
income history (one for each time and each shock). Identi�cation of
insurance coe¢ cient for shock x can be done if can �nd such a function with

var (xit ) = cov (∆yit , g
x
t (yi )) (3)

cov x(∆cit , xit ) = cov (∆cit , gt (yi )) (4)

and then
x cov (∆c

φ = 1� it , gxt (yi ))
cov (∆yit , gxt (yi ))
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Appendix Slides: Blundell, Pistaferri and Preston (2008)
Methodology

Verifying (4) requires knowledge of the true data generating process for
consumption (i.e., the full model), (3) �only�requires knowledge of the
income generating process.

Note that expression for 1� xφ is same as for coe¢ cient from an IV
regression of consumption changes on income changes using g as instrument.
Condition (4) is hard to check without underlying model because it is like the
�exogeneity assumption�of an instrument.

Need further restrictions/assumptions on the i) income process and ii) model
for consumption. BPP is like a special case along those two dimensions.
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Appendix Slides: Blundell, Pistaferri and Preston (2008)
Methodology

Income process:
yit = zit + εit

where zit follows a unit root process with shock ηit (variance ση) and εit is
an iid shock (variance σε) Hence:

∆yit = ηit + ∆εit

Consumption model:

cov
�

∆cit , ηi ,t+1
�
= cov (∆cit , εi ,t+1) = 0

cov
�

∆cit , ηi ,t 1

�
= cov (∆c� it , εi ,t�2) = 0

hence "no foresight" (or no advanced information) and "short memory" (or
short history dependance).
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Appendix Slides: Blundell, Pistaferri and Preston (2008)
Methodology

For transitory shocks, they set g ε
t (yi ) = ∆yi ,t+1 and note that, thanks to previous

two assumptions:

cov (∆yit ,∆yi ,t+1) = �var (εit )
cov (∆cit ,∆yi ,t+1) = �cov (∆cit , εit )

and for permanent shock η, use gη
t (yi ) = ∆yi ,t�1 +∆yit +∆yi ,t+1 and note that:

cov (∆yit ,∆yi ,t�1 + ∆yit + ∆yi ,t+1) = var (ηit )

cov (∆cit ,∆yi ,t�1 + ∆yit + ∆yi ,t+1) = cov (∆cit , ηit )

hence those g functions are valid instruments for transitory and permanent shocks
respectively.
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Part I
 

Sharing Wage Risk
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Introduction
 

Three innovations to the standard risk sharing model are introduced 
in this paper: 

1 Labor supply is explicitly recognized and modeled as an endogenous 
variable that responds to exogenous shocks
 

2 Explicitly consider non labor income and income from wages
 
3 Allow for heterogeneity within and between households
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�

Example: Setting 

Two agent household, two commodities (consumption, leisure)
 

Utility functions for each agent 

C2L2�1−γ 

U(C1) = C1 , U(C2 ,L2) =  
1 − γ 

Assume that γ ≥ 1
2 

Let w2 be the real wage, y the non labor income and T time. 
The consumption good is the numeraire with price normalized to 1. 
The budget constraint is given by 

C2 +w2L2 = w2T + y 

Agent 1 is risk neutral. Will he bear all risk in a PO allocation? 
Not necessarily. We will show that agent 2 will not face non labor 
income risk, but will face labor income risk, in an Ex Ante PO 
allocation. 
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(ρ +w2T ) w2 

Example: Risk Sharing Implications I 
Think of these two agents as a Small Open Economy.
 
Decentralization process in two steps:
 

�	 Step 1: Ex post efficiency, for every state of nature, split non labor 
income, give ρ to household 1. From the 2nd Welfare theorem, any 
function ρ (that will depend on (w2,y)) generates an expost efficient 
sharing rule. Given this sharing rule, we find consumption and leisure 
for agent 2. 

�	 Step 2: Ex ante efficiency, the ratio of marginal utilities is equal to 
the ratio of Pareto weights. We will also see that, ex ante efficiency 
restricts the sharing rule. 

For Step 1, given the sharing rule, we solve agent 2 optimization 
problem and we get 

ρ +w2T	 ρ +w2T
L2 =	 ,C2 = 

2w2	 2 
The indirect utility function is then   1−γρ+w2T ρ+w2T 

2−(1−γ)2 2w2	 2−2γ −(1−γ)V 2(ρ,w2) = 	 = 
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Example: Risk Sharing Implications II 
For Step 2, ex ante efficient risk sharing implies that the ratio of 
marginal utilities of income is constant for every state of the world (K 
is a constant that depends on the Pareto Weights) 

Vρ 
2(ρ,w2) 1− 2γ − (1− γ)

= 2γ (ρ +w2T ) w2 = K
Vρ

1(ρ,w2) 

This, constrains the sharing rule to be 

1− γ 
1− 2γρ = K ' w − w2T2 

and then consumption and leisure are given by 

1− γ γ− −2γ− 1 2γ− 1C2 = K ' w2 ,L2 = K ' w2 

1− γ− 2γ− 1V 2(w2) = K '' w2 
1− γ− 2γ− 1C1 = w2T − 2K ' w + y2 
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Example: Risk Sharing Implications III
 

The risk averse consumer has no non labor income risk y 

But, faces wage risk, that is shared with the risk neutral consumer. 
Labor supply L2 and consumption C2 respond to wages even when 
there is a risk neutral agent 
Utility also fluctuates. More generally 

v2 = v2(w2,ρ(w2,y)) 

v1 = v1(ρ(w2,y)) 
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General Framework: Setting 

S states of the world 

Risk sharing group consisting of H households. 
Household h has Ih individuals. Household consumption is 
Ch = ∑Ih 

=1 C
i ,h 

i

Aggregate consumption is C = ∑h Ch = ∑h ∑
Ih 
=1 C

i ,h 
i

Preferences U i ,h(C i ,h ,Li ,h), strictly increasing and concave 

Each household faces a vector of wages, non labor income and 
transfers for each state s 

(ws
h ,ys

h) = (w1,h , ...,w Ih,h ,y1,h , ...,y Ih,h ,τs
h)s s s s 

Define Y h ≡ ys 
1,h + .... + ys

Ih,h as the sum of non labor income and s 
X h ≡ Y h + τh as the sum of non labor income and transfer s s s 
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Household Level Efficiency
 

Take as given transfers from the village τs
h . Break the problem into ex 

post efficiency and ex ante efficiency. 
The ex ante Pareto Problem of the household 

Ih 

μ i ,h
 πs U i ,h(C i ,h ,Li ,h 
s s∑
 ∑
max
 )
 

{Ci ,h ,Li ,h 
s s }s∈S,i=1...Ih i=1 s
 

where ∑Ih 
=1 μ

i ,h = 1 and subject to (for all s ∈ S)i


Ih Ih Ih
 

C i ,h 
s w i ,hLi ,h 

s s w i ,hT i + y1,h + .... + y Ih,h + τh 
s s s s∑
 +
∑
 =
∑
 

i=1 i=1 i=1 

Pareto weights do not depend on the realization of wages. But, they 
can depend on the distribution of wages, since they are determined 
when the household signs the risk sharing contract. 
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Notation
 

Let H i ,h be the Marshallian Demand for leisure (a function
 
H i ,h(w i ,h ,ρ i ,h
 

s s )) that solves the individuals i (in household h) program 
(HP). 
Let ν i ,h be the resulting indirect utility function 

ν i ,h(w i ,h ,ρ i ,h) ≡ max U i (Li ,h ,C i ,h)s s s s
Li ,Ci 

C i ,h + w i ,hLi ,h = w i ,hT i + ρ i ,h 
s s s s s 

Both functions depend only on i ’s preferences, while one of the 
arguments, ρs

i ,h depends on the decision (or bargaining) process that 
occurs in the household. 
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Risk Sharing Group Level 
At the group level, the Pareto problem is to find the state contingent 
transfers that maximizes the weighted sum of utilities 
The utility of the household is then given by 

ωh(ws
h ,Xh

s ) ≡ ∑μ i ,hv i ,h(ws
i ,h ,ρ i ,h(ws

h ,Xs
h)) 

i 

= ∑μ i ,hV i ,h(w , X ) 
i 

The Pareto Problem is given by 

max ∑Mh ∑πs ωh(ws
h ,Zs

h + τs
h) 

{τh 
s }s∈S,h∈H h 

subject to the resource constraint (for all s) 

∑τs
h = 0 

h 

From the FOC’s we can show that (for future reference) 

δωh 

πs = λ h (1)sδτh 
s 
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 � � � �  

  

  

Risk Sharing: Parametric Example I 
Use the same setting with Cobb Douglas utility functions 

1−γi ,h
C i ,h αi ,h Li ,h 1−αi ,h 

U i ,h(C i ,h ,Li ,h) =  
1 − γi ,h 

From the (HP) leisure is given by (allows for corner solution)   
Li ,h Tws

i ,h +ρs
i ,h 

= min T ,αi ,h (2)s i ,hws

The Value functions for work and no work are 
1−γi ,h 

+ρ i ,hTws
i ,h

s 
V i ,h = [αi

α
,h
i ,h (1 − αi ,h)

1−αi ,h (w i ,h)−αi ,h ]× (3)W s 1 − γi ,h 

1−γi ,h 
+ρ i ,hTws

i ,h
s 

V i ,h = (4)NW 1 − γi ,h 

(( ) ( ) )

( )

( )
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Risk Sharing: Parametric Example II
 

From, (2), the reservation wage is given by 

1 αi ,hw i ,h ρ i ,h¯ = (5)s sT 1 − αi ,h 

i ,h i ,hThe agent works iff ws ≥ w̄s 

The agent has either CARA (not working) or HARA (working) utility 
function with respect to income risk with coefficient equal γi ,h 

Utility is differentiable at the reservation wage 

Utility is strictly concave in ρ 
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�

�

�

�

�

�

Risk Sharing: Parametric Example, Summary
 

The reservation wage (5) and the demand for leisure yield the
 
following testable predictions.
 
An agent is less likely to participate and if he participates he works 
less when: 

her wage is low 
  
the household is doing well (the multiplier λ
hs
 is low)
 
her Pareto weight is large: a higher status buys additional leisure 

Conversely, An agent is more likely to participate and if he
 
participates he works more when:
 

wage is high
 
the household is doing bad (the multiplier λ
hs
 is high)
 
her Pareto weight is small: a lower status cant buy additional leisure
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Risk Sharing: Parametric Example, Labor Supply Equations
 
Reservation wage and leisure are then given by 

log w̄ i ,h = log(αi ,h) − log(T )+  
1 log Mh μi ,h

(1 − αi ,h)(1 − γi ,h) − 1 

(1 − αi ,h)(1 − γi ,h) 1 Λs 
+ log(1 − αi ,h) − log
(1 − αi ,h)(1 − γi ,h) − 1 (1 − αi ,h)(1 − γi ,h) − 1 πs   

1 (1 − γi ,h) αi ,hlog Ls
i ,h = log α i ,h + log Mh μ i ,h + log(αi ,h (1 − αi ,h)

1−αi ,h )
γi ,h γi ,h   1 Λs (1 − αi ,h)(1 − γi ,h) − 1 − log + log wi ,h 

sγi ,h πs γi ,h 

An obvious problem with these two equations is that neither the
 
Pareto weights Mh , μ i ,h nor the marginal utility of income Λs
 

Strategy: exploit the specific structure of these equations in terms of 
variations within and across households. 
We can summarize the system as: 

w i ,hlog ¯ = Bi ,h +Gi ,hDss 

log(T − l i ,h) = Ai ,h +Fi ,hDs − Ei ,h log w i ,h 
s s 
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Risk Sharing: Parametric Example, Labor Supply Equations
 
Where 

1 (1 − γi ,h)Ai ,h = log αi ,h + log Mhμ i ,h + log (αi ,h)
αi ,h (1 − αi ,h)

(1−αi ,h) 

γi ,h γi ,h 

1
Bi ,h = log αi ,h − log T + log Mhμ i ,h 

(1 − αi ,h)(1 − γi ,h) − 1 

(1 − αi ,h)(1 − γi ,h)
+ log(1 − αi ,h)

(1 − αi ,h)(1 − γi ,h) − 1
 
1


Gi ,h = 
(1 − αi ,h)(1 − γi ,h) − 1
 
1


Fi ,h = 
γi ,h 

Ds = − log 
Λ

πs

s 

(1 − αi ,h)(1 − γi ,h) − 1
Ei ,h = 

γi ,h 

( ) ( )
( )

( )
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Part II
 

Labor and aggregation
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�

�

Introduction
 

Tension between the small micro estimates of the intensive and 
extensive margin labor elasticities and the large values needed to 
match volatility in aggregate hours or response of hours to changes in 
taxes. 
What has happened in the literature studying labor supply since the
 
tension was recognized? 

Macro (from Chetty et al): developed models of indivisible labor in 
which extensive-margin responses make aggregate-hours elasticities 
larger than intensive-margin elasticities (Richard Rogerson 1988, Gary 
D. Hansen 1985, Chang Yongsung and S. Kim 2006, Lars Ljungqvist 
and Thomas J. Sargent 2006). 
Micro (from Chetty et al): Large body of evidence on intensive (hours 
conditional on employment) and extensive (participation) labor supply 
elasticities. 

�

�
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�

�

�

�

�

Review of the Evidence: Chetty et al (2012)
 

      

    

      
 
      
 

There are four elasticities of interest:
� steady-state (Hicksian) extensive
� steady-state (Hicksian) intensive
� intertemporal (Frisch) extensive.
� intertemporal (Frisch) intensive.

Terminology in Macro Literature
� Macro Elasticity: Frisch Elasticity of Aggregate hours
� Micro Elasticity: Frisch elasticity on intensive margin
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Review of the Evidence: Chetty et al (2012)
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Review of the Evidence: Chetty et al (2012)
 

Micro vs. Macro Labor Supply Elasticities

Each cell shows a point estimate of the relevant elasticity based on meta analyses of existing micro and macro
evidence. Micro estimates are identified from quasi-experimental studies; macro estimates are identified from
cross-country variation in tax rates (steady state elasticities) and business cycle fluctuations (intertemporal 
substitution elasticities). The aggregate hours elasticity is the sum of the extensive and intensive elasticities. 
Macro studies do not always decompose intertemporal aggregate hours elasticities into extensive and intensive 
elasticities. Therefore, the estimates in bracket show the value implied by the macro aggregate hours elasticity 
if the intensive Frish elasticity is chosen to match the micro estimate of 0.54. Source are described in the appendix.

Intensive Margin Extensive Margin Aggregate Hours

Steady State (Hicksian)

Intertemporal Substitution
(Frisch)

Micro

Macro
Micro

Macro

0.33

0.33
0.54

[0.54]

0.26

0.17
0.28

[2.30]

0.59

0.50
0.82

2.84

Image by MIT OpenCourseWare.
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Review of the Evidence: Chetty et al (2012) 
Frisch Elasticities, Macro 

The fact that employment fluctuations account for 5/6 of the 
fluctuations in aggregate hours suggests that extensive elasticities 
above 3 would be needed to match the data in standard RBC models. 
If macro models with an extensive margin were calibrated to match 
an intensive intertemporal elasticity of 0.54, they would require 
extensive intertemporal elasticities of 2.84-0.54 = 2.30 on average to 
match aggregate hours fluctuations. 
This value is an order of magnitude larger than all of the micro 
estimates considered so far 
Hence, extensive labor supply responses are not large enough to 
explain the large fluctuations in employment rates at business cycle 
frequencies. 
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Review of the Evidence: Chetty et al (2012)
 
Summing up 

Tension between the small micro estimates of the intensive and 
extensive margin labor elasticities and the large values needed to 
match volatility in aggregate hours or response of hours to changes in 
taxes. 
We will study how different market regimes map a small labor
 
intensive margin elasticity into a higher aggregate elasticity.
 
We will find that are a low micro elasticity can be mapped in a higher 
aggregate elasticity in economies with Complete (Rogerson 1988, 
Hansen 1985) and Incomplete markets (Kim et al 2006) 
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Rogerson (1988): Main Contribution
 

Shows that nonconvexities, as a result of aggregation, have a major 
consequence on the aggregate response to aggregate shocks. 
In particular, an economy with a continuum of identical agents will 
behave in the same way as one with a representative agent with 
preferences that are different from the ones of all the individuals in 
the economy. 
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�

�

�

 

Rogerson (1988): Setting without lotteries
 

Three commodities: labor, capital and output. 
Single period, Non Stochastic Environment. 
Representative firm, f (K ,N), increasing, concave, continuously diff. 
Continuum of identical (no heterogeneity) individuals i ∈ [0,1] with: 

 

� Endowment: 1 unit of time, 1 unit of capital
� Time is indivisible and divided between leisure and work
� Identical utility function u(c)− v(n)
� v(1) = m,v(0) = 0
� c ≥ 0,n
�

∈ {0,1}, where n = 1, means that the individual is working.
Define the (non convex!) consumption set

X =
{ 3(c ,n,k) ∈ R : c ≥ 0,n ∈ {0,1},0 ≤ k ≤ 1

}
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Rogerson (1988): Equilibrium without lotteries 
An allocation for E is (c(i),n(i),k(i)) ∈ X , and K ,N ≥ 0 
A competitive equilibrium for E is an allocation and prices w , r that: 

Individual Optimization: For each i ∈ [0,1], (c(i),n(i),k(i)) solves 

max u(c) −mv(n)
c,n,k 

subject to 

c ≤ nw + rk 

n ∈ {0, 1}
0 ≤ k ≤ 1 

Firm Optimization: N,K � 0 are a solution to
 

max f (K ,N) − rK −wN
 
N,K 

Markets clear (labor, capital, consumption) 

In economy E a competitive equilibrium exists. But, due to the 
indivisibility in labor supply, individuals might receive different 
allocations in equilibrium (see example in the lecture notes). If we 
allow for randomization, we can make agents better off. 

�

�

�
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��

Rogerson (1988): Setting with lotteries
 

Let X denote the set of allocations in economy E :
 

3 1,0 ≤ k ≤ 1
�


X1 = (c ,n,k) ∈ R : c ≥ 0,n = 
3X2 = (c,n,k) ∈ R : c ≥ 0,n = 0,0 ≤ k ≤ 1

� 

X = X1 × X2 × [0,1] 

Let φ be the probability that an individual is assigned to work. An 
element in X is given by: 

((c1,1,k1) ,(c2,0,k2) ,φ) 

The expected utility of this allocation 

φ [u(c1)− m]+ (1 − φ) [u(c2)] 

{{

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

708
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Rogerson (1988): Setting with lotteries 
Prices of consumption good, capital and labor are (1, r ,w) 
There is a randomization device that with probability φ gives the 
agent the allocation (c1, 1,k1) and with probability (1 − φ) the 
allocation (c2,0,k2). 
Receiving the allocation (c1,1,k1) means that the agent consumes c1, 
works, and supplies k1 units of capital (he will receive an income of 
w + rk1). 
Competitive market for insurance to overcome his income uncertainty 
with x1 be the premium paid when working and x2 the insurance 
received when not working 
The budget constraint is then 

c1 ≤ w + rk1 − x1 (6) 

c2 ≤ rk2 + x2 (7) 

The zero profit condition (Insurance is actuarially fair) for the 
insurance company 

π = φ x1 − (1 − φ)x2 = 0 (8) 
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Rogerson (1988): Equilibrium with lotteries
 

Individual Optimization. For each i ∈ [0,1], (c(i), n(i),k(i)) solves 
(P1) given by: 

max φ [u(c1)−m]+ (1 −φ ) [u(c2)]
c0,c1,k0,k1,φ 

subject to 

φ c1 +(1 −φ )c2 ≤ wφ + r [φk1 +(1 −φ)k2] (9) 

ch ≥ 0,h ∈ {1,2}
φ ∈ [0,1] 
0 ≤ k ≤ 1 

Firm Optimization
 

Markets clear
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Rogerson (1988): Equilibrium Characterization 

Simplify (P1). 
Lemma: If (c0,c1,k0,k1,φ) is a solution to ( P1) and φ ∈ (0,1), 
then, c1 = c2. Also, note that k1 = k2 = 1. 
The proof follows from working with first order conditions1 and comes 
from separability. The first order conditions for individual 
optimization for (P1) with respect to consumption are 

φu ' (c1) = φθ 
  

(1 − φ)u ' (c2) = (1 − φ)θ
 

where θ is the multiplier of the budget constraint (9). This implies 
that c1 = c2 = c . 
Note that if φ ∈/ (0,1), the requirement that c1 = c2,has no 
implications. 

1We rule out a corner solution for consumption and capital. Sufficient for this would 
be Inada type of conditions. www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Rogerson (1988): Equilibrium Characterization
 

So, from the previous lemma, (P1) can be written as (P2) that is
 
given by
 

max u(c) − φm
 
c,φ 

subject to 

c = wφ + r 
c ≥ 0 

0 ≤ φ ≤ 1 

where we used that k = 1. 
Computing equilibrium now involves finding a list (c ,φ ,K ,N, r ,w): 

(c ,φ)solves (P2)
 
(K ,N) solves firms problem
 
φ = N,K = 1,c = f (K ,N)
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Rogerson (1988): Equilibrium Characterization 

And from this, we can conclude that, equilibrium is identical to the 
one in an economy with 

Production function f (K ,N) 
Representative Agent with a utility function given by u(c) − mn and 
with a consumption set 

X = (c ,n,k) ∈ R3 : c ≥ 0,0 ≤ n ≤ 1,0 ≤ k ≤ 1
� 

This economy is entirely neoclassical (in particular, no nonconvexity). 
Let (P3) be given by
 

max u(c) − mφ
 
c,φ 

subject to 

c ≤ f (1,φ) 
c ≥ 0 

0 ≤ φ ≤ 1 
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Rogerson (1988): Implications for fluctuations 
An economy with a continuum of agents with utility 

u(c) − v(n) 

and indivisibility in labor supply (that is n ∈ {0,1}) is isomorphic to an 
economy with a representative agent and a utility function given by 

u(c) −mn 

So, the economy behaves as one that has a representative agent, with 
linear utility function; and, linearity in work dis-utility (as shown 
below), implies, infinite elasticity of substitution, between wages and 
leisure. 
This motivates the inclusion of an indivisibility in labor supply as a 
way of generating higher response in aggregate labor in response to 
an innovation in productivity. 
But, as we will see, there are other realistic ways to generate 
“indivisibility”. 
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Hansen (1985): Motivation 

Hansen 1985 applies Rogerson’s setting to a Neoclassical Growth 
model to generate volatility in hours. 
Motivation of the paper 

There is need to focus on the extensive margin to generate volatility in 
hours. For example, Heckman and MaCurdy (1980), show the 
importance of the extensive margin (changes in participation) in 
explaining female labor supply. 
At the aggregate level, half of the variation in total hours is due to 
participation. Let Ht be total hours worked, ht be average hours 
worked, and Nt be the number of individuals working. Using data from 
BLS, we can decompose the variance in total hours as 

20% 55% r A_ . r A_ . 
var(log Ht ) = var(log ht )+ var(log Nt )+2cov(log ht , log Nt ) 

To introduce variability in the extensive margin, Hansen introduces 
nonconvexity, as in Rogerson, in preferences: agents work full time or 
don’t work at all. As we saw before, the economy will behave as if it 
had a representative agent with infinite elasticity of substitution. 

�

�

�
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Hansen (1985): Classical Economy 
Neoclassical growth model with adjustment in the intensive margin. 
Let kt be capital, ht be total hours, and zt be productivity. The 
production function 

f (zt ,kt ,nt ) = zt kt 
α h1−α (10)t 

Let ct and it be consumption and investment. Aggregate constraint 

ct + it ≤ f (zt ,kt ,ht ) (11) 

Law of motion of capital
 

kt+1 = (1 − δ )kt + it (12)
 

Law of motion of productivity
 

log zt = ρ log zt−1 + εt (13)
 

Measure 1 of identical agents utility function
 

u(ct ,1 − ht ) = log ct +A log(1 − ht )
 

Firms own the production function and rent capital from agents and 
hire them as workers. www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Hansen (1985): Classical Economy
 

Because the are no externalities and other distortions, any Pareto 
Optimum can be decentralized as a competitive equilibrium. So, to 
find the competitive equilibrium, we can solve the planners problem 
that will be given by 

∞

∑
β t u(ct ,1 − ht )
 {ct ,ht }
max

∞
E
 

t=0 t
=0
 

subject to (10) to (13), k0,z0 and F (ε). 
From first order conditions we can recover prices that support the 
equilibrium. 
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Hansen (1985): Indivisible Labor
 
Following Rogerson, introduce a contract between the firm and a 
household that commits the household to work h0 hours at period t 
with probability αt and zero otherwise. 
The household will get paid independently if it works or not. 
Since all the households are identical ex ante they choose the same 
contract αt . 
But, they differ expost, so, expected utility is given by 

U(ct ,αt ) =  αt (log ct +A log(1 − h0))+(1 − αt )(log ct +A log 1)(14) 

≡ log ct +Aαt log(1 − h0) (15) 

Per capita hours are given by 

ht = αt h0 (16) 

Again, we can solve the planner problem, now, with an additional 
constraint (16). 
The key property of this economy is that the elasticity of substitution 
between leisure in different periods for the representative agent is 
infinite. www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in
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Hansen (1985): Indivisible Labor 
Plugging (16) in (15) we get that 

U(ct ,αt ) =  log ct +Aαt log(1 − h0) 
ht 

= log ct +A log(1 − h0)h0 

So, the utility function of the representative agent is given by 

u(ct ,1 − ht ) = log ct − Bht 

where
 −A log(1 − h0)
B = 
h0 

Then, the planners problem is 

∞

∑
β t (log ct − Bht )
max
∞{ct ,αt }

E
 
t=0 t
=0
 

subject to (6) to (13), k0,z0 ,F (ε) and (16).
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Hansen (1985): Solution Method
 

The solution strategy can be summarized as follows: 

1 Find first order conditions. 
2 Compute the steady state. 
3 Compute a first order approximation around the steady state. 
4 Solve for the law of motion of endogenous variables. 
5 Compute the moments of simulated data. 
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Hansen (1985): Calibration
 

To simulate data we need parameter values for (α,β ,ρ,δ ,A,σε) and
h0.

� α : share of capital in total production.
� δ : such that implies an annual rate of depreciation of 10 percent.
� β : set to 0.99 since this implies a real interest rate of 4 percent for

quarterly data.
� A : set equal to 2 and implies that hours worked in steady state in the

model with divisible labor are 1/3 of total.
� h0 : such that the two models (with and without nonconvexity) have

the same hours in steady state.
� ρ : is set to 0.95 such that z is log normal with mean 5 percent.
� Different values are set for σε .
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Hansen (1985): Simulation Results
 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Chang Kim (2006): Introduction
 

In an incomplete markets setting, a high aggregate elasticity, can still 
be obtained 

They present a model economy where workforce heterogeneity stems
from idiosyncratic productivity shocks:

� The model economy exhibits the cross-sectional earnings and wealth
distributions that are comparable to those in the micro data (not
presented here, but useful as a cross check for the model)

� They find that the aggregate labor-supply elasticity of such an
economy is around 1, greater than a typical micro estimate
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Chang Kim (2006): Setting 
Continuum of families of measure 1 

Family consists of a pair of male and female and the utility function is 

∞

∑
β t u(ct ,hmt ,hft )
U = max E
 
{ct ,hmt ,hft }
t=0 t

∞ 
=0
 

1 
γ
 

1
 
γ
h

1+ 
mt 

1 +


h
1+ 

ftu(ct ,hmt ,hft ) = 2 × ln(0.5ct )− Bm
 1 − Bf
 
γ
 

1
 
γ
1 +


Utility of consumption is given by 2 × ln(0.5ct ) since ct is measured 
for each household (assume they share equally and they have equal 
weight) 

As we saw before, γ measures the inter-temporal elasticity of labor
 
Workers differ from each other in productivity that follows a Markov 
process. 
Labor enters as efficiency units. Worker earns wt xt ht if works ht 

hours, when the aggregate wage is wt , and his productivity is xt . 
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Chang Kim (2006): Setting
 

There is no intensive margin: the worker works 0 or h̄ hours 

capital market is incomplete: the only asset is physical capital that 
yields a rate r and depreciates at rate δ . No market for insurance 
against idiosyncratic shocks as in Aiyagari (1994) and Hugget (1993) 

Budget constraint of the (entire) family 

ct = wt (xmt hmt + xft hft )+(1 + rt )at − at+1 

at+1 ≥ ā

Firms have Cobb Douglass Technology. This will not be important for 
the results, but closes the model. The production function is given by 
Yt = F (Lt ,Kt ,λt ) = λt Kt 

α Lt 
1−α where λt is an aggregate shock. 
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Chang Kim (2006): Equilibrium 

Consider a recursive equilibrium where μ(a,xm,xf ) measures assets 
and productivities across families 

Let Vee denote the value if the both the male and female are 
employed (so, both are working h̄ hours). 
The value function solves 

¯ ¯ ' ' ' 'Vee (a,xm,xf ;λ , μ) = max u(c,h,h)+β E
 
max{Vee ,Ven,Vne ,Vnn}/xm,xf ,λ 

a '∈A 

c = w(xmh + xf h)+(1 + r)a − a ' 

a ' ≥ ā 
'μ = T (λ , μ) 

' ' ' ' 'where Vee denotes Vee(a ' ,xm,xf ;λ , μ ' ) (the others are analogous) 

The family labor supply decision is 

V (a,xm,xf ;λ , μ) = max{Vee ,Ven,Vne ,Vnn} 
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Chang Kim (2006): Definition 
Equilibrium: An equilibrium is a set of value functions 

Vee (a,xm,xf ;λ , μ), Ven(a, xm,xf ;λ , μ),Vne (a,xm,xf ;λ , μ),Vnn(a,xm,xf ;λ , μ),V (a,xm,xf ;λ , μ) 

a set of decision rules for consumption, asset holdings and labor
supply 

c(a,xm, xf ;λ , μ),a ' (a,xm, xf ;λ , μ),hm(a,xm,xf ;λ , μ),hf (a,xm,xf ;λ , μ) 

aggregate inputs K (λ , μ),L(λ , μ) and factor prices w(λ , μ), r(λ , μ),
 
'and a law of motion μ = T (λ , μ) such that: 

1 

2 

3 

4 

5 

Individual optimization. Given the wages, the individual decision rules 
solve the Bellman equations. 
Firms profit maximization 
Goods Market clear  
Factor Markets clear 
Individual and aggregate behavior are consistent 

' ' ' 'μ ' (A0 ,X0 ,X 0)=  Ia ' =a ' (a,xm ,xf ;λ ,μ)dπx
m(xm/xm)× dπx

f (xf /xf )d μ da'dxmdxf 
(A0 ,X 0 ,X 0) A X X  
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Calibration I 
Individual productivity follows an AR(1) and iid across the 
population 

'lnx = ρx lnx + εx 

For each worker, the wage is lnw i = lnxt
i + lnwt , an aggregate wage t 

rate, and the specific productivity shock of the worker. Differencing 
this equation, we get 

lnw i = ρx lnwt
i 
−1 +(lnwt − ρx lnwt−1)+ ε i (17)t x ,t 

To correct for selection bias, they apply a Heckman type of estimator 
to estimate the previous equation. Authors treat lnwt as time 
dummies. The selection equation will be d i = Zt

i b +ut
i where Z i t t 

includes (age, years of schooling, marital status, age 2 , schooling 2 , 
age × schooling). Results can be found in the paper. 
They estimate two versions of the model. Model 1, does not inlcude 
individual characteristics in (17). Model 2, does, and uses predicted 
wages (they regress w i on individual characteristics) instead of t 
measured wages. 
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Calibration II 
For the other parameters, the calibration follows standard
 
parameters in the business cycle literature.
 
α = 0.64 is the labor share 

δ = 0.25% is the quarterly depreciation rate. 
When they work, individuals supply h = 3

1 . 
Most micro estimates of the intertemporal subtitution range (the 
authors claim) 0 and 0.5 and they use γ = 0.4. 
The disutility if work Bm and Bf are used to match the average 
employment rates of males and females. 
The discount factor is chosen so that the quarterly return on capital is 
1%. 
The borrowing constrint ā = −4.0 which is one a half of quarterly 
earnings of the household. 
For business cycle fluctuations, they use an AR(1) process for the 
aggregate productivity shock. 
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Chang Kim (2006): Individual Response
 

Consider a sample of 50.000 households in steady state (when 
μ(a,xm,xf ) is invariant) and simulate their histories for 120 quarters. 
Then, aggregate them for annual frequencies. 
Run a panel regression for individuals that have positive hours of the 
following form
 

lnhit = γ(log wit − log cit )+ εit
 

separately for men and women.
 
Key findings summarized in table 6
 

small elasticities for both men and women
 
larger elasticity for women
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Chang Kim (2006): Individual Response
 

Aggregate Labor Supply

MaleModel 

Model I
Model II

0.84
0.96

Female

1.36
1.71

0.94
1.12

Aggregate

Implied elasticity from the steady-state 
reservation-wage distribution

Note: The numbers reflect the elasticity of the labor-market participation 
rate with respect to reservation wage (evaluated around the steady state) 
based on the steady-state reservation-wage distribution.

Image by MIT OpenCourseWare.
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Chang Kim (2006): Aggregate Response 
Simulate the model assuming that there is an AR(1) aggregate 
productivity disturbances for 30000 quarters, compute the aggregates. 
First, they run the previous regression 

lnhit = γ(log wit − log cit )+ εit 

Results are in Table 8. Main point: the value is much higher than in 
the individual response. 
Second, they consider a unique household with preferences given by ⎧⎨
 

⎫⎬
h
1+ 1 

γ 
tβ t log ct − α 

∞

∑
E
 11 +
⎩
t=0
 ⎭
γ
 

and divisible labor. They simulate this model, compute the moments 
of the simulated data as in Kydland and Prescott (1982), and pick γ 
to replicate the business cycle moments generated by the model with 
the non convexity. 
Results are in Table 8. Main point: the value is γ needed is around 2, 
much higher than Micro estimates. 
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Chang Kim (2006): Aggregate Response
 

Compensated Labor Supply Elasticities from The 
Model-Generated Data

Individual panel
Model 

Male Female

Model I
Model II

0.41
0.45

0.78
0.89

1.08
1.15

Aggregate time 
series

Note: All estimates are based on the OLS of equation (13) using model-
generated data. The individual labor supply elasticities are based on the
annual panel data of 50,000 worker for 30 years. The aggregate estimates
are based on the quarterly time series of 3,000 periods.

Image by MIT OpenCourseWare.
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Chang Kim (2006): Aggregate Response
 

Comparison With Representative-Agent Economies

σ(Y) 1.53 1.58 1.22 1.38

0.49

4.81

0.75

0.49

0.91

1.54 1.71 2.22

0.96

4.67

1.78

0.80

1.61

0.52

5.39

1.01

0.59

1.37

0.45

4.26

0.50

0.36

0.55

0.41

3.72

0.25

0.20

0.23

0.40

5.22

0.79

0.50

0.92

0.42

5.00

0.72

0.47

0.82

σ(C)

σ(I)

σ(N)

σ(N)/σ(Y)

σ(N)/σ(Y/N)

Note: All variables are detrended by the H-P filter. γ denotes the Frisch labor supply 
elasticities. The statistics for data are based on per capita values (divided by civilian
noninstitutional population over 16) from the Citibase: Y = nonfarm business GDP 
(GPBUQF); C = consumption of nondurables and services (GCNQ+GCSQ); I = non-
residential fixed private investment (GIFQ); N = total employed hours in private no-
nagricultural sector based on the establishment survey (LPMHU).

Model I Model II
Representative Agent U.S. Data

1948:I-2000:IVγ = 0.4 γ = 1 γ = 2 γ = 4

Image by MIT OpenCourseWare.
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Seema (2006): Introduction
 

The paper builds and tests a model in which productivity shocks 
cause larger changes in the wage when workers are poorer, less able to 
migrate, and more credit-constrained because of such workers’ 
inelastic labor supply. 
The equilibrium wage effect hurts workers but acts as insurance for 
landowners. 
Agricultural wage data for 257 districts in India for 1956–87 are used 
to test the predictions, with rainfall as an instrument for agricultural 
productivity. 
The results show that with fewer banks or higher migration costs, the 
wage is much more responsive to fluctuations in productivity. 
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Seema (2006): Setting
 

The economy (village) has a large number N of agents who live for 
two periods t ∈ {1,2}. 
Each agent i is endowed with landholding ki . There is no market for 
land. Total capital in the village is K 

All agents have the same endowment of time, h̄, which they allocate 
between labor, hi , and leisure, li . 
There are two types of individuals, landless and landowning. A
 
proportion θ ∈ (0, 1) of the village is landless (kp = 0), and the
 
remaining villagers have equally sized plots of land kr = (1−

K 
θ )N .
 

“r” denotes rich and “p” poor 
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Seema (2006): Setting
 

Period 1: Landowners produce with production function 
f (di , ki ) = Ad˜ i 

β kβ where di is labor input (hired and landowner). TFP i 
shock, AH > AL with probability 1

2 . At the moment of production, 
productivity is known. 
Period 2: exogenous (certain) income yi . 
Assumption: The parameters are such that the individual wants to 
save of there is a good shock and borrow otherwise. 
Preferences: Stone Geary preferences with subsistence level of
 
consumption
 

1 − α 
u(cit , lit ) = log(cit − c)+  log litα 

Financial market: interest rate r and there is a cost of borrowing 
and saving φ such that the interest rate on savings is r − φ and the 
interest rate on borrowing is . Agents must have nonnegative assets 
at the end of period 2. 
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Seema (2006): Individuals Problem 

Each individual (Landless and Landowner) solves 

1 − α 
max log(ci1 − c)+  log lit +b log(ci2 − c) 

ci1≥c,ci2≥c,h̄≥li ≥0,di ≥0 α 

ci2 ≤ [1 +(r +φ)I(ci2 < yi )+(r − φ)I(ci2 > yi )] 

×[˜ i kβAdβ − di w +w(h̄− li )− ci1]+ yii 

The term Ad˜ i 
β kβ − di w +w(h̄− li ) measures: income from the plot, i 

minus the total wages paid, plus the income of the wage if he hours 
he is using. 
For the case of landless the first two terms are zero. If we substract 
consumption to this, we get the surplus or deficit in first period, that 
can be saved or borrowed. That, plus the income in period 2, is the 
maximum amount that can be consumed in the second period. 
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�
  

Seema (2006): Individuals Problem
 

From the first order conditions we get that 

1 β /(1−β )Ãβ 1−β Ãβd∗ = ki πi = Ã(1 − β )kii w w 

Note that the distribution of land does not affect labor demand
 

An interior solution for labor supply yields 

1 − α α(1 − b)
h∗ ¯= h−i 1 +αb 1 − α ⎡ ⎤⎫ 

β /(1−β ) ⎬˜1 y − c Aβ ⎣ ⎦− c +(1 − β ) kiw 1 +(r ± φ ) w ⎭ 

( ) ( )

{
( )
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Seema (2006): Equilibrium
 

Def: A competitive equilibrium is a set of wages wH ,wL(for each 
state of nature) such that landowners and landless consumers 
maximize their utility and the labor and savings market clears. 
The labor market clears when 

∑di = ∑(h − li ) 
i i 

The equilibrium wage elasticity is defined as 

wH − wL AH + ALv ≡ 
AH − AL wH + wL 
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� �
Seema (2006): Testable Implications 

Proposition 1: The wage elasticity is increasing in poverty, where 
poverty is parameterized by the ratio of the subsistence level to 

caverage TFP A : for fixed A, δ
δ

v
c > 0 

Proposition 2: The wage elasticity is increasing in banking costs, or 
δv 
δφ  > 0. > 0.

(( ))

The intuition for this proposition is as follows.
� Banking costs affect the degree to which individuals save when there is

a good shock and borrow when there is a bad shock.
� When there is a good shock, a worker has a greater incentive to supply

labor if he can more easily shift income to period 2. .
� Without the ability to save, working more will raise his period 1

consumption, which has a decreasing marginal benefit. Raising his
period 1 income is more valuable if he can also shift income to period
2, when the marginal utility of consumption is higher.

� Similarly, when there is a negative shock, if individuals cannot borrow
as easily against their period 2 income, they are compelled to work
more in period 1, driving down the wage and exacerbating wage
volatility. High banking costs therefore imply more inelastic labor
supply and, in turn, larger wage responses to TFP shocks.
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Seema (2006): Specification 

Log wages 

wjt = β1Ajt + β2Sjt + β3Sjt × Ajt + β4Xjt + β5Xjt Ajt + δt + αj + εjt 

where the unit of observation is a district j , Ajt is productivity in that 
district in t, Sjt is some variable that is presumed to affect the wage 
elasticity, Xjt are control variables 

The coefficient β1 measures the average elasticity of the wages with 
respect to productivity. 
The main testable prediction to be tested is β3 < 0: when there are 
more smoothing mechanisms available, the elasticity of wages with 
respect to productity is lower (proposition 2). 
To measure productivity, the only measure available is crop yield 
(crop volume per unit of land) 

wjt = β1Yieldjt + β2Sjt + β3Sjt × Ajt + β4Xjt + β5Xjt Ajt + ηt + λj + ujt 
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Seema (2006): Data
 

The panel comprises 257 rural districts, defined by 1961 boundaries, 
observed from 1956 to 1987 

The sample covers over 80 percent of India’s land area, including the 
major agricultural regions. 
A district in the sample has, on average, 400,000 agricultural workers. 
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Problem Set 1 (Part 1)

14.772 Spring 2013

The main focus of this pset will be on Ben Moll�s job market paper, which can be accessed at

http://www.princeton.edu/~moll/TFPFF.pdf

We will go through the derivation of the model, and along the way compare/contrast it to similar models
seen in lectures 2-4.

1. Interpret the constraint in equation (5) of the paper. How does this compare to the constraint in Gine
and Townsend (2004). What � values correspond to the two sectors of that economy.

2. How is talent modeled in this paper. Derive the cuto¤ talent point z. In Buera, Kaboski and Shin (2010)
¯cuto¤ talent depends on asset. Is it the case here? Name two factors behind the di¤erence.

3. What occupation choice, if any, does individuals face in this paper? How does this a¤ects market clearing
compared to the models we have seen in class?

4. From the �rm�s problem, you should �nd that pro�t is linear in asset. Show and explain how this translate
to a linear saving policy.

5. Solve for the market equilbrium, and show that the economy on aggregate is equilavent to a Solow model.
Write down the expression for TFP. How does it depend on talent of individuals in the economy.

6. Given stationary wealth shares !(z), show that in the steady state K = �
Y �+�

7. Your friend just read Japelli & Pogano (1994), which found that country with tighter credit constraint
has higher K :Y He sees equation in #6, and conclude that in this paper, credit constraint does not a¤ect the
economy. How would you explain to him.

8. The paper de�nes !(z; t) as the share of wealth held by talent type z at time t: Describe lim !(z; t) for
t!1

the case where (i) individual�s talent is �xed; and (ii) individual�s talent is i.i.d. over time. Which case leads
to higher GDP in the long run? How about in the short run?
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Risk Sharing
Consider H households, with household h consisting of Ih members. There is a single consump-
tion good in this economy. Individuals also care about leisure, thus their per-period utility is
ui,h(ci,h, li,h), where i denotes the individual and h denotes the household. This utility function is
differentiable in both arguments and satisfies all usual conditions. Individuals discount the future
at rate β and maximize expected utility.

Assume that there exist a countable set of payoff relevant states of nature St in period t, and
we denote a generic state by st (st ∈ St). As usual we denote a history by st = (s1, ..., st). The
probability of history st is π (st). The sources of individual income are wage income and non labor
income. Non-labor income in history st is yi,h (st) and the hourly wage rate as wi,h (st). Note that
both income and wages only depend on the current state st. Thus, total wage income of individual
i in household h and state st will be the wage rate wi,h (st) times the number of units of time
worked. Each individual has a total time endowment of Ti,h per period. Finally, there is a transfer
schedule amongst households. Let τh (s) denote the (net) transfer received by household h when
state s is realized.

Household Level Analysis
We begin by assuming that the risk sharing unit is the household. Assume a unitarian household
model in which allocations are decided as a result of an efficient social-planner-like decision rule
with weights μi,h on individual utility functions.

(1) Write down the program that a household h solves when deciding consumption
and labor allocations for its members.

(2) Characterize the solution to the allocation problem. Please be explicit on which
variables ci,h and li,h depend. Provide a precise intuition why the solution depends on
those variables (and why not on some others).

(3) With your answer to the previous question in mind: what do you think of the
usual risk sharing regressions? Why might a significant effect of individual income in
the consumption regression not be informative about the absence of risk-sharing?
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(4) Now suppose that consumption and leisure are separable in individuals’ prefer-
ences. Formally, suppose that ui,h (c, l) = vi,h (c) + qi,h (l) . Which variables determine
individual leisure and consumption now?

(5) How could this allocation be decentralized, (assuming that each agent is free to
decide how much to work)?

(6) Does individual labor supply of agent i in household h depend on wages and incomes
of individuals in the household? Why or why not?

(7) Suppose only for this question that the utility function was CARA only in consump-
tion (i.e.,ui,h(c) = −e−σihc) and you would like to identify the risk aversion of agents
in a household. Could you identify the parameter σih using the usual risk-sharing
regression? Why or why not?

(8) Express the indirect utility function of household h, ωh, implicitly. What are the
arguments of the indirect utility function?

Village Level Analysis
We now assume that the village is the risk sharing unit.

(9) Set up the planning problem for the village and prove that this problem can be
solved by the determination of state contingent transfers τih to maximize the weighted
sum of household indirect utilities.

(10) Characterize the allocation. How would the allocation rule differ in two different
states, and ′, that satisfy the following property H I H

s s
∑

h=1

∑
h i,h Ih i,h

i=1 y (s) =
∑

h=1

∑
i=1 y (s′)?

(11) What regression would you run to test for risk-sharing within the family and
across families within the village?

Policy Experiment
Suppose that a new government comes to power and considers that some of the wages paid in the
village are extremely low. As a result, the government implements an employment income guarantee
scheme in this village (and pays for it using funds from outside). Effectively, this introduces an
outside option of w for all individuals in the village and thus all the wages wi,h (st) below w become
w.

2
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(12) Construct an example for which you can characterize the consumption and leisure
allocations across individuals in closed form (or at least in a way that allows you to
study how these allocation depend on individual wages). How does consumption and
leisure of the “affected” individuals react to the minimum wage? How are the other
individuals affected? What drives those results in your example? Do you think those
results generalize? [HINT: As I did not tell you what example to pick, there is no
“right” or “wrong” in this exercise. Just try to find an example, which works out nicely
and discuss your findings.]

3

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

749
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



MIT OpenCourseWare
http://ocw.mit.edu

14.772 Development Economics: Macroeconomics
Spring 2013

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

750
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://ocw.mit.edu/terms
http://ocw.mit.edu


14.772 Macro Development - Problem Set 2

Spring 2013

Problem 1: Risk Sharing
Consider H households, with household h consisting of Ih members. There is a single consump-
tion good in this economy. Individuals also care about leisure, thus their per-period utility is
ui,h(ci,h, li,h), where i denotes the individual and h denotes the household. This utility function is
differentiable in both arguments and satisfies all usual conditions. Individuals discount the future
at rate β and maximize expected utility.

Assume that there exist a countable set of payoff relevant states of nature St in period t, and
we denote a generic state by st (st ∈ S t

t). As usual we denote a history by s = (s1, ..., st). The
probability of history st is π (st). The sources of individual income are wage income and non labor
income. Non-labor income in history st is yi,h (st) and the hourly wage rate as wi,h (st). Note that
both income and wages only depend on the current state st. Thus, total wage income of individual
i in household h and state st will be the wage rate wi,h (st) times the number of units of time
worked. Each individual has a total time endowment of Ti,h per period. Finally, there is a transfer
schedule amongst households. Let τh (s) denote the (net) transfer received by household h when
state s is realized.

Household Level Analysis
We begin by assuming that the risk sharing unit is the household. Assume a unitarian household
model in which allocations are decided as a result of an efficient social-planner-like decision rule
with weights µi,h on individual utility functions.

(1) Write down the program that a household h solves when deciding consumption
and labor allocations for its members.

Solution: The household takes the time path of transfers {τh (st)}t as given. Hence, total house-
hold income after history st is given by

Xh

(
st
)

= τh
(
st
) Ih

+
∑

yi,h (st) .
i=1

1
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The problem of the family is given by

Ih

h max i ∑
µi,h

∑
βtπ st ui,h li,h st , ci,h st (1)

{ I
ci,h(st),li,h(st)} h

ti t i=1 t,s
s∑Ih ( ) ∑Ih ( Ih

( ) ( ( ) ( ))

s.t. ci,h st + wi,h st li,h st = wi,h st T i,h +Xh st for all st.
i=1 i=1

) ( ) ∑
i=1

( ) ( )
As usual we can solve (1) as a static problem, i.e. for each st,

{ I
ci,h (st) , li,h (st)

}
h

i
solve

max
∑Ih

µi,hui,h
(
li,h, ci,h

{ci,h,li,h}Ih
i i=1

)
(2)

s.t.
∑Ih Ih ∑h

ci,h +
∑ I

wi,hli,h = wi,hT i,h +Xh,
i=1 i=1 i=1

where I now suppressed the explicit dependence on st.

(2) Characterize the solution to the allocation problem. Please be explicit on which
variables ci,h and li,h depend. Provide a precise intuition why the solution depends on
those variables (and why not on some others). Let λ be the multiplier on the constraint.
The necessary conditions for this problem are

µi,hui,hc
(
li,h( , ci,h

)
= λ

µi,h i,hul li,h, ci,h = λwi,h.

Hence, the allocation between consumption and leisure

)
is given by

i,hul li,h, ci,h
wi,h

i,h

)
=

u i,h
c

(
(3)

(l , ci,h)

and the consumption allocation across households is given by

µi,hui,h li,h, ci,h = ,h
c µg,hug,hc lg,h, cg . (4)

From (7) we can express leisure as an

(
individual-sp

)
ecific

(
function

)
of consumption and the wage

rate, i.e.
li,h = φi,h

Hence, we can express (4) as

(
ci,h, wi,h

)
. (5)

µi,hui,h
(
φi,h

(
ci,h, wi,h i,h

c

)
, c

)
= µg,hug,h g,h g,h g,h g,h

c

In

(
φ

(
c , w

)
, c . (6)

particular, consider i = 1 so that (6) determines cg,h as a function of c1,h and

)
the wage rates

wg,h and wi,h, i.e.
cg,h = χg,h c1,h, w1,h, wg,h .

( )
2
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Hence,

lg,h = φg,h cg,h, wg,h

= φg,h

( )(
χg,h

(
c1,h, w1,h, wg,h

≡ κg,h c1,h, w1,h, wg,h ,

)
wg,h

)( ,

where κg,h is some function specific to individual g.

)
From the budget constraint of (2) we therefore get that

∑Ih Ih I

wi,hT i,h +Xh =
∑ h

ci,h +
i=1 i=1

∑
wi,hli,h

i=1

Ih Ih

= c1,h + w1,hl1,h +
∑

cg,h +
∑

wg,hlg,h

g=2 g=2

= c1,h + w1,hφ1,h
(
c1,h, w1,h +∑Ih

χg,h
( h

c1,h, w1,h, g,h
) I

w +

)

g=2

∑
κg,h

g=2

(
c1,h, w1,h, wg,h

)
.

This is an equation which determines c1,h as a function of a bunch of things, in particular

c1,h = f1,h


Ihw1,h, w2,h, ..., w3,h,
∑

wi,hT i,h +Xh ,
i=1


i.e. consumption depends on all wage rates

[
w1,h, ..., wIh,h

]
and total income Ih

i=1 w
i,hT i,h +Xh.

That consumption only depends on total income and not on its individual components is the usual
result. However, now consumption depends on all wage rates of household mem

∑
bers. This is due

to the leisure-labor choice encapsulated in (7).

(3) With your answer to the previous question in mind: what do you think of the
usual risk sharing regressions? Why might a significant effect of individual income in
the consumption regression not be informative about the absence of risk-sharing?

Solution: This model suggests, that individual income depends on total income and all wage rates.
In particular: if consumption and leisure are substitutes (i.e. the marginal utility of consumption is
high if leisure is low), individual consumption will be positively related to the wage rate - if wages
are high, the individual should work and hence receive consumption due to the complementarity.
If the wage rate is positively correlated with personal income, we will find in a regression that
personal income is correlated with consumption conditional on aggregate income. This however, is
an implication of optimal risk sharing.

(4) Now suppose that consumption and leisure are separable in individuals’ prefer-
ences. Formally, suppose that ui,h (c, l) = vi,h (c) + qi,h (l) . Which variables determine
individual leisure and consumption now?

3
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Solution: If preferences are separable, (7) simplifies to

i,hul
(
li,h, ci,h i,hq

i,h
= l li,h

= wi,h. (7)
uc (li,h, ci,h

)
) i,hv

(
(ci,hc

)
)

This shows that (5) still applies, i.e. li,h = φi,h
(
ci,h, wi,h

)
. All the other steps to derive the

consumption allocation rule did not use the separability between consumption and leisure. Hence,
individual consumption allocation depend on the same variables as above despite the separability
of preferences. But: there is another relation we can use! By looking at (4) right away we get that

µi,hvi,hc ci,h = µg,hvg,hc cg,h ,

from which we get that for all i = 2, ...,H

( ) ( )

ci,h = χi,h
(
c1,h .

Hence, Ch ≡
∑
ci,h =

∑
χi,h

(
c1,h

)
so that c1,h = h

(
Ch

)
so that we can still write an equation of

the form
ci,h = f i,h

)
(
Ch
)
,

i.e. individual consumption should only depend on aggregate consumption (not aggregate income).

(5) How could this allocation be decentralized, (assuming that each agent is free to
decide how much to work)?

Solution: Under the usual assumptions on preferences the second welfare theorem applies. Hence,
there is an equilibrium with transfers, where individual household members receive endowments ei,h
and then either trade in Arrow-Debreu markets for state-contingent commodities or simply have a
full set of state-contingent one-period assets and markets for labor and the consumption good are
open in each state st.

(6) Does individual labor supply of agent i in household h depend on wages and incomes
of individuals in the household? Why or why not?

Solution: As clearly seen from above: individual labor supply is given by

Ih

T i,h − li,h = T i,h − ζ1,h


w1,h, w2,h, ..., w3,h, wi,hT i,h +Xh

i=1



i.e.

 ∑
,

labor supply depends on wages of other∑ people in the household but not


on their non-labor

income (conditional on aggregate income Ih
i,h i,h h

i=1 w T +X ). The intuition that the wages of other
individuals determine labor supply is the same as for consumption: with non-separable preferences
pareto-optimality requires that marginal utilities of consumption are equalized. As this marginal
utility depends on individual leisure, the labor allocations depend on the distribution of wages in
the economy.

4
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(7) Suppose only for this question that the utility function was CARA only in con-
sumption (i.e.,ui,h(c) = −e−σihc and you would like to identify the risk aversion of agents
in a household. Could you identify the parameter σih using a regression? Why or why
not? If leisure does not enter the utility function, we clearly have li,h = 0, as leisure has the
price wi,h. From (6) we have

1,h − 1σ ,h 1c ,h 1,h = g,h −σg,h

µ e σ µ e cg,h

σg,h.

Hence,
g,h g,h 1,h

cg,h
1 µ σ σ

= ln + c1,h.
σg,h µ1,h σ1,h σg,h

Substituting this in the budget constraint yields

( )

∑Ih h

wi,h
(
st
) I Ih

T i,h +Xh
(
st
)

=
∑

ci,h
(
st
)

+
∑

wi,h
(
st
)
li,h

i=1 i=1 i=1

(
st

Ih

)
=

∑
ci,h s

i=1

(
t

Ih

)
1 I

µg,h σg,h h 1
= c1,h +

∑
ln σ1,h

σg,h

(
+ c1,h

µ1,h σ1,h
g=2

) ∑
σg,h

= c1,h

(
Ih

1 + σ1,h
∑ 1

σg,h
g=2

) g=2

Ih

+
∑ 1

ln
σg,h

(
µg,h σg,h

µ1,h σ1,h

I

=

( g=2

)
1 ,h

1,hσ1,h 1 I h
h 1 µg,h σg

c + + ln
σ1,h

∑
σg,h σg,h

=2

) ∑
g=2

(
µ1,h σ1,h

g

)
(∑Ih 1

) ∑Ih
g,h

= c1,hσ1,h 1 σ
+ ln .

σg,h σg,h

(
µg,h

µ1,h σ1,h
g=1 g=2

)
Solving for consumption yields

Ih
1 ( ∑Ih

1 µg,h
= ∑ σg,h

c1,h σ1,h − ln

)
+

∑wi,h
(
st T i,h s

I
+Xh t

h 1
g=1 g,h

σg,h µ1,h σ1,h
σ g=2 i=1


Ih

µg,h g,h

) ( )
1 1 σ


=

σ1,h

∑
g=2 σg,h ln

(
1 Ih

µ1,h σ1,h

−

) ∑∑ + ∑ σ1,h

 wi,h st T i,h +Xh st
Ih 1 Ih 1
g=1 σg,h g=1 σg,h i=1


1

( ) ( )
≡ α1 + ∑ σ1,h

Y h,
Ih 1
g=1 σg,h

where Y h is aggregate household income and α1 is a individual-specific fixed effect. This shows
that σi,h is not identified - it is only the relative risk aversion (relative to the other household
members), which is identified from a regression. In particular, relatively risk-neutral households
get a big share of aggregate resources and are therefore subject to a larger part of the aggregate
risk in this economy.

5
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(8) Express the indirect utility function of household h, ωh, implicitly. What are the
arguments of the indirect utility function?

Solution: The indirect utility function of the household is simply the solution to (8), i.e. it is
defined by

ωh
({
Xh

(
st
)}

,
{
wi,h

(
st
)} )

= h max i ∑Ih

µi,h
∑

βtπ st ui,h li,h st , ci,h
t i,t

{ I
ci,h(st),li,h(st)} h

i i t,st
t =1

s

h h

( )
h

( ( ) (
st
))

(8)

I

s.t.
∑ I I

ci,h st + wi,h st li,h st = wi,h st T i,h +Xh st for all st.
i=1

( ) ∑
i=1

( ) ( ) ∑
i=1

( ) ( )
The indirect utility function depends on the entire sequence of transfers and the entire sequence of
wages for all family members. Clearly both of these “objects” have to be known to solve (8) and
hence to define the indirect utility function ωh.

Village Level Analysis
We now assume that the village is the risk sharing unit.

(9) Set up the planning problem for the village and prove that this problem can be
solved by the determination of state contingent transfers τih to maximize the weighted
sum of household indirect utilities.

Solution: See my risk sharing notes.

(10) Characterize the allocation. How would the∑allocation∑ rule differ in two different
states, s and s′, that satisfy the following property H Ih

h=1 i=1 y
i,h ( H I

s) =
∑
h=1

∑
h

i=1 y
i,h (s′)?

Solution: See my risk sharing notes.

(11) What regression would you run to test for risk-sharing within the family and
across families within the village?

Solution: Optimal household risk-sharing requires that individual consumption should not de-
pend on individual income once household income and the wages of the household are controlled for.
This restriction can be tested using individual panel data. Risk sharing in the village implies that
household transfers, i.e. τh (st) =

∑Ih

i=1

(
ci,h (st)−

[
yi,h (st) + wi,h (st)

(
T i,h − li,h (st)

)])
, should

only depend on aggregate income once the distribution of wages is controlled for.

6
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Policy Experiment
Suppose that a new government comes to power and considers that some of the wages paid in the
village are extremely low. As a result, the government implements an employment income guarantee
scheme in this village. Effectively, this introduces an outside option of w for all individuals in the
village. Thus all the wages wi,h (st) below w become w.

(12) Construct an example for which you can characterize the consumption and leisure
allocations across individuals in closed form (or at least in a way that allows you to
study how these allocation depend on individual wages). How does consumption and
leisure of the “affected” individuals react to the minimum wage? How are the other
individuals affected? What drives those results in your example? Do you think those
results generalize? [HINT: As I did not tell you what example to pick, there is no
“right” or “wrong” in this exercise. Just try to find an example, which works out nicely
and discuss your findings.]

Solution: Suppose that ui,h (c, l) = ln (c) + ξln (l). Then (3) implies that

ξ
( 1
li,h

−
ξci,h

= = wi,h ci,hξ = wi,hli,h.
(ci,h)

)
−1 li,h

⇒

Similarly, (4) implies that

1 1 µg,h
µi,h = µg,h

i,h cg
⇒ cg,h = ci,h.

c ,h µi,h

Hence,

∑Ih Ih Ih

wi,hT i,h +Xh =
i=1

∑
ci,h +

i=1

∑
wi,hli,h

i=1

Ih Ih

= c1,h + w1,hl1,h +
∑

cg,h +
∑

wg,hlg,h

g=2 g=2

Ih Ih

= c1,h + ξc1,h +
∑

cg,h + ξ
g=2

∑
cg,h

g=2

h

= (1 + )


I

ξ c1,h +
∑

cg,h

g=2




h ∑I µg,h


= (1 + ξ) c1,h + c1,h

µ1,h
g=2



1 + Ih

ξ


= c1,h

µ1,h

∑
µi,h,

i=1

7
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which implies that

i,h

ci,h
1


Ih

µ
= ∑ ∑wg,hT g,h +

1 + ξ Ih Xh

g,h
g=1 µ g=1

 (9)

li,h
1 ξ

=


Ih

µi,h∑ ∑wg,h
wi,h 1 + ξ Ih T g,h +Xh

=1 µ
g,h

g g=1



ξ ∑ µi,h


= h

1 + ξ Ih +X
g,h

T g,h +Xh +
∑ wg,h

T g,h . (10)
wi,h

g=1 µ g=i


Let the policy increase the wages of individual i. From (9) and (10) it is seen that this wage increase

1. increases consumption of all individuals in the village.

2. keeps relative consumption levels across individuals constant as (9) implies that

ci,h µi,h
= .

cm,h µm,h

3. reduces leisure of individual i as (10) implies that leisure li,h is decreasing in wi,h

4. increases leisure of all other individuals as (10) implies that leisure l−i,h is increasing in wi,h
(due to the income effect)

Most of the results are likely to be robust to different specifications. That leisure of individual i
decreases is intuitive - only if there was a very strong wealth effect in leisure would we expect some-
thing else. That all consumption levels increase is also intuitive. As there will be more income, at
least some consumption level has to increase. That all consumption levels increase can be expected
from the risk-sharing intuition. That relative consumption of individuals is unaffected is of course
special and depends crucially on the separability of preferences, which make relative cosumption
levels only a function of the pareto weights µ. That other agents increase their consumption of
leisure is also intuitive. With consumption being more abundant, the marginal utility of income
decreases so that working becomes less attractive. At given wages, labor supply should go down
because of wealth effects on the leisure choice.

6
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[Part II]
This part concerns the analysis of equations in Appendix I in the paper.

(a) Show that TFP = TFPR w TFPR = M Li TFPRiPγ
in which

∑
i=1 L

(b) Suppose (1 − τi) = a 1
Ai

. Using the labor market clearing condition, show that

1
TFP =

M

∑M
i=1 Ai

L1−γ

independent of a. Give a concise interpretation why aggregate TFP is independent of
a. What is the crucial assumption for this result?

14.772 Pset 3 - Hsieh and Klenow (2009)

[Part I]

(a) Given the production function given in formula (3) of the paper, solve the cost mini-
mization problem

Ms

PsYs = min
∑

PsiYsi

i=1

subject to
σ−1

Ms σ
σ−1

Y σ
s =

(∑
Ysi

)
. (2)

i=1

Determine Ps.

(b) Let λs be the multiplier on the constraint (2). Show that the profit maximization of
firm i in industry s is

σ − 1 σ

max (1 − −1

τYsi
) λs (Ysi) σ − wLsi − (1 + τKsi) RKsi

Y si,Lsi,Ksi σ

subject to Y = A Kαs 1
si si si L αs

si
− .

(c) Use the solution to the firm maximization problem and the expression of Ps to derive
the formula (15). NOTE: In their original QJE paper, there are a couple of typos! In
particular, (12) and (13) are not correct if MRPLs and MRPKs are defined as in
their paper following (12) and (13). As a hint: define

s

=
s

∑M1
(

1 PsiYsi

MRPL MRPLsi PsYsi=1

)
and MRPKs similarly.

(d) There is a large literature trying to link the distortions (τYsi
, τKsi

) to financial frictions
individual firms face. To see the relation between these exogenous taxes and credit
constraints, suppose that there are no taxes (i.e. τYsi

= τKsi
= 0) but firm i faces a

credit constraint of the form

wLsi + ζRKsi ≤ W (zsi, η) ,

where zsi is a firm characteristic (e.g. wealth), η parametrizes the financial system
and ζ parametrizes how much of capital expenses can be pledged. Suppose that W is
increasing in both argument, i.e. wealthy firms are less constrained and better financial
system are associated with higher values of η. Derive the firm’s factor demands taking
prices factor prices as given. What are the firm-specific “taxes” in this framework?
Suppose that Asi = A, i.e. all firms have the same productivity. Which firms face high
“output-taxes τYsi

”? Under what conditions would a researcher conclude that τKsi
= 0?
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Problem Set 3: Hsieh and Klenow (QJE 2009)

This exercise goes through careful derivations of equations in the paper.

(a) (1 point) Given the production function given in formula (3) of the paper, solve
the cost minimization problem

Ms

PsYs = min
∑

PsiYsi
i=1

subject to
σ

M

Ys =

(
s

σ−1

Y σ
si

i=1

) −1
σ

.

Determine P .

∑
s

Solution: Set up the Lagrangian

Ms

Ls =
∑

PsiYsi + λs
i=1

( ∑Ms
σ−1 σ

Y σ
−1

s − Y σ
si

i=1

)
,

where λs is the multiplier on the constraint. Taking first-order conditions yields

∂Ls σ 1
= Psi λs

−
Y
− 1
σ = 0.

∂Ysi
−

σ si

This shows that total costs are given by

∑Ms 1 M
σ s −1

PsiYsi =
σ

λs
−
σ

i=1

∑
Y σ
si (9)

i=1

and that the demand function is given by
1

σ−1

Y σ
1 σ 1 σ−

si =
(

λs
−

Psi σ

)
. (10)

We are now going to solve for the multiplier λs. The demand function (10) implies( σ σ∑M σ 1 σ 1s
)
− (

− 1
)σ (∑Mσ s

=
σ−1

Y σ
s Ysi = λs

σ
i=1 i=1

(
1
)σ−1

P

)
−

(11)
si

This implies that the multiplier λs is given by

− 1
(∑M (

1
)σ−1

) 1
σ
−

σ s
1

−1

λ = σ
s Ys . (12)

σ Psii=1

1
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Plugging this in (9) yields

∑Ms σ
PsiYsi = λs

− 1 σ−1

Y σ
s (13)

σ
i=1 ( 1∑M − 1s σ σ

1 1 −1 −
−1

= σ

si

)
σ

Y σ
s

i=1

(
P

)
Ys

(∑Ms ( −
1
) 1
σ−1 σ

= Ys
Psii=1

)
−1

So, finally we arrive at
1∑M

Ps =

(
σs

P 1−σ
si

)
1−

. (14)
i=1

Ps is the price index to buy the composite good Ys. More specifically: if the M
σ

individual goods
−1

have prices [Psi]
M
i=1, then one unit of the composite good Ys =

individual variety Ysi is bought in the efficient proportions. Ps is

(
sometimes

price index and in many models P is used as the numeraire.

∑ σ
Ms

i=1 Y
σ

si

)
σ−1

costs Ps, if each
referred to as the ideal

s

(b) (1 point) Show that the profit maximization of firm i in industry s is

σ 1

max (1−
−

τ σ
Ysi)λs

− 1
(

σ

Ysi) − wLsi
Y si,Lsi,Ksi σ

− (1 + τKsi)RKsi (15)

subject to Ysi = AsiK
αs
si L

1−αs
si .

Solution: Given the demand curve (10)

σ
P = λ

− 1
Y
− 1
σ

si s
σ si ,

after-tax revenue of firm si is

σ 1 1

(1− τYsi)PsiYsi = (1− τYsi)λs
−

(Ysi)
σ−
σ .

σ

Hence, (15) is the appropriate profit maximization problem. Note that λs is an endogenous variable
as seen in (12). It depends on the prices of all other firms and on aggregate demand (the market
size Ys). Note also that λs is taken as given by firm si, although it depends on Psi (and hence
on Ysi via the demand function). This is the essence of monopolisitc competition - firms recognize
their market power in their variety i, but they take economywide aggregates as given.

(c) Use the solution to the firm maximization problem and the expression of Ps to
derive the formula (15) in the paper.

Solution First of all, sorry we had to make you go through this, but take it as a lesson for life
... and enjoy the fact that you are never going to do this again. To derive the result, we use the

2
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following alternative definitions of sectoral average marginal products of labor and capital (instead
of the ones proposed in page 1409)

1 Ms 1 P
= siYsi (16)

MPRLs

∑
MPRLsi PsYsi=1

1 Ms

=
∑ 1 PsiYsi

MPRKs MPRKsi PsYsi=1

Profit maximization on the firms’ behalf implies the first order conditions

σ
(1− τYsi)λs

− 1 σ − 1
(1− α σ

s)
σ−1

Ysi = wLsi
σ σ

σ 1
(1− τYsi)λs

− σ − 1 σ−1

αsY σ
si = (1 + τKsi)RKsi.

σ σ

Using the definition of λs (see (10)), we get that

σ
(1− τYsi)

− 1
(1− αs)PsiYsi = wLsi

σ

and
σ

(1− τYsi)
− 1

αsPsiYsi = (1 + τKsi)RKsi
σ

First, look at firms’ labor demands. Using equation (10) in the paperMPRLsi = w
1 τY

, we obtain−
si

1 σ
Lsi =

− 1
(1− αs)PsiYsi

MPRLsi σ
1 P Y

= si si σ − 1
(1− αs)PsYs

MPRLsi PsYs σ
1 P

= siYsi σ − 1
(1− αs) θsPY,

MPRLsi PsYs σ

where the last equality PsYs = θsPY follows from the Cobb-Douglas structure of final demand -
expenditure shares across sectors are equal to the share parameter θs. Using this, we get

1 PsiYsi σ 1
Ls =

∑
Lsi =

∑
i

(
−

(1
MPRLsi PsYs σ

i

− αs) θsPY
)

σ
=

− 1
(1

σ
− αs) θsPY

∑ 1 PsiYsi
MPRLsi PsYsi

( )
σ − 1 1≡ (1
σ

− αs) θsPY ,
MPRLs

where MPRLs is defined in (16). Rearraning terms yields

Ls σ
1 =

− 1
PY. (17)

(1
MPRLs

− αs) θs σ

3
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Using the labor market clearing condition L =
∑
s Ls, (17) implies that

1 (1 αs) θs
Ls = ∑MPRLL s

−
1 (12’ HK)

(1− αs sM
′) θ

PRL
′

s′

Similarly, consider the firms’ capital demands

1 1 τY σ
K si

1
si =

− −
α P

R 1 + s siYsi
τKsi σ

1 σ
=

− 1
αsPsiYsi

MRPKsi σ

Therefore, by definition of MPRKs, we have

1 σ 1
Ks =

∑
Ksi =

−
αsθsPY.

MPRKs σ

We also obtain
1 αsθsMPRKK s

s = K 1 (13’ HK)
αsMPRK
′θs′

s′

From the definition of the sectoral average marginal

∑
product of labor and capital (see (17)) we have

σ 1
MPRLsLs =

−
(1

σ
− αs)PsYs;

so
PsYs σ 1

= MPRL
Ls σ − 1 1− s. (18)

αs

Similarly
σ 1

MPRKsKs =
−

αsPsYs;
σ

so
PsYs σ 1

= MPRKs. (19)
Ks σ − 1 αs

We are now in the position to derive (15) of the paper. First of all note that by definition (see (14)
in the paper)

Y
TFPs = s

.
Kαs
s L1−αs

s

Using (18) and(19) this implies that

TFPs =
(
YsPs
Ks

)αs ( 1
YsPs

−αs 1
L( s

)
Ps

1 α
σ MPRK RL

s

= s

)αs (
MP s

−

σ − 1 αs 1− αs

)
1
Ps

1
= TFPRs .

Ps

4
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Now recall that

Ps =

(∑
P 1−σ
si

i

) 1
1−σ

,

which implies that
1

1
=

Ps

(∑
i

(
Asi

TFPRsi

)σ−1
)
σ−1

,

as
P Y

= si si
TFPRsi P

KαsL1− siAsi.α =
s

si si

Hence,

1
TFPs = TFPRs

Ps

= TFPRs

(∑( σ 1
Asi

−1

TFPRsi

) ) 1
σ−

=

( i∑
i

(
TFPRs

Asi
TFPRsi

)σ−1
) 1
σ−1

,

which is the required equation.

(d) There is a large literature trying to link the distortions (τYsi , τKsi) to financial
frictions individual firms face. To see the relation between these exogenous taxes and
credit constraints, suppose that there are no taxes (i.e. τYsi = τKsi = 0) but firm i faces
a credit constraint of the form

wLsi + ζRKsi ≤W (zsi, η) ,

where zsi is a firm characteristic (e.g. wealth), η parametrizes the financial system
and ζ parametrizes how much of capital expenses can be pledged. Suppose that W is
increasing in both argument, i.e. wealthy firms are less constrained and better financial
system are associated with higher values of η. Derive the firm’s factor demands taking
factor prices as given and aggregate demand as given. What are the firm-specific
“taxes” in this framework? Which firms face high “output-taxes τYsi”? Under what
conditions would a researcher conclude that τKsi = 0?

Solution: The firm solves the problem given in part (b) with τYsi = τKsi = 0 but facing the credit
constraint. I.e. the profit maximization problem is given by

σ 1

max
− 1

(Y )
σ−

λ σ
s si

Y si,Lsi,Ksi σ
− wLsi −RKsi

subject to Y = A L1−αs
si si si Kαs and the constraint

wLsi +RKsi ≤W (zsi, η) .

5
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Letting µ (zsi, η) be the multiplier on the credit constraint, the first order conditions characterizing
the firm’s factor demand are given by

1 2
σ 1 ζ si, η)

λ
− 1 σ−1

σ
+ µ (z

α Y = RK
1 + s

µ (zsi, η)

(
σ

)
si si si

(
1 + µ (( ) zsi, η)

)
1 2

σ −1

(1 )
σ

λ
− 1 − α Y σ =

1 + ( ) s si
µ zsi, η σ si wLsi

Substituting the expression for λs, factor demands are

1
(
σ − 1

)
1 + ζµ (zsi, η)

α
1 µ (zsi, η) siP+ siYsi = RKsi

σ 1 + µ (zsi, η)
1

(
σ

(
− 1

)
)

(1 α )P Y = wL .
1 + µ (zsi, η) σ

− si si si si

The corresponding demand in Hsieh-Klenow are given by

σ 1
(1 τ

−− Ysi) (1− αs)PsiYsi = wLsi
σ

and
σ

(1− τYsi)
− 1

αsPsiYsi = (1 + τKsi)RKsi
σ

Hence, taxes play exactly the role of the Lagrange multplier of the firm’s problem. In particular,
the solutions to these problem is identical if

1
1− τYsi =

1 + µ (zsi, η)

and
1 + ζµ (z

1 + τKsi = si, η)
.

1 + µ (zsi, η)
Clearly, a high τY firm is one where µ (zsi, η) is high, i.e. which has a high shadow value of
internal funds. With parametrization given above, µ is decreasing in zsi (i.e. if you have more
capital to pledge your shadow value of internal funds is lower) and η (as good financial institution
e.g. allow you to borrow more against each dollar of collateral). Hence, poor firms and firms in
underdeveloped regions face binding constraints and will be identified as firms facing high output
distortions. Similarly, τKsi is equal to zero, whenever ζ = 1, i.e. if capital and labor are “equally
pledgable”, the relative tax on capital is zero. If ζ < 1, τK < 0, i.e. capital is the relative
unconstrained factor and the firm acts as if capital is cheap. Basically: you can borrow against
capital but not agains labor. As the production function allows some substitution between labor
and capital, the firm will produce as higher capital intensities, which Hsieh and Klenow would
identify as the firm receiving a subsidy of capital.
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[Part II] This part concerns the analysis of equations in Appendix I in the paper.

(a) Show that TFP = TFPR w
Pγ

in which TFPR =
∑M Li

i=1 TFPRiL

Soln Firm i solves
maxπi = (1
Li

− τi)PAiLγi − wLi.

The FOC is

(1− τi)PAiγLγ−1
i = w

so that firm i’s output is given by

w 1
Yi = Li .

Pγ 1− τi

Aggregate output is given by

Y =
∑ w

Yi =
∑ 1

Li .
Pγ 1

i
− τi

As a result,

Y w Li 1
TFP = =

L Pγ L 1− τi
w L

=

∑
Pγ

∑
i
TFPRi

L
w

= TFPR.
Pγ

(b) Suppose (1− τi) = a 1
Ai
. Using the labor market clearing condition, show that

1 M

TFP = i=1Ai
γ 1 γM

∑
L −

independent of a. Give a concise interpretation why aggregate TFP is independent
of a. What is the crucial assumption for this result?

Solution The firms’ labor demand equation (20) implies

aPγLγ−1
i = w,

so that
1

aPγ 1−γ

Li =

(
w

)
.

Market clearing implies

∑M ( 1

aPγ
)

1−γ

L = Li = M ,
w

i=1

so that equilibrium wages are given by

w = aPγ

(
M

L

)1−γ

.
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