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The Theory



It is important to distinguish a particular state st from a history st. A history st is a particular sequence of 
states up to time t, i.e.

st = (s1, s2, …, st)





To fully characterize the olution { l c' ( t) J s' } i' let u go back to (1 ). The Lagrangian for this problem i
given by 
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Testing
“Risk and Insurance in Village India” Townsend (1994, 
Econometrica)



Risk and diversification possibilities in agriculture

I Yields are risky. In Aurepalle the coefficients of variations
range from 0.5 (sorghum) to 1.01 (castor).

I Diversification across crops is possible as cross-crop correlation
ranges from 0.09 to 0.81.

I Soil is also not uniform, so that the CV for castor ranges from
0.7 to 1.01 depending on the type of soil.

I Again: diversification across soil is possible as the correlation is
only 0.37.

I But: households do not hold the “market portfolio” of soil-crop
combinations



Dynamics of the income process
Basic picture: Inequality and uncorrelated shocks.
Recall: Households are of very different size.



Dynamics of individual consumption
Basic picture: consumption profiles much smoother than income
process



Consumption allocations: Households
I Problem: Data has household consumption

I Determinants of consumption: (1) pareto weights (wealth),
(2) HH composition, (3) Agg consumption, (4) Relative risk
aversion



Exclusion for idiosyncratic income: Panel



Outline

Risk and Return in Production
Using data on production and consumption
Social Network and sharing using measured links

Robert M. Townsend Risk Sharing Applications Part 2 Fall 2019 2 / 3



Extensions of the Theory: 
Project Selection
“Risk and Return in Village Economies” Samphantharak & 
Townsend (2015)



Main Objectives

• Present a model for a study of risk and return of household’s productive 
assets in developing economies

• Applications:
• Measure idiosyncratic and aggregate risk premia, and use them to 

analyze risk exposure of households
• Measure risk-adjusted return, and use it to analyze productivity of assets 

of household enterprises



Theoretical Framework

• 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 delivers the same consumption good

• Portfolio of assets = A collection of assets allocated to various households 
and activities
• Asset returns are stochastic and allowed to correlate across activities and 

households
• Expected return and variance from all available constructed portfolios 

implies the mean-variance frontier of the economy
• Aggregate production function:
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I. Full Risk-Sharing Benchmark - 2

• 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”)

• The social planner then chooses current transfer to each household j and 
assets to be carried to the next period for each activity i by household j

• The current period consumption of household j is

  
c j = fi, j k j
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I. Full Risk-Sharing Benchmark - 4

• The first-order conditions imply

                                                                                              for all j

                                                                                              for all i and all j

where      is the shadow price of consumption in the current period

• Note that this setup assumes a closed economy
• We can generalize and allow the economy to have external borrowing and 

lending, i.e. small-open economy by redefining 
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I. Full Risk-Sharing Benchmark - 5

• Finally, for each i and j, we get
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Full Risk-Sharing Benchmark - 7

• Next, since                                                                  we haveE m /Rj
i/⎡⎣ ⎤⎦ = E m /⎡⎣ ⎤⎦E Rj
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Empirical Implementation

Assumption 1: Linear production technology
𝑓𝑓𝑖𝑖,𝑗𝑗 𝑘𝑘𝑖𝑖,𝑗𝑗 = 𝑟𝑟𝑖𝑖,𝑗𝑗𝑘𝑘𝑖𝑖,𝑗𝑗
𝑓𝑓𝑖𝑖,𝑗𝑗
′ 𝑘𝑘𝑖𝑖,𝑗𝑗 = 𝑟𝑟𝑖𝑖,𝑗𝑗
𝑅𝑅𝑖𝑖,𝑗𝑗 = 1 + 𝑟𝑟𝑖𝑖,𝑗𝑗

Can be derived from general CRS production function with optimal inputs chosen sequentially

Assumption 2: The value function of the social planning problem can be well approximated as a quadratic function 
of the total assets of the economy 

𝑉𝑉 𝑊𝑊 = −𝜂𝜂2 𝑊𝑊 −𝑊𝑊∗ 2

Under the two additional assumptions, the model implies:
𝐸𝐸 𝑅𝑅𝑗𝑗′ − 𝑅𝑅𝑓𝑓′ = 𝛽𝛽𝑗𝑗(𝐸𝐸 𝑅𝑅𝑀𝑀′ − 𝑅𝑅𝑓𝑓′ )

𝑅𝑅𝑗𝑗′ : the return to household 𝑗𝑗’s portfolio

𝑅𝑅𝑀𝑀′ : 
∑𝑗𝑗=1
𝐽𝐽 ∑𝑖𝑖=1𝐼𝐼 𝑅𝑅𝑖𝑖,𝑗𝑗′ 𝑘𝑘𝑖𝑖,𝑗𝑗′

𝑘𝑘𝑀𝑀′

𝑘𝑘𝑀𝑀′ : ∑𝑗𝑗=1𝐽𝐽 ∑𝑖𝑖=1𝐼𝐼 𝑘𝑘𝑖𝑖,𝑗𝑗′
𝛽𝛽𝑗𝑗: the beta for the return on household 𝑗𝑗’s assets with respect to the aggregate market return:

𝛽𝛽𝑗𝑗 =
𝑐𝑐𝑐𝑐𝑐𝑐(𝑅𝑅𝑀𝑀′ ,𝑅𝑅𝑗𝑗′)
𝑐𝑐𝑣𝑣𝑟𝑟 𝑅𝑅𝑀𝑀′
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In More Detail



Risk and Return: Township as Market - 2

• Step 1: Compute household beta from a simple time-series regression for each 
HH

• Step 2: Cross-sectional regression for each township, using time-series average 
                   as proxy for expected return 

• In theory, the null hypotheses from the model are that ,                  and that the 
constant term     is zero

Rj ,t
/ =α j + β jRM ,t + ε j ,t

Rj
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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);  (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
• Include only households present for the entire 156-month period
• Exclude households whose earnings were entirely from wage for the 

entire period
• Final sample size: 541 households

• Salient feature of households: Pervasive networks of extended families
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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 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.
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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 
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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.
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Idiosyncratic Risk

• Our framework and empirical strategy allow us to decompose total risks 
faced by the households and their enterprises (variance) into two 
components: aggregate (nondiversifiable) risk and idiosyncratic (diversifiable) 
risk

• Finding: Large portion of risk is idiosyncratic

Rj ,t
/ = XM ,t

/ β j + ε j ,t

var Rj
/( ) = var XM

/ β j( ) + var ε j( )

This is a risk decomposition for every household. The first term in the RHS of the equation is the aggregate risk portion (the part being explained by market return). The second term Var(epsilon) is the idiosyncratic risk faced by the household. We then divide both side with Var(R_j) to get the percentage portion of the decomposition, i.e. the contribution from each component for each household. Then, we have a whole distribution of the components for all households; we then compute the median across households and report the median in the following table.



Decomposition of risk premium

Next, we run a regression of each household’s average return Rj on
the estimated �j and �j = Var

�
✏j
�

to obtain the risk premium for each
household:

Rj = â + b̂�j + ĉ�j + ✏i

Total risk premium for each household j is (b̂�j + ĉ�j ), i.e. total mean
return above the risk-free rate (â). Contribution of aggregate risk
premium in total risk premium is calculated asb̂�j/

⇣
b̂�j + ĉ�j

⌘
. We

calculate this percentage for each household i at a time. Then, we
calculate the median across households and report the median in the
table.
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The Role of Gifts

• We revisit our assumption that gifts and transfers within a township are a
mechanism that makes these village economies close to an as-if-complete-
markets environment

• In particular, for each observation we compute a correlation coefficient
between gifts received by the household and the residual of ROA during the
same month (our measure of idiosyncratic component of ROA)

• We find that the correlations are statistically negative (at 1% level of
significance) for all provinces except Buriram
• This finding suggests that households with positive idiosyncratic return

tend to provide gifts to others
• Likewise, households that face negative idiosyncratic return are likely to

receive gifts during that period





Interpretation
� Table 5 shows that once we control for province-month fixed effects, which capture the 

provincial aggregate shocks, household consumption is positively correlated with household-
specific idiosyncratic shocks

� Risk sharing is thus imperfect and households do bear some of their idiosyncratic risk

� This is consistent with the fact that idiosyncratic risk is showing up in the idiosyncratic risk 
premium on the production side

� On the other hand, the coefficient is small, and small in comparison with coefficients on the 
other regressions. Most of the movement in idiosyncratic shocks is absorbed by net gifts and 
lending across the households

� Table 5 can be interpreted to show, via a kind of normalized covariance decomposition, that on 
average 89% of idiosyncratic shocks to rate of return are covered by gifts and net lending, with 
the residual onto consumption. Thus the results are quite consistent with earlier Table 3.



Summary
Risk sharing to be a strong factor

 See literature review for other related contributions

Next up: risk sharing and networks  
Also in the literature review for propagation and supply chains



Kinnan, Samphantharak, Townsend  and Vera-Cossio (2020) 
“Insurance and Propagation in Village Networks”





Households	health	shocks:



Do	households	receive	more	transfers	in	the	
aftermath	of	the	shock?



Transmission of Shocks 
(Kinnan, Samphantharak, Townsend and Vera-Cossio 2019)

vWe report estimates of the transmission of the shocks to other households 
through the sales network for the subsample of households that do not 
experience a health shock during any of the 24 months following the 
shocks to other households. Relative to businesses that were unconnected to 
shocked households, inventory turnover decreased by 6 percentage points 
in the case of businesses with direct links and by 2.8 percentage points in 
the case of businesses with indirect ties to shocked businesses. This pattern 
also holds in the case of the number of sales to local costumers and 
inventories. 

vWe report estimates of the transmission of the shocks to other house-holds 
through the labor network. Relative to households that were unconnected to 
shocked households, the probability of working for other households in the 
village reduced by 2.2 percentage points in the case of households 
previously traded labor with shocked households (one link away), and by 
1.9 percentage points in the case of households with indirect ties to shocked 
businesses ( two or more links away)

6
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Heterogeneity in 
Risk Aversion and 
Implications 







Schulhofer-Wohl (2011) “Heterogeneity and 
tests of risk sharing”



Patterson (2019) “The Matching Multiplier 
and the Amplification of Recessions”



Zorzi (2020) “Investment Dynamics and 
Cyclical Redistribution”
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