
Coping with risk (1) 

Doing it alone: Borrowing, 
Savings, and Income smoothing 
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BASIC MODEL 

An individual faces a variable income process yt, and a 

(potentially variable) interest rate rt. Optimal saving and 

borrowing policy? 

TThe utility at time t is defined as: ut = Et[ vk(ck)]k=t 

where vk(.) is the instantaneous utility of consumption in 

period k, viewed from period t. 
aCommon example for vk(.) is vt+a(ct+a) = (1 + ω) v(ct) for 

some utility function v (exponential discounting). 

BASIC MODEL 2-C 
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The individual faces a terminal condition (AT = 0) an asset 
accumulation equation: 

At+1 = (1 + rt)(At + yt → ct) 

(the portion of "cash on hand" (At + yt) that is withheld from 

today’s consumption (saved), plus any interest that is earned 

on it, becomes tomorrow’s assets). 

To solve this problem, use the tools of dynamic programing 

(see Dixit’s classic book). The value function of the problem 

indicates the expected utility of an individual who makes the 

optimal choice of savings, given a certain level of asset (the 

state variable).This is the Bellman equation. 

V (At) = Maxω{vt(At + yt → ) + EtVt+1[(1 + rt+1) ]} 

BASIC MODEL 3-B 
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V (At) = Maxω{vt(At + yt → ) + EtVt+1[(1 + rt+1) ]} (1) 

First order condition with respect to 

vt(ct) = Et[(1 + rt+1)V (At+1)] (2) 

We now need to express V (At+1) as a function of quantity 

we know. For this, derive the Bellman equation with respect 
to assets, at the optimal omega: V (At) = vt(ct) = t(ct) 

where t(ct) is just a notation for the marginal utility of 
consumption. 

The derivative of EtVt+1[(1 + rt+1) ] with respect to At is 0, 
because at the optimum, the derivative of EtVt+1[At+1] with 

respect to is 0 (envelope theorem). 

BASIC MODEL 4-D 
 

                                                                    4



� �

We can now combine equations (2) and (3): 

t(ct) = Et[(1 + rt+1) t+1(ct+1)] (3) 

This is the Euler equation, absolutely central in 

macroeconomics. It states that the marginal utility of 
consumption today must be equal to the marginal utility of 
consumption tomorrow, up to a discount factor. 

BASIC MODEL 5-B 
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SPECIAL CASES 

Exponential utility + constant interest rate (r) simpler 
expression for the Euler equation: 

1 + r
(ct) = Et( (ct+1))1 + ω 

If in addition, v(.) is a quadratic function (V (c) = ac → bc2), 
and r=ω then the equation further simplifies to 

ct = E[ct+1], 

Consumption follows a martingale (Hall). 

SPECIAL CASES 6-D 
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EMPIRICAL TEST: PAXSON 

Euler equation implies that changes in permanent and 

transitory income should have different consequences on 

consumption. 

In the simplest case a permanent change in income should 

be entirely consumed, while a transitory change in income 

should be entirely saved. 

Does this correspond to what we observe? Paxson tests this 

using data from rice farmers in Thailand. 

Key idea is that year-to-year variation in rainfall causes 

transitory variation in income. Does that translate into larger 
variation in savings than permanent source of variation in 

income (such as landownings)? 

EMPIRICAL TEST: PAXSON 8-D 
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Estimating equation: 

= 1Y P 
2Y T 

3V ARir + Wirt 4 +Sirt irt + irt + irt 

Traditional approach has been to find variable that affect 
permanent income, but not utility function (i.e. not 
consumption and savings directly). 

Y P = X1irt 
irt 1 + irt 

where X irt are household characteristics. 
Difficult to find convincing instruments. 

This approach: 

Y T = X2irt 
irt 2 + irt 

where X2irt are deviation from average value of rainfall in 
each four seasons. 

EMPIRICAL TEST: PAXSON 9-C 
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LIQUIDITY CONSTRAINT 

Suppose we add the additional constraint that the individual 
cannot borrow: At 0, or ct At + yt. 

There are now two regimes: 
1+r- Unconstrained: (ct) = Et( (ct+1))1+ 

(ct) > 1+r- Constrained: ct = At + yt and Et( (ct+1))1+ 

(the marginal utility of consumption is higher in the 

constrained state, since you cannot consume as much as 

you would like to). 

Putting the two cases together, we get: 

1 + r
(ct) = Max{ (At + yt), Et( (ct+1)}1 + ω 

LIQUIDITY CONSTRAINT 10-F 
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Deaton (1990, 1991) shows that the solution can be 

characterized by a consumption function ct = f(At + yt), that 
is the consumption is a function of total "cash on hands". 

With v(c) = c , it can be shown that the optimal rule has the 

form: 
-If At + yt Xt, ct = At + yt. 
-If At + yt > Xt, save a fraction of the difference between 

cash in hands and Xt. 

The individual will constitute a "buffer stock", by saving in 

good time. The propensity to consume out of assets will be 

smaller when assets are high than when they are low (when 

they are low, asset will be completely depleted if the next 
realization of income is low). 

LIQUIDITY CONSTRAINT 11-D 
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How much consumption smoothing an individual can 

achieve by building a buffer stock in isolation? 

Simulate an income path and the path of consumption and 

asset that follows from applying the optimal rule. 

In some cases, the optimal rule can be approximated with a 

very simple rule of thumb: 

Suppose income is iid with mean 100 and standard deviation 

10, and see how much smoothing you can achieve with the 

simple rule of thumb: 

ct = (At + yt) → 0.7 (At + yt → 100) 1(At + yt 100) 

Consumption is much smoother than income, but can fall 
pretty low. Individual can smooth consumption more by 

saving more, but they will hold huge assets in some periods. 

LIQUIDITY CONSTRAINT 12-D 
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Implications 

• Risk averse households should be saving a whole lot. 

• Even if they don’t have great savings options (they can save 
in their own business), but particularly if they do 

• (Very) Large returns to savings : Dupas-Robinson 2013, 
Schaner 2015 

• But... experiment after experiment, very low take up of saving 
option. Dupas, Robinson, Karlan, Ubfal (2018) replicate 
Dupas-Robinson in Uganda, Malawi, Chile Find that 17%, 
10% and 3% of people used account. 

• And people fall back quickly into debt 

• The models we have seen so far do not rationalize savings 
behavior 
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Evidence: Dupas-Robinson 2013 

• Dupas, Robinson (2013) Open free savings account for small 
business owners at a local bank (waive the opening fee, which 
is normally 7 (for business owners who make on average 
about 2 a day). The accounts have no interest and a 
withdrawal fee of 50 cents for transfers below 8, 80 cents for 
withdrawals between 8 and  15 and 1.5 above. 

• At baseline, 2% of people had an account. 

• Researchers did a baseline with 300 people, and randomly 
selected half of them, to whom they o↵ered to pay the 
opening fees for a savings account. 

• After 6 months, they had people fill daily log-books on 
business activities and expenditures, for about 3 months. 

• Usage: See conditional distribution function of savings. What 
is the main finding?  
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Savings 
T �#$% 2—I �)* �, S -.,/* 

Active bank account Bank Animal ROSCA 
usage (“ rst-stage”) savings (Ksh) savings (Ksh) contributions (Ksh)

(1) (2) (3) (4) (5) (6) (7) (8) 
Panel A. Intention-to-Treat Estimates (IT T )
Sampled for savings 0.41 0.40 

account (0.05)*** (0.06)*** 
Sampled for savings 0.06 

account Boda (0.11)
Observations 250 250 

p-value for overall 0.01*** 
effect = 0 

p-value for effect for 0.01*** 
female vendors = 0 

p-value for effect 0.01*** 
for bodas = 0 

Panel B. Instrumental Variable Estimates (ToT )
Account is active 

Account is active 
boda 

Observations 

p-value for overall 
effect = 0 

p-value for effect for 
female vendors = 0 

p-value for effect for 
bodas = 0 

0.95 0.67 0.96  
                                                                     19

9.36 11.39 
(3.43)*** (4.42)** 

12.43 (6.06)** 
250 250 

0.01*** 

0.01** 

0.82 

22.82 28.77 
(8.51)*** (11.41)** 

29.35 (13.88)** 
250 250 

0.01*** 

0.01** 

16.79 23.26 
(10.05)* (14.03)* 

20.00 (17.85)
250 250 

0.1* 

0.1* 

0.75 

40.91 58.37 
(24.41)* (35.09)* 

49.40 (40.88)
250 250 

0.1* 

0.1* 

7.81 12.57 
(7.02) (10.08)

12.56 (14.10)
250 250 

0.27 

0.21 

1.00 

19.03 31.42 
(17.08) (25.11)

30.57 (31.87)
250 250 

0.27 

0.21 

https://17.08)(25.11
https://7.02)(10.08


���  

 

� � � �
� 

 

 

� � � � �

 

Business Outcomes 

T �#$% 3—I �)* �, B-*.,%** O-)���%* 

Total Business investment Business investment Business revenues 
hours worked (no trimming) (top 5% trimmed) (no trimming)
(1) (2) (3) (4) (5) (6) (7) (8) 

Panel A. Intention-to-Treat Estimates (IT T )
Sampled for savings account 0.15 0.31 179.71 203.23 87.37 90.43 129.32 116.46 

(0.37) (0.44) (105.17)* (147.63) (46.91)* (61.38) (100.32) (133.34)
Sampled for savings 0.58 97.03 30.08 3.28 

account boda (0.88) (222.92) (84.45) (203.17)
Observations 249 249 244 244 244 244 241 241 

p-value for overall effect = 0 0.69 0.09* 0.06* 0.20 
p-value for effect for female 0.49 0.17 0.14 0.38 

vendors = 0 
p-value for effect for bodas = 0 0.72 0.50 0.34 0.46 

Panel B. Instrumental Variable Estimates (ToT )
Account is active 0.36 0.77 425.20 503.85 206.72 224.49 304.44 289.71 

(0.91) (1.12) (248.32)* (365.57) (112.18)* (154.02) (236.81) (331.59) 
Account is active boda 1.31 258.45 86.73 41.68 

(1.94) (490.29) (187.01) (438.13)
Observations 249 249 244 244 244 244 241 241 

p-value for overall effect = 0 0.69 0.09* 0.07* 0.20 

p-value for effect for female 0.49 0.17 0.15 0.38 
vendors = 0 

p-value for effect for bodas = 0 0.74 0.44 0.28 0.41 
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Business Outcomes 
T �#$% 4—I �)* �, E-�%,./)01%* 

Panel A. Intention-to-Treat Estimates (IT T )
Sampled for savings 23.93 31.17 10.67 14.46 

account (15.81) (19.59) (6.41)* (8.47)* 
Sampled for savings 9.70 7.78 

account boda (44.42) (15.61)
Observations 250 250 250 250 

p-value for overall 0.13 0.1* 
effect = 0 

p-value for effect for 0.11 0.09* 
female vendors = 0 

p-value for effect for 0.58 0.60 
bodas = 0 

Panel B. Instrumental variable estimates (ToT)
Account is active 58.33 77.97 26.00 36.20 

(38.50) (48.81) (15.46)* (21.02)* 

Account is active male 141.64 57.83 
vendor (114.10) (39.79)

Account is active boda 30.73 21.09 (96.51) (33.92)
Observations 250 250 250 250 

p-value for overall 0.13 0.09* 
effect = 0 

p-value for effect for 0.11 
female vendors = 0 

p-value for effect for 0.56 
bodas = 0 

Net 
Daily Daily Daily transfers Net 
total food private outside the transfers 

expenditure expenditure expenditure household to spouse 

(1) (2) (3) (4) (5) (6) (7) (8) 

8.94 7.77 
(3.75)** (3.98)* 

5.18 
(11.63)

250 250 

0.02** 

0.05* 

0.24 

21.79 19.61 
(9.40)** (10.18)* 

0.22 (28.80)
8.62 

(26.12)
250 250 

0.02** 

18.84 (20.86)
17.81 

(22.65)
249 

0.37 

0.86 

47.32 (53.01)
56.99 
(59.72)
43.53 

(54.54)
249 

4.16 
(7.06)
4.01 

(9.71)
202 

0.56 

0.20 

11.50 
(19.48)
63.07 (75.94)
4.69 

(23.65)
202 

0.22 

0.09* 0.06* 0.37 0.56 

0.57 0.25 0.75 
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Results 

• Few people use accounts, but for those who do: 

• Increase in in investment in the business. 

• Some increase in consumption 

• Decrease in sensitivity to shocks. 
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Schaner, 2015 

• Look at the long run e↵ect of short run savings incentives 

• For 6 months, o↵ered households in Kenya higher interest rate 
(randomly varied between 0, 4, 12 or 20 percent) 

• Follow up immediately and 2.5 years after the subsidies have 
expired 
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Short run impact 
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Long run impact 
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Entrepreneurship 
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Results highlights 

• Relatively low short run impacts 

• But very high long run impacts 

• Non convexity in production? Seems unlikely due to other 
treatment: a cash prize drawing. That increased savings a lot 
in the short run, but has no long run e↵ect. 

• Who knows what it may be.... 

 
                                                                     27



� �

� �

� �

�

� �

The core puzzle 

• The poor borrow at rates upto 100% or more 

• The Euler equation says 

U 0(Ct ) Rt
U 0(Ct+1) 

1with = and Rt = 1 +  rt1+ 

• With CRRA preferences this is equivalent to 

Ct+1 1 
( Rt ) ✓ ,

Ct 

where ✓ is the coe cient of relative risk aversion. 

• Suppose rt = 2, = 0.95, ✓ = 3, then Ct+1 112.5%. Fast Ct 

consumption growth for the poor. Real incomes should be 
doubling every five years or so.  
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An interesting experiment 

Karlan-Mullainathan-Roth (2019) 

• Vegetable vendors: 
• Simple production function Purchase fruit in the early morning 

Sell through day 
• Key features of this production function: Continuous Daily 

Need for working capital. How do they finance it? 
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An interesting experiment 

Karlan-Mullainathan-Roth (2019) 

• Vegetable vendors: 
• Simple production function Purchase fruit in the early morning 

Sell through day 
• Key features of this production function: Continuous Daily 

Need for working capital. How do they finance it? 
• The borrow daily at 5% a day. 

• Why are people borrowing at these rates? 

• And not saving. 

• Di↵erent way to frame it: All borrowers have access to a high 
return “investment”: use money to borrow less 
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KMR: Benefits of saving 

• Hard to comprehend what 5% a day actually means 

• Consider the following strategy Drink one less cup of tea every 
day (or some thing else small). Reinvest this money back into 
business 

• Compounding implies: in 30 days will have doubled income. 

• Why don’t they? 
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KMR:Why don’t they? 

• Mismeasuring ‘true cost’ of the loan 
• Desire to keep relationship with money lender 
• Default rates high Can’t borrow a little less 

• Conceptual explanations 
• Inability to cut back on consumption (Stone-Geary) 
• Vendors discount the future a lot 
• Vendors don’t understand compounding 
• Vendors don’t have access to savings 
• Vendors face within family conflicts that lower returns to 

savings 
• Vendors face self-control problems 
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KMR: Experiment 

• Two treatments. Cross-cut 

• Buyout Give a cash grant enough for individuals to buyout 
their debt 

• Working capital on a good day (gotten from the baseline 
survey). As high as 3000Rs. 

• Training Half day class where they: 
• Worked out how much they’ve spent in total on interest rate 
• Benefits of cutting down: illustration 
• Discussed what they could have done with the money 
• Brainstorm on ways to cut down 
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KMR: Potential hypotheses 

• Training is to pick up the e↵ect of financial literacy 

• If they cannot cut back consumption then the buyout should 
put them on a path to save 

• If they cannot save, they should be able to stay where they 
are unless they get hit by a big shock 

• If they are impatient/self-control problems, they should fall 
back fast. 
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KMR: Data and Results 

• Philippines: 
• Follow up surveys occur 2 weeks 6 weeks 10 weeks 

• India: 
• Follow up surveys occur 3 months 6 months 12 months 

• No impact of financial education 

• People fall back relatively rapidly in the repayment treatment. 
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T ��#$ 1—P%���%� T%$�)�$*) E ��$,) E-)��� )$-, I*.�� 2007 

/ Household 
monthly Take-home 

Any  Amount Coped Coped Coped via total pro0t 
moneylender moneylender via via cutting expenditures Any typical day 

debt debt (USD) savings borrowing consumption (USD) savings (USD)
(1) (2) (3) (4) (5) (6) (7) (8) 

Only payoff in 1st follow-up 0.17 8.35 0.12 0.06 0.06 26.51 / 0.04 
(2–4 months) (0.04) (1.99) (0.05) (0.06) (0.03) (21.44) / (0.15) 

Only payoff in 2nd follow-up 0.06 0.31 0.08 0.08 0.00 14.50 / 0.18 
(5–8 months) (0.04) (2.09) (0.05) (0.05) (0.03) (18.49) / (0.16)

Only payoff in 3rd follow-up 0.03 0.51 0.06 0.02 0.00 8.62 0.00 0.03 
(9–10 months) (0.04) (2.14) (0.04) (0.06) (0.02) (19.10) (0.03) (0.17) 
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Missed opportunities 

• People do not invest in fertilizer despite the fact that it has 
high returns, divisible (Duflo, Kremer, Robinson) 

• Stock-out in cell-phone cards in shops (Beaman, Robinson) 

• Very limited inventory in most grocery stores 

• etc. 
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What is discounting 

• Standard model conceptualizes it as low 

• Growing literature suggests more nuanced view Individuals 
have inconsistent time preferences 

• Can be both myopic and farsighted 
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Goods or money 

• Subjects given opportunity to choose a movie video from a set 
of 24 titles 

• Four Weddings and a Funeral 

• Schindler’s List 

• When choosing for today: 56% choose low-brow 

• When choosing for next Monday, 37% choose low-brow 

• When choosing for second Monday, 29% choose low-brow 

x {n} 
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A model 

Banerjee-Mullainathan: A model of temptation goods 

• Within each period maximize 

u(x) +  v(z) 

subject to x + z = y . x and zare indices of two types of 
goods. 

• Intertemporal preferences maximize PT tu(x0) +  v(z0) +  u(xt ):1 

• subject to wt+1 = F (wt xt zt ), F concave 

• “Reduced form” for the case where the person maximizes PT1 n t 1 nu(x
0 , ..., x0 ) +  v(xt , ...x )

1 t 

• Commitment problems in a two period model 
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Features of the model 

• Commitment problems in a two period model 

• Nests the Hyperbolic model 

• Set u(x) =  x
1-

and v(z) =  A z1-

1 1 
• then z = x 

1-a 1-a 
0 0• u(x0) +  v(z0) =  x + A z = (1 +  A 1-0)u(x0)1-0 1-0PT PT• t tu(x0) +  v(z0) +  u(xt ) =  (1+  A 1-0 )u(x0) +  u(xt )1 1 

• Yields Modified Euler Equation 

u 0(xt ) = (  F 0)(u 0(xt+1(ct+1))[1 z 0(ct+1)] 
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Parametrizing z 0(c) 

Claim: Assume that the u function is given and is increasing and 
concave. Let z(c) and  x(c) be a pair of non-negative valued, 
strictly increasing functions such that z(c) +  x(c) =  c . Then there 
exists an increasing, di↵erentiable and strictly concave function v 
such that the assumed z(c) and  x(c) functions are the result of 
maximizing u(x) +  v(z) subject to a budget constraint x + z = c , 
and the conditions (x 0, z 0) 
Proof: Define the function g(z) =  x(h(z)) where the function h(z) 
is the inverse of the function z(c),which exists because of the strict 
monotonicity of z . Then define 

Z z 

V (z) =  U 0(g (y))dy 
0 

Clearly V 0(z) =  U 0(g(z)) > 0. It is concave because when z 
increases g(z) increases and  U 0(g(z)) decreases.  
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Implications of MEE 

• Two important cases: 

• z 0(c) decreasing with c: declining temptation (DT) 

• z 0(c) increasing with c or constant: Non-declining temptation 
(NDT) 

• Turns out despite the fact there is always a self-control 
problem, the second case turns out to be much like the case 
without self-control problems. 

• Identical CRRA preferences for x and z fall into this case: 
Hyperbolic discounting. 

• Interesting case is when there is declining temptation: 
Intuition? 
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Implications 

• Savings may go up when future income goes up with DT but 
not with NDT. Hope of a substantially better future matters. 

• Poverty trap: Non-quasi-concave maximization problem with 
DT with not with NDT 

• Richer people will save. Poorer people will not 

• No precautionary saving with DT even under the standard 
third derivative condition: not with NDT 

• May prefer a large size low return project rather than a small 
size and high return project. 

• May have a preference for a micro-finance type loan rather 
than a credit card loan: Consumption transformation 
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Evidence: Ashraf, Karlan and Yin. 

• If people have these types of preferences and are at least in 
part aware of this, they should demand commitment devices, 
to tie their own hands. Moreover, those who get the option to 
tie their own hand should be able to save more. 

• These conjectures were tested in a randomized experiment in 
the Philippines. 

• Work with 1,700 clients of a microfinance institution in the 
Philippines, which o↵ers savings account. Introduce a new 
savings product with a commitment feature. 
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Questions 

• Will anybody take it up? 

• Will individuals identified as hyperbolic be more likely to take 
it up? Will it result in increased savings (for those o↵ered/for 
those who take up) 

• Can we make sure it is the e↵ect of the commitment and not 
something else? 
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Experimental design 

• 1,700 existing clients are randomly assigned to one of three 
groups: 

• Treatment group (o↵er of commitment savings product is 
made during home visits) 

• Marketing group (value of commitment is extolled during 
home visits but no product is o↵ered). 

• Control group: nothing is o↵ered. 
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Experimental design 

• Commitment Treatment: Individuals can choose to set either 
a time goals (I will leave the money in the account until X 
date) or a amount goal (I will not take the money out until I 
have reached a particular sum). They are given a certificate 
and a lockbox to put accumulate their savings before they go 
deposit it to the bank (low barrier comitment). 

• Marketing treatment: Individuals receive a home visit, and 
they are encourage to set themselves a goal (either time or an 
objective). They are given a similar certificate However, they 
are not o↵ered an account with commitment features. (they 
are not allowed to open one even if they hear about it). 
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Results 

• Did any body take this up? 
-202 accounts were opened 
-50% of the account stayed at the minimum deposit after 12 
months 
-Half of clients did more than one contribution. 
-Fewer people (62) chose the amount goal than the time goal 
(147) 
- Those who did the amount goal saved much more 
- Nobody tried to withdraw before maturity 
- Accounts who reach time or amount maturity all rolled over. 
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Results 

• Did the people who are hyperbolic take it up? 
Survey questions try to elicit preference reversal that could 
indicate hyperbolic behavior. 
- Would you prefer P200 today or P300 guaranteed in a 
month? 
-Would you prefer P200 in 6 months or P300 guaranteed in 7 
months? 

• Does reversal predict take up of the product? Yes for females, 
not for males. 

• Savings: Balances after 6 months are significantly higher in 
commitment savings group Large e↵ect in proportion (savings 
in control groups are rather small). E↵ect may be due to 
commitment: there is no significant increase in balance for the 
marketing group (though the estimate is large too...)  
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E↵ects on Savings 
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Comments 

• E↵ects are large from from relatively few people 

• The time goal generate little savings 

• Nothing in here forces people to put the money in (unlike in 
401k). This may be the problem... 
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Evidence: Duflo, Kremer, Robinson 

• O↵er households a small discount (free delivery on fertilizer) 
to commit now to use later. 

• Find large impact on take up, (as large as 50%) from subsidy 

• Also consistent with (partially naive) hyperbolic discounting. 

• (Propose a very tractable model where people are 
stochastically present bias (with some probability they are and 
with some they are not) and they underestimate the 
probability) 
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