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Motivation

I When third-party verifiable performance measures are of low-quality,
relational contracts may generate larger surplus than the best
available formal contracts.

I Even in situations where formal contracting is possible, parties may
still prefer to use relational contracts, relying on formal contracts only
when the relational contract breaks down.

I How do differences in the effectiveness of governance institutions
change the contracts that are selected?
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Research Gap

I Existing empirical research has focused on the:
I Choice between formal and relational contracts (Gil, 2013)
I Choice between different types of formal contracts (Bellemare, 2013)
I Choice between different types of relational contracts (Macchiavello &

Morjaria, 2015)
I All examine contract choice within a single governance structure.

We focus on the role of relational and formal contracts in resolving
verifiability problems in environments where the extent of enforcement of
formal contracts varies.



Research Gap

I Existing empirical research has focused on the:
I Choice between formal and relational contracts (Gil, 2013)
I Choice between different types of formal contracts (Bellemare, 2013)
I Choice between different types of relational contracts (Macchiavello &

Morjaria, 2015)
I All examine contract choice within a single governance structure.

We focus on the role of relational and formal contracts in resolving
verifiability problems in environments where the extent of enforcement of
formal contracts varies.



Methodology

Theoretical
I We develop a model of contracting behavior that allows for variation

in the severity of third-party enforcement.
I The model also explores what happens when formal contracting is not

possible.
I Extends models by Baker, Gibbons, and Murphy (1994, 2002) and

Dixit (2004).

Empirical
I We use a novel data set on irrigation contracts from Bangladesh.

I Control for unobserved heterogeneity at the village level.
I Control for potential endogeneity from non-random matching of

contracting partners.
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Why Bangladesh?

I In Bangladesh, households need groundwater to irrigate rice during
the dry season.

I Households use a variety of contracts to purchase irrigation.
I Some villages provide third-party enforcement of contracts but many

do not.
I Villages that do provide enforcement vary in the severity of

punishment used for contract violation.



Contributions

We find...
1. Strong evidence that relational contracts are more likely when

punishment of formal contracts is lax.

2. Modest evidence exists that an increase in the quality of the verifiable
performance measure decreases the use of relational contracts when
formal contracts are available and has the opposite effect when
enforcement is lax or absent.

3. Strong evidence that the value of outside options influence the choice
of specific forms of contracts.



Contributions

We find...
1. Strong evidence that relational contracts are more likely when

punishment of formal contracts is lax.
2. Modest evidence exists that an increase in the quality of the verifiable

performance measure decreases the use of relational contracts when
formal contracts are available and has the opposite effect when
enforcement is lax or absent.

3. Strong evidence that the value of outside options influence the choice
of specific forms of contracts.



Contributions

We find...
1. Strong evidence that relational contracts are more likely when

punishment of formal contracts is lax.
2. Modest evidence exists that an increase in the quality of the verifiable

performance measure decreases the use of relational contracts when
formal contracts are available and has the opposite effect when
enforcement is lax or absent.

3. Strong evidence that the value of outside options influence the choice
of specific forms of contracts.



Survey Data

I Conducted with support from IRRI
& Bangladesh Ag. University

I 96 villages selected randomly from
48 Boro rice growing districts

I 10 households randomly selected
from each village

I Collected at end of Boro rice
season (May - July) 2013



Groundwater Irrigation Market

In Bangladesh:
I Costly for a third-party to verify delivery of sufficient water.
I Institutional legal authority to enforce contracts is lacking beyond the

village-level.
I Villages differ in the types of institutional authority they provide.
I Households differ in the form of contract they adopt.



Contracting Practices
Three forms of contracts are used to purchase groundwater:

I Fixed Charge
I One-time fee paid by buyer at start of season for water throughout season.
I Contract is relational, requiring self-enforcement.
I Seller retains ex post discretion.

I Two-Part Tariff
I One-time fee paid by buyer at start of season and then a fee for each

application throughout season.
I Contract is relational, requiring self-enforcement.
I Ex post discretion is balanced.

I Output Share
I One-time fee paid at end of season and dependent on crop yield.
I Contract is formal, third-parties can provide enforcement.
I Buyer retains ex post discretion.
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Contract Type and Outside Options

Stylized Fact
When sellers have alternative options, and therefore recourse to demand
their preferred contract, fixed charge contracts are more common.
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Village Governance Institutions

Four types of punishment are used to enforce contracts:
I None - No governance institution exists or the institution refrains

from punishing violations.
I Private Resolution - Punishment is determined by contracting

parties.
I Economic Fine - Monetary or in-kind fine is levied.
I Social Ostracism - Exclusion from village activities.



Contracts and Method of Punishment

Stylized Fact
Formal contracts are more likely not just when enforcement exists but
when punishment for contract violation is severe.



Contracts and Method of Punishment

Stylized Fact
Formal contracts are more likely not just when enforcement exists but
when punishment for contract violation is severe.



Soil Quality



Informative Signal

I Because better quality soil increases yields, it also increases the value
of output share contracts.

I Better quality soil may also reduce the variance in yields.
I The Informativeness Principle

I Crop output provides information regarding agent action in the delivery
of water.

I As soil quality increases, the noise in crop output is reduced, making it
a more accurate performance measure of water input.

I Soil provides an informative signal regarding the accuracy of crop
output as a performance measure.
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Yield Variance and Soil Quality

Stylized Fact
Better soil quality is positively correlated with the use of formal contracts
through the Informativeness Principle.
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Model Setup

I Agent undertakes costly action
I c(a ) = 1

2a
′a

I Water delivery: high quality but unverifiable information
I Pr(y = 1|a ) = y ′a

I Crop Output: low quality but verifiable information
I Pr(x |a ) = x ′a
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I Output Share η = 0, 0 < ξ < 1, S = 0.
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Agent’s Maximization Problem

I Agent chooses action level to solve maximization problem:

max
a

U = S + ξx ′a + ηy ′a − 1
2a
′a

I Maximized utility:

U∗ = S + 1
2ξ

2 + kξη + 1
2η
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The Informative Signal

k = x ′y

I Geometrically, k is cosine of angle between x and y .
I By Cauchy-Schwarz k2 ≤ 1.

I Economically, k is the correlation between the marginal effects of a
on x and y .

I It is a signal of the accuracy of crop output in revealing information
about agent action in the delivery of water.



The Formal Contract
The optimal formal contract, with varying third-party enforcement, is obtained by
solving:

max
(S,ξ)

V FRM = y ′a − S − ξx ′a

s.t.
ξx ≥ a (1)
S + ξx ′a − 1

2a
′a ≥ u0 (2)

p ≥ ξ (3)

1. Agent’s incentive compatibility constraint
2. Agent’s participation constraint
3. Principal’s enforcement constraint



The Mixed Contract
The optimal relational contract, with the formal contract as a default, is obtained by
solving:

max
(S,ξ,η)

VRF = (1− δ)[y ′a − S − ξx ′a − ηy ′a ] + δVRF

s.t.
a ∈ arg max

a
(1− δ)[S + ξx ′a + ηy ′a − 1

2a
′a ] + δURF (1)

(1− δ)[S + ξx ′a + ηy ′a − 1
2a
′a ] + δURF ≥ u0 (2)

(1− δ)[1− S − ξ − η] + δVRF ≥ (1− δ)[1− S − ξ] + δV FRM (3)
p ≥ ξ (4)

1. Agent’s incentive compatibility constraint
2. Agent’s participation constraint
3. Principal’s self-enforcement constraint
4. Principal’s enforcement constraint



Testable Implications

Proposition 1
When formal contracting is possible, the size of the formal payment is
increasing in the size of the fine while the size of the relational payment is
decreasing in the size of the fine.

Proposition 2
When formal contracting is possible, the size of the relational payment is
decreasing in the informativeness of the signal. The size of the formal
payment is increasing in the informativeness of the signal but is
constrained by the size of the fine.
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The Relational Contract
The optimal relational contract, when enforcement of formal contracts is not available,
is obtained by solving:

max
(S,ξ,η)

VRLT = (1− δ)[y ′a − S − ξx ′a − ηy ′a ] + δVRLT

s.t.
a ∈ arg max

a
(1− δ)[S + ξx ′a + ηy ′a − 1

2a
′a ] + δURLT (1)

(1− δ)[S + ξx ′a + ηy ′a − 1
2a
′a ] + δURLT ≥ u0 (2)

(1− δ)[1− S − ξ − η] + δVRLT ≥ (1− δ)[1− S] (3)

1. Agent’s incentive compatibility constraint
2. Agent’s participation constraint
3. Principal’s self-enforcement constraint



Testable Implications

Proposition 3
When enforcement of formal contracts is unavailable, the size of the
relational payment is decreasing in the value of the outside option.



Estimation Strategy

cij = β0 + β1pj + β2kij + β3uij + Zijδ1 + Wijδ2 + ρj + εij

I cij = 1 if contract is relational
I pj - severity of village level

punishment
I kij - performance signal
I uij - outside option

I Zij - buyer characteristics
I Wij - well characteristics
I ρj - unobserved village level

effect
I εij - idiosyncratic error



Identification Strategy

1. Unobservable heterogeneity at the village level
I Fixed effects would create perfect collinearity with the village

punishment variable.
I Instead we use a Mundlak-Chamberlain device.

2. Non-random matching between buyer and seller
I If the choice of contracting partner and contract type is made

simultaneously, we have endogenous matching.
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Endogenous Matching
Endogenous matching will exist if buyer chooses seller and contract simultaneously

c = α0 + α1s + Zα2 + ε

s = γ0 + γ1c + Wγ2 + ν

I c - contract type
I s - seller type
I Z - buyer characteristics
I W - well characteristics

In our context, buyers and sellers match first, then negotiate on contract type.
I Contract type does not influence seller type, so no correlation between γ1 and ε.
I Include variables on contracting relationship to minimize correlation between ν and
ε.



Endogenous Matching
Endogenous matching will exist if buyer chooses seller and contract simultaneously

c = α0 + α1s + Zα2 + ε

s = γ0 + γ1c + Wγ2 + ν

I c - contract type
I s - seller type
I Z - buyer characteristics
I W - well characteristics

In our context, buyers and sellers match first, then negotiate on contract type.
I Contract type does not influence seller type, so no correlation between γ1 and ε.
I Include variables on contracting relationship to minimize correlation between ν and
ε.



Enforcement of Contracts

LPM Probit LPM Probit
(1) (2) (3) (4)

Punishment (p)
Private Punishment 0.022 0.440 0.110 1.087

(0.035) (0.445) (0.079) (0.666)
Economic Punishment −0.146∗ −0.712∗∗ −0.150∗∗ −0.735∗∗

(0.082) (0.322) (0.073) (0.338)
Social Punishment −0.402∗∗∗ −1.498∗∗∗ −0.344∗∗∗ −1.629∗∗∗

(0.091) (0.284) (0.081) (0.329)

Accuracy of Signal (k)
Standard Soil Quality −0.030 −0.117 0.026 0.051

(0.036) (0.170) (0.033) (0.213)
Good Soil Quality −0.080∗ −0.341∗ −0.005 −0.141

(0.044) (0.175) (0.041) (0.217)

Outside Option (u0)
No Alternative Buyer 0.082∗∗ 0.410∗∗ 0.057 0.476∗∗∗

(0.041) (0.172) (0.037) (0.184)

Buyer & Well Characteristics Yes Yes Yes Yes
Correlated Random Effects No No Yes Yes
Observations 707 707 707 707



Enforcement of Contracts

Result 1
There is strong support for Proposition 1: severe punishment of formal
contracts reduces the probability of adopting a relational contract and
increases the probability of adopting a formal contract.



Value of Informative Signal

LPM Probit LPM Probit
(1) (2) (3) (4)

Punishment (p)
Private Punishment 0.002 0.208 0.052 0.503

(0.032) (0.432) (0.068) (0.518)
Economic Punishment −0.164∗ −0.856∗∗ −0.185∗∗ −0.882∗∗

(0.089) (0.345) (0.083) (0.379)
Social Punishment −0.392∗∗∗ −1.587∗∗∗ −0.333∗∗∗ −1.703∗∗∗

(0.107) (0.319) (0.091) (0.358)

Accuracy of Signal (k)
Private × Good Soil 0.095 0.238∗∗

(0.059) (0.109)
Economic × Good Soil 0.066 0.416 0.109 0.391

(0.127) (0.457) (0.097) (0.402)
Social × Good Soil −0.023 0.222 −0.016 0.163

(0.104) (0.285) (0.089) (0.340)
Good Soil Quality −0.076 −0.470∗∗∗ −0.058 −0.364∗

(0.048) (0.169) (0.048) (0.215)
Outside Option (u0)
No Alternative Buyer 0.077∗ 0.387∗∗ 0.051 0.473∗∗

(0.040) (0.173) (0.037) (0.187)

Buyer & Well Characteristics Yes Yes Yes Yes
Correlated Random Effects No No Yes Yes
Observations 707 707 707 707



Value of Informative Signal

Result 2
There is modest support for Proposition 2: a more accurate verifiable
outcome reduces the probability of adopting a relational contract and that
the value of the informative signal is constrained by the severity of
third-party punishment.
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Outside Option

Village Enforcement No Village Enforcement
Base: Fixed Charge Two-Part Tariff Output Share Two-Part Tariff Output Share

(1) (2) (3) (4)

Punishment (p)
Economic Punishment 2.445∗∗ −0.898

(1.083) (0.643)
Social Punishment 3.709∗∗∗ −0.301

(0.999) (0.633)

Accuracy of Signal (k)
Standard Soil Quality −0.005 −0.307 0.735 0.683

(0.337) (0.365) (0.504) (0.695)
Good Soil Quality −0.038 −0.287 −0.787 −0.138

(0.416) (0.409) (0.499) (0.631)

Outside Option (u0)
No Alternative Buyer −0.375 −0.310 −1.932∗∗ 3.143∗∗∗

(0.371) (0.341) (0.877) (0.882)

Buyer & Well Characteristics Yes Yes
Correlated Random Effects Yes Yes
Observations 393 314



Outside Option

Result 3
There is strong support for Proposition 3: lack of a valuable outside option
for the seller increases the probability of adopting a contract in which the
buyer retains ex post discretion. The outside option has no effect on
contract choice in situations where formal contracts are available.



Conclusions

1. Local, deeply embedded governance institutions, like those in this
study, play an important role in economic decision making.

2. There is a difference between how the institutional environment (i.e.,
governance institutions, the severity of punishment, etc.) and
individual characteristics (i.e., informative signals, outside options,
etc.) influence contract choice.

3. The institutional environment can constrain the ability of parties to
use certain forms of contracts.
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