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Participatory Process (Watershed Committees)



Reservoir Release Scenarios Presented to Water Allocation 
Committee  

 

OPERATION SIMULATION FOR THE ORÓS RESERVOIR 

FROM JULY 1st, 2002 TO JANUARY 1st, 2003 

 

MAXIMUM LEVEL: 199,50 m    VALVE LEVEL: 169,00 m 

CAPACITY: 1.940,00 hm3    DEAD VOLUME: 16,87 hm³ 

 

SIMULATION AT 5,0 m³/s* 

 

Date 
Level 

(m) 

Volume 

(hm³) 

Volume 
(%) 

Evaporation 
area (m) 

Released 
flow 

(m³/s) 

Released 
volume 
(hm³)** 

Evaporated 
volume 
(hm³) 

 Level 
variation 
(m) 

Volume 
variation 

(hm³) 

07/01/02 186,36 420,091 21,7% 0,19 5,000 13,39 10,30 -0,44 -23,70 

08/01/02 185,92 396,447 20,4% 0,22 5,000 13,39 10,68 -0,49 -24,07 

09/01/02 185,43 372,417 19,2% 0,22 5,000 12,96 10,73 -0,48 -23,69 

10/01/02 184,95 349,137 18,0% 0,24 5,000 13,39 10,38 -0,54 -23,77 

11/01/02 184,41 325,459 16,8% 0,21 5,000 12,96 9,42 -0,52 -22,38 

12/01/02 183,89 303,167 15,6% 0,21 5,000 13,39 8,34 -0,55 -21,74 

01/01/03 183,34 281,601 14,5% 1,29  79,48 59,85 -3,02 -139,35 

 
Source: COGERH. * This table is just a sample of the type of data presented to water commission 
members. Usually around six different scenarios like the one above are presented to the 
commission, each with different released flow rates. For the period illustrated above (dry season, 
2002), the approved release rate was 5 to 6 m³/s. ** Release volumes are different due to the fact 
that some months have more days than others. 

 

Technical Dominance

Decision Process:  

water agency 

presents scenarios 

(example ->) 

consensus or vote



Basic Concern: do asymmetries in information affect equity?

Experimental Literature: some previous work on asymmetries 

concerning the amount being divided within bargaining games. 

Beyond That Literature:

• towards policy relevance with artefactual field experiment (Harrison & 

List 2004), with neutral frame, within Ceara -- a large field sample: 

894 participants from urban & rural areas

• explore more complete spectrum of  information conditions 

(different forecasts) and always control for the total quantity

Asymmetric access to information affects equity



Experimental Design – using Ultimatum Games 

 two players (the Valley and the City) in a one shot game

 distribute a bag with chips (e.g. water of the Castanhao)

 Player 1 (City)  is more powerful and thus sets the 

agenda, i.e. proposes how to divide the bag by asking 

for a specific number of chips -- offering the rest of the 

bag to Player 2

 Player 2 (Valley) can accept this deal or reject (zero for 

all) 

 the outcome of rejection captures costs of disagreement

 the ability to reject represents ability to lobby or protest



Asymmetric Information

Proposer is certain about the size of the bag:

low rain or Small = 6 chips

high rain or Big = 10 chips

Responder faces a forecast about the size of the bag

Small is the most likely outcome (70% that 6)

Big is the most likely outcome (70% that 10)

Small and Big are equally likely (50% on each)



Results when Proposer knows Small Quantity (6)

Responder

Knows:

Proposer’s Request Implies

What Expected Share From 

Responder’s Perspective ?

70%-6

30%-10
= 4.71 / 7.2 = 65%

50%-6

50%-10
=4.84 / 8.0 = 60%

Responder

Knows:

Average

Ask For

Proposer’s  Average

Share of Total Quantity 

6 certain 3.72 62% (‘classic’ UG)

70%-6

30%-10
4.71 78%***

50%-6

50%-10
4.84 81%***

Proposers increase

their share when

responder is uncertain

• Proposer hides/exploits

information that rain low

• Responder’s expected 

quantity is higher than 

what proposer knows:

(70% of 6) + (30% of 10) = 7.2

(50% of 6) + (50% of 10) = 8.0 

• ‘unfair’ bid (80% of 6) 

looks fair, on average 

(since it is 60% of 8), 

from the uninformed 

responder perspective



• Proposers can not exploit this asymmetric information because 

responders expected quantity is lower than what proposer knows; 

Proposer’s share is, if anything, smaller vs. Certainty (it is equal);

• Here the optimal information strategy is to share that pie is big; 

proposer tries to signal this: in all cases the modal request was 5 

(despite a chance of 6) and in this case it was always accepted (& 

requests of 6s, 7s and 8s are frequent, despite chance of 6).

Responder

Knows:

Average

Ask

For

PROPOSER’S

AVERAGE

SHARE OF THE PIE 

10 6.05 60% (‘classic’ UG)

70%-10 5.84 58%

50%-10 6.0 60%

Results when Proposer knows Big Quantity (10)



Lessons from the Asymmetry case

 Agenda setters can exploit asymmetry only for low 

cases;

 Information (e.g. forecast ) should reach all players, 

otherwise more informed parties are likely to 

exploit; 

 Implications for academic and agency dissemination 

if advances are to help efficiency but also not hurt 

equity;

 It is hard to reach everyone in the Valley, but it is 

feasible to work on communicating those in the 

water committees.
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Field Experiments Session (not cases but built on case study)

 Adaptation will include institutional innovation – what works best? 

For instance, how address efficiency and equity in water transfer?

 Start with fieldwork (interviews, focus groups, surveys) on cases, 

alongside reading literature and primary materials on other sites.

 Then might like to compare outcomes with different institutions: 

one major motivation for experiments is the limited set of cases!



What are experiments & why do they address this?

 Fake institutions, essentially, i.e. neither theory nor „real data‟

 Go beyond focus groups by offering payoffs based on choices; 

putting people in decision settings, in this case within groups

 Hypothetical but maximize relevance by working hard on realism:

 design relevant choice settings based on extensive field study

 do experiments in the locale with relevant stakeholder groups

 One important question is what (better) alternatives one has:

 can control the uncertainty faced (not even easy to know)

 can vary the institution (not even observed all that often)



Contracts versus Trust

in Water Adaptation

Sharing FOR Growth requires 

Expected Sharing OF Growth 

Alexander Pfaff, Duke University (PRESENTER)

Maria Alejandra Velez, Universidad de Los Andes 

Kenneth Broad, University of Miami

Renzo Taddei, Universidade Federal do Rio de Janeiro 

Funded by CRED (Center for Research on Environmental Decisions)  

[NSF, Decision Making Under Uncertainty @ Columbia University]



METHOD = experiments, in field with relevant populations

 We use generically framed field experiments (artefactual). 

 We do not mention water but just ‟tokens‟ and describe actors 
generally, simply as players A (proposers) and B (responders). 

 Framed Pilots with water test for the robustness of the results.

 570 participants in Ceará, in Fortaleza or Jaguaribe Valley. 



EXPERIMENTAL DESIGN – basics of bargaining and sharing

 Ultimatum Game: proposer offers split of $; response is Y or N

 nobody has a clear right to dictate, e.g. at least impose costs

 typical finding in literature is 60% for proposer, leaving 40%

 With asymmetric productivity, split units of a productive input 

(splitting 10 units, with a 2:1 or a 4:1 ratio of productivities)

 tendency towards 50/50 split of inputs (but earnings unequal !)

 tendency to increase rejections, given different equity concepts

 In a UG with asymmetric productivity, efficiency lowers equity:

 we add a 3rd step in which some of the surplus can be given back

 efficiency means all units to proposer; then can share; see this?



ADDING TRUST INTO A BARGAINING SETTING

 Experiment is for many bargaining settings but 

inspired by the Jaguaribe-Metropolitan in Ceara

 The newest and largest reservoir, i.e. Castanhao

(in the Jaguaribe Valley) will soon supply Fortaleza 

(the capital city and home to tourism and 

industry) through the newest and largest 

Integration Canal

 Propaganda for the Canal notes big gains for „all‟

 Maybe the Valley believes it will share in the gains 

but currently it cannot compel sharing of surplus; 

thus sending more water to the city involves trust



EXPERIMENTAL DESIGN – compare three institutions

 ‘No Communication’ provides no signal to responders of a 

proposer‟s intention of sharing in the 3rd step, so the responder 

decides based on the initially requested split of the resources.

 ‘Message’ provides with the initial proposed split a non-binding 

written message stating what transfer of surplus will occur in the 

3rd step if, in the 2nd step, the responder accepts the request

 ‘Contract’ provides with the initial proposal a binding written 

message about that transfer. This functions like a contract, i.e. 

should the responder accept then she knows what she will get, 

meaning what share of surplus for permitting growth to occur.



Trust (in ‘No Communication’)

 

Average            
Ask 

(chips) 
Accept % 

Average Ask  
If accepted 

Average 
Transfers  

If accepted 

NoComm. 2:1 6,6 70% 5,87 2,45 

NoComm. 4:1 6,6 86% 6,13 4,79 

 

Proposers clearly expect trust on average, asking for more than half the

resources (6.6 > 5.0, p=0.00 for both 2:1 and 4:1). Need sharing to profit

since if there is no sharing after initial requests like this, better to say NO.

0ver half the proposers requested trust (i.e. asked for > 5 units)

with ½ and ¾ accepting -- clearly significant expressions of trust.



Trust (in ‘Message’)

• having a sharing Message appears to induce expectation of greater trust

• frequent requests for trust (7.1 & 6.9 both > 5, p=0.00) and responder‟ 

acceptance imply trust (on average 80%, quite high given unequal splits) 

• again over half of the proposers request trust (ask for > 5 units) , 

of which again on average over ¾ are accepted, i.e. even higher

 

Average            
Ask 

(chips) 

Average 
Message 

(R$) 
Accept % 

Average Ask  
If accepted 

Average 
Message  

If accepted 

Average 
Transfers  

If accepted 

Message 2:1 7,1 4,0 88% 6,97 3,92 2,84 

Message 4:1 6,9 8,3 73% 6,36 8,36 5,92 

 



TRUST IS NOT FULLY JUSTIFIED

 Looking only at the “requests for trust” (i.e. requests of > 5), 

lying occurs in 50% of the 2:1 and in 30% of the 4:1 cases 

 Being deceived by itself might represent a form of disutility 

that could cancel out (some) gains from increased earnings

 In „Message‟, for instance, believing lies ends up producing 

outcomes that responders reject when certain in ´Contract´.

 

Average 
Message  

If accepted 

Average 
Transfers  

If accepted 

Message 2:1 3,92 2,84 

Message 4:1 8,36 5,92 

 



EFFICIENCY RISES WITH CONTRACT

 For 2:1, the maximum possible total earnings is 20.

 For 4:1, the maximum possible total earnings is 40.

 Consider the deviations from earning the maximum. 

 When accepted, “Contract” sum earnings are ranked first 

(for both productivity ratios & still if including rejections).

Treatment 
Average 
Earnings, 

 Proposers 

Average 
Earnings, 

Responders 

Earnings 
Sum 

Contract 2:1 10,14 7,91 18,05 
Message 2:1 11,11 5,86 16,97 

No Communication 2:1 9,29 6,58 15,87 
Contract 4:1 21,09 12,23 33,32 
Message 4:1 19,53 9,55 29,08 

No Communication 4:1 19,74 8,66 28,39 

 

***

***



EQUITY ALSO RISES WITH CONTRACT

1. The ratio of proposers to responders‟ earnings. This is lower 

under Contract, i.e. the responders earn closer to proposers.

2. Aiding the lowest earner. In both of the other two institutions, 

somebody earned zero, i.e. accepted a request for all units 

which was followed up by a sharing provision of zero funds.

3. Contract also had the greatest frequency of all if the earnings to 

be shared being allocated as if by a 50-50 distribution rule:

- in “Contract”, see in 37% of 2:1 and 27% of 4:1 cases 

- in “No Communication”, 26% 2:1 and 13% for 4:1 cases

- in “Message”, 11% for both of the two productivity ratios



Does water scarcity lead to 

overuse? Evidence from field 

experiments

Maria Claudia Lopez

Departamento de Desarrollo Rural y Regional, Universidad 

Javeriana
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Background

Extreme water events (droughts and floods)
– Ecological drivers

• Rainfall changes at regional and global scales (De 
Luís et al. 2000).

• Out of direct short-term control of humans.

– Social phenomena
• Resource uses can interact with ecological drivers 

(Palmer et al 2008, 2009): over-extraction & drought.

• Extent, magnitude and direction of the ecological 
changes may affect use patterns (Janssen and 
Anderies 2007, Schoon 2009, Schoon and Cox 2010). 

– How economic agents respond to these 
changes?

May 2011 3



Background

Related literature in experimental economics

• Relevance of contextual (ecological) variables in 

experimental economics (Anderies et al 2011, Cardenas forthcoming, 

Janssen 2010 )

• Reaction of CPRs users to different resource stock levels 

– In the lab subjects restrain their extraction when the resource 

is scarce: 

• Static (Osés-Eraso and Viladrich-Grau 2007) and dynamic settings 
(Fischer et al. 2004, Mason and Phillips 1997, Osés-Eraso et al. 2008)

– In the field results seem more pessimistic:

• Semi-dynamic setting Maldonado and Moreno 2010) support that 

scarcity exacerbates the tragedy of the commons 

• In dynamic games (Cardenas et al. forthcoming) users cannot 

maintain high levels of the resource.
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Background

Objective

– Analyze how direct users of a watershed in rural 

Colombia behave in a framed common pool 

resource experiment when confronted to different 

levels of the resource.

Research questions:

• Do shocks in the availability of water have an effect 

on users’ behavior?

• Does previous experience with shocks have an effect 

on users’ behavior ?

May 2011 5



Contribution

– Within-subjects design where participants face up to 

two changes in resource levels over 30 rounds  (as 

opposed to Osés-Eraso and Viladrich-Grau 2007)

– Static game of easier comprehension (as opposed to Fischer 

et al. 2004, Mason and Phillips 1997, Osés-Eraso et al. 2008, Maldonado and 

Moreno 2010, and Cardenas et al. forthcoming)

– Field experiment (framed experiment)with actual 

users of water (as opposed to Fischer et al. 2004, Mason and Phillips 1997, 

Osés-Eraso and Viladrich-Grau 2007, Osés-Eraso et al. 2008)

May 2011 6



The model

Common-pool resource game

– Groups of 5 players; Fixed group match

– Use of a watershed of size K0

– Each player has an endowment of 20 days

• 1 day extracting water:

returns 2$; reduces the watershed in 3$

• 1 day in the external option

returns 1$; does not affect the  watershed 

– Stock ($) at the watershed at the end of the 

round are evenly distributed

May 2011 7



The model

Levels K0 X nash X soc op Kf Nash Kf soc opt

Abundance 675 100 0 375 675

Weak scarcity 450 100 0 150 450

Strong scarcity 300 100 0 0 300

May 2011 10



The model

The problem from the perspective of  leaving $ in the 

resource:

May 2011 11

K0=300; 200$

2$

Group 

Payoff 

Functions

MCi

100 $ left

Group Behavior

K0=450; 350$

K0=675; 575$

775$

550$

400$

0



The model

Treatments (N=5; Group=5; Fixed group match)

May 2011 12

K0A: 675 K0A: 675 K0A: 675

K0B: 450

K0D: 300

K0D: 300

K0D: 300

Stage 1

Round 1-10

Stage 2

Round 11-20

Stage 3

Round 21-30

AAA

ABB

ABD

ADD

K0A: 675

K0A:675

K0A: 675 K0B: 450 K0B: 450



	

Experimental design

• Coello River Watershed, rural Colombia

• Summer 2010

• 20 sessions 

– 5 Groups per treatment

– 5 Subjects per group

• 100 participants

• Recruitment

– Local NGOs, Local leaders

• Lab in the field

May 2011 13



Experimental design
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Subject Characteristics 

Number of participants 100 

Percent Male 63 

Mean age 44 

Percentage of people living in the 
area for over 10 years 

76 

Mean years of formal education 7.48 

Percentage of people who mainly 

live from agriculture 
44 

Percentage of people working for 
days 

33 

	



Results
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Result 1: The high level condition 

generates the same results across 

stages and treatments

Result 2: The medium level 

condition does not have a clear 

effect on subjects behavior

Result 3:In the condition where it is 

possible to fully deplete the CPR, 

subjects extract more

Result 4: Previous experiences with 

a change in the level of the 

resource do not affect subjects 

behavior in low level condition

  

VARIABLES Individual 

days 

extracting 

water 

  

HHHstage2 0.0878 

 (-0.412) 

HHHstage3 -0.594 

 (-0.414) 

HMM stage2 -0.231 

 (-0.393) 

HMM stage3 -0.763* 

 (-0.393) 

HML stage2 0.741* 

 (-0.395) 

HML stage3 0.998** 

 (-0.395) 

HLL stage2 0.762* 

 (-0.389) 

HLL stage3 1.289*** 

 (-0.389) 

Constant 6.900*** 

 (-0.498) 

  

Observations 3000 

Number of players 100 

  

 



Results Interpretation

• Our baseline results are consistent with 

previous field CPR experiments (Cardenas and 

Carpenter 2008,  Cardenas 2011)

• Relationship between scarcity shocks and 

resource extraction depends on the dimension 

of the scarcity shock.

• Opposite to previous findings (Mason and Phillips 

1997, Osés and Viladrich 2007), subjects increase

extraction under the threat of resource 

depletion.

May 2011 18



Vertical Collective Action: 
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Vertical Collective Action
CA in asymmetric water systems



The “core” of the verticality problem

• Location matters a lot in the willingness to cooperate

• Uni-directional (downstream) externalities

– Need for coordinating actions to improve social welfare

• How can we incorporate bi-directional solutions?

– Information or signals

– Compensations, sanctions, transfers or payments

– Pro-social behavior and social norms



Approaches to verticality and water

 Asymmetries in irrigation systems:
◦ Ostrom, Elinor, and Roy Gardner. (1993). “Coping with Asymmetries in the 

Commons: Self-Governing Irrigation Systems Can Work.” Journal of Economic 
Perspectives 7(4) (Fall): 93-112.

o Weissing and Ostrom (1993) “Irrigation institutions and the games irrigators 
play: rule enforcement on government- and farme-managed systes”. 
Polycentric games and Institutions.Michigan.

o Holt et.al “Tragedy of the common canal”. Mimeo. 2010

 Multi-scales collective action in watersheds: 
◦ Swallow, Jhonson, Meinzen-Dick ”The Challenge of Inclusive Cross Scale 

Collective Action in Watersheds”

 Vertical complementarity in watersheds (Antropologists):
◦ Murra, John. "El Archipiélago Vertical Revisited". Masuda, Shozo. Ed. Andean

Ecology and Civilization. Tokyo: University of Tokyo Press, 1985.
◦ Murra, John. "El Control Vertical de un Máximo de Pisos Ecológicos en la 

Economía de las Sociedades Andinas". Visita de la Provincia de León de 
Huánaco (1562). Iñigo Ortiz. Ed. Tomo II: 429-76. 1972.

◦ Osborne, Ann. El Vuelo de las Tijeretas. Bogotá: Banco de la República, 1985.
◦ Osborne, Ann. "Comer y Ser Comido: Los Animales en la tradición oral U'Wa

(Tunebo)". Revista del Museo del Oro. Bogotá, Banco de la República, 1990



Two games, two countries, four 
watersheds

• Irrigation game (Cardenas et al 2008): water provision and appropriation
decisions

• Water Trust Game: trust and reciprocity according to vertical relations

Game

Country Kenya Colombia

Watershed Awach River
Fuquene 

Lake

Awach 

River

Kapchorean 

River

Fuquene 

Lake

Coello 

River

Session 62 80 12 12 27 20

Total players in sessions 124 160 60 60 135 100

Upstream players 62 80 50 50 29.63 35

Midstream players 0 0 0 50 37.04 30

Downstream players 62 80 50 0 33.33 35

Total Observations 62 80 1200 1200 2700 2000

WATER TRUST GAME IRRIGATION GAME

Kenya Colombia



Colombia:

Coello & Fuquene (Andean region)  

N= 395 players

Kenya:

Awach & Kapchorean (Western Kenya)  

N= 224 players



Field lab setting

Colombia Kenya

Education (years) 6.5 4.3

Female (%) 63% 24%

Hosehold size (people) 5.1 6.2

Age (years) 41.6 38.4

Main water source

     Piped water 52.6 1.6

     Natural source 35.7 91.6

     Other 11.7 6.7



Irrigation Game
Water provision and appropriation
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• 5 players that have an initial
endowment of 10 tokens

• They can keep the tokens (private
account) or invest them in a
public fund to maintain the water
system

• Total gains = tokens kept + water
extracted

• Water is extracted sequentially

Total contributions 
to the public fund by 

all 5 players
Water available

0-10 0

11- 15 5

16-20 20

21-25 40

26-30 60

31-35 75

36-40 85

41-45 95

46-50 100

TABLE OF AVAILABLE WATER 
QUANTITY



The vertical collective action problem
Upstream and downstream location



Provision & appropriation (by country)
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Provision & appropriation (by treatment)

Base Line Communication

High Fine Low Fine



Explaining individual behavior
Dependent variable:

Pooled Dummies wtsdh Coello Fuquene Awach Kapchorean

Independent variables (1) (2) (3) (4) (5) (6)

Round (learning) -0,045 -0,045 -0,031 -0,063 0,004 -0,076

(0.008)** (0.008)** (0.017)
+

(0.013)** (0.018) (0.020)**

Location along the water system 0,193 0,193 0,236 0,21 0,036 0,215

(0.022)** (0.022)** (0.045)** (0.035)** (0.055) (0.057)**

1 if treatment = communication 1,564 1,564 2,419 1,553 0,72 0,834

(0.152)** (0.152)** (0.284)** (0.246)** (0.327)* (0.335)*

1 if treatment = high fine 0,29 0,29 0,975 0,221 -0,502

(0.157)
+

(0.157)
+

(0.350)** (0.219) (0.311)

1 if treatment = low fine -0,311 -0,311 -0,506 0,086 -0,275

(0.153)* (0.153)* (0.272)
+

(0.2390 (0.315)

Others contribution lagged -0,042 -0,042 -0,01 -0,008 -0,074 -0,157

(0.007)** (0.007)** (0.012) (0.011) (0.016)** (0.018)**

Age 0,032 0,032 0,01 0,047 -0,029 0,086

(0.003)** (0.003)** (0.006) (0.005)** (0.010)** (0.012)**

Gender -0,12 -0,12 0,207 0,309 0,407 -1,39

(0.085) (0.085) (0.154) (0.139)* (0.207)* (0.217)**

Education level 0,025 0,025 0,037 0,039 -0,095 0,131

(0.011)* (0.011)* (0.021)
+

(0.017)* (0.033)** (0.036)**

Time in the community -0,005 -0,005 -0,001 -0,009 0,017 -0,02

Tokens contributed to the public fund



Water Trust Game 
From lab verticality to real verticality

Y1=8-X12+X21

Y2=8+3*X12-X21

Upstream

Downstream

Up Up

Down Down



Trust between upstream and downstream 
players

Treatment UU UD DD DU

UU ---- 0.3958 0.6795 0.0567

UD ---- ---- 0.7309 0.0091

DD ---- ---- ---- 0.0447

UU UD DD DU

Awach 3.37 3.75 4.13 2.4

Fuquene 3.4 3.81 3.2 2.74

Total 3.39 3.78 3.6 2.59

0
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Player 1 offer
Dependent variable:

Pooled Dummies wtsh Fuquene Awach

Independent variables (1) (2) (3) (4)

Location of player 1( 1 if upstream) 0.119 -0.011 -0.134 0.021

(0.354) (0.342) (0.527) (0.79)

Location of player 2 (1 if upstream) -0.84 -0.903 -0.735 -0.972

(0.333)* (0.319)** (0.471) (0.439)*

Age -0.039 -0.039 -0.046 -0.026

(0.019)* (0.02)
+

(0.026) (0.041)

Gender -0.137 -0.259 -0.139 -0.568

(0.319) (0.311) (0.463) (0.499)

Education level -0.058 -0.046 -0.058 -0.06

(0.057)
+

(0.054) (0.082) (0.105)

Time in the community 0.049 0.051 0.049 0.032

(0.015)** (0.016)** (0.020)* (0.034)

Participation in community organizations -0.251 -0.026 -0.184 0.382

(0.317) (0.311) (0.438) (0.526)
+

Community cooperation -0.022 0.075 0.035 0.213

(0.067) (0.074) (0.102) (0.118)

Trustfully 0.403 0.53 0.628 0.484

(0.200)* (0.200)** (0.252)* (0.348)

Expectation player 1 0.143 0.171 0.263 0.13

(0.030)** (0.032)** (0.058)** (0.041)**

1 if watershed=Fuquene 1.11

(0.371)**

Constant 2.587 0.826 1.811 0.447

(1.062)* (1.194) (1.561) (1.977)

Observations 128 128 70 58

R-squared 0.348 0.389 0.449 0.406

Player 1 offer



Conclusions
• Location is very important in watersheds for its effects

on water distribution and trust building.
• Rules do help to solve problem, most on the fairness

side. Communication enhances both efficiency and
equity, while penalties have a low effect on
cooperation but some ability to reduce inequality.

• Trust and reciprocity can operate in both ways (positive
and negative).
– Asymmetries in water distribution inhibit the creation of

positive reciprocity among players.
– Historical patterns of use and appropriation of water

affects trust from downstream to upstream players.

• The challenge is how to build trust between
downstream and upstream people as a base for
cooperation in water availability and equity.



Thank you!
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