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This paper uses an experimental design that combines the use of an environmental levy with community 

involvement in the formation of group agreements and strategies to explore the impact of information and 

communication on water use in a complex heterogeneous environment. Participants in the experiments acted 

as farmers faced with monthly water demands, uncertain rainfall, possible crop loss and the possibility of 

trading in water entitlements. The treatments included (a) no information on environmental consequences of 

extraction, (b) the provision of monthly aggregate environmental information, (c) the provision of monthly 

aggregate extraction information and a forum for discussion, and (d) the public provision of individual 

extraction information and a forum for discussion giving rise to potential verbal peer sanctions. To account 

for the impact of trade the treatments were blocked into three market types (i) no trade, (ii) open and (iii) 

closed call auctions. The cost to the community of altering the natural flow regime to meet extractive 

demand was socialised through the imposition of an environmental levy equally imposed on all players. 
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acknowledged. The authors would also like to thank the research assistants, Nadine Brodeur and Paul Locke for their work on the 
project. 
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1. Introduction 

 

Managing the environmental consequences of water extraction from rivers is complex and likely to require a 

combination of economic instruments and community involvement in coordinating aggregate extraction 

strategies (Common 1995, Randall 1981). Water as a common pool resource is partially characterised by 

enforceable, exclusive and transferable rights to utilise a defined amount from the total available water. In 

addition, a substantial component of the water confers a mutually shared, environmental benefit to the 

owners of those extractive rights, which is both non-excludable and non-rival. Aggregate irrigation 

extraction imposes a reduction of those mutually shared benefits. 

This paper uses an experimental design that combines the use of an environmental levy with community 

involvement in the formation of group agreements and strategies to explore the impact of information and 

communication on water use in a complex heterogeneous environment. Participants in the experiments acted 

as farmers faced with monthly water demands, uncertain rainfall, possible crop loss and the possibility of 

trading in water entitlements. The treatments included (a) no information on environmental consequences of 

extraction, (b) the provision of monthly aggregate environmental information, (c) the provision of monthly 

aggregate extraction information and a forum for discussion, and (d) the public provision of individual 

extraction information and a forum for discussion giving rise to potential verbal peer sanctions. To account 

for the impact of trade the treatments were blocked into three market types (i) no trade, (ii) open and (iii) 

closed call auctions. The cost to the community of altering the natural flow regime to meet extractive 

demand was socialised through the imposition of an environmental levy equally imposed on all players. 

 

2. Experimental Assessment of Resource Policy Options 

 

Experimental economics provides a way to examine policy options under laboratory conditions and compare 

predicted outcomes with direct observations of economic behaviour. Experimental economics yields a 
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formalised, replicable approach to rapidly assess alternate policy directives, typically expressed as market 

outcomes, prior to catchment-wide implementation (Dinar et al. 1998). The methodology provides a 

relatively inexpensive means of institutional analysis coupled with substantially reduced time horizons. 

Well-designed experiments allow for the evaluation of participant willingness to exchange, the stability of 

diverse institutional structures across an array of market conditions, the efficacy of policy directives and 

highlights potential detrimental outcomes, which may compromise a water reform process. The application 

of experimental results can provide water authorities and decision-makers with sufficiently robust 

information to circumvent or mitigate the consequences of inappropriate policy commitments, minimising 

the time for trial and error and associated social expense. 

Plott and Porter (1996) highlighted an additional advantage of evaluating and developing economic policies 

using experimental methods. Plott and Porter (1996) argued that designing an experiment requires 

specification of the details of a policy and the economic environment the policy is designed for. Accordingly, 

this process raises questions that might never be asked until the policy is actually implemented.  

“The very act of creating an experiment means that issues of timing, systems for gathering and 

reporting information, methods for resolving conflicts and uncertainties, and other institutional details 

that give policy life are specified in operational (as opposed to abstract) terms” (Plott and Porter, 

1996, p. 237). 

Roth (1995) argued that policy experiments are generally motivated by the type of policy question that 

interests regulatory agencies and the experimental environment is typically designed to resemble those 

aspects of the naturally occurring environment that are the policy target. This enables economists to utilise 

the scientific method in formulating policy advice, especially when existing theories are inadequate.  

Researchers including Dinar et al. (1998) and Murphy et al. (2000) have used experimental water markets to 

explore the policy implications of water trade in the Western United States. Murphy et al. (2000) emphasized 

the importance of experimental methods in allowing the smooth adoption of proposed institutional changes. 

Experimental water markets can be used to examine new market institutions, policy reforms, and even 

simulate environmental conditions such as periods of high rainfall or drought. 
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Based on the theoretical research in experimental economics, this research examines applied economic 

policy, which requires more realistic simulations of economic environments that depend closely on policies 

developed to account for the social, economic and biophysical complexities of water as a common pool 

resource. 

 

3. Research Questions and Hypotheses 

 

The research questions and hypotheses explored were concerned with the common pool nature of riverine 

environments. Research by Ostrom et al. (1990) and Ostrom (1998), inter alia, suggests that common pool 

resources can be effectively managed if there are information and communication options available to those 

using the resource. Options for sanctions imposed on those who default on a group strategy are also possible 

and may reinforce co-operative strategies (Ostrom et al. 1992, Posner and Rasmusen 1999). The 

experimental design therefore took into account information (both individual and aggregate) and 

communication, blocked by market structure. 

In the experiments participants acted as farmers extracting water from a river system to grow an irrigated 

crop. The experimental treatments comprised of three incremental sets of information levels presented to the 

participants. The first treatment tested for behavioural changes of participants when presented with real time 

data of aggregate abstractions compared to the natural flow regime of the experimental setting. The provision 

of information has been found to have a significant impact on the provision of public goods and the 

management of common pool resources. The notion is that simultaneously informing the group of monthly 

natural flows, monthly aggregate extractions and the associated environmental levy will encourage 

participants to coordinate extraction to reduce subsequent environmental costs.  

The second treatment explored the effect of group communication and the development and implementation 

of voluntary, cooperative social contracts to reconcile the difference between natural flows and aggregate 

abstractions. In this context the traders were given time to discuss the nature of the levy prior to 
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commencement of the experiment. Players were given the option of either equal proportional changes or 

individually determined changes in monthly extraction volumes. Both experimental groups decided by 

consensus to implement voluntary individual changes in monthly extraction levels. Individual behavioural 

responses were expressed experimentally as monthly aggregate extraction volumes. Each month, participants 

voluntary committed to water extraction targets prior to the announcement of their actual monthly farm 

specific rainfall; thereby internalising the risk of rainfall variability on the individual participants. The 

research hypothesis predicts that monthly discussion sessions will reduce the environmental cost of 

aggregate extractions. 

Finally, the disclosure of individual extraction levels as a form of sanction, therefore reinforcing agreed 

aggregate extraction targets, will facilitate further reductions in the level of the environmental cost. In other 

words, the hypothesis is that the treatment introducing identifiably of contract defaulters and the possibility 

of verbal peer sanctions, will reduce the level of environmental costs. 

Each treatment was blocked to take account of the impact of trade and auction structures. Market theory 

would suggest that increasing market knowledge during an open-call trading period would increase the level 

of trade and market efficiency. An open call auction is one in which the bids to buy and sell are publicly 

available as they are lodged. The working hypothesis is that the introduction of a closed-call auction will 

result in higher levels of economic efficiency compared to no-trade, and an open-call auction will result in 

further increases compared to a closed-call auction. 

 

4. Experimental Design 

 

A complete block design was used with the four common pool resource treatments and three market 

structures (including a no trade structure). The experimental design is presented in Table 1. Two groups of 

twelve traders were involved in simultaneously replicated experiments. Each group traded for one year for 

each treatment and block combination – a total of twelve years of trading, each year taking approximately 



 6

two hours. An experimental session simulated a whole year of monthly trading in the water markets. In 

aggregate a total of 24 years of water trade and extraction was simulated during the experiments. Student 

subjects were recruited from Griffith University Brisbane through advertising billboards and posters placed 

across the campus and a designated website. Recruited students were taken through a series of training 

sessions in the experimental procedures and protocols. 

 

Table 1  

Experimental Design 

Treatments No 

information

Aggregate 

Information 

Aggregate Information 

and Discussion 

Aggregate Information, 

Discussion and Sanctions 

No trade 2 sessions 2 sessions 2 sessions 2 sessions 

Closed call 2 sessions 2 sessions 2 sessions 2 sessions 

Open call 2 sessions 2 sessions 2 sessions 2 sessions 

Note: sessions were run concurrently and represent 12 monthly trading periods.  

 

5. The Market Environment 

 

The experimental environment involved players acting as irrigators with options concerning the management 

of a model farm inclusive of options for trading water. Participants accessed treatment-specific instructions 

by logging on to the experimental web-site, scrolling through a Power-Point slide series and following the 

prescribed screen prompts. The slideshow presentations varied according to the treatment combination in 

each session, with slides added for each successive treatment. Participants accessed a computer network link 
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at the end of the instruction slides that allowed them to log on to the experiment session. The experimental 

sessions were conducted using an experimental water-trading program known as Mwater. Through the 

Mwater package participants viewed their general farm characteristics including their water allocation and 

crop water requirements. The package also allowed them to trade in an open or closed market environment, 

view their updated water usage and income tables, and information on extraction levels according to the 

treatment requirements of the experiment. 

Participants were not allowed to talk to each other except in experimental sessions where communication 

was specified by the treatment. Participants were provided with a calculator if requested and were also able 

to use a spreadsheet to perform farm specific calculations. 

 

Farm Characteristics 

 

Each of the twelve participants was provided with a unique set of model farm characteristics that governed 

the value of water used on their farm, the volume (megalitres (ML))2 of allocated water for the year, farm 

specific historic median rainfall, and maximum and minimum water requirements for the farm specific crop 

in each month3. Information was provided both as yearly totals and as monthly figures. The totals, such as 

the size of each farm’s remaining water allocation was updated monthly as water was applied to the farm’s 

crop and as water was bought or sold. Table 2 displays typical information about each model farm’s 

characteristics that is provided to the participants from the start of the water year. All values except for the 

‘Marginal value of water’ are updated monthly. 

 

                                                      

2 1 Megalitres equals approximately 1.23 acre-feet of water. 

3  Information on the individual farm characteristics is not reported in order to maintain the integrity of the data for future 
experiments. Further information on the farm characteristics can be obtained from the authors. 
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Table 2 

Typical Farm Characteristics 

Water supply available 960 ML Historic usable rainfall to end of year 498 ML 

Estimated max water needs to end of year 1275 ML Estimated min water needs to end of year 1020 ML 

Marginal value of water $97 Traders income total $10 

 

Table 3 is an example of a water use table displaying water requirements for each month. Actual rainfall is 

provided before each irrigator decides how much water to use from their allocation in that month. Allocated 

and Total Water Use is displayed for all previous months. 

 

Table 3 

A Typical Water Use Table 

Month Historic 

Median 

Rainfall 

Maximum 

Water 

Usage 

Actual 

Rainfall

Allocated 

Water 

Used 

Total 

Water 

Use 

Minimum 

Crop Water 

Requirements 

Qty 

sold 

Qty 

bought

OCT 52 214 49 148 197 171  200 

NOV 36 198 38   158   

DEC 48 186    149   

JAN 46 169    135   

. . . . . . . . . 

. . . . . . . . . 

SEP 0 0    0   
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Crop Loss  

 

Players faced uncertainty of rainfall and possible crop loss. ‘Crop loss’ refers to any lost potential income 

caused by irrigating less than the minimum crop water requirements. If monthly minimum water 

requirements were met the whole crop was maintained. However, if total water use was less than the 

minimum crop water requirements in any month then the area of crop was proportionally reduced. The 

potential income from the irrigated land left fallow was lost for the whole year. New minimum and 

maximum water requirements were then provided for the rest of the year. Rainfall was also reduced 

accordingly. 

 

Income Calculations 

 

Participants received a A$10 turn up payment plus the traders’ income earned during each experiment. The 

monthly farm income equalled total water usage times their marginal value of water, less crop loss, plus the 

income from the sale of water less the cost of water bought. Through a series of exchange rates farm incomes 

were converted to traders’ income in order to account for differences in farm sizes and characteristics. Table 

4 displays a typical farm income table, including the values for market clearance prices and farm and trader’s 

income. 
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Table 4  

Typical Farm Income Table 

Month Total 

water 

usage 

Monthly 

income 

from 

crop 

Crop 

Loss 

Equilibrium 

Price 

Cost of 

water 

bought 

Income 

from 

sale of 

water 

Total 

monthly 

income 

Trader’s 

Income 

OCT 197 19109 0 60 12000  7109 7.12 

NOV         

DEC         

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

SEP         

 

With increasing community involvement and empowerment of self-regulation as a mechanism for 

implementing water policy it is necessary to explore the level of accordance with group agreements and the 

impact of supplying environmental information. The nature of the damage caused to riverine ecosystems is a 

social cost borne by all in the community. In the experiments this is measured by the value of the 

environmental levy.  
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Environmental Levy 

 

In the experiments an environmental levy was introduced to create an experimental environment in which an 

individual’s payoff depended both on their own actions and the actions of all other members of their group. 

The experimental river system consists solely of the twelve players’ farms. The important environmental 

attribute of the system is located upstream of the farms. The flow upstream is completely dependent on the 

monthly aggregate extractive demand of the players. Consistent with the utilisation of a common pool 

resource, an individual player’s final payment was comprised of the proceeds from their farm income (viz. 

farm and trading activities) less their proportional share of the costs of a change in riverine environmental 

services. A change in environmental services is measured as a change in natural flows resulting from the 

extraction of irrigation water. The monthly volume of natural flows reflects the experimental catchment’s 

historic median environmental flows, illustrated in Figure 1. The imposed environmental levy creates a 

system of incentives in the experiment consistent with the interdependency imposed by environmental 

externalities.  
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Figure 1 

Historic Median Environmental Flows 

The levy was one trader dollar per 100,000 units, calculated as the squared difference between aggregate 

extraction and historical median environmental flows as shown in Figure 1. 

Environmental levy = 
000,100

)(
12

1

2∑
=

−
t

tt wNaturalfloionAggExtract
      (1) 

The value of the environmental levy reflects increasing marginal environmental damages as the divergence 

between natural flows and extraction increases (Figure 2). This means that each additional ML of allocated 

water used by any individual farmer had a proportionally greater environmental cost. 

 



 13

0.00

2.00

4.00

6.00

8.00

10.00

12.00

0 200 400 600 800 1000 1200

Difference between extractive and environmental flow 
(ML)

Le
vy

 ($
)

 

Figure 2 

The Calculated Value of the Experimental Environmental Levy 

 

6. Results 

 

This section reports the findings of the research. It commences with an analysis of the level of accordance 

with environmental targets, measured by the environmental levy, as a result of each of the treatments. The 

findings are supported and supplemented by a graphical analysis of monthly extraction and environmental 

targets. A generally reviewed wisdom notes that the implications of laboratory findings should be interpreted 

cautiously beyond the specific institutional setting of the experiment. To account for any potential variation 

between experimental groups the interpretation of the findings is based on averages of the simultaneous 

experimental sessions. 
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The Impact of the Provision of Information, Discussion Forums and Sanctions on Meeting 

Environmental Targets 

 

It is expected that the level of environmental damage caused by water extraction will increase as a result of 

trade and decline with information, discussion and individual extraction disclosure. Table 5 presents the 

combined results of the two years of experiments.  

Tisdell (2001) found that trade exacerbates the differences between extractive and environmental flow 

regimes. In all the experimental treatments in this study, the level of environmental damage reflected in the 

value of the environmental levy is less without trade compared to open and closed call markets. Without 

trade, the level of environmental damage declined with the provision of aggregate extraction information 

from $5.48 to $5.03. Coordinating individual actions to converge with environmental targets is difficult 

without a means of communication. Allowing the traders to communicate improved coordination of actions 

resulting in a further decline in the environmental levy to $2.71. Releasing individual extraction levels 

compared to their agreed extraction levels was detrimental and resulted in an increase in the environmental 

levy from $2.71 with discussion to $3.30 with individual disclosure.  

Introducing a closed call market produced more adverse environmental consequences. Compared to no-trade 

the average levy increased from $4.13 to $6.98. The provision of aggregate information in the closed call 

experiments reduced the environmental levy, while allowing discussion increased the levy. Disclosure of 

individual information reduced the levy, but not below aggregate information levels. Closed call markets by 

their nature provide less market information to participants and thus should have a less adverse 

environmental impact than an open call market. This was found to be the case only in markets where 

aggregate environmental information was provided. In contrast to the results of the no-trade market 

experiments, provision of individual information in the open call experiments increased accordance with the 

monthly environmental extraction targets shown in Figure 1. Without trade, the lowest environmental 

damage resulted from discussion between the players with aggregate extraction information. With trade, an 
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open call with discussion and individual extraction information led to the lowest level of environmental 

damage.  

 

In summary, in these experiments the introduction of trade increased environmental damage. Disclosure of 

only the impact of aggregate extraction on riverine environments was found to be counter-productive to 

achieving environmental extraction targets in open call market experiments. The environmental damage was 

maximised with this treatment; and the environmental damage was minimised by providing aggregate 

environmental information with a forum for group discussion and agreement in a no trade experimental 

environment. 

 

Table 5  

The Value of the Environmental Levy 

 No 

Information 

($) 

Aggregate 

Information 

($) 

Aggregate 

Information 

and discussion 

($) 

Individual 

information and 

discussion  

($) 

Average 

No Trade 5.48 5.03 2.71 3.30 4.13 

Closed Call 7.62 6.28 7.44 6.59 6.98 

Open Call 5.75 8.80 4.52 4.44 5.88 

Average 6.28 6.70 4.89 4.78  
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The Impact of the Provision of Information, Discussion Forums and Sanctions on Aggregate 

Traders’ Income 

Traders’ incomes were calibrated to ensure equal potential income and used to compare the impact of the 

various treatments and auction structures. Table 6 presents the average traders’ income for each 

treatment/block combination. Consistently the average traders’ income without trade was lower than with 

trade. Introducing aggregate extraction and environmental information increased average traders’ income in 

a closed call market compared to their no trade position, but not in the open market compared to a closed call 

market. A possible explanation for this may be that trade was seen as part of the cause of the environmental 

cost and this hampered open call trading. Once discussion was allowed it was evident that the level of 

extraction, rather than the market, was the primary determinant of the environmental levy.  

 

In summary, the average traders’ income increased with trade in all cases; introducing aggregate extraction 

and environmental information increased average traders’ income in trade experiments compared to no trade 

experiments; and maximum average traders’ income was achieved by providing information on aggregate 

extraction, environmental targets and a forum for discussion in an open call market. It was further found that 

disclosure of individual information compared to aggregate information with discussion led to lower average 

traders’ income in all cases. Finally, providing aggregate information and discussion produced higher 

average traders income compared to no information or aggregate information alone in all cases. 
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Table 6 

Trader’s Income 

 No 

Information 

($) 

Aggregate 

Information 

($) 

Aggregate 

Information 

and discussion 

($) 

Individual 

information and 

discussion       

($) 

Average 

($) 

No Trade 38.10 39.55 43.20 42.88 40.94 

Closed Call 40.71 44.26 47.25 46.17 44.59 

Open Call 45.24 43.22 49.67 47.59 46.43 

Average 41.35 42.34 46.71 45.55 43.99 

 

Ratio of Income and Environmental Levies 

Trade-offs between maximising extractive income and riverine environmental flow regimes is common. One 

metric to measure that trade-off is the income per unit of environmental damage. Table 7 presents that ratio 

for each treatment/block combination.  



 18

 

Table 7  

Ratios of Aggregate Income and Environmental Levies 

 

 

 

 

 

 

 No 

Information 

Aggregate 

Information 

Aggregate 

Information 

and discussion 

Individual 

information and 

discussion 

No Trade 6.96 7.87 15.92 13.00 

Closed Call 5.34 7.05 6.35 7.01 

Open Call 7.87 4.91 11.00 10.72 

 

It can be seen from Table 8 that providing aggregate information and a forum for discussion without trade 

maximised the return per unit of environmental damage. Further, compared to aggregate information and 

discussion, providing individual information provided lower returns per unit of environmental damage and 

therefore counter productive in all cases.  
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Table 8 

Ranking of the Income and Environmental Ratios 

Treatment Market type Income Levy Ratio 

Aggregate information and 

discussion 

No trade 43.20 2.71 15.92 

Individual information and 

discussion 

No trade 42.88 3.30 13.00 

Aggregate information and 

discussion 

Open Call 49.67 4.52 11.00 

Individual information and 

discussion 

Open Call 47.59 4.44 10.72 

Aggregate Information No trade 39.55 5.03 7.87 

No information Open Call 45.24 5.75 7.87 

Aggregate Information Closed Call 44.26 6.28 7.05 

Individual information and 

discussion 

Closed Call 46.17 6.59 7.01 

No information No trade 38.10 5.48 6.96 

Aggregate information and 

discussion 

Closed Call 47.25 7.44 6.35 

No information Closed Call 40.71 7.62 5.34 

Aggregate Information Open Call 43.22 8.80 4.91 
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Environmental Agreements and Accordance 

During the discussion period participants were able to form agreements on aggregate extraction. Information 

on their aggregate agreement and aggregate extraction was provided. In the final series of experiments 

individual agreement and extraction variations were provided. The level of accordance reported in Table 9 is 

based on the inverse sum squared-difference between the monthly aggregate agreement and aggregate 

extraction. The level of accordance with the agreement was greatest in no trade with individual information 

and discussion experiments. Provision of aggregate information lead to higher levels of accordance in closed 

call experiments compared to open call experiments. In contrast, open call experiments produced higher 

levels of accordance in experiments where individual extractions were disclosed. Disclosure of the agreed 

and actual individual extractions improved the level of accordance in the no trade and open call experiments 

but not in the closed call experiments. The lowest level of accordance occurred in open call market with 

aggregate information experiments. 

 

Table 9  

Level of Accordance with Agreements* 

 Aggregate information and 

discussion 

Individual information and 

discussion  

No trade 0.0165 0.0241 

Closed 0.0128 0.0100 

Open 0.0057 0.0133 

* Accordance measure= 

∑
=

−
12

1

2)(

1

t
tt aggExtractaggAgree
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7. Conclusion 

 

Experimental economics yields a formalised, replicable approach to rapidly assess alternate policy directives, 

typically expressed as market outcomes, prior to catchment-wide implementation (Dinar et al. 1998). The 

methodology provides a relatively inexpensive means of institutional analysis coupled with substantially 

reduced time horizons. This research examined applied economic policy, which requires more realistic 

simulations of economic environments that depend closely on policies developed to account for the social, 

economic and biophysical complexities of water as a common pool resource. To enable this complex 

analysis to occur this project has developed a number of methodical systems, inclusive of extensive survey 

design and analysis to experimental economics. 

In the experimental setting of the research it was found that (a) the introduction of trade increased 

environmental damage; (b) environmental damage was minimised by providing aggregate environmental 

information with a forum for group discussion and agreement in a no trade experimental environment; (c) 

maximum average traders’ income was achieved by providing information on aggregate extraction, 

environmental targets and a forum for discussion in an open call market; (d) disclosure of individual 

information compared to aggregate information with discussion led to lower average traders’ income in all 

cases; (e) providing aggregate information and a forum for discussion without trade maximised the return per 

unit of environmental damage; (f) the highest level of accordance was observed in no trade experiments with 

aggregate information and discussion; and (g) the lowest level of accordance was observed in an open call 

environment with aggregate information and discussion. 
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