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Introduction

Farmers account for 70% of water withdrawals in the world 

today, while often constituting the marginal uses of 

freshwater resources.

Water markets can support the reallocation of water towards 

agricultural uses with higher added value, hence offering an 

opportunity to enhance economic growth and social welfare 

without increasing demand.

The assumption of zero transaction costs remains a major 

limitation towards achieving realistic estimates on the 

economic performance of water markets



Transaction costs

Transaction costs can be defined as “the costs of arranging a 

contract ex-ante, and then monitoring and enforcing it ex-

post” (Matthews, 1986). 

Loch et al., (2018) include:

I. time invested in monitoring market activity and identifying  

buyers/sellers; 

II. the negotiation of the terms and conditions of trade;

III. monitoring and mitigating third-party effects; 

IV. contracting or conveyance to secure the trade;

V. possible dispute resolution where contract terms are 

breached; 

VI. barriers to trade resulting from restrictions or quotas on 

the total movement of water out of a district to avoid 

stranded asset issues or delivery constraints that limit 

transfers up or downstream



Our contribution

We couple a hydrologic model, AQUATOOL, that allocate water

between irrigators considering environmental goals, a non-

linear multi-attribute positive programming model – Positive

Multi-Attribute Mathematical Programming, PMAMP – that

represents the motives and behavior of heterogenous

irrigators, and an Agent Base Model, ABM, that explicitly

captures social and spatial interactions, following the

literature of Multi-Agent/Cellular Automata, MACA, models

(Berger, 2001).

With the MACA model, we assess water market performance

with and without transaction costs



Study Area – Duero 
River Basin

The largest River Basin in Spain, 
and one of the largest in Europe

23 AWDUs (Agricultural Water 
Demand Unit) considered

All of them withdrawing superficial 
water from the Duero River

More than 34,000 ha of irrigated 
land

Land use: 25% maize, 21% barley, 
10% alfalfa and wheat, 9% 
sunflower, 7% sugarbeet, 6% 
potato, 3% carrot, 2% garlic, 2% 
vineyard

AWDUs



The MACA model



DSS model: AQUATOOL

AQUATOOL was calibrated with the 2021 draft of the DRB hydrologic 
plan 2022-2027 (DRBA, 2019)

The baseline was modified by
• increasing the river section with minimum flow ensured (60 

sections already guaranteed with ecological flows + 91 additional 
sections)

• considering the effect of climate change (11% reduction in water 
provisioning).

• Changes in infrastructure and irrigation methods were not 
permitted, nor expansion in irrigated areas was allowed.

Following  Pérez-Blanco et al., (2021), a backward simulation was 
performed for 38 years (1981-2018) to obtain the change in water 
provisioning for every AWDUs



PMAMP model

PMAMP model is calibrated following the method of 
Gutiérrez-Martín and Gómez, (2011).

The model calibrates and optimizes the utility 
function for every agent, and calculate the 
compensation for every quantity of water reduction

This compensation is used to calculate the water 
price every agent is willing to accept (pay) for a 
quantity less (more) of water.



ABM model

The agent-based model allows interaction between irrigators

Agents are randomly distributed in the ABM world, and they can 
interact with the others in the center of the map.

In every interaction, the buyer (selected between all the agents) 
can ask for a license of water from a seller (one of the other 
agents), if the WTP is higher than the WTA the deal is arranged 
at an equilibrium price (average of WTP and WTA).

We perform 100 simulations per scenario, to obtain a robust 
estimation



Scenarios

Scenario 1: Perfect market → no asymmetric 
information

Scenario 2: Contact a number of farmers (from 2 to 
100) and select the one with the lowest price → time 
and space asymmetries

Scenario 3: they remember the price of some farmers 
(the ones they traded with the year before) – a 
market with an option contract.



Preliminarily results - Surplus

Asymmetric information 
remarkably reduce irrigators 
surplus

Transaction costs (identifying, 
contracting, and monitoring) 
diminish surplus considerably: 
approximately 25% of the ideal 
market surplus

Increasing the information 
(contact more people) increase 
significantly surplus (x3), but not 
up to the ideal market

Option contract yields higher 
surplus but when the contacts 
are few.
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Preliminarily results – Water traded

Transaction costs (identifying, 
contracting, and monitoring) 
diminish quantity traded by 30% 
compared to the ideal market

Increasing the information 
(contact more people) increases 
water traded.

Asymmetric info Asymmetric info with option contract
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Possible improvements

Increase the number of agents (farmers) that participate 

Activate feedbacks from hydrologic model to allow the expansion of the study area

Explore learning process and opportunistic behaviors of the agents in the ABM 
model

Increase the number of models (economic as well as hydrologic) to obtain a multi-
system, multi-model ensemble could be tested using alternative forcings, including 
charges, nature-based solutions, etc. or combinations thereof. The resultant grand 
ensemble would allow to better understand the cascading effects of uncertainty
across coupled human-water systems, and to adopt better informed and more 
robust decisions.



Thank you for your
attention
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