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■ Increasing policy demand for economic costs and benefits in 
support of climate change adaptation decision-making such as 
increasing water scarcity and associated water allocation issues

■ Dutch water allocation ‘model’ based on political agreement 
(‘verdringingsreeks’), no sound economic underpinning

Introduction



 

■ No water pricing or any other water allocation mechanism in case 
of scarcity
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Source: Brouwer and Pearce (2005). 
Cost-benefit analysis and water resources management
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■ Price elasticity of water demand
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Source: Brouwer and Pearce (2005). 
Cost-benefit analysis and water resources management
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Introduction

■ Price elasticities irrigation water ■ 40 studies worldwide
■ 1970-2010
■ Close to 400 observations

■ Price elasticity is negative
> Users do react to price increases

■ The higher the price, the 
greater the elasticity

> Important reason for low response 
agricultural water demand

Source: Brouwer and Georgiadou (2011)



 

■ Most studies ad hoc, partial
■ Sectoral effects
■ Hydro-economic modeling: lots of 

hydrological detail, little to go on in 
broader economic terms
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A different approach to integrated modelling
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Source: Brouwer, Schenau and van der Veeren (2005). Integrated river basin accounting
and the European Water Framework Directive. Statistical Journal of the UN, 22(2): 111-131.

NL
Meuse

Rhine



 

■ This project examines the economic impacts of increasing 
frequency of water scarcity due to climate change

■ It models the impacts on the economy as a whole instead of 
existing partial, sectoral approaches of a reduction of for instance 
available irrigation water on the agricultural and related sectors

■ For this purpose, an Applied General Equilibrium (AGE) model is 
used (‘GTAP’) to capture both the direct and indirect effects of 
water scarcity on economic sectors (agriculture, electricity, 
navigation, other industries) as the economy (re)adjusts to 
changing external circumstances

Main objective



 

Why GTAP?

■ Existing applied general equilibrium model (avoid re-inventing the 
wheel)

■ Including water already
■ Ability to distinguish between regions and countries

               One of the key challenges in AGE modelling!



 

Contribution/value added of this project

■ Focus on transboundary river basins Rhine and Meuse 
(non-existent!)

■ Currently agricultural water use included, but not yet other 
water dependent sectors such as energy, transport, 
industry

■ Examine possibility of re-allocation of water between 
countries, river basins and sectors (non-existent!)



 

Model 

■ GTAP: A world scale Applied General Equilibrium (AGE) model
■ GTAP-W a recent extension with water explicitly included
■ Medium run equilibrium approx. 5 years.



 

First application

■ Modify the model to focus only on the Rhine and Meuse river 
basin countries: NL, D, B, F

■ Simulate the economic effects and adjustments when faced by a 
structural reduction of water availability in the future due to climate 
change

■ Research question: what would the effect be on the total Dutch 
economy if we simulate the extreme 1976 drought?

■ Extension/complementary to existing Delta Commission Report 
which concludes that the direct economic damage to agriculture 
from the 1976 drought would be 1,520 M € (19.5% of agricultural 
production)



 

■ Two reports:
- van Velzen et al. 2011
- van Beek et al. 2008
■ Both reports use a collection of 

models to (among other things) 
simulate the direct effect of 
drought and climate change on 
Dutch agriculture  

■ Economic feedbacks are not 
included and prices don’t change

■ Specifically they calculate the 
direct damage to agriculture that 
would come from the drought 
conditions of 1976 were they to 
happen today

■ The total additional damage to 
agriculture from the 1976 drought 
conditions would be now 1,520 
Million Euros or 19.5% of 
agricultural production.

Existing studies



 

■ Model was calibrated so that the 76 drought conditions (37% less 
irrigation water) resulted in a 19.5% agricultural loss at original prices.

GTAP Preliminary Results

Dutch agricultural loss in percent change at:
1 Original prices (van Beek et al. 2008)
2 Feedbacks & new equilibrium prices
3 If the drought affected the other countries

 that share the river basin as well

%

1.5 B€ 1.1 B€ 0.8 B€



 

What would have been the outcome if we use GTAP? 

■ Scenario 2: 

37% less water resulting in a 19.5% agricultural loss



 

Production factors: initial values
Millions of $  
(2001)

Shadow price 
of water !



 

Effect on value added input factors in agricultural “sectors”

Conclusion: “sectors” react differently to water scarcity and change their mix of inputs:
● Value of water diminishes everywhere, but not equally > substitution effects
● Value irrigated land increases for cereal crops and sugar beets > relative price changes

%



 

How does this effect the consumer?  Is the Netherlands 
worse off?  By how much?

Millions of $

ium



 

Contribution to Welfare

efficiency =change in market distortions

 = loss of  endowments (water)

= Terms of trade (export/import prices)

Millions of $

Water reduced in NL, hence loss of endowment

Dutch products become more expensive for neighbouring countries



 

Conclusions

■ A rise in prices partially compensates for a fall in agricultural output
> Overestimation of damage costs (adaptation: feedbacks & price changes)

■ Heterogeneity in sector response on both the input and output side

■ Neighboring countries are affected as well by negative terms of trade 
inducing possible cooperation on water agreements

■ IMPROVED INSIGHT IN ECONOMIC SHADOW PRICE OF WATER



 

■ Incorporating explicit water use into other sectors of the economy 
(specifically energy, transport and industry) and examining possible re-
allocation of water between agricultural and non-agricultural sectors

■ Distinguishing water and water users by river basin, to examine the 
attractiveness of inter-basin water transfers or international water 
transfers within the same basin.

Further work



 

Link to Payments for Watershed Services (1)

■ Brouwer, R., Tesfaye, A. & Pauw, P. (2011). Meta-analysis of 
institutional-economic factors explaining the environmental 
performance of payments for watershed services. Environmental 
Conservation, 38(4), 1-13, DOI:10.1017/S0376892911000543.

■ Factors that contribute to the                                                    
functioning of PES schemes                                                                      
poorly understood

■ Lack of empirical evidence                                                                   
causal relationship institutional                                                        
design and cost-effectiveness PES

■ Key issues: conditionality                                                                
(Wunder, 2005) and additionality                                                   
(Daniels et al., 2010) 



 

Link to Payments for Watershed Services (2)

■ Brouwer, R., Oosterhuis, F. & Bouma, J. (2011). Use and 
usefulness of economic instruments for freshwater supply and 
allocation in the Netherlands. IVM Report R-11/10. VU University 
Amsterdam, the Netherlands.

■ Screening scientific literature incentive-compatibility economic policy 
instruments

■ Freshwater supply and allocation is a risk management issue              
>> important implications for instrument choice

■ Structural measures for incidental droughts?                                         
>> need for cost-effective policymix



 

Thank you for your attention


