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Wetlands $14,785 ha-1yr-1

Lakes/rivers $  8,498
Tropical forests $  2,007
Coral reefs $     675
Open ocean $     252
Grasslands $     232



Why price water?

• Application market based instruments limited 
(e.g. Ireland)

• Water policy traditionally dominated by 
technical standards & engineering solutions

• Water pricing controversial
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Water as a scarce resource

• When something is scarce, it has value

• Quantity and Quality



Shifts in water governance
Lower and higher 

jurisdictional levels 

(decentralization, 

devolution, 

Europeanization, 

globalization)

Independent bodies 

(agentification) and 

courts (judicialization)

From nation

state to

Markets (privatization, 

markets, contracting out, 

public private 

partnerships)

Civil society (networks, 

self governance, 

participation)



Price elasticity of water demand

Perfectly

inelastic

Inelastic

Elastic

Source: Brouwer and Pearce (2005)



Meta-analysis of irrigation water pricing
(Brouwer and Georgiadou, 2010)

• 39 studies worldwide

• 1963-2008

• 396 observations

• US, Canada, Australia

• Spain, Italy, Greece, Portugal

• Morocco, Israel, Jordan



Conclusions

• Price elasticity of water is negative

>> Users do react to price increases

• The higher the price, the greater the elasticity

>> important reason for low response irrigation water



Groundwater Values

▪ Groundwater resources exposed to pollution, degrading 
their quality for uses now and in the future

▪ To inform sustainable policy and decision-making (GW 
protection, pollution remediation): nonmarket values 
attached to GW resources

▪ Summarize estimations of groundwater quality values

➢ Meta-analysis: 3 decades of studies in 15 countries, 
broad range of values and factors



Pool of studies

▪ 16 studies from the USA (108 estimates)

▪ 14 from European countries (83 estimates)

▪ 5 from the rest of the world (10 estimates)

▪ All values converted to PPP adjusted 2015 $



Explanatory variables

▪ 3 groups of variables

Meta regression:

Yi,j = a + b1X1,i,j + b2X2,i,j + b3+X3,i,j

Y = average WTP/household/year
X1 = resource, pollution and policy characteristics
X2 = characteristics of the population of beneficiaries 
X3 = survey design and methodology characteristics
i: observation, j: study 



A first look at groundwater quality values

▪ Average WTP in the different countries
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Europe:
Other countries:  

821
178
61

Kruskal-Wallis test:
Between regions:

Between countries:
Χ2= 54.39 ; p= 0.0001
Χ2= 92.22 ; p= 0.0001





Continued



CONCLUSIONS

Key findings:

▪ Public WTP for groundwater quality sensitive to: 

▪ Specific benefits involved, Ability to pay, Elicitation 
technique

➢ Sensitivity to scope (pollutant, quality level)

➢Reference dependence (prevent deterioration / 
improve)

➢More sensitive to uncertainty in the baseline scenario 
than in the policy scenario 

➢ Importance of the institutional context of WTP 
elicitation (mode and timing of payments)



CONCLUSIONS

▪ Significant unexplained difference remains between USA 
/ Europe / other countries

▪ Extended database -> heterogeneity in the data
▪ Differences in survey designs (accounted for)

▪ Cultural differences (not accounted for)

▪ Guidelines for more standard study design and reporting 
procedures in nonmarket valuation studies 
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World 
Coef. Robust Std.Er.

D_supply 1.044*** -0.143
D_supply_envt 1.140*** -0.0464
D_protec -0.952*** -0.225
D_eswtp 0.505*** -0.153
D_local 0.531** -0.204
D_supplycut -2.746*** -0.421
DELTA_SUPPLY -0.0196*** -2.73E-14
D_sub -0.829*** -0.149
D_subcost 0.25 -0.163
D_cancer 0.710*** -0.0993
D_bluebaby 0.0125 -0.081
D_nit -0.656* -0.364
D_pest 1.444*** -0.423
D_chem -0.856*** -0.293
D_qual1 -0.284*** -0.0627
D_qual3 0.394*** -0.131
PROBA_BASE 1.140*** -0.355
D_cert_00 -0.917* -0.483
D_cert_01 -1.000*** -0.198
D_cert_10 -0.582 -0.591

ln_INC 0.500* -0.273
D_private 0.776*** -0.266
D_nonusers -0.496 -0.416
D_urban 0.0901 -0.0828
D_rural 0.107 -0.207
D_Eur -0.734*** -0.227
D_othercountry -1.898*** -0.395

D_mail -1.762*** -0.249
RR -0.867* -0.462
D_SBDC 0.439*** -0.133
D_DBDC 0.345** -0.169
D_PC 0.486 -0.299
D_tax 0.105 -0.642
D_taxreall 0.979*** -0.249
D_rate -0.198 -0.358
D_bond 0.737 -0.657
D_year 0.692* -0.402
D_indef 0.581 -0.906
DURATION 0.0871 -0.114
D_zeros_excl 0.832*** -0.193

TIMETREND -0.0402*** -0.0122

Constant 4.167* -2.309

Random-effects 
σsurvey 2.72 10-12*** (5.09 10-12)
σresidual 0.300*** -0.033

Observations 176

Meta-regression model



Resource, 
pollution and 

policy 
characteristics

World 
Coef. Robust Std.Er.

D_supply 1.044*** -0.143
D_supply_envt 1.140*** -0.0464
D_protec -0.952*** -0.225
D_eswtp 0.505*** -0.153
D_local 0.531** -0.204
D_supplycut -2.746*** -0.421
DELTA_SUPPLY -0.0196*** -2.73E-14
D_sub -0.829*** -0.149
D_subcost 0.25 -0.163
D_cancer 0.710*** -0.0993
D_bluebaby 0.0125 -0.081
D_nit -0.656* -0.364
D_pest 1.444*** -0.423
D_chem -0.856*** -0.293
D_qual1 -0.284*** -0.0627
D_qual3 0.394*** -0.131
PROBA_BASE 1.140*** -0.355
D_cert_00 -0.917* -0.483
D_cert_01 -1.000*** -0.198
D_cert_10 -0.582 -0.591

ln_INC 0.500* -0.273
D_private 0.776*** -0.266
D_nonusers -0.496 -0.416
D_urban 0.0901 -0.0828
D_rural 0.107 -0.207
D_Eur -0.734*** -0.227
D_othercountry -1.898*** -0.395

D_mail -1.762*** -0.249
RR -0.867* -0.462
D_SBDC 0.439*** -0.133
D_DBDC 0.345** -0.169
D_PC 0.486 -0.299
D_tax 0.105 -0.642
D_taxreall 0.979*** -0.249
D_rate -0.198 -0.358
D_bond 0.737 -0.657
D_year 0.692* -0.402
D_indef 0.581 -0.906
DURATION 0.0871 -0.114
D_zeros_excl 0.832*** -0.193

TIMETREND -0.0402*** -0.0122

Constant 4.167* -2.309

Random-effects 
σsurvey 2.72 10-12*** (5.09 10-12)
σresidual 0.300*** -0.033

Observations 176



Meta-regression
World 

Coef. Robust Std.Er.

Type of good valued:

D_watersupply 1.044*** -0.143

D_watersupply_environmt 1.140*** -0.0464

D_protection -0.952*** -0.225

D_prevent_welfare_loss 0.505*** -0.153

D_local 0.531** -0.204

Outcomes of the pollution:

D_supply_cut -2.746*** -0.421

DECREASE_SUPPLY 0.0196*** -2.73E-14

D_substitutes -0.829*** -0.149

D_substitutes_cost 0.25 -0.163

D_cancer 0.710*** -0.0993

D_bluebaby 0.0125 -0.081



Meta-regression
World 

Coef. Robust Std.Er.

Pollutant:

D_nitrate -0.656* -0.364

D_pesticides 1.444*** -0.423

Quality level:

D_qual_irrigation -0.284*** -0.0627

D_qual_very_good 0.394*** -0.131

Uncertainty:

PROBA_BASELINE 1.140*** -0.355

D_base0_policy0 -0.917* -0.483

D_base0_policy1 -1.000*** -0.198

D_base1_policy0 -0.582 -0.591



World 
Coef. Robust Std.Er.

D_supply 1.044*** -0.143
D_supply_envt 1.140*** -0.0464
D_protec -0.952*** -0.225
D_eswtp 0.505*** -0.153
D_local 0.531** -0.204
D_supplycut -2.746*** -0.421
DELTA_SUPPLY -0.0196*** -2.73E-14
D_sub -0.829*** -0.149
D_subcost 0.25 -0.163
D_cancer 0.710*** -0.0993
D_bluebaby 0.0125 -0.081
D_nit -0.656* -0.364
D_pest 1.444*** -0.423
D_chem -0.856*** -0.293
D_qual1 -0.284*** -0.0627
D_qual3 0.394*** -0.131
PROBA_BASE 1.140*** -0.355
D_cert_00 -0.917* -0.483
D_cert_01 -1.000*** -0.198
D_cert_10 -0.582 -0.591

ln_INC 0.500* -0.273
D_private 0.776*** -0.266
D_nonusers -0.496 -0.416
D_urban 0.0901 -0.0828
D_rural 0.107 -0.207
D_Eur -0.734*** -0.227
D_othercountry -1.898*** -0.395

D_mail -1.762*** -0.249
RR -0.867* -0.462
D_SBDC 0.439*** -0.133
D_DBDC 0.345** -0.169
D_PC 0.486 -0.299
D_tax 0.105 -0.642
D_taxreall 0.979*** -0.249
D_rate -0.198 -0.358
D_bond 0.737 -0.657
D_year 0.692* -0.402
D_indef 0.581 -0.906
DURATION 0.0871 -0.114
D_zeros_excl 0.832*** -0.193

TIMETREND -0.0402*** -0.0122

Constant 4.167* -2.309

Random-effects 
σsurvey 2.72 10-12*** (5.09 10-12)
σresidual 0.300*** -0.033

Observations 176

Population of 
beneficiaries 

characteristics



Meta-regression
World 

Coef. Robust Std.Er.

Income:

ln_INCOME 0.500* -0.273

Water supply:

D_private_wells 0.776*** -0.266

D_non_users -0.496 -0.416

Location:

D_urban_only 0.0901 -0.0828

D_rural_only 0.107 -0.207

D_Europe -0.734*** -0.227

D_other_country -1.898*** -0.395



Methodological 
characteristics

World 
Coef. Robust Std.Er.

D_supply 1.044*** -0.143
D_supply_envt 1.140*** -0.0464
D_protec -0.952*** -0.225
D_eswtp 0.505*** -0.153
D_local 0.531** -0.204
D_supplycut -2.746*** -0.421
DELTA_SUPPLY -0.0196*** -2.73E-14
D_sub -0.829*** -0.149
D_subcost 0.25 -0.163
D_cancer 0.710*** -0.0993
D_bluebaby 0.0125 -0.081
D_nit -0.656* -0.364
D_pest 1.444*** -0.423
D_chem -0.856*** -0.293
D_qual1 -0.284*** -0.0627
D_qual3 0.394*** -0.131
PROBA_BASE 1.140*** -0.355
D_cert_00 -0.917* -0.483
D_cert_01 -1.000*** -0.198
D_cert_10 -0.582 -0.591

ln_INC 0.500* -0.273
D_private 0.776*** -0.266
D_nonusers -0.496 -0.416
D_urban 0.0901 -0.0828
D_rural 0.107 -0.207
D_Eur -0.734*** -0.227
D_othercountry -1.898*** -0.395

D_mail -1.762*** -0.249
RR -0.867* -0.462
D_SBDC 0.439*** -0.133
D_DBDC 0.345** -0.169
D_PC 0.486 -0.299
D_tax 0.105 -0.642
D_taxreall 0.979*** -0.249
D_rate -0.198 -0.358
D_bond 0.737 -0.657
D_year 0.692* -0.402
D_indef 0.581 -0.906
DURATION 0.0871 -0.114
D_zeros_excl 0.832*** -0.193

TIMETREND -0.0402*** -0.0122

Constant 4.167* -2.309

Random-effects 
σsurvey 2.72 10-12*** (5.09 10-12)
σresidual 0.300*** -0.033

Observations 176



Meta-regression
World 

Coef. Robust Std.Er.

Survey characteristics:
D_mail_survey -1.762*** -0.249

RESPONSE_RATE -0.867* -0.462

WTP elicitation format:
D_SB_dichotomous 0.439*** -0.133

D_DB_dichotomous 0.345** -0.169

D_payment_card 0.486 -0.299

Payment vehicle:
D_tax 0.105 -0.642

D_tax_reallocation 0.979*** -0.249

D_water_rate -0.198 -0.358

D_bond 0.737 -0.657

D_yearly 0.692* -0.402

D_indef 0.581 -0.906

DURATION 0.0871 -0.114

Estimation procedure:
D_zeros_excluded 0.832*** -0.193

TIMETREND -0.0402*** -0.0122



Leave one out cross validation

7.3 %

▪ Mean absolute 
prediction error:

▪ Prediction error:
▪ Leave one out model estimation: βN-i

▪ Predict: ŷi = βN-i xi ; and compare with observation: yi

➢ Prediction error: ei = (ŷi - yi)/yi x 100



Relative contribution 
of the groups of variables

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

Resource, pollution, policy variables ✓ ✓ ✓ ✓

Uncertainty variables ✓ ✓ ✓

Population of beneficiaries variables ✓ ✓

Methodological variables ✓
Timetrend ✓ ✓ ✓ ✓

Observations 176 176 176 176

R2 0.62 0.68 0.85 0.94

F-test for added variables
F=2.86
p<0.05

F=41.38
p<0.01

F=21.32
p<0.01

▪ OLS model with survey-clustered robust standard errors:

+6% +17% +9%


