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Motivation 

• Reliable and unreliable supply sources are sometimes 
treated as equivalent (e.g. public oversight agency) 
– They’re clearly not, let’s quantify the difference 

 
• Difference in value is larger than one might imagine because 

water prices reflect marginal costs and fixed costs 
 

• Empirical water demand literature lags electricity demand 
 

• Implications for benefit-costs analyses related to: 
– Investment in infrastructure projects (e.g. Delta tunnel) 
– Impacts of environmental flow requirements 
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Loss framework: WTP for reliability 

WTP is determined by: 

•   How utility covers costs 
―Average cost versus marginal cost pricing 

•   Price elasticity of demand for water 
―Spatial heterogeneity is significant 

•   Source of unreliability 
―Marginal costs of service delivery varies by source 
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Simple graphic of losses 
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Data summary 

• Observe 36 water retailers annually between 
1996-2009 (unbalanced panel) 

• BAWSCA Annual Survey:  Rate and 
consumption data 

• Direct survey of retailers in the MWDSC 
• Census: Household income 
• Western Regional Climate Center: 

Temperature and precipitation 
• GIS: Overlaid Census and weather data over 

water district borders 
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Monthly HH consumption & price 
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Regression specification 

where, 
 
• 𝑞𝑖𝑡 is the average single family residential consumption in 

retail service area i in year t 
• 𝑝𝑖𝑡  is the marginal price paid by the average consumer 
• 𝑊𝑖𝑡 measures average daily temp. & annual precipitation 
• 𝜇𝑖  is a retail service area fixed effect 
• 𝜏𝑡 is a year fixed effect 

 

ln 𝑞𝑖𝑡 = 𝛽1 ln 𝑝𝑖𝑡 + 𝛽2𝑊𝑖𝑡 + 𝜇𝑖 + 𝜏𝑡 + 𝜀𝑖𝑡 
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Regression results 
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Implied price elasticities 
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Calculating the value of reliability 
• We assume constant elasticity of demand: 

𝑃𝑖 = 𝐴𝑖 𝑄𝑖

1
𝜀𝑖 

• Let 𝑃𝑖
∗ and 𝑄𝑖

∗ denote retail price and consumption. 

• Define 𝑄𝑖 𝑥 = (1 − 𝑟𝑖)𝑄𝑖
∗. 

We may write, 

𝑊𝑖 𝑥 =  𝑃𝑖 𝑄 𝑑𝑄𝑖
𝑄𝑖

∗
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Integrating we obtain, 

𝑊𝑖 𝑥 =
𝜀𝑖

1+𝜀𝑖
 𝑃𝑖

∗ 𝑄𝑖
∗[1-(1−𝑟𝑖) 

𝜀𝑖
1+𝜀𝑖] 
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Welfare losses in the SFR sector 

Due to average cost pricing, losses are quite large even for a 10% shortage. 
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Heterogeneity: Losses by % shortage 
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Concluding remarks 

• Panel methods increment upon past work of Renwick & 
Greene (2000) 

• Our approach to measuring reliability addresses the 
financial structure of water agencies 

• Heterogeneity in elasticities plays an important role in 
determining the value of reliability 

• Application to benefit-cost analyses: 
– Framework is easily extended to other sectors (e.g. 

multifamily, commercial & industrial, ag) 
– Calculation of a reliability premium requires the probability 

dist. for shortage scenarios 
– Valuation of long-term supply management requires forecasts 

of demand  
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Future work 

• Collect end-user billing data to examine: 
– Robustness of estimated price elasticities 

– Demand hardening w/ conservation & other 
sources of heterogeneity in elasticities 

• More information on the marginal costs of 
service delivery 

• Sensitivity of reliability premiums under 
alternative climate change scenarios 

• Consider gains in the loss framework 
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