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• Two billion people worldwide lack access to safe drinking water today (SDG Report 2022)

• Half of the world’s population faces severe water scarcity for at least part of the year (IPCC).

He et. al, (2021) (Nature Communications) 

Introduction | Water stress

https://unstats.un.org/sdgs/report/2022/Goal-06/
https://www.ipcc.ch/report/ar6/wg2/downloads/outreach/IPCC_AR6_WGII_FactSheet_FoodAndWater.pdf


Background

• Increasing water stress requires water conservation across usage.

• Economists advocate for using price signals to encourage water conservation 

But challenges persists regarding…

1. Political feasibility and social acceptability of water pricing

2. Concerns for equity vs conservation

3. Justifying capital expenditure on infrastructure 

4. Water pricing is complex

▪ Tariffs: Two-part tariffs, income-based tariffs, increasing block rates

▪ Billing cycles: Consumers do not see the water bills regularly

▪ Household Cost: Small portion of expenditure

▪ How consumers respond to water metering and volumetric pricing?



How do consumer respond to complicated rate structures? 

❖Average Price vs Marginal Price 

• Ito (2014) [Energy]; Wichman (2014) [Water]; Cook and Brent (2021) [Water] 

• Nataraj and Hanemann (2011) [Water]; Elinder et al. (2024) [Hot Water]

❖Price Perceptions 

• Wichman (2017) [Water]; Brent and Ward (2019) [Water]

❖Heuristics 

• Liebman and Zeckhauser (2004) [Schmeduling]; 

• Rees-Jones and Taubinsky (2020) [Taxation] ; Ito and Zhang (2024) [Energy] 

Motivation & Literature



Background | Illustrative policy setting

Fixed bill 

= $50 / month

Fixed bill 

= $50 / month
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Fixed charge 

= $30 / month

Fixed charge 

= $30 / month
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Volumetric 

charge 

= $10 / month

Volumetric 

charge 

= $30 / month

𝐵𝑖𝑙𝑙0 =  𝐹0 + 𝑝0𝑤0, 

where: 𝑝0 = 0
𝐵𝑖𝑙𝑙1 = 𝐹1 + 𝑝1𝑤1

where: 𝑝1 > 0



• California:

• Passed a law in 2004 that utilities need to 
meter and price water for all consumers 
by volume by 2025. (AB 2572)

• Sacramento:

• Transitioned from flat bill to Two-part tariff 
[flat + volumetric pricing].

• Single Family Households:
• Meters were installed in staggered manner 

based on engineering feasibility plan.

Setup| California AB 2572

Mandating water metering & volumetric pricing

Not metered



1. How do consumers respond when switching from flat to volumetric water pricing? 

2. What does this tell us about consumer behavior more generally?

Research Questions

Preview of results

1. Overall average consumption decreased

2. Response is heterogeneous across the user groups

i. Lower consumers increase their consumption

ii. Higher consumers decrease their consumption



Background | Illustrative policy setting
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Background| Household Water Use & Awareness

How much did you pay for water last month? 

Do you know your fixed fee and price of the water?

How much water you used during last billing period?

Quick Questions!



Setup| Bill Template



1. Meter installation

2. Tracking period 

(~12 months)

3. Volumetric billing

Setup| Sacramento Water Authority

Implementation Strategy & Data availability

GATE SlideTracking



Based on bill difference
• Structural winners and losers.

• Consider small bill changes as neutral.

Setup| Defining Heterogeneity



Basic two-way fixed effects:

ln(𝐺𝑃𝐷𝑖𝑡) = 𝛼𝑖 + 𝜹𝟏[𝑉𝑜𝑙𝑖𝑡]  + 𝜏𝑡 + 𝜖𝑖𝑡

• 𝐺𝑃𝐷𝑖𝑡  = water consumption (gallons per day) for each household-month.

• 𝑖 = Households

• 𝑡 = Month of sample

• 𝟏[𝑉𝑜𝑙𝑖𝑡] = Indicator for whether household is billed on the two-part tariff.

• Assume 𝜹 is biased because of staggered pricing roll out.

Empirics



All Records
No Always Treated 

Control

(1) (2)

Volumetric -0.100** -0.076**

(0.002) (0.002)

# Account 150,823 93,606

Observations 6,794,267 4,567,680

Preliminary Results| Two-way Fixed Effects

**: p-value < 0.01



Preliminary Results| Heterogeneity

Win Neutral Lose

TW
FE

Q1 Q2 Q3 Q4 Q5
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(a) Structural Winners (b) Consumption Quintile



Staggered Adoption| Peculiar Setup
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1. Staggered : 108 groups with non-uniform roll out. Treatment Effect Heterogeneity Across Groups and Overtime

2. Imbalanced panel : Only 12 months pre-period data

3. Seasonality in water use : Water usage in June are very different from use in January



Staggered Adoption| Peculiar setup

1. Staggered

✓ Define Group-level treatment 
effects.

2. Imbalanced Panel

✓ Control group with at least 4-
month overlap around switching.

✓ Estimate short-term treatment 
effects

3. Seasonality in water use

✓ Define Group-level treatment 
effects.

✓ Limit ATT to within 6-month.



1. Prepare Group-wise Data

• Treatment Cohort:

• At least 4 months and not more than 14 months tracking period observations

• Eligible Control Group:

• Overlap of at least 4 months pre-treatment period data and 4 months post treatment data

2. Matching Steps

1. No-matching

2. Matching on pretreatment outcome

3. Matching on household characteristics 

  [Price, # Bathrooms, Swimming Pool, Potential Lawn Area]

3. Estimate Group Average Treatment Effect [GATE]

• Use Group-wise TWFE model (with matching weights)

4. Average Treatment-effect on Treated [ATT]

•  Weighted average of the GATE.

5. Inference

• Bootstrapped standard errors

Methods| Defining new estimators



log(Gallons per day)

TWFE Aggregate-GATE

All Records
No Always 

Treated

No Always 

Treated
[Within 

6-months]

No-Matching

Matching on 

Pre-treatment 

Outcome

Matching on 

Household 

Characteristics

(1) (2) (3) (5) (6) (7)

Volumetric

Pricing

-0.100** -0.076** -0.028** -0.033 -0.052** -0.001

(0.002) (0.002) (0.004) (0.026) (0.006) (0.01)

Accounts 150,823 93,606 93,550 93,606 93,606 93,606

Treated 73,941 73,941 73,885

Matched 48,254 41,024 48,254

Std. Errors

Clustered

at account

level

Clustered

at account

level

Clustered

at account

level
Bootstrapped Bootstrapped Bootstrapped

Dropped 

Accounts
-

No Always 

Treated

No Always 

Treated

No more than 

14 months or 

less than 4 month 

tracking 

No more than 

14 months or 

less than 4 month 

tracking 

No more than 

14 months or 

less than 4 month 

tracking 

Results| ATT estimates

**: p-value < 0.01

 Preferred Estimator 



Results| Identifying preferred estimator

(a) No matching (b) Matching on pre-treatment 

outcome

(c) Matching on household 

characteristics

Before Treatment
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Before Treatment

After Treatment

Before Treatment

After Treatment



Results| ATT estimates

Event Study

No matching
Matching on household 
characteristics

Matching on 
pre-treatment outcome

(a) Overall (b) Structural Winners



Testing Mean Reversion| Placebo test

(a) Overall (b) Structural Winners

Matching on pre-treatment outcome



Empirical Test| Response to total bill



• Overall, average consumer decreases consumption in response to rate structure 
change

• Low consumers / “Structural Winners” increase consumption

• Total bill has gone down.

• High consumers / “structural losers” decrease consumption

• Total bill has gone up.

• Consumers do not respond to marginal price.

• Consumers are potentially responding to changes in total bills

• Difficult to separate total bills from average price.

• Highest consumers are less sensitive/elastic to water pricing.

Conclusion



Thank You 

Praharsh M. Patel
Ph.D. Candidate

PennState
praharsh@psu.edu
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