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Abstract
Water pricing is a demand management strategy to address the looming challenge of 
greater water scarcity in arid regions. Much of the literature on residential water rates 
focuses on evaluating the impact of pricing on household conservation. A separate, but 
rarely addressed question is what motivates a water utility to select a particular rate struc-
ture and the timing of doing so. We assess utilities’ decisions to adopt pro-conservation 
rate structures, such as increasing block rates and water budget rates. We develop a concep-
tual model of utility decision-making regarding the transition to pro-conservation rates and 
apply it to California.
We examine the relationship between rate adoption and characteristics of utilities and cus-
tomers using logistic regression and a balanced panel dataset of 323 California water sys-
tems from 2006-2015. We find a notable shift towards pro-conservation rates, which 71 
% of California utilities had by 2015, compared to 44% in 2006. Capacity factors associ-
ated with adoption include size of service population and customer income level, while  
motivating factors include peer adoption, greater customer engagement, and special district 
governance. Overall, this study provides insight into barriers to pro-conservation pricing, 
which can inform policies to enable transitions and advance conservation goals.
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1 Introduction

The looming challenge of water scarcity in many arid regions worldwide (Cosgrove and 
Loucks  2015) has led water suppliers to implement various supply augmentation and 
demand-side management strategies. Retail water pricing and conservation have espe-
cially been emphasized. To date, the bulk of the economic literature on retail water rates 
has focused on evaluation of the impact of pricing on household water use (e.g., Arbués 
et al. 2003; Brent and Ward 2019; Dalhuisen et al. 2003; Wichman 2014).
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A separate, yet rarely addressed question of importance to policy makers, is what moti-
vates a water utility in selecting a given rate structure and what determines the timing of 
that decision. Few studies address this research area and analyze key drivers that influence 
water utility selection of rate structures (e.g. Boyer et al. 2012; Boyer et al. 2014; Teodoro 
2010; Gurung and Martínez-Espiñeira 2019).

In this paper, we examine what motivates utilities to adopt rate structures that can moti-
vate conservation and what can help or hinder this transition. Why do some utilities adopt 
new rate structures while others do not? Our study sheds light on utility decision processes 
and what drives early vs. late adoption.

A notable contribution is our development of an analytical framework that describes 
adoption of pro-conservation water rates (PCWRs). PCWRs are volumetric rates that send 
a price signal to incentivize reduced use by charging higher prices for greater levels of 
consumption; examples include increasing block rates and water budget rates. We also 
frame PCWR adoption as a diffusion process and empirically estimate PCWR diffusion 
over time. Understanding how quickly PCWRs spread across utilities can better inform 
conservation targets and regulatory assessment of conservation policy performance. Our 
methods offer several advances by utilizing panel data to examine rate transitions, rather 
than being limited to cross-sectional comparison, as in previous studies. In addition, we 
focus on uptake of PCWRs in California over a decade, 2006 to 2015. This is a longer time 
horizon than most past literature and captures a more complete period of the rate diffusion 
process. Lastly, we consider factors not considered in previous empirical analyses, such 
as peer effects, customer complaints, and water rights seniority. The relevancy of results 
extends beyond California; utilities across the U.S. face increasing pressures of scarcity, 
whether prolonged or seasonal.

The remainder of the article is organized as follows: Next we provide background on 
PCWRs. In the third section, we review relevant literature on utility behavior and rate 
adoption. In the fourth section, we develop the analytical framework used to derive our 
empirical hypotheses. Data and methods are described in the fifth and sixth sections, fol-
lowed by a discussion of results in the seventh section.

2  Pro‑conservation Water Rates

Common types of pro-conservation pricing structures are increasing block rates (IBR) and 
water budget rates. These incentivize reduced use since the marginal price faced by con-
sumers increases with demand (Pinto and Marques 2015; Kenney et  al. 2008; Olmstead 
et al. 2007). We categorize rate structures based on their volumetric component; any pric-
ing structure can also have a fixed charge component.

Several studies find that IBRs cause consumers to become more sensitive to price 
changes, which suggests that this rate structure is an effective tool for conservation 
(Dalhuisen et al. 2003; Olmstead et al. 2007). Yet, this pricing structure might have lit-
tle effect on conversation if customers respond to average, rather than marginal price 
(Ito 2014). In addition, only the highest volume users might face a strong conservation 
price signal (Brandes et  al. 2010; Renzetti et  al. 2015). A barrier for utility adoption 
of IBRs can be concerns over greater variability in revenue compared to uniform rates 
(Dinar and Ash 2015). Revenue variability is influenced by rate design, including num-
ber of blocks and price differentials between blocks.
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A variant of IBRs is a water budget rate. Within this block rate structure, volumetric 
tiers are tailored to the characteristics of an individual customer. Each customer is assigned 
a water use budget, typically based on number of household members, landscaped area, and 
environmental conditions. If customers exceed this usage level, then a considerably higher 
volumetric price is charged for ‘excess’ use. This structure offers the potential advantage 
of encouraging conservation while obtaining more stable revenues, since customers do not 
face a higher marginal price if they remain within their allotted usage level. Implementa-
tion of this structure can be data intensive and often requires extensive public outreach.

3  Utility Adoption of PCWR: Literature Review

Few studies address why utilities transition to new rate structures. Much of the water 
conservation literature focusses on how residential users respond to changes in water 
price. No formal model describes water utility behavior and decision-making related to 
PCWR adoption. Of the few empirical studies to address water rate adoption, most are 
limited to cross-sectional analysis (Gurung and Martínez-Espiñeira  2019; Hanak  2005; 
Hewitt 2000; Montginoul 2007; Mullin 2008; Reynaud et al. 2005; Teodoro 2010). Cross-
sectional studies can address factors associated with rate structures observed in a given 
year, but not those associated with transitions from one rate to another. Several cross-
sectional studies have examined water system characteristics associated with U.S. utili-
ties choosing an IBR, both nationwide (Hewitt  2000; Mullin  2008; Teodoro  2010) and 
in California (Hanak  2005). Beyond the U.S., cross-sectional analyses have also been 
conducted in Canada (Gurung and Martínez-Espiñeira  2019; Reynaud et  al.  2005) and 
France (Montginoul  2007). Both Gurung and Martínez-Espiñeira (2019) and Reynaud 
et al. (2005) develop multinomial models to examine determinants of rate structure choice 
in the years 2009 and 2001, respectively. Gurung and Martínez-Espiñeira (2019) analyze 
physical characteristics of the utility and find that considerable unexplained variability 
that might be attributable to conservation goals, fairness, and political acceptability. In 
contrast to the U.S. and Canada, Montginoul (2007) finds that IBRs are rarely adopted in 
France.

Panel data analyses have emerged more recently. Only two prior studies (Boyer et  al. 
2012; Boyer et al. 2014) have conducted regression analysis using a panel dataset of rate 
adoption. These two studies addressed rate changes over a five-year period, 2005-2009, for 
695 utilities in the southern United States. Based on a survey of utility managers, stated 
reasons for rate changes included conservation, equitable customer prices, and revenue 
concerns (Boyer et  al.  2012). Price-based conservation was more likely at utilities with 
larger population growth, reliance on purchased water, and planned infrastructure upgrades 
to meet future demand (Boyer et al. 2014). An additional study that utilizes panel data is 
Gaur and Diagne (2017), yet the analysis is limited to summary statistics. This study pro-
vides a county-level summary of water rate structures in California from 2003-2015 (Gaur 
and Diagne 2017). In contrast to Gaur and Diagne (2017), we go beyond describing shifts 
in rates; our study analyzes underlying drivers of rate changes.

We contribute to the small, yet growing, body of empirical literature on the selec-
tion process for rate structures. Our study uses panel data analysis to examine rate 
transitions, rather than being limited to cross-sectional comparison. We consider driv-
ers not considered in previous empirical analyses, such as peer effects, customer com-
plaints, and seniority of water rights. Compared to other studies, we assess rate adoption 
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decisions over a long time horizon – 10 years. This allows our analysis to capture a 
more complete portion of the rate diffusion process. Past research has relied on short 
study periods and surveys of relatively small samples of utilities. By utilizing secondary 
data from multiple sources, we develop a higher-quality dataset and a more representa-
tive sample of utilities.

4  Analytical Framework of Utility Adoption of Pro‑conservation Rates

Our analytical framework includes two aspects of adoption. First, we describe the diffusion 
process for PCWRs. Then, we describe the drivers of PCWR adoption by water utilities, 
using results from previous studies that explain water utility behavior. We discuss historical 
uptake of PCWRs in California and drivers for their adoption (Supplementary Information 
(SI), Text S1). Lastly, we introduce formal models of the relationship between explanatory 
variables and the adoption decision.

4.1  The Diffusion Process

We frame rate adoption as the diffusion of a policy innovation over time, following Rogers 
(2003) framework on innovation diffusion. We refer to PCWRs as an innovation and to water 
utilities as adopters. Our analysis focuses on organizational behavior, rather than individual 
behavior. Several studies suggest that organization adoption aligns with individual behav-
ior described in Rogers’ framework (Berry and Berry 2018; Dearing and Cox 2018). In the 
technology adoption literature, innovation diffusion is traditionally represented by an S-curve 
(Rogers 2003). Distinct stages of the diffusion process are depicted on this S-curve, which 
begins with ‘take-off’ and ends with ‘saturation’. Individual adopters can be characterized as 
having different tendencies and abilities to adopt new innovations, based on how early they 
transition. Categories of adoption range from early adopters to laggards (Fig. 1), and there are 
also those who never adopt.

We present an adopter function, which represents cumulative diffusion of an innovation 
over time. This has the general form:

Fig. 1  The Rogers’ innovation 
diffusion curve.  Adapted from 
Rogers (2003)
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where nt is the cumulative number of utilities that adopted a PCWR by year t; N is the 
total number of utilities; N is the potential percentage of utilities that will adopt; and ∅ is 
a parameter representing the rate of adoption. As the portion of adopters ( nt

N
 ) in any year 

t increases, the portion of potential adopters ( N −
nt

N
 ) decreases. Therefore, the diffusion 

of PCWR is expected to slow as nt
N

  grows and reach a steady state; this forms a sigmoid 
cumulative density function. Solving for nt

N
 in Eq. (1) results in:

where �0 is the constant of integration. We estimate the adopter function for PCWRs 
in California (Sect.  7.2); anticipating the timing of PCWR uptake can aid in estimating 
expected water use and inform water management decisions.

4.2  Adoption Drivers

We categorize drivers of rate adoption as external or internal to the utility, based on a 
review of the literature. External factors include ‘shocks’ such as changes in policy, climate 
conditions (Pinto and Marques 2015), and drought events (Kwon and Bailey 2019). Inter-
nal factors reflect characteristics of an individual utility. A diagram of adoption drivers is 
provided in Fig. S1.

4.2.1  External Factors

External factors affect multiple utilities and include drought events, long-term climatic 
conditions, and substantial policy changes. Severe drought conditions have been found to 
be associated with adoption of PCWRs (Kwon and Bailey 2019). In addition, PCWRs are 
more likely to be adopted in locations with less precipitation (Pinto and Marques  2015; 
Teodoro  2010) and higher temperature (Mullin  2008; Pinto and Marques  2015). In our 
analytical model (Sect. 4.3), we expect that drought and arid conditions will increase the 
likelihood of PCWR adoption (Kwon and Bailey 2019), since increasing block rates are 
generally considered to encourage conservation (Kenney et al. 2008; Olmstead et al. 2007). 
Laws, regulations, and policies can also influence rate adoption decisions and can occur at 
multiple levels – Federal, state, county, and water district. Such policies include those spe-
cifically targeted at conservation as well as those related to rate setting and metering. We 
anticipate that such policies will increase the likelihood of PCWR adoption. Certain rate 
structure components might be required as pre-requisite for government grants and loans 
(Boyer et al. 2012).

4.2.2  Internal Factors

Internal drivers can be further divided into two sub-categories: capacity and motivating 
factors. Capacity factors are necessary conditions, which must be in place for a transition to 
occur, but these alone will not result in adoption. Motivating factors are the sufficient con-
ditions that will allow the transition to occur, given that the capacity factors are in place.

(1)
�nt∕N

�t
= ∅

nt

N
(N −

nt

N
)

(2)
nt

N
=

1

1 + e−�0−∅Nt
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4.2.3  Capacity Factors

Capacity factors characterize the technical, managerial, and financial ability of the utility 
to introduce rate reforms. These factors include system size, financial wellbeing, extent 
of metering, and demand hardening. Larger utilities, as measured by service population 
or produced water volume, are more likely to adopt PCWRs (Hewitt 2000; Hanak 2005; 
Teodoro 2010; Boyer et  al. 2012). Larger utilities have greater managerial capacity to 
develop rate cases, accurately predict revenue, and administer more complex rate struc-
tures. Larger utilities also tend to be in better financial health and can spread fixed costs 
across a more extensive customer base. Financial capacity is also influenced by customer 
income levels – those serving higher-income customers might be better able to secure an 
adequate revenue and external financing.

Water metering within a service area is a necessary condition for any volumetric rate. 
Several major U.S. cities lacked universal metering until the 1980s; prior to this time, 
fixed and uniform rates were prevalent. Since then, IBRs have spread rapidly (Olmstead 
et al. 2007).

Level of water use per capita can also be considered a capacity factor. If a utility already 
has achieved large reductions in water usage, then there might not be much room for fur-
ther reductions. Demand hardening can cause price elasticity of water demand to decline to 
near zero (Kenney et al. 2008). Yet, if additional conservation is possible, then there is past 
dependency in utility decisions (Montginoul 2007); utilities that have implemented conser-
vation policies might be more likely to adopt PCWRs .

4.2.4  Motivating Factors

Motivating factors are the stimulus for adopting new pricing methods. These include reli-
ance on water imports, expected future infrastructure investment, revenue considerations, 
utility governance, and social interactions. Water purchased from other utilities has been 
found to be associated with adoption of PCWRs (Boyer et al. 2014). During drought peri-
ods, imports can become costly or be drastically reduced for junior water rights-holders. 
Thus, utilities have an incentive to conserve and diversify their raw water sources away 
from imports, particularly if they are junior rights-holders.

An additional motivating factor is expected need for infrastructure investment, due 
to anticipated changes. Utilities anticipating population growth have been found to be 
more likely to adopt PCWRs (Boyer et al. 2014) since conservation can reduce the cost 
of new infrastructure due to delayed or downsized capacity expansions. Investor-owned 
utilities might be less likely to have this motivation since in the U.S. they tend not to 
own the water infrastructure they operate – long-term contracts are more common than 
full divestiture. Operators on limited term contracts are less likely to make major capital 
investments.

A third motivating factor is revenue. Some utilities adopt PCWRs in order to increase 
revenue and cover growing regulatory costs (Boyer et al. 2012). Yet, a barrier to PCWRs 
is concerns about revenue variability. Investor-owned utilities might be less likely to adopt 
PCWRs due to these concerns. Water budget rates offer greater revenue stability over IBRs.

Utility governance also plays a role. Ownership is one aspect of governance; publicly 
and privately-owned utilities may face differing incentives. Furthermore, publicly-owned 
utilities can either be a general-purpose government (e.g. municipality, county) or a special 

158 M. Allaire, A. Dinar



1 3

district, which is an independent government established to provide specific services.1 
Based on public choice theory, specialized governments can be more transparent and 
responsive to majority opinion (Mullin 2008; Ostrom et al. 1961). IBRs are likely attrac-
tive for the median household, since the right skew of residential water demand means that 
relatively few large water users will bear a larger portion of service costs (Mullin 2008). 
Under an IBR, a majority of households are expected to face lower water bills, compared 
to a uniform rate designed to collect the same revenue (Chestnutt et al. 1997). Elected offi-
cials in special districts are hypothesized to be more responsive to majority opinion regard-
ing water rates since pricing is a salient issue and constituents can their preferences on 
water pricing from other local issues (Mullin 2008).

Social interactions include customer pressure and peer effects. Customers can exert 
pressure through water board meetings and local elections. Effective engagement with cus-
tomers can increase understanding and acceptance of PCWRs. Peer effects can influence 
decisions if utilities compare and imitate water rate structures of neighboring utilities (e.g., 
(Pinto and Marques 2015). PCWR adoption by neighboring utilities can allow for learning 
and changes in norms regarding rate structure types. In addition, utilities are more likely to 
adopt a PCWR if staff participate in professional development activities (Teodoro 2010), 
which include attending professional conferences, reading technical reports, and consulting 
with peers on policy issues.

We expect that utilities more likely to adopt PCWRs are those with imported water sup-
ply, junior water rights, governance structures that allow customers to directly elect utility 
officials, and greater social interactions with customers.

4.3  A Simplified Analytical Model

We identify two types of decisions taken by a water utility: (1) whether or not to adopt 
PCWR, and (2) the timing of PCWR adoption (Tm). The adoption decision (Ad) is a 
dichotomous decision. Subject to adoption of PCWR, the timing decision (Tm) can be 
measured in relative terms of early or late time periods. We only present the adoption deci-
sion model, given that both Ad and Tm are influenced by a similar set of explanatory vari-
ables. Our models make no assertions regarding welfare changes due to PCWR adoption. 
The model representing the adoption behavior of a water utility includes the effect of exter-
nal (Ex) and internal (In) factors:

The function for external factors is:

where Cl represents arid climate factors such as drought events and long-term hot or dry 
climate conditions, while La represents changes to laws, regulations, and policies. Based 
on previous literature, it is expected that �Ad

�Cl
≥ 0 , while 𝜕Ad

𝜕La

>

<
0 , depending on the specific 

policy.

(3)Ad = f (Ex, In)

(4)Ex = h(Cl, La)

1 Key differences between general and special purpose governments are service area boundaries and debt 
limits. Special districts can more easily annex new service areas since their boundaries do not need to fol-
low municipal borders. In addition, special districts typically do not face debt limits when issuing revenue 
bonds, which is an attractive financing option for developers (Foster 1997).
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The function for internal factors is:

where Ca are capacity factors and Mo are motivating factors for the utility. The first 
component representing capacity can be written as:

where Tc is total capacity of the water utility. Tc can be expressed as a combination of 
technical, managerial, and financial capacity. Utility capacity can be indicated by size 
of service population and customer income levels. Our expectation is: �Ad

�Tc
≥ 0.

The second component of the function for internal factors function is given by:

where Wi is reliance on water imports and/or junior water rights, Gv is utility govern-
ance, and Sc is social interactions such as interaction between the utility and custom-
ers as well as adoption of PCWRs by neighboring utilities. These expectations can be 
summarized as: �Ad

�Wi
≥ 0;

�Ad

�Gv
≥ 0;

�Ad

�Sc
≥ 0.

Incorporating Eqs. (4)-(7) into equation 3 yields:

To obtain the overall effect of each of the variables on the likelihood to adopt 
PCWRs, while holding all other variables constant, we differentiate Eq. (8) with 
respect to each variable. We obtain the following differential equation chain:

Eqs. (9), (10), (11), (12), (13) and (14) provide the set of hypotheses for the empiri-
cal estimate, presented in Sect. 6.

(5)In = j(Ca,Mo)

(6)Ca = k(Tc)

(7)Mo = m(Wi,Gv, Sc|Ca)

(8)Ad = f [h(Cl, La), j(k(Tc)),m(Wi,Gv, Sc|k(Tc))]

(9)
dAd

dCl
=

�Ad

�f

�f

�h

�h

�Cl
≥ 0

(10)
dAd

dLa
=

𝜕Ad

𝜕f

𝜕f

𝜕h

𝜕h

𝜕La

>

<
0

(11)
dAd

dTc
=

�Ad

�f

�f

�j

�j

�k

�k

�Tc
+

�j

�m

�m

�k

�k

�Tc
≥ 0

(12)
dAd

dWi
=

�Ad

�f

�f

�m

�m

�Wi
≥ 0

(13)
dAd

dGv
=

�Ad

�f

�f

�m

�m

�Gv
≥ 0

(14)
dAd

dSc
=

�Ad

�f

�f

�m

�m

�Sc
≥ 0

160 M. Allaire, A. Dinar



1 3

5  Data

We create a balanced panel of 323 community water systems (CWS) for the years 2006-
2015 to assess drivers of utility decisions to adopt PCWRs. This panel dataset is more 
representative of CWS in California, compared to past water rate surveys. It was compiled 
using secondary datasets and a survey targeted at small and privately owned CWS, which 
are underrepresented in past California water rate surveys. We combined information on 
water rate structures from three secondary data sources – (i) American Water Works Asso-
ciation Water Rate Surveys, (ii) Black & Veatch California Water Charge Surveys, (iii) 
California State Water Resources Control Board (SWRCB) Electronic Annual Reports. In 
addition, we conducted our own survey of a random sample of water systems to better rep-
resent small and privately-owned systems. A full description of secondary datasets and our 
survey is provided in SI Text S2.

We restrict the study sample to CWS, which are systems serving year-round popula-
tions of at least 25 people. Wholesalers are excluded; we only include systems with retail 
residential customers since the analysis focuses on residential rates. The study period is 
2006-2015 since a significant break point in PCWR adoption exists in 2006, as indicated 
by a Supremum Wald test. This timeframe also captures a period of rapid PCWR uptake; in 
2006, about 44% of California utilities had PCWRs, which grew to 71% by 2015.

Our balanced panel represents an improvement over studies that rely on self-reported 
surveys from a single source. Self-reported rate structures might not reflect true water rates. 
Utility staff voluntarily respond to rate surveys from consultants and might not be familiar 
with how survey administrators define rate categories. We observed numerous inconsist-
encies in the raw data from secondary sources, including incorrectly reported rate types. 
To address these issues and improve data quality, we cross-checked reported rates across 
multiple secondary sources. In cases where cross-checking did not resolve the issue, we 
obtained additional information via communication with utility officials or from city coun-
cil documents, including water rate studies, rate structures posted online, and city council 
resolutions.

The panel dataset includes water system characteristics and weather variables. Unme-
tered service connections and imported water information was compiled from Urban Water 
Management Plans filed with the SWRCB. Number of service connections and system 
ownership were obtained from the EPA Safe Drinking Water Information System; these 
variables are time invariant. Median household income for each water system service area 
was calculated using U.S. Census data and methods described in SI Text S2. County-level 
temperature was calculated based on data obtained from the NOAA National Centers for 
Environmental Prediction.

Based on these data, we create the following covariates. A full description is provided 
in SI Text S2. Capacity factors include utility size, household income, and extent of unme-
tered connections. Utility governance is classified based on system ownership. Ownership 
of CWS is categorized as private or public. Public ownership is further separated into spe-
cial district and general-purpose government. Indicators for private ownership and special 
district are included in the regression models, with general-purpose government serving as 
the comparison category. Our water import variable, South-of-Delta water importer, indi-
cates whether a utility purchases imported water and is located south of the Sacramento-
San Joaquin Delta. These utilities hold junior water rights and likely face reductions in 
water allocations during drought periods. Finally, we capture peer effects by calculating the 
portion of other utilities that have adopted PCWRs in a given region. Number of customer 
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complaints serve as a proxy of how engaged a community is regarding the quality of water 
service.

6  Methods

We assess factors associated with PCWR adoption using logistic regression models.2 Our 
balanced panel dataset of 323 water systems captures a rapid period of adoption and has 
observations in survey years 2006, 2007, 2009, and 2011-2015.

The likelihood of a utility having a PCWR in a given year is modeled as:

where yit is a binary indicator of a PCWR at utility i in year t. The probability of a utility 
having a PCWR is estimated as a function of capacity (Cit), motivating (Mit), and external 
factors (Rjt). Capacity factors include utility size (number of service connections), median 
household income, and percent unmetered connections. Motivating factors include utility 
governance, South-of-Delta water importer, customer complaints, and peer effects. Annual 
maximum temperature is an external factor (Rjt). The model includes year fixed effects (Tt), 
which control for changes overtime such as statewide policy.

Results are reported as average marginal effects, which provide an interpretable estimate 
of the effect of each covariate on the likelihood of a utility adopting a PCWR. To calculate 
average marginal effects, we compare two hypothetical populations. For each utility-year 
observation, we calculate the probabilities for the case where the observation has the char-
acteristic of interest (e.g. large utility = 1) and for the case where this characteristic is not 
present (e.g. large utility = 0). The difference in these two probabilities is the marginal 
effect for that single observation. The average marginal effect is the mean of all marginal 
effects across all observations.

7  Results

7.1  Summary Statistics: The Diffusion Process

Adoption of PCWRs, such as IBRs, appears to follow an S-curve (Fig. 2); this figure pre-
sents the share of utilities in each year with a given rate structure from 1991 to 2015. We 
find a dramatic shift towards PCWRs, which 71% of California utilities had by 2015, com-
pared to half of the utilities in 2007 and only 20% in 1991. Our study period, 2006-2015, 
represents a rapid period of uptake. During this time, PCWRs became the most prevalent 
rate structure in California; by 2007, over half of community water systems had a PCWR. 
A transition away from uniform rates, towards IBRs and water budget rates, occurred dur-
ing our study period. In recent years, PCWR adoption has plateaued, perhaps reaching 
saturation.

We estimate the adopter function (Eq. 2) with a fractional response model (Papke and 
Wooldridge 1996), which we fit using a logistic function and assuming N=1. We find that 

(15)Pr(yit = 1|X) = f (β0 + βitCit + γjtMjt + ηjtRjt + ∝tTt)

2 In supplemental analysis, we assess factors that influence timing of adoption. See SI Text S3, S6, S7 for a 
description and results of first-wave vs second-wave PCWR adoption.
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annual average uptake of PCWRs is 3.0% (Table  S1) during our study period, which is 
much faster than years 1991-2015 overall, which have an annual adoption rate of 2.0% (SI 
Text S5, Table S1).

7.2  Summary Statistics: PCWR Adoption

In the 2006-2015 panel, most of the 323 CWS (74%) adopted PCWRs by year 2015. 
Coastal and southern regions of California had the highest prevalence of PCWRs in 2015, 
while the Sacramento River region had the lowest prevalence (Fig. S2). Utilities that never 
adopted PCWRs during this period are significantly smaller, serve lower income service 
areas, are less likely to be South-of-Delta importers, and have a lower portion of neighbors 
with PCWRs (Tables S2 and S3).

The portion of peers with a PCWR has a mean value of 67%, and varies widely across 
the sample, from 31 to 92% (Table 1). A substantial portion of utilities are junior water 
rights holders that rely on purchased water – 37% of utilities are South-of-Delta water 
importers. Among utilities with PCWRs, 46% are special districts, while only 13% are pri-
vately operated. In contrast, special districts are less common (39%) among utilities with-
out PCWRs, while private operation is more prevalent (18%). Higher income levels are 
present in utility-year observations with PCWRs (mean: $73,594), compared to observa-
tions without PCWRs (mean: $64,415) (Table 1).

7.3  Regression Results: PCWR Adoption

We assess factors associated with observing a PCWR in a given year. Results are presented 
in terms of marginal effects (Table 2). Observing a PCWR is found to be associated with 
both capacity and motivating factors. Utilities with PCWRs have greater capacity, as indi-
cated by number of service connections, metering, and customer income (Table 2, Models 
1-4). A percentage point increase in service connections is associated with more than a  

Fig. 2  Water Rate Structures in California, 1991-2015. Note: The graph reports the share of utilities with 
each rate structure, using data from repeated cross-sections of water systems. Within each year, the portion 
of CWS with each water rate category is calculated. The four categories are: uniform, IBR, water budget, 
and other. The ‘other’ category is comprised mostly of flat rates (non-metered) as well as declining block 
rates and other rates that are not specified by the respondent. The gray area denotes our study period, years 
2006-2015. In total, 578 utilities report in at least one year; the number of systems reported in a given year 
varies from 220 (in 1991) to 428 (in 2006)
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2.4 percentage point increase in likelihood of having a PCWR (Table 2, Model 2). Utilities 
serving with larger service populations can take advantage of economies of scale that exist 
in the water sector. In addition, customer income levels affect the revenue base of a utility 
and the extent to which affordability concerns influence proposed rate changes.

Significant motivating factors include special district governance, greater customer 
engagement, and peer effects. Special districts are associated with a 5.1 percentage point 
increase in likelihood of having a PCWR (Table 2, Model 2). A potential explanation for 
greater uptake of PCWRs among special districts is that this specialized governance struc-
ture allows customers to directly choose elected officials and voice their preferences on 
water pricing. Special districts can be more responsive to majority opinion, compared to 
private utilities and general governments. Majority opinion likely favors IBRs due to the 
right skew of residential water demand; adoption of IBRs will shift a greater portion of 
service cost to relatively few large water users.

More engaged customers can also enable adoption of PCWRs. Engagement of the com-
munity measured through customer complaints related to service quality; we find that utili-
ties with a greater rate of customer complaints unrelated to pricing.

Water imports and junior water rights also influence uptake. South-of-Delta water 
importers have a similar magnitude for estimated marginal effect (Table  2, Model 3) as 
our special district indicator. When peer effects are also considered (Table 2, Model 4), the 
estimated marginal effect is smaller and less significant; this might be due to clustering of 
South-of-Delta utilities in southern hydrologic regions.

Having neighboring utilities with PCWRs is significant for explaining the adoption of 
pro-conservation rate structures. A utility is more likely to switch to a PCWR as the por-
tion of their neighbors with PCWRs increases. In California, water rate cases often feature 
comparisons of rates at nearby utilities. This suggests that utilities compare and imitate 
water rate structures of neighbors.

The one external factor considered, average annual maximum temperature, is not signif-
icantly associated with the likelihood of PCWR adoption. This might be partly explained 
by county-year level weather data and arid conditions existing in much of California. Less 
variation in temperature exists compared to a study that also includes regions with more 
humid climates.

These findings are in agreement with supplemental analysis that uses a 1991-2015 panel 
dataset of 285 utilities (SI Text S4, Tables S4 and S5). We place greater emphasis on results 
from the 2006-2015 panel, since the 1991-2015 sample is dataset is over-representative of 
utilities that are larger, publicly-owned, and more reliant on water imports (Tables S6 and 
S7). Early adoption during years 1991-1995 is associated with metered connections and 
neighbor uptake of PCWRs (Table  S8). When excluding peer effects, income is signifi-
cantly associated with early adoption (Table S9, Model A5). In addition, South-of-Delta 
water importers have a greater likelihood of early adoption, although the estimated mar-
ginal effect is only significant at the 10% level (Table S10, Model A9).

8  Conclusions and Policy Implications

This study focuses on understanding what motivates water utilities to adopt pro-conservation  
water rates. We find a dramatic shift away from uniform rates towards PCWRs, which  
71% of California utilities had by 2015, compared to less than half of the utilities in 2006.
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Results also indicate that PCWRs are more likely among utilities with greater capacity 
and stronger motivation to adopt. Capacity factors associated with adoption include size of 
service population and customer income level. Larger utilities can spread fixed costs over a 
more extensive customer base, including the costs of transitioning to a new rate structure. 
In contrast, systems serving lower-income communities might be less able to develop a rate 
case and face greater concerns regarding affordability. Significant motivating factors include 
peer adoption, greater customer engagement, special district governance, and junior rights-
holders reliant on water imports. Growing adoption of PCWRs by peer utilities might facili-
tate learning or the establishment of new norms regarding rate structures. We find that a util-
ity is more likely to adopt as the portion of their neighbors with PCWRs increases. Special 
districts might allow constituents to directly convey their preferences on water pricing, sepa-
rate from other issues. In contrast, elections for officials of general-purpose governments 
feature a variety of issues beyond water services. And privately-operated utilities might not 
have officials elected by customers or might limit voting to property owners. Beyond gov-
ernance structures and elections, the level of customer engagement as measured by recorded 
customer complaints is associated with a greater likelihood of PCWR adoption. Greater 
interaction between a utility and its customers might allow knowledge sharing regarding the 
impacts of a transition to PCWRs. Lastly, utilities with both junior water rights and reliance 
on water imports might be motivated to conserve as deliveries become more uncertain and/
or costly during dry periods.

Barriers for adoption of PCWRs include systems with a larger portion of unmetered 
connections and small service populations. Technical and/or financial assistance might be 
required to design and implement a PCWR. Overall, this study provides insight into bar-
riers to conservation pricing, which can inform policies to enable transitions and advance 
conservation goals.

It is unknown how PCWRs might evolve in the future, especially water budget rate 
structure. With new conservation targets set for all water utilities in California, water 
budget rates might be on the threshold of a rapid upward trajectory in uptake. Yet, it is also 
possible that this rate structure might not spread further because of its administration costs. 
These costs include public engagement to inform customers of how water budget rates will 
affect their billing.

In addition, utilities across the state are grabbling with the reality that per capita residen-
tial water use has had a downward trajectory since 2013 (Lee et al. 2021), yet fixed costs 
of water infrastructure need to be recovered, likely through increased volumetric prices in 
the future. Additional conservation gains would likely mean reduced revenues for water 
systems. A challenge is to enable utilities to encourage conservation, while ensuring that 
customers are rewarded with lower bills and utilities do not suffer revenue losses. To fur-
ther encourage PCWRs, the state could expand revenue decoupling to publicly owned utili-
ties. Decoupling is especially relevant as utilities cope with COVID-19 impacts, including 
reduced ability of customers to pay water bills and of utilities to sustain budgets (Eastman 
et al. 2020). Assistance measures being considered nationwide include deferred payments 
for customer bills and financial support for a portion of utility operational budgets (i.e. 
decoupling customer payments from water use). Expanded decoupling policy could offer 
utilities a way to ensure conservation goals, affordability, and reliable infrastructure.

State policies have allowed investor-owned utilities in California to decouple water sales 
from revenue since 2008, so that fixed costs can be recovered even if water use declines. 
Such policies are widely implemented in electricity and natural gas sector, but not for water 
utilities. At present, nearly half of U.S. states have adopted decoupling of sales from rev-
enue for electricity and/or natural gas utilities (C2ES 2019). In California, all electricity 
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utilities must have a decoupling plan and receive incentives for meeting efficiency goals. 
Decoupling has not widely spread to water utilities run by local governments. In addition, 
rate stabilization mechanisms could be developed in order to reduce financial risks due to 
demand swings. This is particularly critical as more severe and prolonged drought periods 
are expected in the future.
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