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Abstract

In this study, the price elasticity of water demand was estimated using disaggregated data of approximately 30,000 households
recorded over five years: two years before and three years after a tariff revision. From the results of the latent class analysis,
the mean price elasticity was -0.1. The households were divided into three groups: 35%—-55% of the households did not respond
to the tariff revision, and households with high water demand prior to the revision had higher elasticity. In addition, no

statistically significant difference was observed in elasticity between the first and third years after revision.
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Abstract

In this study, the price elasticity of water demand was estimated using disaggregated data of
approximately 30,000 households recorded over five years: two years before and three years
after a tariff revision. From the results of the latent class analysis, the mean price elasticity was —
-0.1. The households were divided into three groups: 35%-55% of the households did not
respond to the tariff revision, and households with high water demand prior to the revision had
higher elasticity. In addition, no statistically significant difference was observed in elasticity
between the first and third years after revision.

1 Introduction

Water is an indispensable commaodity in our daily life and necessitates efficient supply and restricted
use, and the tariff structure is strongly related to these factors (Elnaboulsi, 2009; Nauges & Whittington,
2016). Certainly, the cheaper the price, the better; but if it engenders water wastage, it will result in an
overwhelming increase in supply costs. On the other hand, in Japan, where the study was conducted, the
total population and number of households have decreased in many municipalities, and water tariffs have

increased to recover the cost for renewing water pipes and water facilities.
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In many countries, including Japan, tariff consists of a basic charge and an increasing block tariff. An
important consideration is the design of a tariff structure from the viewpoint of user equity, and price

elasticity is a useful economic measure incorporated in this discussion.

Many empirical studies have been conducted to date; a meta-analysis has been conducted to collect
and analyze the data of the estimates of price elasticities (Espey et al., 1997; Brookshire et al., 2002;
Dalhuisen et al., 2003; Klein et al., 2006; Sebri, 2014; Paola et al., 2019). The average price elasticity of
water demand was -0.51 to -0.36. Few studies have found that household water demand is price elastic
(Arbués et al., 2006; Arbués et al., 2010). Functional specification, aggregation level, data characteristics,
and estimation issues are associated with different elasticity values. Spatial variations in price elasticities
have also been documented. Dalhuisen et al. (2003) reported that price elasticities are lower in Europe
than in the United States, and price elasticities within the United States are greater in the arid West with

regard to the absolute value.

Thus, although it is known that the absolute value of elasticity is less than one, few studies have
focused on the difference in households to discuss equity.

Water demand varies depending on socioeconomic attributes (hnumber of households, age, occupation,
income, attitude, size of house, age, etc.), as well as weather changes (Reynaud & Romano, 2018). These
factors must be considered when estimating the appropriate elasticity (Hoyos & Artabe, 2017). In
addition, while considering an increasing block tariff system, as price and demand are correlated, a biased
elasticity is occasionally obtained by a simple analysis, especially using aggregated data. Moreover, if the

rate of price change is small, households do not observe any variation in water use (elasticity value is 0).

However, the impact of income on price elasticity is unclear. Pashardes et al. (2002) demonstrated the
price elasticity estimation for each income group and clarified that price elasticity increased with an
increase in income (easy adjustment of demand). Brolinson (2020) used billing records and demographic
data to indicate that wealthier households were more price elastic than lower-income households. On the
other hand, lower-income groups were more price-responsive than higher-income groups. In Cyprus,
Hajispyrou et al. (2002) reported a price elasticity of —0.79 for the lowest-income group, as compared to
—0.39 for the highest-income group. In Belgium, the price elasticity for the lowest-income quintile was

estimated as —0.76, as compared to —0.25 for the highest-income quintile (Vanhille, 2012).
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In the analysis using aggregated data, short- and long-run elasticities were obtained using the lag term
in the specification. Short-run elasticities are often lower than their long-run counterparts. This suggests
that consumers may require time to adjust to water-using capital stocks and study the effects of use on
their bills. However, the relationship between short- and long-run elasticities is unclear when
disaggregated data are used.

To the best of our knowledge, analysis using disaggregated data has not been conducted in Japan. In
addition, there is insufficient research on the difference in elasticity value depending on the consumer

type and the change in elasticity after the revision.

Therefore, we estimated price elasticity using monthly data from approximately 30,000 households.
The data were collected for a total of five years: two years before the tariff revision, and three years after
the revision. Simultaneously, we presented the relationship between price elasticity and water usage using
latent class analysis. Furthermore, we compared the elasticities between the first and third years after

revision.

2 Methodology

Households usually recognize the average price that appears on the bill, which is the price of water
used in most applications (Arbues & Villanua, 2006; Musolesi & Nosvelli, 2007; Pérez-Urdiales et al.,
2016). In this study, the following two prices were defined, with the elasticity estimated for each.

- Price 1: Marginal cost

The marginal cost is the change in the meter rate (cost increase per cubic meter).

- Price 2: Average cost

A value obtained by dividing the water bill by water demand.

Price elasticity is the value obtained by dividing the rate of change in water demand by the rate of

price change. Elasticity has a negative sign when water demand decreases due to rising prices.

We applied latent class analysis assuming that the price elasticities of households followed a mixed
normal distribution and adjusted the average temperature difference (Shalizi, 2017), and used the flexmix
package in the CRAN R for estimation (Grin & Leisch, 2008). Furthermore, we analyzed the relationship
between price elasticity and water usage. Subsequently, a significant difference in elasticity was tested for

2016 and 2018, which were the first and third years after revision, respectively.
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95 3 Data
96
97 The data for this analysis were obtained from households in Hadano City, Kanagawa Prefecture,

98  Japan. The tariff revision was performed in April 2016 (Table 1). The monthly water demand and bill of
99  each household for five years, that is, two years before the revision and three years after the revision from
100 2014 to 2018 were obtained. Unfortunately, information was not available on the household income or the

101 number of households.

102
103 Table 1. Tariff structure
Tariff Basic
revision charge Metered charge (m?)
(April
2016) ~8 9-20 21-30 31-50 51-100 | 101-500 501~
Before 520 70 80 130 195 220 220
(Yen)
After 680 85 95 140 205 225 245
(Yen)
104
105 In Hadano City, meter readings were performed bimonthly. Almost half of the households have

106  meter reading during even-numbered months, while the rest have meter reading during odd-numbered

107 months.
108
109 We selected households that paid a fee continuously for five years and used 16 m® of water for two

110  months. Approximately 14,544 households in even-numbered months and 15,519 households in odd-
111 numbered months were considered for this study. The data for May and April, which observed mixed
112 effects before and after the revision, were not used. Monthly average temperatures were also collected
113 over a period of five years.

114

115 Descriptive statistics are shown in Table 2. In this study, the value of the residential water demand
116  before the tariff change was averaged from the data collected between 2014 and 2015, and the values
117  post-revision were averaged from the data collected between 2016 and 2018. Therefore, we obtained five
118  price elasticities for each household every month. If we assume that each household has one price

119  elasticity, the variance of these price elasticities would be small.

120

121



122 Table 2. Descriptive statistics

Ta_“ff Min. 1st Qu. | Median Mean 3rd Qu. Max. Std.dev

revision
3 Before 16 34 455 48.6 59.5 147.5 387.8

Water demand (m“/two months)
After 16 34 44.7 47.9 58.7 136.7 362.7
. s o Before 70 70 80.0 89.4 80 195 760.2
Price [Yen/m] (definition 1)

After 85 85 95.0 103.2 95 205 654.7

Before 70.1 73.1 75.0 78.2 78.8 137.5 73.1

Price [Yen/m] (definition 2)
After 69.0 91.8 93.1 96.0 96.3 145.5 49.7

Before 4.7 9.4 16.1 15.7 22.3 26.8 57.1
Average Temprature[°C]
After 3.9 8.2 16.8 16.0 22.3 27.9 60.6
123
124
125 Figure 1 shows a scatter plot of residential water demand before revision and the rate of change in

126  unit price. The rate of change in tariffs was smaller for households that used more water. Figure 2 shows
127  the changes in the average temperature and water demand in August and December for 2014-2018.

128  Although the average water demand fluctuated over time, it decreased due to tariff revisions. In addition,
129  the water demand in August, which had a high average temperature, increased when compared to that in
130  December.
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133 Figure 1. Scatterplot of water demand and rate of price change (Price 2)
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135
136 Figure 2. Change in average water demand and average temperature in August and December for 2014—
137 2018
138 Note: The column bar for 2014-2015 is color filled whereas, that for 2016-2018 is not filled
139
140 4 Results
141
142 4.1 Relationship between water demand and elasticity
143 Figure 3 shows a scatter plot of the water demand before tariff revision and elasticity in June.

144
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Figure 3. Residential water demand before the tariff revision versus price elasticity in June

Notably, many households had a positive elasticity. That is, the water demand increased after the rate
revision. This does not imply that residential water demand has increased due to the price revision, but it
should be interpreted as the change in residential water demand by the tariff revision being within a
certain fluctuation range, and the households with increased water demand were unresponsive to price

variations.

Next, observing the relationship of water demand prior to the revision, the higher the water demand
in any month, the greater the elasticity. As shown in Fig. 2, the rate of change in unit price decreased for
households that used more water, and such households had relatively larger elasticity. Conversely, it was

difficult for households with relatively less water usage to reduce it further, even with a price change. In
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general, households that use large amounts of water tend to have higher incomes. As observed by
Brolinson (2020), households with increased economic margins were more likely to adjust their demand.

The variation was relatively large for Price 1 (marginal cost) as compared to Price 2 (average cost),
and had a higher proportion of households with an absolute value exceeding 1 (Figure 4). Therefore, we
can conclude that Price 2 (average cost) is more appropriate and can be interpreted as households
responding to average costs rather than marginal costs. In other words, consumers are less aware of
marginal costs. If consumers scan their bills and notice higher water charges, the average cost is likely to

be more reasonable.

Standard Deviation
15

1.0

05
|

Mean price elasticity

Figure 4. Mean versus standard deviation of price elasticity of each household in odd-numbered months

(Black cross: Price 1 (marginal cost), Red circle: Price 2 (average cost))
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4.2 Latent Class Analysis

Regression analysis was performed by treating each household as a random effect, using the

difference in average temperature before and after the tariff revision as an explanatory variable. Next, the
elasticity value was adjusted assuming that there was no visible temperature difference. We subsequently
applied the flexmix package in the latent class analysis for even and odd months.

The results are shown in Table 3. In both even- and odd-numbered months, three classes were

selected when the Akaike information criterion was used for the index: a class with high elasticity

responded significantly to price revisions, a class with low elasticity responded slightly to the tariff
revision, and a class with zero elasticity remained unresponsive to tariff revision. In addition, it was
estimated that 35%-55% of households were unresponsive to the revision, and 5%-6% of households

responded significantly to price variations.

Table 3. Estimated results of latent class analysis

Even-numbered months

Odd-numbered months

Class ID 2 1 0 Class ID 2 1 0
share 0.06 0.59 0.35 share 0.05 0.41 0.55
mean -0.55 | -0.09 0.00 mean -0.61 | -0.16 0.00
std. dev. 0.05 0.01 0.01 std. dev. 0.03 0.01 0.01
weighted mean -0.10 weighted mean -0.11

The weighted average of price elasticity was -0.10 and -0.11 in even-numbered and odd-numbered

months, respectively. Interestingly, the households considered in both months were entirely different, but

the estimated price elasticity was almost similar.

4.3 Difference in elasticity between the first year and the third year after revision

Finally, the elasticity values were compared after similarly adjusting the temperature difference for

the first and third years post-revision.

The results are shown in Figure 5. There was no significant difference in price elasticity between

even-numbered and odd-numbered months, and the effect of tariff revision was not confirmed for the

three years.
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Figure 5. Comparison of price elasticity between the first year (2016) and the third year (2018) after the
revision

Note: t in the figure shows t-value.

5 Conclusion

In this study, we analyzed the price elasticity of residential water demand using disaggregated data
before and after price revision. We demonstrated that the price elasticity increased with increased water
usage. It was estimated that approximately 5% of households responded significantly to price change,
approximately 40% of households responded slightly, and approximately 45% were unresponsive to the
changes. The estimated mean price elasticity ranged between -0.11 and -0.10. Furthermore, the difference

in elasticity between the first and third years after revision was insignificant.

It was observed that households with low water demand had low elasticity and little room for
adjustment due to tariff revisions. In the future, when increasing the tariff to cope with the increasing

maintenance cost, it may be desirable to raise the price rate per unit rather than charging a flat rate.

Unfortunately, data attributed to households, such as income and household size, could not be
obtained. Therefore, this elasticity may have omitted the variable bias. Furthermore, the optimal tariff
structure that considers the impact on business water demand should be discussed in the next step
(Elnaboulsi, 2009; Sibly & Tooth, 2014; Renzetti et al., 2015; Nauges and Whittington, 2016). For

example, a time-varying tariff using a smart meter is a promising alternative (Lopez-Nicolas et. al., 2018).
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