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Abstract:

In this paper we econometrically analyze the impact of several economic, envi-
ronmental and social determinants for the average per capita demand for water
and sewage in about 600 water supply areas in Germany. Besides prices, in-
come and household size, we also consider the effects of population age, the
share of wells, and rainfall and temperature during the summer months on wa-
ter demand. We also attempt to explain regional differences in per capita resi-
dential water consumption, which is currently about 30 % lower in the new fed-
eral states than in the old states. Our estimate for the price elasticity of -0.229
suggests that the response of residential water demand in Germany is rather
inelastic, but no significant difference could be found between both regions. In
contrast, the income elasticity in the new states is found to be 0.685 which is
more than double that of the old states. Differences in prices and income alone
explain the largest part of the current gap in residential water use between the
two regions. Our results further suggest that household size, the share of wells
and summer rainfall have a negative impact on water demand. In contrast,
higher age appears to be associated with higher water use. We also find (weak)
evidence for an impact of rainfall but not of temperature on residential water
use. Our findings imply that future research should include analyses of house-
hold-level data to further explore the effects of socio-economic determinants,
and analyses of panel data to adequately study the effects of climate change on
residential water use.
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1 Introduction

Economic, environmental and social factors which are shaping the demand for
residential fresh water and sewage are expected to undergo substantial
changes in the near future. More specifically, economic growth will lead to
higher income levels, water prices may rise in response to increased scarcity,
sewage prices may increase because of environmental regulation to control
harmful substances, or prices may fall if water markets are deregulated. Like-
wise, climate change will alter temperatures and rainfall patterns within and
across years. Finally, demographic changes such as a shrinking population and
an aging society, or lifestyle changes such as the trend towards smaller house-
hold sizes will also affect future water demand.

Changes in water demand have economic, ecological and technical ramifica-
tions. For example, since fixed costs in the supply of fresh water and sewage
typically account for about 80 % of total costs, a decrease in water demand re-
sults in a higher than proportional increase in per unit production costs. Since,
in many countries, the regulations concerning water and sewage prices require
that prices are set to cover costs, water prices would have to rise significantly.
For example, in the European Union, the Water Framework Directive (EU 2000,
Article 9) requires that, as of 2010, water prices cover the costs of water ser-
vices, including environmental and resource costs. From an ecological perspec-
tive, a drop in water consumption would be beneficial, especially in regions
where water supply is scarce, but also in other regions because of the ensuing
savings in energy and chemical use for heating and processing water, and the
positive impact on a region’s water balance. Finally, reduced water consumption
may pose technical and possibly sanitary challenges for the management of
infrastructure systems. In particular, a decreased flow rate could exacerbate
sedimentation of sludge in the sewers and re-formation of germ layers in fresh
water pipes (e.g. Herz and Marschke 2005). Since water infrastructure systems
are large technical systems with a useful life of often more than 50 years, the
costs for adapting the systems could be high if water demand does not evolve
as predicted.

In this paper we estimate an econometric model to analyze the impact of sev-
eral economic, environmental and social determinants on the per capita, resi-
dential demand of fresh water and sewage in Germany based on a unique
cross-sectional dataset compiled for about 600 water supply areas, covering
38.9 million people (47 % of the German population). Besides prices, income
and household size, which are typically included in residential water demand
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analyses, we also consider population age, the share of wells, rainfall during the
summer months and average annual temperature in the supply areas as ex-
planatory variables. We also explore the extent to which these variables can
explain geographic differences in average per capita residential water demand
— in our sample, demand in the new federal states of East Germany is about
30 % lower than in the old federal states of West Germany.

Since German regulations require that water and sewage prices are set to cover
total costs, consumers face average cost prices rather than marginal prices.
Thus, the price-setting mechanism induced by regulation may lead to an en-
dogeneity problem in the econometric estimation of the water demand func-
tions: because of the fixed costs, a decrease in water demand results in higher
water prices under average cost pricing. To address this “endogeneity” or “si-
multaneity” problem, we apply single equation OLS-regressions and instrumen-
tal-variable techniques and then conduct a Wu-Hausman test for specification.

Since the results of this test do not indicate an "endogeneity" problem when
estimating residential water demand in Germany, we may limit the discussion to
the results of the OLS model. Accordingly, our estimate of -0.229 for the price
elasticity suggests that residential water demand in Germany is rather inelastic.
The price elasticity appears to be the same for average households in both the
new and the old federal states, but our estimates for income elasticities differ
substantially across these regions. Income elasticity for the new states is found
to be 0.685 which is more than double that of the old states. A decrease in the
average household size by 25 % from the current level of around 2 persons
would increase per-capita water consumption by 7 litres per day (from 128 li-
tres)!. We also find that average daily water use per capita in our sample in-
creases by 1.5 litres as the average age of the population increases by one
year. Further, a one per cent increase in the share of households with wells re-
sults in a decrease in the average water demand per person of about one per
cent (from the public water supply system). As for the impact of climate vari-
ables, our cross section analyses suggest that rainfall matters more than tem-
perature, but the statistical evidence is rather weak. Clearly, time series or
panel data analyses would be more appropriate to explore the effect of climate-
related factors on water use. Finally, differences in the estimated price and in-
come elasticities alone are able to explain more than 50 % of the difference in
per capita water consumption in the new federal states compared to the old
ones.

1 Assuming the elasticity remains constant over this range.
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The remainder of the paper is organized as follows. Section 2 provides a brief
overview of the water market in Germany. In Section 3 we present the econo-
metric models including a description of the variables and data used. Results
are presented and discussed in Section 4. In the final section, we discuss the
implications of our results in the context of future economic, environmental, so-
cial and technological developments.



4 Determinants of Residential Water Demand in Germany

2 German water market

The typical German household uses about 32 % of total water use for toilet
flushing, 30 % for bathing and showering, 14 % for laundry, 6 % for personal
hygiene, 6 % for dishwashing, 4 % for gardening, 3 % for cleaning, 3 % for
cooking and drinking and 2 % for car washing (Umweltbundesamt 2001, p. 34).
Over the last two decades residential water consumption in Germany has
changed substantially. While forecasts made in the 1970s had predicted an in-
crease in per capita water to over 200 litre per day, per capita water consump-
tion between 1991 and 2004 actually decreased by about 13 % (Statistisches
Bundesamt, various years; see Figure 1). Current average daily per capita resi-
dential water use in 2004 in Germany is 126 |, but water use in the new states is
only 93 | compared to 1321 in the old states. Both figures are well below the
average daily per capita consumption levels in most OECD countries. For ex-
ample, average daily per-capita water use in EU-15 countries ranges from 115 |
in Belgium to 265 | in Spain (EWA 2002); depending on the region, consumption
levels for North America are even higher (OECD, 1999; IWSA, 1999). Interest-
ingly, the per capita consumption levels in the old and new states were almost
the same at the beginning of the 1990s. However, until 1991 these dropped dra-
matically by about 34 percent in the new states, but decreased by only 9 % in
the old states. At least to some extent, the decline in specific water consumption
may be rationalized by a substantial increase in water and sewage prices in the
early 1990s (Figure 2), which was significantly higher in the new states. But
more detailed analyses are lacking.

Figure 1: Water consumption in Germany (in litres per capita per day)
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In Germany, there are currently 6,383 water utilities and 9,994 sewage compa-
nies, most of which are fairly small. The largest 100 water utilities and the larg-
est 900 sewage companies serve half the population in a total of about 12,500
communities (Statistisches Bundesamt, 2006; ATT et al., 2005). Water utilities
may be either privately or publicly owned, with a tendency towards more private
companies in recent years. In contrast, almost all sewage companies are public,
since the German water law considers the treatment of waste water to be a
sovereign task. After an intense debate about the deregulation and further liber-
alization of the water markets, the German parliament decided against this in
2002. Instead it passed a national modernization strategy to make the water
and sewage services more efficient, consumer-oriented, competitive and sus-
tainable. As a key instrument to achieve these goals, utilities are to be bench-
marked against each other in terms of prices and services.

The German water law on setting prices for water and sewage distinguishes
between public and private companies. Accordingly, public companies' prices
have to cover costs, while private companies' prices are controlled by state anti-
trust agencies. In 2005, the average prices for water were 1.81 € per m* and
2.14 € per m? for sewage. On average, these prices approximately cover costs
(ATT et al. 2005)

Figure 2: Change of prices for water and sewage in Germany (in %)?
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2 Prices shown are nominal prices. Also, since sewage prices are not available for Germany,
data for a "representative" federal state, Baden-Wirttemberg, are used. Also, the devel-
opment of water prices is only available at the level of Germany, but not separately for the
former East and West Germany.
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3 Estimation of residential water demand

We use cross-sectional data at the level of utility supply areas to estimate a
standard aggregate water demand model. Since sufficient data at the level of
individual households are typically not available, it is quite common to use ag-
gregate data (see Hoglund 1999 and the overview provided therein, or Dalhui-
sen et al. 2003, or Gaudin 2006). The drawback to this approach, however, is
that variations across households are eliminated. Also, variables which may
only be available on an ordinal scale cannot be used since they cannot be ag-
gregated in a meaningful way. Thus, for example, the impact of the education
level etc. on water use cannot be explored.

3.1 Variables and data

The descriptive statistics of the (population-weighted) variables used in the
econometric analyses are displayed in Table 1 along with data on the size of
the supply area in terms of population.

Table 1: Descriptive statistics for dependent and independent variables

Variable Description Units Mean Std. Dev. Min. Max.

Q SIEHERE I LD litres 128.23 27.26 65.70  334.20
per capita per day

P price for fresh €/. 1000 3.80 0.72 1.99 710
water and sewage litres

i g el Euros 16509 2037 12735 21893
come per capita

S average number of number of
household mem- 2.03 0.26 1.25 3.66

persons

bers

A SUREER A o years 42.11 189 3040  47.90
population

w FUIELE @) oL % 1.03 2.23 0.01  20.07
holds with wells
summer rainfall mm 305.58 71.12 166.70  629.20
SUMIEAEMESES | Gy 16.70 1.04 1310  19.80

ture
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“Dependent Variable”

The dependent variable Q measures the average household water consumption
in litres per person per day in a particular supply area. It is calculated as the
ratio of the total amount of water sold to the household by the water utility and
sewage works and the total number of persons connected to the system. For
simplicity, for the remainder of the paper we refer to the consumption of fresh
water and sewage as 'water consumption'. Water consumption data is taken
from BGW (2005) and includes both water sold to households in single-family
houses and to households in apartment buildings in 2003. Because of limited
data availability for water and sewage prices, the sample used in our analysis is
restricted to 599 supply areas. Following the more recent literature (see, e.g.
Dalhuisen et al. 2003), we use a log-linear specification. The log-linear func-
tional form allows coefficients to be directly interpreted as elasticities. Thus in
the actual specification of the model, we use the logarithm of water use as the
“‘dependent” (or exogenous) variable rather than the level.

“Independent Variables”

From an economic perspective, the household demand for water is a composite
demand, consisting of the direct demand for drinking purposes and the indirect
demand for water as a complement to different household activities such as
cooking, cleaning, washing, body hygiene and gardening. The extent to which
water demand responds to changes in prices depends on whether water is used
for necessities (e.g. to cook) or non-necessities (e.g. to wash cars). If water use
is for necessities, a price increase is expected to result in only a small decrease
in use (low price elasticity). If there are substitutes available, a price change will
lead to large changes in water use (high price elasticity). However, data on wa-
ter use does not distinguish between the two types. Thus, the estimated pa-
rameters relate to the sum of water used for necessities and non-necessities.

Since water demand is expected to not only depend on water prices, but also
on sewage prices, we use the sum of both types. We refer to the water price P
as the total price for water and sewage. The principle of cost pricing (see
above) implies that if prices cover costs, then prices reflect the average costs of
producing and distributing water, and of collecting and treating sewage. Thus,
households in Germany only receive information on the average price of water
(not on variable and fixed cost components separately) and they may only react
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to incentives provided by average costs3. Also, water prices are identical for all
households in a supply area. To compile data on water and sewage prices, we
used data from Statistisches Landesamt Baden-Wiurttemberg (2004), Bund der
Steuerzahler NRW (2004), Bund der Steuerzahler Thuringen (2004) and MDR
(2003). In several cases we also contacted utilities or used information available
on the internet to gather missing price data. Most price data are for the year
2003, but for several supply areas, the lack of data made it necessary to use
data for 2002 or 2004 instead.

The income variable Y is the average net income of private households in 2002,
i.e. average gross income minus income tax plus transfer payments. Since data
at the level of the supply areas is not available, we used income data from Sta-
tistik regional (2004) for the county where the supply area is located.4 If the
composite demand for water behaves as a normal good, higher income levels
should lead to increased water demand. To allow for different responses to in-
come changes in the new and the old German states, we included the average
net household income Ye for supply areas in the new German states. For sup-
ply areas in the old German states Ye is zero.

S reflects the average number of household members in the supply area; thus S
captures differences in per capita water use if the average household size dif-
fers across supply areas. Since several water uses such as washing, gardening
or even cooking do not vary (in proportion to the number of household mem-
bers), larger households are expected to use less water per capita than smaller
households. The data for S is for 2001 and was obtained from the Statistisches
Bundesamt (2003) as the ratio of the population size and the number of apart-
ments at community level.

We use the average age of the population (A) to control for possible differences
in water use due to age variation. We are not aware of detailed studies on the
relationship of water consumption and age groups, but anecdotal evidence sug-
gests a positive correlation. For example, children use less water for washing
and hygiene than adults; retired people spend more time at home using toilets

3 The empirical evidence for whether agents respond to marginal rather than average prices
appears to be mixed (see for example Taylor 2004 and Howe 1998), while estimates for
price elasticities tend to be larger for average cost pricing than for marginal cost pricing
(e.g. Dalhuisen et al. 2003).

4 A county may include more than one supply area, but supply areas do not cross county
borders.
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etc. Thus, variable A should capture the impact of an aging society in Germany.
Data on average age in 2003 comes from the Statistisches Bundesamt (2005).

Since households can reduce water consumption (primarily for gardening) by
using water from a well, we added W to the list of independent variables. W
stands for the share of households with a well and is expected to have a nega-
tive impact on water demand from utilities. Data on the number of wells per
supply area was taken from Statistische Landesamter (2006) and calculated as
the ratio of the number of private wells or springs and the number of residential
buildings. Since data was only available at county level, W is identical for all
supply areas within the same county.

The variable R measures the cumulated rainfall in mm during the months April
to September in 2003. Data was available from DWD (2006). Table 1 indicates
that 2003 was a very dry summer. On average, the rainfall in 2003 was 23 %
lower than usual (DWD 2006). Since higher rainfall reduces the water demand
for gardening (and also fills up water cisterns), a higher R is expected to reduce
water demand.

The variable T measures the average temperature from April to September in
2003 and was taken from DWD (2006). If available, we used temperature data
for the supply area and otherwise for the meteorological station closest to the
supply area. Higher temperatures are expected to result, in particular, in a
higher water demand for gardening, and to a lesser extent possibly also for tak-
ing showers or drinking. The data also reflects the effects of the unusually hot
and dry summer of 2003. For the entire year 2003, the average temperature
was 1.1°C higher than usual (9.4°C instead of 8.3°C) (DWD 2006), for the
months of June, July and August the average temperature was even 3.4°C
higher than usual (DWD 2006). The parameter estimate for T may also be used
to assess the future impact of global warming on water use in Germany.

Finally, regional dummies D were included to capture differences across re-
gions not accounted for by the other explanatory variables in the regression
equation. Data was available for 12 of the 16 federal states5: Baden-
Wirttemberg, Bavaria, Berlin, Brandenburg (*), Bremen, Hamburg, Hesse,
Mecklenburg-Western Pomerania (*), Lower-Saxony, North Rhine-Westphalia,
Rhineland-Palatinate, Saarland, Saxony (*), Saxony-Anhalt (*), Schleswig-
Holstein and Thuringia (*). To prevent the regressor matrix from becoming sin-

5 An"(*)" behind the name of the state means that this state is a former East German state.
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gular, no dummy variable was included for Schleswig-Holstein. Of the 599 sup-
ply areas included in the subsequent analyses 477 are in the old and 122 in the
new federal states.

3.2 Econometric models

First we use Ordinary Least Squares to estimate the following log-linear model

11
() Q,=const+ [P+ B,Y, + B Ye + B,S, + fs A, + BW, + B, R, + BT, + 25.5'Ds +é&;

s=1
where i is the index for the supply areas (i = 1 to 599), D, reflects the dummy
variables associated with the federal state s ande¢, is the error component. All

variables enter equation (1) in logarithmic form. Thus, parameter estimates may
be interpreted as elasticities.6 As pointed out earlier, to allow the income effects
to differ between the new and old federal states, we included Ye, which is the

(log) of income in the new states. Thus g, reflects the differences in the income

elasticity between average households in the new and the old states. Since the
variables used are themselves observed averages rather than observations for
individual households in the supply area, the appropriate method of estimation
is analytically weighted least squares?. In our example, the weight to address
this type of heterogeneity is population in the supply area of the utility8. Results
for this model specification (Model 1) appear in the second column of Table 2.

Under the cost-pricing mechanism applied in the German water sector, reported
prices do not equilibrate supply and demand. Instead, prices are set to ap-
proximately cover costs. In this case, an increase (decrease) in water demand
results in lower (higher) prices because the fixed cost components are distrib-
uted among higher (lower) consumption levels (see for example Renzetti 2002).

6  Note that for the rainfall and temperature variables the logarithmic specification implies for
a more general form of the aridity index P developed originally by De Martonne (1925),

P= 7110 , where R and T refer to annual data on rainfall (in mm) and temperature (in
+

°C).
7 See STATA Release 9 Reference R-Z (pp. 50).

8  More specifically, weights of \/ﬁ,- are used where N;is the population in supply area i. In

our sample, population per supply area varies considerably and ranges from about 1,000 to
3,340,000 inhabitants with a mean of 63,908 and a standard deviation of 186,673 inhabi-
tants.
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Thus, water prices may have to be treated as endogenous in equation (1), vio-

lating the orthogonality condition because one of the explanatory variables (i.e.
water prices) is correlated with the error component &, of the dependent vari-

able. Estimating equation (1) would then result in biased estimates for the coef-
ficients. To address the possible endogeneity problem, we also estimate equa-
tion (1) using Instrument Variable (V) techniques® (Model 2). In the first stage,
instrument variables are used to estimate predicted values for water prices. The
set of instruments includes the remaining exogenous variables in equation (1),
and in addition population, population density (both in logarithmic terms) and
the share of voters for the Green party at the elections to the German parlia-
ment in 2002 in the respective county of the supply area. The more people con-
nected to the water system and the higher the density, the lower the per unit
production costs should be. The share of Green Party voters is included as a
proxy for the stringency of environmental standards in water supply and sew-
age, assuming that a higher share of Green voters would translate into higher
environmental standards and thus higher production costs.1’0 In the second
stage, equation (1) is estimated using (weighted) OLS, but now the predicted
prices from the first stage are used in place of price. Results for this second
stage are reported in the third column of Table 2. The most noticeable differ-
ence between Model 1 and Model 2 is the estimate for the price elasticity ( 5, ).
To test the exogeneity of prices in equation (1), we conducted a standard Wu-
Hausman Test to the Null hypothesis (Hp) of exogeneity, i.e. the difference in
coefficients is not systematic. In the usual terms of the Wu-Hausman Test,
Model 1 yields efficient and unbiased parameter estimates under Hy, but biased
and inconsistent estimates if Hy does not hold. By comparison, Model 2 yields
consistent estimates independent of whether Hy holds or not. Since both Mod-
els yield consistent estimates under Hy any difference between them should
vanish asymptotically. The test statistic, calculated at 5.36, suggests that the
assumption of exogeneity cannot be rejected. Also, comparing the standard
errors for S, between both models indicates that the standard errors for the IV
estimates in Model 2 are relatively high. While these high standard errors are
primarily the result of potentially imperfect choice of instruments, it is challeng-
ing to find more suitable instruments for which data is also available. Further-
more, even if Model 2 were the “correct” model — keeping in mind that the em-
pirical evidence for this based on the Wu-Hausman Test is extremely weak— the

9  This estimation procedure is also referred to as two-stage least squares (2SLS).

10 The adjusted R? for this first stage regression is 0.2714.
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consistent estimator is unlikely to be unbiased in finite samples (see for exam-
ple, Johnston and DiNardo, p. 316f). As a consequence, the interpretation of the
estimation results for the price elasticity and the other parameters focuses pri-
marily on the first model. It should be noted, though, that parameter estimates
and P-values are generally quite similar in both models.11 Results from several
tests for model specification including those for heteroscedasticity (Breusch-
Pagan / Cook-Weisberg) and collinearity (variance inflation factors) did not indi-
cate specification errors.

11 Even though the price elasticity in Model 2 is almost three times as large as the price elas-
ticity estimated in Model 1, depending on the level of significance chosen, these values
may be indistinguishable from a statistical point of view. For example, the value from Model
1 would lie just inside the 99 % interval for the price elasticity in Model 2 which ranges from
-1.005 to -0.226. The relatively wide confidence interval is a direct consequence of the lar-
ger standard errors in Model 2.
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4 Results

The estimation results displayed in Table 2 for both models are generally in line
with theoretical expectations as far as signs are concerned, and most parame-
ters turn out to be significant from a statistical perspective.12 As indicated by the
level of the (adjusted) R?, the model explains quite a large share of the variation
in water demand across supply areas. We first discuss the results for the de-
terminants of residential water use and then analyze to which extent these de-
terminants contribute to explaining the differences in water use between the
new and the old federal states in Germany.

4.1 Determinants or residential water use

The parameter estimate of -0.229 for the price elasticity means that an increase
in water price of one percent results in a decrease in water demand of 0.229
percent. Thus water demand is fairly inelastic. Our estimate for the price elastic-
ity is — in absolute terms — somewhat lower than that found by most other stud-
ies for other countries. For example, the average price elasticity in the studies
surveyed in the meta analysis by Dalhuisen et al. (2003, p. 95) is -0.41 and the
median is -0.35 for a standard deviation of 0.86. The average price elasticity in
a similar, earlier survey by Espey et al (1997, p. 1370) is -0.51. Low estimates
for water price elasticities may be rationalized by a relatively low share of water
(and sewage) costs in total household expenditure, and are more likely to be
associated with OECD countries.13 Also, our data on water use is for aggregate
housing and does not allow single- and multi-family unit housing to be distin-
guished. More disaggregated data might have been able to capture that multi-
family units tend to exhibit lower price elasticities - at least in the US. In particu-
lar, if the expenditure share is low, the real income effect of a price change is
low, too. For our sample, the average share of water costs in net income is
1.05 % for Germany, 1.01 % for the new states and — because of higher specific
consumption levels — 1.07 % in the old states. However, specification tests for
differences in price elasticities between the old and the new states suggest that
they are identical (from a statistical point of view) for both regions. Thus, the
pure substitution effect due to the price change must be higher in the new

12 To save space, results for the state-specific dummies are not reported in Table 2. They are
available from the authors upon request.

13 For example, Martinez-Espifieira (2002) finds short-run price elasticities for regional resi-
dential water demand in Spain for different tariff systems to lie between -0.12 and -0.17.
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states than in the old states. Additionally, most types of water uses are not eas-
ily substituted in the short term, estimates for long-term price elasticities are
expected to be higher (in absolute terms). Finally, the price elasticity may be
lower in Germany compared to other OECD countries because — as suggested
by the relatively low level of per-capita water use — potentials to save water
have already been exploited to a larger extent in Germany.

Table 2 Estimation results for water demand (standard errors are in
parentheses)
Model 1 Model 2
(OLS) (IV)

P -0.229 ** -0.593 **
(0.032) (0.161)

Y 0.241 ** 0.314 **
(0.071) (0.084)

Ye 0.444 * 0.501 *
(0.235) (0.261)

S -0.207 ** -0.120
(0.061) (0.077)

A 0492 * 0.609 **
(0.167) (0.192)

W -0.016 ** -0.012 **
(0.003) (0.004)

R -0.052 -0.093 ~
(0.036) (0.043)

T -0.010 -0.197
(0.115) (0.151)

constant 1.396 1.461
(0.975) (1.077)

aR?j“Sted 0.6519 0.5789

e 599 599

F-value 59.95 48.30

*

individually statistically significant at least at 10 % level

*%

individually statistically significant at least at 1 % level
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First, our estimates for the income elasticities of 0.241 for the old federal Ger-
man states and 0.685 (0.241+0.444) for the new states confirm that water is a
normal good, i.e. consumption increases with income. Households with a higher
income are expected to consume more of the complementary commodities as-
sociated with water through having gardens, dishwashers, saunas, or pools,
which increase indirect water demand. Second, as income increases, water
consumption increases disproportionately, i.e. the expenditure share for water
decreases. Previous studies have also provided strong empirical evidence that
water demand is rather inelastic in terms of income changes. Our estimates for
the income elasticity lie well in the range of the values found in the literature.
For example, the mean and median for the income elasticities surveyed by Dal-
huisen et al. (2003, p. 95) are 0.43 and 0.24, respectively, with a standard de-
viation of 0.79. Our result also suggest that there are statistically and economi-
cally significant differences in income elasticities between average households
in new and old federal German states. Interestingly, per-capita water demand in
the new states appears to be more than twice as sensitive to income changes
as in the old states.

As expected, the parameter estimate associated with S is negative and highly
significant. As the number of people per household increases, per capita water
consumption goes down. For example, if the average number of household
members decreased by 25 % from 2.0 to 1.5, a parameter value of -0.207 sug-
gests that the average water use per person would increase by about 5.2 % or
nearly 7 litres per day (using the means from Table 1).14

Our results for age indicate that as people get older, they appear to use more
water. For example, if the average age of society increases by one year (i.e. by
2.37 % compared to the average age of 42 years in our sample), water con-
sumption per person increases by 1.5 litres per day. There are several possible
explanations, e. g. children are likely to use less water for showers or baths,
younger people do more sports and tend to take showers at gyms rather than at
home. Similarly, retired people spend more time at home than younger, working
people, and thus use more water at home. Finally, for health reasons older
people tend to use the bathroom more frequently.

The parameter estimate for wells is negative and highly significant. Its value
suggests that a one percent increase in the share of households equipped with

14 For this and subsequent calculations we implicitly assume that the elasticity remains con-
stant over the relevant range.
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a well would result in a decrease in average water demand per person of about
one percent.

The level of rainfall in the summer months exhibits the expected negative sign
but is found to be statistically significant only in Model 2. For Model 1, summer
rainfall would be statistically significant at the 14 % level. A ten percent de-
crease in summer rainfall would result in an increase in daily water consumption
per person by about 0.7 litres according to Model 1 and by 1.2 litres according
to Model 2 (using the means from Table 1). The relatively small elasticity value
in both models may — at least to some extent - be rationalized by the small
share of gardening in total residential water consumption of only 4 %. However,
the change in rainfall patterns may also have an additional indirect effect on
water demand from water utilities: reduced rainfall decreases the water supply
from cisterns, resulting in a higher demand for water from utilities.

Our parameter estimate for summer temperature is far from being statistically
significant and even exhibits the “wrong” sign. A possible explanation may be
the relatively low variation in temperature across supply areas in the cross sec-
tion (see Table 1). Likewise econometric analyses based on time series, or
panel data would be more appropriate to explore variations in temperature and
other climate-related factors over time.15

Finally, regional dummies (not reported here to save space) for all the new fed-
eral states turn out to be statistically significant compared to a reference state
from West Germany (Schleswig-Holstein).

4.2 Differences between new and old federal states

To examine the extent to which the non-dummy variables in our estimated re-
gression equations contribute to explaining differences in the average per capita
daily water consumption in our sample between the new federal German states
(104 litres) and the old ones (139 litres), we multiplied the differences of the re-
spective means of the (logs of the) explanatory variables for all new and for all
old states with our slope parameter estimates. Results for the relative contribu-
tion of the various variables are displayed for both models in Table 3.

15 In an alternative model specification we also used the De Martonne index for aridity (see
Footnote 6). Results are given in the Annex and indicate that the parameter for the aridity
index is — as expected — negative. The associated P-Value for the OLS model is 14.4 %
and for the IV model 13 %, and not far from being statistically significant for conventional
significance levels.
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Table 3: Contribution of estimated slope parameters to regional differ-
ences in water demand

Model 1 Model 2

(OLS) (V)

P 8.85% 22.90%
Y 15.91% 20.71%
Ye 29.28% 33.04%
S -10.91% -6.33%
A -5.58% -6.91%
w 1.92% 1.44%
R -5.41% -9.65%
T -0.01% -0.13%
Sum 34.06% 55.07%

Accordingly, the differences in prices of about 11 % between old and new states
in the sample explain about 9 % of the difference in per capita water consump-
tion in Model 1 and 23 % in Model 2. Taken by themselves, the higher prices
and lower income (by about 20 %) in the new compared to the old states would
explain 54 % of the lower per capita water consumption in the new states using
Model 1 and 76 % using Model 2 while differences in most other factors alone
would imply lower water consumption in the old states. In total, the slope pa-
rameters from Model 1 and Model 2 help explain about 34 % and 55 % of the
difference, respectively. Thus, a substantial part of the difference in per capita
water consumption between new and old states is also reflected by the state-
specific dummies. For example, the negative dummies for new states may cap-
ture the effect of a higher awareness regarding water costs in this region and
the purchase and installation of water-efficient appliances and technologies in
the past. First, the sharp increase in water costs in East Germany following re-
unification in 1990 is likely to have raised awareness of water consumption and
water costs in this region. Also, it seems reasonable to assume that in the early
1990s when specific water use in the new states was about 50 % higher than
today, the expenditure share for water was also higher. So the responsiveness
to price changes may have been higher, too. Both effects are likely to have
translated into behavioural changes towards a more efficient use of water as a
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reaction to the price hike. Second, after reunification, households in the new
states were able to "catch up" with their Western counterparts with regard to
household appliances and a large part of the residential building stock was
modernized at this time. Arguably, the increased awareness of water consump-
tion and the high price responsiveness resulted in the purchase and installation
of water-saving appliances and technologies. Thus, as was the case for energy-
efficient appliances (Schlomann et al. 2004), the rate of diffusion of water-
efficient technologies was higher for households in the new federal states than
in the old states. For example, using the data from Schlomann et al. (2004) on
energy use from more than 20,000 households in Germany, we find that the
share of dishwashers in the highest energy-efficiency categories (A and B la-
bels) is 63.2 % in the new states compared to 44.7 % in the old states. For
washing machines, these shares are 29.3 % and 25.8 %, respectively.16 This
argument is reinforced by the fact that energy-efficient dishwashers and wash-
ing machines are also more water-efficient. Moreover, since the bulk of residen-
tial buildings in the new states were modernized after reunification, additional
water meters were installed, in particular at the level of apartments (rather than
buildings). This allowed water to be billed according to consumption, which in-
creased both awareness of the water used as well as financial incentives for
water conservation. These mechanisms — together with differences in income
levels — would help explain the widening and persistence of the gap in residen-
tial water consumption between the old and new federal states since the begin-
ning of the 1990s (see Figure 1).

16 We are thankful to Edelgard Gruber for conducting these additional analyses.
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5 Conclusions

The findings for the determinants of residential water demand in Germany pre-
sented in the previous section may be used to tentatively assess the impact of
changes in economic, environmental and social conditions on the future de-
mand for water. Thus, they may help build scenarios for the development of
future water demand, and also serve as a starting point for planning invest-
ments in water infrastructure.

In the future, the costs (and thus the prices) for water services are expected to
continue to rise because of environmental regulation and the need to refurbish
and modernize existing infrastructure systems. For example, assuming an an-
nual growth rate of 2 % in prices until 2020, the results from Model 1 suggest
that per-capita water demand would decline by about 10 % (or about 13 litres
per day), provided that the parameter estimates are valid over this range of
prices and remain unchanged over this time horizon. At the same time, per cap-
ita income is expected to increase. Again, using the estimation results for Model
1, an annual real growth rate of 1 % in per capita income would lead to an in-
crease in per-capita water use of 5 % (or about 6.5 litres per day) until 2020.
Also, demographical change including a continued trend towards single house-
holds is expected to further lower average household size by about 5 % be-
tween 2003 and 2020 (BBR 2006). Taken by itself, such a decrease in house-
hold size would translate into an increase in per capita water demand of about
1 % based on the estimates from Model 1. Similarly, because of an increased
life expectancy, the average population age in Germany is expected to rise by
between six and ten years until 2050 compared to 2002/2004 (Statistisches
Bundesamt 2006). According to our findings, these figures would lead to an in-
crease in per capita water consumption of about eight to 13 litres per day. How-
ever, to substantiate these findings it would be necessary to conduct further
research based on data for individual rather than average households in order
to obtain greater insights into the relationship between water consumption pat-
terns and age. These economic and social factors are expected to affect utilities
symmetrically across regions, and forecast data is often available. In contrast,
forecasts for changes in temperature and rainfall in response to climate change
are less coherent, and effects are likely to vary across regions (IPCC, 2001).
Existing analyses on the impact of climate change suggest that the direction of
expected changes in precipitation vary across summer and winter periods
(Lahmer 2004, Kichler 2004, Stock 2004). In some regions, summer rainfall is
projected to decline by 30 %. At a general level, recent studies predict a tem-
perature increase of 1.8°C to 2.3°C for Germany by the end of this century, ex-
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tended drought periods during the summer and higher precipitation in the winter
(UBA 2007). Since the water use for gardening only accounts for a small share
of water consumption in Germany, the impact of changing rainfall patterns on
residential water demand may be limited. This effect would be larger in coun-
tries like the US or the UK, where gardening accounts for a much higher share
of water use. However, since changes in rainfall patterns would lower the
groundwater level in several regions, many wells would then cease to operate,
especially in the summer months when water supply is smaller anyway due to
lower precipitation. Time series or panel data analyses would be better suited to
exploring and projecting the effects of climate change on residential water use
than the cross-sectional data available for this study.

To sum up, it is difficult to assess the future impact of the determinants of per
capita water consumption considered in this paper because they work in oppos-
ing directions, so that the net effect is ambiguous. Future challenges for water
utilities also depend on factors not explored in this study. Most importantly, the
projected drop in the population of 10 % to 17 % by 2050 (Statistisches Bunde-
samt 2006) will lower total residential water demand and — because of the high
fixed cost component - raise the costs of water services per capita. Since there
are regional differences in migration patterns and demographic structures,
these challenges may differ substantially across utilities. In the past, particularly
utilities in the new states have had to cope with the negative effects of migration
on water demand. Finally, water demand in the future also depends on the rate
of technological change in appliances and sanitary technologies. Higher ex-
pected prices in particular, may speed the development and diffusion of water-
efficient technologies (EEA 2001). For example, results from patent analyses
suggest that, in recent years, research and development in the domain of more
water-efficient washing machines and dishwashers has been increasing sub-
stantially (Hillenbrand and Hiessl 2007).

To sum up, the general socio-economic and environmental conditions affecting
residential water demand from utilities are projected to change substantially in
the next decades. But the overall extent and even the direction of change is dif-
ficult to estimate, in particular at the regional and local levels. This uncertainty
poses a particular challenge to the water utilities’ planning of infrastructure sys-
tems, which typically exhibit a technical life of more than 50 years. Thus, future
water supply systems may have to be more decentralized in nature and exhibit
greater flexibility in order to be able to adapt to these challenges.
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Annex

Figure A-1: Estimation results for water demand (standard errors are in pa-
rentheses)
Model 3 Model 4
(OLS) (IV)

P -0.227 * -0.497 ™
(0.032) (0.129)

Y 0.248 ** 0.324 **
(0.069) (0.081)

Ye 0.436 0.457 *
(0.235) (0.249)

S -0.202 ** -0.125
(0.060) (0.073)

A 0.485 * 0.554 **
(0.166) (0.179)

W -0.016 ** -0.013 **
0.003 (0.004)

dM -0.043 -0.047
(0.029) (0.031)

constant 1.145 0.495
(0.816) (0.916)

adjusted

R? 0.6554 0.6125

sample

size 599 599

F-value 64.17 55.39

*

individually statistically significant at least at 10 % level

*%

individually statistically significant at least at 1 % level

Note: The variable dM is the de Martonne Index for aridity defined as
R

T (T +10)
perature (in °C). For the regression the logarithm of dM is used.

Here R and T refer to summer rainfall (in mm) and summer tem-
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