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Abstract. A statistical model has been developed for forecasting domestic water demand in Haihe river basin of
China due to population growth, technological advances and climate change. Historical records of domestic water
use, climate, population and urbanization are used for the development of model. An ensemble of seven general
circulation models (GCMs) namely, BCC-CSM1-1, BNU-ESM, CNRM-CM5, GISS-E2-R, MIROC-ESM, PI-
ESM-LR, MRI-CGCM3 were used for the projection of climate and the changes in water demand in the Haihe
River basin under Representative Concentration Pathways (RCPs) 4.5. The results showed that domestic water
demand in different sub-basins of the Haihe river basin will gradually increase due to continuous increase of
population and rise in temperature. It is projected to increase maximum 136.22× 108 m3 by GCM BNU-ESM
and the minimum 107.25× 108 m3 by CNRM-CM5 in 2030. In spite of uncertainty in projection, it can be
remarked that climate change and population growth would cause increase in water demand and consequently,
reduce the gap between water supply and demand, which eventually aggravate the condition of existing water
stress in the basin. Water demand management should be emphasized for adaptation to ever increasing water
demand and mitigation of the impacts of environmental changes.

1 Introduction

Residential water demand is defined as the amount of wa-
ter withdrawal for residential purposes such as in-house wa-
ter use for drinking, food preparing, bathing, clothes and
dishes washing, toilet flushing, etc. as well as outdoor wa-
ter needs for gardening, lawn watering, etc. (Blokker et al.,
2010; Wang et al., 2017a). Water demand is different from
water consumption which indicates the portion of total water
use that is not returned to the original water source. Gener-
ally, residential water withdrawal or demand are measured
in household or regional levels and forecasted. The domestic
water demand depends on number of factors including popu-
lation growth, socio-economic development, climate change,
urbanization, water saving technological advances, water tar-

iff, etc. (Sebri, 2014; Wang et al., 2016). A number of recent
studies assessed the impacts of those factors on domestic
water demand in different regions (Dursun, 2010; Zachari-
adis, 2010; Protopapas et al., 2010; Karamouz et al., 2011;
Jakimavičius and Kriaučiūnienė, 2013; Browne et al., 2013;
Wang et al., 2014, 2017b; Babel et al., 2014; Price et al.,
2014; Walker et al., 2016; Froelich and Magiera, 2016). The
studies revealed that the World will face a growing challenge
to maintain safe and adequate water supplies due to continu-
ous growth of population and changes in climate. Residential
water demand shares a major portion of total water demand
in urbanized catchment. Therefore, understanding possible
changes in residential water demand due to environmental
changes is important for water resources planning and man-
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Figure 1. Location of Haihe River basin in the map of China. The
sub-basins of the river and the location of major cities in the basin
are also shown.

agement and adaptation to environment changes (Shahid et
al., 2016).

The objective of this study is to develop a statistical
model for forecasting domestic water demand due to climate
change, population growth and technological advances. The
proposed model is developed through the analysis of the ef-
fects of climate variables on domestic water use, and then
applied in Haihe River basin of China for forecasting water
demand. The Haihe River (112–120◦ E and 35–43◦ N), flows
through the major cities like Beijing and Tianjin (Fig. 1)
plays a major role in national, economic, and social develop-
ment of China. The Haihe River basin covers 8 % of total area
of China (318 000 km2), but about 10 % of total population
reside in the basin and about 13 % of total GDP comes from
the basin. About 45 % area of the basin is urbanized. High
population density, rapid urbanization and socio-economic
development have caused a sharp increase in water demand,
particularly residential water demand. This has made the
basin one of the most water stressed region of China. How-
ever, water security in the basin has extreme importance in
China’s economic development and societal safety (Liu and
Speed, 2009; Wang et al., 2015). Therefore, forecasting resi-
dential water demand is very important for the basin.

2 Materials and methods

2.1 Data and sources

The population, domestic water use and urbanization rate
data for the period 1980–2012 were collected from Chinese
Water Resources Bulletins (MWR, 2000–2012). The recent
data of domestic water use in four sub-basins of Haihe River
basin, namely, the Luanhe River and Coastal areas in Eastern
Hebei (LE), Northern Haihe (NH), Sorthern Haihe Region
(SH), Tuhai Majiahe Region (TM) as well as for the entire
Haihe River basin (HR) were collected from the Haihe River
Water Resources Bulletins (HRCC, 2001–2012).

The bias corrected daily temperature data of the basin
for the period of 1961–2012 were obtained from National
Climate Center of China (NCCC). The bias corrected fu-
ture projections of daily average temperature by an ensemble
of 7 GCMs namely BCC-CSM1-1, BNU-ESM, BNU-ESM,
CNRM-CM5, GISS-E2-R, MIROC-ESM, PI-ESM-LR, and
MRI-CGCM3 under the Representative Concentration Path-
ways (RCPs) 4.5 were also collected from NCCC.

2.2 Modeling domestic water demand

According to the water resources planning technical speci-
fications in China, domestic water demand is forecasted by
multiplying the projected population (104 P) with the pro-
jected per capita water consumption (L−1 p−1 day−1; Zhang,
2005; Wang et al., 2017b). The advances in water saving
technologies, water pricing, possible changes in people’s
lifestyles, etc. are considered in projection of per capita water
consumption. However, it does not consider the influence of
climate change in water demand. We attempted to improve
the exiting method of water demand forecasting by incorpo-
rating climate change factor.

The most common approach for considering the effect of
climatic conditions on water demand is to include tempera-
ture and precipitation variables in the regression equations as
there is a common conception that higher temperature and
less rainfall make people consume more residential water.
However, the influence of rainfall on domestic water con-
sumption is often found negligible (Slavíková et al., 2013;
Zhou, 2016). Zhou (2016) found the residential water de-
mand elasticity of rainfall is insignificant for China, while
it is significantly positive (0.4299) in case of daily average
temperature. Slavíkoná et al. (2013) also reported no impact
of rainfall on residential water demand in Czech Republic.
Therefore, only the impact of temperature rise due to climate
change is considered to modify the existing equation of resi-
dential water demand forecasting. The changes in residential
water demand 1LWt can be expressed as:

1LWt
= dT ·1T ·LWt (1)

Where, LWt is the residential water demand (104 m3) fore-
casted using existing method; 1T is the change in tempera-
ture (◦C) due to climate change; dT is the temperature elas-
ticity of domestic water demand, which is defined as,

dT =
1LW
1T

(2)

Where, 1LW is the changes in residential water demand in
104 m3 due to changes in temperature (1T ) in ◦C.

In this paper, a linear regression model was developed with
domestic water use data as independent and temperature as
dependent variable in order to estimate the temperature elas-
ticity of domestic water demand. The regression model was
developed separately for each sub-basin for the estimation of
dT of each sub-basin.
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Table 1. Daily average temperature projected by different GCMs in the Haihe River basin.

BCC-CSM1-1 BNU-ESM CNRM-CM5 GISS-E2-R MIROC-ESM MPI-ESM-LR MRI-CGCM3

Base year 9.36 9.38 9.65 9.54 9.44 9.17 9.33
(1961–2000)
2020 11.26 10.63 10.16 9.85 11.08 10.04 10.64
2030 10.53 11.59 10.27 10.86 10.57 10.64 9.98

Figure 2. The historical changes and future projections of popula-
tion and urbanization in the Haihe River basin.

3 Projection of domestic water demand in Haihe
River basin

3.1 Projections of population and urbanization

With rapid urbanization, the population in Haihe River basin
has grown rapidly in last four decades. The historical changes
and future projections of population and urbanization in
Haihe River basin is shown in Fig. 2. The basin had a popu-
lation of 9721× 104 and only 23.6 % of the basin was urban-
ized in 1980. The population reached to 13 606× 104 and
42.4 % of the basin became urbanized in 2006. The grow-
ing population caused a rapid increase in domestic water de-
mand. For example, the domestic water demand in the basin
increased from 1.92× 108 m3 in 1980 to 5.93× 108 m3 in
2012. According to the future plan of the river basin, the to-
tal population will reach to 15 117× 104 and the urbanized
area will reach to 58.6 % in 2020. In 2030, the total popula-
tion will reach to 15 752× 104 and the urbanized area will
reach to 66.4 %.

3.2 Temperature projections

The simulated daily average temperature for the base period
(1961–1990) and for the years 2020 and 2030 by 7 GCMs
in Haihe River basin are shown in Table 1. The table shows
increase in temperature by 0.31 to 1.9 ◦C in year 2020 and
by 0.65 to 2.19 ◦C in year 2030 in the basin. The highest
increase was projected by BCC-CSM1-1 in 2020 and BNU-
ESM1 in 2030, while the lowest by GISS-E2-R in 2020 and
CNRM-CM5 in 2030.

3.3 Projection of domestic water demand

The water resources planning technical specifications in
China estimated per capita water consumption consider-
ing the advances in water saving technologies, water tar-
iff, changes in socio-economic condition, etc. Urbanization
(shown in Fig. 2) is considered as proxy for socio-economic
condition. The per capita water consumptions projected for
year 2020 and 2030 were multiplied with projected popula-
tion (shown in Fig. 2) to estimate the amount of residential
water demand due to population growth, water saving tech-
nological advances and socio-economic development. The
temperature elasticity of water demand and temperature rises
projected by different GCMs were then used to estimate the
domestic water demand using Eq. (1) in order to incorporate
climate change factor in water demand. The water demand
projected by different GCMs for different sub-catchments as
well as the whole Haihe River basin for years 2020 and 2030
are presented in Fig. 3.

The figure shows that domestic water demand in Haihe
River basin will continuously increase due to population
growth and temperature rise. The results were found to
vary for different GCMs. The BCC-CSM1-1 projected the
highest increase in residential water demand in the basin
(110.37× 108 m3) in 2020, while the GISS-E2-R projected
the lowest increase (85.82× 108 m3). In 2030, the BNU-
ESM projected the highest increase in domestic water de-
mand (136.22× 108 m3), while the CNRM-CM5 projected
the lowest increase (107.25× 108 m3). The results indicate
large uncertainty in projection of domestic water demand in
the Haihe River basin under projected scenarios.

The changes in water demand were also found to vary for
different sub-basins. The highest increase was projected in
the SH sub-basin, followed by NH. The SH and NH are the
most populated regions of the Haihe River basin. Therefore,
it can be anticipated that increased water demand will accel-
erate the condition of growing water stress in the basin.

4 Discussion and conclusion

A model has been developed for forecasting domestic wa-
ter demand in the context of climate change, population
growth and technological development. The model is ap-
plied in the Haihe River basin of China which is consid-
ered as one of the most economically and politically impor-
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Figure 3. Projection of domestic water demand in different sub-basins of the Haihe River in years (a) 2020; and (b) 2030.

tant but worst water stress region of the country. The results
show considerable variations in domestic water demand with
space, time and scenarios. Overall, all the GCMs reveal in-
crease in water demand with time, mainly due to increase
in population and rise in temperature. The domestic water
demand in the Haihe River basin is projected in the range of
85.82× 108 to 110.37× 108 m3 in 2020, and 107.25× 108 to
136.22× 108 m3 in 2030. Considerable variations in projec-
tions of domestic water demand by different GCMs indicate
large uncertainty in projections. A large variation in water
demand among different sub-basins indicates heterogeneous
change in water demand. The higher increase in water de-
mand might be in the South and North sub-basins, which
are already under water stress due to high population den-
sity and rapid urbanization. Large increase in domestic water
demand in those regions would aggravate the condition of ex-
isting water stress. The study indicates prudent management
of water resources in the Haihe River basin is very important
for mitigation of the impacts of environmental changes. It is
expected that the knowledge generated in this paper on pos-
sible future changes in domestic water demand would help in
water resources planning and management of the basin. The
method proposed in this article will help in rapid assessment
of water demand in the context of changing scenarios. How-
ever, it should be noted that the method presented in this pa-
per is only one of a new innovation in the field of forecasting
domestic water demand under changing environment, which
need further attention to improve. The domestic water de-
mand is influenced by many factors which can be considered
in future research for better projection of water demand. It
is also required to quantify the uncertainty in water demand
due to population growth and socio-economic development.
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