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Situations, challenges and strategies of urban water

management in Beijing under rapid urbanization effect

Wen Liu, Weiping Chen, Qi Feng and Ravinesh C. Deo
ABSTRACT
As the capital and a major political hub for China, Beijing has undergone a rapid urbanization effect

with significant population growth in recent years. At the same time, Beijing has also been suffering

from severe water problems such as water scarcity, urban flooding and other issues related to water

pollution. These have increasingly generated severe water problems and stymied the pace and scope

of sustainable urban development. The critical challenges faced by water resource administrations

pertains to the issues of sustainable management of water resources and the relevant actions to be

put in place in order to address these water-related problems. In this study, the current water

situation of Beijing is described in great detail focusing on water resource amounts, water supply,

water consumption and water pollution changes analyzed from historical to recent years. The

challenges of Beijing urban water management systems are also analyzed to offer possible solutions

in light of the current trends. Finally, a number of useful strategies and action-oriented measures

are provided for Beijing’s urban water resource administration to assist them in overcoming the

current water management challenges and for them to move towards a more sustainable

developmental city.
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INTRODUCTION
Water is a fundamental resource for the social and econ-

omic development of all major and minor cities (Sun et al.

). A rapid urbanization process is expected to lead to a

series of water problems, such as water resource scarcity,

flooding and waterlogging and water environment pollution

in most urban areas. These issues have drawn increased

public attention and produced significantly difficult chal-

lenges for urban water resources management (Bonta

; Apel et al. ). With the projected increase in urban-

ization, the underlying surface conditions have been

changed by several factors (such as land use and cover

change, which in turn can potentially disturb the natural

hydrological cycle), which is likely to cause localized flood-

ing and non-point pollution of receiving waters (Du et al.
; Suriya & Mudgal ). Moreover, climate change is

also expected to generate additional stress on aging water

infrastructure mainly due to changes in precipitation pat-

terns leading to more extreme events such as flooding and

drought events (IPCC ). Simultaneously, the increase

in urban population and expanded business activities may

also lead to a dramatic increase in water consumption,

which can result in contradiction in water resource supplies

and an intensification of demand, mainly in urban areas

(Jenerette & Larsen ). Compounding this effect is also

the possible deterioration of urban water pollution control

and a decrease in the quantity of safely available water

resources for human use (Liang ). As a consequence of

these, sustainable urban development is likely to be
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hampered by the increasing tendency of severe water

problems especially in moderate to large urban cities such

as Beijing.

A comprehensive understanding of urban water systems

is a major foundation for formulating urban water manage-

ment strategies (Mitchell ). Three primary components

of urban water management systems can be denoted as:

the water supply, wastewater disposal and stormwater drai-

nage (Heaney et al. ). Conventional urban water

management aims to meet the water supply and demand

and drain stormwater and wastewater away from cities

(Makropoulos et al. ). However, stormwater and waste-

water are increasingly being regarded as valuable resources

that need to be recycled and reused as a goal to make urban

cities more sustainable (Tong ). Therefore, an integrated

system put in place for the water supply, wastewater reuse,

and reduction in stormwater discharge into a sustainable

water management system are much needed in both devel-

oped and developing nations (Mitchell et al. ).

In general, the major urban water management strat-

egies used in urban cities are classified into sustainable

urban water management (SUWM) and integrated urban

water management (IUWM) systems. SUWM is a proactive

approach characterized by integrated water supply, waste-

water and stormwater management systems, which aims to

manage urban water resources to generate more benefits

for the residents (Heaney et al. ; Marlow et al. ).

Moreover, IUWM is a proactive approach implemented

for the management of urban water systems with a clear

view to minimize their impacts on the water environment,

through a reduction in the consumption of water resources,

and a consequent decrease in the discharge of treated waste-

water into the natural water systems (Alwi et al. ).

IUWM, on the other hand, is concerned with a general tran-

sition towards a more sustainable solution for water,

sewerage and stormwater systems (Wilcox et al. ).

In accordance with the trends of recent urbanization,

rapid social and economic development within the city of

Beijing has culminated a series of water-related issues,

such as water scarcity, flooding and water pollution (Liu

& Speed ). However, despite the urgency, adequate

and effective solutions for Beijing’s water problems have

not yet been determined (Li ). Previous research on

urban water management in Beijing has mainly focused on
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water supply networks, water pollution control and waste-

water treatments (Yang & Abbaspour ; Zhong et al.

). Considering the paucity of investigations on these

very important issues, more comprehensive studies that ana-

lyze the holistic situation of Beijing’s water resources and

the underlying challenges faced by water resource auth-

orities drawn from the experiences of advanced

management strategies not yet applied in the current study

region are necessary to increase the scope of and to improve

Beijing’s overall water management.

In this paper, we provide a detailed overview of the

changes of water resources amounts, water supply, water

consumption and water pollution situations in Beijing in

recent years. Furthermore, careful attention is also paid

towards analyzing the current challenges in Beijing’s water

management strategies. The study then proposes a number

of key strategies and action-oriented solutions for urban

water resource administrations to assist them in overcoming

the current water challenges and for moving towards greater

water-savings and more sustainable water resource develop-

ment within the city of Beijing.
WATER RESOURCE SITUATION IN BEIJING, CHINA

Water resource scarcity

Beijing is located in the northern part of the North China

Plain (i.e., E115�250–117�300, N39�260–41�050) and this

region belongs to the Haihe River Basin. Its total land

area is around 16,416 km2, among which almost

10,014 km2 (or about 61%) forms the mountainous area

and about 6,402 km2 (or about 39%) is the plains area.

This region has a typical monsoon influenced by semi-

humid continental climate with an annual mean tempera-

ture of 13.1 �C and an annual mean evaporation of about

980 mm (Wei ). Surface water, surface water inflow,

and groundwater comprise the whole water resource

system of Beijing (Ma ). In recent years, with the increas-

ing population and a significant degree of climatic

variability, the water scarcity condition in this city has

become more severe.

As the capital of China, Beijing is one of the world’s

ten largest cities with about 21.148 million residents, and
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it is also one of the most water-scarce cities in the world

(Wang & Wang ). The available water resources in Bei-

jing mainly consist of surface water and groundwater,

which are about 0.645 Gm3 and 1.38 Gm3 respectively, and

together, this adds up to 2.025 Gm3 in 2014, which is

almost 15% less than the average annual water resources

since 2001 (2.39 Gm3) (BWA (Beijing Water Authority)

, ). The per capita water resources of Beijing were

94 m3 in 2014, which was only four-hundredths that of

China (2,200 m3) and three-hundredths that of the world on

average (3,000 m3) (Wang et al. ). Notably, this is far

below the internationally recognized lower limit (of about

1,000 m3/capita according to Falkenmark et al. ()).

Precipitation is the main source of surface water and

groundwater replenishment. The average precipitation of

Beijing during the past 60 years (i.e., 1951–2010) has been

about 585 mm (Zhai et al. ). About 80% of the annual pre-

cipitation occurs from June to September, and thus, flooding

events frequently occur in thewet season (Liu et al. ). The

average amount of precipitation inBeijing is around547 mm/

year. It is important to note that the observed precipitation

has shown a declining trend from 1964 to 2014 (Figure 1).

This indicates that the available water resources of Beijing

have, in fact, decreased in recent decades.

Besides precipitation as a major source, surface water

inflow is also a major main source of surface water in the

city of Beijing. In this city, there are four river basins

(known as: Jiyun River, Chaobai River, Yongding River and

Daqing River) with their main river streams flowing through
Figure 1 | The observed precipitation in Beijing from 1964 to 2014.
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the region, except for the Beiyun River Basin (Tisherman

). In this context, the changes of freshwater resources in

Beijing mainly depend on surface water inflow from the

upstream areas of the river basin (Ma ). Average annual

surface water inflow of this region was about 1,531.7 Mm3,

with the highest value of 4,334.3 Mm3 in 1964 and the

lowest value of 260 Mm3 in 2002 (Ma ). As precipitation

has been lower than the annual mean value in recent years

and due to the large demands for water in upstream regions

for social and economic developments, the surface water

inflow into the Guanting and Miyun reservoirs has exhibited

a reduction in its overall trend.

Groundwater is the major source of water supply for

Beijing, and accounted for almost 52% of water supply in

2014 (BWA ). The amount of renewable groundwater

is recovered by the aquifer in Beijing, and it mainly depends

on precipitation amounts (Sun et al. ). However, it is

noteworthy that groundwater infiltration has exhibited a

declining trend because impervious surfaces have poten-

tially been increasingly building up, which is likely to

hinder the infiltration of rainfall (Chithra et al. ). Mean-

while, groundwater has been over-used due to massive water

consumption by municipal and industrial activities (Nie &

Schilling ). Therefore, the abstraction of groundwater

is expected to be greater than the replenishment of the aqui-

fer, thus resulting in a decline in the groundwater table

(Figure 2). The average groundwater level of the plains
Figure 2 | The changes in groundwater table in the plains area of Beijing from 2000 to

2014.
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area in Beijing was about 25.66 m at the end of 2014, which

exhibits a decrease of 13.78 m compared with that at the end

of 1998. Correspondingly, there has been a reduction in

groundwater storage to an amount of about 70.6 Gm3

(BWA ).

Considering the above analysis, it is ascertained that the

composition of Beijing’s water resources (i.e., surface water,

surface water inflow and groundwater) have all exhibited

significant decreases in recent years, resulting in the scarcity

of water resources for this major socio-economic and politi-

cal hub of China.

The contradiction between water supply and

consumption

Rising population and urbanization coupled with climate

change is expected to reduce urban water supply in devel-

oping countries (O’Hara & Georgakakos ), and China

as a major growing world economy is no exception. Con-

sidering the limited freshwater resources, a large amount

of water demand may then cause intensive water allocation

conflicts among different water sectors (Aheeyar et al.

). From the structure of the water supply sources, the

major water supply source for Beijing’s municipality is

groundwater, and the secondary supply source is surface

water and reclaimed water (Figure 3). From 2005 to

2014, the percentage of groundwater supply amounts

accounted for a total decrease in water supply from

about 77% to 52%, and the percentage of surface

water and rainwater and reclaimed water increased

from about 17% to 23% and 6% to 23%, respectively

(BWA ).
Figure 3 | The percentage composition of Beijing water supply sources: (a) year 2005 and (b)
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Therefore, in the last 10 years, the traditional water

supply sources such as the groundwater supply have con-

tinuously decreased, and the new water supply sources

such as reclaimed water have increased rapidly.

Although the available water resources in the Beijing

area have a decreasing trend, water consumption is rapidly

increasing, primarily attributable to the increase in popu-

lation (Bao & Fang ). It is important to note that water

consumption in Beijing was about 3.75 Gm3 in 2014,

which included about 1.70 Gm3 for residential uses,

0.82 Gm3 for agriculture uses, 0.51 Gm3 for industrial uses,

and 0.72 Gm3 for environmental use to account for about

45%, 22%, 14% and 19% of the total water consumption,

respectively (BWA ). As indicated in Figure 4, the total

amount of water use has decreased from 2001 to 2014,

while the amount of water used in agriculture and industries

has decreased gradually, and the amount of domestic

water and environmental water has increased rapidly.

Interestingly, domestic water use has increased by about

41.7% from 2001 to 2014. During the same period, environ-

mental water consumption has increased from about

0.3 Gm3 to 7.2 Gm3 (BWA , ). Therefore, in light

of this evidence, it is reasonable to conclude that the contra-

diction between declining water supply sources and rising

water consumption has been intensified in the city

of Beijing.

Frequency of urban flooding and waterlogging events

Nowadays, flooding and waterlogging has been a frequently

occurring disaster in mega-cities (Jha et al. ). Urbaniz-

ation generates a large area of impervious surface, which
year 2014.



Figure 4 | The water consumption amounts of Beijing from 2001 to 2014.
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can hinder the rainfall infiltration process, and increase the

stormwater runoff and accelerate the flow concentration

process, thus resulting in frequent flooding events in urban

areas (US EPA ). In recent years, flooding and waterlog-

ging events have frequently occurred in Beijing urban areas.

For example, on 21 July 2012, Beijing experienced a most

severe storm event with 150 mm of rainfall, which was

one of the heaviest storm events in Beijing in the past

60 years (Grumm ). The flooding claimed 77 lives,

affected about 1.6 million people and caused a direct econ-

omic loss of about 11.6 billion yuan. Besides the 2012 ‘7.21’

event, Beijing has experienced 17 heavy storms during

the recent 10-year period (Li ). Therefore, for this impor-

tant city, it remains a great challenge to mitigate severe

flooding and waterlogging problems caused by such storm

events.
Figure 5 | River water quality of the Beijing region from 2002 to 2014.
Water pollution and water environmental deterioration

Water pollution reduces the supply of potable water, which

in turn can cause water shortage, and ultimately lead to

water crisis (Gleick ). Due to a huge amount of waste-

water and pollutant discharge, river water in the study

region has gradually been polluted since the 1980s (Hu &

Cheng ). Because of the deterioration of water quality,

the Guanting Reservoir has not been used as a source of

potable water for Beijing since 1997 (Xue et al. ). In

recent decades, surface water pollution has increasingly

been expanded and aggravated. According to the standards
://iwaponline.com/ws/article-pdf/19/1/115/507146/ws019010115.pdf
of the Environment Quality Standard for Surface Water (GB

3838–2002) (SEPA ), the river water quality of the

Beijing region was assessed and classified. Figure 5 indicates

that the proportion of river water quality classified as Grade

II–III was about 65.1% (∼592.9 km river course length) in

2002, which decreased to about 48.8% (∼1,147.3 km) in

2014. In contrast, the water quality of river course classified

as Grade V was worse by about 26.7% (∼286.6 km) in 2002,

which increased to about 41.6% (∼979.0 km) in 2014 (BWA

, ). For the shallow groundwater aquifer, around

48% (∼3,058 km2) of the plains area was classified as

Grade IV–V in 2014, which meant that this water was

only suitable for industrial and agricultural uses, respect-

ively. In contrast, the quality of deep groundwater was in

fact better. Importantly, only 761 km2 of deep groundwater,

accounting for about 22% of the monitored area, was classi-

fied as Grade IV–V in 2014 (BWA ). The expansion

of water pollution thus decreased the available water

resource and therefore, has aggravated the water crisis in

the Beijing region.
Proportion of wastewater treatment and reclaimed

water reuse

Wastewater associated with discharged pollutants appears

to have put a great pressure on Beijing’s overall water

environment (Ma ). In 13 years, the amount of
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wastewater discharge has exhibited an important increase of

18.6%, namely from about 1.362 Gm3 in 2001 to 1.615 Gm3

in 2014 (BWA , ). With an increasing awareness of

public health risk arising from the polluted water, the con-

struction of wastewater treatment plants has been on the

agenda of the government authorities of Beijing. Nowadays,

Beijing has 15 central municipal wastewater treatment

plants, and more than 300 small decentralized plants (Yi

et al. ). By 2014, about 86% of Beijing wastewater was

being treated and about 14% of that wastewater was dis-

charged into rivers without any treatment (BWA ).

As the urban water shortage increases and water purifi-

cation technologies become more advanced, wastewater

reuse has been increasing for a variety of purposes, such

as toilet flushing and grassland irrigation (Chen et al. ).

Subsequently, the Beijing authorities are attempting to gen-

erate reclaimed water as an important component of the

urban water management scheme. Wastewater reclamation

has been actively promoted by the BWA since the beginning

of this century (Yi et al. ), which has led the annual

reclaimed water reuse in Beijing to rise rapidly from about

210 Mm3 in 2003 to 860 Mm3 in 2014. Importantly, this

has accounted for about 23% of the total water supplies in

2014 (BWA , ) and consequently, the reclaimed

water has become an important substituted water supply

source for non-potable water consumption purposes in the

city of Beijing.
CURRENT PROBLEMS AND CHALLENGES OF
WATER MANAGEMENT IN BEIJING

The rapid urbanization of the city in recent years has

brought new challenges to Beijing’s water management.

Urban residents no doubt need a safe supply of sufficient

clean drinking water, which has led to an increase in

water demand on one hand, but the other hand, surface

water has decreased, urban groundwater has been subjected

to contamination and the wastewater needs to be treated,

while stormwater has to be managed in a proper way

(Schirmer et al. ). Considering these pertinent issues,

some of the major problems and challenges existing in

Beijing’s water resources management sectors include the

following:
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(1) BWA is the key agency for integratedwater resourceman-

agement inBeijing. There are different departments under

the management of BWA, each of them with their own

functions such as water supply, water drainage, water-

saving, project construction and so on. After its foun-

dation, every district of Beijing also correspondingly set

their District Water Authorities (DWAs) to manage

water-related issues. Although several attempts have

beenmade to implementwatermanagement plans, thepre-

cise duties of urban water management are implemented

by several different departments, such as the water

bureau,municipal department and the environmental pro-

tection bureau. Therefore, there exists no special

mechanism to guide different departments responsible

for water administration in cooperation and coordination,

which may lead to a weakening of government manage-

ment functions, structures and the underlying processes

in terms of management efficiencies (Howe et al. ).

(2) With rapid urbanization and climate change in action,

the main water supply sources of Beijing have decreased

gradually, thus the sustainable management of water

supply has continued to face challenges in recent

years. Importantly, the available water resources such

as surface water and groundwater continue to decrease

and get polluted, leading to increasingly severe water

scarcity and supply–demand contradictions (Sun et al.

). Simultaneous with this issue are the urban flood-

ing and waterlogging problems that frequently occur

due to a large amount of stormwater runoff without

reasonable regulation (i.e., the measures for stormwater

infiltration and retention) and rainwater harvesting.

Consequently, this threatens the life-safety of residents

and causes significant property damage in the city

(Jia et al. ).

(3) Analysis of historical data shows that the price of water

in Beijing was only about 0.12 RMB (0.018 USD) from

1981 to 1991, while it increased quite significantly

from 2000 then onwards, reaching 3.7 RMB (0.559

USD) in 2004. This low price of water has resulted in

waste of scarce water resources. It is also true that for

a long period of time, the government did not fully rea-

lize the scarcity of water resources, and as such, did not

have a suitable concept for full cost pricing. The water

resources fee was introduced in Beijing in 2002 such



121 W. Liu et al. | Situations, challenges and strategies of Beijing water management Water Supply | 19.1 | 2019

Downloaded from http
by guest
on 19 October 2021
that there was a significant increment in the water price,

which reached 5.0 RMB (0.756 USD) in 2014. However,

the water price was still lower than in the other mega-

cities in the world (Chen & Yang ).

(4) The degree of water scarcity especially for the local resi-

dents is not clear and wastewater and rainwater have

been considered unusable, and thus returned as dis-

charge to the streams out of the city. As such,

sufficient reuse and harvest mechanisms have not been

implemented as substitutes for potable water. In fact,

the results obtained from questionnaires by Fan et al.

() indicated that about half of the citizens in Beijing

were not in the habit of utilizing water-saving measures,

and that they did not have much access to specific

measures for water-savings, leading to their failing to

undertake actions for the reuse of water in the city.

(5) The current Water Resources Management Regulations

in Beijing were in fact issued originally in 2004 (BWA

), and the regulations are not expected to meet the

precise needs of the Strictest Administration of Water

Resources (which put emphasis on allocation, conserva-

tion and protection of water resources, and stringently

enforced controlling total water consumption, improving

water-use efficiency and limiting pollutant discharge) in

the current period (Fan et al. ). To counteract this

challenge, more stringent regulations including river

and lake management, guidelines for water supply in

urban areas, water-related environmental protection,

and sewage treatment should also be incorporated in

the legislation in force in order to establish new legis-

lation that can effectively govern water resource

management in Beijing. In addition to such measures,

more effective policies for incentivizing wastewater

and rainwater reuse practices should be implemented

including subsidies, incentives and penalties.
EFFECTIVE STRATEGIES AND POTENTIAL
SOLUTIONS FOR BEIJING’S URBAN WATER
MANAGEMENT

In practice, current urban water management is strongly

related to three pivotal aspects: prevention of floods,
://iwaponline.com/ws/article-pdf/19/1/115/507146/ws019010115.pdf
ensuring the balance between water supply and water

demand and protecting the water-related environment. In

light of this viewpoint, Beijing’s water resource adminis-

tration needs to focus more effectively on coordinating

different administrations of water resource management

strategies, including the adjustment of the water price sys-

tems, improving the water use efficiency and water-saving

practices, mitigating potential flooding and non-point-

source pollution, stimulating wastewater reuse and rain-

water harvesting, and strengthening the institutional

systems and construction of policies for water management.

Developing the framework for SUWM

Based on the current water management system, water

resource administrations need to promote the efficiency

level of water resource management systems through

SUWM strategies. According to the framework for SUWM

proposed by Bai & Imura (), four useful strategies (i.e.,

supply management, demand management, efficiency man-

agement and emission management) can be better adopted

to achieve sustainable management of the water resources

of a certain city (Figure 6). Each management strategy is

expected to target the maximization of water resource

inputs, keeping water demand within the scope of water

supply capacity, maximization of the water use efficiency

and limiting the discharge of water and related pollutants

in the water environment (Bai & Imura ).

Coordinating different administrations of water

resource management

There are different departments in BWA that have the duty

to implement Beijing’s water management plans, with each

of them having their own functions such as water supply,

water drainage, water environment protection, water-

saving management, water project construction and so on

(Howe et al. ). For this reason, water resources should

be under unified management on the basis of a legislation

framework (Fan et al. ). To concur with this view, it is

recommended that BWA needs to form a coordination

department as the bridge between the other related depart-

ments in respect of water resource management. Such

coordinated efforts should also incorporate the competence



Figure 6 | A framework for sustainable urban water resources management (adapted from Bai & Imura 2001).
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of supervising and accessing the works completed by the

other departments. With such a coordinating department

that not only connects with the other departments but also

oversees the whole process being implemented, the entire

system of Beijing water resource management can perform

more efficiently. Also, an environmental department in

BWA needs to convey information from Beijing Municipal

Environmental Protection Bureau (BMEPB) to BWA to

achieve the combined management of water quantity and

water quality.

Adjusting the water pricing system

A scientific and rational water pricing system can be con-

sidered as a great way to adjust the water demand and

water supply issues, with optional water allocation and

water-saving (Convery ). As for the city of Beijing, natu-

ral water charges are part of the pricing system, which

means that Beijing does not have as much in terms of

natural water resources compared with other mega-cities
om http://iwaponline.com/ws/article-pdf/19/1/115/507146/ws019010115.pdf
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(Chen & Yang ). Compared with the other mega-cities

in the world, the annual expenditure on water and unilateral

household water prices in Beijing are the lowest, while the

ratio of the average annual household expenditure on

water to the average household disposable income is the

highest (Zhang & Brown ). Therefore, it is rec-

ommended that Beijing’s water resource administrations

should adjust the water pricing system to rationalize the util-

ization of water and to raise the awareness of water-saving

and water resource protection.

Improving water use efficiency and water-saving

practices

Faced with increasing water scarcity, it is important to

note that future urban development should shift towards

more water-efficient cities (Wang et al. ). Indeed,

water consumption patterns can vary significantly from

house to house, depending on household occupancy and

social and cultural conditions as well as on the type of
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water-consuming appliances installed in the respective

houses (Butler & Davies ). Approximately, 15–20% of

indoor water demand is actually utilized for drinking,

cooking and washing the dishes (Makropoulos et al. ).

In fact, the city of Beijing’s residential water use is about

140 L per capita per day, which compares with about

115 L in Germany, suggesting that there is still room for

improving water use efficiency in the city of Beijing.

The construction of a water-saving culture requires

greater strengthening and popularization. This is because

the Beijing government and the Beijing Water-saving

Office have the responsibility to increase the density and

intensity of water-saving publicity and promote water-

saving awareness. This can help to guide industrial, dom-

estic and agricultural water users to form the habit of

water-saving, and hence to increase water use efficiency.

In terms of the implementation, water resource adminis-

trations should look for volunteers to promote water-

saving knowledge, a basic water use condition in Beijing,

laws and regulations about water and water-saving plans

in different communities (Fan et al. ).

Widespread utilization of advanced water-saving tech-

nologies can further increase water use efficiency (Evans

& Sadler ). For domestic water, measures such as

users changing their ordinary toilets and showers into

water-saving ones is a step forward. In the process of manu-

facturing, factories should also spend money on researching

and developing new water-saving technologies, especially

avoiding pipeline leaks and applying water consumption

quotas. For gardening irrigation, advanced water-saving irri-

gation techniques such as the use of sprinkling and drip

irrigation should also be implemented widely. Moreover,

alternative water sources have to be used including

graywater, rainwater harvesting, stormwater harvesting,

building-scale treated wastewater, etc.

Mitigating urban flooding and non-point-source

pollution

Historically, stormwater was viewed as a hazard in urban

areas with complex networks of drainage infrastructure

implemented to remove surface water and transport it

away from the urban area (McGrane ). Traditionally,

to avoid loss of life and damage to property, higher drainage
://iwaponline.com/ws/article-pdf/19/1/115/507146/ws019010115.pdf
standards and larger-scale engineered drainage systems need

to be constructed and maintained to quickly and effectively

convey increased stormwater runoff from urban areas to

downstream receiving water bodies, such as rivers, lakes,

etc. ( Jia et al. ). However, it is difficult to design and

construct proper stormwater drainage systems under uncer-

tain climate change and urbanization effects (Giugni &

De Paola ). Water drainage departments should thus

consider incorporating natural ecosystems into flood mitiga-

tion and implementing new strategies such as low impact

development (LID) and green infrastructure (GI). Similarly,

hydraulic invariance principles are a good concept for flood

mitigation, namely the condition for peak flow release from

transformed areas to remain unvaried before and after land

transformation (Pappalardo et al. ).

As an effective measure of flood mitigation, LID refers

to practices that use or mimic natural processes that result

in the infiltration, evapotranspiration or use of stormwater

in order to reduce stormwater volume, control the move-

ment of pollutants, and protect water quality and

associated aquatic habitat (Coffman ). GI, on the

other hand, has emerged to be the primary term used in

the context of LID, particularly to describe the types of sys-

tems that can be used to manage stormwater in a more

natural way (Benedict & McMahon ). There are many

LID and GI facilities (e.g., green rooftops, rain gardens, infil-

tration trenches, and permeable pavements) (Coffman ).

Importantly, GI practices applied on a broad scale can help

maintain or restore a watershed’s hydrologic functions, and

as such, they have been utilized to mitigate the hydrology

and water quality impacts of urbanization (Benedict &

McMahon ).

Stimulating wastewater reuse and rainwater harvesting

It has been long recognized that integrated wastewater reuse

and rainwater harvesting can serve as a more efficient and

valuable way to cope with the scarcity of water resources

and the severity of water pollution (Dixon et al. ). In

this context, graywater, which is the wastewater generated

in household activities such as washing clothes, showering

and kitchen washing, but excluding toilet wastewater, has

lower levels of pollution. As a result, graywater is easier to

purify and reuse than the water from sewage (Makropoulos
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et al. ). Graywater systems can thus be used for toilet

flushing and lawn irrigation with individual buildings and

even used by larger neighborhoods or at community scales

(Nolde ).

Due to rainwater being relatively lightly polluted water,

filtration is usually the only necessary process prior to

storage for non-potable uses (Zhang et al. ). Rainwater

harvesting is one of the effective ways of supplementing

scarce potable water consumption in urban areas (Alade-

nola & Adeboye ). Because the temporal and spatial

distribution of rainfall in Beijing is uneven and too centra-

lized, heavy rains increase the flood risk. Therefore, the

Beijing government should highly emphasize utilization of

rainwater.

Strengthening institutional systems and policy

construction for water management

Poor policy design no doubt contributes to a wastage of

scarce water resources which can lead to exacerbated

water problems (Jiang ). In terms of institutional sys-

tems, the government of Beijing needs to legally enforce

water rights, and strive to establish institutional systems

that clearly define and regulate water withdrawal and use.

Also, the government must build basin-level decision sup-

port systems that are designed to integrate urban

hydrological processes and the socio-economic dynamics

of the water demand issue. Moreover, the related laws and

regulations and economic incentive policies for wastewater

reuse, rainwater harvesting and water-saving also need to

be quickly promulgated to facilitate and regulate these prac-

tices in a more effective manner.

Advancing urban hydrology research to provide a

fundamental framework for water management

Urban hydrology has evolved to improve the way in which

urban runoff is managed for flood protection, public

health and environmental protection (Fletcher et al. ).

Findings from a number of urban hydrological studies

based on the collection of urban hydrological data, calcu-

lations and modeling constitute a necessary foundation for

a meaningful way of water management in urban areas

(Niemczynowicz ; McGrane ). In practice, scientific
om http://iwaponline.com/ws/article-pdf/19/1/115/507146/ws019010115.pdf
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studies on urban hydrology are vital for appropriate design

of urban landscapes and civil infrastructure works (Sarma

et al. ). Despite many advances in this front, there

remains a great degree of uncertainty surrounding the

urban water cycle, rainfall-runoff response, and the impacts

of climate change, land use change and economic–social

activities on spatial–temporal structures of rainfall, natural

hydrological processes, water quality and ecosystem pro-

cesses (McGrane ). New monitoring technologies,

more comprehensive data and integrated modelling strat-

egies are urgently needed to extend our detailed

understanding of urban hydrological processes at the plot

or sub-catchment scale to the wider urban catchment scale

(Fletcher et al. ).
CONCLUSION

In congruence with the present analyses on situations, chal-

lenges and strategies of urban water management in Beijing

(a city which has undergone rapid urbanization), scarcity

of water resources, urban flooding and water pollution

have become more severe in recent years. Faced with

new circumstances and the underlying challenges, the

water resource administrations in the city of Beijing must

empower themselves to coordinate and implement

actions that integrate the concept of water management,

mechanisms, technology, economy and culture to improve

water resource management outcomes. Water resource pro-

tection should thus be regarded as the primary task to

support the sustainable development of the economy and

society. At the same time, both the government and the

water resource administrations should ensure in a compre-

hensive manner water supply safety and that the water

environment remains healthy, and that measures are put

in place to build a water-saving society. This can assist

with the promotion of rainwater harvesting and wastewater

reuse measures, including the control of flooding and water

pollution, construction of effective water institutional sys-

tems and water policies, and the advance of urban

hydrology research to emulate SUWM in this important

city in China.
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