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A simple approach to assess water scarcity integrating water quantity @msmrk

and quality
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ARTICLE INFO ABSTRACT

Article history: Water scarcity has become widespread all over the world. Current methods for water scarcity assess-

Received 21 November 2012
Received in revised form 10 May 2013
Accepted 15 June 2013

ment are mainly based on water quantity and seldom consider water quality. Here, we develop a simple
approach for assessing water scarcity considering both water quantity and quality. In this approach, a
new water scarcity index is used to describe the severity of water scarcity in the form of a water scarcity

meter, which may help to communicate water scarcity to a wider audience. To illustrate the approach,

Keywords:

Water scarcity meter
Water scarcity index
Grey water footprint

we analyzed the historical trend of water scarcity for Beijing city in China during 1995-2009. The results
show that Beijing made a huge progress in mitigating water scarcity, and that from 1999 to 2009 the blue
and grey water scarcity index decreased by 59% and 62%, respectively. These achievements were made

Beijing through great efforts of water-saving measures and wastewater treatment. Despite this progress, we

China demonstrate that Beijing is still characterized by serious water scarcity due to both water quantity and
quality. The water scarcity index remained at a high value of 3.5 with a blue and grey water scarcity index
of 1.2 and 23 in 2009 (exceeding the thresholds of 0.4 and 1, respectively). As a result of unsustainable
water use and pollution, groundwater levels continue to decline, and water quality shows a continuously
deteriorating trend. To curb this trend, future water policies should further decrease water withdrawal
from local sources (in particular groundwater) within Beijing, and should limit the grey water footprint
below the total amount of water resources.

©2013 Elsevier Ltd. All rights reserved.

1. Introduction

Water is the basic natural resources for the development of
human society, as well as for the survival of ecosystems (Oki and
Kanae, 2006; Vordsmarty et al., 2010). With rapid socio-economic
development, conflicts between water demand and supply have
become more intense; water has become a bottleneck for the
sustainable development of more and more countries and regions.
‘Water scarcity assessment has become a hot research topic in the
field of hydrology and water resources (Vorésmarty et al., 2000;
Oki and Kanae, 2006).

There are four main approaches for water scarcity assessment
(Table 1). The Falkenmark index (Falkenmark et al., 1989), Crit-
icality ratio (Alcamo et al., 2000) and IWMI indicator (Seckler
et al,, 1998) are easy to apply, but they focus on water quantity
and neglect water quality and the contribution of green water
(Savenije, 2000). Water poverty index (Sullivan, 2002) considers

* Corresponding author at: School of Nature Conservation, Beijing Forestry Uni-
versity, Qinghua East Road 35, Beijing Haidian District 100083, Beijing, China.
Tel.: +86 1062336761
E-mail addresses: water21water@yahoo.com, junguo liu@gmail.com (). Liu),

1470-160X/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016j.ecolind.2013.06.012

both quantity and quality, but is too complex to calculate and,
moreover, hard to explain. There is a clear need for a water scarcity
indicator that integrates all water resources, water use and envi-
ronmental impacts, but such an approach should be simple enough
to apply with easily available input data and should be transparent
50 as to allow easy interpretation.

Water quality or water pollution is rarely regarded as an impor-
tant factor in the water scarcity assessment (Oki and Kanae, 2006;
Vorosmarty et al., 2010). Currently, almost all widely used methods
for water scarcity assessment focus on the quantity of freshwa-
ter resources but pay little attention to water quality. However,
water pollution has become a key factor influencing sustainable
development in many countries. In China, according to the Envi-
ronmental Quality Standards for Surface Water of China, 41% of
river length and 42% of lake area did not meet general accept-
able water quality standards in 2009 (MWRC, 2009). Without
considering water quality, water scarcity is often underestimated.
In China, water quality is assessed based on a comparison of
key pollutant concentrations with water quality standards. Nowa-
days, more and more researchers call for an integrated water
scarcity assessment that combines both water quality and quan-
tity (Xia et al, 2005; Wang et al., 2006). Despite of this, the
integration of water quality in water scarcity assessment is still
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sustainability

. éerdlsmplmary Knowledge and

nstitutions for addressing sustamablhty

> i’c’hallenges ™

Global socio-environmental challengesiare complex-and intereonngeted, and they
cannot be addressetlby. individual'disciplines operating in silos, Therets a need'to
shift knowledgegeneration from disciplinary, linear ‘tree”model to interdisciplinary
‘web’ model to generate sustamability-relevant knowledge and solutions. Success:in
such an approach requires engaging multiple stakeholders right from the start and

institutions that foster interdisciplinarity.

Q Junguo Liu

WATER

Water security: Gray or green? comment

Building engineered structures, such as dams and dikes, has been the conven-
tional approach to water management. Some suggest that such “gray” infrastruc-

e e et s e On knowledge generation and use for
sustainability

challenge of building the water security of rapidly growing societies worldwide.
Manage water il'l a green Wa)' mﬂmﬂ‘xﬁ:ﬁ In order to address sustainability challenges, we posit that knowledge generation needs to move rapidly from a
i disciplinary linear ‘tree’ model to an interdisciplinary ‘web’ model. We show how such a shift is useful by looking at

wversible and has led to wide use of

By Margaret A, Palmer," Junguo Lin, > John H. Matthews? ecological restoration, and combirl . .
Musonda Mumba,* Pacle D"Odorics™s fng used (3). In the Netherlands, case studies in the context of water management.

geomorphological processes that

Palmer®, Liu*, et al. 2015. Science 349:584-585 Liu* et al., 2019. Nature Sustainability 2: 80—82.
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At REDBR

SER material and models in the two editions of National Stan-

dards for the Practice of Ecological Restoration in Australia
(McDonald et al. 2016a, 2018). Several books were influential
including Restoration Ecology: The New Frontier (Van Andel

International Standards for the Practice & Aronson 2012), Ecological Restoration: Principles, Values
e y and Structure of an Emerging Profession (Clewell & Aron-
OF BCOIOgIC estoration son 2013). Foundations of Restoration Ecology (Palmer et al.

2016), Routledge Handbook of Ecological and Environmental
Restoration (Allison & Murphy 2017), and Management of Eco-
logical Rehabilitation Projects (Liu & Clewell 2017). We have
drawn content from the editorial Ecosystem Restoration is Now
a Global Priority (Aronson & Alexander 2013), and the policy
documents Ecosystem Restoration: Short-term Action Plan of
the CBD (Convention on Biological Diversity 2016), Partner-
ing with Nature: The Case for Natural Regeneration in Forest

ABOUT  MEMBERSHIP  CHAPTERS &SECTIONS  PROFESSIONAL DEVELOPMENT  RESTORATION RESOURCE

Elshare | (w ] P [™]

Click here to download your copy of the Standards in English, Spanish, Portuguese,

Chinese, Arabic, Korean, and French. and Landscape Restoration (Chazdon et al. 2017), and Restor-
An interactive version of the Recovery Wheel is available online. The Recovery Wheel is r'ng Forests and Landscapes: The K@}’ to a Sustainable Future
also available for download on your Android device and will soon be available for the by the Global Partnership on Forest and Landscape Restora-

iPhone and iPad.

tion (GPFLR; Besseau et al. 2018). Works published in SER’s

EfFEESFFE2019FLTHNEFESESINER, 123
ANFSEERFERRWAOM, HP—FALiu and Clewell (2017)
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At REDBR

International Principles and Standards for
S E R ccolocica.  the Ecological Restoration and Recovery of
RESTORATION
Mine Site

EfrEESFFR2022F R BEIFHEM XESESNE,
EERANHENESESIES, HERNERNEHITHRE
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SOCIETY FOR
ECOLOGICAL
RESTORATION

Re Lcognitior of Eminernce in Geprys,
‘\:ﬂ/ PAUL A. WITHERSPOON LECTURE %‘

_. The Society for Ecological Restoration
8 geoese Lo

presents its

yunguﬂ ;Llu Communication Award, 2017

]
Three-dimensional Water Scarcity Assessment.

Three-dimensional Water Scarcity Assessment Dr. ]unguo Liu

A # 1 || AOVANCING
AT o

" ZHEKERFERTEMN " FIREE I S E R E S S
HHIEF=Paul A. Witherspoon “BAREIER (E(ERRHTEMEISR)
Lectured2 (HHERIZEITIMFEIZFR)
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International |

Association of |
AISH  Hydrological

Sciences

www.iahs.info

2023EE*§EEIEII3WJ<3'C$4¥T7} (IAHS) . BEXSEZEISAR
(UNESCO) HIHRS[RALR (WMO) HREIIARRIERRKIFFIE
VolkeriZE (EIfFKXEIFHAIRDZFARKRIZ)
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The Map of the Yellow River Basin
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