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valuation and management
. Background

The theories and insights of ecological science have already
risen in the last century but somehow they are shunned in terms of
olving urban environmental problems (Grimm, 2008). However,
n the face of eco-environmental problems caused by urbaniza-
ion, the ecological perspectives and ad-hoc solutions have been
ighlighted and matured over the last decade. Recently, increasing
umbers of ecologists have collaborated with other scientists, plan-
ers, and engineers to evaluate and even regulate urban ecosystems
nd the associated economic activities (Fath and Müller, 2010; Chen
nd Chen, 2012; Chen et al., 2014a). Cities themselves can rep-
esent microcosms of global environment change, making them
nformative test cases for understanding socio-ecological system
ustainability and the regulation and management of human per-
urbations (Wang and Yan, 1998; Wang et al., 2011; Chen and
ang, 2013). Using appropriate methods and indicators based on

nterdisciplinary effect of modeling and assessment is one of most
mportant paces to do so (Jørgensen et al., 2005; Müller and Lenz,
006).

To learn from the insights of global cities, share best prac-
ices internationally, and discuss how cities and regions can play
leading role in creating a sustainable society, we co-organized

he International Workshop on Ecological Modelling for Low Car-
on Cities & ISEM-Pacific Annual Meeting in Beijing during March
9th–20th, 2013 as an attempt to provide a forum to discuss and
dvance issues relevant to theories, methodologies and cases of
rban and regional sustainability and their relevance to ecological

ndicators.
Meanwhile, to solve the ecological and environmental issues

f coordinated urban-regional development, we also invite some
esearch groups to explore the integrated water resource manage-
ent of the river basin based on the current research of observation,

xperiments, simulation and scenario analysis in the “Heihe River
asin Major Research Plan” supported by the National Natural
cience Foundation of China. Led by the principal investigator,
rof. Xiangzheng Deng, the National Major Scientific Research Pro-
ram, entitled “Decision Support System for the Integrated Water
esource Management in Heihe River Basin (No. 91325302), has

hereby been launched in 2013. A conceptual framework has been
uilt by compiling water resource extended input–output (IO) table
ompilation at county level and incorporating the Computable Gen-
ral Equilibrium (CGE) model into integrated water management

ttp://dx.doi.org/10.1016/j.ecolind.2014.09.020
470-160X/© 2014 Published by Elsevier Ltd.
studies (Deng et al., 2014a). The compiled IO table includes
resources and environment accounts with multiple datasets which
contains the spatio-temporal data of water and land resources,
ecology, and social economy in the regional extent (Deng et al.,
2014b). By doing this, we aim to probe into the regulation meas-
ures to optimize the configuration of water resources and realize
the integration of the fundamental research innovation and the
management practice, thus providing reasonable decision support
for the nexus of water security, ecological security and sustainable
socio-economic development of cities and regions.

2. Papers in this issue

Following the theory-method-case paradigm, we propose four
subsections composing the special issue as below:

(1) Theories and metaphysics
Kennedy et al. (2014) introduce a new multi-layered indi-

cator set for urban metabolism studies, which is designed to
gather information on the definition, biophysical characteris-
tics, and metabolic flows of megacities. The role of utilities
in the provision of services and regulatory actions that, along
with public governance, may influence (and/or control) the
urban metabolism is also addressed. Two methodologies to
define megacity boundaries are compared, showing that further
investigation is needed to establish a baseline for compari-
son of urban metabolism data. Zucaro et al. (2014) evaluate
the interlinkages and synergies among different resources and
performance patterns in the city of Rome by means of decompo-
sition equations in order to identify the major drivers of change
in the investigated period as well as future low-resource sce-
narios. The effects associated with the emissions are evaluated
with a special focus on global warming and acidification poten-
tial. The changes in the urban metabolism occurred are also
analyzed considering the variation of different inputs neces-
sary to drive the city, indicating that the increased fraction
of imports are the major drivers of such unsustainability pat-
tern. Feng et al. (2014) focused on the spatial distribution of

production activities leading to CO2 emissions across China
as a consequence of final consumption in four Chinese mega
cities including Beijing, Shanghai, Tianjin, and Chongqing. The
outsourcing research based on multi-regional input–output
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analysis show that urban consumption not only causes a large
amount of emissions within its territory, but also imposes
even much more emissions to its surrounding provinces via
interregional supply chains. Regarding the key role of urban
consumption in climate change mitigation, it is suggested to
better inform such policies for cities to use consumption-based
emission accounting allowing them to recognize and reduce
carbon emissions within city boundaries and along the global
supply chains at least costs. Shao et al. (2014a) proposed a com-
prehensive framework with a systems method as a combination
of process and input–output analyses to analyze the embod-
ied ecological elements as natural resources and environmental
emissions of wastewater treatment. Two representative eco-
logical elements, i.e., greenhouse gases emissions and solar
emergy of alternative wastewater treatment systems, i.e., a
traditional activated sludge wastewater treatment plant and
a constructed wetland have been taken into consideration.
Five ecological indicators have accordingly been calculated
and compared to assess the impact on climate change and
resources utilizing style of the case systems. Zhao et al. (2014)
explored the influencing factors of population, affluence, urban-
ization level, and diet structure on agriculture products-related
water footprint change based on an extended STIRPAT model.
Empirical results reveal that the all the examined factors as
positive driving forces have pushed forward Chinese agricul-
tural sector water footprint. Furthermore, the absolute values of
normalized coefficients indicate that population has the largest
positive contribution to increase the Chinese agricultural water
footprint. Based on the Multi-Scale Integrated Analysis of Soci-
etal and Ecosystem Metabolism (MuSIASEM), Mayumi and
Giampietro (2014) outline a general energy accounting scheme
and its indicators to go beyond the traditional monistic method-
ology, characterizing the performance of the energy and mining
sector as an elaboration of the supply side of energy account-
ing. A general energy accounting scheme and its derived set of
indicators is then analyzed to examine the basic assumptions
and energy transformation process using the flow-fund repre-
sentation originally developed by Georgescu-Roegen. Arodudu
et al. (2014) combine GIS with life cycle assessment methodolo-
gies to identify and estimate bioenergy potential of green roofs
and other bioenergy options within urban areas. Net Energy
Gain (NEG) and Energy Return on Energy Invested (EROEI) are
used as thermodynamic indicators to assess the sustainability
of bioenergy sources within urban built-up spaces by com-
paring their energy efficiencies and their contributions to set
renewable energy targets in one frame. The conversion factors
and assumptions used in the course of estimating the bioen-
ergy potentials are expected to be further applied in other
regions with similar urban patterns and social arrangements.
The findings show that biomass flows from urban settings
might be capable of playing significant roles in meeting local
energy demands, and renewable energy/carbon emission tar-
gets, depending on the peculiarities of the local or regional
energy landscape in focus. Fang et al. (2014) investigate the
socio-economic water system using network analysis devel-
oped originally for ecosystems, providing a novel perspective
and methodology for assessing the structure and efficiency of
water utilization system with a whole perspective. Structural
and throughflow indicators, such as Finn Cycling Index. (FCI),
Indirect Effects Ratio (IER), and Aggradation are devised to
describe the water utilization in different perspectives of the
system’s efficiency change over time. A case study of Heihe
River Basin demonstrates that the structure has influenced the

cycling and indirect flows, while from a throughflow perspec-
tive, the system depends on large boundary inputs of fresh
water.
ators 47 (2014) 1–4

(2) Methods and metrics
Bae et al. (2014) examine community concordance among

diatoms, macroinvertebrates and fish in minimally disturbed
streams on four nested spatial scales in Korea, thus contribut-
ing to the study of the metrics for sustainable urban ecosystem
evaluation. The results based on non-metric multidimensional
scaling show that diatoms, macroinvertebrates and fish dis-
played consistent patterns that are strongly structured along
an altitude gradient at the national scale. Also, community con-
cordance among diatoms, macroinvertebrates and fish would
be different according to spatial scales and even in the same
scales and that use of a representative taxon to assess ecological
integrity should be applied with caution. Li et al. (2014a,b) put
forward measurement of ecosystem services including space,
time, equivalent, pattern and order metrics for urban areas. Case
studies of urban land evaluation, ecological space accounting,
water and energy equivalents assessment are also performed
for Changzhou city of China. Zhang and Chen (2014) present
a detailed bottom-up estimation and comparison analysis of
China’s CH4 and CO2 emissions, figuring out that China’s CH4
emissions are of comparable importance to the CO2 emissions
at the national and regional levels, and there are remark-
able regional disparities on the potential reduction capability
of greenhouse gas emissions among the eastern, central and
western regions. Yao et al. (2014) propose a metric of effec-
tive green equivalent (EGE), which is defined as the area of
green space multiplied by corrected coefficients of quality and
accessibility. Two city-level indicators are also developed for
Beijing, confirming that the EGE values of local individual resi-
dents follow a normal distribution. Han et al. (2014a,b) propose
the concept of complex ecological niche (CEN) involving three
groups of key elements, i.e., natural environment, economy
and social culture, and design an indicator system for the
urban population with three sub-CENs as second-level indi-
cators, and another indicator evaluating the balance degree
among three sub-CENs. A case study of 220 Chinese cities
during 2000–2011 implies that there is a threshold in the
development process of the CEN, which differentiates the neg-
ative and positive impacts upon urban agglomeration. Dean
et al. (2014) establish an indicator framework for evaluating
business parks, within which four categories are relevant to
their success: Environment, Facilities, Business Synergism, and
Green Image. Considering the Eco-smart Corporate Communi-
ties that have incorporated environmentally friendly practices
into their design and operations, an Expanded Business Opera-
tions Model is conceptualized to describe these communities
with the ultimate goal of positively impacting the local and
larger communities. To provide new evidence in favor of EKC
hypothesis that claims a trade-off between growth and environ-
mental quality at least in the short-run, Tan et al. (2014) conduct
a study for Singapore by analyzing the data on CO2 emissions,
energy consumption and per capita GDP for 1975–2011 by
means of cointegration and causality technique, which indi-
cates that a significant rise in CO2 emissions as GDP rose over
the years confirming a short-run trade-off between environ-
ment and growth. The causality analysis further proves that CO2
emissions indeed have caused decline in Singapore’s growth,
manifesting that strict regulatory regimes on environmental
protection in the city-state should remain in force. Based on a
global multi-region input–output model, Yu et al. (2014) assess
the unequal exchange between China and the rest of world (186
countries) using value added and four environmental indica-
world and find that, developed regions externalize environ-
mental impacts through importing goods produced in China. By
contrast, less developed regions, such as Southeast Asia, South
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Asia and Africa, export large quantities of goods and associated
SO2 and CO2 emissions, land and water to China, but only gain
relatively small shares of economic values in exchange.

3) Real cases
Li and Chen (2014) employ a hybrid method to evaluate

the water footprint of gaming industry in water scarce Macao,
based on the latest statistics and most exhaustive embodied
water intensity databases. The case shows that direct water
use only accounts for extremely small fraction of the gaming
industry‘s water footprint, implying that the exchange of water
embodied in product and service between different sectors is
a useful mean to satisfy individual sector’s demand for water
resources. Li et al. (2014a,b) take the inner city of Shanghai as
a case and investigate the discrepant impacts of land use and
land cover on surface temperature (LST). The key factors affect-
ing urban LST are found to be not only land cover patterns,
but also other anthropogenic forces. Meanwhile, at fine spatial
scales, information on land use is more meaningful than that of
land cover to quantify the impacts of urbanization on ecosys-
tems. Han et al. (2014a,b) made efforts to analyze the structure
engineering of the landmark buildings in Beijing through a
series of emergy-based indicators to reflect its eco-efficiency
and the role of commercial construction engineering in urban
economy. The results show that, even though a low depend-
ence on local renewable resources and a heavy environmental
stress on the environment are observed in the case engineer-
ing, its renewability still can be improved through some specific
measures such as manufacturing process improvement and
raw material source adjustments. To appraise the ecological
performance of integrated biogas system, Wu et al. (2014a,b);
Chen et al. (2014b) undertake an emergy accounting for a typ-
ical pig–biogas–fish system in Hubei province of China. The
case study reveals that in a 20-year designed lifetime sce-
nario, nearly 95% of the total emergy inputs for the investigated
system are attributed to purchase social resources. Compared
with the Chinese conventional agriculture system, the inte-
grated biogas system shows a higher sustainability. Guo et al.
(2014) employs an ecological input–output model to reveal
the impact of domestic consumption and international trade
on cultivated land distributions in China during 1987–2007.
According to the high-sectoral-resolution dataset, Agriculture
and Food Processing are identified as the two key sectors that
contribute the largest volumes of embodied cultivated land to
meet household food demand in 2007. When China is shown to
be a net embodied cultivated land exporter throughout the con-
cerned years, the variation of embodied cultivated land balance
is closely related to the country’s international trade pattern. To
assess the ecological risk and to understand the transport pro-
cesses of heavy metals in an agricultural ecosystem, Liu et al.
(2014) investigate the concentrations of heavy metals in agri-
cultural soils (As, Cd, Cr, Cu, Mn, Ni, Pb, Zn) and in wheat plants
at different stages of growth (Cd, Pb, Zn) near the Fengfan lead-
acid battery factory in Baoding city of China, showing that the
potential health risks due to the cumulative risk of all heavy
metals through the consumption of wheat berries exceed unity
for rural inhabitants but not notable for urban inhabitants.

4) Others
Wu et al. (2014a,b); Chen et al. (2014b) use SPOT-VGT

imagery to monitor vegetation cover change in the Poyang Lake.
Using Normalized Difference Vegetation Index (NDVI) as an
indicator to reveal vegetation change of the wetland, the corre-
lation coefficients between a time series of NDVI and different

types of migratory birds are obtained. The results demon-
strate that wetland is positively correlated with bird population
of all species, while cropland is negatively correlated. Han
et al. (2014a,b) adopt a bibliometric approach to quantitatively
tors 47 (2014) 1–4 3

evaluate global scientific research on hydropower sustain-
able development with a long time span ranging from 1991
to 2012. By synthetically analyzing the keywords, the domi-
nant hotspots of hydropower sustainable research are found
to be “Turkey”, “Eco-”, “Small hydro-”, and “Fish”. Along with
a comparable number of publications to the United State, the
keyword “Turkey” has exhibited a notable increase since 2000,
revealing its predominance in the research of hydropower sus-
tainable development. Shao et al. (2014b) present the analytical
procedures for determining the key quantity of Taylor disper-
sivity for typical wetlands with free water surface, respectively
as the steady flow wetlands, tidal flow wetlands, and the
two-layer flow wetlands. Critical length and duration of the
contaminant cloud in the steady flow wetlands are analyzed
based on the obtained Taylor dispersivity. Results show that in
contrast to the temporary, localized influence of COD on water
quality, the heavy metal Pb can give rise to more severe dam-
age. Wang et al. (2014) analyze the environmental dispersion
in a three-layer wetland in terms of the longitudinal evolution
of the lateral mean concentration. An environmental dispersion
model for the mean concentration in the three-layer wetland is
set up as an extension of Taylor’s classical formulation. The ana-
lytical results illustrate the effect of dimensionless parameters
on the environmental dispersivity. Other related indicators for
urban water quality assessment in three-layer wetlands, i.e., the
critical length and duration of the contaminant cloud of typical
contaminant constituents are also characterized.

The Guest Editors would like to express their high appreciation
to the authors and reviewers for their great contribution to this
special issue.
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