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Abstract: The National People Congress in 2013 stated tleel n@ provide impulse and
guidance for a transformation of the Chinese remmbased cities into sustainable cities. This
paper considers the transformation path realized 8mall Chinese resource-based city in
China. The city of Jiyuan has been designatedm®dty city to explore different models of
sustainable development and has been upgraded tionila Sustainable Development
Experimental Zone. The study aims to assess itsfivamation path to a new status of
sustainability by using an indicator especiallyigeed for resource-based cities and inspired
by the Urban sustainability index. We provide amgitative analysis of sustainability’s drive
for a five-year period that covers a pre 2013 sittiaand a post 2013 period.
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Introduction

(1981-1985) objective to strengthen environmentabtgrtion firstly demonstrates [1]. Chinese

government’s willingness to improve environmentahditions have been expressed in many other cases
such as the aim of achieving energy efficiency andenvironmental-friendly society defined in thewenth
five-year plan (2006-2010) [2] or the necessitynadintaining and monitoring of growth by improviniget
environment stated in the last five-year plan (22060) [3]. However, reducing environmental impaestsle
maintaining growth remains a big challenge.

Environmental protection is a longstanding concemGhinese decision-makers as the sixth-five-ydsn p

Cities’ transformations and urbanization processrgd be regarded as relevant tools to analyzéntpacts of
growth on environment. Even though the rapid dgwslent of the Chinese economy has brought benefits f
both national and local levels, cities have plageley-role in this development. In 2010, the prtipoate
contribution to China’s GDP from prefecture-levéles and larger cities reached 61% and more ttg of
Chinese cities have adopted a resource-based gevett due to their natural endowment [4]. Thoseanrb
territories, called resource-based cities (RBCyehaportantly contributed to growth [5] as resausxtraction

and processing have sustained economic activityvelNleeless, a past lack of a sustainable resources
management is the root of a foreseeable scarcihglibe reason of an unsustainable development. RBL
have to cope with critical resource-use and enviremtal issues.

Challenges of resource-based cities became apparehe 1990's. At that time, most of researcheeren
focusing on their contribution to macroeconomic elepment without considering possible drawbackg][6,
Chinese economic development then set in motiarstoamation processes in those cities that weresitigated
by analyzing industrial sectors evolution [8,9,101R,13]. Those studies were widely based on ec@nom
factors neglecting sociological or ecological pedjves. So far, the methods most commonly used baen
both descriptive and qualitative and few quantiatstudies exist. In 1995, the World Resourcestins has
described urban sustainability indicators as tamisuring a systematic monitoring or urban enviramiade
changes [14]. According to this goal, in 2014, adidator to assess the sustainability’s drive fdin€se
resource-based cities during only one year, has bffered but there has been no specific applinatiit for
several years [15]. Consequently, the scope oflteeselied on a one-year period but not on a stert
perspective. It focused on a yearly comparisonesegal cities but not on some city’s transformatmocess
during a short period.

The study aims to assess the transformation patl @hinese resource-based city to a new status of
sustainability. We use an indicator especially glesd for resource-based cities and inspired byUtiEn
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sustainability index as this framework has beeateg: according to Chinese cities specificities [16Jorder to
accurately fit with RBC common characteristics, veere modified and extended the USI approach. Weigeo
a quantitative analysis of sustainability’s drive & five-year period that covers a pre 2013 siinaand a post
2013 period. The city chosen for the research,adiyhas been designated as a priority city to ezpldferent
models of sustainable development and has beermadpdito National Sustainable Development Experiatent
Zone. Therefore, the research aims to give a gasing analysis of the short-term state of sustality in
Jiyuan and analyze Jiyuan's local strategy and ureas

2. Methods
2.1. Methodology

The methodological approach consists in applyimgoalified USI approach in designing a proper indicab
measure sustainability in the case of resourceebeities and compute it for the prefecture-levéy af Jiyuan
for 2009, 2010, 2012, 2013 and 2014.

2.2. Data

The set of data used have been extracted from tdmedard local yearbooks provided by Jiyuan local
representatives [17,18,19,20,21]. Due to unceftsrdr inconsistence, two of the one hundred arel falues
selected had to be computed by taking the prevamasthe following values median value. We havecsete
the five following years 2009, 2010, 2012, 2013 &@d4 for several reasons: (a) data availabilify 2609
being a turning point for Jiyuan policy-making as ieportant number of children have revealed leldd
levels way above the standards [22].

2.3. Indicator

The indicator gives a yearly quantitative basebfidiyuan’s state of sustainability to understanavhhe city
has been managing its sustainability issues. We Haveloped an indicator inspired by the USI andmused

by four dimensions, twenty components and twenty-omeasures. The Jiyuan sustainability indicatonisity

is based on the Resources dimension, which has bepacially designed according to Jiyuan leading
production (lead) and other relevant measures.eBoh component, a weight has been given accorditiget
three scenarios (S1, S2, and S3). The sum of timpaoent’s weight for each scenario is equal to one.

Table 1: Jiyuan sustainability indicator

Dimension Subcategory ~ Components Measure Weight Weight Weight
(S1)*  (S2)*  (S3)*
Society Employment % of urban employment rate 50,0 0,050 0,050
Doctor resources Number of doctors 0,050 0,050 0,050
Education Middle school students in young popoitat 0,050 0,050 0,050
Pension Pension security coverage 0,050 0,0500,050
Health care Health care security coverage 0,050 ,0500 0,050
Economy Income level Income per household (yuans) 0,083 0,083 0,050
Reliance on industry ~ GDP from second sector (ghan 0,083 0,083 0,050
Capacity investment ~ GDP from service industryafys) 0,083 0,083 0,050
Environment  Quality Industrial pollution Industri@l;, discharged (tons) 0,031 0,041 0,050
Air quality Air qualified days 0,031 0,041 0,050
Wastewater Wastewater discharge per inhabitant 0310, 0,041 0,050
Agriculture Fertilizers (tons) 0,031 0,041 0,050
Urbanization Urban population Urban populatiorerat 0,031 0,041 0,050
Population Population 0,031 0,041 0,050
Mass transit usage Capacity passenger 0,031 0,04D,050
Internet access % of household access to intgrmetal 0,031 0,041 0,050
areas
Resources Energy consumption  Volume of energyuraption (tons of coal 0,063 0,043 0,050
equivalent)
Energy production Volume of energy productioméof coal 0,063 0,043 0,050
equivalent)
Lead Volume of lead production (tons) 0,063 0,043 0,050
Environmental Environmental protection investment (yuans) 0,063 ,048 0,050
protection

*S1, S2, S3 respectively corresponds to Scenar8cénario 2 and Scenario 3.

2.4. Weighted scenarios

We have developed three different weighted scesdB8a@, S2 and S3 in Table 1) to focus on the ingpaicthe
Environment and Resources dimensions. In thedgshario, all the dimensions have the same weibbteas
in the second one environment is the most weigtitednsion (33%) whereas resources only accounts 7.
In those two scenarios, Environment and Resoura@ergions account for 50% of the indicator, but the
resources dimension is more important in the finario than in the second one. In the last siceadr
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measures are equally weighted and consequentliroamental and resources dimensions accounts fitr &0
the value of the indicator. Those scenarios armitielfy environment and resources-oriented.

3. Results and discussion
3.1. Indicator values dueto different scenarios

For each year considered in the study, there isdinator variation due to the scenarios’ weight défine a
yearly difference rate indicating the rate of diffiece between the indicator values of two cons@leoenarios
(see Formula 1). The difference rate refers tofferéince between two scenarios, therefore a hiffardnce
rate means the change of weights have notably ita@dbe indicator value and consequently the citjége of
sustainability.

. 51 indicater ralus in 2000-52 indicater valus in 2009
Formulal D|fference RatQ009_51/sz: INZLCaror Palils n Malcalor Paiils N

= 100

52 indicator rafus in 2009

For the scenarios 1 and 2, the lowest differenaehes 1,6% (year 2014) and the highest 8,5% (Y&E8)2For
scenarios 1 and 3, and then scenarios 2 and é&spectively reaches 0,8% (year 2014) and 12,6% @Q&E2),
and then 0,3% (year 2014) and 2,7% (year 2010).chlamge of weights between scenario 2 and 3 have fe
impacts, whereas it as important impacts betweenasos 1 one 3. In any case, 2014 is the lesstisengear

to changes whereas 2012 is the highest. Indee2)if, lead production peaked and environmentakptioin
investment has been consequent. Consequently;riédses the score of the Resources dimension atitk so
impact of weight changes. Then, in 2014, the emvitental protection investment has been paramobet, t
reliance on the second industry has significanegrdases and the third sector proportion has isedtea
Therefore, the impact of weight changes is notigamt.
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Figure 1. Indicator value according to the three scenarios
Table 2. Yearly difference rate according to the three sdesa
Difference rate 2009 2010 2012 2013 2014
S1/S2 1,7 4,1 -4.9 -8,5 -1,6
S1/S3 -9,5 -10,2 -12,6 -8,9 -0,8
S2/S3 -2,2 -2,7 -1,6 -0,1 0,3

3.2. Indicator trend

The Jiyuan sustainability indicator’s trend is $amiin the three scenarios considered, so therdifteweights
don’t have a noticeable impact. In addition, twaiges can be pointed out. Before 2013, the indicatdues
are approximately steady whereas in 2013 it facgigréficant drop. Indeed, the Resources dimenkambeen
impacted by important lead and energy productiGsthermore the environmental protection investnies
not been that important comparing to 2012 and 2814t¢r 2013, there is an important increase ofitttkécator
value. There are three reasons for this shifttH@)Society dimension has ranked a good score yndird to the
increase of pension and health care coverage ébEtlonomy dimension has been boosted by the decofas
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reliance on second sector of industries and tharesipn of the third sector (c) the environmentakgetion has
been paramount with an increase of a factor 16 eoimg to 2009 for instance.

The indicator trend reveals two significant peri@asl supports a shift towards a more sustainablardic in
2014 supported by several dimensions.
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Figure 2: Indicator trends between 2009 and 2014

3.3. Discussion

The Jiyuan Sustainability indicator reveals a cleaimgJiyuan’s state of sustainability. Before 20Jiyuan’s
sustainability is approximately steady before 2@h8 even faces a drop in 2013. Even though loazkida-
makers’ willingness to shift towards a more susthia development model is apparent, the relianceesond
industry and lead production negatively impactdatlr value. The after-2013 period shift is supgarot only
by a linear improvement of the social componentsgine or health and pension coverage) but also Ibgsa
second-sector-dependent economy, an increase dhitlte sector proportion in the GDP, and an impurta
investment in environmental protection. Our studypports that Jiyuan has been following the pathaof
transformation towards a less resources-orientegldement. The strategy adopted relies on the tvainm
measures: (a) to reduce the importance of the sesector in the local economy and to promote thédtor
activities (b) to invest in environmental protectitb manage the issues due to a past developmdregreure
that current activities do not impact the environires they used to. The indicator is a relevanttmprovide a
comprehensive analysis but shall not be regardedvasy accurate measure. Indeed, this outlook dvoat be
relevant as the indicator shows the following wesdses (a) its value can be sensitively impacteekbgenous
facts such as, for instance, an important investrf@menvironmental protection for a year due tpraject
implementation (b) some data are flow while otrames stocks. Therefore, the indicator is a talkatoad for a
trend-perspective but shall not be consideredyeesey accurate measure.

Furthermore, the five-year perspective to analywettend might be judged as short but it is a fitsp and a
first methodology provided for RBC monitoring aetlocal-scale. The indicator value has to be cateelto the
public policies and private strategies implemerntediyuan. It can be a useful tool for policy-makév assess
their ability to foster their plans.

Conclusions

The indicator shows a positive evolution towardtamsbility: the development of the third sector thé
economy has been the major cause of economic diffietion and diversity, providing support to rewen
Meanwhile, an important investment for environménteotection took place also contributing both to
environmental sustainability and economic stren@tfith such results we may foresee an improvemerthef
environmental condition for Jiyuan and a shift todva more sustainable development path. The promobf
industrial restructuring and of third service ingtyshighlighted in the Jiyuan Implementation plan2615 are
consistent with the trend draws by the indicatdu@aThe indicator analysis could be useful foraloaecision-
makers to assess the efficiency of plans implentientfor the past few years. The indicator hasdabalyzed
by correlating local decisions or contexts. It simalt be taken as a comprehensive tool but as lathab can
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give a refreshed perspective and comparison o jdaas implementation. A further study should lbhiaved
in years to come to analyze the 13th 5-year pléatsf on the city and to have a long-term periodssess. In
addition, a similar indicator could be computedsome other RBC to analyze their potential shiftaoys
sustainability and be able to compare their stiageg

References

[1] The People’'s Republic of China. (1981)he Sixth Five-year plan (1981-1985Retrieved from
http://www.china.org.cn/english/MATERIAL/157619.htm

[2] The People’s Republic of China. (201&ey points of the 11th Five-Year PlaRetrieved from
http://www.gov.cn/english/2006-03/07/content_246529

[3] The Central Committee on National Economic &utial Development Five-Year Plan. (2018ptional
Economy and Social Development Five-Year Plan’s omenendations. Retrieved from:
http://news.xinhuanet.com/fortune/2015-11/03/c_1DPTE76.htm

[4] Lacy, P., Ding, M, Shi, M, Li, G., & Chen, X2Q13).Creating Prosperous and Livable Chinese Cities: The
New Resource Economy City Index Repaccenture & Chinese Academy of Sciences.

[5] Li, H., Long, R., & Chen, H. (2013). Economirahsition policies in Chinese resource-based cites
overview of government effortEnergy Policy55, 251-260.

[6] Xu, G. H. (1998). Industrial structure adjusmand the road of development for mining citieCinina.
China PopulationResources and Environment, 8(26-30.

[7] Shen, L., & Cheng, J. (1998). Study on the matation of coal- mining cities of Datong for thessainable
developmentJournal of Natural Resources, 13(5g-57.

[8] Hilson, G., & Murck, B. (2000). Sustainable @dspment in the mining industry: Clarifying the porate
perspectiveResources Policy, 26(4327-238.

[9] Zhang, J. X., & Guo, J. (2006). Restructurirgpeomic system in northeastern coal ciBontemporary
Economy & Management, 28(#)3-76.

[10] Wan, H., & Shen, L. (2005). Major determinatasd countermeasures for sustainable development of
mining cities.Resources Science, 27(2D-25.

[11] Mao, J. (2014). The Path Selections of theoRese-based Cities Transformation in Childernational
Journal of Financial Research, 5(2).

[12] Guan Z., & Wang J. (2012). Study on the TauriBevelopment in Transformation of Resource-Based
Cities — Take Jiaozuo as an Examphgernational Proceedings of Economics Developragist Research,
49(1),145-149.

[13] Fan, Y. X., Gao, F., & Sun, C. Q. (2004). Peridg on economy transition of nonferrous-metabueses-
based citiesChina Population Resources and Environment, 1483)87.

[14] World Resources Institute. (199%nvironmental IndicatorsA Systematic Approach to Measuring and
Reporting on Environmental Policy Performance ie fBontext of Sustainable Developmdretrieved
from: http://pdf.wri.org/environmentalindicators_ kpalf

[15] Zhang, M., Tan, F., & Lu, Z. (2014), Resoutuzsed cities (RBC): a road to sustainabilibternational
Journal of Sustainable Development and World Ecpl@d (5),465-470.

[16] Li, X., Li, X., Woetzel, J., Zhang, G., & ZhgnJ. (2014)The China Urban Sustainability Index 2013
Retrieved from: http://www.mckinseychina.com/wp-tamt/uploads/2014/04/china-urban-sustainability-
index-2013.pdf?elcb08

[17] Jiyuan Municipal Government (2010jyuan Yearbook for 200Henan People Publishing House

[18] Jiyuan Municipal Government (201Tjyuan Yearbook for 201®enan People Publishing House

[19] Jiyuan Municipal Government (2013jyuan Yearbook for 2012Henan People Publishing House

[20] Jiyuan Bureau of Statistics (2014diyuan Statistical Yearbook 201%yuan Bureau of Statistics.

[21] Jiyuan Bureau of Statistics (2013j)yuan Statistical Yearbook 2015yuan Bureau of Statistics.

[22] zhang, X., Yang, L., Li, Y., Li, H., Wang, Wnd Ye, B. (2011). Impacts of lead/zinc mining anklting
on the environment and human health in ChiEravironmental Monitoring and Assessment, 1841251 -
2273.



40

Bendayan et al/ OIDA International Journal osginable Development 09:10 (2016)



