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Abstract: This paper develops a conceptual model and an indicator system for measuring economic resilience of resource-based cities 

based on the theory of evolutionary resilience and the related concepts of persistence, adaptation, and transformation. Nineteen re-

source-based cities in Northeast China were analyzed using the indicator system. The results showed that Liaoning and Jilin provinces 

had higher economic resilience than Heilongjiang Province. Panjin, Benxi, and Anshan in Liaoning Province were the top three cities, 

while Shuangyashan and other coal-based cities in Heilongjiang Province ranked last. Metals- and petroleum-based cities had signifi-

cantly higher resilience than coal-based cities. The differences in persistence, adaptability, transformation, and resilience among re-

source-based cities decreased since the introduction of the Northeast Revitalization Strategy in 2003. Forestry-based cities improved the 

most in terms of resilience, followed by metals-based and multiple-resource cities; however, resilience dropped for coal-based cities, 

and petroleum-based cities falling the most. The findings illustrate the importance and the way to develop a differentiated approach to 

improve resilience among resource-based cities. 

Keywords: resource-based cities; economic resilience; Northeast China 

 

Citation: Tan Juntao, Zhang Pingyu, Lo Kevin, Li Jing, Liu Shiwei, 2017. Conceptualizing and measuring economic resilience of re-

source-based cities: case study of Northeast China. Chinese Geographical Science, 27(3): 471–481. doi: 10.1007/s11769-017-0878-6 
  

 
 
1  Introduction 

Holling (1973) originally developed resilience as an 
ecological concept to describe the capacity of ecosys-
tems to persevere when subjected to disturbance or ad-
verse environmental conditions, and then many other 
disciplines have imported the concept with new mean-
ings, functions, and relevance. Resilience has attracted 
considerable attention among economic geographers as 
a conceptual tool to answer a longstanding question: 
why do some regional economies manage to renew 
themselves, while others remain locked in decline 
(Hassink, 2010)? Often termed economic resilience, the 

concept typically refers to the ability of cities or regions 
as an economic system to deal with shocks, which may 
include global economic crises, natural disasters and 
extreme weather events, environmental threats such as 
climate change and resource depletion, social and po-
litical instability, obsolete technologies, and so on (Mar-
tin, 2012; Davoudi et al., 2013; Wang et al., 2013; 
Boschma, 2015; Huang et al., 2015). Recent studies 
have adopted an evolutionary perspective of economic 
resilience (Simmie and Martin, 2010; Hassink, 2010; 
Martin and Sunley, 2015 Boschma, 2015). Rather than 
understanding resilience simply as a recovery to a 
pre-existing stable equilibrium state, the evolutionary 
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perspective argues that the constant need for economic 
renewal and change prevents economic stagnation and 
decline, even in the absence of shocks. Therefore, resil-
ience should be conceptualized as 1) the long-term ca-
pacity of cities or regions to develop new growth paths 
such as new industries or technological breakthroughs; 
and 2) the capacity to resist and recover from short-term 
shocks; and 3) the relationship between the two mean-
ings of resilience, that is, how shocks affect the capacity 
to develop new growth paths (Carpenter et al., 2005; 
Simmie and Martin, 2010; Davoudi et al., 2013; 
Boschma, 2015). Just as Folke (2010) stated, the evolu-
tionary perspective broadens the description of resil-
ience ‘beyond its meaning as a buffer for conserving 
what you have and recovering what you were’. 

Building on these theoretical debates and insights, 
empirical studies have identified various factors that 
shape economic resilience. A diversified industrial mix, 
a skilled and innovative workforce, a modern productive 
infrastructure, supportive financial systems, liberal 
market conditions, knowledge networks between uni-
versities and local economies and among companies, 
and proactive government strategies enhance resilience 
(Christopherson et al., 2010; Davies and Tonts, 2010; 
Desrochers and Leppälä, 2011; Martin; 2012; Li et al., 
2015; Boschma, 2015; Di Caro, 2015; Sensier and Artis, 
2016). However, very few studies have attempted to 
develop indicators of economic resilience. Indicators are 
important because policymakers can use them to track 
progress towards resilience and set policies that will 
facilitate progress (Milman and Short, 2008). This indi-
cates that the study of economic resilience, especially 
compared to the number of indicator systems developed 
for other kinds of resilience is requisite (Milman and 
Short, 2008; Wang et al., 2010; Xu et al., 2015; Wang et 
al., 2015). 

This study develops a conceptual framework and an 
indicator system for measuring economic resilience of 
resource-based cities (RBCs) in Northeast China based 
on the theory of evolutionary resilience and the related 
concepts of persistence, adaptation, and transformation. 
RBCs are those whose economy depends primarily on 
exploiting and processing of natural resources (Li, 
2013). The economic resilience of RBCs is the capacity 
of RBCs to withstand or recover from economic, social, 
and environmental shocks to its developmental growth 
path, or to transit to a new sustainable growth path 

characterized by a more productive use of its physical, 
human, and environmental resources. We focus on 
RBCs because the resource-based industrial profile 
makes them more susceptible to shocks from resource 
depletion and resource price fluctuation. Furthermore, 
the specialized industrial structure and weak regional 
competitiveness can decrease a city’s ability to adjust 
and adapt to shocks; poor innovation and low transition 
motivation decreased their ability to create new growth 
paths. Therefore, it is reasonable to believe that RBCs’ 
economic resilience is relatively poor, and thus enhanc-
ing RBCs’ resilience is a pressing policy challenge. 

2  Materials and Methods 

2.1  Study area 
Northeast China includes the provinces of Liaoning, 
Jilin, and Heilongjiang, and the eastern part of Inner 
Mongolia. Because Liaoning, Jilin, and Heilongjiang are 
commonly considered the core of Northeast China, we 
focused on the resource-based cities in these regions. 
RBCs in Northeast China were mainly developed during 
the planned economy era with a specialized economic 
structure to produce energy, mineral, or timber re-
sources. With resource depletion, the economic system 
of these RBCs comes under tremendous pressure. To 
cope with this economic disturbance, the local govern-
ments have, to various extents, undertaken various 
countermeasures such as supporting new industries and 
increasing major infrastructure investments. In addition, 
in 2003, the central government initiated the Northeast 
Revitalization Strategy, a national-level regional devel-
opment program, that introduced a number of tax con-
cessions and investment projects to encourage economic 
transformation in RBCs in the Northeast China (Zhang, 
2008). 

There are 21 RBCs in the study area: 6 in Liaoning 
Province (Panjin, Anshan, Benxi, Huludao, Fushun and 
Fuxin), 6 in Jilin Province (Songyuan, Jilin, Liaoyuan, 
Baishan, Tonghua and Yanbian Korean Autonomous 
Prefecture) and 9 in Heilongjiang Province (Mudanji-
ang, Jixi, Qitaihe, Hegang, Yichun, Daqing, Shuangya-
shan, Heihe, Da Hinggan Ling) (Fig. 1). We excluded 
Da Hinggan Ling and Yanbian Korean Autonomous 
Prefecture due to data limitations. The remaining 19 
RBCs accounted for 36.7% of the total GDP in the 
Northeast China, which grew at an average rate of 6.4%  
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Fig. 1  Spatial distribution of main resource-based cities in Northeast China  

 
in 2013. This rate was below the average of Northeast 
China, which was 8.4%. In fact, the economy of several 
RBCs shrank: the output in Qitaihe, Hegang, Jixi, and 
Shuangyashan declined by 19.38%, 10.67%, 1.96%, and 
1.83%, respectively. These RBCs hold key national 
natural resources, especially in oil and iron: oil, coal, 
and iron ore reserves accounted for 24.36%, 5.3%, and 
30.4%, respectively, of the national total in 2013. 

2.2  Conceptual model and indicator system 
From an evolutionary perspective, economic resilience 
refers to the dynamic interplay between persistence, 
adaptability and transformation across multiple scales 
and time periods (Folke et al., 2010; Davoudi et al., 
2012). We developed a conceptual model of RBCs’ 
economic resilience by operationalizing these three as-

pects of resilience (Fig. 2). Persistence refers to the ca-
pacity of system to recover and return to the original 
system structure after a disturbance. In our conceptual 
model, it is affected by the strength of disturbance and 
the system’s vulnerability to shocks, and is determined 
by factors such as degree of resource depletion, location, 
industrial structure, economic openness, and policy re-
gime. Adaptability refers to the capacity of system to 
learn, combine experience and knowledge, and continue 
developing within preconceived paths (Folke et al., 
2010). It can be divided into self-adaptability and out-
side assistance, and is determined by factors such as 
economic productivity, research capacity, foreign capital 
utilization, and supporting policy. Transformability dis-
tinguishes evolutionary resilience from engineering and 
ecological resilience. It is the system’s capacity to create  
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Fig. 2  Economic resilience conceptual model 
 

a fundamentally new growth path when economic condi-
tions make the existing situation untenable, such as a 
transformation from an agrarian economy to a resource 
extraction economy (Walker et al., 2004). Transformation 
requires novelty and innovation (Folke et al., 2010) and is 
affected by pressure of transformation (such as economic 
hardship) and the capacity of learning and innovation. 

We then used the conceptual model to develop an in-
dicator system (Table 1). We indicated persistence using 
eight indicators: the ratio of liabilities and assets of en-
terprises above a designated level, the ratio of public 
finance income and expenditure, degree of resource de-
pletion, location advantage, the proportion persons em-
ployed in resource industries, the proportion of tertiary 
industries included in the GDP, foreign trade depend-
ence, and the proportion of employees of state-owned 
and collective-owned units. We measured adaptability 
with eight indicators: the ratio of investment in fixed 
assets and GDP, annual percentage growth rate of GDP, 
per household savings deposits at year-end, per capita 
gross regional product, per public finance income, the 
proportion of persons employed in scientific research, 
technical services, and geological prospecting, support 
policies, and foreign capital dependence. We represented 
transformation with eight indicators: drop in the propor-
tion of persons employed in resource industries, drop in 
the ratio of liabilities and assets of enterprises, foreign 
trade dependence increment, the ratio of investment in 
fixed assets and GDP increment, the drop in the propor-
tion of employees of state-owned and collective-owned 
units, the increment in public finance income and ex-
penditures, the proportion of expenditure for education, 

science, and technology, and the ratio of intramural ex-
penditure on R&D and GDP. 

Resource depletion is a major economic disturbance 
for RBCs. To measure the degree of resource depletion, 
we divided the RBCs into four stages: growing, mature, 
recessionary, and recovered based on the National Re-
source Sustainable Urban Development Plan (2013– 
2020) and assigned values of 4, 3, 2, and 1 to each type 
respectively. We determine location advantage by the 
distance to the provincial capital and the availability of 
supportive policies according to Table 2. We take the 
average values of the indicators to represent persistence, 
adaptability, and the capacity to learn and innovate. We 
determine pressure to transform based on the differences 
in values between the starting year and ending year. 

To examine how the resilience of the RBCs changed 
temporally, we collected data from two time periods: 
from 2010 to 2013 as the current situation and from 
2003 to 2006 as the beginning of the revitalization 
strategy because the revitalization strategy has a pro-
found impact on the RBCs and therefore it is interesting 
to understand the effect of the strategy on resilience. 

Statistical data were predominantly obtained from the 
China City Statistical Yearbook (National Bureau of 
Statistics, 2004–2007; National Bureau of Statistics, 
2011–2014), and the China Statistical Yearbook for Re-
gional Economics (National Bureau of Statistics, 
2004–2007; National Bureau of Statistics, 2011–2014). 
We calculated travelling times based on Google Maps. 
We obtained basic urban vector data from the National 
Data Sharing Infrastructure of Earth System Science 
(http://www.geodata.cn). 



 TAN Juntao et al. Conceptualizing and Measuring Economic Resilience of Resource-based Cities: Case Study of Northeast China 475 

Table 1  Economic resilience indicator system 

Target level First level Second level Indicator level 
Action 

direction

Ratio of liabilities and assets of enterprises above a designated level (%) – 

Ratio of public finance income and expenditure (%) + 

Degree of resource depletion – 

Strength of disturbance

Location advantage + 

Proportion persons employed in resource industries (%) – 

Proportion of tertiary industries included in GDP (%) + 

Foreign trade dependence (%) + 

Persistence 

Vulnerability and  
exposure to shocks 

Proportion of employees of state-owned and collective-owned units (%) – 

Ratio of investment in fixed assets and GDP (%) + 

Annual percentage growth rate of GDP (%) + 

Per household savings deposits at year-end (104 yuan (RMB)) + 

Per capita gross regional product (104 yuan (RMB)) + 

Per public finance income (104 yuan (RMB)) + 

Self-adaptability 

Proportion of persons employed in scientific research, technical services, and  
geological prospecting (%) 

+ 

Support policies + 

Adaptability 

Outside assistance 

Foreign capital dependence (%) + 

Drop in the proportion of persons employed in resource industries (%) + 

Ratio of liabilities and assets of enterprises (%) + 

Foreign trade dependence increment (%) + 

Increment in the ratio of investment in fixed assets and GDP (%) + 

Drop in the proportion of employees of state-owned and collective-owned units (%) + 

Pressure to transform 

Increment in public finance income and expenditures (%) + 

Proportion of expenditure for education, science, and technology (%) + 

Economic resilience  
of RBCs 

Transformation 

Capacity of learning  
and innovation Ratio of intramural expenditure on R&D and GDP (%) + 

 
Table 2  Assigned values of policies supporting resource cities in Northeast China 

RBC Supporting policy Assigned value 

Anshan, Benxi, Songyuan, Jixi, Mudanjiang General resource cities 1 

Hegang, Shuangyashan Third batch of resource-exhausted cities 2 

Tonghua Third batch of resource-exhausted districts (Erdaojiang district) 2 

Fushun, Qitaihe Second batch of resource-exhausted cities 3 

Jilin, Heihe Second batch of resource-exhausted counties (Shulan, Wudalianchi ) 3 

Huludao Second batch of resource-exhausted districts (Nanpiao district) 3 

Daqing Experimental resource cities for economic transition 4 

Fuxin, Panjin, Liaoyuan, Baishan, Yichun Experimental resource cities for economic transition; first batch of resource-exhausted cities 5 

 
2.3  Methods 
Firstly, we normalized the data to eliminate the distor-
tions caused by different dimensions and orders of mag-
nitude: 

( Min ) /(Max Min ); when is positive indicators

(Max ) /(Max Min ); when is negative indicators

ij j j j ij
ij

j ij j j ij

X X X X X
X

X X X X X

    

 

                                 (1) 

where Xij is the original index, and Xij
′ is the normalized 

data; i is the RBCs and j is the indicator; MaxXi and 
MaxXj are the maximum and minimum values of the j 

indicator, respectively. After normalization all values 
fell within the 0 to 1 range.  

Then, to solve the multicollinearity problems among 
the resilience indicators, we constructed an evaluation 
function using principal component analysis (PCA) 
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(Zhang et al., 2008; Tan et al., 2014). We constructed 
the persistence, adaptability, and transformation evalua-
tion functions, f (x), f (y), f (z), respectively, as follows. 

1 2
1 2

1 1 1

( ) ... n
nn n n

i i i
i i i

f x F F F
 

  
  

   

  
  (2) 

where f(x) is the persistence evaluation function of 
RBCs; F1,…, Fn is the principal component scores of 

the persistence indicators; 1,..., n   is the variance ex-

plained for each principal component. Using the same 
method, we built the evaluation functions of adaptability 
and transformation. The scores of f (x), f (y), and f (z) 
indicate the relative performance of an RBC among the 
19 RBCs, rather than the absolute level. A positive value 
indicates that an RBC’s performance is higher than the 
average level; otherwise, it indicates that the RBC is 
below the average.  

Finally, we considered persistence, adaptability, and 
transformation to have equal contributions to the resil-
ience, so the final formula for the economic resilience of 
RBCs is: 

( ) ( ) ( )R f x f y f z           (3) 

3  Results  

3.1  Economic resilience of resource-based cities 
Using the formulas (1) and (2), we calculated the per-
sistence, adaptability, and transformation of the 19 
RBCs in Northeast China from 2010 to 2013. Using 
Bartlett’s sphericity test, we found that the P value of 
the 3 groups of variables were all significant at the 0.05 
level, indicating that the original variables had a statis-
tically significant connection and that principal compo-
nent analysis is suitable. We selected the principal com-
ponents whose cumulative variance contribution rate 
was above 80%, and calculated the evaluation functions 
of persistence, adaptability, and transformation (f (x), f 
(y), f (z)), as follows: 

1 2 3

1 2 3

1 2 3 4

( ) 0.39 0.35 0.26

( ) 0.58 0.22 0.20

( ) 0.42 0.23 0.20 0.15

f x F F F

f y F F F

f x F F F F

  

  

   

  (4) 

Bringing the selected principal components into the 
evaluation functions f (x), f (y), and f (z), we arrived at 
the scores of persistence, adaptability, and transforma-

tion (Fig. 3). The results showed that there were 11 
RBCs, led by Panjin and Benxi, whose resilience was 
higher than the average level; eight RBCs, led by 
Shuangyashan and Qitaihe, were below the average. The 
three RBCs with the highest resilience were Panjin, 
Benxi, and Anshan, which were all located in Liaoning 
Province. The four coal cities in Heilongjiang Province 
ranked last. Overall, the RBCs in Liaoning and Jilin 
provinces fared better than their counterparts in 
Heilongjiang Province: the average resilience of the 
RBCs in Liaoning, Jilin, and Heilongjiang were 1.525, 
0.3011, and –1.332, respectively. In Liaoning and Jilin, 
only Huludao and Baishan had a below-average score, 
whereas in Heilongjiang, only Daqing had an above- 
average score.  

In terms of resource depletion phases, RBCs in the 
recovered phase had, as expected, the highest score of 
resilience (1.19), followed by mature (0.52), growing 
(0.23), and recessionary (–1.01) RBCs. This suggests 
that the recovered RBCs successfully moved away from 
resource dependence and new industries took root, and 
thus their economic structure was diversified. Conse-
quently, recovered RBCs had a small disturbance, with 
high scores for adaptability and transformation. In con-
trast, resources in recessionary RBCs were becoming 
exhausted, which brought about significant economic 
stress and the need to change the economic structure. 
However, owning to a history of resource dependency, 
recessionary RBCs’ self-adaptability and transformation 
were low, and these cities thus had the lowest resilience. 

To understand the relationship between resilience and 
the type of resources in each RBC, we classified the 
RBCs into five types based on the dominant resource: 
petroleum, metal, coal, forestry, and multiple resources. 
Table 3 presents the average scores for resilience for 

 

Fig. 3  Economic resilience of RBCs in Northeast China from 
2010 to 2013 
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each type of RBC. The results show that resilience in 
metal and petroleum RBCs were highest, followed by 
multiple resources and forestry. Cities with coal-based 
economies had the lowest resilience. Two cities relying 
on metals, Anshan and Benxi, scored high in persis-
tence, adaptability, and transformation. Benxi acceler-
ated the development of a biomedical industry, and An-
shan developed fine steel, steel deep-processing, and 
new materials industries. Thus, their industrial structures 
were diversifying and the economic stress in met-
als-dependent cities was not significant. Cities reliant on 
metals also scored well in investments in fixed assets, 
public finance income, foreign capital dependence, and 
other adaptability indicators. The proportion of em-
ployees at state-owned and collective-owned units de-
clined by more than 20% and the asset-liability ratio of 
the enterprises above a designated level also declined 
significantly. Thus, metals-based RBCs had high per-
forming economic transformations. In contrast, coal- 
dependent cities had the lowest average resilience 
scores. With the exception of Fuxin and Fushun, all 
coal-based cities had negative values for resilience; the 
four coal-dependent cities in Heilongjiang Province had 
the lowest scores. The leading industries of the four 
coal-based RBCs in Heilongjiang Province were heavily 
dominated by the exploitation and primary processing of 
coal resources, and the ratio of persons employed in 
mining was more than 30%. Moreover, the price of coal 
was low for a long time, which led to high asset-liability 
ratios, low revenue, and overall disappointing GDP 
growth rates, which created significant economic stress 
to cities’ economic systems. Cities performed poorly in 
persistence and adaptability indicators due to the spe-
cialized economic structure and poor economic condi-
tions. Furthermore, the inability to develop new indus-
tries outside the coal sector and the low learning and 
innovation capacity hindered transformation in coal-     
dependent cities. 

Fig. 4 illustrates the values for persistence, adaptability,  
 

Table 3  Average resilience values for RBCs by type of resource 

Type of resource Persistence Adaptability Transformation Resilience

Metal 0.574 0.826 1.178 2.578 

Petroleum –0.515 1.672 0.372 1.529 

Multi-resource –0.043 –0.050 0.114 0.021 

Forestry 0.884 –0.423 –0.521 –0.060 

Coal –0.649 –0.734 －0.202 －1.584 

and transformation of RBCs in Northeast China. The top 
three scores for persistence belonged to Mudanjiang, 
Heihe, and Jilin; Qitaihe, Hegang, Panjin, and other coal 
cities performed poorly. Panjin and Daqing ranked 
lower for persistence than for resilience, whereas Heihe 
and Mudanjing ranked higher. This is because Panjin 
and Daqing had abundant oil resources, which decreased 
economic stress; however, their specialization in the 
petroleum industry stunted growth in tertiary sectors. 
The proportion of tertiary industry in total GDP in the 
urban areas of Panjin and Daqing were only 28.1% and 
16.6%, respectively. Heihe and Mudanjiang are located 
near the border, and therefore benefited from foreign 
trade opportunities and consequently had a highly di-
verse economic structure that led to high persistence 
scores.  

Panjin, Daqing, and Anshan had high scores for 
adaptability, whereas Jixi, Qitaihe and other coal cities 
had low scores. Pajin and Daqing performed better in 
adaptability than in resilience, whereas Heihe, Mudan-
jing, and Yichun performed worse. This result was 
closely related to the good economic conditions in pe-
troleum cities, and the remote location and poor eco-
nomic conditions in forestry cities. Benxi, Panjin, and 
Anshan were the top three cities in transformation val-
ues; Shuangyashan and Mudanjiang had the lowest 
scores. Daqing, Jilin, Heihe, and Mudanjiang performed 
considerably worse in transformation compared to resil-
ience. For Daqing, this is because there was little pres-
sure to transformation due to the good economic condi-
tions from a blooming petroleum industry. The trans-
formation scores for Jilin, Mudanjiang, and other for-
estry cities were low due to their remote locations and 
poor economic conditions, which make economic 
transformation very difficult. Fuxin, Liaoyuan, Fushun,  

 

Fig. 4  Persistence, adaptability and transformation of RBCs in 
Northeast China 
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and other resource-exhausted RBCs performed quite 
well in terms of transformation, mainly because the cen-
tral government provided a large amount of funding for 
public infrastructure projects, to develop alternative in-
dustries, and to solve lingering enterprise and other 
problems in resource-exhausted cities. 

3.2  Temporal changes in RBCs’ economic resilience 
To understand how RBCs’ economic resilience changed 
since the introduction of the revitalization strategy, we 
calculated the scores of persistence, adaptability, trans-
formation, and economic resilience for each RBC from 
2003 to 2006 (Fig. 5). We found that Daqing, Panjin, 
and eight other RBCs had a higher resilience than aver-
age. Daqing had the highest score, and Hegang, Heihe, 
and Shuangyashan had the lowest scores. The standard 
deviation of resilience in 2003 to 2006 period was 3.16, 
and declined to 1.92 in 2010 to 2013 period, indicating 
that the differences of resilience among the RBCs de-
creased since the introduction of the revitalization strat-
egy. The standard deviations of persistence, adaptability, 
and transformation were 1.08, 1.43, and 0.89 in 2003 to 
2006 periods, which declined to 0.83, 1.16, and 0.77, 
respectively in 2010 to 2013 period. Overall, the results 
show that the revitalization strategy reduced the regional 
differences in persistence, adaptability, transformation, 
and resilience. 

To directly compare resilience in two time periods, 
we standardized the results which made the results hav-
ing zero mean and unit variance. Calculating the incre-
ment of persistence, adaptability, transformation, and 
resilience in 2010–2013 and comparing this with the 
values for 2003–2006, we classified the increment of 
each variable into 4 types using Jenks’ method and 
ARCGIS (Fig. 6).  

 

Fig. 5  Economic resilience of RBCs in Northeast China from 
2003 to 2006 

The top three increments for resilience belonged to 
Heihe, Fuxin, and Liaoyuan; the top three decrements of 
resilience belonged to Daqing, Qitaihe, and Shuangya-
shan. Fuxin was selected as an experimental re-
source-based city for an economic transition in 2001, 
with Liaoyuan nominated as a pilot for economic transi-
tion in 2007. With assistance from the central govern-
ment, Fuxin formed three new leading industries in 
equipment manufacturing, agricultural product process-
ing, and energy, while Liaoyuan developed two new 
leading industries in equipment manufacturing and ag-
ricultural product processing, as well as other new in-
dustries such as pharmaceuticals and high-accuracy 
aluminum processing. The resulting decline in resource 
dependence thus increased industrial diversification and 
thereby increased the resilience of these two RBCs. The 
increased resilience in Heihe was mainly caused by im-
proved persistence. In 2003 to 2006 period, Heihe 
ranked last in the ratio of liabilities and assets of enter-
prises above a designated level, ratio of public finance 
income and expenditure, and other persistence indica-
tors; however, these indicators improved noticeably af-
ter the revitalization. The decrement in economic resil-
ience in Daqing was the most significant, dropping from 
the first place ranking to the fifth place ranking. This 
mainly related to an excessive dependence on oil, slow 
economic restructuring, and low economic transforma-
tion pressure. Mudanjiang and Heihe had the highest 
increments in persistence, while Daqing and Panjin had 
the highest decrements. Panjin, Jilin, Tonghua, 
Liaoyuan, and Fuxin had the highest increments in 
adaptability; Daqing, Qitaihe, and Huludao had the 
highest declines. Fuxin, Liaoyuan, Songyuan, and six 
other cities had great increments in transformation; 
Daqing, Jilin, and Mudanjing declined the most. 

Table 4 reports the average increments of resilience 
for each type city. Forestry-based cities had the highest 
increments in resilience (0.375), followed by 
metal-based cities (0.234), and multiple-resource cities 
(0.100). On the other hand, resilience in coal- and pe-
troleum-based cities declined, with declines 0.136 and 
0.608, respectively. The improvement in resilience in 
forestry-based cities was mainly due to improved per-
sistence, which increased by 1.448. In the early imple-
mentation of Revitalization Strategy, forestry-based cit-
ies had closely integrated governments and enterprises, 
resulting in inefficiency, high debt, low revenue, and 
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high economic disturbance. Furthermore, timber proc-
essing was the main industry in forestry-based cities, 
and this low value-added industry created low economic 
adaptability. With the introduction of reforms to 
state-owned forest areas, the non-state economy began 
to develop rapidly, including deep timber processing, 
green food production, tourism, and other industries. 
This successfully diversified the industrial structure and 
increased persistence significantly. The persistence, 
adaptability, and transformation in petroleum cities all 

declined, mainly because the oil reserves were still 
abundant in Northeast China, leading a dominant petro-
chemical industry, slow economic restructuring, a high 
state- and collective-owned economy, and poor eco-
nomic transformation. The proportion of tertiary indus-
tries in Daqing was 15.2% in 2012, only 4.8% higher 
than that in 2003. The resilience of coal-based cities 
declined mainly because coal resource exhaustion cre-
ated an economic disturbance that made it difficult to 
cultivate new industries. 

 
Fig. 6  RBCs’ increments in economic resilience 
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Table 4  Average increments in economic resilience by RBC 
type 

Type of resource Persistence Adaptability Transformation Resilience

Forestry 1.448 0.120 –0.472 0.375 

Metal –0.321 0.029 –0.093 0.234 

Multi-resource 0.024 0.039 0.240 0.100 

Coal –0.065 –0.056 0.389 –0.136 

Petroleum –2.092 –0.148 –0.169 –0.608 

 

4  Discussion and Conclusions  

This study developed an analytical framework and indi-
cator system to measure economic resilience for RBCs 
based on the theory of evolutionary resilience and an 
analysis of 19 RBCs in Northeast China. The results 
showed a number of differences among the RBCs: 
Liaoning and Jilin provinces had higher resilience than 
Heilongjiang Province; metal- and petroleum-based cit-
ies had much higher resilience than coal-based cities; 
petroleum-based RBCs had poor persistence; and for-
estry-based cities had low adaptability. The revitaliza-
tion strategy improved resilience in forestry-based cities 
most, while petroleum-based cities experienced the most 
significant relative decline in resilience.  

Assessing the economic resilience of 19 RBCs in 
Northeast China, we could conclude that the cities had 
considerably different levels of resilience by type and 
region. The key policy implication of this finding is that 
each type of city will require a different strategy to im-
prove resilience. First, the government should focus on 
improving economic resilience in coal-based cities, es-
pecially the four located in Heilongjiang province. With 
the problems associated with pollution, resource deple-
tion, and falling demand, coal mining and processing is 
in decline (Li et al., 2010). Thus, economic transition is 
most urgent in these cities. Coal-based cities should de-
velop a recycling economy in the coal and coal chemical 
industries, and foster non-coal industries, including 
tourism, eco-agriculture, and so on. Second, petro-
leum-based RBCs should focus on increasing persis-
tence by diversifying industries. Persistence in oil-based 
cities was low, and resilience in Daqing in particular 
declined due to abundant oil reserves, a specialized in-
dustry, and a lack of motivation for economic transfor-
mation. Third, forestry-based RBCs should focus on 
adaptability. The resilience of forestry-based cities in-
creased rapidly since the introduction of the revitaliza-

tion strategy, but their economy remains and they face 
the challenges of poor locations (Sun et al., 2013). 
These cities need outside help; the central government 
should increase funding and investment in forestry cit-
ies, particularly in terms of transportation infrastructure 
and outside contacts. Finally, the economic resilience of 
resource-exhausted RBCs, especially Fuxin and 
Liaoyuan, increased significantly due to the revitaliza-
tion strategy. The government should continue to sup-
port resource-exhausted RBCs and establish a sound 
long-term assistance mechanism. 

Scholars and policymakers are increasingly recog-
nizing the importance of building resilient cities to 
achieve sustainable development, though quantifying 
and measuring urban resilience remains difficult. We 
develop an indicator system for resilience as a pioneer-
ing attempt. However, our proposed approach has sev-
eral limitations. First, studies can improve the indicator 
system to better reflect the meaning of resilience. We 
look forward to designing a more comprehensive and 
useful indicator system based on the resilience concept. 
Second, we did not idea standard that future studies can 
resolve. 
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