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Abstract  22 

Nature reserve (NR) are complex social and ecological system (SES) (Cumming & Allen, 23 

2017). In China, many collective forests (CF) owned by villagers are contained in nature reserves, 24 

but this often occurs at the expense of villagers’ traditional right. The paper aims to carry out a 25 

dynamic diagnosis of three cases of NRs management based on Ostrom’s SES conceptual 26 

framework. The results indicate that the outcomes of CF Management are determined jointly by 27 

the interaction at all levels of governance based on the characteristics of CF resource system, CF 28 

resource units, actors in the context of specific local social, economic and political setting. 29 

Compared to the conflicted NR, the strongly harmonious NR is featured by less valued CF 30 

resources in the NR, fewer dependence of the villagers on the CF resources, stronger 31 

environmental awareness of the villagers and slower increase of new actors, capable governance 32 

dominated by the NR administration and self-organization of villagers and well economic 33 

compensation and regulation, beneficial outsider circumstance, and effective and diversified 34 

interaction. Different public policies, including the ecosystem service payment, are recommended 35 

for improving management of CF in nature reserves.  36 
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1. Introduction 41 

Nature reserves (NRs) dominate protected areas (PAs) in China. These are endowed unique 42 

and irreplaceable functions to guarantee abounded biodiversity, protect endangered wildlife, 43 

promote public awareness of nature conservation, and provide grounds for scientific research for 44 

more than five decades (Wu et al., 2011; Zhang et al. 2017). Up to 2014, China has established 45 

2729 NRs, covering approximately 15 percent of national terrestrial lands (Xu et al., 2018). 46 

Currently, 80.7% of wild vegetation species in China can be found within at least one NR (MEP of 47 

PRC, 2014; SFA, 2014; Wu et al., 2011).   48 

The management system of NRs in China, once featured by top-down and command-and-49 

control modes, has triggered various conflicts between local villagers and NRs (Lane, 2001; Wen 50 

et al., 2009). Before the 1990s, almost all NRs were managed in isolation, failing to involve local 51 

villagers or incorporate their interests (Xie et al., 2009; Foggin, 2014). This created negative 52 

attitudes toward conservation among local villagers, and some villagers even engaged in the 53 

destruction of natural resource in NRs to express their dissatisfaction (Harkness, 1998; Xie et al., 54 

2003). Villagers’ desire for economic growth to resolve widespread poverty in NRs area further 55 

the persistent conflicts (Zhou & Grumbine, 2011; Xu et al., 2016). Overlapping administrative 56 

managing responsibilities due to multiple government management agencies exacerbate these 57 

challenging conflicts when multiple objectives are developed simultaneously without any 58 

prioritization (Zhang et al., 2017). Community-based co-management (CBCM) projects were 59 

introduced to China in the middle of 1990s to conserve biodiversity, sustain the use of natural 60 

resources, and promote socio-economic development of NRs and their surrounding villages (Yang 61 

et al., 2008; Xie et al., 2009; Zhu et al. 2012). As these co-management projects are implemented, 62 
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a large number of local organizations have been established under local governments or relative 63 

administrations departments to alleviate tensions between NRs and relevant villages (Xie et al., 64 

2009; Zhu et al., 2012). Since then, different results have been observed in different NRs. CBCM 65 

works well in pilot NRs, but not in others. Widespread criticism has suggested that in practice, 66 

CBCM tends to gloss over the institutional complexities posed by the management common-pool 67 

resources (De Pourcq et al., 2015).   68 

Complexities of NR management have increased along with fast-changing social, economic, 69 

and political environment surrounding NRs. The emergence of new users and the formation of 70 

polycentric governance systems within NRs increases the challenge of translating knowledge 71 

among various conservation situations. Since the late 1990s, the conflicts centering on habitat loss 72 

in some NRs in south China increased. Village-NR conflicts arose in forests owned by the 73 

villagers, so-called collective forests (CFs), which were designated as one part of NR (Zhou & 74 

Wen, 2006). Though the government is mandated to provide compensation to collective forest 75 

owners, the amount fails to match the loss (Xu and Melick, 2007; Li et al., 2009). However, the 76 

compensation had varied roles in different NRs (Zhang, 2017). A general theoretic framework is 77 

badly needed to ensure a better understanding of different problems and solutions rather than 78 

focusing on personal individual case studies (Cumming et al., 2015). The absence of a 79 

consolidated analytical framework has become an obstacle to conducting a comparative 80 

assessment of the performance of NRs. 81 

One of the most potentially useful frameworks for conservation biology is that of social-82 

ecological systems (SES) (Berkes et al., 2009). SES offers a balanced and nuanced approach to 83 

protected area management as well as a holistic framework for comparing and contrasting 84 
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conservation successes and failures (Cumming & Allen, 2017). Its diagnostic nature helps scholars 85 

to identify case-specific variables and make for more accurate comparisons across cases (Basurto 86 

et al., 2013). This paper employs Ostrom’s SES framework to carry out a dynamic diagnosis of 87 

three cases of NRs management in Fujian province located in south China. Special attentions are 88 

given to CF management in these three NRs where CF accounts for dominant portions. This paper 89 

makes three contributions to current research. It applies the SES framework to the relationship 90 

between NRs and relevant villages in China, incorporating both ecological and social factors. The 91 

inter-disciplinary findings might enable further trans-national comparative studies between China 92 

and other nations. This study highlights the issues of CF management in China’s NR management. 93 

Though many NRs in southern China mainly consisted of CF, there are a few studies investigating 94 

management issues of CF in the NRs (Si et al., 2016; Weng et al., 2016). This study contributes to 95 

the further development of Ostrom’s SES framework by adding several third-tier variables. An 96 

introduction of variables regarding the social, economic, and political settings has been seldom 97 

involved in the current studies, but it is crucial to reveal the impact from a higher tier of the SES.   98 

We begin with a review of NR developmental process with institutional reform of CF in 99 

China. Next, a conceptual framework is constructed based on Ostrom’s SES framework We then 100 

briefly review our methodology, including of introduction of study sites, selection of variables, 101 

and data collection, followed by presenting the results of our analysis. Finally, we summarize the 102 

implication of our research and proposing suggestions for CF management, NR policy, and further 103 

investigations in China.  104 

2. Collective Forest and Nature Reserves in China 105 

Forests are categorized into the collective forest and state forest in term of the ownership of 106 
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forestland in China (Zhang et al. 2000). Villagers collectively own about 60% of the forestland, 107 

and the rest is under State ownership (SFA, 2010). Collective ownership of forestlands was set up 108 

in the 1950s, and the village collectives managed these forests until the beginning of the 1980s 109 

(Xie et al., 2014). Collective forest region inhabited a large rural population, comparing to state-110 

owned forests regions. Spatially, the majority of the collective forests located in southern China 111 

(Zhang et al., 2017). 112 

The establishment of nature reserves system was initiated in the mid-1950s with the 113 

designation of hunting and logging bans in south  China. (Wang et al., 2004). Since the 1980s, 114 

inspired by concepts of environmental protection promoted at the United Nations Conference on 115 

the Human Environment (UNEP, 1972), China’s environmental policy has gradually changed 116 

from “conquering the nature” to “sustainable development based on harmonious co-existence of 117 

human and nature” (Liu & Diamond, 2005). In 1993, China became a signatory party of the 118 

United Nations Convention of Biological. One year later, the first regulation on NRs, viz., Nature 119 

Reserves Regulations of the People’s Republic of China, was enacted (State Council of PRC, 120 

2005). From the late 1990s to the beginning of the 21st century, both the number and total area of 121 

NRs in China increased rapidly (Zhang et al., 2017).   122 

A newly established NR was required to be large enough to ensure an integral ecosystem to 123 

be protected. Typically, a National NR is usually larger than ten thousand hectares. Though it is 124 

required in the Management Measures Nature Reserves of Forest Type and Wildlife Type in 1985 125 

that collective forest should be involved in newly established NRs as few as possible to avoid or 126 

reduce intervention to livelihood of local members (SFA, 2018), there are inevitably a large body 127 

of collective forest marked under the NRs. A nationwide inventory by the SFA in 2013 for the first 128 
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time revealed that 1385 NRs consisted of collective forest, which accounted for 65.15% of NRs 129 

affiliated to forestry administration. The area of collective forest in the NRs amounted to 9.52 130 

million hectares, accounting for 7.76% of the total area of the NRs. The inventory also disclosed 131 

that 9.49 million people are living in the NRs, with 1.85 million living in the national NRs, and 132 

7.66 million in the provincial and county level NRs.  133 

In the early 1980s, the involvement of CF in NRs was a natural thing to be accepted by the 134 

relevant villagers without different opinions. Furthermore, the villagers were honored to 135 

contribute to the state. Both the NRs and the villages believed that NRs were established and 136 

managed for public ecological and environmental benefits, and superior to the villagers’ benefit. 137 

The villages were faithful followers of institutional arrangement set by the NRs. The communities 138 

and the NRs seemed to be two economically independent and spatially isolated actors with 139 

inherently different interest orientations and no apparent interest conflicts. 140 

Since the early 1980s, there have been several rounds of collective forest tenure reform 141 

conducted in China (Xie et al., 2013; Xie et al., 2014). The recent round of collective forestland 142 

reform started in 2003. The reform was targeted to secure the use right, stabilize the beneficial 143 

right, and release the constraints to manage the right for the villagers through transfers of CF use 144 

right held by the village committee to the individual household with a contract termed from 30 to 145 

70 year (Xie & Wen, 2009). The reform further inspired villagers’ potential awareness of all rights 146 

stemmed from the CF and impelled villagers’ expectation to be endowed more forest and gain 147 

higher revenue from the forest. Forestland right disputes became one of the tremendous challenges 148 

confronted the reform (Wei et al., 2016).  149 

Management of CFs in NRs soon becomes a widely challenging issue faced not only by the 150 
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NR administration departments but also all tiers of government. Though the CFs in the NRs are 151 

not involved in the recent reform, the villagers claimed the CFs in the NR should be involved in 152 

the reform and better to be marked out of NRs. Many attempts, such as CBCM and financial 153 

compensation, have been adopted to ease the tension between villages and NRs. The financial 154 

compensation is funded by the Ecological Forest Program (EFP) respectively hosted by the central 155 

government and/or provincial government to offset the villagers’ economic loss. Most villagers 156 

complained that the financial compensation standard is too low to cover their losses, and some 157 

villagers refused the compensation in Liaoning (Zhang & Wu, 2009). Different means of conflicts 158 

centering the CF emerged along with the reform and played a negative impact on the NR system. 159 

However, villagers living in Beijing municipal and Zhejiang province are satisfied with the 160 

compensation funded jointly by the central government and provincial government (Si et al., 161 

2015). In this period, any newly established NR should reach an agreement with the village and 162 

get the trust of villagers about the involvement of CF in NR.  163 

Recently, the relationship between NRs and villages seems more diversified. The on-going 164 

massive scaled migration of rural surplus labor force reduced the population around the NRs and 165 

alleviated the resource dependence stress (Duan et al.,2016; Duan et al., 2017). In areas with 166 

newly developed tourism, the villages need larger space for visitors’ sightseeing, hiking, and 167 

photographing along with the visitor kept increasing, which lead to much illegal access of visitors 168 

to the NRs. Though these two different types of NRs obtained research concerns, respectively, 169 

scant studies explore them spontaneously in one study.   170 

3. Conceptual Framework for an SES analysis of the NR 171 
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The NRs are complex social and ecological system (SES) (Cumming & Allen, 2017). They 172 

are designated for particular reasons, such as an accurate description of the specific ecological 173 

and cultural assets, and provide essential ecosystem services besides their core role in 174 

biodiversity conservation (DeFires et al., 2010; Basurto and Jimenez-Perez, 2013; Cumming & 175 

Allen, 2017). Ostrom’s SES framework provides an integrative and multidisciplinary approach to 176 

understand complex interaction within a different system and scales around natural resource 177 

governance (Epstein et al., 2013; Williams & Tai, 2016).  178 

 179 

Fig 1 The core subsystems in a framework for analyzing SES of the NR 180 

 181 

 Source: Adapted from McGinnis & Ostrom, 2014 182 
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the NR and the relevant community as a direct measure of the outcome. The relationship is 186 

categorized into three scenarios, e.g., harmonious, and conflict level (Liu et al., 2010). In the 187 

harmonious scenario, the NR and the community co-exist well and benefit to each other. To the 188 

contrary, in the conflict scenario, the NR and the community complain, accuse, and fight against 189 

counterpart.  190 

The resource system (RS) of the NR is a specified territory containing forest, wildlife, and 191 

other natural resources. The RUs, considered to be part of or beyond RS (McGinnis & Ostrom, 192 

2014), consist of trees, fruits, seeds, medicinal herb, mushroom, bush meat, and other products 193 

from the reserve. The RS refers to unmovable and undivided stock, while the RU refer to flow 194 

extracted from the stock (Ostrom, 1994). The Rule of Nature Reserve in China prohibits all RU 195 

extractions in the core and the buffer zone and limits RU extractions in the experimental zone. The 196 

wise use of the resource will encourage local participation in nature conservation, which is 197 

welcomed by the NR. However, multiple functions of RS cause the management dilemma for the 198 

NR.  199 

The actor subsystem (A) defines the actors affecting or affected by the RS (Delgado-Serrano, 200 

2015). Villagers, inhabiting within and surrounding the NR, are traditionally and directly primary 201 

users sustaining their livelihoods through resource extraction. Villagers are also major consumers 202 

of the RU in the NRs, while other types of consumers, such as tourists, increase significantly in 203 

many NRs China. Along with increasing tourists, tourism employees from outside increase as 204 

well, which diversifies user patterns in the area of NR. There are other types of newly emerging 205 

users, such as staffs of the NGOs and scholars from the research institutions.  206 
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The (GS) includes characteristics about local government, the NR administration, the village 207 

committees, the relevant NGOs, the regulation of NR management, and the local norm for natural 208 

resource use. The subsystems look into the processes through which decisions on SES 209 

management are made, implemented, reformed, and reinforced (Delgado-Serrano, 2015). The 210 

process centered on actors who are guided by governance institutions at various hierarchical levels 211 

prohibiting, permitting, or requiring their participation affecting collective action outcome 212 

(Williams & Tai, 2016).  213 

The social, economic, and political settings (S) describes how the NR SES are affected and 214 

may affect the broader socio-economic, political, and ecological context in which they are 215 

embedded (Delgado-Serrano, 2015). The attributes of this subsystem are comprehensive and were 216 

differently interpreted. It is essential and challenging to clarify the setting of SES due to the 217 

unclear boundaries (Delgado-Serrano, 2015). The NRs locate within a county or span some 218 

counties, following five-level top-down administrative hierarchical system in China. Therefore, 219 

most variables in the settings need to be defined at the counties, level along with relevant context 220 

(Delgado-Serrano, 2015). The subsystem of the related ecosystem (ECO) is also challenging to 221 

identify, while less used in the existing literature.  222 

The outcome(O) is jointly determined by actors’ extraction of resource units (RU) from a 223 

resource system (RS), and provision for the maintenance of the RS according to rules and procedures 224 

determined by an overarching governance (GS) and in the context of related ecosystem (ECO) and 225 

social, economic, and political setting (S). The extraction of RU and the maintenance RS are major 226 

characteristics of the subsystem of interaction (I).  227 

4. Methodology 228 
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4.1 Study area 229 

We select Fujian province as our study area for it has the demonstrative ability of NR with 230 

CF. Fujian is located in the south of China and ranked on the top for 63% of forest coverage and 231 

89% of CFs to all forest (SFA, 2018). As one of the pilot provinces, Fujian conducted the recent 232 

CF reform in 2003. Till 2016, there are 89 NRs established in Fujian, among which there are 15 233 

national NRs (NNRs), 21 provincial NRs (PNRs), nine municipal level NRs, and 44 county-level 234 

NRs (DWCNRA of SFA, 2017). 235 

We select three NRs according to a workshop with NR management experts and officials at 236 

provincial administration in Fujian at the beginning of July 2018. Our criterions for cases selection 237 

both rely on data representation and availability. Among these three study areas (Table 1), 238 

Changting Tingjiangyuan NNR (TNR) is a case of strong harmony, Fu’an Guaxiluosuo PNR 239 

(GPR) is a case of strong conflict, and Dehua Daiyunshan NNR (DNR) is a case of weak conflict. 240 

Table 1 primary information of the sample nature reserves 241 

 TNR DNR GPR 

Creation year 1995 1985 1996 

Year promoted a PNR 2001 2003 1999 

Year promoted a NNR 2014 2005 -- 

Area (ha) 10379.7 13472.4 1509.32 

Forest area (ha) 9797.9 12967.5 1289.83 

Collective forest (ha) 7488.1 12166.4 1289.83 

Conservation objects ever-green broad-leaf 

forest ecosystem 

the largest and best-

preserved P. Taiwanese 

community 

unique forest ecosystem 

Source: field survey by the author. 242 

Table 2 provides a synthesis overview of the social and economic characteristics of counties 243 

and cities where three NRs located. Changting county has the highest forest coverage, which is 2 244 

points higher than in the Dehua county and 12 points higher than in the Fu’an city. The average 245 
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ratio of forestland versus the rural population is the smallest in Fu’an city and largest in the 246 

Changting county. The Gross Domestic Product (GDP) of Fu’an city ranks the first, being about 247 

twice of the GDP of Changting county and Dehua county. However, the Average GDP (AGDP) of 248 

Dehua county is on the top, 5% larger than Fu’an city and 40% beyond that of Changting county. 249 

The rural population has the highest net income per capita in Fu’an city, and the lowest net income 250 

per capita in Changting, and the income gap is huge. The rural population in NRs has much lower 251 

net income than average condition. Besides, Changting county has an unusually strict 252 

environmental policy in curbing water and soil erosion, and biodiversity conservation.  253 

Table 2 Social and economic characteristics of study sites 254 

 Changting County  Dehua County  

Fu’an city 

Corresponding NR TNR DNR GPR 

Population Density(/km2)b 176 153 355 

Forestland(km2) 2602c 1671d 1197e 

Forestland per capita in the rural area 

(km2/ 104 person)b 

81.54 70.46 17.95 

AGDP (yuan/person)a 51741 76224 72118 

Ratio of Primary Industry (%)b 14.54 4.19 11.17 

Ratio of Manufacture Industry (%)b  31.75 45.37 55.29 

Rural net income per capita  

(yuan/person)a 

13991 14253 15391 

Net income per capita in NRs. 

 (yuan/ person)f 

6500 11000 9200 

Environmental Policyf Very strict Strict Weak 

a. Fujian Province Statistic Bureau, 2018. Fujian Statistic Yearbook. China Statistic Press, Beijing. 255 

b. Calculated by the author. 256 

c. Changting Government. General Introduction of Changting County. 257 

http://www.changting.gov.cn/zjct/ctgk/ 258 

d. Dehua Government. General Introduction of Dehua County. http://www.dehua.gov.cn/ 259 

e. Fu’an Government. General Introduction of Fu’an City. http://www.fjfa.gov.cn/zjfa/ 260 

f. Collected by the author on the ground survey. 261 

http://www.changting.gov.cn/zjct/ctgk/
http://www.dehua.gov.cn/
http://www.fjfa.gov.cn/zjfa/
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4.2 Selection of variables 262 

Based on the SES theoretic framework setting (Ostrom, 2007; Ostrom, 2009; Ostrom & Cox, 263 

2010; McGinnis & Ostrom, 2014) and the empirical studies (e.g., Williams & Tai, 2016; Delgado-264 

Serrano, 2015), we defined 19 second-tier variables from six broad first-tier variables, and then 265 

further delineated 22 third-tier variables from the second-tier variables. The related ecosystem 266 

(ECO) from first-tier variables was not involved, due to the diagnose difficulty in these three cases 267 

NRs.  268 

The choice of relevant second or more profound levels of variables for the SES depends on 269 

the particular questions under investigation, the types of the SES, and the spatial and temporal 270 

scales of analysis (Ostrom, 2009). One specific question under this study is what the outcome(O) 271 

of the SES of the NR centering on the collective forest is. The collective forest in the NR, denoted 272 

as CFNR is one sector of resource system in the NR and the primary concern in this study. Among 273 

the nine second-tier variables identified by the Ostrom (2009), this study selected only one 274 

variable of the resource size (CFRS3) to indicated heterogeneity of CFNR in different NRs. 275 

CFRS3 was decomposed into two third-tier variables: the ratio of CF in NR to the area of NR 276 

(CFRS3a), and the ratio of CF plantation in NR to the area of NR (CFRS3b). Besides, we selected 277 

two second-tier variables, including resource value (CFRU4) and the number of units (CFRU5) 278 

from first-tier variable CF resource units (CFRU). CFFRU was decomposed into two third-tier 279 

variables: number of timber forest (CFRU5a) and number of bamboo forest (CFRU5b). 280 

From the first-tier variable actor system (A), we selected four second-tier variables: relevant 281 

actors(A1), socio-economic attributes of users(A2), leadership (A5), and importance of 282 

resources(A8), and then seven third-tier variables: economic attributes of villager (A2a), social 283 
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attributes of villagers (A2b), dependence on bamboo (A8a), dependence on other NTP (A8b), and 284 

dependence on CF for tourism (A8c).  285 

From the first-tier variable governance system (GS), we selected six second-tier variables: 286 

government organization (GS1), NGOs (GS2), network structure (GS3), property-right 287 

system(GS4), operational rules (GS5), and collective-choice rules(GS6), and six second-tier 288 

variables: NR administration (GS1a), village committee (GS1b), social network (GS3a), market 289 

network (GS3b), rule for participatory conservation (GS5a), and rule for participatory alternative 290 

livelihood (GS5b).  291 

As a notice of significant difference of social and economic disparity in selected study areas, 292 

we chose two second-tier variables from the first-tier social, economic, and political setting (S). 293 

Second-tier variable economic development (S1) was decomposed into two third-tier variables: 294 

AGDP (S1a) and industrial structure (S1b). The other second-tier variable government resources 295 

policies (S2) was decomposed into three third-tier variables: governmental regulatory and policy 296 

framework (S4a), environmental policies (S4b), and compliance of environmental regulatory and 297 

policy framework (S4c). 298 

Among ten second-tier variables stemmed from first-tier variable interaction (I), we selected 299 

information sharing (I2), conflict resolution (I4), investment activities(I5), self-organizing 300 

activities (I7), and networking activities (I8). 301 

4.3 Data collection 302 

A qualitative approach is used for data collection in this study. Field data collection was 303 

carried out through formal field survey from August to September 2018. A preliminary survey was 304 

conducted before the formal survey in the middle of July 2018 for testifying and improving survey 305 
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plan. We conducted a series of semi-structured and structured interviews with key informants, 306 

including leaders and other cadres of village committees, elders and prominent people in a clan, 307 

villagers hired by the NRs, ordinary villagers, officers of the NRs, officers in the county-level 308 

forest department, staffs of relevant NGOs, tourism operators and other stakeholders. Besides, 309 

four focus group sessions were held: three at the NR level, and one at the provincial forestry 310 

administration level. Focus groups sessions were held in participatory way and participants were 311 

encouraged to articulate historical evolution of sub-system of the NR SES, such as governance 312 

processes, dynamics of resource and its use and institutional reform of CFs. Independent 313 

observations were used to discover the interaction between villages and NRs, and evaluate CF 314 

management outcome. We also collected informal publications about NRs management, 315 

implementation of CBCM, CF tenure reform, and local development to inform our study.  316 

Qualitative content analysis was used in this study to code data and analysis themes and 317 

patterns. A quantitative method was employed to support the use of qualitative analysis. In 318 

analyzing the variable of the size of the CF resource (CFRS3a), we made a comparative analysis 319 

of the ratio of CF in the NR to the NR area. The CFRS3a was diagnosed to be extremely high if 320 

the ratio is larger than 80%, and high if the ratio is ranged from 60% to 80%. To assess CF 321 

resource value (CFRU4), we synthesized responses from villagers and NRs to get a primary result. 322 

We further collected information about forest types, forest stock, forest quality, and unit market 323 

price, and used them to testify the results about CF resource value. The diagnoses of actors (A) 324 

were based on the interview, second-hand data collected from the relevant yearbook and our 325 

independent observations. To evaluate leadership (A5) and its association with CF management 326 

outcomes, we analyzed major events held by the leader of village committees, trusts of villagers to 327 
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the leader, and attitudes of NRs to the leader. Strong leadership was inferred by the header of a 328 

village being good at leading collective action to balance village development and nature 329 

conservation and accounts for villagers’ livelihood. More details about diagnoses results of the 330 

variables were indicated in the following sections.  331 

Though our three sites might provide some sampling bias, these three cases allow an 332 

opportunity to investigate all three different types of CM management outcome and make 333 

comparisons across these different cases (Basurto & Jimenez-Perez, 2013). The focused 334 

assessment also allowed for the examination of variables of the SES framework in some detail. 335 

SES are complex systems with cross-scale and cross-level interactions occurring over time; that, 336 

in and of itself, make it difficult to isolate specific variables and their causal relationship in 337 

determining the outcome (Williams & Tai, 2016).  338 

5. Results 339 

The PCF management, as a core of the NR SES management in this study, is an ongoing 340 

interactional process (I) in which outcomes (O) are determined jointly by the interactions at all 341 

levels of governance based on the characteristics of resource system (RS), resource unity (RU) 342 

and actors (A) in the context of specified social, economic and political setting(S). Decomposition 343 

of three NR SESs indicates that sub-systems composing the SES varies in different NRs. 344 

5.1 CF Resource System (RS) and Resource Units (RU) 345 

All three NRs are mainly dominated by CF (CFRS3a), while features of the CF differ to each 346 

other (Table 3).  347 

 IN TNR, the CF accounts for 72.1% with a size of 7488.1 hectares to all the lands, and 76.5% 348 

to total forestlands. A small portion of collective forests with the size of 221 hectares is a plantation, 349 
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and the remainder collective forests are in natural regeneration. The collective forest plantation 350 

consists of 8 hectares of bamboo and 213 hectares of timber forest. There are 67 hectares of 351 

economic forest distributed in CNR, of which are 3.8 hectares fruit tree, 3 hectares tea tree and 62.2 352 

hectares Camellia oleifera Abel. tree. Bamboo is ranked on the top important for cash income of the 353 

villagers.  354 

In DNR, the CF accounts for 86.6% with a size of 11661.5 hectares to all the lands, and 89.9% 355 

to total forestlands. A portion of 1137 hectares is a plantation, and the remainder collective forests 356 

are in natural regeneration. The collective forest plantation consists of 47.7 hectares of bamboo, 357 

1088.48 hectares of timber forest, and 0.82 hectares of shrubs. There are 11.96 hectares of economic 358 

forest distributed in the NNR, of which there is 5.86 hectare of fruit trees and 6.1 hectare of Camellia 359 

oleifera Abel. trees. Bamboo and tea oil are major types of sources of the villagers in getting forest 360 

income. 361 

In GPR, all forests with a size of 1289.83 hectares are collectively owned, of with 91.5% 362 

(1179.8 hectares) are planted by villagers as a kind of investment. The forest plantation consists of 363 

152.6 hectares of bamboo, 917.1 hectares of timber forest, and 110.1 hectares of shrubs. The timber 364 

forests have become matured with high economic value (CFRU4). The villagers continue the 365 

tradition to produce non-timber products such as medical herbs, tea, mushroom, and honey for cash 366 

income and subsistence. 367 

Resource dependence varied across TNR, DNR, and GPR (A8). In TNRR, local villagers had 368 

a low dependence on CF resources in NR with a relatively low cash income. In DNR, local villagers 369 

had a high dependence on indirect use of CF for tourism and cash income (A8c), while have relied 370 
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less on bamboo and other NTPs for cash income but for living subsistence (A8a, A8b). In GPR, 371 

local villagers had a strong dependence on direct use of for timber (CFRU4) and bamboo (A8a).   372 

Table 3. Comparison of Resource System and Resource Unit in TNR, DNR, and GPR 373 

Variables Working Definition TNR DNR GPR 

CF Resource System (CFRS)    

CFRS3: Size     

CFRS3a: Ratio of 

CF in the NR to the 

NR area 

The ratio of collective forest in 

the NR to the NR area 

High Extremely high Extremely high 

CFRS3b: Ratio of 

CF plantation to the 

CF in the NR 

Area of collective forest 

plantation in the NR. 

Low  Somewhat low High 

CF Resource Unit (CFRU)    

CFRU4: Resource 

value  

The economic value of the 

collective forest resource. 

Low High High 

CFRU5: Number of units    

CFRU5a: Number of 

timber forest  

Number of collective timber 

forest resource 

Low Low High 

CFRU5b: Number of 

bamboo forest 

Number of collective bamboo 

forest resource  

Low Medium High 

5.2 Actors (A) 374 

Actors (A) also varied significantly among three NR SES, and their dependence on the CF 375 

resources are divergent (Table 4). 376 

The CNR spans over five townships and 15 administrative villages affiliated to Changting 377 

county. There are 12 administrative villages across the borders of the NR with 36,812 villagers, and 378 

the other three villages locate in the NR with 4420 villagers. Most villagers lived in the buffer zone 379 

and the experimental zone, besides less than 10% Villagers in the core zone. Most villagers are with 380 

similar sources of income, such as off-farm work, crop cultivation, and harvesting bamboo. The 381 

high number of the direct users of the CF (A1a) usually generates potentially high dependence and 382 

stress on CF in NR, which is echoed by results of villagers’ dependence on bamboo (A8a).  383 

Table 4. Comparison of Actors in TNR, DNR, and GPR 384 
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Variables Working Definition TNR DNR GPR 

A1: Relevant actors     

A1a: Direct users of 

natural resources 

Number of direct users of the 

CF per square kilometer 

Medium Low High 

A1b: Other actors Number of tourists in the NR Slow Growth Rapid Growth Slow Growth 

A2: Socio-economic attributes of users     

A2a: Economic 

attributes 

The economic condition of the 

villagers  

Mostly Poor  Some rich and 

mostly medium 

Mostly poor 

A2b: Social 

attributes 

The ratio of adult failed to 

afford marriage 

Low Low High 

A5: Leadership 

patterns 

The leadership of header of 

village committee to lead 

collective action. 

Strong Strong Weak 

A8: Importance of resource.    

A8a: Dependence on 

bamboo. 

Villagers’ dependence on 

bamboo for livelihood. 

High Low  High 

A8b: Dependence on 

other NTP 

Villagers’ dependence on other 

NTPs for livelihood. 

Mostly 

medium 

Mostly low Mostly 

medium 

A8c: Dependence on 

CF for tourism 

Villagers’ dependence on CF 

for tourism. 

Low High Low 

DNR spans over five townships and 15 administrative villages affiliated to Changting county. 385 

There are 12 administrative villages across the borders of the NR with 36,812 villagers, and the 386 

other three villages locate in the NR with 4420 villagers. Most villagers lead their lives on off-farm 387 

work, crop cultivation, and harvesting bamboo. Compared to the rapid development of tourism 388 

around DNR, the villagers have a firm intention to involved in tourism as well. Indeed, the 389 

tourists(A1b), as an indirect user, have increased rapidly in recent year, which leads to a high 390 

dependence on CF for expanding tourism (A8C).  391 

FGPNR spans over two townships and seven administrative villages. None of the 392 

administrative villages locates within the PNR completely, but there are around ten natural 393 

villages, one tier lower than administrative villages, inside of the PNR. The total population is 394 

5796, of which 4236 villagers live in the PNR and 1561 near the PNR. All five villages have 395 

common features in a less developed economy. 396 
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5.3 Governance System (GS) 397 

Both TNR and DNR administrations are stronger and more independent than of GPR (GS1a). 398 

In line with the leadership of header of a village (A5), capacities of village committees in TNR and 399 

DNR are higher than that in GPR. 400 

TNR administration started as an affiliation of the Changting forestry administration. Three 401 

years after the promotion, the CNR administration became an independent organization of the 402 

Changting county government in 2017 with one tier higher executive setting than the county forestry 403 

administration and the township government.   404 

DNR administration was established along with the designation of NNR in 1985 and was 405 

affiliated to Dehua county government with a low executive level. Along with the upgrade of the 406 

NNR in 2015, the administration got the promotion to be subjected directly to the county 407 

government and one tier higher than the county forestry administration and the township 408 

government. 409 

GPR administration was initially set up as a division affiliated to the Fu’an forestry 410 

administration bureau in 1996. Though the NR upgraded to be the PNR in 1999, the division was 411 

kept the same tier of the executive setting as before and one tier lower than the executive setting of 412 

the township government. 413 

NGOs have played positive roles in the management of CF in NR, such as multiple NGOs 414 

presenting in TNR promote harmony in the management of CF, some NGOs in DNR reduce 415 

conflicts, while the absence of NGOs in GFPNR lives along with severe conflicts in the management 416 

of CF.  417 

Table 5. Comparison of Governance in TNR, DNR, and GPR 418 
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Variables Working Definition TNR DNR GPR 

GS1: Government organization    

GS1a: NR 

administration 

Tier of administrative of the 

NR administration 

National  National  Provincial 

GS1b: Village 

committee 

The capacity of the village 

committee. 

Strong Strong Weak 

GS2: NGOs Presence of NGOs.  Present - 

Multiple 

Present - 

Some types 

Absent 

GS3: Network structure     

GS3a: Social 

networks 

Vertical and horizontal 

partners in co-management  

Strong Strong Weak 

GS3b: Market 

networks  

Vertical and horizontal 

partners in commence 

Weak Strong Strong 

GS4: Property right 

system 

Restriction on villagers’ use 

right of CF 

Partially  Partially Largely 

GS5: Operational rule    

GS5a: rule for 

participatory 

conservation 

The rule for villagers’ 

participation in the 

conservation. 

Strong Medium Weak 

GS5b: rule for 

participatory 

alternative livelihood 

The rule for villagers’ 

participation in determines 

alternative livelihood.  

Strong Medium Weak 

GS6: Collective- 

choice rules 

Rules set defined by involved 

actors according to the local 

environment and political and 

economic condition 

Strong Medium Weak 

In terms of network structure, a robust social network in TNR and DNR contributes to nature 419 

conservation (GS3a), while strong market networks in DNR and GPR provides incentives to exploit 420 

nature resource (GS3b). In TNR, operational rules encourage and guarantee the villagers to 421 

participate in the nature conservation and alternative income sources as well (GS5a, GS5b). 422 

However, in GPR, such operational rules are hardly observed. Collective choice rules in TNR are 423 

also strong through effective decision-making mechanism at NR SES level.   424 

5.4 Social, Economic and Political Setting (S) 425 

This study makes diagnoses of variables of social, economic, and political setting (S), which 426 

supplies the understanding of how SES operates with influences from exogenous factors (Table 6).  427 
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Fu’an city has the same executive setting as Changting county and Dehua county. However, as 428 

the county-level city, Fu’an has a larger population and more advanced secondary and tertiary 429 

industry. In term of the AGDP, Changting county is much less developed than Dehua and Fu’an 430 

(S1a). Dehua county has very undeveloped agriculture and now is concentrated on tourism 431 

development, which encourages villagers in NR to explore CF for tourism (S1b).  432 

Table 6. Comparison of the Social, Economic and Political Settings in TNR, DNR, and GPR 433 

Variables Working Definition TNR DNR GPR 

S1: Economic Development    

S1a. AGDP Gross domestic product value 

per capita in 2018.  

Low Medium Medium 

S1b. Industrial 

Structure 

Importance of the tourism 

industry. 

Medium Extremely high Medium 

S4 Government resource policies    

S4a. Governmental 

regulatory and policy 

framework 

Governmental regulatory and 

policy for the management of 

the natural resource.   

Strong and 

effective 

Strong and 

medium 

Weak and 

medium 

S4b. Environmental 

policies 

Policy at a different level and 

their level of implementation 

Extremely 

strong 

Strong Weak 

S4c. Compliance of 

environmental 

regulatory and policy 

frameworks 

Compliance of inhabitants to 

the governmental regulatory 

and policy for management of  

Strong Medium Weak 

Governmental resource policies at the county and higher levels have a significant impact on 434 

proper management of CF in NR. The development policy boosts up villagers’ motivations in 435 

expand the tourism industry in DNR (S4a). The stringent policies in environmental protection in 436 

TNR (S4b) enables the inhabitants and other actors to follow the governmental regulatory and policy 437 

for management of NR (S4c) when involved in CF based activates in NR (A1b). A dilemma 438 

observed in this study is that enthusiasm to develop tourism always conflict with the NR 439 

management in Dehua.    440 
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5.5 Interaction (I) 441 

While sub-systems such as NR, RU, A, and G being backbones of the NR SES, their 442 

interactions including information sharing, the deliberation process, conflicts resolution, investment 443 

activities, self-organizing activities, and networking activities, determine the outcome of NR SES 444 

in context with the specific condition of these four sub-systems. 445 

Information sharing. In TNR and DNR, information sharing (I2) was active through well-446 

operated village committee (GS1b) under a leader with strong leadership (A5). The appearance of 447 

NGOs (GS2) also facilitated information sharing through environmental awareness education and 448 

outreach for the villagers. Both the Changting county and the Dehua county had sound governmental 449 

regulatory and policy for management of natural resource (S4b) and effective environmental policy 450 

(S4c), which are both beneficial to the NR and the village. However, in GPR, the weak leadership 451 

of header of village committee (A5, GS1b), the absence of NGO (GS2) and the ineffective 452 

regulatory and policy (S4a, S4b) jointly resulted in limited information sharing among actors (A1a, 453 

A1b) 454 

Deliberation process. Due to weak leadership and self-governance in the village (A5, GS1b), 455 

the lower tier of executive setting of the PGNRR (GS1a), the undeveloped social networks 456 

(GS3b), and the operational rules failed to convince the villagers (GS5a, GS5b), the effective 457 

deliberation process was hard to be successfully organized in GPR SES. Conversely, the 458 

operational rules (GS5a, GS5b) did not align with the development of the village, villagers’ 459 

livelihood under the CF management could not be modified through the deliberation. The 460 

presence of valid deliberation process in CNR and DNR have contributed to preventing and 461 
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alleviating the conflicts of CF management (I4) and successfully selecting alternative livelihoods 462 

for the villagers to reduce dependence on the natural resource (A8a, A8b).   463 

Conflicts resolution. The conflicts existed in DNR and GPR were more intensive than in the 464 

TNR for more than two decades. The ratio of CF in DNR and GPR was higher than in TNR 465 

(CFRS3a). However, the ratio of CF plantations in GPR was high to 78%, which was a major cause 466 

of the conflict under the CF management (CFRS3b). Another high economic value of the CF 467 

resource for DNR (CFRU4) depended on the rapidly increasing tourists (A1b) in DNR, which was 468 

supported by the local county government (S1b). In TNR, a set of tools (GS5a, GS5b), consisting 469 

of the dialogue, the workshop and the meditation organized by the co-management committee, 470 

played active roles to resolve the conflicts (I4) in the long process. The resolution of conflict (I4) 471 

also gained support from the regulatory rules and policies at the county level (S4a, S4b, S4c). The 472 

conflicts in DNR seemed hard to be resolved along with the enhanced appeal of the villagers to 473 

develop tourism. In GPR, the conflicts were even harder to be solved for low compliance of the 474 

villagers to the rules, the absence of valid tools in alleviating the conflicts, and arising strong appeal 475 

to harvest timber from the CF plantation.  476 

Investment activities. Investment activities (I5), including building human capacity and 477 

improving resource quality, were strong in TNR and DNR, but weak in GPR. As national nature 478 

reserves (GS1a), both TNR and DNR got free training opportunities organized by the central 479 

government. The financial investment also covered the improvement of natural resource condition 480 

and its value (CFRU 4). Besides, the historical and on-going project against water and soil erosion 481 

(S4b) contributed to enhancing the leadership of the headers for the villages in TNRNA(A5). The 482 

header of the villagers in DNR enhances his leadership (S4a) from tourism promotion (A5). The 483 
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Fu’an city government mostly funded the GPR with a few additional financial support from the 484 

provincial government.  485 

Table 7. Comparison of Interaction (I)in TNR, DNR, and GPR 486 

Variables Working Definition TNR DNR GPR 

I2: Information 

sharing 

Source to keep 

communication between 

the NR and the village   

Strong Strong Weak 

I3: Deliberation 

process 

Deliberation for the 

alternative livelihoods 

Present Present Absent 

I4: Conflicts 

resolution 

Workshop or dialogue to 

address conflicts and reach 

amenable conclusions. 

Present Present Absent 

I5: Investment 

activities 

The building of human and 

resource capacity in SES 

Strong Medium Weak 

I7: Self-organizing 

activities 

Collective action activities 

in govern SES 

Strong Medium Weak 

I8: Networking 

activities 

Liaise with horizontal and 

vertical partners to 

collective action 

Strong Medium Weak 

Self-organization. The primary self-organization, viz., the village committee, existed in all 487 

villages in these three NRs. The village committees played different roles in the CF management in 488 

the NRs for the diverse leadership of headers of the committee (A5) and collective actions of the 489 

actors (GS6). The weak role of the village committee in the CF management was determined by 490 

property right system (GS4), the intensity of the conflicts, and environmental regulatory and policy 491 

(S4a, S4b, S4c) in GPR. The co-management committee in DNR played a less positive role in the 492 

CF management though with the same strong self-organizing capacity as in TNR, since the villagers 493 

in DNR had higher intention to make use of the CFs for tourism instead of conservation. 494 

Networking activities. Both in TNR and DNR, there had built multi-tier and multi-scale 495 

networks with the NRAB (GS1a), the village committees (GS1b), the relevant executive 496 

departments at the county and higher levels, and the NGOs (GS2). The presence of several NGOs 497 
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had expanded their network capacity to network and leveraged resources to strengthen the CF 498 

management in the NR. In comparison, the leadership in GPR resulted in weak network structure to 499 

support effective management of the CF (A5). Also, TNR had a unique social network, consisting 500 

of Hakka people abroad, which offers strong support for the management of CF in NR (GS3a).  501 

5.6 Outcomes (O) 502 

In terms of outcomes, CF management in TNR has appropriately been over time due to the 503 

strong leadership of village committees, effective prevention, and conflict resolution mechanism, 504 

strong self-organization and collective-action, appropriate dependence on CF resources without 505 

negative impact on NR, horizontal-vertical social network, and sound social, economic and 506 

political setting. In DNR, CF management has once been in harmony with mild conflicts caused 507 

by the disparity between the booming tourism and CF management in NR. In GPR, CF 508 

management has been in severe conflicts centering on CF plantations in NR in recent years.  509 

6. Discussion and Conclusion 510 

This study applied Ostrom’s SES framework (Ostrom, 2007、2009; Ostrom & Cox, 2010; 511 

McGinnis & Ostrom, 2014) to a precise diagnosis of three cases of CF management in NR. The 512 

implementation of Ostrom’s SES framework initiates the identification of the vital process and 513 

contextual variables and their interactions associated with CF management outcomes. Deriving 514 

from the existing literature based on Ostrom’s framework, this study explores several three-tier 515 

variables and first-tier variables of social, economic, and political setting (S) in the adaption 516 

process of the framework. This work can help develop the framework by building a classification 517 

of variables related to CF management. These second-tier and third-tier variables guided this 518 

analysis in understanding why different CF management outcomes formed in three different NRs. 519 
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The application of Ostrom’s diagnostic framework also reveals that management of CF in NR is a 520 

process of self-organization, networking, conflict-resolving, and capacity-building under specific 521 

circumstances jointly determined by social, economic and political factors surrounding the NR. 522 

Different from a traditional study with the static review (Berkes, 2009), the SES framework 523 

enables this study to follow a dynamic perspective reviews of the changing conditions that may 524 

influence CF outcome. Therefore, we can investigate the resource use, patterns of interactions, and 525 

institutional interplay overtime and their influence on NR management outcomes (William & Tai, 526 

2016). 527 

The act of NR reservation does not foster sustainability alone (William & Tai, 2016). NR is a 528 

complex and dynamic system with uncertainty. All sub-systems are in the process of evolution 529 

which jointly determine the operation of whole SES. Each sub-system interacts with each other 530 

and affects the outcome together. Policy-makers need to deepen understanding of the complexity 531 

of the social and ecological system of NR to enhance sustainability, p. CF management problem 532 

roots in the involvement of CF in NR. Though inadequate economic compensation does not lead 533 

to conflicts in TNR, a more appropriate economic compensation is needed to offset the economic 534 

loss caused by the involvement of the abundant CFs, especially for the NRs with abundant CFs 535 

plantations. The poverty of villagers in NRs should gain higher attention from NR and 536 

government. Villagers in GPR are easy to be affected by market demand to exploit them further. 537 

To this point, alternative income sources need to be created with the more active participation of 538 

local villagers in line with good nature conservation. Leaders of the village have significant 539 

important roles in village development and nature conservation and have more cognition about 540 

nature conservation through more involvement in capacity building programs. The vertical and 541 
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horizontal network needs to be developed further. At the vertical perspective, NR should explore 542 

more support from higher levels of the government, and foster the strong capacity of self-543 

organizing and collective choice below at village level. At the horizontal, multiple government 544 

departments should be organized to establish a cooperative management council for the resolution 545 

of conflicts in CF management, reinforcement of NR management, and promotion harmony 546 

between village development and nature conservation. More NGOs engaged in environment-547 

friendly development and nature conservation are needed to extend their positive role in NR SES 548 

management. In term of dynamic characteristics of SES, a monitoring system is needed to 549 

understand the evolutionary process of NR SES and then offer convincing evidence for NR SES 550 

management.    551 

This study demonstrates how a systematic Ostrom’s SES framework to be employed for 552 

analysis of three NR system in the Fujian province of China. The interrelationships among these 553 

variables operating at multi-tiers are also considered in this study. This study improves how the 554 

theoretical framework of empirical study. Involvement of social, economic, and political setting 555 

(S) in this study is a subtle extension of the practical application of the SES framework. Further 556 

studies are needed in the following fields: First, social network (GS3a) at village level is very 557 

complicated for informally social norms prevailing in rural China. For example, villagers in a 558 

village come from different families or clans and will follow the rule of the family and header of 559 

the family better than the header of the village. Presence of multiple families or clans in one 560 

village makes a horizontal network complicated. Secondly, the diagnosis of relevant actors (A1) 561 

can be more accurate. In term to large size and scale of NR SES, there are a large number of 562 

shareholders making direct and indirect use of natural resource in NR SES. Features of direct 563 
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users and indirect users differ from each other. Special attention can be paid to the diagnosis of 564 

social-economic attributes of users.  565 

As pointed by Astrom (2009) that there is not a panacea solution for natural resource 566 

management, we believe that each case and relevant studies must be treated uniquely with careful 567 

consideration. Even application of Ostrom’s SES framework can address issues of absence a 568 

common analytical framework in studying natural resources, the selection of variables and the 569 

setting of tiers have a nuanced difference in the empirical study. Hence, further development of the 570 

SES framework is needed. 571 
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