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Abstract: Protected areas (PAs) provide refuges for threatened species and are considered to be the
most important approach to biodiversity conservation. Besides climate change, increasing human
population is the biggest threat to biodiversity and habitats in PAs. In this paper, the temporal
and spatial variations of land cover changes (LCC), vegetation fraction (VFC), and net primary
productivity (NPP) were studied to present the ecosystem dynamics of habitats in 6 different types
of national nature reserves (NNRs) in 8 climate zones in China. Furthermore, we used Defense
Meteorological Satellite Program/Operational Linescan System (DMSP/OLS) nighttime light datasets
and the human disturbance (HD) index estimated from LCC to quantify the living and developing
human pressures within the NNRs in the period 2000–2013. The results showed that (1) the living
human activities of NNRs increased apparently in the humid warm-temperate zone, Qinghai-Tibet
Plateau, mid-temperate semi-arid zone, and mid-temperate humid zone, with the highest increase of
nighttime light observed in inland wetlands; (2) the developing human activities in NNRs indicated
by the HD index were higher in the humid warm-temperate zone and mid-temperate semi-arid zone
as a result of increasing areas of agricultural and built activities, and lower in the sub-tropics due
to improved conservation of forest ecosystems; (3) the relationship between HD and VFC suggests
that ecosystems in most NNRs of south-subtropics, mid-temperate arid zone and Qinghai-Tibet
Plateau were predominantly impacted by climate change. However, HDs were the prevalent factor of
ecosystem dynamics in most NNRs of north-subtropics, mid-temperate semi-arid and humid zones.

Keywords: national nature reserves; human activities; land cover changes; nighttime light; vegetation
fraction; net primary productivity; China

1. Introduction

More than 85% of the vulnerable or endangered species are influenced by the degradation or
destruction of habitat, and at least 20% are impacted by severe weather conditions and climate
change in terrestrial ecosystems [1,2]. Protected areas (PAs) are identified as the most important units
for preservation in situ [3]. With increasing human activity pressure on the earth’s resources, an
effective PAs system is one of the most important approaches for the protection of biodiversity [4–6],
or slowing the loss rate with its value from a social perspective is changing due to a constantly changing
society [7]. As an increasing trend in conservation, research about PAs have become increasingly more
important [8].

The validity of PAs increasingly threatened by human activities and climate change. However,
the extend of this threat is not clear. In the last few years, there have been some debates on its
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validity [9,10]. In the context of climate change, the advantages of PAs have been questioned for
biodiversity because PAs are motionless static, whereas the distributions of plant and animal species
are dynamic [11]. Climate change and land cover changes (LCC) both impress vegetation-structural
properties in terrestrial ecosystems [12]. Past research has mainly concentrated on the effect of climate
change [13–15]. Compared with studies which focused on the impact of climate change, the number of
studies which concentrate on expected influence of future LCC on biodiversity falls far behind [2].

In addition, the decline of biodiversity is affected by types of human drivers, including LCC,
invasive species, overexploitation, and pollution [1,16]. The most immediate and significant threats to
biodiversity are direct degradation and destruction of habitats caused by LCC [2]. Threatening up to
44.8% of vertebrate populations [17], whereas climate change only is a threat to 7.1% of the extinction
of vertebrates. Road construction, real estate development, and urbanization affect negatively reserves
and reduce the effective extent of reserves [18,19]. Concern that some PAs might be “paper parks”
which hardly come sustainable protection [20,21].

National nature reserves (NNRs) are the most strictly managed type of PAs, which limit or even
forbid human activities within their boundaries. China’s environmental bulletin of 2015 suggest that
China established 2740 nature reserves with area of 1.47 million km2 totally which cover 14.8% of
China’s territory as of 2015, and China strives to take 20% of its land under protection by 2020. It is
necessary to understand the dynamics of habitat in NNRs and analyze the impacts of increasing human
activities on the habitat with the changing climate. However, national-scale assessments of habitat and
ecosystems in NNRs is lacking. Choosing typical NNRs as research areas, this study analyzed the
temporal and spatial variations of LCC, vegetation fraction (VFC) and net primary productivity (NPP)
based on model simulation, remote sensing inversion and spatial analysis methods, to present the
habitat ecosystem dynamics of NNRs in varied climate zones. We also used Defense Meteorological
Satellite Program/Operational Linescan System (DMSP/OLS) nighttime light data which can detect
small plot of residential land and human disturbances (HD), which means the degree of surface change
to quantitive human activities in NNRs. Then HD and its relationship with VFC was comprehensively
discussed to recognize the impact of human activities. The study aimed to discriminate the negative
and positive impacts of human activities on habitat in China’s typical NNRs over the past few decades
and to assess the effects of the most strictly managed PAs in conserving habitat.

2. Methods and Materials

2.1. Study Areas

Until 2015, China had established 428 national nature reserves (NNRs). This research chose
299 NNRs, the boundary of which is getatable as study areas. And aquatic animal and sea coast
NNRs were not considered. These 299 NNRs include 167 forest ecosystems, 4 grassland meadows,
36 inland wetlands, 13 desert ecosystems, 67 wild plants, and 13 wild animals NNRs. We obtained
the boundaries of study areas from Ministry of Ecology and Environment of the People’s Republic
of China (http://www.zhb.gov.cn/stbh/zrbhq/gjjzrbhqps/). The NNRs were vectored by combining
them with high-resolution and topography remote sensing images. In addition, we classified China
into 8 climate zones [22] (Figure 1). Among these NNRs, 22 are located in south-subtropics, 102 in
middle-subtropics, 30 in north-subtropics, 11 in humid warm-temperate zone, 38 in Qinghai-Tibetan
Plateau, 42 in mid-temperate humid zone, 35 in mid-temperate semi-arid zone, and 19 in mid-temperate
arid zone.

http://www.zhb.gov.cn/stbh/zrbhq/gjjzrbhqps/
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detect low-intensity light emitted by urban lights, small-scale residential areas, and traffic flow [24]. 
We downloaded DMSP/OLS nighttime light data at National Geophysical Data Center 
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2.2. The Land Cover Change Datasets

LCC datasets were collected for the years of 2000, 2005, 2010, and 2015 with resolution of
100 m from Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences
(http://www.resdc.cn). These datasets were interpreted by human-machine interactions based on
rectified satellite images using an ArcGIS platform, according to methods from Liu et al. [23]. Land
cover was classified into 6 primary types, consisting of grassland, forest, cropland, wetland, desert,
and built area. The 6 types were further subdivided into 25 subtypes.

2.3. Quantitative Methods of Human Activities

We divided human activities into living activities and developing activities. We used DMSP/OLS
as nighttime light datato response the living activities in NNRs, which is a value of average light
intensity from 20:30 to 21:30, acquired by sensor of Operational Linescan System carried by Defense
Meteorological Satellite Program (DMSP). The nighttime light dataset can be used to detect low-intensity
light emitted by urban lights, small-scale residential areas, and traffic flow [24]. We downloaded
DMSP/OLS nighttime light data at National Geophysical Data Center (http://www.ngdc.noaa.gov/

dmsp/download.html), with a value range from 0 to 63.
In addition, the HD induced from LCC was estimated and analyzed to respond the developing

activities in agricultural and urbanization, based on 25 subtypes of the LCC datasets for 2000, 2005,
2010 and 2015. HD is defined as an index to quantify the degree of resource utilization, environmental
development, and reformation of nature in a certain region, which are reflected by LCC. It can be
calculated as follows:

HD =
SCLE

S
× 100% (1)

SCLE =
n∑

i=1

SLi·CIi (2)

http://www.resdc.cn
http://www.ngdc.noaa.gov/dmsp/download.html
http://www.ngdc.noaa.gov/dmsp/download.html
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where SCLE is area of equivalent construction area; S is areas totally; SLi is area of landuse type i, i=1,
2,..., n; CIi is a conversion factor (Table 1), which was used to compare the different degrees of human
activities on the land surface, and its value was defined by referring to Zhao et al., Xu et al. and Zhu et
al. [25–27].

Table 1. Conversion factor of different land use and land cover types.

Land Use and Land Cover Cropland Artificial Forest Reservoir Built-Up Areas Others

Conversion factor 0.2 0.133 0.6 1 0

2.4. Estimation of Ecosystem Qualities

2.4.1. The Calculation of Vegetation Fraction

The data of vegetation fraction (VFC) was derived from the Normalized Difference Vegetation
Index (NDVI) by model of dimidiate pixel [28], as a pixel of NDVI data could allow extraction of
the non-vegetation and green vegetation information. VFC from 2000 to 2015 was calculated by
follow equation:

VFC =
NDVI −NDVImin

NDVImax −NDVImin
(3)

In which, NDVImax is the value of totally pure vegetation and NDVImin is the value of barely land
without vegetation. MODIS NDVI for 16-day intervals from 2000 to 2015 was collected, and annual
NDVI values were calculated by maximum value.

2.4.2. Model Simulation of Net Primary Production (NPP)

NPP is a significant indicator in measuring ecosystem condition [29–31]. In recent years, the model
simulation of NPP based on remote sensing has led to extensive application in assessing vegetation
ecosystem changes on a large scale [32,33]. The simulation of NPP with a continuous time sequence
and spatial attributes provides a data basis for the quantitative evaluation of the protection of a nature
reserve [34].

We used Global Production Efficiency Model (GLO-PEM) to simulate NPP. GLOPEM uses
satellite variables that include linked components expressing canopy radiation absorption, autotrophic
respiration, utilization, and other environmental factors [35,36]. To begin with, vegetation gross
primary productivity (GPP) was estimated as follows:

GPP = PAR·FPAR·εg (4)

εg = εg
∗
·σ (5)

In which, PAR is photosynthetic active radiation, calculated by Allen et al. [37]. FPAR is fraction
of absorbed active radiation photosynthetically. FPAR was inverted by canopy radiative transfer
algorithm, which was exploited by Liu et al. [38] on the basis of the NDVI. εg is efficiency of solar
energy utilization. εg

∗ is the potential maximum radiation energy utilization under ideal conditions.
σ is the impact on the environment including water pressure deficit, PAR, temperature, CO2, and
soil moisture [39,40]. Meteorological data was acquired from China Meteorological Administration
(http://data.cma.cn) and then interpolated using ANUSPLIN.

NPP is the subtraction of the GPP and autotrophic respiration (Ra). It was modeled with 1 km
spatial resolution from 2000 to 2015 for NNRs in China by following equation:

Ra = f (Rm) + Rg (6)

NPP = GPP−Ra (7)

http://data.cma.cn
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where Rg is growing respiration and Rm is maintenance respiration.

2.5. Analysis and Assessment Methods

The temporal and spatial change pattern of LCC, VFC, NPP and HD from 2000 to 2015 were
analyzed for different type of NNRs in varied climate zones to assess the habitat dynamics of a recent
15-year period.

First, the change area and proportion of cropland, forest, grassland, wetland, built area, and desert
for 2000, 2005, 2010 and 2015 were statistically analyzed. Then, we calculated HD for each NNR and
grouped by NNR type and climate zones, and analyzed the 5-year changes. Following the change
patterns of VFC and NPP, we present the ecosystem qualities and changes in the NNRs.

The temporal variation trends (slo) were tested by method of the least squares as follows:

slo =
n×

∑n
i=1(i× I) −

∑n
i=1 i

∑n
i=1 M

n×
∑n

i=1 i2 −
(∑n

i=1 i
)2 (8)

where i is the serial number from 2000 to 2015 and M is the indicator value of VFC or NPP. If the value
of slo is positive, the trend of change is increased; conversely, it is decreased.

Finally, the relationship between changes in HD and VFC were analyzed and assessed to present
the impacts of human activities on ecosystem qualities under climate change. In a NNR, if the HD
is increasing, increasing VFC means the contribution is from climate change, and decreasing VFC
means the impacts are from negative human activities under climate change; if the HD is decreasing,
increasing VFC means the human activities are having a positive impact under climate change, and a
decreasing VFC means the impacts are from changing climate.

3. Results

3.1. The Land Cover Changes in NNRs

From 2000 to 2015, LCC in NNRs showed varied spatial and temporal patterns (Figure 2). For
NNRs in subtropics, forest increased by 72.66 km2 in 15 years but decreased over the last 5 years,
wetland increased by 15.63 km2, cropland decreased 68.47 km2, and built area increased by 40.95 km2.
For NNRs in humid warm-temperate zone, forest decreased in the first 5 years but increased by 2.94
km2 later, wetland increased by 38.78 km2, grassland decreased continuously 17.99 km2, cropland
decreased 10.96 km2, and the built area increased by 1.35 km2. For NNRs in mid-temperate humid
zone, forest and wetland decreased by 227.36 km2 and 712.1 km2, respectively; cropland and built
area increased by 699.38 km2 and 1.43 km2 respectively. For NNRs in mid-temperate semi-arid zone,
forest and wetland increased by 63.32 km2 and 16.46 km2, respectively; grassland and desert decreased
by 51.39 km2 and 156.57 km2, respectively; but built area increased by 104.24 km2. For NNRs in
mid-temperate arid zone, grassland and wetland increased by 190.04 km2 and 108.82 km2, respectively;
forest and desert decreased by 30.51 km2 and 379 km2, respectively, but cropland and built area
increased by 102 km2 and 8.54 km2, respectively. For NNRs in Qinghai-Tibet Plateau, grassland and
desert were transferred to wetland, and built area increased slightly.
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Figure 2. Land use and land cover change in national nature reserves in eight climate zones.

3.2. Human Activities in NNRs

From 2000 to 2013, there are 128 NNRs with no nighttime light, 25 NNRs almost unchanging,
117 NNRs increasing, 29 NNRs decreasing (Table 2). In the humid warm-temperate zone, Qinghai-Tibet
Plateau, mid-temperate semi-arid zone, and mid-temperate humid zone, more than half NNRs had
increasing nighttime light. Two thirds of inland wetlands NNRs led increasing nighttime light. NNRs
ordered from most to least for first 18 NNRs is Daqingshan of Inner Mongolia, Black Bee Nature
Reserve in Northeast Raohe, East Dongting Lake, Western Ordos, Cangshan Erhai, Lingwu Baiqitan,
Huihe, Yellow River Wetland, Helan Mountain, Xilinguole Grassland, Daheishan, Sanjiang, Shapotou,
Xinxiang Yellow River Wetland, Jinyunshan, Lushan, Yangzi Alligator, and Sanjiangyuan nature
reserves(Figure 3).
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Table 2. Frequencies of nighttime light change events in national nature reserves from 2000 to 2013 (I South-subtropics, II Mi- subtropics, III North-subtropics,
IV Humid warm-temperate zone, V Qinghai-Tibet Plateau, VI Mid-temperate semi-arid zone, VII Mid-temperate arid zone, VIII Mid-temperate humid zone).

Climate Zones No Light Unchanged Increased Decreased Types of National Nature Reserves No Light Unchanged Increased Decreased

I 6 3 9 4 Grassland meadow 3 0 1 0
II 65 9 19 9 Desert ecosystems 5 0 7 1
III 14 1 13 2 Inland wetlands 5 6 24 1
IV 1 2 7 1 Forest ecosystems 80 15 54 18
V 13 1 19 5 Wild animals 29 2 28 8
VI 11 3 18 3 Wild plants 6 2 3 1
VII 10 0 8 1
VIII 8 6 24 4
Total 128 25 117 29 128 25 117 29
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in mid-temperate arid and semi-arid zones. However, it was stable in subtropics and in Qinghai-
Tibet Plateau, which means the establishment of NNRs limited human activities effectively (Figure 
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Figure 3. Spatial distribution of nighttime light data change in national nature reserves.

Overa recent 15-year period, HD was highest in the NNRs of mid-temperate humid zone and
lowest in south-subtropics (Figure 4a). In mid-temperate humid zone, the HD of 4 NNRs (the Yellow
River wetland in Henan, wetland birds in Xinxiang, Rongcheng swan, and Hengshui Lake) surpassed
10%, which led to a high level for the whole zone. In south-subtropics, the HD of more than half
of NNRs was less than 1%. The HD of NNRs has intensified in the recent 5 years, especially the
warm-temperate humid zone, which had the largest increases in HD as a result of city expansion and
population increases, leading to an increasing area of built area. HD decreased in parts of the NNRs in
mid-temperate arid and semi-arid zones. However, it was stable in subtropics and in Qinghai-Tibet
Plateau, which means the establishment of NNRs limited human activities effectively (Figure 4b).
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Figure 4. Human disturbances (a) and their changes(b) in eight climate zones (I South-subtropics,
II Mid-subtropics, III North-subtropics, IV Humid warm-temperate zone, V Qinghai-Tibet Plateau,
VI Mid-temperate semi-arid zone, VII Mid-temperate arid zone, VIII Mid-temperate humid zone).

3.3. Dynamics of Ecosystem Qualities in NNRs

From 2000 to 2015, VFC had a high value in NNRs of subtropical zones. In subtropics, of all
154 NNRs, the VFC of 141 NNRs was greater than 90%. The NNRs in mid-temperate arid zone had
the lowest VFC; of the 19 NNRs, the VFC of 11 NNRs was less than 20%. The VFC of the NNRs
in Qinghai-Tibet Plateau and in mid-temperate semi-arid zone had a wide range from 5 to 95%,
concentrated largely from 40 to 90% (Figure 5a). From 2000 to 2010, the VFC showed a tendency of
declining in the NNRs of all climate zones. Of all 299 NNRs, 245 had a decreased trend. From 2005 to
2015, the VFC had an increasing trend in the NNRs of all climate zones, especially in Qinghai-Tibet
Plateau and in mid-temperate semi-arid and arid zones. Of all 299 NNRs, 226 NNRs had an increased
trend (Figure 5b).
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Figure 5. Vegetation fraction (a) and their changes(b) in eight climate zones (I South-subtropics,
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From 2000 to 2015, NPP was highest in NNRs of south-subtropics and lowest in mid-temperate
arid NNRs (Figure 6a). In south-subtropics, of the 22 NNRs, the NPP of 20 was more than 800 g·m−2.
In mid-temperate arid zone, of the 19 NNRs, the NPP of 12 was less than 100 g·m−2. In subtropical
zones, NPP declined especially in south-subtropics. From 2000 to 2010, of the 154 NNRs, the NPP of
74 declined more than 100 g·m−2. From 2005 to 2015, only 12 NNRs declined more than 100 g·m−2. The
NPP of the NNRs in other climate zones changed slightly (Figure 6b). The average VFC from 2010 to
2015 was higher than the average VFC from 2000 to 2005 in north-subtropics, mid-temperate semi-arid,
arid and humid climate zones (Figure 6a).
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3.4. The Relationships between Human Activities and Ecosystem Qualities

In most NNRs, especially those in south-subtropics and in Qinghai-Tibet Plateau, changes of
VFC could be the result of climate change because VFC has increasing or decreasing while HD hardly
changed (e.g., Figure 7a). In the case of increased HD, decreased VFC means there are negative impacts
of human activities on the VFC in the NNRs (Figure 7b,f,h), though an increased VFC means there is a
contribution of climate change in part of the NNRs (Figure 7c,d). If the HD value decreased, increased
VFC means decreasing human activities or positive impacts of human activities on VFC in the NNRs,
though a decreased VFC means the contribution is from climate change.
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4. Discussion

4.1. Assessment of the Advantages and Disadvantages of NNRs in China

In China, the effectiveness of NNRs is expressed in maintaining biodiversity, especially in some
endangered species, such as giant panda, which have been rescued effectively [41,42]. We find that VFC
and NPP of the majority NNRs improved. There are researchers that suggest China’s nature reserves
should pay more attention to key ecosystems and their services [41]. We also find that the establishment
of NNRs has limited human activities successfully in NNRs, which is reflected in a decreased or
stable HD, but has not been as successful in other NNRs, which is reflected in the increased built area.
By analyzing the relationship between HD and VFC, we found most NNRs in south-subtropics and in
Qinghai-Tibet Plateau are mainly impacted by climate change and some NNRs of other climate zones
are obviously impacted by human activities. It is necessary to create different policies for various NNRs
to control human activities. The management of NNRs has deficiencies. To begin with, NNRs are
managed by Ministry of Ecology and Environment, the State Forestry Administration, and the Ministry
of Agriculture, respectively. They are established for protecting biodiversity and ecosystem services.
However, various management administrations may ignore original goals, and it is impossible to
consider other stakeholders.

NNRs, of which the forest area decreased or development area increased, due to agricultural
exploitation, increasing artificial construction, urban expansion or mineral exploitation [2,43]. The
reasons for the influences could also be the regular productive and living needs of residents in the
NNRs or illegal exploiting activities such as sand and rock mining and excavation. Moreover, the forest
ecosystems protected in the NNRs accounted for only approximately 5% of China’s entire forested
area. However, the proportion of protected grassland, wetland, and desert ecosystems was 18%,
20%, and 12%, respectively. Based on their high primary productivity and abundant biodiversity,
forest ecosystems play a crucial role in underpinning global ecosystems and human social, economic
development [23,44]. Policy makers should strengthen the protection of forest ecosystems.

4.2. Major Conservation Threats to Biodiversity and Ecosystems in NNRs

Both human activities and climate change take an important role in ecosystem services and
biodiversity [1,2,45]. Many research forecasted the possible consequences of predicted climate change
on biodiversity [13–15]. For example, changing climate is expected to induce altitudinal or latitudinal
shifts in biology species’ ranges [46,47], reducing the effectiveness of conservation areas [48] or
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increasing the risk of species extinction [49,50]. The potential ecological consequences of these climate
change trends are substantial. Climate change could impact ecosystems positively or negatively, the
former in wetter regions and the latter in drier areas. In Qinghai-Tibet Plateau, changing climate impacts
starting date of vegetation growing season directly that may extend the length time of vegetation
growing season, which is related to gross and NPP closely [33]. A longer growing season will change
the production directly, which would significantly affect local economy [33,51].

With changing climate, LCC, pollution and overexploitation results in ecosystem degradation and
biodiversity decline [1,16]. For part terrestrial ecosystems, LCC has been the main directly driver of
biodiversity and ecosystem services [52–54]. More than 85% of threatened species are impacted by
habitat degradation or destruction [1]. In our study, the proportion of cropland and built area increased
over in more than a half arid NNRs over the recent 15-year period, which illustrates the influence of
agricultural exploitation, artificial construction, and mineral exploitation. In recent years, NNRs in
developed regions of eastern China have been under the pressure of urban expansion and economic
activities. It reminds one of the prediction that the expansion in cities and towns will threaten the area
of existing NNRs [55]. In humid regions, VFC of NNRs has a strongly negative correlation with HD,
which means intensified human activities would lead to lower VFC. However, in Qinghai-Tibet Plateau,
no significant relationship was found among VFC, NPP and HD, and VFC were mainly impacted by
climate change.

4.3. Adaptive Conservation Management and Regional Adaptation Strategies

Potential climate change, extreme disaster events, and increasing intensified human activities
have pushed policy makers to explore more effective and sustainable conservation programs. They
might desire to form participation mechanisms to involve persons in or surrounding the protected
areas to protect their biodiversity and ecosystem services proactively. We strongly hold that policy
analysis would consider the heterogeneity of various local ecosystems and biodiversity, and how
measurements and investments should target valid goals. It is necessary to consolidate the management
and monitoring of the PAs to one governmental department. Regular monitoring and evaluation of
NNRs is necessary. The temporary improvement or degradation of ecology conditions can not be
used to measure the failure or success of NNRs; instead, the long-term outcome should be the most
important. The added challenge for conservation of NNRs is economic signals and returns quickly
respond to any action relatively, but the change of ecosystem function may by decade lag. An effective
monitoring system is necessary for the success of conservation projects.

In addition to endemic species or abundant biodiversity, high-quality ecosystems should be
considered in conservation management. When reserves are researched, the quality of ecosystems
and habitats should be considered. Locally suitable protection measurements should be carried out
in habitat with the most threatened species to avoid the impacts of human activities that led to the
fragmentation of the habitat. It is imperative to create regional adaptation strategies to guarantee the
effectiveness of conservation programs. Conservation policy makers should take the negative and
positive long-term impacts of programs into account, even when protection projects have changed
local ecosystems [56]. Because NNRs are impacted by climate change and human activities, it also
is necessary to distinguish the role of conservation projects with changing climate and to insure the
function of NNRs with growing populations and expanding cities.

Nowadays, China has established other types of PAs consisting of forest parks, scenic spots,
special marine reserves, aquatic germplasm resources conservation zones, geoparks, wetland parks,
priority areas of biodiversity, ecosystem function conservation areas, and National Park Pilots, etc. In
addition, to expand conservation areas and maintain sustainable development, the Chinese government
struggles to delineate an ecological conservation red line. It should be quite measured in environmental
quality, ecosystem services, and natural resources using to ensure regional and national ecology safety,
peoples’ health, and sustainable economic and social development. Currently, China does well in
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conservation, but it is also on the path of exploring an effective protected system. In the future, the
focus should be shifted from quantity to quality of PAs [22,41].

4.4. Research Deficiency and Prospect

Although we studied the relationships between human activities and ecosystem qualities, it is
difficult to judge the contribution yet in consideration of the habitats of NNRs are influenced both by
climate change and human activities. There are not statistical tests when we studied the relationships,
which also limits describing the relationships. The current results show some dynamics but it remains
uknown whether the conservation status has deteriorated or not. Further spatial analyses are needed
to analyze the spatial pattern of changes (i.e., the hotspots of the deterioration) and their significance.
In addition, we should further explore how to reduce the impacts of human activities and improve the
effectiveness of NNRs under the background of rapid urbanization and increasing population.

5. Conclusions

This study analyzed the temporal and spatial variations of ecosystem change in habitat of NNRs
through the indicators of LCC, VFC, NPP and nighttime light data, and the driving forces of human
activities on the dynamics of the ecosystems for different type of NNRs in varied climatic zones were
established. Furthermore, suggestions related to conservation policies were provided according to the
results. Under climate change and positive human activities, the observed VFC and NPP improved
and was restored in most of the NNRs. The relationship between HD and VFC showed that ecosystems
in most NNRs in Qinghai-Tibet Plateau and in south-subtropics and mid-temperate arid zone are
impacted by climate change. However, ecosystems in quantify NNRs showed intensified human
activities, and thus a higher HD, due to increasing areas of cropland and built area, especially in
humid warm-temperate zone and mid-temperate semi-arid zone. Negative human activities such as
regular production and illegal exploitation should be limited or even forbidden in NNRs; however,
adaptation and mitigation measures under climate change should be implemented according to the
types of NNRs and local background. How to integrate various type of PAs in order to achieve the
target of conservation is an important challenge for policy makers. Furthermore, the monitoring and
assessment of the effects of PAs were significant for policy adjustments.
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