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Abstract: Twenty-one typical coupled large samples were chosen from areas within and surrounding nature reserves on the Tibetan Plateau using the large sample comparison method
(LSCM). To evaluate the effectiveness of the nature reserves in protecting the ecological
environment, the alpine grassland net primary production (NPP) of these coupled samples
were compared and the differences between them before and after their establishment as
protected areas were analyzed. The results showed that: (1) With respect to the alpine
grassland NPP, the ecological and environmental conditions of most nature reserves were
more fragile than those of the surrounding areas and also lower than the average values for
the Tibetan Plateau. (2) Of the 11 typical nature reserves selected, the positive trend in the
NPP for Manzetang was the most significant, whereas there was no obvious trend in
Taxkorgan. With the exception of Selincuo, the annual NPP growth rate in the nature reserves
covered by alpine meadow and wetland was higher than that in nature reserves consisting of
alpine steppe and alpine desert. (3) There were notable findings in 21 typical coupled samples: (a) After the establishment of the nature reserves, the annual rate of increase in the NPP
in 76% of samples inside nature reserves and 82% of samples inside national nature reserves
was higher than that of the corresponding samples outside nature reserves. (b) The effectiveness of ecological protection of the Mid-Kunlun, Changshagongma, Zoige and Selincuo
(Selin Co) nature reserves was significant; the effectiveness of protection was relatively sig-
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nificant in most parts of the Sanjiangyuan and Qiangtang nature reserves, whereas in
south-east Manzetang and north Taxkorgan the protection effectiveness was not obvious. (c)
The ecological protection effectiveness was significant in nature reserves consisting of alpine
meadow, but was weak in nature reserves covered by alpine steppe. This study also shows
that the advantage of large sample comparison method in evaluating regional ecology change.
Careful design of the samples used, to ensure comparability between the samples, is crucial
to the success of this LSCM.
Keywords: nature reserves; protection effectiveness; large sample comparison method; net primary production;
Tibetan Plateau

1

Introduction

The world’s first nature reserve–Yellowstone National Park in the USA–was created in 1872.
One hundred and forty years of practice has proved that nature reserves are the best way to
protect biodiversity; they are also effective in constructing ecosystems and maintaining regional ecological security (Ma, 1992; Wang et al., 2003; Cui, 2004; Chen et al., 2010). The
first nature reserve in China was the Dinghushan Nature Reserve, which was established in
1956. The State Council of China promulgated the Regulations of the People’s Republic of
China on Nature Reserves in September 1994, outlining the creation of nature reserves, the
regulations for their management and legal responsibilities. After these regulations had been
published, the development of nature reserves in China entered a rapid and orderly phase
(Chen, 2012).
The Tibetan Plateau (TP) is known as the “Roof of the World” and the “Third Pole of the
World” (Zhang et al., 2002). Both its ecology and environment are sensitive and fragile (Sun
et al., 2012). In particular, regions to the west of Ali, the central-south part of Naqu, the
Sanjiangyuan region and the Three Parallel Rivers Region are areas of key ecological significance (Mittermeier et al., 2011; Nan, 2013; Zhang et al., 2013b). To protect the environment, resources and biodiversity, 155 nature reserves have been created here since 1963,
with a total area of approximately 8.22 × 105 km2, accounting for 32.35% of the total area of
the Tibetan Plateau. Of these nature reserves, national and provincial nature reserves on the
Tibetan Plateau account for 54.96% of the total area of nature reserves (at the national and
provincial levels) in China. A system of nature reserves with a reasonable spatial distribution
has thus been formed on the Tibetan Plateau, offering a range of types of protection (Zhang
et al., 2015). However, to our knowledge, a method for the evaluation of the overall effectiveness of the creation of nature reserves and a standard system of nature reserves have not
yet been reported (Zheng et al., 1994; Cui, 2004; Ewers and Rodrigues, 2008; Zheng et al.,
2012; Yan et al., 2015). With the exception of individual natural types of reserve or regions,
such as wetlands (Victoria et al., 2002; Zheng et al., 2012) and the Sanjiangyuan (Shao et al.,
2012; DEPQP et al., 2015), a systematic analysis of the overall effectiveness of protection of
the natural reserves on the Tibetan Plateau has not yet been reported.
Many types of evaluation are aimed at particular objectives of protection or types of
vegetation or species, such as terrestrial vertebrates (Yan et al., 2015), forest ecosystems
(Curran et al., 2004; Andam et al., 2008; Wang et al., 2013), wetland ecosystems (Victoria et
al., 2002; Zheng et al., 2012), biodiversity (Bruner et al., 2001; Naughton-Treves et al.,
2005), the ecological environment (Shao et al., 2012), the management system used (Stoner
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et al., 2007; Caro et al., 2009; Quan et al., 2009; Chen et al., 2010 ; Leverington et al., 2010;
Underwood, 2012), economic value (Naidoo et al., 2006; Yan et al., 2014), social benefit
and regional sustainable development (Naughton-Treves et al., 2005; Liu et al., 2008;
Radeloff et al., 2010). These studies mainly adopted the delphi method, fuzzy evaluation
statistics, the analytic hierarchy process, principal component analysis and other quantitative
or qualitative evaluation methods to construct an index system for evaluation. Static evaluation (Zheng et al., 1994) or dynamic assessment (Bruner et al., 2001; Liu et al., 2001;
Curran et al., 2004; Mas, 2005; Deng et al., 2010; Shao et al., 2012; Zheng et al., 2012; Yan
et al., 2014, 2015) were then used to compare the nature reserves by index scoring, weighted
average and temporal comparison methods. However, these methods cannot assess several
nature reserves contemporaneously with long time series over large-scale areas.
Net primary production (NPP) is an important indicator of the function of ecosystems. In
recent decades, the NPP estimated by remote sensing has been widely used in vegetation
ecosystem studies (Melillo et al., 1993; Potter et al., 1993; Running et al., 2004; Shvidenko
et al., 2008; Crabtree et al., 2009). Based on remote sensing and observational plant biomass
data, Zhang et al. (2014) used the Carnegie–Ames–Stanford Approach model to determine
the spatio-temporal variability in the alpine grassland NPP on the Tibetan Plateau since 1982.
This enabled the quantitative assessment of the effectiveness of protection of nature reserves
on the Tibetan Plateau from the perspective of changes in the ecological system based on
long time series data obtained by remote sensing.
Alpine grassland is the dominant vegetation type on the Tibetan Plateau, accounting for
about 60% of its total area (Zhang et al., 2014). For this study, we selected 11 typical nature
reserves covered mainly by alpine grassland, including alpine meadows, alpine steppe, wetlands or alpine desert (Figure 1a). We then selected 21 contrasting coupled samples inside
and outside the nature reserves (Figure 1b). We analyzed the differences in the alpine grassland NPP between the regions inside and outside the nature reserves before and after their
creation to evaluate their effectiveness in protection. This study provides a scientific basis
for the ecological management of nature reserves and the formulation of national macroscopic policies.

2
2.1

Data and methods
Data sources

Spatial data
Alpine grassland NPP data were taken from Zhang et al. (2014) for the period 1982–2009 at
a spatial resolution of 0.05. This dataset was based on Global Inventory Modeling and
Mapping Studies (GIMMS) NDVI and SPOT VEGETATION NDVI data; the Carnegie–
Ames–Stanford Approach model was used to estimate the results. The process of model
calculation and the method for verifying the model results are based on previously published
methods (Potter et al., 1993; Crabtree et al., 2009; Zhang et al., 2014). The boundary of the
Tibetan Plateau was taken as that defined by Zhang et al. (2002). The boundaries of typical
nature reserves were taken from Zhang et al. (2012) and the range of alpine grassland (alpine meadow, alpine steppe, wetland, alpine desert and alpine sparse vegetation) were taken
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from Zhang (2007). To reduce analytical errors and uncertainty, all the spatial data were obtained using the WGS84 coordinate systems and the spatial resolution for raster data was set
at 0.05.

Figure 1 Typical nature reserves and their peripheral buffer zones on the Tibetan Plateau (TP) (a), and 21 typical sample pairs (b)
[

Nature reserve data
Information on the nature reserves at the end of 2012 was taken from the list of national nature reserves published by the Department of Nature and Ecology Conservation, Ministry of
Environmental Protection of China (http://sts.mep.gov.cn/zrbhq/; Table 1).
2.2

Methods

This ecological study considered the principles of vegetation ecology and environment het-
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erogeneity using long time series NPP data, which can indicate the status of ecological systems. ArcGIS 10.1 software was used to conduct the spatial analysis of alpine grassland NPP
in typical nature reserves and their peripheral buffer zones. Unlike the delphi and AHP
methods, which are usually used to analyze the effectiveness of protection of nature reserves,
we used the large sample comparison method (LSCM) and related indexes to study the effectiveness of protection of the reserves.
Table 1

Representative nature reserves on the Tibetan Plateau

Name of nature
reserve

Area (km2)

Proportion of
alpine grassland (%)*

Type of
protection

Level

Date of
creation

Qiangtang

300,000.0

78.31

Desert ecosystem

National

09 Jul. 1993

Sanjiangyuan

150,000.0

84.42

Inland wetland

National

23 May 2000

Altun Mountain

45,000.0

36.69

Desert ecosystem

National

01 Jan. 1983

Hoh Xil

45,000.0

56.13

Wild animal

National

08 Oct. 1995

Selincuo

20,323.8

68.92

Wild animal

National

01 Jan. 1993

Yanchiwan

13,600.0

47.03

Wild animal

National

01 Apr. 1982

Changshagongma

6,698.0

91.07

Wild animal

National

08 Dec. 1997

Zoige

1,665.7

86.25

Inland wetland

National

18 Nov. 1994

Mid-Kunlun Mountain

32,000.0

21.82

Wild animal

Provincial

01 Jan. 2001

Taxkorgan

15,000.0

28.07

Wild animal

Provincial

08 May 1984

Manzetang

3,658.8

64.83

Inland wetland

Provincial

08 Jun. 2001

*Calculated data combined with data from Zhang et al. (2007)

We chose representative large samples with equal areas for a comparative analysis of the
ecological changes in adjacent zones inside and at the periphery of each nature reserve, for
which the ecological and geographical environments were relatively consistent. The selection criteria for the comparative samples were as follows.
(1) The type of ecosystem in each pair of samples (inside the nature reserve and in its peripheral buffer zone) was the same. In addition, the area of the internal and external samples
was approximately equal.
(2) There were more than 30 effective pixels in each sample, taking into account the geostatistical requirements. Effective pixels refer to complete pixels (0.05 × 0.05) with alpine
grassland vegetation for which the yearly NPP value can be included in the source data.
(3) There were at least three pairs of comparative samples for all the different kinds of
main alpine grassland (e.g. alpine meadow, alpine steppe) and at least three pairs of comparative samples for each typical nature reserve (e.g. Qiangtang, Sanjiangyuan) to ensure
that the main vegetation types and large reservations were represented in the analysis.
We identified all the pairs of comparative samples that met these conditions based on the
distribution of alpine grassland and their distribution within and outside the nature reserves
(Figure 1b). We identified 21 pairs (42 samples) of comparative samples of all types. There
were eight pairs of samples in the Sanjiangyuan Nature Reserve, six pairs of samples in
Qiangtang Nature Reserve, two pairs in Selincuo Nature Reserve and only one pair of samples in each of the other five nature reserves, namely, Taxkorgan Wild Animal Nature Re-
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serve, Mid-Kunlun Nature Reserve, Changshagongma Nature Reserve, Manzetang Nature
Reserve and Zoige Wetland Nature Reserve, which cover only a small area each. No comparative sample met the design principle in the Altun Mountain Nature Reserve, Hoh Xil
Nature Reserve or Yanchiwan Nature Reserve. The sample areas were mainly covered by
alpine meadow (ten pairs), alpine steppe (eight pairs), alpine desert (two pairs) and wetland
(one pair) (Table 2). The sampled areas of the internal and external nature reserves were 6.95
× 104 and 7.84 × 104 km2, respectively. The area of samples within the nature reserves accounted for 10.98% of the total area of the nature reserves and 15.62% of the total area of
alpine grassland within the nature reserves.
Table 2

Data for typical sample pairs

Sample No.

Nature reserve

Vegetation type

Number of effective pixels in internal/external samples*

1

Taxkorgan

Alpine steppe

87/102

2

Mid-Kunlun Mountain

Alpine desert

34/63

3

Qiangtang

Alpine steppe

54/71

4

Qiangtang

Alpine desert

62/66

5

Qiangtang

Alpine steppe

102/84

6

Qiangtang

Alpine steppe

80/88

7

Qiangtang

Alpine steppe

91/93

8

Qiangtang

Alpine steppe

86/97

9

Selincuo

Alpine steppe

51/79

10

Selincuo

Alpine meadow

77/147

11

Sanjiangyuan

Alpine meadow

70/95

12

Sanjiangyuan

Alpine meadow

132/98

13

Sanjiangyuan

Alpine meadow

148/95

14

Sanjiangyuan

Alpine meadow

115/106

15

Changshagongma

Alpine meadow

90/110

16

Sanjiangyuan

Alpine meadow

115/145

17

Manzetang

Alpine meadow

46/113

18

Sanjiangyuan

Alpine meadow

125/94

19

Sanjiangyuan

Alpine meadow

77/80

20

Sanjiangyuan

Alpine steppe

70/70

21

Zoige

Wetland

37/50

*For greater accuracy, all the NPP data in the internal and external representative sample areas only count the number
of effective pixels of vegetation types. The effective pixels refer to complete pixels (0.05 × 0.05) with alpine grassland
vegetation, for which the yearly NPP value can be included in the source data.

We chose two indicators to characterize the differences in effectiveness of protection in
the sample pairs: the protection amplitude (Pk) and the protection amplitude ratio (Pr). The
protection amplitude (Pk) is the variation in amplitude of the net increase or net decrease in
the NPP of the internal zone of the sample minus that of the external zone of the sample per
unit time and unit area; a positive value indicates an increase in the NPP and a negative
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value indicates a decrease in the NPP. The protection amplitude ratio (Pr) is the ratio of the
protection amplitude to the amplitude for a condition of no protection (the NPP of the external sample of the pair) per unit time and unit area. These two indicators are used to characterize a significant degree of protection effectiveness. The two calculation formulas are:
Pk  k p  kn

Pr 

k p  kn
kn

(1)
(2)

where kp is the average amplitude of variation per unit time and unit area in the sample inside the nature reserve for the period before and after the reserve was created and kn is the
average amplitude of variation per unit time and unit area in the sample outside the nature
reserve for the period before and after the reserve was established.

3

Results

3.1

Temporal and spatial characteristics of alpine grassland NPP in nature reserves

Among the typical nature reserves, the vegetation type of Qiangtang, Hoh Xil and Taxkorgan nature reserves is mainly alpine steppe; the Sanjiangyuan, Changshagongma, Selincuo,
Zoige and Manzetang nature reserves are mainly covered by alpine meadow and the MidKunlun nature reserve is mainly covered by alpine desert and alpine sparse vegetation. The
vegetation types are approximately the same inside and outside the nature reserves (Figure
1a).
3.1.1

Spatial distribution of NPP

Between 1982 and 2009, the distribution of the average annual NPP in alpine grassland in
each nature reserve and the surrounding zone gradually increased from the west (north) to
the east (south) (Figure 2). This distribution is consistent with the regional spatial distribution of precipitation and temperature. The annual alpine grassland NPP of all the typical nature reserves is 87.47 gC m–2 yr–1, the annual NPP of all the national nature reserves is 87.33
gC m–2 yr–1 and the annual NPP of all the provincial nature reserves is 93.95 gC m–2 yr–1,
whereas the annual NPP in the zone surrounding all the typical nature reserves is 157.86 gC
m–2 yr–1 (Figure 2). Therefore the ecological environment in the nature reserves, especially
the national nature reserves, is more fragile than in the surrounding regions.
Comparing the mean NPP of all types of alpine grassland in all typical nature reserves and
in their surrounding zones with the mean NPP of alpine grassland in the Tibetan Plateau, we
showed that the mean NPP of all types of alpine grassland in the zones surrounding the nature reserves was higher than that for the Tibetan Plateau. However, the mean NPP of alpine
desert was the same in the zones surrounding the nature reserves and in the Tibetan Plateau,
whereas the mean NPP of alpine desert and alpine sparse vegetation in the national nature
reserves and the mean NPP of alpine meadows in provincial nature reserves was higher than
that in the zones surrounding the nature reserves. The mean NPP of other type of alpine
grasslands was lower than the average NPP of the Tibetan Plateau (Table 3). The ecological
environment of the Mid-Kunlun Provincial Nature Reserve, which is mainly covered by alpine desert and alpine sparse vegetation, and the Manzetang Provincial Nature Reserve,
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which is mainly covered by alpine meadow, was better than that of other nature reserves
during the research period (Figure 2 and Table 3).

Figure 2 Distribution of NPP inside typical nature reserves and peripheral buffer zones of the Tibetan Plateau.
Data are based on results of Zhang et al. (2014).
Comparison of NPP of alpine grassland vegetation on the Tibetan Plateau (gC m-2 yr-1)

Table 3

Representative nature reserve
National level

Provincial level

Surrounding area
of nature reserve

Tibetan Plateau
(Zhang et al., 2014)

Alpine desert

43.50±61.11

12.58±4.74

41.05±56.57

41.12±52.74

Alpine steppe

33.48±38.18

19.71±16.46

74.51±98.52

55.86±81.40

Alpine meadow

169.2±105.2

301.9±188.7

232.4±178.9

188.7±156.0

Alpine sparse vegetation

38.43±44.50

11.68±6.15

36.95±50.90

34.49±40.89

Wetland

108.1±126.1

15.12±2.64

218.4±219.2

147.2±163.6

87.33

93.95

157.86

120.8

Vegetation type

Mean

Note: Data are given as mean±SD values.

3.1.2

Trends in NPP

The annual NPP of alpine grassland in 11 typical nature reserves showed increasing trends
of different degrees during the period 1982–2009 (Figure 3). The increasing trend observed
for the Manzetang Nature Reserve is the most significant, with a value of about 1.54 gC m–2
yr–1, whereas that for the Taxkorgan Nature Reserve is not obvious and has a value of only
0.03 gC m–2 yr–1. The rate of increase in the NPP for nature reserves mainly covered by alpine meadow and wetland is higher than that for nature reserves covered by alpine steppe
and alpine desert, with the exception of the Selincuo Nature Reserve.
We divided the time period into two stages: before and after each nature reserve was established (note: the Yanchiwan Nature Reserve and the Altun Mountain Nature Reserve were
established at about the time that this research started). Comparative analysis showed that
the increasing trend in the NPP was higher after the Manzetang, Mid-Kunlun, Changshagongma and Zoige nature reserves were established than the trend before these nature
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Figure 3 Changes in the NPP in natural reserves before and after their establishment. Red lines represent decreasing trends and green lines represent increasing trends
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reserves were established. The increasing trend in the NPP after the Qiangtang Nature Reserve was established was lower than the trend before it was established; however, there was
a decreasing trend in the NPP for the other four nature reserves after they were established.
Studies have shown that the alpine grassland NPP has been affected by the overall effects of
precipitation and temperature over the past 30 years. There were three relatively large fluctuations and the NPP dipped in 1987, 1995 and 2003 (Zhang et al., 2014). Figure 3 shows
that the NPP in most nature reserves also dipped at these times and the downward trend was
most significant around 1995. Even in the same nature reserve, we cannot simply attribute
changes in the NPP before and after the nature reserve was established to the effectiveness
of protection. There will therefore be great uncertainty if we evaluate the effectiveness of
protection in the nature reserves with respect to differences in the regional climate.
3.2
3.2.1

Effectiveness of protection based on the large sample comparison method
Changes in the NPP inside and outside nature reserves

The NPP is affected by both natural and human activities. Directly comparing changes in the
NPP before and after a nature reserve is established cannot truly reflect its effectiveness of
protection. After analyzing the spatio-temporal changes in the NPP trends for alpine grassland in typical nature reserves, we selected a total of 42 samples (21 pairs) to analyze the
differences between the zones inside and outside the nature reserves before and after they
were established.
The vegetation growth status in 21 sample pairs was obviously different as a result of the
different types of land cover. Among the 21 pairs of samples, the lowest average annual NPP
(12.23 gC m–2 yr–1) was seen in the external zone (a matched sample located in the peripheral buffer zone outside the nature reserve) of sample 2 (alpine desert in Mid-Kunlun Provincial Nature Reserve) between 1982 and 2009. The highest value (556.24 gC m–2 yr–1) was
seen in the external zone of sample 21 (wetland of Zoige Wetland National Nature Reserve).
The annual average NPP was higher in the external zone than in the internal zone for eight
pairs of samples; another eight pairs of samples had the opposite results and there was little
difference between the internal and external zones for the remaining five pairs of samples.
As can be seen from the trend in annual NPP from 1982 to 2009, only five of the 42 samples showed a slightly decreasing trend in the NPP; the others all showed a trend of fluctuating increase. The increasing trend of the NPP in the internal sample was higher than that in
the external sample in 12 pairs of samples (Figure 4).
3.2.2

Changes in the NPP before and after the establishment of nature reserves

We divided the time period into two stages: before and after each nature reserve was established. When the samples were selected, we assumed that the NPP outside each nature reserve was affected by both natural and human activities without protection, whereas the NPP
inside each nature reserve was the result of protection. Furthermore, the climate in each pair
of samples (inside and outside the nature reserve) was basically similar. Therefore a comparison of the internal and external zones of each sample pair can better illustrate the effectiveness of protection.
The trend in the NPP of the 21 pairs of samples can be divided into the following five
types.
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(1) Trends before reserve establishment were of the same type, but those after establishment were of the opposite type
The trend was the same for the internal and external samples before the nature reserve

Figure 4 Changes in the NPP in sample pairs before and after the establishment of the natural reserves. Red
lines represent decreasing trends and green lines represent increasing trends
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was established (the first stage), but one trend changed after the nature reserve was established (the second stage). In five pairs of samples of this type (samples 4, 8, 9, 14 and 15),
the NPP of the internal sample showed an increasing trend in the second stage, whereas the
NPP of the external sample showed a decreasing trend. This indicated that the protection
effectiveness of these five pairs of samples was significant. Another two pairs of samples
(samples 3 and 17) showed the opposite trend in the second stage compared with the first
five pairs of samples, indicating that the protection effect was poor.
(2) Trends before reserve establishment were of opposite types, but those after establishment were of the same type
There was an increasing trend in the NPP in both samples after the nature reserve was established, but there was a difference before the nature reserve was established. In two sample pairs (13 and 21), the NPP showed a decreasing trend in the internal samples, but an increasing trend in the external samples in the first stage. These results proved that the protective effect in the internal samples resulted in a change in the NPP from a “decreasing trend”
in the first stage to an “increasing trend” in the second stage compared with the environmental background before and after the nature reserve was established. The trend shown for
sample 1, however, is the opposite of these two pairs of samples.
(3) Consistent trends
In four pairs of samples, the trend in the NPP was of the same type in both the internal
and external samples in both stages (samples 2, 5, 10 and 11).
(4) Trends before reserve establishment were the opposite of trends after reserve establishment
There were six pairs of samples (samples 7, 12, 16, 18, 19 and 20) for which the trend in
NPP was the same in the internal and external samples for each stage, but different in the
two stages.
(5) Trends were consistent, but opposite
The changing trend was consistent in the internal and external samples before and after
the nature reserve was established, but the trend was opposite for the two samples–for example, in sample 6, there was an increasing trend in the NPP in the internal sample for both
stages, but a decreasing trend in the external sample for both stages.
The differences in the trends between the internal and external zone samples for each
stage and the effectiveness of protection inside the nature reserves can be discussed by
comparing the protection amplitude (Pk). Of the 21 sample pairs, the Pk was positive in 15
pairs of samples and the Pk of sample 21 was the highest at approximately 3.74. The Pk
value of the remaining six pairs of samples was negative; sample 17 had the lowest Pk value
of approximately –3.27. The vegetative type of four of these six sample pairs was alpine
steppe. This indicates that the protection effect of alpine steppe-type nature reserves was
poor (Figure 4).
The protection amplitude ratio (Pr) of five sample pairs (samples 10, 13, 14, 15, and 21)
was >1; of these sample pairs, sample 10 had the highest protecting amplitude ratio of approximately 9.17. The vegetation types of these five pairs of samples were all alpine
meadow. This indicated that the protection effectiveness of alpine meadow-type nature reserves is significant. Three pairs of samples (samples 1, 3, and 17) had a protection amplitude ratio less than –1; of these sample pairs, sample 3 had the lowest Pr value of approximately –105.5.
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An effectiveness analysis of the changing trends in the NPP of types (3) to (5) revealed
that the Pr value of nine of these 11 pairs of samples was positive (only that of samples 5
and 20 were negative), indicating that the effectiveness of protection of these sample pairs
was good (Table 4).
Table 4 Amplitude and amplitude ratio of the NPP in sample pairs before and after the establishment of nature
reserves
Sample area
Sample
No.
1
2
4
3
5
6
7
8
9
10
20
11
12
13
14
16
18
19
15
17
21

Sample pair
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve
Inside reserve
Outside reserve

Analysis period
Whole
period
(1982–
2009)/k
0.10
0.31
0.14
0.05
0.06
0
0
0.04
0.11
0.10
0.10
−0.08
−0.01
−0.05
0.17
0.03
0.13
−0.05
0.16
0.10
1.10
1.16
0.10
0.08
−0.13
0.13
0.52
0.54
0.64
0.65
0.72
0.74
1.29
1.37
0.81
0.62
1.43
0.96
0.99
1.27
0.97
0.87

First stage
(1982 to establishment)
0.24
−1.22
0.13
0.11
−0.01
−0.19
0.09
0.11
0.13
0.07
0.20
−0.03
0.30
0.37
0.20
0.15
0.40
0.15
−0.42
−0.20
−0.94
−1.05
0.17
0.10
−0.38
−0.01
−0.29
0.32
0.09
0.48
−0.13
−0.17
1.59
2.08
0.53
0.72
−0.29
−0.57
0.34
0.32
−0.58
1.37

Second stage
(establishment
to 2009)
0.10
0.31
0.45
0.28
0.10
−0.003
−0.02
0.11
0.06
0.03
0.11
−0.21
−0.20
−0.29
0.11
−0.23
0.03
−0.32
−0.05
−0.25
8.76
10.60
1.79
1.71
1.40
1.44
5.64
2.74
0.92
−0.05
1.09
0.63
−1.83
−2.63
−1.47
−2.07
2.49
−0.11
−0.58
2.68
2.51
0.72

Protection Protection
Vegetation
amplitude amplitude Nature reserve
type
/Pk
ratio/Pr
−1.66

−1.09

Taxkorgan

Alpine
steppe

0.16

0.97

Mid-Kunlun

Alpine
desert

−0.09

−0.47

−0.11

−105.50

−0.03

−0.78

0.10

0.54

0.16

0.24

0.29

0.77

0.11

0.23

0.42

9.17

Alpine
meadow

−1.94

−0.17

Alpine
steppe

0.01

0.01

0.33

0.23

3.50

1.44

1.35

2.57

0.43

0.54

1.29

0.27

0.78

0.28

2.31

5.01

Changshagongma

Alpine
meadow

−3.27

−1.39

Manzetang

Alpine
meadow

3.74

5.70

Zoige

Wetland

Alpine
desert

Qiangtang

Selincuo

Sanjiangyuan

Alpine
steppe

Alpine
steppe

Alpine
meadow
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When considering the trends in the NPP, the Pk and the Pr ratio together, we found that
there were 16 pairs of samples with good protection effectiveness (15 pairs of samples with
a positive Pk value and sample 4, for which the changing trend of NPP became good). Considering the different types of vegetation, the effectiveness of protection of alpine meadowtype samples was good and that of alpine steppe-type samples was poor. The Pk value observed for more than 76% of the samples inside nature reserves and more than 82% of the
samples inside national nature reserves was higher than that of samples outside nature reserves after the nature reserves has been established. In view of the nature reserves in which
the sample pairs were located, it became clear that there was more effectiveness of ecological protection in most areas of the Mid-Kunlun, Changshagongma, Zoige, Selincuo, Sanjiangyuan and Qiangtang nature reserves, whereas the protection effectiveness in the
south-eastern part of Manzetang Nature Reserve and the northern part of Taxkorgan Wild
Animal Nature Reserve was not significant. Considering the administrative regions in which
the sample pairs were located, the areas in which the protection effectiveness of the nature
reserves was not significant were mainly concentrated in Taxkorgan County in Xinjiang
Autonomous Region (sample 1), the Ali area in Tibet Autonomous Region (samples 3 and 5),
Aba County in Sichuan Province (sample 17), Xinghai County and Tongde County in Qinghai Province (sample 20).

4
4.1

Discussion and conclusions
Discussion

Five sample pairs (samples 1, 3, 5, 17 and 20) did not show any obvious effectiveness of
protection. This may be related to factors such as increased grazing pressures and a worsening climate over the same period. Sample 1 was located in the northwest–north–northeast of
the Taxkorgan Wild Animal Nature Reserve, which accounts for 62.3% of the area of
Taxkorgan County. According to the Xinjiang Statistical Yearbook (Edited by Statistic Bureau of Xinjiang Urgur Autonomous Region) published between 1989 and 2013, the number
of livestock in this county has increased continuously since 1988; this may result in the
grassland becoming overloaded, leading to serious grassland degradation (Yue et al., 2011).
Samples 3 and 5 are located in the central-west part of the Qiangtang Nature Reserve in the
Ali region. Current research indicates that the climate in the northwest of Tibet has become
warmer and dryer over the period from 1970 to 2010 (Zhang et al., 2013a), leading to intensified drought conditions, causing a continuous degradation of grassland (Yang, 2002). The
growth rate of livestock reached 40.00%, 12.14% and 8.19%, respectively, in Gaize, Geji
and Ritu counties during the period 1985–2009, in which samples 3 and 5 were located; the
overloading rate in Gaize and Geji county reached 11.04% and 23.10%, respectively, in
2010 (Chang et al., 2012). Sample 17 was located in the southeastern part of Manzetang
Nature Reserve in the Aba region of Sichuan Province; here, human disturbance is frequent
and the ecology and environment in this region have worsened and the effectiveness of protection is not obvious (Dai and Min, 2009). Sample 20 is located in the northeast of the Sanjiangyuan National Nature Reserve; this region did not belong to the core area of the nature
reserve at one time, so it lacked substantial protection. The Ecological Protection and Con-
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struction Project of Sanjiangyuan came into effect in 2005. People have begun to return
grazing land to grassland and the effectiveness of protection has begun to reappear in this
region (Shao et al., 2012; Liu et al., 2013; Figure 4). The Tibetan-inhabited regions are usually located in the areas adjacent to nature reserves; some important economic development
regions, such as county towns, are also distributed within nature reserves. This also means
that grazing activity has affected the nature reserves in different ways and has affected their
function (Glindermann et al., 2009; Chen et al., 2014).
4.2

Conclusions

Based on the long time series of the NPP data, this study analyzed changes in the NPP inside
and outside 11 typical nature reserves and used the LSCM to evaluate effectiveness of protection of the selected 21 samples pairs on the Tibetan Plateau before and after their establishment by two indicators: the protection variation amplitude and the protection variation
amplitude ratio.
From 1982 to 2009, the ecological and environmental conditions of most nature reserves
were more fragile than those of their surrounding areas and also lower than the average values for the Tibetan Plateau. The exceptions were the Mid-Kunlung Nature Reserve, which is
mainly covered by alpine desert and alpine sparse vegetation, and the Manzetang Nature
Reserve, which is mainly covered by alpine meadow; both these reserves had good ecological and environmental conditions.
The annual average NPP of 11 typical nature reserves showed increasing trends of varying
degrees over the research periods. Among these, the increasing trend in the Manzetang Nature Reserve was the most significant and the increasing trend in the Taxkorgan Wild Animal Nature Reserve was the weakest. The rate of increase in the NPP in the nature reserves
mainly covered by alpine meadow and wetland was higher than that of nature reserves
mainly covered by alpine steppe and alpine desert, with the exception of the Selincuo Nature
Reserve. Differences in the regional climate is the main uncertainty to evaluate the effectiveness of protection in the nature reserves by NPP data.
From a comparative analysis of the samples, the following deductions can be made.
(1) After the nature reserves were established, the rate of increase in the NPP in more than
76% of samples inside nature reserves and more than 82% of samples inside national nature
reserves was higher than that of the corresponding samples outside nature reserves, demonstrating the effectiveness of protection of the nature reserves.
(2) The nature reserves with the most obvious effectiveness of protection were MidKunlun, Changshagongma, Zoige and Selincuo. Most parts of the Sanjiangyuan and Qiangtang nature reserves showed an obvious effectiveness of protection. However, the effectiveness of protection of the Manzetang and Taxkorgan Wild Animal nature reserves was not
significant.
(3) The effectiveness of protection of the nature reserves covered with alpine meadow
was significant, whereas the effectiveness of protection of nature reserves covered with alpine steppe was poor.
This research showed that we can analyze scientific data obtained by remote sensing to
obtain evaluation indexes to compare large samples. The protection variation amplitude and
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protection variation amplitude ratio enabled us to evaluate the effectiveness of human activities, such as ecological protection and the establishment of nature reserves, and the degree of influence of natural factors, such as climate change. Careful design of the samples
used, to ensure comparability between the samples, is crucial to the success of this LSCM.
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