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Abstract: Many studies have explored the dynamic change of wetlands distribution which play an
important role in wetlands conservation and its sustainable management. However, given an uneven
distribution of natural wetland resources in the context of global change, little is known about the
spatial relationship between natural wetlands changes and associated influencing factors in mainland
China. In this study, Moran-based spatial statistics are an effective methodology to examine the spatial
patterns of natural wetlands and associated influencing factors at the province level, and GIS mapping
is applied to help visualize spatial patterns. Results show that 1) significant spatial agglomeration
and regional differences of natural wetlands distribution have been captured by Moran’s I statistics,
and the agglomeration level has increased over the past ten years; 2) Seven of the eight factors show
significantly strong and positive spatial autocorrelation except for water consumption, and spatial
patterns of them show significant spatial clusters or spatial outliers; 3) Spatial coordination between
natural wetlands distribution and the associated influencing factors is higher in the western region
than in east China and northeast China. Moreover, spatial coordination between a cultivated area or
water consumption and natural wetlands distribution is weaker than that of other factors. Finally,
the influences generated by neighboring provinces should not be neglected in the implementation of
wetlands conservation. This study could provide a scientific basis for the policy making of wetlands
conservation and sustainable management systems.

Keywords: spatial autocorrelation; spatial pattern; spatial relationship; natural wetlands changes;
associated influencing factors; mainland China

1. Introduction

Wetlands have value owing to their useful functions to humans [1]. They not only provide
goods and ecosystem services for humanity but also habitats for flora and fauna [2,3]. With their
fragility and sensitivity to climatic change and anthropogenic activities, wetlands are among the most
vulnerable ecosystems around the world [4]. With the increasing awareness of the important role
wetlands play in wastewater storage and purification, flood regulation, food supply, wildlife habitat,
etc., studies of wetlands have received considerable attention in recent years. Moreover, understanding
the dynamics of wetlands is significant for the conservation of wetland biodiversity and its sustainable
management [5].

Wetlands changes and their causes have been paid more attention by global environmental change
research [6,7]. The dynamic change of wetlands directly reflects on the change of wetland area and
landscape pattern and indirectly on the wetland structure and functions [8,9]. Most studies indicate
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that the area of artificial wetlands is increasing, while natural wetlands are decreasing in the form
of wetland degradation and loss [10-16]. China is rich in wetland resources with the total wetland
area ranked the fourth largest in the world [17]. Natural wetlands will occupy 87.37% of the overall
wetland area by the end of 2013 [18]. However, wetlands in China have been severely destroyed
and degraded since 1950 due to climate change and anthropogenic disturbance [16,19-22], especially
natural wetlands, which has sparked considerable attention from scholars. On one hand, many studies
analyzed the status and challenges of wetlands in China and put forward some recommendations
for wetland protection and management [21,23-26]. On the other hand, many studies mapped and
quantified wetland changes from the perspective of time and space, based on 3S technologies (remote
sensing, geography information systems and global positioning systems). Landscape metrics or models
at national, regional or local scales can make the long-term monitoring of wetland changes feasible and
build a significant foundation for wetland resources protection and management [15,16,20,27-31].

In sum, in the context of global change, wetlands in China have suffered serious degradation and
loss. Research into wetland degradation and loss in China mainly focuses on the dynamic changes of
wetlands landscape patterns and their driving forces. The prevalent method is to obtain information on
dynamic changes on specific wetlands and to carry out quantitative analysis by using 3S technology on
the scale of nation, region or case-by-case. These research results clearly describe the dynamic process
of wetlands and their causes on a large or a small scale. However, few researches have been conducted
to discover the spatial autocorrelation of wetlands distribution and associated influencing factors, or to
explore the spatial relationships between them at the province level. In China, policy formulation
and implementation of wetlands management are carried out at the province level. Given an uneven
distribution of natural wetlands in China, questions such as how targeted wetlands conservation
policy should be conducted based on the local conditions and which influencing factors should be paid
great attention by provincial governments remain to be resolved. However, the study of the spatial
relationship between natural wetlands distribution and associated influencing factors can discover the
spatial uncoordinated provinces and influencing factors that can inform the provincial government
of decision-making of targeted and effective wetlands conservation. Therefore, this study explored
the spatial pattern of natural wetlands dynamics and the associated influencing factors based on
data of the natural wetlands area in 31 provinces, by applying Moran’s [ statistics. Plus, the spatial
relationship between them was further examined. The objectives of this paper are to: a) explore
the spatial pattern and spatial law of natural wetlands distribution; b) explore the spatial patterns
of associated influencing factors and the difference in impacts of these factors on natural wetlands
dynamics; and c) explore the spatial relationship between natural wetlands changes and associated
influencing factors and to identify the uncoordinated provinces.

2. Methods and Data

2.1. Study Area

China’s wetland is the fourth largest in area in the world. There are 26 types of natural wetlands
and 9 types of artificial wetlands in China according to the delineation in the Ramsar Convention [23].
Furthermore, some Chinese researchers put forward their own wetland classification for different case
areas [6,15,20,25,29]. According to national wetland resources survey reports, 5 types are included in
China’s wetlands, covering lake wetlands, riverine wetlands, coastal wetlands, inland marshes/swamp
and artificial wetlands, all of which are natural wetlands except for the artificial wetland [18]. Natural
wetlands have dominated the overall areas of China’s wetlands with a rate of 3.8% of China’s terrestrial
area. The wetlands in China are unevenly distributed among seven regions, including the Northeast
China wetland region, the Xinjiang-Inner Mongolia wetland region, the Qinghai-Tibet Plateau wetland
region, the Yunnan-Guizhou Plateau wetland region, the Yellow River Mid-down Stream wetland
region, the Yangtze River Mid-down Stream wetland region, and the Southeast-South China wetland
region [24].
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The Chinese government has conducted two national surveys of wetland resources in 1998-2003
and 2009-2013 to understand the status of wetland resources, familiarize themselves with wetland
dynamics and strengthen wetland protection policies. While the statistical calibers of wetland resources
in the two surveys were different from the area of an independent patch, over 100 ha were included
in the first survey and over 8 ha were included in the second survey. According to the two national
wetland resources survey reports, the total area of wetlands is 38.49 X 10 ha in the first survey and
53.42 X 10 ha in the second survey [18]. Compared with the first survey, based on the same statistical
caliber, wetlands in the second survey have decreased by 3.40 x 10° ha with a loss rate of 8.82%. Among
them, natural wetlands have decreased by 3.38 x 10 ha with a loss rate of 9.33% [18]. It is very clear
that natural wetlands still suffered a great loss and degradation from 2003 to 2013.

2.2. Data Source and Data Processing

According to the two national wetland resources survey reports which were published in 2004
and 2014, the areas of natural wetlands for 31 provinces in mainland China during two periods are
obtained. To eliminate the influence of different statistical calibers on data, the area occupation rate
(AOR) for each province between the area of different data sources and the total area of similar data
sources is adopted to explore the characteristics of the spatial distribution of natural wetlands. The raw
data are subjected to statistical and spatial analysis. Then the AOR of natural wetlands is chosen to
describe the dynamic change of natural wetlands. The corresponding calculation formula is as follows:

AOR;; = S-
J

where AOR;; is the area occupation rate in province i in the year j; s;; is a natural wetlands area in
province i in the year j; s; is the total area of natural wetlands in the year j; and j represents the time at

the end of 2003 and 2013 respectively.

2.3. Moran-Based Spatial Autocorrelation Statistics

Tobler’s first law of geography pointed out that everything is related to everything else but
near things are more related than distant things [32]. Spatial autocorrelation exists when significant
similarity or dissimilarity formed between a value observed at a location and its neighboring locations.
Although global spatial autocorrelation describes the global characteristics of the variables over the
study area, these measures of global spatial association often hide the interesting local patterns in
variables. Generally, these local patterns exist in the form of small spatial clusters or outliers [33].
Thus, local identifications of spatial association (LISA) was suggested to complete the global analysis
through the detection of the existence and location with a spatial affinity at the local scale. LISA has
been widely applied in the fields of economy, environment, geochemistry, epidemiology, etc. and
has been proved be an effective exploratory spatial data analysis approach [34-36]. Generally, global
Moran’s I is commonly used to examine the spatial autocorrelation of objects under study and local
Moran’s I is employed to examine spatial clustering of the objects with high and low value. Formally,
global and local Moran’s I are expressed as Equation (1) and Equation (2), respectively [37]:

I—nZZw” 7 [ZZwl]]Z %)? ey

i=1 j=1 i=1 j=1

X;— X _
Ii:—Z w»»(x-—x) 2)
—\2 . l] ] 7

Yi(xi—x)” =Y
where 7 is the number of observations; x; is the value of the variable x at location i and x; is the value

of the variable x at all other locations (where i # j); x is the average value of x with the observation
number of 7; wj; is the weight between locations i and j; wj; is a weight which can be defined as the
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contiguity between location i and j. A first-order queen contiguity is adopted to calculate the weight
wjj. Locations with common edges to the targeted location i are given the same weight, while those
without common edges are given the weight of 0. The statistical significance of spatial clusters is tested
through the comparison of reference distributions which are generated by the replicated statistic 9999
times [34]. The range of Moran’s I value is [-1,1]. A positive or negative I-value implies the existence
of positive or negative spatial autocorrelation over the study area respectively. However, when the
I-value is 0, it implies spatial randomness.

LISA is a decomposition of the global statistics of spatial association. It has four types of spatial
association: high (low) values associated with high (low) neighboring values, high (low) values
associated with low (high) neighboring values. High-high (Low-low) association with a high positive
Moran’s I value implies a spatial clustering of similarly high (low) values under study which are
generally above (below) the mean. On the contrary, the High-low (Low-high) association is given a
high negative Moran’s I value with the value of the object above (below) the mean and the values of its
neighbors below (above) the mean. It implies the examples of spatial outliers which are obviously
different from the value of their neighbors [36]. In other words, it is a clustering of dissimilar values [37].
Additionally, significant High-low and Low-high associations are regarded as unstable spatial patterns.
Moreover, significant High-high spatial clusters are regarded as “regional hotspots” and Low-low
clusters are “cool spots” [35].

2.4. Data Treatment with Computer Software

All the data were treated using different software packages. The descriptive statistical parameters
were calculated with Microsoft Excel® and SPSS® (version 23.0). Spatial autocorrelation calculations
were performed using the software GeoDa (version 1.12, Spatial Analysis Laboratory, 2019); GeoDa:
An introduction to spatial data analyses: website https://geodacenter.github.io/ (Last accessed:
June 2019). Maps were produced with the GIS software ArcMap®(version 10.5).

3. Results and Discussion

3.1. Statistical Characteristic of Natural Wetlands Area

Table 1 summarizes the descriptive statistics for AOR of natural wetlands of 31 provinces in 2003
and 2013. It is clear that all the statistics values in 2013 have increased compared with those values
in 2003, except the mean and the median. AOR of natural wetlands displayed strong variability in
31 provinces in 2003 and 2013, ranging from 0.0001 to 0.1445 and from 0.0005 to 0.1714, respectively.
On the other hand, the medians are much lower than the means and the mean value in 2013 was more
than twice its median value, indicating a more positively skewed distribution of natural wetlands than
that in 2003, which is following the skewness values and suggests the existence of some high values,
namely the outliers [38].

Table 1. Descriptive statistics of area occupation rate (AOR) of natural wetlands in 31 provinces in 2003

and 2013.
Mean Min Q1 Median Q3 Max Std-Dev Skewness
AOR in 2003 0.0323 0.0001 0.0077 0.0202 0.0346 0.1445 0.0376 1.925
AOR in 2013 0.0323 0.0005 0.0059 0.0153 0.0352 0.1714 0.0442 2.058

3.2. Data Transformation

In this study, AOR data is used to explore the spatial pattern of natural wetlands distribution
changes. Normal Q-Q plots for raw data of AOR are displayed in Figure 1. These graphs plot the
accumulative distribution function of the raw data against the empirical accumulative distribution
frequency of Gaussian data sets [38]. Normal Q-Q plots show that the AOR does not follow a normal
distribution, and these distributions were positively skewed. Besides, there were likely some outliers
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in the datasets. Therefore, normal score transformation was applied to normalize the data, as well as
to weaken the negative effects of potential outliers. Q-Q plots for the normalized data are shown in
Figure 2. It indicates that data transformation is helpful to further the distribution to approximate a

Gaussian distribution.
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Figure 1. Normal Q-Q plots: (a) raw data for AOR of natural wetlands in 2003; (b) raw data for AOR of

natural wetlands in 2013.
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Figure 2. Normal Q-Q plots: (a) AOR of natural wetlands in 2003 after normal score transformation;
(b) AOR of natural wetlands in 2013 after normal score transformation.

3.3. Spatial Autocorrelation of Natural Wetlands Distribution

The choropleths spatial distribution of AOR of natural wetlands from 2003 to 2013 are illustrated
in the quartile maps in Figure 3, with the darkest shade corresponding to the highest quartile.
The suggestion of spatial clustering of similar values that follows from a visual inspection of these
maps is confirmed by the significant and positive Moran’s I values in Table 2, which imply the existence
of positive spatial autocorrelation of natural wetlands distribution. The I-value in 2013 is bigger than
that in 2003, which implies the spatial association of natural wetlands distribution tends to be more
remarkable over the past decade.
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Figure 3. Quantile maps: (a) spatial distribution of AOR of natural wetlands in 2003; (b) spatial
distribution of AOR of natural wetlands in 2013. Note: there are 34 provinces in China, including
1 = Beijing, 2 = Tianjin, 3 = Hebei, 4 = Liaoning, 5 = Jilin, 6 = Heilongjiang, 7 = Inner Mongolia, 8 =
Gansu, 9 = Qinghai, 10 = Xinjiang, 11 = Tibet, 12 = Yunnan, 13 = Sichuan, 14 = Ningxia, 15 = Shaanxi,
16 = Chonggqing, 17 = Guizhou, 18 = Guangxi, 19 = Hunan, 20 = Hubei, 21 = Henan, 22 = Shanxi, 23 =
Shandong, 24 = Anhui, 25 = Jiangxi, 26 = Guangdong, 27 = Fujian, 28 = Zhejiang, 29 = Jiangsu, 30 =
Shanghai, 31 = Taiwan, 32 = Hong Kong, 33 = Macau, 34 = Hainan.

Table 2. Moran’s [ test for global associations.

I z p

AOR in 2003 0.248 2.383 0.015
AOR in 2013 0.356 3.300 0.001

3.4. Spatial Pattern of Natural Wetlands Distribution Based on LISA

In Figure 4, provinces with significant local Moran statistics for the AOR of natural wetlands
distribution in 2003 and 2013 are mapped. LISA cluster map highlighted provinces are significantly
clustered, which could strongly control the spatial association of natural wetlands distribution. First,
LISA cluster maps in 2003 and 2013 suggest that the overall spatial pattern of natural wetlands
distribution is stable. The LISA maps highlight one high-high cluster in the west of China and one
isolated high value persisting in Jilin within the northeast of China. The region hotspots of natural
wetlands distribution are mainly formed by Xinjiang, Qinghai, Gansu, and Tibet. Meanwhile, only one
province (Tianjin) is significant for a low value. Although the overall aggregated pattern of natural
wetlands distribution is stable, the scope of local hotspots has expanded significantly, with a trend of
expanding southward to Tibet and northward to Gansu.

To sum up, the expansion of hotspots and the development of cool spots inform that the spatial
association and spatial heterogeneity of natural wetlands distribution tend to be stronger. In addition,
natural wetlands distribution in many provinces are still nonsignificant, which means that spatial
aggregation of natural wetlands resources mainly occurred in the Xinjiang-Inner Mongolia wetland
region, the Qinghai-Tibet Plateau wetland region and the Northeast China wetland region at the local
scale, which has a strong influence on the spatial association of natural wetlands distribution in China.
Therefore, the development of hotspots and cool spots indicates the existence of spatial dependence
and spatial heterogeneity for the natural wetlands distribution, and the spatial spillover effects of
these identified significant spatial clusters should be paid great attention when making the policies of
wetlands conservation and management in China.
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Figure 4. Local identifications of spatial association (LISA) cluster map: (a) AOR of natural wetlands in
2003; (b) AOR of natural wetlands in 2013.

3.5. Spatial Pattern of the Associated Influencing Factors Based on LISA

Spatial distribution and dynamics of natural wetlands are a response to natural and anthropogenic
factors. Guo et al. pointed out that natural factors provided the intrinsic drivers for the change
of wetlands and human activities intensified the changes, resulting in great wetlands loss and
degradation [39]. The formation, development, and evolution of natural wetlands depend on the
natural geography and climate, which leads to unevenly distributed spatial patterns. On the other hand,
the change of natural wetlands is partly caused by the influence of human activities. Thus, it is worth
exploring what spatial pattern of the associated natural and anthropogenic factors will present when
they respond to the spatial association of natural wetlands distribution. Here four factors are chosen as
a representative of natural factors, including temperature, precipitation, humidity and water storage.
The other four factors are chosen as representative of anthropogenic factors, including cultivated area,
water consumption, per capita GDP and urbanization rate. Generally, increasing temperature and
intensifying anthropogenic factors will result in the degradation of wetlands, even the loss of wetlands.
However, the increase in precipitation and humidity will be beneficial to the maintenance of wetlands.
Data of these indexes are collected from the China Statistical Yearbooks from 2004 to 2014 and the
mean values are calculated.

In order to explore the spatial association of the influencing factors and to reveal the response
spatial relationship between the change of natural wetlands distribution and the associated influencing
factors, global and local Moran’s I statistics were carried out. Results of the global Moran’s I-values and
their associated z-values and p-values are listed in Table 3. Seven of the eight factors show significant
strong and positive spatial autocorrelation except for water consumption, and with temperature
and precipitation and water storage, extremely significant positive autocorrelation. In addition, the
spatial association of natural factors was stronger than anthropogenic factors. To further examine the
spatial clustering of natural wetlands distribution at the local scale, the local Moran’s I index of the
eight influencing factors is calculated and the results are highlighted through LISA cluster maps in
Figures 5 and 6.

Table 3. Moran’s [ test for global association.

Anthropogenic

Natural Factors I z p Factors I z P
Temperature 0.709 6.324 0.000 Cultivated area 0.232 2278  0.018
Precipitation 0.730 6.540 0.000 Water consumption 0.105 1.186  0.123

Humidity 0.490 4.443 0.000 Per Capita GDP 0.464 4251 0.000
Water storage 0.543 4.898 0.000 Urbanization rate 0.434 3.999 0.000
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Note that LISA maps highlight the existence of a strong local spatial clustering for the associated
influencing factors in Figures 5 and 6. For the associated natural factors, significant hotspots and cool
spots are mainly distributed in the south and north of China, respectively. Only one outlier is identified
in the local spatial association of temperature with a low value of temperature in southwest China.
Others are highly spatially homogeneous, whereas spatial patterns of the associated anthropogenic
factors are not so homogeneous as those of natural factors. As pointed out above, water consumption
exhibits no significant global spatial autocorrelation but shows one spatial cluster and three outliers at
the local scale. The regional hotspots are clustering in part of east China, including Shandong, Anhui,
and Jiangxi, and the other three outliers with randomness distribution are regarded as an isolated
individual hotspot. Spatial patterns of other factors are delineated as follows: the cultivated area shows
one regional hotspot, including Henan and Shandong, one isolated hotspot in Jilin, and two outliers in
Shanxi and Liaoning (Figure 6a). Both urbanization and per capita GDP show one spatial low-low
cluster or so-called cool spot in the west of China, which indicates little human disturbance. Per capita
GDP also shows two isolated individual hotspots, one in Hebei and the other one in Shanghai.

LISA Cluster Map
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Figure 5. T LISA cluster maps for natural factors: (a) temperature; (b) precipitation; (c) humidity; and
(d) water storage.
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Figure 6. LISA cluster maps for anthropogenic factors: (a) cultivated area; (b) water consumption;
(c) urbanization rate; and (d) per capita GDP.

3.6. Spatial Relationship Between Natural Wetlands Changes and Associated Influencing Factors

The significant spatial clusters and spatial outliers of eight influencing factors at the local scale
indicate the existence of spatial dependence and spatial heterogeneity. Meanwhile, the combination of
the LISA cluster maps of natural wetlands distribution (Figure 4) and the associated eight influencing
factors (Figures 5 and 6) can inform one that the local spatial associations of the eight influencing
factors differ from each other and have different spatial corresponding degrees in the change of natural
wetlands distribution, which indicates different potential relationships between them.

Natural wetlands distribution shows two similar spatial clusters, one to the west of China and
one in the northeast of China, both associated with a high area of wetland. These two clusters only
partially match the spatial clusters with low temperature, high precipitation, high humidity, high water
storage, low cultivated area, low water consumption, low urbanization rate, and low per capita GDP,
which indicates the existence of a coordinated spatial relationship between them. Overall, spatial
coordination between natural wetlands distribution and the associated influencing factors is higher in
the western region than in east China and northeast China.

First, natural wetlands with high area value in Xinjiang are characterized by a statistically high
value of water consumption. Wetlands in the Xinjiang-Inner Mongolia wetland region are dominated by
saline lakes and swamps in a dry climate. In the context of dry climate wetlands sustainability develops
a heavy dependence on water supplies. Therefore, great attention should be paid to the phenomenon
why water consumption is so high in Xinjiang and how to manage water allocation in the case of a
great demand for water. Natural wetlands in Qinghai and Tibet belong to the Qinghai-Tibet Plateau
wetland region. This wetland region is known as the shelter of ecological security in Asia and plays an
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important role in China’s wetland ecosystem, while it is a sensitive region of global climate change [40].
Although these two provinces are only characterized by a statistically high value of water storage
and low value of urbanization rate, which show the existence of a coordinated spatial relationship
between them, they are also associated with high values of water consumption in neighbors of Xinjiang
and Sichuan. Hence based on Tobler’s first law of geography, although no significantly negative
influencing factors are revealed in Qinghai and Tibet, natural wetlands conservation here should
protect themselves from the impacts from their neighbors with high values of water consumption.
Additionally, drivers of changes in Qinghai-Tibet Plateau wetlands are dominated by natural factors,
especially climate change, and anthropogenic factors are also regarded as the important influencing
factors which also play a leading role in some areas [40,41]. Climate change will affect the hydrology
of individual wetland ecosystems mostly through changes in precipitation and temperature regimes
with great global variability [42]. Thus, the result obtained in this study supplements that impacts
of human activities from the neighbors should be focused on together, which is suitable for natural
wetlands conservation and management in Gansu. Furthermore, the success of wetlands conservation
depends on the incorporation of climate change and wetland management [42,43].

Second, natural wetlands with high area value in Jilin are characterized by a statistically high
value of cultivated area. A high area of cultivation will compete with wetlands for the use of water
supplies and create pressures on wetlands, leading to a consequence of the weakened ecological
function of wetlands, decreased biodiversity, increased rates and magnitudes of pollutant loading,
etc. [42]. Jilin, one of the main agricultural bases, has converted part of its wetlands into arable land
during 2008-2012, due to the task of increasing grain output by millions of tons [44]. Thus, under this
circumstance, effective management of cultivation lands should be carried out to reduce the impacts
from arable land on natural wetlands in Jilin. Similarly, Shandong and Henan, which are characterized
by statistically high values of cultivated area, should also pay attention to this kind of problem.

Third, natural wetlands in Tianjin are characterized by a statistically low value of water storage.
Most wetlands in Tianjin are located along the northeast coastal region. Tianjin is a typical industrial
city with a large number of pollution emissions; pollution is one of the major threats to coastal
wetlands [24]. Moreover, maps in Figure 6b,d show that natural wetlands in Hebei, the neighbor of
Tianjin, are characterized by a statistically high value of water consumption and high value of per
capita GDP, respectively. Thus, the environment in Tianjin and its surroundings are not conducive
to the sustainability of wetlands. Note that Tianjin not only belongs to the circle of economy around
the capital, which includes Beijing, Hebei, and Tianjin, but also plays a vital role in the circle of the
ecology around the capital [45]. Hence, conservation of natural wetlands in Tianjin should receive
great attention to deal with the uncoordinated spatial relationship.

In summary, uncoordinated spatial relationships have been revealed within provinces; furthermore,
the impacts resulting from the neighbors have been highlighted. Thus, it implies that wetland
sustainable conservation and management across provinces or regions [13,24,46] should be considered,
especially the neighboring provinces.

4. Conclusions and Recommendations

4.1. Conclusions

Wetland loss and degradation pose great challenges for biodiversity protection in China. This study
can provide some scientific references for the decision-making of effective and targeted wetlands
conservation and sustainable management at national and provincial scales. Moran’s I statistics are
a useful tool for effectively identifying the spatial autocorrelation and spatial hotspots of natural
wetlands distribution and associated influencing factors at the province level. Regional differences of
the uncoordinated spatial relationship between natural wetlands changes and associated influencing
factors are significant, which should be given considerable attention. GIS mapping is helpful to visually
illustrate the spatial distribution of natural wetlands and associated influencing factors and to study
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the spatial relationship between them. To expand and advance GIS applications in wetlands research,
more detailed data or case collection is important.

4.2. Recommendations

(1) Implement cross-province or cross-region wetland protection and management. As described
above, the hotspot cluster is formed by two provinces in 2003 and four provinces in 2013. Although
natural wetlands in different provinces that belong to different wetland regions have different dominant
characteristics [23], the expansion of spatial hotspot implies the existence of a spatial diffusion effect.
The aggregated provinces have strong radiation to the neighboring provinces of their wetland protection
and management. Hence strengthening protection, management and cooperation cross-provinces,
cross-region, or cross-sector and cross-nation are critical and necessary for the protection of wetland
and biodiversity.

(2) Wetland activities should incorporate climate change, wetland restoration, management and
conservation planning. Climate factors, the major part of natural factors, play a vital role in wetland
sustainability. Attention to climate change and variability could make the difference between success
and failure for wetlands conservation.

(3) Reduce human activity stressors on wetland ecosystems. Spatial analysis of the associated
influencing factors revealed that spatial autocorrelations of anthropogenic factors are weaker than
those of natural factors, which implies stronger spatial randomness of anthropogenic activities, making
them hard to be controlled and managed. Negative impacts resulting from human activities should be
reduced or minimized on wetland ecosystems.
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