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PEER REVIEWED

Wilderness areas are, in the main, places that are ecologi-
cally intact, mostly free of industrial infrastructure, and
without significant human interference. With a growing
appreciation of the intrinsic value of wilderness, more atten-
tion is being paid to wilderness protection and management
especially as threats increase and remaining wilderness
areas shrink in size (Casson et al. 2016).

Practical experience in many countries has shown that
maps depicting the spatial distribution of wilderness provide
baseline information for the development and implementa-
tion of wilderness protection policies. Accurate and reliable
wilderness inventories are an essential basis for robust
designation of wilderness protected areas and the develop-
ment of associated management policies.
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Due to the lack of a wilderness inventory in China, the total area and the spatial distribution
of wilderness are neither known nor fully understood. This places considerable restrictions on
wilderness protection. This article therefore focuses on identifying and understanding the spatial
distribution of wilderness in mainland China to provide a practical basis for the future develop-
ment of Chinese wilderness protection policies (Cao et al. 2017).

The Concept of Wilderness Mapping

Different people often have different opinions on "*how wild should wilderness be?" which
makes the concept of wilderness a complex one to implement. How to apply multiple and
complex wilderness definitions into a meaningful wilderness map is the first question that needs
to be answered.

The idea of defining the point at which wilderness begins and ends along the environmental
modification spectrum was first proposed by Roderick Nash in his book Wilderness and the
American Mind (Nash 2016). His approach was to emphasize the variations of intensity of human
impact on landscapes and so define the wilderness continuum. This was further developed by
Lesslie and Taylor and applied to wilderness mapping in the early 1980s (Lesslie and Taylor
1085). The wilderness continuum emphasizes the transition from urban areas to pristine nature
through varying levels of human modification as reflected in the intensity of human impacts on
landscape. The basic attributes of the wilderness include measures of remoteness and natural-
ness such that wilderness quality increases with the increased remoteness and naturalness. In
this manner, wilderness quality can be divided into high, relatively high, medium, and low levels.
Defining wilderness by these relativistic ideas helps us to understand the concept of wilderness
from a spatial perspective.

Based on this concept of the wilderness continuum, GIS-based wilderness quality mapping is
the most commonly applied method of identifying the spatial extent and quality of wilderness
areas. Although the first global mapping was carried out using manual techniques (McCloskey
and Spalding 1989), wilderness mapping at various spatial scales developed rapidly with the
development of satellite technology and GIS from the 1980s onward. During the past 30 years,
several wilderness mapping projects have been carried out at global scale (Sanderson et al.
2002; See et al. 2016), continental scale (Fisher et al. 2010; Carver 2010), and in countries, regions,
and individual protected areas (Kliskey and Kearsley 1993; Carver et al. 2013; Orsi et al. 2013;
Mantoiu et al. 2016; Lin et al. 2016).

Several countries have conducted wilderness mapping studies including Australia (Lesslie and
Maslen 1995). the United States (Aplet et al. 2010), the United Kingdom (Carver et al. 2002), Ice-
land (Olafsdottir et al. 2016), Denmark (MUller et al. 2015), and Austria (Plutzar et al. 2016), some of
which have effectively supported wilderness protection policies. These currently provide inspira-
tion and a technical lead for ongoing developments in China.
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The Model of Wilderness Mapping for China

In developing a wilderness map for China, we address the principal questions: "Where are,
how large, and of what "quality” are China’'s remaining wilderness areas?” Our objective is to map
the spatial distribution of the remaining wilderness areas in China, thereby providing a practical
base for the further development of Chinese wilderness protection policies. The study area is
mainland China excluding Taiwan and marine areas.

The mapping model is shown in Figure 1. Four indicators reflecting the wilderness qualities or
attributes are selected and mapped as follows:

Remoteness from the settlements (i.e., areas of permanent human occupation)

Remoteness from vehicular access

Biophysical naturalness (i.e. the degree of biophysical disturbance by modern society)

Apparent naturalness (the degree of involvement of modern artificial facilities)

These four indicators reflect two aspects of the wilderness definition simultaneously: on one
hand, from the “ecological’ point of view, wilderness is natural areas with fewer human impacts
and high naturalness; on the other hand, from the "perceptive” point of view, wilderness is seen
as remote with almost no human-made facilities or habitation.

To map these indices, national datasets, including urban and rural construction land, road
networks, land use, and artificial facilities, were selected and mapped using GIS methods
according to the four indicators described above. The results of each individual indicators are
overlaid with equal weights using a simple weighted linear summation Multi-Criteria Evaluation
(MCE) approach to obtain the map of Chinese Wilderness Quality Index (WQI). This is then used
to further identify wilderness areas with different values.

The resolution of the map is 1 km? (.39 mile?). Each 1 km?grid cell corresponds to a wilderness
index ranging from 0 to 100. This resolution is deemed sufficient for mapping wilderness at the
national scale in China.
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Figure 1 - Model of wilderness mapping for China.
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Table 1 - The grading evaluation table of different land-use types corresponding to the natural degree

Mapping Wilderness Attributes

Remoteness from settlement reflects the distance to/from existing urban and rural habitation.
Data on urban and rural construction land in China (Liu et al. 2014) are used as the source to
calculate remoteness as Euclidean distances (see Figure 2). Remoteness from access reflects
the distance from roads. "Roadless areas” are usually considered to be an important indicator of
wilderness (Selva et al. 2011). Chinese traffic network data, including railways, highways, national
roads, provincial roads and urban roads, are merged and used as inputs when calculating Euclid-
ean distance from mechanized access (see Figure 3).
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Biophysical naturalness reflects the degree of human modification of land cover based on
a naturalness grading given to different types of land use. The 2010 national land-use data is
selected as the base data (Liu et al. 2014), which itself is based on classified remote sensing
images. There are six principal types of land use, including cultivated land, forestland, grassland,
open water, residential land, and "unused” land, and 25 secondary types in this classification. The
land-use types corresponding to the land code (land resource classification system) are reclas-
sified to reflect the likely degree of human modification of natural ecosystems (See Table 1 and
Figure 4).

Apparent naturalness reflects the extent to which an area is affected by permanent modern
human artifacts. Distribution of trafic network data and settlement data are selected as the
input data because transportation infrastructure and buildings are two main kinds of artificial
infrastructure seen in the landscape. The former data also includes artificial infrastructures near
the road such as bridges, dams, and power lines. A kernel density tool is used to calculate the
density of artificial facilities, which in turn is used to reflect the degree of apparent naturalness
(see Figure 5).

Figure 2 - Remoteness from settlements

=CON § -y |
Figure 5 - Apparent naturalness

Figure 4 - Biophysical naturalness
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Figure 6 - Map of the Wilderness Quality Index (WQl)

Results

Since the calculation of the four indicators involves different dimensions and units, the first step
in calculating a wilderness quality map is to normalize each of the input layers so that all the
scores range from 0 to 100. To derive the Chinese Wilderness Index, scores of four indicators are
combined by weighted linear summation within MCE. The formula is as follows.

n

WQI - Zei

i=1

In this formula, W is the wilderness index, the value of which represents the wilderness qual-
ity: e, is the standard score after evaluation of individual indicator: n is the number of indicators.
It should be noted that equal weight of the four indicators is used for simplicity and clarity, but
alternative weighting schemes could be explored in future. The resulting map of the Chinese
Wilderness Quality Index (WQl) is shown in Figure 6.

The wilderness quality index is then classified to divide all lands into five types: high-quality,
relatively-high-quality, medium-quality. low-quality wilderness, and other type of lands (i.e.,
developed), as shown in Table 2. The spatial distribution of wilderness areas falling within the
different levels are shown in the Chinese Wilderness Map (see Figure 7). Four types of wilder-
ness take up to half of the whole land area, which together constitute those landscapes with the
highest wilderness levels in mainland China.
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Proportion of Classification basis:
total land area/% Range of WQl value

Type of Landscape

High-quality wilderness 43 60.1~100.0
Relatively-high-quality wilderness 124 45.1~60.0

Medium-quality wilderness 119 40.1~45.0
Low-quality wilderness 24.0 35.1~40.0

Other type of lands 47.4 0.258~35.0

Table 2 - Degrading of Chinese wilderness quality and its proportion of total land area

High-quality wilderness accounts for 4.3% of the total land area of mainland China, mainly
distributed in Qiangtang, the Altun Mountains, Hoh Xil, the Taklamakan Desert, and Lop Nur,
Relatively-high-quality wilderness accounts for 12.4% of the total land area, mainly distributed in
the northern Tibet Autonomous region, southern Xinjiang Autonomous region, Western Qinghai
Province, and Western Inner Mongolia Autonomous region. Together these high-quality and rela-
tively-high-quality wilderness areas are mainly distributed in Western China. Policies restricting
land-use alterations, construction of artificial infrastructures, and human activities with negative
effects on landscapes could be implemented in these regions to preserve their wilderness value
and characteristics for future generations.
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Figure 7 - Chinese Wilderness Map.
110 nternational Journal of Wilderness | August 2018 | Volume 24, Number 2

In addition, medium-quality wilderness accounts for 11.9% of the total land area, and low-
quality wilderness accounts for 24.0%. This is distributed in provinces throughout western,
central, and eastern China. Although the wilderness quality of these two types is lower, there
are still high conservation values to be found in these lands, some of which have already been
designated as protected areas, although many others have not. Wilderness areas in eastern
and central China are highly fragmented, yet still provide important ecosystem services and
recreational opportunities for nearby urban populations. These areas are perhaps more threat-
ened than wilderness areas in western China and so perhaps need closer attention and further
research due to the country’s large population and associated demand for economic develop-
ment. Most importantly, the use of these areas should also be wisely and carefully managed to
preserve their wilderness values to the extent possible.

Existing wild areas can be divided into two types: those that already have been designated as
protected areas and those that have not. For those already included in protected area networks,
the wilderness area and its values should be emphasized in the management zoning, and more
scientific and sophisticated management policies should be developed to enhance conservation
practices and the permanence of these wilderness zones. For wilderness areas not included in
existing protected areas but with relatively-high-wilderness quality, the necessity and feasibil-
ity of further studies and practices should be explored. These include the designation of new
protected wilderness areas and the delineation of ecological ‘red lines™ around biodiversity
hotspots to bridge the gap between existing protected areas and wilderness. The establishment
of ecological networks connecting wilderness areas will be necessary, especially to maintain and
enhance the ecological integrity of smaller wild areas. Rewilding might be necessary to either

restore and enhance existing wilderness areas or improve connectivity between protected areas.

Conclusion and Discussion

This research has identified existing wilderness areas in China from a spatial perspective and
created the first national-scale wilderness map in mainland China. Four levels of wilderness
areas and other (developed) lands respectively accounted for 4.3%, 12.4%, 11.9%, 24.0%, and 47.4%
of the total land area in mainland China. This study is meaningful in terms of both cognitive and
practical aspects of wilderness protection in China. At the cognitive level, a new understanding
of the national-scale landscape is added from the perspective of wilderness, which is a basic
requirement for the further analysis of spatial patterns of wilderness at multiple spatial scales.
At the practical level, it is expected to guide policy making about wilderness preservation and
planning for a national Chinese Wilderness Preservation System. This will provide an essential
reference for development and planning of various protected areas and for the delineation of
ecological protection “red lines.”

! Ecological "red lines" is one of the key policies in “China Eco-civilization,” which would designate areas to be
protected from further development, and mainly focuses on eco-functional areas, ecologically fragile areas, and
biodiversity hotspots.
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This research develops the national-scale wilderness mapping in mainland China and lays the
foundations for further work including

1. Improvements to the mapping work described here to better analyze spatial pat
terns of wilderness in China, making use of big data and multisourced data.

2. Systematic assessment of the multiple values of wilderness in China. especially the
biodiversity and ecosystem service values of wilderness areas.

3. Analysis of the conservation status of wilderness areas in China and identification of
gaps in wilderness preservation to support proposals for more targeted wilderness
preservation policies.

4. Mulliscale wilderness mapping to directly assist management of wilderness
protected areas, designation of new wilderness areas, management zoning. and
wilderness recreation planning.

In recognition of the importance and sensitivity of wilderness areas, preservation of wilder-
ness qualities and values should be discussed in the context of the Chinese national park pilot
program and ongoing reconstruction of the country's protected areas system. Wilderness pres-
ervation and management in China could be greatly improved by policies such as ecological
function zoning, national main functional area planning. delineation of biodiversity conservation
priority regions, and delineation of ecological “red lines" so as to maintain harmonious land-
scapes between humans and nature and leave precious “Wild China" for both contemporary and
future generations.

Rejoinder

This article is a preliminary study focusing on wilderness mapping at a national scale. It cre-
ates the first wilderness map for China and could be taken as a starting point for further studies
including regional- and park-focused mappings. The following issues should be addressed
carefully in further studies.

Wilderness Definition and Attributes

The wilderness concept has been introduced and discussed in China from multiple perspec-
tives, including environmental philosophy, environmental aesthetics, environmental history and
nature writing. Scholars including HOU Wenhui (X &), CHENG Hong (#£41), LU Feng (FKX),
YE Ping (+3F), and CHEN Wangheng (B2 %) have made great contribution to this process. The
special issue on wilderness in Chinese Landscape Architecture in 2017 raised more discussions
on the wilderness concept in China (Carver 2017; Cao and Yang 2017, Martin 2017; Watson and
Carver 2017). In addition, scholars have also started to explore the wilderness concept in the
Chinese mind from the perspective of perception and philosophy, prompting the discussion to
go a step further (Tin and Yang 2016; Tin et al. 2016; Gao 2017).
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However, there is no unified or official definition of wilderness in China at present, so we have
taken the IUCN and other existing definitions as a reference. We believe that defining wilder-
ness in the Chinese context is extremely important; however, we cannot give a precise Chinese
definition at this stage. In this case, our mapping work is based on the wilderness continuum
and internationally recognized attributes that most wilderness mapping studies to date have
adopted.

China is a huge and geographically/culturally varied country making it hard to find an approach
that works at all scales. We think using naturalness and remoteness as wilderness attributes at
the national scale is appropriate but acknowledge that these may need modifying to take social,
cultural, political, and historical factors into account at the local scale.

Remoteness is a good indicator at the national scale, because where there are no roads it is
more remote from human influence and therefore more likely to be wild/natural. However, at
local scales more indicators should be taken into consideration including solitude, lack of visible
human artifacts, population density, and terrain roughness, and more complex models should be
used to map these variables including visibility, walking time, and so forth.

‘Apparent naturalness” in this paper refers to the absence of certain artificial infrastructure -
usually considered to be an important indicator of wilderness (Lesslie and Maslen 1995; Carver
et al. 2002; Plutzar et al. 2016).

In Chinese, wilderness attribute (B1) has a similar meaning to wilderness indicator (¥5%7)
including naturalness, wildness, and remoteness. Wilderness Quality Index is a term used in
European wilderness mapping projects. This may cause confusion because quality (BRRE) in Chi-
nese usually relates to both good or bad qualities. Although WQI is understandable, using ( 7T &f
FR I RBE | RBEE ) (wilderness levels/grades) may be better as the classification of areas
with different wilderness quality index.

Revisiting the Cultural Relevance of Wilderness in China and
How to Acknowledge It in the Mapping Procedure

We acknowledge that simply transposing Western methods onto China may cause confusion
in a cultural context. Further studies to address this problem may include the following points:

1. Conduct a series of wilderness perception surveys in China to see how this Western term is
interpreted in the minds of Chinese people. This research may include different levels of public
participation and expert consultation to address the following questions: Is wilderness a meaningful
and useful concept in nature conservation in China? What are the attributes that best define an area
as wilderness in China? Which attributes are most important to the Chinese people?

2. Use MCE techniques to combine the indicators in different ways, orders, and sets with variable
weights that acknowledge the cultural understanding and local, regional, national. and international
differences.

3. The classification criteria of wilderness quality should be further improved using statistical and fuzzy
methods to better interpret the resulting wilderness map in a culturally relevant way.
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Comments on Data Quality
There are some problems in terms of data quality in this research that need to be recognized
when considering the results. These include the following:

1. Due to data or calculation methods, there may be overestimation or underestimation of the
wilderness quality. which should be verified and improved in regional-scale mapping work.

2. Overestimation of wilderness quality may exist in Chinese border regions due to edge effects arising
from the absence of relevant data from neighboring countries.

3. Internal edge effects can also be seen due to variations in mapping standards between different
provinces requiring careful calibration and checking using supplementary data.
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