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Abstract: With the degradation of natural resources and environment caused by industrial
development in some developing countries, the requirement of implementing a “social eco-
logical” approach to development is imminent. Resource and environment carrying capacity
provides a means of assessing regional development potential by measuring regional sus-
tainable development in terms of economy, population and resources & environment. This
study develops a conceptual framework for resource and environment carrying capacity es-
timation to support the co-development planning of industries, population and resources &
environment. First, the framework constructs an index system for evaluating importance of
industry or influence based on the role of industry played in the local socio-economic system.
Then, the framework computes the quantitative relations through the importance of local in-
dustry, population size and resource utilization and environment effects, and subsequently
estimates the resource and environment carrying capacity of the study area. With a particular
attention to its land resources, water resources and environment, the Tibet case study shows
that: the non-ferrous metal mining, tourism, liquor and refined tea industries play a pillar role
in the Tibet's socio-economic system; under each industrial structure, land resource carrying
capacity is the weakest, and water resources carrying capacity is the strongest; to focus on
tourism will improve local resource and environment carrying capacity. The research results
provide a solid guide for Tibet government’s co-actions in industrial restructuring, ecological
protection, and the pursuit of economic development. This study will contribute to bridge the
gap between theoretical research and practical applications of resource and environment
carrying capacity, and help local governments plan the regional “socio-ecological”’ sustainable
development.
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1 Introduction

In many developing countries, rapid economic growth and explosive population growth have
led to excessive resource consumption and severe environmental pollution, which has lim-
ited or affected their regional economic development. The concept of sustainable develop-
ment was developed specifically to address or avoid such predicaments (Zhou et al., 2017).
In order to balance the economic development and ecological protection, it has become an
important issue to make scientific and reasonable decisions on the scale, progress and layout
of development.

Many concepts and methods have been developed to simulate the impact of human and
natural systems coupling on sustainable development. Since China’s reform and opening up,
it has made great achievements in rapid economic growth, large-scale industrialization and
urbanization, but it has also paid a heavy resource and environmental costs. (Peng et al.,
2016; Niu et al., 2018). The concept of “resource and environment carrying capacity” has
been widely discussed in China. In general, resource and environment carrying capacity
(RECC) refers to the upper limit of the size of the population and economy that resources
and the environment can support in a given area, provided that the natural ecological envi-
ronment is well maintained or not damaged.

RECC evaluation methods can be summarized into two types subject to different priori-
ties. The first one is resource supply and demand balance method. The method focuses on
the ecosystem function and characterizes the absolute size of RECC by comparing resource
supply and demand from the carrier and the carrying target perspective. The resource de-
mand analysis (Malthus, 1798; Bowen, 1954; Seidl and Tisdell, 1999; Wang et al., 2018),
ecological footprint method (Rees, 1992; Wackernagel and Rees, 1996), energy analysis
(Peter et al., 1986; Vitousek et al., 1986; Odum, 1988; Kitzes et al., 2008; Lou et al., 2015),
and the net primary productivity method (NPP) (Thebault et al., 2008; Sutton et al., 2012)
all fall into this category. The second is so-called comprehensive index method. This method
reifies the ecosystem information into comprehensive indices (Mao and Yu, 2001; Fan et al.,
2017) based on various theoretical frameworks such as “Pressure-State-Response (PSR)”
(Wei et al., 2014; Zheng et al., 2015), “Pressure-State-Impact-Response (PSIR)” (Lockie et
al., 2005) or “Driver-Pressure-Impact-Response (DPSIR)” (Cao, 2005; de Jonge et al., 2012;
Li et al., 2012). The results are usually dimensionless representative values with no physical
meaning. In many studies, the comprehensive indices are the carrying status rather than the
potential carrying capacities. As far as the techniques are concerned, methods such as Sys-
tem Dynamics (SD) (Wang et al., 2014), Multi-Objective Programming model (MOP)
(Wang and Zeng, 2013), and Artificial Neutral Network (ANN) (Wang et al., 2014) are used
in the studies.

The common goal of these methods is to achieve a harmonious coexistence between hu-
man and the nature. These efforts have achieved certain results in research and practice.
However, there have no unified paradigms for the RECC evaluation in the current domain.
Moreover, the relations between social and ecological elements need deeper interpretations,
and the concept and connotation of RECC needs to be further refined. More specifically, the
research on the quantitative relationship between each industry and the resource & environ-
ment is still relatively weak. To solve this issue, the detailed industrial structure analysis
should be considered in the RECC research. In addition, in an open regional system, due to
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the problem of cross-regional occupation, there exists an ecological pressure transfer among
regions, which at present has received little attention. Furthermore, the research on the
characteristics of regional industrial economy remains to be strengthened.

The interaction between natural ecosystems and local socio-economic systems requires
comprehensive description and analysis. This can be quantified based on the interaction
process among population, industries and resource environment. This paper aims to study
the RECC and regional development potential under different industrial structures from the
socio-ecological sustainability perspective. In the research the Tibet Autonomous Region as
an example is comprehensively studied, in combination with the goals of eco-environmental
protection and economic development targets. The goals are in three-folds: (1) to develop a
conceptual framework for the general RECC evaluation; (2) to evaluate the regional RECC
under different industrial structures and provide a decision-making support to achieve the
maximum scale of socio-economic development under the precondition of a friendly envi-
ronmental effective utilization of resources; (3) to evaluate the framework by applying it to a
specific case study based on Tibet.

2 Study area and datasets
2.1 Overview of the study area

The Tibet Autonomous Region is one of the 34 provincial-level administrative regions in
China. It is located in southwestern China (Figure 1) and is the second largest province with
seven prefecture-level cities. Tibet has a vast territory but with a sparse population. Its ad-
ministrative area is 1.23 million km?, accounting for one-eighth of the geographic expanse.
However, as of 2015, its population was 3,239,700, only accounting for 0.24% of China’s
population. As of 2015, its GDP was 102.639 billion yuan, accounting for only 0.12% of
China’s GDP. Tibet’s tertiary industry, mainly in tourism sector, is its foundational economic
driver, which contributes 53.9% of its total GDP. However, in terms of the working popula-
tion, the primary industry is still the largest sector, accounting for 41.2% of the workforce.
Its secondary industry is the smallest sector, which employs only 13.3% of the workforce
(NBSC, 2016b).

On the one hand, Tibet has a good ecological environment, primarily covered by forests,
lakes and other natural ecological
reserves. On the other hand, Tibet
needs economic development and
industrialization to alleviate poverty
and achieve prosperity. However, the
lessons learned from the imbalance 3pon|
between the two major factors in the
eastern coastal region have made the
Chinese government determined to 27°N
achieve sustainable development
under the constraints of local re-
sources and the environment. The
RECC can play an important role in
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Figure 1 Study area: Tibet, China
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sustainable development planning.
2.2 Datasets and parameters determination

To evaluate the RECC of an open region, it is critical to investigate and determine the
socio-economic burden borne by local ecological factors, especially those that cannot be
transported. On the one hand, due to the land form restrictions and ecological protection in
mountainous areas, the land available for development is very scarce in Tibet (Peng, 2016).
On the other hand, Tibet is the birthplace of the Yarlung Zangbo River, Jinsha River, Nuji-
ang River and Lancang River. It is rich in water resources with a reputation of Asian water
tower feeding China and the Indo-China Peninsula, and its water use and quality obviously
are very important for the area. Therefore, it is reasonable for this study to focus on the wa-
ter and land carrying capacities evaluation of Tibet. The water carrying capacity includes
two parts, namely, Water Resource Carrying Capacity and Water Environment Carrying Ca-
pacity. The former depends on the total amount of water resources available, while the latter
focuses on the quality of the water environment.

The socio-economic data used in this study is collected from the Tibet Statistical Year-
book 2016 (TBS, 2016), China Statistical Yearbook 2016 (NBSC, 2016b), China Statistical
Yearbook on Environment 2016 (NBSC, 2016¢), China Energy Statistical Yearbook 2016
(NBSC, 2016a), and Lhasa Statistical Yearbook (LBS, 2016), and China’s inter-regional In-
put-Output Table 2012 (Liu, 2018). Some data are obtained directly from the above sources,
other data are obtained indirectly from calculation based on the above data sources. Indus-
tries are classified based on Industrial Classification for National Economic Activities of
China (GB/T 4754-2017) (GAQSIQC, 2017).

2.2.1 Water resources and consumption

In 2015, the total amount of water available in the Tibet Autonomous Region was 385.3 bil-
lion m®. The total amount of water used is 3.08 billion m’, and the total amount of remaining
water resources available is 382.22 billion m®. The water consumption includes 2.72 billion
m’ for agriculture, 140 million m’ for industry, 63.61 million m’ for domestic use, and 10 mil-
lion m® for ecology, etc. (NBSC, 2016b; 2016¢).

2.2.2 Water environment capacity

The water quality assessment generally involves the quantitative analysis of Chemical Oxy-
gen Demand (COD), Biochemical Oxygen Demand (BOD), ammonia, phosphorus, heavy
metals, organic acids, alkalis, etc. in water. The pollutants vary considerably with
socio-economic activities (Zhou et al., 2017). According to China Statistical Yearbook on
Environment 2016, the water pollutants in Tibet are mainly COD, so COD is used as a pol-
lutant index in this study. The total COD emissions in Tibet in 2015 was 28,800 tons, of
which industrial, agricultural, and domestic emissions are 90,000 tons, 55,000 tons, and
22,100 tons respectively.
Water Capacity (WC,) is calculated by the following equation:
WC, =Ttlwater, x WS (1)

where TtlWater, is the total amount of water available in year y; WS is the water quality
standard, i.e., Class I and Class II water COD is <15 mg/L according to Environmental
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Quality Standards for Surface Water (MEEC, 2018). As the amount of total water does not
vary much over time, based on the total amount of water available in 2015, Tibet’s Water
Capacity by COD is 5.78 million tons, that is the COD discharged into water every year has
not exceeded 5.78 million tons.

2.2.3 Auvailable construction land

According to General Land Use Planning in Tibet Autonomous Region (2016-2020)
(MNRC, 2017) and Tibet Statistical Yearbook 2016, as of 2020, the planned land for con-
struction in Tibet is 164,700 ha, of which 145,000 ha is used and 19,700 ha remained for
supporting further development of industry and population growth.

3 Methods

3.1 RECC evaluation framework

To evaluate the RECC, a three-step procedure is developed in the study as shown in Figure 2.
First, the industry weights or importance are assessed to determine the target of the indus-
trial adjustment. Then we analyze the socio-economic impact on resources and the environ-
ment to determine the intensity of resource consumption and the pollution emission of industries
and population. Finally, the RECC under different development scenarios is estimated.

Industry weights evaluation

Resource and Environment
Carrying Capacity evaluation

Socio-economic impact on
resources and environment

Industrial evaluation indices
establishment based on IO table

Socioeconomic development
scenario

!

!

Industry weights evaluation by
information entropy

Resource and Environment
Carrying Capacity calculation

Industrial resource utilization
efficiency and industrial
pollution intensity estimation

!

'

Industry classification based on| |

industry weights

Maximum population and
industrial scale by scenario

Population resource utilization
efficiency and population
pollution intensity estimation

Figure 2 The RECC evaluation framework

The industry weights are assessed by ranking the contributions of industries to the local
socio-economy. Four evaluation indices of industry weights, including industrial Gross Do-
mestic Product, Industrial Influence Coefficient, Industrial Response Coefficient and Indus-
trial Market Potential, are established. The weight or importance of each industry is calcu-
lated as the weighted sum of the four indices. The industries with high weights have greater
benefits to the local socio-economic system, so are classified as pillar industries and rec-
ommended for further development.

The analysis of the regional socio-economic impact on its resource and environment is
aimed at determining the intensity of resource consumption and pollution emissions by in-
dustries and population. The industrial structure and scale are the two direct factors affecting
the regional resources and environment. The resource consumption and emission intensity
vary with industries, so changes in industrial structure will have an important impact on the
regional resource and environment. In addition to the industries, the residents also contribute
to the local resource consumption and pollution emissions.
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Different development scenarios or industrial structures are developed based on the in-
dustry weights. Subsequently, the RECCs of the scenarios are calculated based on the analy-
sis of the regional socio-economic impact on its resource and environment.

3.2 Industry weights evaluation

Here some industrial indices are used to represent the importance of industries to the re-
gional economic development. These indices include industrial GDP, industrial influence
coefficient (Leontief, 1941), industrial response coefficient and industrial potential, of which
the industrial GDP is taken exogenously while the rest are generated by the framework
endogenously as shown in the following sections.

3.2.1 Establishment of industrial evaluation indices

The industrial influence coefficient and response coefficient of each industry are calculated
based on the Leontief inverse matrix derived from China’s Input-Output (IO) Table 2012
(Liu, 2018), as attached in appendix. The industrial influence coefficient is the degree to
which a unit increment of the final production of an industry affects the demands of other
industries. It is the economic strength of an industry to pull other industries, calculated as:

i
I =—=——(j=12,,n) (2)
ZZ

where /; is the influence coefficient of industry j, /; is the element of the Leontief inverse

1
m

matrix at row i and column j, Zlij indicates the economic influence of industry j on all
i=1
m. m
other industries, and the denominator —ZZl[j is the average influence.
=
The response coefficient is the degree to which a unit increment of the finial demand of
all industries affects the demand of an industry. It is the pushing power of an industry on

other industries, calculated as:

R=—0" (j:1,2,-~-,n) (3)

1
m*%

I
—
1N
—

m
where R; is the response coefficient of industry i, Zl[/ is the response of industry i, and
J=1

—zz is the average response.
i=l i=1

As shown, the influence and response coefficients of an industry are calculated based on
the relationship between the development status of one industry and the average develop-
ment status of the other industries, through which the impact of abnormal values in the Le-
ontief inverse matrix on the calculation is also reduced.
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The industrial market potential calculates the market advantages of an industry in a region.
It takes both local and national production and market demand into account. Its relative
value is calculated here as:
M, =085 10 @)

i = " " ] — g2, .’n

S as’;

where M;is the market potential of industry j, S; and S;f are the annual regional and na-
tional sales of industry j respectively while @S} and aS; are their per capita terms.

3.2.2 Industry importance evaluation and classification

To assess the importance or weight of an industry, we first determine the weight of each
evaluation index. Here the information entropy method is employed. A smaller information
entropy of an index indicates that there are greater differences between industries, so the
index is more important and subject to a higher weight. The intuitive industry index matrix X,
with m industries and four indices are listed in Table 1.

Table 1 Industrial evaluation index matrix

Industries Output value Influence coefficient ~ Response coefficient Industrial potential
Industry 1 X Xz X3 Xia
Industry 2 Xoi X X3 Xoa
Industry 3 Xai Xa X33 Xz4
Industry m Xt X2 Xin3 Kina

The matrix is first normalized based on the equation
X;; —min(X ;)
X; = : -
max(X ;) —min(X ;)

)

where max(X;) and min(X;) are the maximum and minimum values of the index j respec-
tively. Obviously, the normalized x;; has a range between zero and one.
The entropy #4; of index j is calculated as follows:

1
h, = In 6
= T )Zp,, Py (6)
where 1/In(m) is a normalization factor, p;; is the ratio of the index j of industry i to the sum
of index j of all industries,

Py = . (7)

Then, the weight W; of index j is:

w,=—t ®)

The weight V; of industry 7 in the region is:
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n
V=2 5w ©)

j=1
The weights form the basis for pillar industries identification and industrial restructuring.
Tibet is currently in the early stage of industrialization, and economic and industrial devel-
opment is still the important local needs. The Tibet industry weights are calculated in Table 2,
where 17 industries are divided into three classes by natural breakpoint method. The first
class industries which play an important role in the development of local economy are de-
fined as pillar industries considered as the key industries for industrial structure adjustment
in this study. The second class industries are defined as general industries. The third class
industries are called auxiliary industries as they have minor contribution to the local eco-

nomic development.

Table 2 Industry weights in Tibet, China

Class Industry type Weight Rank

Non-ferrous metal mining and dressing industry 0.617 1

First Class Tourism 0.333 2
Wine and beverage and refined tea manufacturing industry 0.182 3
Pharmaceutical industry 0.154 4
Chemical raw materials and chemical products manufacturing industry 0.137 5
Printing and recording media reproduction 0.132 6

Second Class Paper and paper products industry 0.127 7
Culture, education, arts & crafts, sports and entertainment products manu- 0.127 8
facturing industry
Food manufacturing 0.118 9
Agricultural and sideline food processing industry 0.116 10
Electric power and thermal production and supply industry 0.078 11
Non-metallic mineral products industry 0.074 12
Ferrous metal mining and dressing industry 0.053 13

Third Class Textile industry 0.047 14
Wood processing and wood, bamboo, rattan, and brown grass products industry 0.033 15
Electrical machinery and equipment manufacturing industry 0.030 16
Non-metallic mining and dressing industry 0.017 17

3.3 Socio-economic resource consumption and pollution discharge

The analysis of the regional socio-economic impact on its resource and environment is
aimed at determining the intensity of resource consumption and pollution emissions by in-
dustries and population, and subsequently used for the RECC evaluation.

3.3.1 Industry resource consumption and pollution discharge

The industrial impact on the resource and environment in the region is quantified by the in-
dustrial resource consumption intensity and environmental pollution intensity, i.e., the
amount of resource consumption or pollution discharge per unit of GDP. Due to the limited
data of Tibet, in this study the industrial resource consumption intensity and environmental
pollution intensity are estimated based on national energy, water and land consumption (as
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shown in Table 3). These values are averaged for each province, so it should be of reference
significance for Tibet.

Table 3 Intensities of resource consumption and pollution emission by industry

. COD Land consump-
Water consumption . .
discharge tion
Class Industry type 311k kg/10* yuan of ha/10°® yuan of
m*/10" yuan of GDP GDP GDP
Non-ferrous metal mining and 106.5 4.88 112.63
dressing industry
First Class Tourism 24.63 9.85 2.88
Wine and beverage and refined 79.4 12.09 33.19
tea manufacturing industry
Pharmaceutical industry 48.74 5.44 15.98
Chemical raw materials and 100.8 6.37 35.83
chemical products manufacturing
industry
Printing and recording media 19.8 0.32 1.27
reproduction
ZT::SHd Paper and paper products industry 450.33 90.28 188.41
Culture, education, arts & crafts, 20.68 0.22 1.02
sports and entertainment products
manufacturing industry
Food manufacturing 60.72 6.44 20.82
Agricultural and sideline food 93.73 12.46 30.59
processing industry
Electric power and thermal pro- 908.46 0.69 200.00
duction and supply industry
Non-metallic mineral products 43.62 0.93 71.01
industry
Ferrous metal mining and dress- 93.85 1.14 16.23
ing industry
. Textile industry 160.44 7.02 31.51
Third Class
Wood processing and wood, 34.32 1.54 12.85
bamboo, rattan, and brown grass
products industry
Electrical machinery and equip- 11.89 0.18 0.12
ment manufacturing
Non-metallic mining and dressing 133.53 1.75 36.58
industry

3.3.2 Residential resource consumption and pollution discharge

The development of the industry is usually accompanied by increase of population, which
will also lead to the increase of resource consumption and pollution emissions. In 2015, the
residential living water consumption in Tibet was 63.61 million m3, ie., 19.63 m’ per capita.

The urbanized population and land in Tibet are mainly concentrated in its provincial
capital, Lhasa, where its residential land size is 24.76 km® the residential population is
297,100, and therefore the per capita living land is 83 m”.

In regard to water environment, the annual residential COD emission per capita (ppl/COD;)
in year ¢ is calculated based on equation (10).
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pplCOD, = PopSew, xaxd (10)
where PopSew is the annual sewage production per capita in year ¢, o is the sewage dis-
charge coefficient, and d is the COD emission concentration. The daily sewage production,
emission coefficient and emission concentration of residents are obtained from “First National
Pollution Sources Survey — Urban Living Sources and Discharge Coefficients” (FNPC, 2008).

3.4 Regional RECC evaluations

3.4.1 Water resource carrying capacity evaluation

The water resource carrying capacity (WRCC) is the maximum population that the local
water resources can support under a specific socio-economic level. At a given level, either
the further developed industries, or the grown population will need to costume more re-
sources. Here we define that the water consumption of the industry and population under the
maximum load is the amount of the water available as shown by the following equations.

W, = ZGDP[J x intenW; + pop, x PopW (11)
i=1
2.GDE,
i=1
op, = 12
PP =" GDP (12)

where W, is the available amount of water for production and living in year ¢, GDP;, is the
GDP of industry i in year ¢, intenW; is the consumption intensity of industry i on water re-
source (see Table 3), pop; is the population size in year ¢, PopW is the population consump-
tion intensity on water, i.e. per capita water consumption intensity, and avGDP; is GDP per
capita in year ¢.

In general, if more than 20% of the water in a region is used, the area is considered to be
short of water (Hoekstra et al., 2012; Wada, 2011). Therefore, we take 20% of the total water
in Tibet as the limitation. If one assumes that the socio-economic level represented by
avGDP, is unchanged in short run, the maximum output of industries and size of population
guided by the maximum amount of water available can be derived using the above equa-
tions.

3.4.2 Water environment carrying capacity evaluation

The water environment carrying capacity (WECC) assesses the maximum size of population
supported by a given water quality. Both industries and residential populations produce pol-
lution emissions. The sum of industrial and population pollution emissions is equal to the
water environment capacity when the water environment is at maximum load.

WEC,,y, =Y GDP, x intenE™ + pop, x PopE“°" (13)

i=1
where WEC.,,,, is the water environment capacity in year ¢, i.e., COD capacity in this study,
GDP;, is the GDP of industry i in year 7, pop; is the total population, intenE; " is the COD
emission intensity of industry i (see Table 3), and PopE°” is the emission intensity of COD
of the residential population, i.e., the annual living discharge per capita (see equation 10).
According to the equations 12 and 13, the industrial and population growth potentials that
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the water environment capacity can support are calculated.
3.4.3 Land resource carrying capacity

The Land Resource Carrying Capacity (LRCC) is the number of people that can be sup-
ported by the land resources available under specific socio-economic levels. Both the in-
dustrial development and residential population demand the land resources. The sum of the
industrial land and the residential land under the maximum load is equal to the total avail-
able land resources.

L, =Y GDP,, xintenL; + pop, x PopL (13)
i=1

where L, is the amount of land resources available, GDP;; is the GDP of industry i in year ¢,
pop: is the population in year ¢, intenL; is the intensity of land consumption of industry i (see
Table 3), PopL is the intensity of land resource consumption of the residential population,
that is, the land resource consumption per capita. Based on the equations 12 and 14, the in-
dustrial and population growth potentials supported by land resources available can be calcu-
lated.

4 Results

Based on the evaluation of Tibet’s industries, three industrial structure adjustment scenarios
are developed. The first one is the business-as-usual scenario. We assume that the
socio-economic development trend or industrial structure of Tibet remains unchanged. The
second scenario is to develop the pillar industries further. The third scenario focuses on the
further development of a single industry, i.e., tourism. The tourism industry is currently a
vigorously developing industry with the highest output value in Tibet.

As described above, the evaluation of carrying capacity varies across different
socio-economic levels which are characterized by different technical levels. The techno-
logical progress over time and its impacts on RECC is difficult to predict and quantify. This
study did not include the prediction of technological progress, so for comparison between
scenarios, it is assumed that they have the same technical level represented by GDP per cap-
ita, i.e. Tibet’s current GDP per capita. The evaluations of RECCs are shown in Table 4.

Table 4 Regional resource and environment carrying capacity evaluation

Business as usual Focus on developing pillar Focus on developing tourism
. . (Scenario 1) industries (Scenario 2) (Scenario 3)
Carrying capacities - - -
Population Economy Population Economy Population Economy
(100 million) (trillion yuan) (100 million)  (trillion yuan) (100 million) (trillion yuan)
WRCC 0.81 2.57 4.87 15.44 6.48 20.53
WECC 2.25 7.41 1.93 6.11 2.08 6.58
LRCC 0.04 0.12 0.05 0.17 0.25 0.79

The results show that the LRCC is the weakest under every scenario, indicating that the
primary factor restricting the socio-economic development of Tibet is land resources (Figure 3).
As a mountainous area, its construction land available is limited. The region is rich in water
resources as shown, which is sufficient to support the socio-economic development of the region.
In addition, the WECCs are lower than the corresponding WRCCs under scenarios 2 and 3,
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which means that with the current

- . 70 B LRCC WECC M WRCC
emission intensity unchanged, the water 60
pollution will restrict the socio-economic &
. . & 50
development of the area despite its 40
abundant water resources. < 3'0
. . . . o J.
Using Figure 3 scenario compari- § 20
. B 4.
sons can be implemented by RECC &
. . A~ 1.0 ﬂ
type. As Figure 3 shows, scenarios 2 o - - P
and 3 both improve the WRCC com- ‘ Scenario 1 Scenario 2 Scenario 3

pared with scenario 1, which can be Figure 3 RECC comparisons by scenario

developed as before. This indicates that the current industries have a large demand for water
resources, and the adjustment of industrial structure greatly improves the utilization effi-
ciency of the water resources, but on the other hand, the current development scenario gives
the highest WECC. In regard to land resource, as opposed to the current development sce-
nario, the other two scenarios improve the corresponding LRCCs. The reason is that the pil-
lar industries such as non-ferrous metal mining and dressing, wine and beverage and refined
tea manufacturing industries have more demand for construction land than the tourism in-
dustry. Comprehensively, the development of tourism increases Tibet’s resource carrying
capacity and thus boosts its economy.

5 Conclusions and discussion

The RECC is a typical socio-ecological system focusing on the interaction between human
and nature. The proposed RECC framework develops the links between socio-economic ac-
tivities and resource consumption and pollution emissions. It highlights the socio-economic
effects on the resource and environment, and demands the balanced development of resource
utilization, environmental protection and economic development under limited resource and
environment. By taking the land resource, water resource and water environment of Tibet as
cases, the study reveals that: (1) the non-ferrous metal mining, tourism, liquor and refined
tea industries play a pillar role in a local socio-economic system, but pillar industries fo-
cused development may reduce the local WECC; (2) the primary factor restricting its
socio-economic development is land resources; (3) developing the tourism industry en-
hances its RECC. The proposed framework is helpful in Tibet’s actions on industrial struc-
ture adjustment and ecological protection and meanwhile pursuing economic development.

The scenarios developed in the study are not official policies. Therefore, the evaluation
results can be different from the actual development. Normally, the significance of a model’s
results more lies in its relative evaluation rather than the absolute values (Niu and Li, 2018),
in this case, compared with RECCs between various scenarios. This study develops a sys-
tematic method for regional RECC evaluation under different industrial structures, provides
a guide for regional sustainable development based on the limited regional resources and
environment, and helps bridge the gap between theoretical research and practical RECC ap-
plications.

There are still lots of work remaining to be explored. Due to the economic scale effect
and technological advancement, the resource utilization and pollutant discharge will change
along with the economic development. To achieve a finer evaluation, it is necessary to iden-
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tify the resource and environmental effects of the industries at different scales and techno-
logical levels. Secondly, as only land resource, water resource, and water environment are
used as cases to implement the RECC framework, it is straightforward to integrate more
ecological elements into the framework to extend the analysis framework. Furthermore, this
study is carried out at the scale of the Tibet Autonomous Region because of the data limita-
tion in this region. As Tibet is a large region, implementation of this framework at
sub-region level is an exciting task, but a project of this kind will also have to overcome the
problems of data availability.
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