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A B S T R A C T

In conjunction with ecological service, in this study a definition for water eco-service is proposed, as well

as a novel model designed for water eco-service assessment and compensation in a coal mining region

based on the complex ecosystem theory. As a case study, the model was applied to assess the impact of

coal mining on local water eco-service, economy, and society in the Mentougou District through cost–

benefit analysis. A multi-compensation system that includes financial compensation, water resource

supplementation and industry support, as well as capacity-building was also designed. The results show

that water eco-service in the coal mining region of Mentougou has been damaged in four aspects

(resource, environment, habitat, and disaster) with the damage valued at $5.54 million. It was also found

that coal enterprises and both the Mentougou and Beijing governments are responsible for the multi-

compensation to the damaged mining region at specific proportions and in various ways. The multi-

compensation measures and schemes in both temporal and spatial scales are outlined in this paper and

this study provides new theories on and methods for water ecological compensation in coal mining areas

where reconstruction is needed. This paper will provide decision-making basis for policymakers.

� 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Coal mining disturbs the complex ecosystems (air, land cover,
forest, hydrology), within a coal mining region. Ecological systems
with hierarchical organization and non-equilibrium dynamics
require multiple-scale analyses to comprehend how a system is
structured and to formulate hypotheses about regulatory mechan-
isms (Zurlini et al., 2006). Economic and social conditions
(employment, income, infrastructure, depression owing to the
slowing down or even termination of mining activities in the
region) also change drastically. In particular, coal mining causes
serious damage to water resources by changing the original
conditions of the aquifer migration cycle and surface runoff in
mining regions. It also causes lowering of ground water levels and
flow-disruptions in rivers and springs, leading to shortages of
drinking water for people and livestock in mining regions (Niu and
Zhang, 2006). At the same time, mine drainage may pollute the
surface water and groundwater and further endanger the
surrounding waters, soil, and even the entire water system, which
will impact the safety of domestic, industrial, and agricultural
water supplies (Wang, 2003). On the other hand, coal mining can
bring economic benefits by stimulating the local economy and
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increasing local revenues (Pan, 2008). Coal mining can also bring
social benefits such as more employment opportunities and
corresponding infrastructure. The conflict between costs and
benefits in natural, economic, and social eco-systems brought
about by coal mining has intensified such that ecological
compensation aimed at lowering the cost of resources to achieve
faster growth and higher efficiency in economic development has
become inevitable (Zhang, 1995; Zhuang and Gao, 1995).

Compensation mechanisms and policy ideas have been
proposed in studies on coal mining and the ecosystem in China
(Hong and Ma, 2001; Mao and Zhong, 2002; Yu and Ren, 2007).
Zhang (2008) proposed to set up an ecological environment
rehabilitation and compensation mechanism for the mining areas
on the basis of an analysis of the worsening damage to the
ecological environment in affected areas. Ecological compensation
in a coal mining region can be classified as either broad or narrow
(Bai and Cui, 2008). Broad ecological compensation for farmers is
carried out mainly through land requisition, relocation, and
ecological reconstruction, as well as by supporting resource-based
cities to achieve sustainable development. Narrow ecological
compensation only includes land reclamation and ecological
reconstruction. The responsibilities of relevant parties involved
in the rehabilitation of the ecological environment in coal mining
areas needs to be analyzed (Zhang, 2008), and a market mechanism
must be used to make the eco-compensation models and paths
more reasonable (Bai and Cui, 2008). Foreign studies on mining

http://dx.doi.org/10.1016/j.ecocom.2011.01.003
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Table 1
Indicators of water eco-service assessment in the coal mining region.

Indicator Description

Water resource Supply of water to people for living,

production, and so on

Water environment Capacity for self-purification and pollution

Water habitat Provision of biological habitats and the

maintenance of biological diversity

Water disaster Land subsidence and collapse caused by

decrease in groundwater owing to coal mining

Debris flow owing to water vein blocking caused

by coal gangue accumulation
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areas mostly focus on the restoration. For example, Miao and Marrs
(2000) outlined the principles and approaches to ecological
restoration, which included legislation systems, ecological risk
evaluation, ecological assessment, financial investment and
benefit distribution, clean production techniques, resource regen-
eration, and restoration and rebuilding of ecosystems on mine
wasteland. They also proposed that for successful restoration, the
fundamental framework (i.e., new land construction) should
involve ecological planning, contour terrace building, the control
of soil erosion, and so on. Bell (2001) described some of the
innovative practices used to establish native ecosystems in coal
operations across diverse biogeographic zones. Additionally, he
briefly referred to an ecosystem function analysis, including
analysis of landscape function, vegetation dynamics, and habitat
complexity, which had been developed to assess the success of
establishment of these ecosystems. Bellmann’s study (2000)
presented an analysis and modeling of the components in the
Lusatian coal mining region. The components included the socio-
economic sector, forestry and agriculture, landscape, as well as soil
and hydrology.

Summing up the existing studies on compensation and
restoration in coal mining areas, several problems should be
mentioned, including: (1) lack of identification on the impact of
coal mining on complex ecosystems (nature–economy–society);
(2) eco-compensation based on ecosystem service function is
needed (Xu and Yang, 2006); (3) lack of quantitative assessment on
the costs and benefits of coal mining based on the theory of
complex ecosystems; (4) a number of groups often compose the
main stakeholders in compensation, but there has been inadequate
analysis of the allocation of compensation among the groups (Ge
and Wu, 2008); (5) the ways and means of implementation of
compensation are only limited to financial compensation (Nicho-
las, 2008). Thus, it is worthwhile to study some of the above
problems for further construction and development in coal mining
regions.

This paper aims to present a novel model designed to analyze
the costs and benefits of the coal mining process, that is, to
evaluate the economic and social benefits of coal mining, as well as
the cost of local water eco-service, by estimating the water eco-
service damage caused by mining. It also proposes measures and
schemes for an efficient, workable, and sustainable multi-
compensation, based on complex ecological theory and results
of the cost–benefit analysis. As a case study, the model is applied to
analyze costs and benefits (1996–2003) of coal mining in the
Mentougou District in the west of Beijing, and to design a water
ecological compensation system to achieve satisfactory and
sustainable water eco-service, improve the lives of local residents,
and make local social and economic conditions take a fundamental
turn for the better.

2. Methods

2.1. Water eco-service

‘Ecological Services’ (eco-services) are different from ‘Ecosys-
tem Services’. Ecosystem services are the benefits people obtain
from ecosystems (MA, 2003), while eco-services refer to a mutual
interaction between people and nature to provide each other with
promoting or restricting conditions and processes through which
sustainable relationship can be maintained. Eco-services include:
(1) the services of the natural ecosystem to people (products
provisioning, infrastructure supporting, habitat cultivating, bio-
geo-chemical circulating and functional regulating), (2) services of
the human ecosystem to nature (production, construction,
restoration, transportation and cultural regulation), (3) service
of ecological process, (4) service of ecological factors, and (5)
service of individual species (Wang and Hu, 2004). Therefore,
water as an ecological factor provides products, supports
infrastructure, cultivates habitat and bio-geo-chemical circulation,
as well as regulating functions, and thus provides resources to
people, self-purification, habitat, water landscape, and also water
security or disaster, all of which we classified under water eco-
service.

Based on these theories (Wang and Hu, 2004; de Groot et al.,
2010; Burkhard et al., 2010), we identified the indicators of water
eco-service assessment in the coal mining region (see Table 1).

2.2. Design of water eco-service assessment and compensation model

As seen in Fig. 1, the proposed model is divided into two parts:
cost–benefit analysis and compensation, based on the identifica-
tion of the impact of coal mining on water eco-service. The cost–
benefit analysis includes benefits estimation of coal mining and
water eco-service damage assessment and estimation. Based on
the results of the cost–benefit analysis, compensation is designed
in integrated ways and includes financial compensation, supple-
menting water resource, capacity-building assistance, and indus-
try support. Such multi-compensation covering nature, economic,
and social components is more meaningful and effective.

2.3. Cost–benefit analysis

Fig. 2 outlines the procedure for the cost–benefit analysis.
Within the benefit analysis, we focus on the profit accounting,
distribution ratio of coal supply, and social benefit estimation,
through which the stakeholders who benefit from the operation
are determined. The indicators used for evaluating social benefit
are the increase in employment, income growth, and new
infrastructure, as shown in Fig. 2. In the cost analysis, water
eco-service is assessed by using indicators of water resource,
environment, habitat, and disaster (see Table 1); meanwhile, its
damage value is estimated by calculating the loss of water supply,
pollution, biodiversity loss, and water disaster caused by coal
mining, as shown in Fig. 3 and Eqs. (1)–(7). The results of the cost–
benefit analysis may provide data and basis for compensation.

Ea ¼ Es þ E p þ Eb þ Ed (1)

E ¼ n � Ea (2)

Ey ¼
Ea

Oa
(3)

Es ¼ PL � SP � PW (4)

EP ¼ PI � EM (5)

Eb ¼ Ad � VL (6)
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Fig. 1. Water eco-service assessment and compensation model.
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Ed ¼
DP

n
(7)

where Ea is average annual loss; E is entire loss; Ey is loss per unit
yield; ES is average annual loss caused by shortage in fresh water
supply; EP is average annual loss owing to water pollution; Eb is
average annual biodiversity loss; Ed is average annual water
disaster loss caused by coal mining; PL is number of people who
lack water owing to coal mining; SP is standard on per capita water
use; PW is local price of water; PI is number of people who suffered
from water pollution-related illness; EM is the average annual cost
of treatment of illness per person; Ad is the average annual forest
degradation area; VL is the loss of biodiversity caused by forest
damage in unit area; DP is accumulated loss of water disaster as a
result of coal mining; and n is the number of years. Based on
Eqs. (3)–(7), Ea and E can be obtained using Eqs. (1) and (2).
Fig. 2. Cost–benefit
2.4. Design of compensation schemes

Using the results of the cost–benefit analysis, we design the
multi-compensation schemes with respect to financial compensa-
tion, water resource supplementation, industry support, and
capacity-building assistance as shown in Fig. 1.

2.4.1. Financial compensation

We first show what such a compensation scheme should be like
when sufficient financial resources are available to completely
implement the payment plans. We then introduce a budget
constraint and discuss how this affects the design of the scheme.
Taking budget restriction into account requires us to consider
other efficient measures.

2.4.2. Water resource supplementation

We conducted a questionnaire survey among residents in the
coal mining region to research and compare the water shortage
analysis model.



Fig. 3. Water eco-service damage estimation model.

Fig. 5. Output value and profit of coal mining.

Y. Bai et al. / Ecological Complexity 8 (2011) 144–152 147
situations in different parts of the coal mining region. After
combining different measures of water supply, the plans calculated
for local conditions were chosen.

2.4.3. Industry support and capacity-building assistance

Funds and resources provision alone are not enough because
the damage caused by coal mining is complex for the natural,
economic, and social components. Consequently, the damaged
region also needs industry support and capacity-building assis-
tance from government authorities, which will be useful to
enhance the capacity of subsequent local self-repair. We proposed
a number of projects such as technical support, management
system, human resources, and policy support to promote the
development of the coal mining region.

3. A case study in Mentougou District in Beijing, China

3.1. Case-study area

Mentougou District, with a population of 235,000 and total area
of 1455 km2, is in the west of Beijing. The Mentougou coal field, in
the north of Jingxi Coal Field, with a total area of 500 km2, is one of
the five biggest places for anthracite production. It is estimated that
the total area of the abandoned mines is 86.86 km2, and the
underground exhausted mining area is 45.1 km2, which covers eight
towns and 15,408 people. In addition, the total area of coal gangue
accumulation is 1.84 km2. There are three river systems crossing
Mentougou District: Yongdinghe, Daqinghe, and Beiyunhe River
systems. For many years the average precipitation in Mentougou
District has been 581.1 mm. For 45 years (1956–2000) the average
total water resource in the region was 90.919 million m3, the total
usable groundwater was 24 million m3 (with the precipitation-
runoff of 197 million m3, and the average inflow of Yongdinghe River
was 801 million m3). In 2000, the water resources decreased by
Fig. 4. Yield and supply of coal.
72.6% compared to the past 45 years. In 2004, the inflow amount of
Yongdinghe River decreased to 170 million m3. There are six well-
managed large and medium-sized state-owned coal mines and
about 270 township coal mines, most of which have been
discontinued or shut down from 2002 to 2005. Without production,
many coal miners lost their jobs, and their family incomes were
significantly reduced. Because the local economy mainly depends on
coal mining, the large number of coal mine closures has caused a
local economic recession and revenue reduction. The economic
depression has also made local residents lose confidence in the
government, which could lead to serious social problems.

3.2. Cost–benefit analysis in the Mentougou coal mining region

3.2.1. Economic benefit analysis

Fig. 4 shows the yield and supply of coal, and Fig. 5 shows the
output value and profit of coal mining. The average of economic
benefits of coal mining from 1996 to 2003 is shown in Table 2.

3.2.2. Social benefit analysis

The income conditions of the coal mining region in Mentougou
District from 1996 to 2003 are shown in Fig. 6, and the public
infrastructure conditions are shown in Table 3.

From 1996 to 2003, coal jobs in Mentougou increased by 5000,
according to the average wage of $486.05/a (by monthly exchange
rate average for RMB vs. American Dollar in 2003), which increased
the amount of employment benefits to about $2.43 million. The
annual per capita income increased by $392.87 from 1996 to 2003
for 15,408 people, thus the income value increased to $6.05
million. Meanwhile, the increase in public infrastructure was equal
to $10.01 million. Hence, the total value of social benefits was
$18.50 million, as shown in Table 4.

3.2.3. Water eco-service assessment and its damage estimation

The investigation into the Mentougou coal mining region shows
that water resources decreased to 24.896 million m3, which
decreased by 72.6% compared to the average of the past several
years. The surface water contains significant amount of suspended
matter that causes low transparency and deterioration of water
appearance. Water in most regions has high nitrogen content.
Nitrogen in the form of nitrate nitrogen is more stable. In some
regions nitrogen is in the form of ammonian. The high ammonian
content may lead to water quality deterioration and the death of
animals and plants in water. The investigation also shows high TP
(total phosphorus) and TN (total nitrogen) content, thus water has
a tendency toward eutrophication. Furthermore, the very high oil
content indicates that there is oil pollution in water.



Table 2
Average of economic benefits of coal mining from 1996 to 2003.

Annual yield

(ten thousand tons)

Output value

(US $)

Profit

(US $)

Yield profit

(US $)

Local supply

(ten thousand tons)

Supply to Beijing

(ten thousand tons)

307.96 6,115,742.42 2,657,967.86 0.86 17.27 290.7

Data source: MBS, 1997–2004.

Value and profit: by monthly exchange rate average for RMB vs. American Dollar in 2003.

Table 3
The public infrastructure conditions of the Mentougou coal mining region in 1996

and 2003.

Items Unit 1996 2003

Residential land use km2 3.4 10.18

Public facilities land use km2 1 1.91

Road length km 79 105

Road area Ten thousand m2 41 122.9

Street lamps Number 1080 4332

Liquefied petroleum supply station Number 4 10

Data source: MBS, 1997–2004.

Table 4
The social benefit estimation.
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During the mining process, lack of water resources and change
in hydrological environment can affect the growth of green
vegetation. Green vegetation is a primary and the most sensitive
factor in ecology environment. The significant changes in green
vegetation will affect the other environmental factors directly or
indirectly. A research conducted by the Land Reclamation and
Ecological Reconstruction Institute (LRERI, 2006) analyzed the
remote sensing data of the coal-mining region and found that
mining led to significant decrease of vegetation fraction from 1988
to 1996. From 1996 to 2004 the trend of vegetation fraction
improved because of the closure of some coal mines and the
government’s afforestation efforts. In the mining region, however,
vegetation fraction was obviously lower than in other places.

Through field investigation, it was found that 73 kinds of plants
have disappeared. Among the 150 plant families in the historical
record, 15 have disappeared. The most alarming problem is the
extinction of terrestrial plants and wetland plants.

Moreover, the complexity of the system and consequently
ecosystem services might also be affected due to changes of other
processes (Dolinar et al., 2010). The illegal mining workshops also
cause heavy damage to vegetation and animal habitat. These
workshops affect birds’ habitation, especially those of the
passerine birds.

Vegetation type and condition have links to ecosystem goods
and services (Yapp et al., 2010). Because of the damage to
vegetation and changes in the hydrological environment, problems
of soil erosion have also occurred in the mining region. Soil
erodibility is middle-degree erosion with average erosion modulus
of 2500–5000 tons/km2 and average loss depth of 1.9–3.7 mm/a.

The major geological hazards are geologic subsidence and debris
flow. There are tens of thousands of tons of coal gangue piled up at
the Dagou ditch in the Wangping village of Mentougou. The blocked
ditch affects forward flow drainage and flood control, and moreover,
leads to potential mountain torrents and debris flow hazards. The
residents and buildings nearby are threatened. The Nanjian village
has 17 other ditches meeting at the Nanjian ditch, where the coal
gangue is accumulated; therefore, during heavy rains, debris flow in
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Fig. 6. Income in Mentougou coal mining region.
different degrees may occur. Many mountain landslides have
occurred in Dongmagezhuang and Ximagezhuang villages.

Geologic subsidence and ground settlement have frequently
occurred in the mining region. Up until October 2003, the Zhaitang
town of Mentougou had been the region most damaged by
subsidence and uneven settlement with a total of 225 cases. In
Mentougou District the total number of land subsidence and
exhausted mine collapse is 425, totaling an area of 175,927.35 m2.

Through the above investigation we concluded the assessment
on the impact of coal mining on water eco-service in Mentougou
District (see Table 5).

Statistical data show that the number of people lacking water
(PL) is 23042; the standard on per capita water use (SP) is
51.10121 m3/a (CMC, 2002); the local price of water (PW) is
$0.44998/m3; the number of people who suffered from water
pollution-related illnesses (PI) is 1134; the average annual cost on
treatment of illness per person (EM) is $96.65338; the average
annual forest degradation area (Ad) is 10.79 km2/a; the loss of
biodiversity caused by forest damage in unit area (VL) is $3672.83/
km2 (Yang and Chen, 2002); the accumulated loss caused by water
disaster (DP) is $109,411.6 (Zhuo, 2001); n is 8 (from 1996 to 2003);
Items Increase Value (US $ million)

Employment opportunities DRe 2.43

Annual per capita income DIh 6.05

Public infrastructure DIf 10.01

Total 18.50

Table 5
Assessment of water eco-service in the Mentougou coal mining region.

Indicator Changes

Water resource The percentage of decrease is 72.6% for the

whole district

Environment High levels of nitrogen and phosphorus

Eutrophication

Habitat Vegetation coverage decreased by 60%

Disappearance of 73 species of plants,

accounting for 6.7%

Water disaster Soil erosion with depth of 1.9–3.7 mm/a

Mountain landslides and debris flows in

Nanjian, Dongmagezhuang, and Ximagezhuang villages

Land subsidence and collapse happened 425

times with total area of 175,927.35 m2



Table 6
Results of water eco-service damage estimation.

ES EP Eb Ed Oa Ea Ey E

PL SP PW PI EM Ad VL DP n

23042 51.1 0.45 1134 96.7 10.79 3672.83 109,411.6 8 3,079,600 692,751 0.22 5,542,007.97

529,839.8 109,604.93 396,29.82 136,76.45

Table 7
Results of cost–benefit analysis.

Benefit Value Cost Value

Yield profit $0.86/ton Loss per unit ton $0.22/ton

Social benefit $18.50 million Average annual loss $0.69 million

Benefits distribution ratio between Mentougou and Beijing 1:17 Accumulated loss (1996–2003) $5.54 million

Table 8
The financial compensation schemes.

Scenario Item Wangping Zhaitang Qingshui Total (US $)

Damage degree +++ ++ +

1 First phase 50%B 2,771,003.99

50%M

Second phase 30%B 1,662,602.39

30%M

Third phase 20%B 1,108,401.59

20%M

Total (US $) 2,678,637.19 1,720,918.21 1,139,190.53

2 First phase 50%B 2,771,003.99

50%M

Second phase 30%B 1,662,602.39

30%M

Third phase 20%B 1,108,401.59

20%M

Total (US $) 2,771,003.99 1,662,602.39 1,108,401.59

3 First phase 50%B 2,678,637.19

20%M

Second phase 30%B 1,662,602.39

30%M

Third phase 20%B 1,200,768.39

50%M

Total (US $) 2,709,426.12 1,724,180.26 1,108,401.59

4 First phase 33.33%B 1,898,476.38

50%M

Second phase 33.3%B 1,836,898.51

30%M

Third phase 33.3%B 1,806,109.58

20%M

Total (US $) 1,898,476.38 1,836,898.51 1,806,109.58

M: the total payment offered by the Mentougou government.

B: the total payment offered by the Beijing government.

‘+’: the degree of damage, ‘+++’: the worst.
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and the average annual yield (Oa) is 3.0796 million tons/a (see
Table 2). Using the above Eqs. (1)–(7), the results suggest that the
average annual loss caused by shortage in fresh water supply (ES) is
$529,839.8/a; the average annual loss caused by water pollution
(EP) is $109,604.93/a; the average annual biodiversity loss (Eb) is
$396,29.82/a; the average annual loss of water disaster (Ed) is
$136,76.45; the average annual loss (Ea) is $692,751/a; the loss per
unit yield (Ey) is $0.22/t; the entire accumulated loss (E) from 1996
to 2003 is $5.54 million (see Table 6).

3.2.4. Results

Results of cost–benefit analysis are shown in Table 7.

3.3. Compensation for water eco-service

3.3.1. Financial compensation

The data shown in Table 7 indicate that coal enterprises, the
Mentougou government, and the Beijing government, which
benefited from coal mining, will have to offer compensation
payments to the damaged region in Mentougou according to the
results of water eco-service damage estimation. However, most of
the coal mines in Mentougou have been forced to close and most of
the coal enterprises have also closed down so that the accumulated
losses from 1996 to 2003 can be paid for only by the Mentougou
and Beijing governments in the proportion of 1–17. But two state-
owned coal enterprises and ten township coal enterprises still
operating in Mentougou should offer payment in accordance with
loss per unit ton (Ey), which means that during their operations
they should be are required to pay compensation of $0.22 per ton of
coal production. When sufficient financial resources are available
to completely implement the payment plans, the Mentougou
government has to make a one-time payment of $0.31 million,
while the Beijing government should offer a one-time compensa-
tion of $5.23 million.

Funds for the implementation of payment in a certain region are
usually restricted. If they are insufficient to completely implement



Table 9
Water resource supplementation plans.

Number Name Shortage Drilling Water supply plant Water pipe network

1 Dongcun + H
2 Nanxinfang + H
3 Zhaojiatai ++ H
4 Shanshenmiao +++ H
5 Shichang + H
6 Huocun + H
7 Malan +++ H
8 Dongzhaitang + H
9 Xizhaitang + H
10 Zhangjiazhuang ++ H
11 Qijiazhuang ++ H
12 Shuangtangjian + H
13 Xiaolongmen ++ H
14 Xihulin + H
15 Donghulin + H
16 Junxiang + H
17 Seshufen +++ H
18 Shagnqingshui + H
19 Xiaqingshui ++ H
20 Dujiazhuang ++ H
Investment amount (US $) 2,743,010.75 710,039.87 390,129.27

Total (US $) 3,843,179.89

‘+’: the degree of water shortage, ‘+++’: the most serious.

‘H’: preferred method of supplementing water resource.

Table 10
Main measures of industry support and capacity-building assistance.

Items Measures

Industry support Developing eco-agriculture with local features taking advantage of original agricultural resources such as pears,

cherries, walnut, and apple orchards, in the forms of sightseeing, fruit picking, and ecotourism

Developing restored estate industry by leasing restored land to individuals or businesses to operate and manage

dwelling houses, sanatoriums, rest homes, etc.

Establishing vein logistics system with transition from resources exploitation to recycling industry such

as recycling

and utilizing coal gangue and coal ash

Capacity-building assistance Technical help (land reclamation, vegetation restoration, hydrological restoration, etc.)

Talents training

Inviting and recruiting experts on ecology, environment, engineering and management.

Policies support

Table 11
The multi-compensation schemes in the Mentougou coal mining region.

Items Immediate term Mid-term Long-term

Financial compensation 50%B and 20%M 30%B and 30%M 20%B and 50%M

Water resource

supplementation

Increasing water table and drilling Transformation of water pipe network Construction of water supply plant

Technical help Land reclamation and vegetation

restoration

Hydrological restoration Ecological management

Industry support Establishing vein logistics system Developing eco-agriculture Developing restored estate industry

Human resource Sending professionals Talents training Recruiting talents and professionals from

local and other places

Policies support Supply policy (funds, resources, etc.) Preferential policy for restoration

and industry transition

Preferential policy for industry development

M: the total payment offered by the Mentougou government.

B: the total payment offered by the Beijing government.
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the financial compensation in the whole region, the situation will
change considerably. Taking budget restrictions into account
requires us to consider other efficient measures. Consequently, the
temporal and spatial issues of payment may be important as well.
Some primary results have emerged from scenarios showing
alternative schemes with different amounts at different times, as
shown in Table 8. Scenario 3 would be efficient because
compensation payments would ensure that the area most
seriously damaged will be able to obtain the largest proportion
of funds. Meanwhile, in the temporal scale, the most reasonable
distribution ratio of funds is 2:1.3:1. Furthermore, in the first two
phases, the Mentougou government can pay only a relatively small
amount of the funds without affecting the outcome.

3.3.2. Water resource supplementation

Through the questionnaire survey among residents in the
coal mining region, the varying water shortage situations in 20
villages in the coal mining region were identified, and several
measures and plans for water supply were calculated for local
conditions as shown in Table 9. It shows that seven villages need
drilling for more water, while six villages need construction of
water supply plants, and seven villages need transformation of
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their water pipe network, with total investment amounting to
$3.84 million.

3.3.3. Industry support and capacity-building assistance

Funds and resources provision alone are not enough because
the damage caused by coal mining is complex and has natural,
economic, and social components. Consequently, the damaged
region also needs the industry support and capacity-building
assistance from government authorities, which will be useful to
enhance the capacity of subsequent local self-repair. The measures
are outlined in Table 10.

3.3.4. The multi-compensation schemes in the Mentougou coal

mining region

As shown in Table 11, we designed separate multi-compensa-
tion schemes in the Mentougou coal mining region for immediate,
mid- and long-term periods.

4. Conclusion and discussion

Coal mining in Mentougou has enormous impact on local water
eco-service, including reducing water service functions, damaging
the local ecosystem, and also degrading people’s quality of life.
Through a detailed cost–benefit analysis and accounts and the
study of restoration and compensation, the conflict between
economic interests and environmental problems can be solved to
achieve sustainable development.

The results of the cost–benefit analysis showed that coal mining
can bring huge economic benefits and certain social benefits. At the
same time, however, it entails too many costs due to serious water
eco-service damage, with the value in the period from 1996 to
2003 equal to $5.54 million and only considering the water aspect.
In fact, mining has also brought about damage to the atmosphere,
land, vegetation and so on, the on-going costs of which could be
tremendous. In the face of such high costs, a corresponding
compensation scheme should be developed in order to ease the
conflicts and ensure fairness.

Most of the coal mines in Mentougou have been forced to close
and most of the coal enterprises have closed down, so the
accumulated losses from 1996 to 2003 can only be compensated
for by the Mentougou and Beijing governments in the proportion of
1–17. When sufficient financial resources are available to
completely implement the payment plans, the Mentougou
government should make a one-time payment of $0.31 million,
while the Beijing government should offer a one-time compensa-
tion of $5.23 million. If the funds are not sufficient, the scenario
where the Beijing government pays 50%, 30%, 20% and the
Mentougou government pays 20%, 30%, 50% in three phases to
three places, respectively, would be the most efficient. Besides
financial compensation, the water resource supplementation is
also important. Survey results show that seven villages need
drilling for more water, while six villages need construction of
water supply plants, and seven villages need transformation of
their water pipe network. However, it should be noted that
relevant laws and regulations are required to ensure the
implementation of this series of compensations.

Eco-agriculture with local features, restoring the real estate
industry, and recycling industries are suitable for the local
situation, and need support from government authorities. The
implementation of a compensation scheme is needed immediate-
ly; this includes more than 50% of required payments, increasing
water table and drilling, land reclamation and vegetation
restoration, establishing a vein logistics system, and the recruit-
ment of experts, as well as supply policy (funds, resources, etc.).

The model proposed in this paper is designed mainly for the
study on water eco-service in coal mining regions, and primarily
based on the key tasks of identifying the impact of coal mining on
nature, economy, and society, as well as analyzing and accounting
for the benefits and costs for further compensation and restoration.
The study focuses mainly on the water aspect, thus the cost
analysis is only on water eco-service damage without considering
other factors. However, this model can be extended to the study of
land, atmosphere, and other ecosystems, even to the entire
complex ecosystem compensation and restoration.

The programs and measures proposed on compensation and
restoration in coal mining regions are still trial approaches to
achieve satisfactory establishment and sustainability of such
system, the real effects of which are yet to be known.
Consequently, it may take a long time to obtain feedback and
carry out verification to further improve the model.
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