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Abstract: Mountain glaciers, which perform a unique and irreplaceable ecological service, 
provide the material basis and characteristic cultural foundation of the ecological environment 
and sustainable socio-economic development in arid areas. However, few studies have es-
timated the service value of glaciers in regulating ecological environment and providing hu-
man welfare. According to the statistics of the First and Second Chinese Glacier Inventory 
(FCGI/SCGI), this study analyzed the variations in glacier area and ice volume in the Tian-
shan Mountains in China and modeled the ecosystem service function of mountain glaciers. 
The service value per unit area and equivalent factor methods were combined to determine 
the annual value of the ecological service provided by glaciers in the study area. The results 
show that: (1) In the period 1970–2010, the glacier area decreased by 1274 km2 (the ratio of 
area shrinkage was 13.9%) and the annual average decrease in ice volume was 4.08109 m3. 
The increase in glacier area at high altitudes (> 5200 m) may be due to the fact that glacier 
accumulation caused by increasing precipitation is greater than glacier melting caused by 
rising temperatures. (2) The annual value of the ecological service provided by glaciers in the 
study area is 60.2 billion yuan. The values of climate regulation, hydrological regulation, and 
freshwater resource supply account for 66.4%, 21.6%, and 9.3% of the total value respec-
tively. The annual value of the ecological service provided by hydroelectric power is 350 mil-
lion yuan. (3) From a comparative analysis of the glaciers, forest, grassland and wetland 
ecosystems, the supply of freshwater resources/physical production and ecological regulation 
represent the main contributions of the four types of system, and the ecosystem service value 
of glaciers per unit area is higher than that of other types of ecosystem. This research will 
improve the understanding of the impact of glaciers on human welfare and maintenance of 
the ecological environment and will promote the ecological security of the cryosphere, envi-
ronmental protection, and the sustainable use of resources. 
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1  Introduction 
One tenth of Earth’s land surface is covered by glaciers. Glaciers are the products of the 
climate, which have a high sensitivity and feedback effect on climate change. Impacted by 
global warming, the glaciers in mid-low latitude regions of Asia have experienced a signifi-
cant negative material balance process, and glacier shrinking is a dominant trend of recent 
glacier variation. Among them, 67% of the mountain glaciers are distributed in mid-low la-
titudes where the freshwater resources are most needed. China is a country that boasts not 
only the largest scale of glaciers in the mid-low latitude regions but also the greatest number 
of glaciers in the world’s desert zone and among the water-shortage countries (Aizen et al., 
1995; Shi et al., 2000; Sorg et al., 2012). Mountain glaciers are an irreplaceable and irre-
versible scarce resource because of their special spatio-temporal distribution and change 
process. As the water scarcity increases in the inland arid desert landscape, glaciers are con-
sidered as the “lifeline” of the arid areas; and are the material basis and characteristic cul-
tural foundation for the population, resources, environment and sustainable socio-economic 
development in the arid areas, which perform a unique and irreplaceable ecological service 
function (Guo et al., 2015; Sun et al., 2015). Glaciers in Tianshan Mountains of China are 
important components of the water resources in Xinjiang. Affected by climate change and 
human activities, the hydrological effects, environmental effects, resource effects, ecological 
effects, disaster effects and social effects of glaciers are increasingly apparent, and glaciers 
have a wide and profound impact on regional ecology and environmental security and social 
economy (Shangguan et al., 2009; Wang et al., 2011). 

Mountain glaciers, as a special and major component of the global ecosystem, are impor-
tant for maintaining regional ecological stability and regulating stream runoff water supply. 
The functions of glacial ecology and socio-economic services are more than these, and gla-
ciers have a complete and relatively independent service function system as other ecological 
systems do. For example, mountain glaciers have significant influence on the global climate 
and the regional meteorological parameters such as temperature, precipitation, and humidity. 
Furthermore, as a special underlying surface, larger reflectivity of glaciers might be inhib-
ited on global warming to a certain degree (Li et al., 2003). At the same time, glaciers pro-
vide an ideal environment for periglacial plants and microorganisms, due to the unique en-
vironmental features such as low temperature and oligotrophy (Zhang et al., 2014). In addi-
tion, the glacier melting/accumulation process is involved in atmospheric exchange, and the 
leakages of methane was predicted to have a significant impact on the global climate as the 
glaciers recede and permafrost melts (Li et al., 2014). In fact, glaciers have played a role in 
“sealing” greenhouse gases. The physical and chemical processes of Atmospheric-Firn-  
Glacier ice evolution have sealed pollutants from human and natural emissions. Therefore, 
glaciers, as “condensers”, are the important natural archives to study the history of pollution. 
Alpine glaciers have accumulated high concentrations of persistent organic pollutants (POPs) 
(Li et al., 2010), which confirm that glaciers have the function of purifying the global envi-
ronment. In recent years, the service functions and value assessment of various types of eco-
system, such as grassland, forest and wetland, have been studied by many scholars in a more 
systematic research, which has gained plentiful and substantial achievements (Song, 2016, 
Stavi et al., 2016). On the contrary, the ecological and socio-economic service function of 
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tion of glacier resources is not well-recognized by the public and has not been given enough 
attention (Xiao et al., 2016). The functions of the water resources provision and climate 
regulation of the glaciers in the Manas River Basin were described quantitatively, and the 
value of the hydrological adjustment functions was estimated by alternative engineering 
methods (Zhang et al., 2009). Part of the service value provided by glaciers in the study area 
was evaluated, and according to ecosystem services value units area of Chinese terrestrial 
ecosystem, the value of glaciers ecological service was estimated (Wang et al., 2004; Man-
sur et al., 2016). The equivalent factor of services value such as raw material supply, soil 
conservation and nutrient circulation, and biodiversity maintenance of the glaciers is mainly 
determined by expert experience, which results in the obvious limitations in the objective 
and quantitative analysis of the glaciers dynamic service value (Xie et al., 2015). The unique 
natural characteristics and change process of glaciers determined by the service functions 
are obviously different from other ecosystems. The modeled and estimated value of the gla-
cier ecosystem service can improve the understanding of the impact of glaciers on human 
welfare and maintenance of the ecological environment and will promote the research on 
regional ecosystems and even global ecosystem services.  

Existing research on mountain glaciers is mainly focused on natural attributes of the 
processes and mechanisms such as morphology, distribution, ablation/accumulation, ice 
chemistry, and runoff replenishment (Guo et al., 2015; Wang et al., 2015; Shakun et al., 
2015; Pieczonka et al., 2015; Margold et al., 2015; Duan et al., 2017). The research on eco-
logical environment property and social attribute of glaciers is not deeply, especially for es-
timates of service value of glaciers in regulating ecological environment and providing hu-
man welfare. (Xie et al., 2015; Xiao et al., 2016). Therefore, this article, guided by discipli-
nary theories such as glaciology and ecological economics, conducts research on Tianshan 
Mountain Glacier in China. Based on the analysis of the changing characteristics of the gla-
cier area in the Tianshan Mountains in China from 1970 to 2010, the value of glacial eco-
logical services provided by glaciers was evaluated by combining GIS spatial analysis tech-
niques, unit area service function price method, and the equivalent factor method. This re-
search will promote the ecological security of the cryosphere, environmental protection, and 
the sustainable use of resources. 

2  Study area 
The Tianshan Mountain Range is the largest independent zonal mountain system in the 
world and also the most distant mountain range from the ocean. This range has a length of 
2500 km, and a width of 250–350 km with the maximum of more than 800 km, spanning 
from east to west four countries of China, Kazakhstan, Kyrgyzstan and Uzbekistan. Trending 
generally from east to west, Tianshan Mountains stretch to 1700 km in China (Tianshan, 
China for short), accounting for more than two-thirds of the length of the Tianshan Moun-
tains (Figure 1) (Zhang et al., 2015). According to the First Chinese Glacier Inventory 
(FCGI), there are 9035 glaciers in the Tianshan Mountains, with a total area and an ice vol-
ume being 9225 km2 and 1011 km3, respectively. It is the cradle and water source of the 
Balkhash Lake, Tarim River, Junggar Basin and Turpan-Hami Basin.  
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Figure 1  Location of the Tianshan Mountains, Northwest China 
 

3  Research methods 
Glacier change data in this article is taken from the First and Second Chinese Glacier In-
ventory (CGI) data and topographic maps of the Tianshan Mountains in China. Digital ele-
vation model (DEM) is derived from Shuttle Radar Topography Mission (SRTM). The revi-
sion V4.1 with a horizontal resolution of 90 m is used in this study. The data are acquired 
from Chinese Academy of Sciences Computer Network Information Center International 
Scientific Data Mirroring Website (http://datamirror.csdb.cn). 

3.1  Information extraction for glacier area change 

According to the World Glacier Inventory (WGI), the FCGI dataset for the Tianshan Moun-
tains was completed in 1987 by Lanzhou Institute of Glaciology and Geocryology of the 
Chinese Academy of Sciences. The data source was derived from topographic maps at scales 
of 1:50,000 and 1:100,000 using aerial photogrammetry techniques drawn during 
1970–1980. However, limited by technological conditions, the precision of glacier boundary 
definition and area measurement accuracy were relatively low. To improve the accuracy, the 
aerial photographs adopted for the glacier inventory were collected. Combined with topog-
raphic maps, the glacier boundary contours are systematically inspected and revised. By us-
ing GIS software to preprocess the scanned topographic maps, such as geometric rectifica-
tion, the glacier boundary is vectored and the glacier parameters such as the glacier code and 
the name are recorded, so as to form the spatial and attributive FCGI vector dataset. The data 
sources adopted in the SCGI dataset were Landsat TM/ETM+ remote sensing images with 
little cloud and snow cover during June–September from 2008 to 2010. The data was freely 
downloaded from U.S. Geological Survey website (USGS, http://glovis.usgs.gov). The 
methods used in the SCGI dataset have been described in detail by Liu et al. (2015). For the 
SCGI dataset of Tianshan Mountains, experienced researchers manually revised the bounda-
ries of automatically derived glaciers based on ENVI software. Although the SCGI dataset 
was created using visual interpretation that can be viewed as true glacier values, there were 
still some errors, such as the offset of the pixel. Accuracy of glacier information interpreta-
tion is controlled by the influence of sensor and image registration errors. For this reason, 
the uncertainty formula proposed by Hall et al. (2003) is used to calculate the glacier area 
error: 
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 2 22       (1) 
where  is the area error;  is the image resolution (spatial resolution is about 30m);  is the 
registration error (Calculated on one pixel). The results showed that the area error of the per 
glacier is ±0.0021 km2. And the total area error of glaciers is ±88.20 km2, which occupied 
1.12% of total glacier area in the SCGI datasets. The change of glacier reserves can indicate 
the contribution of glacial meltwater to river runoff. The formula for calculating the correla-
tion between glacier area and glacier reserves is obtained (Sun et al., 2015).  
 1.350.04V S  (2) 
where V is the glacier reserves (km3); S is the glacier area (km2). 

3.2  Ecological service functions and value estimation method of glaciers 

Based on the Millennium Ecosystem Assessment Method (Xie et al., 2015), the ecological 
services of mountain glaciers were divided into four categories: Supply services, regulation 
services, support services and cultural services, and nine specific service functions were 
further subdivided (Table 1). Due to the diversity and complexity of the service function of 
the glacier ecosystem, a single evaluation method cannot be used to estimate. It is necessary 
to construct a reasonable mathematical model based on different service functions of the 
glacier ecosystem to estimate the service value. The direct use value of glaciers includes 
providing freshwater resource production value and non-competitive and non-excludable 
service value. The service value includes scientific research, environmental education, aes-
thetic appreciation, culture and art, and habitat services. The indirect use value of the gla-
ciers is the benefit value obtained by the process of glacier changes or functions, which 
contains the value of regulating climate, regulating runoff, purifying environment and regu-
lating the function of ecology. Among them, six functions, including supply of freshwater 
resources, hydroelectric power generation, hydrological regulation, climate regulation, aes-
thetic landscape, and scientific research and environmental education, are calculated by the 
unit-area functional price method. As the realization process of functions of the gas regula-
tion, environment purification and biodiversity service of mountain glaciers are complex. It 
is difficult to objectively estimate the value by functional price method in the condition of 
basic experimental data absence. Therefore, this study uses the unit area equivalent factor 
method for these three functions. 
3.2.1  Unit service function price method 

(1) Freshwater supply. Mountain glaciers provide abundant and high quality freshwater 
resources for human society. According to the average annual change in glacial reserves 
from 1970 to 2010, the economic value of the service of annual freshwater resources sup-
plied for human social systems was calculated by using the direct market approach. 
 Vw = VG  Pw  (3) 
where Vw is the value of freshwater resources provided by glaciers (yuan); VG is the average 
annual change in glacier reserves (m3); Pw is the unit price of freshwater resources (yuan/m3). 
The water price is based on the integrated water supply price of 1.36 yuan/m3 in Urumqi 
City in 2010. 

(2) Hydropower. Research shows that hydroelectric power generation is carried out in the 
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Alps, the United States, and Norway with adequate ice and snow water sources and high 
altitudes (Che et al., 2004). In this paper, the potential value of hydroelectric power genera-
tion is calculated by shadow engineering method, and the annual glacial meltwater volume is 
converted into the total capacity of mountain reservoirs. Based on the seven typical moun-
tain reservoirs in the Tianshan Mountains of China, the average annual power generation of 
the unit storage capacity is estimated, and the total annual power generation is finally con-
verted into electricity expenses. 
 Vp = VG  E  Pw (4) 
where Vp is the potential value of hydroelectric power generation provided by glacier melt-
water (yuan); VG is the average annual variation of glacier reserves (m3); E is the unit stor-
age capacity of generated energy (kwh/m3), and the generated energy of average annual in 
the unit reservoir capacity of Tianshan Mountains in China is 0.37 kwh/m3; Pw is the hy-
dropower price (yuan/kwh), and the hydropower price in this paper is replaced by the pre-
sent grid purchase prices of small hydropower energy (0.235 yuan/kwh) in Xinjiang. 

(3) Hydrological adjustment. The “alpine solid reservoir” is sensitive to hydrothermal 
changes, and its accumulation/ablation process is accompanied by the conversion of sub-
stance and energy, which naturally regulates river runoff. The shadow engineering method is 
used to estimate the value of hydrological adjustment, and the average annual ice storage 
capacity is converted into the corresponding reservoir capacity, which is calculated in com-
bination with the engineering cost required for the unit storage capacity. 
 Va = VG  Pr (5) 
where Va is hydrological adjustment value of glacial volume change to river runoff (yuan); 
VG is the average annual variation of glaciers reserves (m3); Pr is the engineering cost (yu-
an/m3) of the unit storage capacity, and the cost of the unit storage capacity is 3.071 yuan/m3 
(Xie et al., 2015). 

(4) Climate regulation. Glacier as a special underlying surface with high albedo and the 
heat sink partial melting process has a certain degree of regulation of global and regional 
climate. Snow and ice albedo is the key factor affecting the melting, and it is also the key 
feedback factor for the close coupling of ice and climate. With the differences in climate and 
environment in different regions and changes in climate and environment, there is a great 
difference in surface albedo values such as dry snow, wet snow, snowfall, dry and clean gla-
ciers, and hail and ice (Cai et al., 2005; Li et al., 2016). The phase transition process of gla-
ciers from solid to liquid and gas consumes a lot of heat, which is actually a certain inhibi-
tory effect on the increase of temperature. The process mainly includes the energy conver-
sion of melting, evaporation and sublimation and sensible heat, and the energy balance of 
the ice surface is obviously different with the change of season and altitude. The value of 
climate regulation is estimated by direct market method. To facilitate the research, the sum 
of reflected solar radiation on the surface of the glaciers and the absorbed thermal energy is 
taken as the contribution of the glaciers to the suppression of global warming, and the ther-
mal energy is converted into equivalent electrical energy. The annual service value of cli-
mate regulation is calculated by electricity price. 
 Vc = (SG  R  αa  αs + VG  pG  qG)  Pe (6) 
where Vc is the value of glacier climate adjustment (yuan); SG is the total area of the glacier 
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for SCGI; VG is the average annual variation of glacier reserves (m3); the parameters in-
volved in the formula are all from related references. The annual solar radiation (R) in the 
Tianshan Mountains of China is 5000 MJ/m2·a; snow and ice albedo (αa) is 0.6; terrain 
shading rate (αs) is 0.5; glacier density (pG) is 0.9 g/cm3; specific heat capacity of glacier 
melting (qG) is 336,000 J/kg; Pe is the electricity price (yuan/ kwh), referring to the average 
price of electricity in various industries in Urumqi in 2010 of 0.515 yuan/ kwh. 

(5) Aesthetic landscape. The rolling snow ridges of the Tianshan Mountains and the icy 
peaks of the mountains form a unique landscape, attracting a large number of Chinese and 
foreign tourists. The love, awe and praise of the people of all nationalities are entrusted by 
the glaciers and the snow-capped mountains, which provide creative inspiration and rich 
themes for ethnic songs, paintings, and literary creation such as poetry and fiction. In addi-
tion, religious personages have given the iceberg a certain amount of connotation, so it also 
has unique cultural and artistic value. The aesthetic value of the glaciers was estimated by 
questionnaires combined with the travel cost method. In the study, 500 questionnaires were 
mailed out to the local and foreign tourists and 482 valid questionnaires were collected. 
Based on this point, the proportion of the total travel cost of tourists for the purpose of gla-
cier-related tourism is calculated, combined with the total annual tourism revenue in Xinji-
ang to estimate the value of aesthetic landscape provided by glaciers. 

 Vt = T  Rg  (7) 
where Vt is the aesthetic landscape and cultural value provided by the glacier (yuan); T is the 
total annual income of local tourism in the study area (yuan); Rg is the percentage of gla-
cial-related tourism (%); the total tourism revenue of Xinjiang was 6.54×1010 yuan in 2010. 

(6) Scientific research and environmental education. Glaciers are unique media and ob-
jects for the study of climate and environmental changes, and are often used as natural ar-
chives for the study of pollution history. The value of this service type is reflected in the 
annual amount of research funds provided by the national and local governments for the gla-
cier related research in the Tianshan Mountains. 
 Vs = St (8) 
where Vs is the value of scientific research and environmental education provided by gla-
ciers (yuan); St is the scientific research funding provided by the national and local for re-
search projects of glaciers in the study area (in yuan). In order to simplify the statistics, this 
article uses the total funding of 1.87 × 107 yuan of the National Natural Science Foundation 
projects approved in 2010 as reference data. 

3.2.2  Unit area value equivalent factor method 

According to the equivalent weight factor of the value of services of Chinese terrestrial 
ecosystem proposed by Xie et al. (2015), and referring to the economic value of food pro-
duction per hectare supplied by cropland ecosystem in Xinjiang from 2005 to 2014 (Mansur 
et al., 2016), we determined the equivalent of the above four ecological service functions of 
glaciers in the Tianshan Mountains in China by referring to the unit prices of ecological ser-
vices provided by farmland, and the value of various types of glacial ecological services is 
finally estimated (Table 1). 
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Table 1  The value of all types of ecological service function of mountain glaciers in the Tianshan Mountains, 
Northwest China 

Service function Service value (yuan/a) 

First-class targets Second-class  
targets 

Unit-area  
functional 

price method 

Functional price 
method 

Percentage 
(%) 

Freshwater supply 5.6×109 2.4×109 9.30 
Supply service function 

Hydropower 3.5×108  0.58 

Hydrological adjustment 1.3×1010 8.0×109 21.58 

Climate regulation 4.0×1010 6.1×108 66.40 

Gas regulation  2.0×108 0.33 
Adjustment service  
function 

Purification environment  1.8×108 0.30 
Support differentiated 
service functions Biodiversity  1.1×107 0.18 

Aesthetic landscape 7.8×108 1.0×108 1.29 
Cultural service functions Scientific research and en-

vironmental education 1.9×107  0.03 

Total 6.0×1010 1.2×1010 100 
 

4  Result and analysis 

4.1  The variation characteristics of glacier area 

According to the FCGI and SCGI, there were 9035 glaciers with an area of 9225 km2 and ice 
volume of 1011 km3 in the Tianshan Mountains during the period 1970–1980; and the gla-
ciers covering an area of 7884 km2 have an ice volume of 728.9 km3 from 2008 to 2010. The 
area and volume of glaciers decreased by 1274 km2 and 4.08109 m3, respectively and the 
surface of the glaciers has retreated by 13.9%. As shown in Figure 2, the position of glacial 
end has subsided from 2200 m to 2800 m in the past 40 years. And the area of glaciers at the 
elevation of 3800–4800 m accounts for more than 80% of the total area. The glacier changes 
below 3600 m are most sensitive, with area reductions accounting for 52.8% of the total 
change, while glacier area with elevations above 5200 m increases by 8.95%. As shown in 
Figure 3, the north and south directions are distributed with an absolute number of glaciers, 

 
Figure 2  Changes of glacier area in different altitude ranges in the Tianshan Mountains, Northwest China 



ZHANG Zhengyong et al.: Evaluation on glaciers ecological services value in the Tianshan Mountains, Northwest China 109 

 

 

covering more than 81% of the total, of which the 
northeastern glacier area is the largest, and the 
western area is the smallest. The glaciers retreat 
from the southern area is more obvious, which is 
over 44.4%. 

Comparing with other relevant research results, 
we found that the annual change rate of glaciers 
(–0.35%/a) in this paper is close to the statistical 
analysis of the variation rate of about 3000 glacier 
areas (–0.31%/a) of the Tianshan Mountains in 
China in the last 50 years (Wang et al., 2011), 
slightly lower than the calculation (Sun et al., 
2015) of the glacier area change rate (–0.4%/a) in 
Qilian Mountain based on the data of FCGI and 
SCGI dataset. This may be due to the fact that the 
scale of the glaciers in the Tianshan Mountains is 
much larger than that of the Qilian Mountains, 
and that small area or small-scale glaciers are 
more sensitive to the increase in temperature. The retreat of glaciers on south-facing slopes 
is more dramatic than that on the other, due to the fact that the southern side has acquired 
more solar radiation as a sunny slope. The glacier area has increased at high altitudes (>5200 
m). Glacier development depends on the composite action between temperature and precipi-
tation in the mountainous areas. It was shown that the climate of the northwest region pre-
sented a trend of warming and moistening under the background of global climatic change, 
leading to glacier accumulation caused by increasing precipitation in this area, which is 
greater than glacier ablation caused by rising temperatures.  

4.2  Analysis of glacier ecosystem service value 

Based on the annual average amount of ice volume in the Tianshan Mountains from 1970 to 
2010 and the glacier areas in 2008–2010, the functional price method and the equivalent 
weight factor method were used to estimate the annual value of eco-economy service pro-
vided by glaciers (Table 1). Statistics show that the annual ecological service value provided 
by glaciers in the Tianshan Mountains in China amounted to 56 billion yuan, ranking ac-
cording to the level of service function value, followed by climate adjustment > hydrological 
adjustment > water supply > aesthetic landscape > hydropower > gas regulation > purifica-
tion environment > research and environmental education > biodiversity. Among them, the 
value of climate inhibition caused by glacier surface albedo and melting decalescence ac-
counted for 66.40% of the total value, and the value of river runoff regulation and freshwater 
resource supply accounted for 21.58% and 9.30% of the total value, respectively (Figure 4). 
The conclusion may be further explained that the glaciers in high and cold areas have a very 
significant inhibitory effect on climate warming. Glacial meltwater plays an important role 
in the stability of runoff replenishment in arid regions, industrial and agricultural production 
in oasis region, and ecological development. However, the value of the environment purifi-
cation, gas exchange, biodiversity, scientific research and education of the Tianshan Glaciers 

 
Figure 3  Orientational characteristics of glacial 
changes in the Tianshan Mountains, Northwest 
China 
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in China is usually ignored or underestimated. It is estimated that its annual ecological ser-
vice value can reach 1.28 billion yuan, which makes people more intuitively aware of the 
important ecological status of glacial protection. The former relevant research seldom in-
volved the functions of glacier hydroelectric power generation services, but this study found 
that the annual average ecological service value of glacier meltwater using the compara-
tively great undulation of the landforms for hydroelectric power generation is about 350 
million yuan. On the whole, in the context of global warming, mountain glaciers contribute 
much to the suppression of regional and global temperature rises. The realization mechanism 
of this service function may have important implications for global climate change research. 
Glacial meltwater, as an important and fairly stable component of river runoff recharge in 
arid regions, cannot be ignored.  

 

Figure 4  Percentage of the value of all types of ecological services in the Tianshan Mountains, Northwest China 
(FWS is freshwater supply, H is hydropower, HA is hydrological adjustment, CR is climate regulation, GR is 

gas regulation, PE is purification environment, B is biodiversity, AL is aesthetic landscape, and REE is scientific 
research and environmental education.) 

 
This article uses two methods to estimate the value of water supply, hydrological regula-

tion, climate regulation and aesthetic landscape. The results showed that the value by the 
equivalent factor method is lower than that by the functional price method, totaling about 
43.5 billion yuan. Just as some scholars believe, many ecosystem service values are under-
estimated (Xie et al., 2015). The ecological service function of glaciers is mainly achieved 
by the conversion of material and energy in the process of strong albedo and glacier ablation 
/ accumulation. In previous studies, the equivalent weight factor of the ecological services 
value provided by per unit glacier area was derived from the expert experience method, 
which inevitably led to bias in objectively estimating the ecological service value. The above 
glacial ecological service functions simply rely on static description and subjective quanti-
fication, and obviously lack the analysis of their changing mechanisms. Under the drivers of 
climate warming and human interference, the scarcity of glacier services has been increasing, 
and its ecological and socio-economic functions have shown an enhanced and weakened 
trend (Xiao et al., 2016). In addition, the accumulation / ablation of glaciers has obvious 
difference in time (dry/rainy seasons) and space (elevation, aspect, etc.), which makes the 
ecological service function also have some dynamic characteristics. If the experiments of 
glacial meteorological and ice chemistry are combined with 3S technology (RS, GIS and 
GPS), the dynamic and spatial heterogeneity of the ecological service function of glaciers 
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can be well depicted. 

5  Discussion 
To compare the similarities and differences of mountain glacial ecosystem services and the 
three major terrestrial ecosystems in forest (Li et al., 2016), grassland (Ye et al., 2006; Sun 
et al., 2011) and wetland (Sun et al., 2008; Xie et al., 2011; Tian et al., 2015), this article 
specifically collects literatures about the estimate of value of terrestrial ecosystem service 
based on the ecological function price method in Xinjiang in recent years (Table 2). Al-
though ecosystem types and service functions are different in various documents, and the 
comparative studies on the service function contribution rates are limited, they can still pro-
vide an important basis for the evaluation of the relative contribution degree, and a theoreti-
cal support for the optimization of the index system and the allocation of service functions. 
From a comparative analysis of the glaciers, forest, grassland and wetland ecosystems, the 
supply of freshwater resources/physical production and ecological regulation represent the 
main contributions of the four types of system, which account for 94.12%, 69.57%, 44.57% 
and 88.42%, respectively. In the forest and wetland ecosystems, the hydrological regula-
tion/water conservation is the most valuable service function, and the purification environ-
ment/waste treatment is the greatest contribution in the grassland system. The biodiver-
sity/habitat function provided by glaciers is much lower than that of other types of ecosys-
tem. According to the principles of simplification and operability, in order to enhance the 
comparability of the service value of glaciers, forest, grassland and wetland per unit area, the 
original value of the other ecosystem services is converted to the economic value of 2010 by 
using the CPI index of different years. Compared with the ecological service value of eco-
logical system per unit area, the service value of glacier per unit area in Tianshan Mountains 
(76 thousand yuan/ha·a) is the highest. The service value of ecosystems per unit area in 
wetland (Albea Lake, Boston Lake, Kekesu River) and forest (mountain forests in Xinjiang) 
show little difference, which are 40.5 thousand yuan/ha·a and 35.5 thousand yuan/ha·a re-
spectively. Grassland (Xinjiang grassland, Yili river valley grassland) unit area ecological 
 
Table 2  The economic value of different types of ecosystem services 

Percentage of service values (%) 
Ecological service types of glacier 

Glacier Forest Grassland Wetland 

Freshwater supply or production of goods 17.3 1.48 4.82–21.26 0.99–18.86 

Hydropower 1.07 – – – 

Hydrological adjustment or water conservation 23.4 44.16 11–13.54 32.79–82.92 

Climate regulation 56.1 – 12.39 – 

Gas regulation or carbon fixation and oxygen release 0.32 23.93 2.75–11 4.11–35.08 

Purification environment or waste treatment 0.35 5.01 14.75–18.02 0.02–12.06 

Biodiversity or habitats 0.02 20.38 8.61–15.00 0.63–37.03 

Aesthetic landscape or recreational entertainment 1.4 – 0.55–2.55 0.58–0.91 

Scientific research and environmental education 
or cultural value 0.03 – 2.90 7.54–9.13 
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service value (8 thousand yuan/ha·a) is the lowest. Compared with other ecosystems, the 
mountain glacier resources have complete ecological service functions, and the function 
values of climate change inhibition and river runoff regulation are more valuable than those 
of other ecosystems. It is further confirmed that glaciers and meltwater have great influence 
on regional ecological environment security, industrial and agricultural development and 
social economy. 

The terrestrial ecosystem can directly provide freshwater, food, and raw materials needed 
by human society, and it can also improve the ecological environment in the process of sys-
tem material and energy conversion, coordinate human interference with the environment 
and counteract global climate change by conserving water sources, and regulating climate 
and gas exchange. The value of several ecological services (gas regulation, purification en-
vironment and biodiversity) provided by glaciers was estimated by the equivalent factor 
method in this paper, which is lower than that of other terrestrial ecosystems. On the one 
hand, this phenomenon is caused by the inherent differences in the service functions of dif-
ferent ecosystems, while on the other, it may be due to the distribution of the weights of 
various service functions in the quantitative factor method. The value of scientific research 
and cultural services of the ecosystem is obviously irreplaceable, and it is also the most ba-
sic test site for the study of various types of ecological service function. The realization of 
the ecological service function of terrestrial ecosystems is a complex process, which de-
pends on the ecological foundations such as the composition of the ecological system struc-
ture and the mechanism of the material energy transformation. The greater potential service 
value and more service function of the ecosystem can be further explored by studying the 
relationship between the structure, ecological processes and service functions of each sys-
tem. 

6  Conclusions and prospect 
(1) According to the statistics of the FCGI and SCGI dataset, the area and ice volume of 

glaciers in the Tianshan Mountains decreased by 1274 km2 (the ratio of area shrinking was 
13.9%) and 4.08109 m3 from 1956 to 2010, respectively. The increase in glacier area at 
high altitudes (> 5200 m) may be due to glacier accumulation caused by increasing precipi-
tation is greater than glacier melting caused by rising temperatures. 

(2) This study modeled the ecosystem service function of mountain glaciers and used the 
service value per unit area and equivalent factor methods to determine the annual value of 
the ecological service provided by glaciers in the Tianshan Mountains in China. The annual 
value of the ecological service provided by glaciers in the study area is 60.2 billion yuan. 
The values of climate regulation, hydrological regulation, and freshwater resource supply 
account for 66.4%, 21.6%, and 9.3% of the total value, respectively. The annual average 
ecological service value of hydropower is approximately 350 million yuan, and the other 
types of regulation and service function value are about 1.28 billion yuan. 

(3) From a comparative analysis of the glaciers, forest, grassland and wetland ecosystems, 
the supply of freshwater resources/physical production and ecological regulation represent 
the main contributions of the four types of system, which account for 94.12%, 69.57%, 
44.57% and 88.42%, respectively. In the forest and wetland ecosystems, the hydrological 
regulation/water conservation is the most valuable service function, and the purification en-
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vironment/waste treatment makes the greatest contribution in the grassland system. The bio-
diversity/habitat function provided by glaciers is much lower than that of other types of 
ecosystem. 

For about half a century, many scholars have made fruitful achievement in the fields of 
glacier physics, glacier fluctuations responding to climate change, mechanisms and simula-
tions in glaciology, ice formation processes and climatic and environmental records, glacier 
hydrology and meteorology, quaternary glacial landforms and periglacial geomorphology, 
altifrigetic subnival vegetation and eco-environment in arid area. This provides an important 
scientific basis for the regional water resources management and efficient utilization and 
sustainable development policy planning in China. However, studies on the functions of gla-
cier ecosystem services and of the economic value assessment are rarely involved. This is a 
shortcoming in academic research. And under the global warming and the fast retreat of gla-
ciers, it is also extremely unfavorable for us to manage glacier water resources and under-
stand the influence of glaciers on regional and global ecological balance. 
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