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Abstract A single parameter index method, in which

ground temperature and air temperature is the sole input

variable, respectively, is used to evaluate and compare the

glacial runoff in three typical glacier catchments, Don-

gkemadi glacier catchment in Tibetan plateau, Koxkar

glacier catchment and the headwater catchment of Urumqi

River catchment in Tianshan Mountains in West China.

The method based on ground temperature is an attempt to

evaluate glacier runoff in elevated terrains, as few studies

have focused specifically on the association between gla-

cier runoff and ground temperature. The results identify

ground temperature versus a certain depth, which is a

critical factor that affected glacier hydrological processes

and showed that runoff data is much better correlated with

ground temperature than air temperature. Especially, at the

latter two catchments, the largest coefficients of exponen-

tial relationship R2 between glacier runoff and ground

temperature are 0.9 and 0.83, respectively. The accuracy of

the method makes it possible to estimate the glacier runoff

with a certain depth ground temperature at a certain site,

which may provide a new approach to evaluate the glacier

runoff for areas where there is a lack of observation data.

Keywords Air temperature � Ground temperature �
Glacier catchment � The so-called optimal depth

Introduction

From a water resources perspective, meltwater from the

seasonal snow cover and the glacier ice is one of the

important water sources in many alpine regions of western

China. The glacier runoff induced by ice and snowmelt

depends mainly on the meteorological conditions above the

surface, especially air temperature (Yang and Zeng 2001;

Ohmura 2001). Many studies have analyzed the closed

linkage between the air temperature and ablation, and

indicated that the melt rate could be parameterized simply

as an empirical function of the air temperature in melt and

runoff models (Braithwaite 1995; Hock 1999, 2003, 2005;

Ohmura 2001). For most glaciers in western China, the

mass and energy balance observations are rare. Even in

some monitored glaciers, there is still a lack of continuous

datasets for various climate variables. It suggests that the

estimation of glacier runoff should employ a more prag-

matic method with low data requirement.

Generally, the statistical methods based on air temper-

ature, which are the most available meteorological data, are

usually the most direct and simplest ways to estimate the

melt rates and runoff. In the past 20 years, numerous

researches have studied the problem and shown that air

temperature had a good relation with glacier ablation and

discharge in China. The studies aim at simulating ablation

determined that there was a good power function rela-

tionship between glacier melt and air temperature at daily

resolution on many glaciers in the Qilian Mountain region

and Tianshan Mountains region in Western China (Yang

and Zeng 2001). Other studies using a simple statistical

method to evaluate the runoff based on short observation

data, although relatively satisfactory results were usually

received at coarse time resolution, also revealed a good

exponential function relationship between the glacier
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runoff and air temperature on various glaciers in Western

China, such as the Rongbuk glacier on Mount Everest (Liu

et al. 2006), the Qiyi glacier in the Qilian Mountains (Song

et al. 2008), the Koxkar glacier in Tianshan Mountains

(Chen et al. 2008). Although there have been abundant

studies using air temperature to estimate glacier ablation

and discharge, surprisingly few studies have focused spe-

cifically on the association between the glacier runoff and

ground temperature. The reason why few literatures have

discussed the relationships between ground temperature

and glacier runoff is the lack of systematic monitoring of

ground temperature at most glacier catchments (Chen et al.

2008). Moreover, most researches are mainly concerned

with the glacier itself (mainly focused on melt, energy

observation etc.), as well as the model based on the

observed data, but not the observation near or far from the

glacier.

Ground temperature and its temporally evolving are

closely related to air temperature and play a major role in a

wide range of environments. For example, from a consid-

eration of the energy balance, ground surface temperature

would directly affect the sensible heat fluxes and surface

long-wave radiation, resulting in a considerable influence

on surface heat fluxes and atmospheric circulation patterns.

The diurnal and annual variability of ground temperature

also affects snowmelt and distribution, permafrost melt,

active layer thickness and depth, all of which also con-

tribute water to discharge (Boone et al. 2006; Liston and

Elder 2006; Harris 2001). It is known that there is a time

lag from the melting at the glacier surface to the meltwater

arriving at the outlet of the glacier, while the temporal

variability of ground temperature also often lags surface

heat fluxes due to the soil’s low thermal conductivity.

Therefore, there may be a relationship between the ground

temperature and glacial runoff, and the relationship could

be better than that of air temperature. Previous study had

determined that there was a good correlation between

hourly ground temperature and runoff during a no rain

period for a short-term on Koxkar glacier (Xie 2005).

However, it is unwise to form a judgment on the basis of

the short-term observation in one glacial catchment and

neglect the rain process, which also plays a significant role

in inducing the flood process during the ablation period

(Chen et al. 2008). With research carried out in three

glacierized catchments recently, these data series are

longer and more representative, which make it possible to

analyze how ground temperature affects the runoff.

The main aims of this research are twofold. First, the

relationships between daily runoff and daily air tempera-

ture as well as between daily runoff and daily ground

temperature at three alpine glacier catchments using a

simple statistical method were evaluated and compared,

since the glacial discharge regime is characterized by

pronounced diurnal cycles. Second, the variation regime of

statistical relation at various depths and spatial distribution

is analyzed to determine the best empirical formula which

makes it possible to estimate glacier runoff with a certain

depth ground temperature at a certain site.

Investigated catchments and data description

For comparisons of analytical results, three alpine catch-

ments are selected with different glacierized areas in

Western China. These are Koxkar glacier catchment in

Western of Tianshan Mountains, Dongkemadi glacier

catchment in Tibetan plateau, and the Headwater catch-

ment of Urumqi River in Central Tianshan Mountains

(Fig. 1).

Koxkar glacier catchment

Recently, detailed fieldwork was undertaken since 2003 on

Koxkar glacier, a typical dendrite valley glacier with an

elevation range of about 3,020–6,300 m at the south of

Tumor Mountain, Xinjiang, China. The catchment has an

area of 117.6 km2, of which 83.6 km2 is glacierized

(Fig. 1a). From about 3,750 m, the glacier is almost

Fig. 1 Location of the target areas and the glacierized areas

682 Environ Earth Sci (2012) 65:681–687

123



covered by debris, and the thickness of debris decreases

gradually along altitude gradient. For these analyses, data

from four automatic weather stations referred as K1, K2,

K3, and K4, whose location information are shown in

Table 2, were used. The stations K2, K3, and K4 are

located in the debris area, whereas station K1 is located in

an alpine meadow area. At each station, air temperature,

relative humidity, wind speed and direction, incoming and

reflected radiation, and ground temperature are recorded.

The profile measurements of ground temperature at these

stations are shown in Table 6. Measurements are taken

every 10 s and the 1-h averages are stored on data loggers.

Glacial runoff is monitored approximately 80 m down-

stream of the glacier terminus near the weather station K1.

The catchment has the most detailed ground temperature

data among the three catchments, but some stations do not

work for some intervals due to harsh weather conditions

and several sensors were moved for other research aims

(Table 2).

Dongkemadi glacier catchment

Dongkemadi glacier is in the middle of Tanggula Moun-

tain, Tibetan Plateau, where the equilibrium line altitude is

near 5,600 m. The catchment covers an area of 39.1 km2 of

which 43% is glacierized (Fig. 1b). For the collection of

discharge data from the study glacier, a discharge gauging

site (5,140 m) was established about 4,650 m downstream

of the snout of the glacier. Discharge data are collected for

four ablation seasons (2005–2008). An automatic weather

station near the discharge-gauging site is established to

collect air temperature and underground temperature at 0,

15, 30, 45, 60, 70, 90 cm (Table 3).

The headwater catchment of Urumqi River

The headwater catchment of the Urumqi River is in the

central part of Tianshan Mountains and represents the upper

part of the Urumqi River basin. The catchment covers an area

of 924 km2 of which 4.1% is glacierized (Fig. 1c), including

cirque glaciers, hanging glaciers, and small valley glaciers.

The No. 1 glacier is a small valley glacier, which has the

longest mass balance records in China. There are five long-

term air temperature monitoring gauges in the catchment

(station U1–U5) and one gauge around the catchment

(station U6), whose location information is shown in

Table 1. However, a set of short-term data of ground tem-

perature was collected from 22 May to 30 November 2001 at

the deep borehole (Table 1) near the station U2. Therefore,

the relationship between the runoff and air temperature, and

ground temperature are also investigated at Urumchi, Dab-

ancheng, Bayinbuluke and Turpan, which are all far away

from the catchment and have datasets of ground temperature

from 1 January 2000 to 30 November 2001.

Results

Relationships between the glacial runoff, air

temperature, and ground temperature in three glacier

catchments

Koxkar glacier catchment

To compare the differences in the two relationships, the

most continuous and longest data of air temperature at 2 m

height and ground temperature at 0.2 m depth (from 20

May 2004 to 31 March 2005) from station K1 with the

corresponding record of glacial runoff were chosen for

analysis. During this period, the maximum and average

daily air temperatures were 16.4 and -0.3�C, respectively,

while the maximum and average daily ground temperatures

were 10.6 and 2.9�C, respectively.

Figure 2 shows the discrepancies of the two relation-

ships, and the corresponding efficiency criteria R2. The

relationships between runoff and ground temperatures, as

well as between runoff and air temperatures, reveal a good

exponential function relationship, and the R2 of the

empirical formula is expressed as 0.76 and 0.93, respec-

tively. Employment of ground temperature improves the

model performance considerably.

Furthermore, the comparison of the two relationships

between glacial runoff, air temperature, and ground tem-

perature for all stations in Koxkar glacier catchment are

also summarized in Table 2. It concludes that the rela-

tionship between runoff and ground temperatures versus a

certain depth at all stations, regardless if the underlying

surface is debris or alpine meadow, presents a superior

linkage compared with that between runoff and 2 m air

temperature under the same climate conditions.

Table 1 Position information of the hydro-meteorological stations for the headwater catchment of Urumqi River

Station U1 U2 U3 U4 U5 U6 The deep borehole Outlet section

Longitude (�) 86�490E 86�490E 86�490E 86�510E 87�070E 87�050E 86�500E 87�120E

Latitude (�) 43�060N 43�060N 43�070N 43�070N 43�120N 43�340N 43�060N 43�210N

Altitude (m) 3,544 3,659 3,805 3,408 2,131 2,161 3,900 1,942
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Dongkemadi glacier catchment

Table 3 shows the statistical discrepancies of the relation-

ships between runoff and ground temperatures versus dif-

ferent depths and air temperature at 1.5 m above surface.

Whether it is the whole data series (463 data pairs) or the

example period (132 data pairs) for the ablation season in

2008, the linkage between runoff and ground temperatures,

especially the ground temperature at 0.3 m depth, is better

than that between runoff and air temperature. However, the

exponential function for the ablation period during

2005–2008 is dissatisfactory due to insufficient knowledge

about winter discharge data compared with Koxkar glacier.

In addition, the higher average altitude and more harsh

weather conditions at Dongkemadi glacier, compared with

Koxkar glacier, may be the reasons that all statistical

coefficients were small.

The headwater catchment of Urumqi River

The fitting results of the six air temperature gauge sites and

the deep borehole for daily runoff are shown in Table 4,

and the relationship coefficients are also given in Table 4.

The largest R2 at 0.4 m depth is 0.83 and greater than the

R2 at all air temperature gauge sites in the reported data

series. It can be seen that the value of R2 at station U2 near

the deep borehole is 0.75. The improvement in perfor-

mance also implies that the result-based ground tempera-

ture dependent is excelled above the air temperature

dependent.

Another analysis on the relationships between runoff

and ground temperature, as well as air temperature, was

performed at Urumchi, Dabancheng, Bayinbuluke and

Turpan, as the data series of the deep borehole are too short

(Table 5). It was surprising to find that the relationship

between runoff and ground temperature is still better than

that between runoff and air temperature, even those stations

are far away from the catchment.

Summary and discussion

As stated earlier, the model to estimate glacial runoff with

an empirical formula in which ground temperature is the

sole measured input variable reveals a more significant

Table 2 Relationships between glacial runoff, air temperature and ground temperature in Koxkar glacier catchment

Station Location

information

Period Air temperature–

runoff

Ground

temperature–

runoff

Ground

depth

(cm)

Data

pairs

Surface

type

K1 41�420N, 80�10.30E,

3,007 m

26 Jul 2007–23 Nov 2008 y = 1.3553e0.1308x y = 0.8499e0.2122x 20 487 Alpine

meadow

R2 = 0.74 R2 = 0.86

K2 41�42.50N, 80�08.70E,

3,212 m

29 Jun 2003–12 Sep 2003 y = 1.605e0.1474x y = 1.4323e0.2555x 100 477 Debris

8 Aug 2007–14 Sep 2008 R2 = 0.77 R2 = 0.86

K3 41�43.40N, 80�07.80E,

3,342 m

14 Apr 2004–30 Jun 2004 y = 0.41x ? 1.4549 y = 0.639x ? 1.77 80 48 Debris

R2 = 0.54 R2 = 0.83

K4 41�47.40N, 80�02.90E,

4,219 m

7 Jul 2003–11 Sep 2003 y = 4.6914e0.1719x y = 3.9295e0.2817x 60 470 Debris

28 Apr 2004–27 Sep 2004 R2 = 0.78 R2 = 0.90

16 Aug 2005–20 Jun 2006

a bFig. 2 The relationships

between runoff, ground

temperatures at 0.2 m depth and

2 m air temperature above

surface from 20 May 2004 to 31

March 2005 in Koxkar glacier

catchment
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relation than that of air temperature in three alpine catch-

ments. Especially, at Koxkar glacier catchment and the

headwater catchment of Urumqi River, the largest coeffi-

cients R2 are 0.9 and 0.83, respectively, which basically

meet the requirement of glacier runoff estimation.

The important characteristic of why the equations based

on underground temperature performed better than models

based on air temperature is that ground temperature is an

average variable dependent on a number of other variables

or parameters, including meteorological conditions such as

surface global radiation and air temperature, soil physical

parameters such as surface reflectivity, water content,

topographical variables such as elevation, slope and aspect,

and other surface characteristics (Kang et al. 2000), while

glacier runoff tends to scale with recent air temperatures

and not individual point readings. The other reasons may

lie in: (1) the fluctuation of ground temperature is more

stable than air temperature during the non-ablation period

due to low thermal conductivity and high heat capacity; (2)

rainfall also plays a significant role in the process inducing

Table 3 Relationships between glacial runoff, air temperature and ground temperature in Dongkemadi glaicer catchment

Period Ablation seasons during 2005–2008 (from early June to early October)

Relationship between runoff and air temperature y = 1.2699e0.148x R2 = 0.31

Relationship between runoff and ground temperature R2 = 0.31 R2 = 0.40 R2 = 0.51 R2 = 0.06 R2 = 0.09 R2 = 0.02 R2 = 0.03

Ground depth (cm) 0 15 30 45 60 75 90

Period 1 Jun 2008–12 Oct 2008

Relationship between runoff and air temperature y = 1.6081e0.0453x R2 = 0.27

Relationship between runoff and ground temperature R2 = 0.14 R2 = 0.36 R2 = 0.70 R2 = 0.65 R2 = 0.18 R2 = 0.35 R2 = 0.09

Ground depth (cm) 0 15 30 45 60 75 90

Table 4 Relationships between glacial runoff, air temperature and ground temperature in the headwater catchment of Urumqi River

Station Air temperature–runoff R2 Ground temperature–runoff R2 Ground depth at deep

borehole (cm)

U1 y = 6.1855e0.0996x 0.71 y = 6.7649e0.0986x 0.79 0

U2 y = 7.1379e0.096x 0.75 y = 7.0908e0.1167x 0.82 20

U3 y = 7.3596e0.1025x 0.77 y = 6.935e0.1298x 0.83 40

U4 y = 6.2833e0.0939x 0.75 y = 6.9984e0.1446x 0.80 60

U5 y = 3.5523e0.0824x 0.77 y = 7.2552e0.1684x 0.74 80

U6 y = 3.4122e0.0736x 0.69 y = 7.691e0.1886x 0.66 100

y = 7.9472e0.2086x 0.58 120

y = 8.9891e0.2578x 0.44 160

Table 5 Relationships between glacial runoff, air temperature and ground temperature in the station, which are all far away from the headwater

catchment of Urumqi River (1 Jan 2000–30 Nov 2001)

Station Location information Air

temperature–

runoff

Ground

temperature–

runoff

The so-called

best ground

depth (cm)

Remark

Urumchi 43�470N, 87�390E, 935 m y = 2.80e0.0557x y = 1.64e0.0869x 80

R2 = 0.66 R2 = 0.83

Dabancheng 43�210N, 88�190E, 1,103.5 m y = 2.66e0.0667x y = 1.96e0.0815x 20 The deepest observation depth

R2 = 0.69 R2 = 0.80

Bayinbuluke 43�020N, 84�090E, 2,458 m y = 5.43e0.0532x y = 3.82e0.1028x 40 The deepest observation depth

R2 = 0.64 R2 = 0.78

Turpan 42�560N, 89�120E, 34.5 m y = 1.74e0.0568x y = 1.14e0.0711x 40

R2 = 0.69 R2 = 0.78
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the flood process during the ablation period (Chen et al.

2008). In that case, the air temperature usually decreased

significantly and the runoff obviously increased. The

empirical formula using air temperature may introduce an

additional error into the runoff estimation. However, the

results based on ground temperature with the empirical

equation will be improved due to ground temperature

having no obvious changes under the same condition. (3)

The sub-diurnal and sub-seasonal variations in the internal

drainage system affect the confluence time, causing the

time when the runoff peaks occur are all constantly

changing, while the occurrence time of the maximum air

temperature and the peak ground temperature are relatively

stable in a day. It indicates that using an average variable of

multi-variables as ground temperature will obtain better

results than air temperature.

The spatial variation of the relationship between ground

temperature and glacial runoff

As shown in Tables 3, 4, 5, 6, the coefficient R2 of the

empirical equation based on ground temperature shows a

very similar regime at any station in three investigated

catchments. The value of R2 first increases with depth, and

then declines until the ground depth reaches a threshold,

presenting parabolic curve regularity with depth, which

indicates there exists a so-called optimal depth having best

performance with the largest coefficient of determination.

For instance, the optimal depth is about 0.3 m at the

weather station in Dongkemadi glacier catchment, while

the optimal depth for the headwater catchment of Urumqi

River is about 0.4 m at the deep borehole, 0.8 m at station

Urumqi, as well as 0.4 m at station Turpan. In Koxkar

glacier catchment, the optimal ground depths at stations

K1 and K4 are about 0.2 and 0.6 m, respectively, whereas

the exact depth cannot be validated at stations K2 and K3

due to the lack of deep ground temperature observation

data.

Table 6 shows that the optimal depth at K1 stations is

shallower than that at the other three stations in Koxkar

glacier catchment. The result may be caused by the dif-

ferent thermal conductivity between alpine meadow and

debris. Results from the three stations in the debris present

that the optimal depth decreases with the ascent of the

altitude, which might be attributed to two different factors.

First, the percent of debris coverage is smaller at high

altitude positions compared with low altitude stations,

which induces much more of the incoming solar radiation

being reflected back to space at high altitude and may

result in a considerable affection on surface heat fluxes and

ground temperature. Second, with the debris thickness

decreasing gradually along altitude gradient, the ice tem-

perature under debris covers would play an important role

in the variation of debris temperature.

In general, the so-called optimal ground depth at all

stations in three catchments, except station K1 in Koxkar

glacier catchment, decreases with increasing altitude.

There exists a linear relationship between the so-called

optimal ground depth y and altitude x, which could be

described using a linear formula y = -0.0361x ? 203.16

and defined with the R2 of 0.81.

Conclusions

Soil characterized by low thermal conductivity and high

heat capacity would make ground temperature lag behind

air temperature and more steady than air temperature as a

good filter. However, the linkage between the glacier

runoff and soil temperature have not had much attention to

study as various glacial models have been developed. The

recent investigations carried out in three glacierized

catchments in China make it possible to evaluate the

association between the glacial runoff and ground tem-

perature. For the whole data series at three alpine catch-

ments, it is determined that association between the runoff

Table 6 The variations of relationship between runoff and ground temperature in Koxkar glacier catchment (station number and data series were

same as Table 2)

Station 0 cm 20 cm 40 cm 50 cm 60 cm 80 cm 100 cm The so-called

optimal ground

depth (cm)

K1 y = 0.93e0.16x y = 0.85e0.21x y = 0.83e0.26x y = 0.77e0.29x y = 0.85e0.28x y = 1.026e0.21x 20

R2 = 0.80 R2 = 0.86 R2 = 0.81 R2 = 0.65 R2 = 0.40 R2 = 0.16

K2 y = 1.15e0.13x y = 1.24e0.15x y = 1.36e0.18x y = 1.43e0.26x 100

R2 = 0.74 R2 = 0.79 R2 = 0.84 R2 = 0.86

K3 y = 1.96e0.06x y = 1.66e0.11x y = 1.59e0.13x y = 1.89e0.17x 80

R2 = 0.40 R2 = 0.65 R2 = 0.71 R2 = 0.76

K4 y = 2.71e0.18x y = 3.35e0.23x y = 3.93e0.28x y = 4.18e0.28x 60

R2 = 0.78 R2 = 0.86 R2 = 0.90 R2 = 0.88
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and ground temperature reveals a more significant rela-

tionship than that of air temperature, indicating ground

temperature versus a certain depth as a critical factor that

affects glacier hydrological processes. This relationship

could be described by an exponential function with a high

accuracy, which basically meets the requirement of glacier

runoff estimation. The accuracy of the method makes it

possible to estimate glacier runoff with a certain depth

ground temperature, and provides a new approach to

evaluate glacier runoff for an area lacking observed data.

However, the spatial variation of the so-called optimal

ground depth and accurate position to obtain the best

estimated result in a catchment are still not clear due to

many uncertain factors. Therefore, more detailed field

measurements and universality investigations are needed to

analyze the linkage and association between ground tem-

perature and glacial runoff for different types of glaciers.

Acknowledgments The authors would like to thank Koxkar Glacier

and Dongkemadi glacier field expeditions from Cold and Arid

Regions Environmental and Engineering Research Institute, Chinese

Academy of Sciences, for providing data. This work is supported by

the Knowledge Innovation Project of National Natural Science

Foundation of China (No. 91025011 and No. 90702001-2); Chinese

Academy of Sciences (No. KZCX2-YW-301-3); National Basic

Research Program of China (973 Program) (No. 2007CB411506).

References

Boone A, Mognard N, Decharme B, Douvillec H, Grippad M,

Kerrigan K (2006) The impact of simulated soil temperatures on

the estimation of snow depth over Siberia from SSM/I compared

to a multi-model climatology. Remote Sens E 101(4):482–494

Braithwaite RJ (1995) Positive degree-day factors for ablation on the

Greenland ice sheet studied by energy-balance modelling.

J Glaciol 41(137):153–160

Chen RS, Liu SY, Kang ES, Han HD, Qing WW, Wang J (2008)

Daily glacier runoff estimation methods—a case study of Koxkar

glacier. Adv Earth Sci 23(9):942–951 (in Chinese)

Harris SA (2001) Twenty years of data on climate–permafrost–active

layer variations at the lower limit of alpine permafrost, Marmot

Basin, Jasper National Park, Canada. Geografiska Annaler.

Series A, Physical Geography 83(1–2):1–13

Hock R (1999) A distributed temperature-index ice-and snowmelt

model including potential direct solar radiation. J Glaciol

45(149):101–111

Hock R (2003) Temperature index melt modeling in mountain areas.

J Hydrol 282(1–4):104–115

Hock R (2005) Glacier melt: a review of processes and their

modeling. Prog Phys Geogr 29(3):362–391

Kang S, Kim S, Oh S, Lee D (2000) Predicting spatial and temporal

patterns of soil temperature based on topography, surface cover

and air temperature. For Ecol Manag 136:173–184

Liston GE, Elder K (2006) A distributed snow-evolution modeling

system (snowmodel). J Hydrometeorol 1259–1273

Liu WG, Ren JW, Qin X, Liu JS (2006) A study of hydrological

process around Rongbuk Glacier, Mt Qomolangma. J Glaciol

Geocryol 28(5):663–667 (in Chinese)

Ohmura A (2001) Physical basis for the temperature-based melt-index

method. J Appl Meteorol 40(4):753–761

Song GJ, Wang Nl, Chen L, He JQ, Jiang X, Wu XB (2008) Analysis

of the recent features of the meltwater runoff from the Qiyi

Glacier, Qilian Mountains. J Glaciol Geocryol 30(2):321–328 (in

Chinese)

Xie CW (2005) Analyses and simulations of the hydrological

characteristics of Koxkar glacier at the South Slope of Mt.

Tumuer, West China. Cold and Arid Regions Environmental and

Engineering Research Institute, Chinese Academy of Sciences,

Lanzhou, pp 36–37 (in Chinese)

Yang ZN, Zeng QZH (2001) Glacier Hydrology. Chongqing Press,

Chongqing (in Chinese)

Environ Earth Sci (2012) 65:681–687 687

123


	The relationship between runoff and ground temperature in glacierized catchments in China
	Abstract
	Introduction
	Investigated catchments and data description
	Koxkar glacier catchment
	Dongkemadi glacier catchment
	The headwater catchment of Urumqi River

	Results
	Relationships between the glacial runoff, air temperature, and ground temperature in three glacier catchments
	Koxkar glacier catchment
	Dongkemadi glacier catchment
	The headwater catchment of Urumqi River
	Summary and discussion

	The spatial variation of the relationship between ground temperature and glacial runoff

	Conclusions
	Acknowledgments
	References


