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Abstract

Abstract

The mass balance of Urumgi Glacier No.1 (Glacier No.1) was calculated by water
balance method and direct measurement method respectively. Water balance method is a
kind of calculating method which studies about the relationship between storage, supply and
consumption of water resource of a certain area in a certain period. Mass balance calculated
by water balance method and acquired by filed observation were compared and analyzed,
from which we got the relationship between them and we expected to applied the

relationship to other high latitude and altitude areas.

Mass balance and glacial runoff data of Urumqi Glacier No.1 ,used in this research,
were acquired from Annual Report of Tianshen Glacier Station which is started observing in
1958. The data which is used by this study is from 1982-2014 and runoff data was measured
by the hydrology station of Urumqi Glacier No.1, which locates in the lower reaches of the
glacier about 300m, and the catchment area was about 3.34 km=The data of precipitation
and runoff were provided by Daxigou meteorological station, located in the altitude of 3539

m, which was settled from the terminus of Urumgi Glacier No.1 about 3 km.

Through the comparison of these two kinds of methods, we found that: (1) it is feasible
to use water balance method to calculate the mass balance in long time series. The result of
water balance method was 1% error from the result of direct measurement data during
1982-2014, and the corresponding glacier runoff coefficients of non-glacier zone and glacier
ice were 0.7 and 0.85, respectively. (2) The results of water balance method during
1982-2005 had a highly correlation with the direct measurements, and the error was
relatively small. Besides, the glacier runoff coefficient could reflect the actual glacier runoff .
However, there were obvious differences between the two kinds result of methods during
2005-2012 which showed that the glacier runoff coefficients changed rapidly. According to
analysis of the two periods, we found that the results of water balance method were
generally higher than that of the direct measurement in summer. The analysis showed that
the changes of water conditions and the glacier runoff coefficient were the main reasons for

these differences.

The data of precipitation and runoff in this study was analyzed with the measured mass
balance data, and their potentially internal relationship was found, which could be used to
acquire the mass balance data which is difficult to be gained. And this conclusion is helpful

to extend the study area from a single glacier or basin to a large regional scale. Overall, this
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study shows that water balance method can compute the data of glacier mass balance more

accurate on long time scale.

The Urumgi River Basin glacier is in a state of rapid melting in general. Glacier area
decreased from 50.4km’ in 1964 to 32.8km’ in 2014. Glacier area reduced 17.6km totally
from 1964 to 2014. The number of glaciers reduced from 150 to 107. The process of glacier
change can divide into two part: the first part is 1958-1989, an average annual decrease of
glacier is 0.07km=2with the cumulative decrease for glacier of - 2.35km=2The second stage
is 1990-2014 years, in which glacier area decreases with increasing speed. The average
annual decrease of glacier is 0.58km=2which is 7.97 times that of the first stage. And glacier
area decrease 15.18km’ for 26 years in total. It can be inferred that the first stage of the
ablation of the glacier is mainly dominated by glacier thinning, and the second stage is
dominated by glacier retreating. Both of the area and number of glacier are decrease. And

the average area of the glacier is basically stable, maintained at 0.3-0.4km=

Changes in the Urumgi River Basin glaciers mass balance value are mainly divided
into three steps. The first stage is the slow ablation time is 1958-1965 years, in which the
average value of the glacier mass balance is -383.7mm w.e. per year. The second stage is the
rapid ablation of glacier from 1966 to 1999, with an average annual mass balance of
-1167.89mm w.e.. The third stage has entered into a slow ablation stage from 2000 to 2009,
in which the average annual mass balance is -161.59mm w.e.. Overall, the glaciers in
Urumgi River Basin were melting for the last 51years. In summary, the mass balance of the

Urumgi River Basin glaciers is -853.7mm w.e. per year from 1958 to 20009.

The glacier melting runoff of The Urumgi River Basin during 1958-2009 increased first
and then decreased, and tends to be stable at last. The amount of the glacier melting runoff
for Slyears is 28.0 x<10°m”.

Key words: water balance; mass balance; the coefficient of runoff; ice evaporation; Urumqi
Glacier No.1
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Fig. 4-1 Comparison of the mass balance calculated by water balance method and measurement
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Table 5-1 The information of topographic map and remote sensing image of Urumugi River
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Fig.5-1 Glacier change of Urumugi River Basin from 1962 to 2014

54 | P — m— — 160

52 I

50 |-

48 |- = 150

46 |-

44-|

42 - 140

401 =

38 I
,—\36_l —_
T 130 E
< 321 Rl
(1] —
o 120 -3
®© S
w [=)]

110

100

L 90
1960 1970 1980 1990 2000 2010 2020
year (a)

5-2 SEARFFARE 1962-2014 F0k I 2ER . KB FIIEREN
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Table 5-2 Land types and proportion of upper reaches of Urumgi River Basin

P A T A2 L 451
12 LX) 0.02
21 kA 19.9
22 AR 0.05
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32 FHEEEER 3.42
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67 H A kAR L3 1.88
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