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N Fig.1 Sketch map of the upstream mountain area of the
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Table 1 General situation of involved weather stations
and hydrological stations in the our study
Station  Longitude Latitude Altitude Catahment
Type Set up
name /°E /° /m area/km?

1.1 the time
100°09- 38°07° 2 788.5 1957

10 009 99°21°  38°15° 3 320.0 1957

km® 1 700 ~4 823 m 3 608 m 99°22°  38°30° 2311.8 1957
50 % 3700 m o 100°14~ 38°12° 2788.5 2452 1957
3860 m 99°59  38°14° 3320.0 4589 1957

3 600 mo 100°11°  38°48° 1700.0 10009 1945

1C 450 100°15°  38°32° 2312.0 1956

mm 100°56° 38°14° 2810 1959

N 100°11-  38°48" 3 460 1967
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2
Fig.2 The hydrologic and meteorological characteristics of the mountainous watershed of Heihe River and the subregions
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3
3 N N
Fig. 3 Interdecadal and annual variations of the annual mean temperature over the mountainous
watershed of Heihe River and the sub-regions.
4 () (b)) 5(e)
Fig.4 Change processes of the annual average temperature in the upriver watershed of Heihe River ;
(a) in the east tributary basin and the mean of mountain areas; ('b) in the western tributary basin;
(c) the area between the Huangzangsi and Yingluoxia Gorge in Heihe”s main river
o 3.1.3
.1.2 M -K  .Spearman
( 3)
o 5 1990
1980 1960—2013 o
1980 1990
1990 o
2 N (1960—2013) °

Table 2 The normal annual and each seasonal average temperature
in the upstream mountain area of Heihe River basin and the

sub—regions during from 1960 to 2013

1960—2013 Average/C 3
. . Representative
River basin station Spring Summer Autumn Winter 4.1
2.49 12.57 1.33 -11.85
1.07 11.41 2.40 -12.12

10.24 21.89 8.77 -5.41 6a .
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3 1960—2013 N o 6b
Table 3 Abrupt change time points the annual and seasonal average i 1960
temperature time series before and after abrupt change and jump amount .
in the upstream mountain area of Heihe River basin and the 1980 2000 '
sub—egions during from 1960 to 2013 °
4.2
Point of Series mean  Series mean 7
Area Tempc'rature abrupt before abrupt  after abrupt Jump
senes change change/C change/C amount/*C ®

1997 0.8 1.8 1.0 ’
1998 2.1 3.2 1.1 °
1998 11.8 13.1 1.3 1960s  2000s 1970
1998 0.9 2.1 1.2
1985 -12.1 -10.7 1.4 ’
1996 -3.2 -2.1 1.1
1996 -2.2 -1.1 1.1 °
1997 8.1 9.1 1.0 . 1960s 2010
1993 06 I8 12 19805 1990s o
1998 -15.6 -14.2 1.4 @
1987 8.6 9.3 0.7 °
1997 9.9 11.0 1.1
1994 21.6 22.4 0.8 °
1975 7.9 9.1 1.2 o 1970s 2000s
1986 -6.0 -4.8 1.2

1960s.1980s

5 . (a) ((b) (0
Fig.5 change processes of the annual average temperature in each season the upriver watershed of Heihe River
() in the east tributary basin and the mean of mountain areas; ('b) in the western tributary basin;

(¢) in river basin between the Huangzangsi and Yingluoxia Gorge

6 . (a) ; (b)

Fig. 6  The interdecadal and annual variations of the annual precipitation in the mountainous watershed of Heihe River and the subregions
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7

Fig.7 Change processes of the precipitation in each season in the upriver watershed of Heihe River
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Table 4  Abrupt change time points of the annual and each season

precipitation time series before and after abrupt change and jump amount

(

:a=0.05) in the upstream mountain area of

Heihe River basin and the subregions during from 1960 to 2013.

Abrupt Series mean Series mean  Jump
Region Precipitation change  before abrupt  after abrupt  amount
time series  time change/mm change/mm /mm
1974 344.5 477.4 132.9
1985 69.2 85 19.7
1972 251.9 308.9 57
1998 0.9 2.1 1.2
1974 429.8 473.3 43.5
1970 89.3 71.7 -17.6
1974 268.4 313.4 44.9
2000 54.5 72.7 18.2
1976 3.3 4.9 1.6
1972 194.1 232.4 38.3
1968 23.1 12.7 -10.4
1974 397 450 52.1
1974 241.3 287.6 46.3
2000 65.3 85.2 19.9

20

50

90

1970s

2010

1974
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The Seasonal Change Characteristics of Temperature Precipitation
in the Mountain Areas of the Heihe River and Their Regional Differences

LAN Yongchao' DING Hongwei’ HU Xinglin® HU Xinglin® SHI Mingxin' MA Qiang'
(1. Cold and Arid Regions Environmental and Engineering Research Institute CAS Lanzhou 730000 China;
2. Hydre-geological and Engineering Geology Bureaw Gansu Province Lanzhou730000 China;
3. Hydrology and Water Resources Bureau of Gansu Province Lanzhou 730000 China)

Abstract: Based on the observation data at the involved stations the seasonal variation characteristics of the tem—
perature and precipitation in the mountain area of main stream of Heihe River ( hereinafter referred to as the moun-
tain area of the Heihe River Gansu of China) during the period from 1960 to 2013 and their regional difference
were analyzed. The result shows that all annual and seasonal temperature changing processes in the mountain area
of the Heihe River and its every sub—region have being presented the rising trend which is consistent with the glob-
al temperature changing trend and the rise rates of annual mean temperature in the area is significantly higher than
the rise rates of global and Chinas mean temperature. The rising trends of the interdecadal mean temperature are
more significant than that of the annual mean temperature in the area in the past over 50 years. But there were
some difference in the rise rates of the annual and seasonal average temperature and the climate tendency rates de—
crease gradually from the south to the north in the each sub—region of the mountain area of the Heihe River. There—
into the rise rates of winter temperature were largest in the east and west branch sub—region located in higher alti—
tude and the rise rates of autumn temperature were largest in the main stream sub—region located in lower altitude.

The rise rates of spring temperature were smallest in every sub—region. All abrupt changes of annual and seasonal
average temperatures in the east and west branch sub-region occurred in the mid and late 1990 s. There were larger
difference for the time points of abrupt change of annual and seasonal average temperatures in the main stream re—
gion. Precipitation change is more complex than air temperature in the each sub-region of the mountain area of
Heihe River. Overall all changes of precipitation in every sub—egion in the mountain area presented an increasing
trend and had some difference in the increasing extent in the annual precipitation in each sub-region. Thereinto

the increased extent of annual precipitation in the east branch sub-region were largest and that in the main stream
region was smallest. Although yearly changes of precipitations the mountain area of Heihe River presented an in—
creasing trend as a whole the rate of increase of the precipitation in each sub-region in each season has large
differences. Thereinto the increasing in summer and autumn were quite significant and that of precipitation in
spring were significant tend for the changes and winter in every sub—region. Fluctuate of inter-decadal variations of
the precipitation in each sub—region in each season were more violent than their yearly variation and the fluctuation
range of precipitation in winter and spring were larger than that in summer and autumn. The increase or decrease of
precipitation was not synchronized in each sub—region of mountain area of the Heihe River. All abrupt changes of
annual precipitation series in the east and west branch sub—regions occurred in 1974 and there are not obvious ab—
rupt changes in annual precipitation series in the main stream region. There were obvious abrupt change points for
all the precipitation series in spring summer and autumn in the east and west branch regions but abrupt change
appearing times were inconsistent. Except abrupt change of summer precipitation occurring in the early 1970 s all
precipitation in other each season had no obvious abrupt change point in the main stream region. Except the abrupt
change of winter precipitation series in west branch regions occurring in the mid 1970 s all precipitation series in
other each sub-region had no obvious abrupt change. In a word the climate in mountain area of the Heihe River
turned sustainedly to warmth and moist. Affected by the warm and wet climate the current high flow conditions of
the mountain runoff of the Heihe River which is supplied mainly mountain precipitation and ice permafrost and

snow melting water by will still continue.

Key words: northwest inland arid areas; mountainous watershed of Heihe River; temperature; precipitation; runoff

from mountainous area



