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Fig. 1 Location terrain and river system of the Yangtze River source area ( above Zhimenda) .
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1
Tab.1 Key parameters of CRHM model for sub-basins of the Yangtze River source area
HRU 16 27 22
(m) 4479.2 -5005.9 4 681 -5 509 4654.7 -5 428.6
(N) 34.91 -35.80° 33.52 -34.80° 32.61 -33.99°
( km?) 26 779 17 526 31 596
HRU ( km?) 259 -2 542 279 -1 445 760 -2 514
(°) 2.4-12 3.2-11.2 3-13.5
(m) 0.01 -0.35 0.2-0.4 0.2-0.4
0.85 0.85 0.85
0.21-0.4 0.2-0.44 0.15-0.44
('m) 2 500 2 000 1 800
(°C + (100 m) ") 0.75 0.75 0.75
( mm) 35 -60 40 -90 35 -42
( mm) 30 40 60
( mm) 200 200 200
(mm-+d!) 0.01 -0.14 0.8-1 0.6-2.5
(d) 1-2 2 -4 2-5
(d) 0.5-1.5 1-2.5 1.5-4
(3) o
(13 F
v 1979—2012 - F p <0.05
3 . . . . p <0.01 o
5 6 o
6
( la) ( 3.1
(1) Nash-Sutcliffe Nash  Sut-
. 1979—2012 3 cliffe ( )
24
CRHM
23 2
Z ( Xobs i Xmmi i)
. NSE = 1 - = (1)
2
2. 3 ( Xobs i Xubs L)
i=1
(2)
1979—2012 N N n
o | Xobs i Xmorl i |
ME = = (2)
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35
mod i ; Xu[)s i 1980—1987 °
; obs i ' n
3.2
5—10 " 1979— .
1985 1.45 m’/s
7% o (5— 2 2: ( 1991—1999
10 ) N o ) (2000—2005 ) NSE 0.70
3 0. 08;
(1980—1987 ) . ( 1991—2005 (1 2c-d)
) ( 1979—1987) 0.15 NSE
o 0.75 0.54 CRHM
( 3 580 km?)
1991 . 1987—1991 1979—2012 ( 3)
1979—1987 N o
; 1979
2
Tab.2 Calibration and validation results
(1991—1999) (2000—2005) (1980—1986) (1979—1986)
NSE 0.77 0.69 0.75 0.54
ME 0.078 0.056 0.150 0.068
3 1979—2012 (5—10 )
Tab.3 Hydrologic variables results of the study area during flood season ( May-Oct) from 1979 to 2012
( km?) (m?/s) ( mm) ( mm) C,
26 779 10.47 7.1 208.6 0.03 0.86
17 526 62.15 56.4 280.0 0.20 0.33
31 596 302.12 152.0 374.7 0.41 0.27
( 549 mm) (
4 280 mm) ;
o 34
4.1
1979—2012 4.14 mm yr~'(p <0.01) ;
34
( ) . 4 1.5 (p <0.001) .

3a—-b
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Tab.4  Statistic of precipitation and average temperature for the meteorological stations near the study area

during flood season ( May-Oct) from 1979 to 2012

2

Fig.2 Calibration and Validation results of the ten days runoff in flood season

4

1979—2012

5—10

3c-d),

(N) (N) (m)
('mm) (mm yr~) () (Cyrh)
31.88° 93.81° 3 956 549.5 1.16 8.43 0.035 % *
32.90° 95.32° 4320 494.4 2.38 7.58 0.044 % *
32.35° 91.13° 4 687 439.6 -0.51 4.55 0.035 % *
34.13° 95.85° 4192 393.4 1.29 5.25 0.050 % *
34.22° 92.43° 4 521 280.0 3.38% 3.81 0.050 x *
35.22° 93.17° 4599 286.2 4.14 % * 1.86 0.040 % *
Dk p<0.05 * % p<0.001)
( 3a-b) o
(505 mm) 270 mm 165 mm
(165 mm) , ( 3a),
( 3b).
° 34
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3 ac ( mm) (mmyr™');
bd (C) (Cyr)
Fig.3 Spatialtemporal characteristics of precipitation and temperature in study area; a ¢ are average precipitation ( mm)

and its variation rate (mm yr~') ;b d are average temperature ( °C) and its variation rate ( °C yr~')

(p<0.01) . ; 3%

4.59 mm yr'( 3c) .

34 2.8%C(p <0.05) —
( 3d). 26 mm
4.2 N ¢
( 4b) .
129. 8 mm
N N 20 mm
4.2.1 7
1979—2012

. ( 4): ;
( 269 mm 1.6 mm) ;
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27
( 4b)
( 4c)o
( 4b)
( 4c)o
4.2.2
34 ( 3)
( 5, Sa-b
34
7
26
4.3
3 4 (a:mm) (b) .
(c: mm)
. Fig.4 Spatial characteristics of runoff depth ( a: mm) runoff
34 coefficient ( b) and evapotranspiration ( c: mm)
( 3 \5) o
6a ’
(p <0.005) :
( o6b)

0.6(p<0.01) .

( 6¢) 0.54( p <0.01)
( 6d)
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5 (a:mm yr™") (b:mm yr™")

Fig.5 Temporal characteristics of hydrological processes; a b are variation rate ( mm yr~!) of runoff depth and evapotranspiration.

6 (a c) (b d) R
Fig.6 Correlations between evapotranspiration (a ¢) and runoff depth (b d) during 1979—2012
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Fig.7 Precipitation runoff depth average temperature and evapotranspiration of the typical HRUs in cold desert region mire wetland

and Tanggula Mountains during flood season ( May-Oct) from 1979 to 2012
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Temporal and Spatial Variations of Hydrological Factors in the

Source Area of the Yangtze River and Its Responses to Climate Change

HAN Li SONG Kechao ZHANG Wenjiang' LIU Li JIANG Huiru

( College of Water Resources and Hydropower Sichuan University Chengdu 610064 Sichuan China)

Abstract: The source area of the Yangtze River ( YR) originates from the Tibetan Plateau where regional climate

warming has been observed over the past half century leading to growing spatial heterogeneity of hydrological

processes in the area. However researches on the variation of hydrological processes were restricted due to insuffi-

cient observations. In this study the hydrological processes in the source area of YR were investigated using hydro—

logical modeling and integrated multiple observations. Using historical data from 1979 to 2012 the hydrological

processes of three major sub-basins (i. e. Tuotuo River ( TR)

Qumar River ( QR) and Dam River ( DR)) were

analyzed by the Cold Region Hydrological Model ( CRHM) . Then the spatial-temporal characteristics of the proces—

ses and their hydrological responses to climate change were analyzed in different hydrological response units

( HRUs) .

According to the results the average runoff depth and average runoff coefficient were 56.4 mm and 0.2
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in TR 7.1 mm and 0.03 in QR and 152.0 mm and 0. 41 in DR sub-basins respectively. The spatial distribution of
the runoff depth and runoff coefficient in each sub-basin as well as the whole region varied distinctly with a decrea—
sing trend from south to north. This phenomena demonstrated a moderate agreement to the spatial variation of pre—
cipitation over the region ( correlation coefficients R >0. 54 and statistical significance p <0.01) which revealed
the influence of precipitation to hydrological processes in this region. The sensitivity of the modeled hydrological
processes in different altitudes was also illustrated by the simulation; runoff depth of the mountain area in the south—
west was significantly higher than one in the lowlands showing high positive correlation against precipitation ( R >
0.95 p<0.01). In the swamp dominating southeast area however much lower runoff depth was obtained due to
high evapotranspiration. This study suggested that hydrological responses to climate changes in the source area of
YR were strongly related to the spatial heterogeneity in different sub-basins which should be carefully taken into ac—

count in estimating further hydrological variations in this region.

Key words: hydrological processes; spatial-temporal characteristics; climate changing; hydrological model; the

Yangtze River source area



