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Abstract: Based on the measured and related data from
meteorological and hydrological stations in the Three-
1956—2012, the

variation characteristics of precipitation, temperature,

River Headwaters Region during
NDVI (normal difference vegetation index) and runoff
were analyzed by using the linear regression method,
Mann-Kendall test method and Spearman test method.
Moreover, the influences of climate and the underlying
surface to runoff were analyzed by using the weighting
factor method based on Budyko hypothesis. The results
indicated that the annual precipitation showed a
significant increase trend in the source region of the
Yangtze River and Lancang River, and the annual mean
temperature showed a significant warming trend in the
Three-River Headwaters Region. The annual NDVI showed
a significant increase trend in the source region of the
Yellow River. In addition, the changing slopes of annual
runoff in the source region of the Yangtze River, Yellow
River and Lancang River were 6.54x10°m’, —2.05x10°m®
and 1.54 X10°m® per 10 years, respectively, but these
trends were not significant. The weighting factor method
used in this study can not only accurately estimate the
annual mean runoff, but also need not to assume that the
climate and underlying surface changes have the same
contributions to runoff changes. Overall, both climate and
underlying surface showed a positive contribution to
runoff changes in the source region of Yangtze River and
Yellow River. However, in the source region of Lancang
River, the underlying surface is positive contributing
factor to runoff variations when the weighting factor (i.e.,
a) was 1.0, whereas it was a negative contributing factor
when « was 0.5 and 0. The contributions of climate change

on runoff in the source region of the Yangtze River,
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Yellow River and Lancang River were 55.21%~92.85%,
52.47%~68.50%, and  89.91%~124.58%,
Meanwhile, our results emphasized that the changes of

respectively.

runoff in the Three-River Headwaters Region were mainly
affected by climate change. Precipitation is the main
controlling factor of climate that influences runoff, and
vegetation cover is the main controlling factor of

underlying surface that influences runoff.

Key words: the Three-River headwaters region; runoff;

climate; underlying surface; normalized difference

vegetation index
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Fig.1 Meteorological and hydrological stations in

the Three-River Headwaters Region
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Fig.2 Hydrological stations used for runoff calcula-

tion in the Three-River Headwaters Region
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AR B SRk B LR 6 . F 7 ANF S, SEIREN,
SATIRAR WSS A LT HH [R) , 2B BAR G
AU AT DR R AR AR S R AR . BLAR
AR e AR corcrmen FLE I SE T AR {H 2 N 6 B
Al LAFE Y, VLR | 25 0] P AR V8 VLR A R F1
AR cctment TG AR R F o B SO T 4O

PRICEB I TR S A AN T AR AR AR AR
Ak ELA A TR A SRR AT, RIS ABEFNR £ i ] s g
W B R R I . A SCR R AT
AR AT AR A8 Ak BT A [R) A SRR RRAE , SEBR I
T BE I B ol AT Ay, S5 FN T S i AR b X2 i AR 1k
A M ATTEREFAE . IHRITIRAR, T, AR e, =
18. 61 FIAResichmen,=—7. O1, A A AL X 42 i B 5T
kA IE TR S A A AR i TR B, EETR
AR H, AR imwe. i =12. 94 L AR e ——18. 72, %,
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*3 KIRSEMTRESH
Tab.3 The climate and underlying surface parame-

ters in the source region of the Yangtze River

v 4 ),

;g ISk 0] 5 gg‘ E/mm E,/ mm P/mm R/mm =n
T, 1956—1960 R, 256.28 761.06 329.70 73.42 1.221
T, 1961—1965 R, 252.30 742.54 367.61 115.31 1.042
T; 1966—1970 R, 253.23 741.33 339.16 85.92 1.160
T, 1971—1975 R, 283.56 751.71 381.09 97.52 1.223
T; 1976—1980 R; 249.89 737.75 334.96 85.07 1.154
Ts 1981—1985 Ry 276.95 705.94 392.12 115.17 1.171
T, 1986—1990 R, 242.89 707.71 345.02 102.13 1.079
Ts 1991—1995 Ry 250.47 757.96 336.09 85.61 1.137
Ty 1996—2000 R, 278.04 739.10 365.21 87.17 1.262

Ty 2001—2005 Ry
TH 2006_2010 Rll
T, 2011—2012 Ry,

274.78 761.52 382.48 107.70 1.138
295.28 789.18 414.84 119.55 1.149
307.37 730.22 439.19 131.82 1.211

F4 EBUNRSEMTEESH
Tab.4 The climate and underlying surface parame-

ters in the source region of the Yellow River

T
gt i
T, 1956—1960 R,
T, 1961—1965 R,
T; 1966—1970 Ry
T, 1971—1975 R,
T; 1976—1980 R;
Ts 1981—1985 Ry
T; 1986—1990 R;
Ts 1991—1995 Ry
Ty 1996—2000 Ry
Ty 2001—2005 R,
T, 2006—2010 Ry,
T, 2011—2012 Ry,

E/mm E)/mm P/mm R/mm =«

282.03 865.33 416.28 134.25 1.005
246.61 821.13 420.74 174.13 0.843
240.66 802.83 420.25 179.59 0.827
267.04 804.81 440.84 173.80 0.910
232.18 800.40 400.19 168.01 0.823
244.45 730.43 466.19 221.73 0.816
251.88 734.92 421.90 170.02 0.914
271.35 736.52 416.51 145.16 1.031
260.50 764.06 401.53 141.04 0.984
288.82 773.49 424.02 135.19 1.090
312.43 777.91 472.00 159.56 1.103
279.36 704.23 483.24 203.88 0.964

Mo HAFETF1.0.0.5 F10 B, KT AR e B
A5 Ak Y5 43 9 S (—25.19, 29.84) | (—24. 89,
32.15) il (—24. 59, 34. 46 ) mm, AR yepment 22 LT
BBl 43 9 R (—14. 25, 23.99) . (—15. 22, 21.75) il
(—16.18,19. 51) mm ; B P AR e 1925 A B 53
) A (—31.18, 48.86) . ( —29.77, 52.00) Al
(—28.36,55. 15) mm, AReemen HI 22 AL [l 53501
(—21.27,32.80) . (—21.94, 32.53) F1 (—23. 35,
32.27) mm ; T 78 VTR B AR e B9 28 AR 53 501 R
(—57.74,62.96) . (—55. 30, 67.03) F1 (—52. 86,
7111 mm, AR enmen HZE A3 B 4351 2 (—28. 76,
42.31) ,(—30.23,41.15) A (—31. 70, 39. 98) mm.

Fx5 WELERESEFNTEESH
Tab.5 The climate and underlying surface parame-

ters in the source region of the Lancang River

T X
e ML
T, 1956—1960 R, 263.89 869.48 485.10 221.20 0.800
T, 1961—1965 R, 262.90 790.26 565.75 302.85 0.751
T; 1966—1970 R; 264.05 801.86 489.86 225.81 0.826
T, 1971—1975 R, 276.28 791.53 533.17 256.89 0.826
T; 1976—1980 R; 278.37 730.36 528.31 249.94 0.876
Ts  1981—1985 Ry 260.56 736.48 565.91 305.35 0.770
T; 1986—1990 R; 279.14 755.45 541.30 262.15 0.848
Ty 1991—1995 Rg 273.91 748.61 520.13 246.22 0.857
T, 1996—2000 R, 295.36 785.75 548.85 253.49 0.883
T,y 2001—2005 Ry, 266.18 861.65 552.41 286.23 0.742
Ty 2006—2010 Ry 273.09 895.75 557.15 284.06 0.746
T, 2011—2012 Ry, 303.89 816.36 598.89 295.00 0.842

E/mm E,/ mm P/mm R/mm =n

TRV VL IRAR T A7 PR AR AL, A AR AL AT #4314
AR A2 Tt AR 152 el A 448 XL e K 5 VIR AR I AT B
RIS AT $3 1 AR A A2 A Ak 5
L XHE RN
3.4 Z=iLESEMTEmEMTZRAIZM

HFIFEAF B AR N AHER 240 ] B 22 [A]
(22 (E, R A mT He bk, R R AR B AR
WURHEAT . BILAF-Bf ] B T o B[R] B, 4
A Ruimae F1A Regermen WAL 0 ARt A
AR’ e, FR T IS T 5FEFRIEBE TV 220
KT HPE ANV TR X AR i FTAR  catctmen 1
BT ] AR Ak R B o3 3 LI 9 L 10 A& 11,

KATTEAR e TR B 2 B IEAH G OC R,
a & 1.0.0.5.0 B}, Pearson # ¢ & £ 7£ 0. 971~
0.982, . E/KF/NTF 0.0l BITAR g FIFEIK B
HBEMIEMKEKER e N 1.0.0. 5,00, Pearson A
X ZBAE 0. 954~0. 980, i E /K F-/NF0.01, ik
TTIRAR e MK B BEWIEMH LR 0 N
1.0.0. 5.0, Pearson #H5& 22 %7E 0. 906~0. 937, ik
EIKF/NTF0.01, fy LRI, B RN 2 S BUR AR b
(1) YR S 4 1l IR 7, B RN AR AR, A i AR Ak
%N

KATIEAR coctmmen, NS 0 HA 3 1 TAH G
F L, as i 1.0.0. 5410 B, Pearson #H 5% 22 8U7E
—0. 994 #—0. 937 Z [i], . ZIKF/NF 0. 01, ]
JEAR cocrment MBI n BA BER A CK R, a[F]
FERT, Pearson #H 5 R E7E—0. 997 £—0. 994 Z [i],
BEAE/NT0.01, HMBTLIEAR e 1S n
BA BENTAELR, alABERT, Pearson M5 2 5k
E—0. 988 2—0. 997 Z [1], W E/KF/NF0.01, =
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F6 KITFEARGimaue FAAR cenmen EHX B LR
Tab.6 The quantitative separation results of AR e aNd AR ienmen: iN the source region of the Yangtze River
o a=1.0 a=—0.5 a=—0 N N
i AR e AR e AR e AR e AR AR aenen AR AR
AR, 17.90 23.99 20. 14 21.75 22.38 19.51 41.89 41.89
AR, —15.13 —14.25 —14.17 —15.22 —13.20 —16. 18 —29. 38 —29. 38
AR; 18.61 —7.01 18.81 —7.21 19.01 —7.41 11. 60 11. 60
AR, —20.62 8.17 —20.42 7.97 —20.23 7.78 —12.45 —12.45
AR; 29. 84 0.26 32.15 —2.05 34.46 —4.37 30. 10 30. 10
AR —25.19 12.16 —24.89 11. 86 —24.59 11.56 —13.03 —13.03
AR; —10.07 —6.45 —9.47 —7.04 —8.88 —7.64 —16.52 —16.52
ARy 15. 35 —13.80 15.41 —13.86 15.47 —13.92 1.55 1.55
ARy 5.49 15. 04 5. 86 14. 68 6. 22 14. 32 20. 53 20. 53
ARy 13.27 —1.42 13.35 —1.49 13.43 —1.57 11.86 11.86
AR, 19.75 —7.49 20. 87 —8.61 21.99 —9.73 12. 26 12. 26
RT HTREARGmae AR ermen B T EEER
Tab.7 The quantitative separation results of AR e aNd AR icnmene iN the source region of the Yellow River
o a=1.0 a=0.5 a=0 N R
s AR ctiamme AR catchment AR ciiarme AR catchment AR iiame AR catchment MAAR WRAR
AR, 7.09 32.80 7.35 32.53 7.61 32.27 39. 88 39. 88
AR, 1.68 3. 77 1.70 3.76 1.71 3.74 5.46 5.46
AR; 12.94 —18.72 12.69 —18.48 12.45 —18.23 —5.79 —5.79
AR, —24.51 18.72 —24.82 19.02 —25.12 19. 33 —5.80 —5.80
AR5 48. 86 4.86 52.00 1.72 55.15 —1.42 53.73 53.73
AR —31.18 —20.53 —29.77 —21.94 —28. 36 —23.35 —51.71 —51.71
AR; —3.59 —21.27 —3.47 —21. 39 —3.35 —21.51 —24. 86 —24. 86
ARg —12.33 8.20 —12.11 7.98 —11.89 7.76 —4.13 —4.13
ARy 11.84 —17.68 11.52 —17. 36 11. 20 —17.04 —5.84 —5.84
AR 25.91 —1.54 26. 54 —2.18 27.18 —2.81 24.37 24.37
AR 17. 34 26.97 18. 37 25.94 19.40 24.91 44.32 44.32
%8 WBILFEARwme MAR men EXL T BER
Tab.8 The quantitative separation results of AR e and ARy ¢cnmen: iN the source region of the Lancang River
o a=1.0 a=—0.5 a=—0 N R
i AR e AR e AR e AR e AR e AR atencn AR AR
AR, 62. 96 18. 69 67.03 14. 61 71.11 10. 54 81. 64 81. 64
AR, —57.74 —19.29 —55. 30 —21.74 —52. 86 —24.18 —77.04 —77.04
AR; 30. 65 0.43 31.22 —0.14 31.78 —0.70 31.08 31.08
AR, 5.55 —12.50 6.08 —13.04 6.61 —13.57 —6.95 —6.95
AR; 25. 30 30. 11 26. 20 29.21 27.10 28. 31 55.41 55.41
AR —21.39 —21.80 —20. 89 —22.30 —20. 39 —22.81 —43.19 —43.19
AR; —13.85 —2.08 —13.76 —2.17 —13.67 —2.26 —15.93 —15.93
ARg 14. 24 —6.97 14. 06 —6.80 13.89 —6.62 7.27 7.27
ARy —9.57 42.31 —8.41 41.15 —7.24 39. 98 32.74 32.74
ARy —0.99 —1.18 —0.95 —1.22 —0.91 —1.26 —2.17 —2.17
ARy, 39.70 —28.76 41.17 —30. 23 42.63 —31.70 10. 94 10. 94
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