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Table 1 Analysis of the trend of changes in runoff depth, baseflow depth, and surface runoff depth at various stream gauging

stations from 1971 to 2010

K33 ERRBE ST RO SR SR RAR TR I B
e BRGIRU REE RS BRGIREU REE R BHgeEy BEN RTEG
£ -2.38 * 2003 221 * 2002 -3.66 ok 2002
&It -3.49 ok 2003 -1.54 Ns 2003 -3.54 Rk 2003
X G -2.66 ** 2003 -291 ** 2003 -2.92 *hk 2003

s *FRP<0.05; **FIRP<0.01; ***FI/RP<0.001; NsFRAEE,
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Table 2 Annual statistical characteristics of major land use types in catchment areas above stations from 1980 to 2010

19804F 19904F 20004 20104F
H 2 Wi
T FH ke i He/9% T F ke’ i 19 T A ke & 6% T FH ke i /%
Rt 1455.2 42.7 1478.2 434 1456.2 4.7 663.8 19.5
M FrivR) 300.1 38.8 299.9 38.7 299.5 38.7 229.1 29.6
PP 2 883.6 39.4 28953 39.5 28828 39.4 1764.3 24.1
Rt 99.5 2.9 78.7 2.3 100.6 3.0 692.8 20.3
it FrivR) 38.2 49 28.9 3.7 38.4 5.0 58.6 7.6
PP 414.6 5.7 347.5 4.7 397.4 5.4 1102.6 15.1
Rt 1847.1 54.2 1 844.1 54.1 1845.4 54.1 2033.1 59.7
i Fivas 4333 56.0 4426 57.2 4334 56.0 482.0 62.3
PP 4007.4 54.7 4063.0 55.5 4025.8 55.0 44228 60.4
£ 6.2 0.2 7.0 0.2 5.7 0.2 18.2 0.5
HAth FrivR) 25 0.3 2.7 0.3 2.7 0.3 43 0.6
X w] 195 0.3 193 0.3 19.0 0.3 35.4 0.5
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Table 3 Attribution analysis results of runoff depth and its component changes in catchment areas above each station
5 EAR LA AL HVEREL ISR A AR IZ 5

AP/mm AE; /mm AR/mm & er,  ARy/mm Cp/% Cp/% AR, /mm Cy, /% Cry /%  AR/mm C,/% C,/%

rmdln whis

RyE  —-3263 8161 —1038  0.17 —0.73 -031 3.0 -137 132 -870 838

mimm &M -7419 0 3246 -583 179 -0.79 -228 391 189  -0.20 34 84 -335 575 727
XA —47.11 3806 —2941 073 —1.63 —426 145 -2.51 8.5 -2264 770
RyE  —1236  66.62 042 017 077 -0.05 -11.0 0.04 10.4 0.42 100.7

HEWE B -7419 3246 -1.18  0.69 -221 -033 281 107  -021 176 14.8 -0.64 544 745
XA —47.11  38.06 -624 030 -090 —094 150 -1.03 16.6 —427 684
RGE  -1236 6662 —10.14 138 —3.28 -1.03 101 —-1.48 14.6 -7.63 752

WRERE & —-7419 3246 —4.65 184 —3.52 -146 315 193  -0.54 117 13.6 -2.64 569 672
XFW —47.11 3806 —23.17 124 -3.00 -374 162 -3.32 14.3 -16.10  69.5

e ARp. ARy« AR SPBIAFEK . WEARUE . MBS RGN . SR RERRI BN Co. Cry « COMIINMK . WHEHE
Tk RERIZ X T3v AR . ZERIR . MR LR I BT

3 17 w

LR T DL i 5 e AN A MR R UL . AB SRR R A R R, S R AR . H AT
AT SRR S 0 A i (ol 30 ) 9 B T 32 HE B T AR S Dl L A R i A (el O ) 3 ARAR AN (] ) &
WL AT R WT L 1999 4R S A 1B B AR MRGE BT R S BT AL T TR R A I b AR A B
AR (FRK . WAL ZEHOR) IR W B/ L 350 55 A A BV o 3 b X 00 B 9 4 SR A — B AR g R
J £ T Budyko BE & B 5 1 & B0k 11 545 R K 2 0 T b % T i AR R TR 8 1 P 3 BT R RO 73%
(£3), FZEMEE, HeRaz G0 e Sou gl R s | g R I L R L S T 9
BTN R, AR 2 X T AR T 98 0 B TTRR Ay 85% Ziy . SARBIESEAE SR AL AR A [R] o A K 2 X T SR
B R . M RAR W H AR TTRR AR T B L XUl (R 3), 3K T RE R A Dy SR LA b 7K DR R AR
DUSRAT , B 1R 7K T (0 R A B T R O T 14 A R L 4 e R

UL A AR A A R R WA B A A, T R O A R A AR S R G B R E ALy, R A K B R
SEIT R A A T BRI . AT A IR IR B S 3 D SR AR R, TR I O R SR AR T R AR T R X
B AU M FE AR, 3 AT D S D e O e AR S PR R S R O R R — B, X Tk
S Y S ALl R S I B e, (M SR AR IR D E T BRI B Bk D R A, T I A e X R AR U B T B
Tl o A BV B2 A el 2D b 2 A% U 0 (] Ao O R, U0 AT AR R B KA, R TR AR A RGO
PN AR B O 2 ) B A B R SC o DR MG I 03 07 5 AL R O ) M SR AR U L R U B 5 i AL A A R AT Y
MNP 3L A 285 K 8 IR T 2 25 D T 4R Y O SR B R R B
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MNE TE S B0k 32 2 B AL A

4 45 it
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Quantifying the impact of vegetation restoration on runoff components in the upper

Beiluohe River basin*
PAN Chengzhong' , CHEN Tianyue' , CHAO Zhilong® , LI Ping’

(1. College of Water Science, Beijing Normal University, Beijing 100875, China; 2. The Survey Bureau of Hydrology and Water Resources of
Shannxi Province, Xi'an 710086, China; 3. College of Water Resources and Architectural Engineering,
Northwest A & F University, Yangling 712100, China)

Abstract: Quantitative contribution of vegetation restoration and climate change to changes in runoff and its components is
largely unknown in semi-arid loess areas. The effect of vegetation restoration and climate change on runoff and its
components was evaluated using the elasticity coefficient method for the Beiluohe River at Wugqi, Zhidan, and Liujiahe
stream gauging stations. Surface and total runoff showed significant decreasing trends at these three stations from 1971 to
2010, surface runoff accounts for 45% to 56% of total runoff; abrupt changes all occurred around 2002—2003. Changes in
baseflow on the other hand were not consistent among the three stations. Forest and grassland areas in the upper Beiluohe
River basin has increased by 15.1% since 1999. Contributions of vegetation restoration, precipitation, and the potential
evapotranspiration to the reduction in total runoff at the three stations were 73%, 19%, and 8%, respectively, on
average; and the average contribution to changes in surface runoff were 67%, 19%, and 14%, respectively. The greater
the extent of vegetation restoration, the greater its contribution to changes in runoff. Vegetation restoration can significantly
reduce surface runoff and total runoff, but may increase the baseflow at the same time. This research has implications for
developing and managing water resources for the region.

Key words: changes in runoff; vegetation restoration; driving factors; baseflow; upper Beiluohe River basin
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