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Abstract

Hans iXJth

The long series of measured data of precipitation, runoff and surface water resources at the Tieling
(Liaohe river), Fushun (Hunhe river), Tangmazhai (Taizi river) and Dalinghe (Daling river) four major
runoff representative stations are used to explore the various parts of evolution trend of surface runoff
and provide effective countermeasures for drought situation in Liaoning province. The evolution of pre-
cipitation and runoff is analyzed, and the factors of runoff are decomposed for further quantitative anal-
ysis. Compared to the base period (1956~1979), the precipitation during 1980~2000 is decreased by
0.2%~1.3% and 5.6%; during 2001~2011 is decreased by 1.0%~6.2% and 9.0% in the semi-humid area
(Liaohe, Hunhe, Taizi rivers), and arid and semi-arid area (western Liaoning and Daling rivers), respec-
tively. Quantitative separation studies on driving factors of surface runoff evolution, precipitation, wad-
ing activities, and underlying surfaces indicate that: the contributions of the semi-humid zone are about
5%, 50% and 45%, in the arid and semi-arid areas are about 33%, 43% and 24%, respectively.
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JEH X B KRR — o R HAN I 7 58, BEARAR T, JbREi, R SVETMLAE, NI f. 4
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WRBOL 7 FERAAMACK I R, SR ERIE. 10 FEH PR SR B E I B i v As 1k,
FRAE, IR0 B 3L AE (1980 £EAXHT) . 1980~2000. 2001~2011 £ =BG HHEFAE . BT 3820 seil 3 =
5y DRIHEIL ATk 08 S R B L G R A N 1954 41, VETRIERIG A 1956 4, A7 B Dy 283k 1961 4F, Kk
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e 1 &P L AT ORI, POl B g Kk DL E SRR IR R M R 4 43 3 N—15.6. —2.38.

Table 1. Evolution of annual runoff of representative stations of major rivers in Liaoning Province

=1 UTEFEARRRGFHNRRERESNR

i ) AFRERFR G
% Wi WiH - —
FEUEI (1980 £E 22 1) 1980~2000 ££ 2001~2011 £
SRR EFME (mY/s) 109.8 91.9 53.1
SUST) [RES
bl B HE I 2 5 -16.3% -51.6%
SRS RT3 {H (ms) 56.2 46.3 47.1
Y] e :
Ll Ak o 3R 2 B —-17.6% -16.1%
SRS RT3 {H (ms) 81.8 77.0 72.1
KT JH T g \
Ll Ak o 3R 2 B —-5.9% -11.8%
FERTREFE mY/s) 59.3 36.8 12.4
PN Sl) i \
bl B 2 5 —-37.9% —79.2%
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Figure 1. Trend analysis of annual average flow changes in the main rivers of Liaoning province

E 1. TTEETRERRGFRELTUEBE LS
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S 50% 80%LA by @it & 1 AP nT R I R S, I B A R R
B2k, R 2000 2 5 BR/NT 2000 F 2T, 5 1980 FEARETAHLL, 2001~2011 3Ly 4F ¥ i s (4
i 50%LA b, VEIMAES R E FEAC 15% A B, RIS E FIC 10% 0L F, K@il 43570 & FIK 80% LA . 4t
TR IOk S AR R R K R AT 1954 4, N 295 m'/s, BIMERAET 2003 4, U 11.3 m'/s;
VT E 2 B e B BT 1995 4, N 149.9 m’/s, &/ MEHILT 2001 4F, N 17.1 m’/s; K7 %€
IKSCIE AR e K AE R AE T 2010 4, N 199 m¥/s; Fe/MERET 1980 4F, A 22.6 m'/s,

4.2. BB MRKFREREEE S

I EL T SRR I B K S K YR B HEAT 1956~1979 4. 1980~2000 4F. 2001~2011 4E =M BL*T EL G it 5
B, srdraiRansc 2 fion. B 2 Ar%l, SR 1980~2000 4E. 2001~2011 /K FIFEII 1956~1979 4
BHRD . M 10 B 00NMERERE, 521 520G 50 DX s 0 i 5 B R, 0 DX (A6 38 3 3] B8
BIRDIEEE IR, 2RI X (P ACER) VR . KT 10 4 56 2 AR IR B AR X /N

IO VT T KR, AHEE 1956~1979 4, 1980~2000 4F [ /Ky /D 18 B 53 1A 1.3%- 0.2%- 0.2%-
5.6%, 1 K ZE IR B IR L2 0N 10.1%. 12.6%. 7.6%- 25.2%, 7K Z 5 MBI/ IR WA 6.3%. 10.7%-
6.9%. 23.8%; 2001~2011 4F, FE/KB/DIRIES NN 6.2% 1.2%. 1.0%. 9.0%, 27K %5 5 & /b 1 23 51l 9
25.4%- 3.4%- 7.9%- 51.1%, KEPFEEDIRE TN 20% 4.6% 7.6% 49.4%. L7 XK EEH
FOK IR EARANE O HTEE R L 3,
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Table 2. Evolution trend of precipitation and water resources of major rivers in Liaoning Province

2. UTERMRANERET Rk Rk FRERTEE SR

1980~2000 ££ 2001~2011 4
R4 TR T H (12 m®) 1956~1979 4E
KB 5 56~79 % KB 5 56~79 %
Rk & 226.0 223.1 -13 212.0 6.2
YR R KRR R 37.8 34.0 -10.1 28.2 254
IKE PR 61.7 57.7 -6.3 49.3 -20.0
R K 97.1 96.9 -0.2 95.9 -12
V] Hh K B 29.1 25.4 -12.6 28.1 34
KB 34.8 31.1 -10.7 332 -4.6
Rk 105.8 105.5 -0.2 104.8 -1.0
RFR] H K B 36.0 333 -7.6 332 -79
KB 40.4 37.6 -6.9 373 -7.6
R K 103.8 98.0 -5.6 94.4 -9.0
K] Hh K B = 18.5 13.9 —25.2 9.0 -51.1
TR B 19.4 14.7 —-23.8 9.8 -49.4
Table 3. Change analysis of precipitation and surface water resources
% 3. BKkESHRKEFRET IR
¥ e i b AR
Rk & 4% 7% 2% —6%
Hh K B A -14% -31% -5% —14%
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IKSCIERE (AL PEAT A A AN SR BRI, RSS20 o “ RARB B A “ NSm sz » A
T BN S AR5 v S S AR T S ZE AR S R & 2) FIHIR IR BURIZK SO R BRI TE K
MK SH, XS HUR N RIREA TR FORGL: 3) BRGNS B E AN,
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VR ZVSE

AW =Wy =W, (1)
AWy =Wye =Wy 2
AW, =W, W, 3)

1y = (AW, | AW, )x100% “4)
Ne = (AW, | AW, )x100% Q)

A AW NIRRT AWy HNBIEENFEW R AW TR & W 9 NZETE B R0 S 2
Wids Wy NEEMEIISCAR TR T I ME s Wiy ANSESIREM T R IR R nas ne I NRIE SR %
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WE. TR NAE 4 K 2.

MFE 4 3 HTRT S KB SRR 1960~1979 4F. 1990~1999 4E =K, 1980~1989 4. 2000~2011 4
R . KRR K R KSR TR (R B /N, 1990~1999 4F [ 7K Pl 2 A8 42/ 9.5 mm, A /K A Bk 342
TIRBIFZ MR, 43> 26.0 mm A1 22.4 mm. #IKIESIRARIIR P20 EEWHE K, A 1980 AR E] 2000
FELUE, 3 MERDBIERFEAD 11.2 mm. 17.3 mm. 24.5 mm, RS KR TG, HIHRR K> &
FREEsE N T AR E, M 1980 FFEARE] 1990 AR, KRG K52 0 & Z 89k /), A 11 mm /N3] 0.2 mm,
LB 1980 FEARGES, N ZENHHE B PR N, R SRRV kN, T 2000 4ELLJE, 3R HDG AR IR I s/ E
FAXBER A 17.9 mm, PiHIIT 24K, KEARFE MRIE MR GROKPE I XN B3, B2 2SS E 8
FEEC T Z 0 B V8, TR T /K, ATTTIZS BT 38 T BT N ARk o VR SEAR I 1980 4EAXAT 2000 4F
PUE B>, 239309 5.3 mm A1 10.7 mm, 1990 SEARMIARIRIE I T 6.4 mm, X0 RER H T JUANFKFHA 1990
AP IR X TR /K R 25 1980 44X 1990 AFEAXFT 2000 4 LA Ja RHR I I 52 543 7124 0.6 mm, 16.7 mm
F1=8.7 mm. P KIE SRR I E R, M 1980 AR E] 2000 4 LA , s> 52 803 0, 437924 37.0450.7+
58.3 mm. FEHENARFRI G IIER, M 1980 FEARH] 2011 4, =AMEAR 03G9 31.1. 40.4. 56.4 mm,
X AT RE A BTV R A A TR, JORAPE IR T, A&, S, B RAREEE I, SN
BRI, NIRRT LR AR 2 HR/N, 1980, 1990, 2000 FARAR I 2 br S itk #A 1 A%
AT HN 2.8 —19.6. —34.7 mm. = MFEARRKE RS ERM I E D508 24.7. 10.7. 9.6 mm. #/KiG5)

Table 4. Breakdown of main river runoff evolution driving factors

4. TEFARFRRTENEF MR

Rk R 3R WIKIEH 1]
FEWR mm AL M E mm A R mm AL

SR W SRR mm HHERRERIR mm ERE S mm

FEAE 81.2 81.2
1980~1989 33.0 55.2 —48.2 -260 -540 -112  -232  -110 228
KA 1990~1999 71.7 89.2 -9.5 8.0 84.3 173 -1822  —02 -2.1
2000~2011 16.4 58.8 —64.8 -224 345 245 379  -179 276
1980~2011 389 67.2 423 -140  -331  -18.1 -7  -102 241
A 175.8 175.8
1980~1989 170.5 176.4 -5.3 0.6 10.9 -370  —693.8 31.1 582.9
VW 1990~1999 1823 1925 6.4 16.7 2593  -507  -786.0 404 626.6
2000~2011 165.1 167.1 -10.7 -8.7 814  -583 5436 56.4 5249
1980~2011 172.2 178.0 -3.7 2.1 57.9 493 —1340.1 435 11822
FE 230.3
1980~1989 233.1 255.0 2.8 247 8772 353  -12564 135 4792
KT 1990~1999 2107 241.0 -19.6 10.7 54.5 523 2666  22.0 112.1
2000~2011 195.6 220.7 -347 -9.6 276 609 1756 35.8 1033
1980~2011 212.0 2378 -182 7.5 40.9 -502 2752 24.5 1343
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Figure 2. Contribution separation results of driving factors for runoff evolution
2. BERIEFIEREERTTHRE N BLER

SRR AR VER, = ANEADHN 35.3, 52.30 60.9 mm, X578 0518 #2755 177 = KoK E R %
NEHH KGN G =AMEAN DA 2 & 737008 13,50 22,0, 35.8 mm, X 51X — K IR i
EEP

M 4y [ 2 TR Rl YRR KT =N, SR KIE S AR IR AR R R AR, YIERIR
BN . R N AR AR RN, ERDRUR T R BTG N, P RE o S R g 1 A S AR IR
REGGM, MmN RS . R AR RS RELEY, S SRR EIES . AR R SE
FEARBL R AR HE R R INRE S

6. &it

1) ERIEX G TR AE: 0 R KT, FE) FRPETRXOE T K, T F)AH R
#1(1956~1979, K [A]), 1980~2000 4[4 K 7> B 0.2%~1.3%- 5.6%, 2001~2011 £F, FEK I B 1.0%~6.2%-
9.0%. XERPZAUEEFFRLW, KGR ES, REAINES, T84T 5 X 8/ RS T
P X . WK E, A 1)+ 5 XSG ZE N ES, TR X E AT E.

2) FREX . TRPET R AL E R ZRD &S, SEMEHMLLL, 2001~2011 4550 &5
WD 10%~50%. 80%LA I, e KAE S IMEEUE N 8~26 1% . MR /KEIEE D DD 3.4%~25.4%. 51.1%, /K
BHJR ST D 4.6%~20% 49.4%. IXKIISZ NFETEBNER ZRFEm, AT S50 o e B A B 7K k2 1)
10 5 2E A, AN K B B /D (IR B BRI A 1 5 5. WRRIRNER R, RIERKEAE, mTihE
R E IR ERD, 2GR B KRB ™ EA L, BT S5 DL, TS RO T RS 2 2 4
o, TR RX R E,
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5% 50%. 45%; TRPLTFRXZFEMTIEREDNLIN 33% 43%. 24%. XRPHNRIESBKIES . 8T
R IR K RIFEEE N F BRI R, HHIE 70%~90%. Bl NG sl YRR T 53R i nl 4 2%
T BRI RA, WRABETL RJE” R LI 54T T RS BT THE, R e B g TAR S R
MEH TR R BERARZFMNE.
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