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Abstract

The trends and stages of runoff and precipitation in Luohe River basin, in the past 56 years (1961-2016)
were analyzed using methods of Mann-Kendall trend test and mutation analysis, accumulated anomaly
curve, and double mass curve. The influences of human activities and precipitation on runoff change
were also quantified. The data came from observed runoff at Changshui hydrometric station and ob-
served daily precipitation at three adjacent meteorological stations in the Luohe River basin. Research
findings demonstrated that the runoff and precipitation in Luohe River basin changed obviously in dif-
ferent stages, both of which experienced the period’s high-flow of and low-flow. Both annual runoff and
annual precipitation were on the decline, but runoff decline was more significant. Runoff changed ab-
ruptly in 1977. After the abrupt change, runoff decreased obviously under the influence of human activi-
ties and precipitation, the contribution rate of human activities and precipitation to the decrease of ru-
noff was 89.14% and 10.86% respectively. The analysis results show that human activities are the main
influencing factors of runoff change in Luohe River basin.
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Figure 1. Sketch map of Luohe River basin
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1996~2000~ 2001~2005 4F 2 AN B AR &, Horfr, 1996~2000 4= HIMRAE Lk, A 2.70, 48 % R%0CN 0.33,
FLURFE 2001~2005 “E[IWAE L A 2.23, 482 2% 0.28. 1E 2001~2005 E &R Ik (142 I AR 2 R BRI L &
KW, 3008 0.8 Al 8.37. HEAK 1R /K& (1048 22 REUFNARAE LL 35 /N TR 1 A8 22 RECRIRABL L, mT N oK
BN E BB AT E—(FE 1).
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Table 1. Variation characteristics of annual precipitation and runoff of Luohe River basin in different periods
= L ORAIREAEEEEKE, EHERRETHIFE

. £+ el
* P E3{E/mm AL REES ¢ THfEI(20° m?) AL A R
1961~1965 689.82 175 0.21 18.99 3.56 0.51
1966~1970 541.52 1.56 0.15 11.36 179 0.10
1971~1975 623.26 161 0.19 10.18 2.92 0.41
1976~1980 568.48 172 0.16 7.32 1.47 0.14
1981~1985 676.36 1.69 0.22 14.11 2.88 0.36
1986~1990 547.4 153 0.15 5.75 6.23 0.49
1991~1995 536.36 1.62 0.18 3.87 4.08 0.47
1996~2000 548.60 2.70 0.33 4.39 3.08 0.37
2001~2005 568.40 2.23 0.28 5.58 8.37 0.80
2006~2010 538.46 155 0.16 4.67 4.66 0.43
2011~2016 548.45 1.76 0.21 4.39 4.74 0.53

42. BRE. BKETHHMEM

K PSP R AL L AR AR IR L AR PR K S B 5 41 (A BE P SR AR 2R (1] 2), Jd I il 28 20 v T AR VA
WA R BEPERRAE AR AL, . 25 B IR TR A 1961~2016 4F /KB AT 4 WA B, 27K 1961~1982 4E 11
P EKE 599.75 mm, /b7KHA 1983~2016 - [°F-3 FE /K &R 566.61 mm. K AR I 5 45 0] 20 A i Tl i 4
1961~2016 FAL VAT FE LA 1985 4F 9 FHBR 73 A F - MiPIANEr BL. F=/KIHTE 1961~1984 4F (1) 2 P40 &
N 12.45 x 108 m®, Hli/K I#E 1985~2016 4E [ 2 45 T2 BN 4.96 x 108 m® (WL 2). A m S04z & i 50
PESS T FKE M, SRR E MK E NI BRI —E M ZE S .
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4.3.1. Mann-Kendall #&%##&1&
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ft) Mann-Kendall ##ta 508 Z Jy-1.37 (4 3), B NUE, SEHIETRIRE 1961~2016 ATV B A F /K B A A 52 T 1%
s HlETRMEZ > 1.96, il 7 EE/KF a=0.05 0RK, IO FRE@AEE, 1 KEREIBITZaN,
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Figure 2. Curves of accumulated anomaly of annual runoff and annual precipitation in Luohe River basin
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Table 2. Staged characteristics of runoff in Luohe River basin

F 2. BRI AR EMERMEHE
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Figure 3. Trends of annual runoff and annual precipitation in Luohe River basin
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Table 3. Mann-Kendall test result of runoff and precipitation in Luohe River basin
3 3. SRRk E. BRETHIER Mann-Kendall #£36

R LN

BEMKT a Zyap
I giiti Z W gt Z W

0.05 1.96 -5.11 5% -1.37 NES

4.3.2. Mann-Kendall 83514488 447
K Mann-Kendall 284846 567 5 i AR AR A2 I i SRR b AT A M 4341, AR5 Mann-Kendall 5848 43
M5 5 UR il UBK {E, JFiE Y Mann-Kendall 587853 1 4t i & UF 1 UBK HIZR (] 4). (B @) R T LA
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Figure 4. Mann-Kendall analysis result of abrupt changes in annual runoff and annual precipitation in Luohe
River basin
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4.4. NHERNEREAETR BTN

T BT NG B KB K A ISR LR R, EE 1961~1976 ERFK - IR R BN 2R, IR
K ZIUAYR = 0.02163P + 10.365 (R* = 0.9758), HHYR & Rit4FifiE; YP & RitFkE: R EMKEMAER
BB LA AL o %M B 2 4 I E N 13.23 x 100 m®,  MHEHS4E T E N 13.96 x 10°
m®, ZaXFiRZEN 0.73 x 10° m®, AAXHREZE N 5.52%, FHIZITVEMA R R (R 4 ME 5). KRBENE
1977~2016 4 [E/K EARNEEME R RA P BN RABFEND 5 EE N R EIINE. 2] 1977~2016 FFFK - 5
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Table 4. Calibration result of simulated runoff in Luohe River basin

T4 BAEERERURELER

fERR S AE I AR B (108 mP) BRI /(10 mP) 2%t 1R 221(10° m?) AH N % 22/%
1961~1976 13.23 13.96 0.73 5.52

¥ 1961~2016 41 R it K BN Bk dE /A, BRI RIHENE, £ RETE R EEARERNHE
WIH. THHE 1961~1976 4 F1 1977~2016 4F 2 N BN FIAR . LIPS AR, b ARG s AR
IKIAEAL S P2 AR R - 1977 SR 5, R0 i SRR B S (AR Z2 80K, 1977~2016 4E [ 2l 423 N 6.14
x 10° m®, Wi PSR 12.46 x 10° m®. 35 )5 51 STk (M &0k 52 B Mt 1977 4 5 N RIE3h K PR 423
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Figure 5. Double accumulation curves of precipitation and runoff in Luohe River basin

& 5. F&IARIE KRRV R R L

Table 5. Statistical values of the impacts of human activities and precipitation on runoff in Luohe River basin

F 5. AFEEHMBEKIETRE R WA SRITHE

FIR PIBKEmm ST RRTE/(10° mP) TR RRE/(10° mP) B KR ARALR A B/(10° m®) AJSIE SR 0 &/(10° m®)

1961~1976 616.2 13.23 13.96
-0.77 -6.32

1977~2016 565.0 6.14 12.46

TR % -10.86 -89.14
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