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Attribution analysis of runoff change in the upper and middle Huaihe River based on
Budyko hypothesis and differential equation

YE Ting', SHI Peng' , ZHONG Hua’, QU Simin' , WU Hongshi', SHEN Lingyi'
(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China;
2. Hydrology and Water Resources Department, Nanjing Hydraulic Research Institute, Nanjing 210098, China)

Abstract; Taking the upper and middle reaches of the Huaihe River (above Bengbu Station) as the study area, seven flow indicators
including the high flow, average flow and low flow are adopted to characterize the features of runoff changes and investigate the
influences of climate change and human activities on the runoff characteristics at different time scales. Firstly, the Mann-Kendall trend
test and the sliding T test are used to identify the mutation year of each flow index. Secondly, the derived differential equation of flow
indicators change is used to improve the original method based on the Budyko hypothesis, so as to quantitatively identify the
contribution rate of climate change and human activities to the change of runoff. Finally, the driving mechanism of human activities on
changes of runoff characteristics is analyzed by constructing a land-use transfer matrix. The results show that most of the flow indicators
in the upper and middle reaches of the Huaihe River show a downward trend after mutation years. Among them, the average flow
indicators declined most significantly, ranging from 2.25% to 44.25% . High flow indicators, floodseason runoff depth and climate
indicators have the highest correlation, with a correlation coefficient of 0. 859 ~0.987, while low flow indicators and non-flood season
runoff depth have a low correlation. Climate change and human activities make most of the flow indicators show a downward trend,
among which human activities are the dominant factor, and their contribution rates at Xixian, Wangjiaba, Lutaizi, and Bengbu stations
are from 87.55% to 98.46% , 80.91% to 88.50% , 80.42% to 92.42% and 83.23% t0 99.99% , respectively.

Key words: upper and middle reaches of the Huaihe River; runoff attribution analysis; Budyko hypothesis; differential equation;
runoff characteristics
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Table 1 Means and change rates of runoff characteristics, annual rainfall and potential evapotranspiration across four sites

M \p/mm

M/ mm

Myp/mm

IK 3k M My My

A ey ERR/% S e BHE%Y s A ) AL/ %
JSUZE 362. 8 340.2 -6.25 254.2 248.5 -2.25 108. 8 91.5 -15.86
THM 239.5 144. 5 -39.67 163.4 91.1 -44.25 75.8 56.9 -25.00
“aai1 247.5 214.0 -13.54 171.6 146.9 -14.41 76.7 67.0 -12.71
[ 1 231.3 184.7 -20.16 162.6 124. 4 -23.50 71.1 59.1 -16.90
- A,/ mm i Lgy/mm Lo A/ Mm A
7 ¥ L . .

KA Aty EHR% s Asfp R e A5 AL AALH /%
) S 0.073 0. 089 21.68 0.137 0.170 23.86 22.00 22. 60 2.74
TR 0. 057 0.118 108. 02 0.112 0.118 5.91 5.48 7.78 41.95
a6 0. 052 0. 041 -21.15 0. 106 0. 106 0. 00 3.86 3.38 -12.58
BE 0.017 0. 009 -46. 44 0.074 0. 059 -20. 06 2.98 2.88 -3.40
K Hyy/mm Hy, P/mm P Ey/mm E,
IK 33 .

] Asfe ERE% s Asfely EE % g AL AL/ %
a5 H 2.07 3.94 89.91 1111.2 1072.0 -3.53 1025.7 1009. 5 -1.57
FERIMN 1.77 0.93 -47.59 954. 1 843.2 -11.62 1057.2 1000. 5 -5.36
&8s 1.75 1.55 -11.71 930. 1 923. 1 -0.75 948. 1 893.5 -5.76
[ 1 1.71 1.43 -16.58 965. 4 950. 4 -1.55 1079.8 1036.8 -3.98

BB B A R I K SOl Y My, T BEIE BE IR T My, T S8 00k Y T 6 8 B2 S 2 K 31 1 44, 25%
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Table 2 Runoff characteristic equation and correlation coefficients during the base period

N Mrr M\JF
7J<XII5 - N s 1= S S
Ry T2 P FRIE 7 AR P
InMpp ==0. 552+1. 134InM . +0. 443InE - InMy, =-9. 814+0. 395InM ,; +1. 082InP -
2 & 0.967 0. 638
0. 362InE;, 0. 436InP,,+1. 447InP,
S InMpp =-0. 552+1. 1341nM ,; +0. 443InE__ + 0.96 InMy; =-9. 814+0. 392InM ,p+1. 082InP, — 0,638
# 0. 184InP5,-0. 362Ink,, -967 0. 436InP, +1. 4471nP, )
InM s = -10. 403 +1. 042InM 4. +0. 5791nP,, + InMy =26. 715+1. 7011InM , . -2. 5061nE -
N FF AF 7d NF AF nf
fra T 1.232InP, 0. 985 4.020InP,+1. 345InP 0.763
InMpp =0. 056 +0. 9531nM ,; +0. 702InP, , — InMyp =—25. 699+0. 0881nM , . +1. 790InP, +
E'I' i‘lﬁ FF AF ) 7d 0. 984 NF ) AF r:l O. 541
0. 233InP-0. 567Ink,, 1.799InE,,+2. 320InP,-1. 247InE
Amin L90
IR SC - — —
FRAE TR HHK F L FRAE T 7 AHIC R B
InA,, =—4. 414+0. 517InM ,;-0. 266InP+ InLgy =1. 971+0. 530InM , +0. 945InP,—
B2 & ' 0. 467 3 ‘ 0. 684
1. 2531nP;-0. 334InP,, 1. 053InE,—0. 2011nP,,
. InA,;, =-10. 318+2. 400InM . —1. 363InP— InLyy =24. 612+0. 930InM . —0. 569InP—
FE5M 0.612 0. 663
0. 832InP, +3. 4211k, 2. 841InE, 0. 5091nP,,
o InA,,, =—19.797+1. 873InM ,;+3. 491InE,, - InLgy =32. 534+0. 942InM 1. 393InP;, -
“asT 0.757 . 0. 843
1. 865InP,,+1. 2211nP 2.149InP,-2. 515InE
- InA,;, =-26. 806+3. 645InP, +1. 659InP+ 0,558 InLyy =8. 351+1. 244InM 2. 235InP, + 0.757
1. 804InP_, ) 2. 198InE, -2. 845InP, )
Amax Hlo
IK 3 - . p N
LET i P FRE T TR P
nA,, . =6.059+0. 754InM ,; +0. 823InP,, - InH,, =-3.924+1.271InM ,;—0. 405InP,,+
2 & 0. 899 0. 965
0. 4711nP-0. 405InP; 0. 6241nE ;+0. 202InP
e InA,, =-11.859+0. 782InM ,;+0. 357InP,, + 0,85 InH, =-8. 620+1. 189InM ,;+0. 110InP,, + 0,953
Z 1. 835InP_+0. 8411Ink,, ) 1. 218Ink;-0. 1441InP,, )
InA,,, =-13.893+0. 805InM ,; +0. 839InP,, + InH,y =—-1.904+0. 811InM ,;+0. 371InP+
PN « . . 3
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Table 3 Land use transfer matrices in the upper and middle reaches of Huaihe River from 1980 to 1990,
from 1980 to 1995 and from 1980 to 2005 unit: km*
1990 4
1980 4F
B P Hih KSR EOK RIS M 2 b HoAl it & it
b 85274 18 2 218 208 0 85720
M, 6 12972 14 0 0 0 12992
Fiih 1 0 4315 0 0 0 4316
TR B KRt FH 74 0 24 2851 2 2 2953
2 Fl#h 0 0 0 0 13173 0 13173
oAt b 0 0 0 0 0 7 7
it 85355 12990 4355 3069 13383 9 119161
1995 4%
1980 4
B piS: ) E i R BOKF B A S HoAh & i
Gsisii) 84507 81 11 256 865 0 85720
bs:) 213 12734 41 3 3 0 12994
Fiih 268 227 3808 9 4 0 4316
TR BK B it FH 4 150 5 23 2769 3 1 2951
152 i 104 3 0 1 13065 0 13173
Al I 3 1 1 0 0 0 5 7
it 85243 13051 3883 3038 13940 6 119161
2005 4F
1980 4F
Hib bS] i R BOKFBE M EE oAb & i
B 83871 54 11 393 1391 0 85720
b 208 12695 40 37 14 0 12994
B 274 225 3786 20 11 0 4316
FRIF B KA it FH b 100 3 16 2819 12 1 2951
72 Pl 3 0 0 1 13169 0 13173
Al I 2 0 0 0 0 5 7
&t 84458 12977 3853 3270 14597 6 119161

1980—1990 4F- 3 | FH S AR LA KR A < BF i 17) 7K 3m R A R 58 it P 3 A =2 P M A | A48 Ak T AR 0 31
218 km® 1 208 km*, 1980—1995 4F 4 iy 1] FH 25 78 A5 Ak 458 K A AT 2 4R M ) 43 = FH 0 5 A AR Al T ALy
865 km” ; UK, Bt [ 7K 35 B /K 158 it FH b A AR b R e ] 0 2 720 1) TG AR R 1 200 ke 5 177 7K 38 2 7K
5 it P A = ) B b A 2 ) TG AR 4 KT 100 km? . 1980—2005 4F 4 Hb F) FH 2R AR (L 45 K A A BF 3t
] T b A AR | B AR TR R K 1391 ke 5 LR AR AR B0 b [ A0 b, | i, ) AR b 2 A ) 1T AR R F 200 k5
K388, K 7K I it FF) i T 0 2 78 T AR SR 3 T 100 km® o 20 200K DL R 21t 200 i) b e i 4T 2 1 ok
R EE RGN, ST AR AR AR, A Tl B A 356 P AR S I AR AR k> . X 457 A 5 T B ik AR T Xt
WS AR AR A A R e AR ) T AR 25

4 £
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W, SHEAERIAA LG 4 A K ST AR 0 KB 2 72 DA IE # S 3F B 4, DU P i i 8 b, T R
M 2.25% 3| 44.25% N4
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Kotk fi i, M OC R B R 0. 859 ~0. 987 5 (IR U 645 | AR TRIIAR T TR 5 AR A2 T TR LA B S A 38 s 1) A DG 1 A
XTER R EUNT 0. 8 (BRE 513l Lo FHOCRECH 0.843)

c. UET_E AR AR AR R ST S0 KER A AR AR A B S E AR b ARSI E R ER, R
B OEZRI A6 R 4 AR R, A8 2 TR G 53 5 87.55% ~98.46% ,80.91% ~
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