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Sensitivity analysis of annual runoff to annual variation of meteorological elements in upper reaches of the Yangtze
River// SHEN Jiaju' >, YANG Hanbo®” , LIU Zhiwu', YANG Dawen’” (1. Academy of Science and Technology, China
Three Gorges Corporation, Beijing 100038, China; 2. Depariment of Hydraulic Engineering, Tsinghua University, Beijing
100084, China; 3. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)
Abstract: The control basins of 8 major hydrologic stations (Zhimenda, Shigu, Pingshan, Gaochang, Beibei, Cuntan,
Wulong, Yichang) in the upper reaches of the Yangize River are selected as sub basins. Using their runoff and
meteorological data from 1979 to 2015, the machine learning method was used to calculate the sensitivity of runoff to
changes in precipitation and temperature, compared with the multiple linear regression method and the Budyko framework
method, and further analyzed the contribution of precipitation and temperature changes to runoff changes. The results
showed that the change trends of runoff and precipitation were not significant (p =0.01), and the temperature showed a
significant upward trend (p < 0. 01 ) from 1979 to 2015. The average range of sensitivity coefficients of runoff to
precipitation and temperature was 0. 37 ~0. 76 mm/mm and -4.77 ~ —33.53 mm/°C, respectively. The sensitivity
coefficient of runoff to precipitation and temperature decreases with the increase of drought index. The impact of
precipitation change on runoff change is greater in the sub basin with large drought index, and the impact of temperature
change on runoff change is greater in the sub basin with small drought index.
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Fig.1 Study area and distribution of hydrological stations
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Fig.2 GA-BP algorithm flowchart
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Table 1 Trends in runoff, precipitation and air temperature at hydrological stations in

upper reaches of the Yangtze River from 1979 to 2015

T s Rk S

AR e B BB RN B sy

mm (mm-+a™!) mm (mm-a’l) (c 'afl)
HI'lis KIT+¥H 13.95 98.46 0.69 390. 32 4.28" -4.90 0.062 *
Va3 KT+ 21.48 198.83 0.20 457.61 3.13" -2.75 0.060 "
Bt KI5 45.59 316.25 0.28 644.87 1.26 2.49 0.053"
=Y [T 13.47 613.72 -2.81"* 945.31 -1.01 5.00 0.034 "
It fiF ¥k 15.72 406.99 -2.19 886. 55 -0.27 12.06 0.043*
R KT 83.84 401.76 -0.79 757.77 0.40 5.73 0.047"
TV LA 1L 8.07 583.99 -2.32 1127.57 -0.64 13.98 0.021*
" A RKILFH 97.71 432.68 -1.38 815.63 0.20 6.92 0.045 "

T " Fon it p=0.01 12 FVERL,
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RAf, BTk A sk LCE B il AU i b
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Table 2 Results of GA-BP algorithm runoff simulation

Pl S

MalAE

IR RMSE/

RMSE/
NSE R? NSE R?

(mm - d") (mm - d")
HIlE 073 0.72 0.16 0.64  0.65 0.17
figE 0.77  0.77 0.22 0.66  0.68 0.25
B 071 0.72 0.34 0.53  0.55 0.39
mY¥ o 0.65  0.65 0.90 0.59  0.62 0.76
Jems 0.63 0.63 1.32 0.54  0.59 1.17
st 0.75 0.75 0.47 0.68  0.71 0.46
K 0.64  0.64 0.89 0.55  0.62 0.74
HE 078 0.78 0.38 0.69 0.71 0.43

3.3 BRMISKEZTUREHRM
3 0 3 FhJ5 A5 BRI VL L 45 K SCHi AR I
XFREK A RO BRI R, X AR P K Y
BRI, 22 IR AVEAS 21 B 2% it i BRI 2R K0y
{64 0.65 mm/mm, GA-BP 5.7% Hil Budyko HE4¢2 45
L5435 4 0. 52 mm/mm Al 0. 72 mm/mm ; X}
ARG U U, 2 504 ] 125 | GA-BP
S LA K Budyko HESR 1k 14 4 il s SHURE R B 1
F3 KIIEBFSKTHFERIEAMKIBHSRERE
Table 3 Sensitivity coefficient of runoff of hydrological

stations in upper reaches of the Yangtze River to
precipitation and temperature

Rk S 7 8 AU R R

(mm -+ mm™") (mm-C")

IR

S35 20,94 mm/ °C. | —17.99 mm/ CFl - 18.96 mm/C .
3 BT BT AR U 6 K A SRR 24 A dR N Y 2
HITiA %, A 0. 37 mm/mm, 5 K12 &gk, R
0. 76 mm/ mm ; XF itk A BEURSE 2 {E A /N Y IF LT T3
i, 4 4. TTom/ C R R, 4 - 33. 53mm/°C
AR SO RS B N o [l A= BT b O L N
P G S IS e, BT 9t DX AR I X R K Y 2
AT S B0 A28 A T AU 1 B ] A S B
B
3.4 SERERVNERETUNTHE

4 HKIL B K SOl K A AR A AR i A2
ey BTmk AL, v UL, Z2 et [l 7k | GA-BP 531 A1
Budyko HEZR 45 2 Y B 7K 5 B2 I 22 A0 RO Y 1 23
A -0.89 ~1. 19 mm/a, —0.55 ~1.54 mm/a Fll
-0.85 ~2. 10 mm/a; I T EAL T AL LAY 73 5]
A -1.51 ~0.02mm/a, —1.26 ~ —0. 01 mm/a I
-1.11 ~ =0.65 mm/a, 5ZICLMERIHLAM L,
GA-BP 533275 21 1 [ 7K AU 728 A5 SR Ui 1 A2
A TEASIALHG A A 1IR30 A S 25 i K FE A2
TRl AR U F=R 77 N | T T R T NSRS B
SR/ o 3 FOT AT B A R KON A8 T 8 Ak Y Tk
TEEE 2 0 e/ N LB B, 8 0. 15 mm/a, fix
RAIEELT3RG, O0 1. 58 mm/a; SR A2 AR 1k 1)
TTHK B R 48 X oD B9 BT IR B, R
-0.30 mm/a, iz KB B JL &5 35, o8 - 1. 17 mm/a,
WA TL T I BB TF 2% 7K S0 B K 6 A2 3 A2 AL iy
DMK AR A b 5 R A R X A R A R
SRR S B IR B X T R AROR A X A R AR
PR STIR &, 8 LA R # R E R E, WL
BB, LI IRl A7 Sk | 5 1Ll K O A O AR A
AR BT R DR AT X AR 3 A Y TR T 3
sty ekl el | s DL R B SR X AR I
x4 KIEBEGKIHEKMKENERTUHREHE

Table 4 Contribution of precipitation and temperature

at hydrologic stations in upper reaches of the

Yangtze River to runoff change

Bk BTk A/ A TRk

(mm'a’]) (mm'afl)

L2tk GA-BP  Budyko £JtZkt: GA-BP  Budyko KA £ T4 GA-BP  Budyko ZE4i¥E GA-BP  Budyko

mlHM: AR MEZRM: RIERE OBk HERE mUAYE B ESEE mAE B fEm:
HIlik  0.26 0.36 0.49 0.38 -3.73  -10.95 HITE 1.1 1.54 2.1 0.02 -0.23  -0.68
i 8 0.38 0.22 0.66 -9.14  -0.10 -11.8 o8 1.19 0.69 2.07 -0.55 -0.01 -0.71
B 0.53 0.60 0.72 -10.71 -10.95 -14.89 o 0.67 0.76 0.91 -0.57 -0.58 -0.79
B oY 0.88 0.55 0.84 -44.49 -36.97 -19.14 B 3% -0.89 -0.55 -0.85 -1.51 -1.26 -0.65
dt &% 0.89 0.45 0.74 -31.68 -24.38 -25.92 dt #% -0.24 -0.12 -0.2 -1.36 -1.05 -1.11
SO 0.70 0.66 0.76 -22.10 -8.73 -17.64 s+ W 0.28 0.27 0.3 -1.04 -0.41 -0.83
® B 0.77 0.63 0.81 -20.10 -35.76 -33.12 B BE -0.49 -0.41 -0.52 -0.42 -0.75 -0.7
" B 078 0.69 0.76 -29.66 -23.36 -18.25 " B o0.16 0.14 0.15 -1.33 -1.05 -0.82
o 0.65 0.52 0.72 -20.94 -17.99 -18.96 SEYy o 0.22 0.29 0.49 -0.85 -0.67 -0.79
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TR BB R BOZ B AR /)N HL AR A BE [R)RE AR /NI T
BTRRE . HIEBR BN SRR 220 T
PSS RS EOR I HRREERTE 1979—2015 4F
) SEBRAR L AR B 2 39% | i ELAR SHTE 3% Bf HAIL
v oE ) HUBE S R0 B SR N s TRE
WAERIH GA-BP FE TR HUS R B 164 3% mI 4t
AT T,
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Table 5 Sensitivity calculation results of GA-BP

algorithm with different disturbances

R K M BURE R B (mm - mm ")

K3k
1% 2% 3% 5% 10%
BTk 0.42 0.39 0.36 0.35 0.34
Farian 0.45 0.24 0.22 0.20 0.19
Jz3iipr 0.65 0.61 0.60 0.55 0.49
ik 0.72 0.66 0.55 0.52  0.51
Bl 0.51 0.49 0.45 0.43  0.42
e 0.71 0.69 0.66 0.63 0.60
BB 0.69 0.65 0.63 0.61 0.6
HE 0.75 0.71 0.69 0.62  0.60
e 0.61 0.56 0.52 0.49  0.47
TP SR AU R (mm - C )
IR
1% 2% 3% 5% 10%
Bk -4.68 -4.36 -3.73 -3.08 -2.80
B -1.95 -1.60 -0.10 -0.08 -0.08
B 113k -12.30 -11.12  -10.95 -8.00 -7.39
[=EZ7h -48.92  -40.51  -36.97 -33.75 -32.82
At sk -28.69  -25.55 -24.38 -23.36 -22.63
sk -10.06 -9.53 -8.73 -7.47 -7.26
B -44.08 -39.19 -35.76  -32.49 -30.15
A -30.02 -28.68 -23.36 -19.61 -16.87
¥IfE -22.59  -20.07 -17.99 -15.98 -15.00

WEFE GA-BP S5 FH AN [ B[] ]R8 0 8 2t
AT U 3 A, 23 2R A RO A A R
B it AR R 6, AT UL, B RUEE 5 3 RUEE
RGP A R BT 28 5 (HERAHZE AR 1

RARASE A Sl s U R B [ P AH AR
XERA GA-BP FLiE AT LA H R £di 11
AR T K 5 SR A 8 R P A R
JERCHR EA TR DT o] AR S H B8 1) 90 3t
AT
Fx6 ATEBTEIRELHIE GA-BP BiEHBMITEHER
Table 6 Sensitivity calculation results of GA-BP

algorithm using data of different time scales

TR Bk i Uk AR X =L P U AR

K3 2%/ (mm - mm~!) $/(mm - C 1)
HRE AR BE H R AREE
HIlik 0.36 0.28 -3.73 -4.87
HoOB 0.22 0.33 -0.10 -1.78
B 0.60 0.62 -10.95 -8.65
(=] 0.55 0.48 -36.97 -26.15
it & 0.45 0.45 -24.38 -20.19
o 0.66 0.55 -8.73 -10.02
TV 0.63 0.60 -35.76 -29.39
" A 0.69 0.61 -23.36 -24.45
¥ 0.52 0.49 -17.99 -15.69

4.2 KILHERGBAMEETEEHNXR

WRIT TR LT, &K SC R ok 5
AR BB AR S Bk A = ek AR i R
AU A 5, AR 1 — 25 40 983X b 40 A3 T8 B B4
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Mk RBE G E B T R85 (ET,/P) 5y 5N
1.75.1.60.1.28 .0.82.0.92 .1.08.0.73 1 1.00, 1
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R HAb R, R 3 R RKIT R4S K S A i R
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TAE AL TR T RS R A A7 i A ek
KR U ZBBEE T R8BS KM K i
3(d) FiR , S IEXH R AR AL ) BTk i b T R AR K
A3 R/ R RS AR A2 3t AR Ak B2 M A il 5
P X 3l 5 e A SRR AR T A A 1 B e A R
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R A% 3 | 5 B 0 A2 R B NSE {43 518 0. 77,
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Fig.3 Relationship between runoff sensitivity of
hydrologic stations and drought index in
upper reaches of the Yangtze River
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