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Study on runoff response and ecological water demand under climate change in the Qargan River basin

WEI Guanghui"?, HONG Liangpeng’, WANG Luyang’, LIU Feng'

(1. School of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China; 2. Bureau of Xinjiang
Tarim River Basin Management, Korla 841000, China)

Abstract: Based on the runoff, temperature, and precipitation data of the Qarqan River in Xinjiang over the past 60 years, this study
systematically explores the runoff response characteristics under climate change and the guarantee degree of ecological water demand in
the basin by using classical theoretical methods such as non—parametric test, R/S analysis, and wavelet analysis. The results show that : over
the past 60 years, runoff and temperature have shown a significant increasing trend, while the change in precipitation has been
insignificant; the abrupt change years of runoff and temperature are 2000 and 1997 respectively, and the abrupt change point of
precipitation cannot be determined; the Hurst indices (H) of runoff, temperature, and precipitation are 0.751 4, 0.961 9, and 0.732 3
respectively, all of which are greater than 0.5, indicating that runoff and temperature will continue to increase in the future, and
precipitation will also continue to show uncertain changes; runoff mainly has change cycles of 21, 12, and 4 years, temperature mainly has
change cycles of 7, 11, and 25 years, and precipitation mainly has change cycles of 6 and 28 years; Spearman correlation analysis shows
that the correlation between runoff and temperature, as well as between runoff and precipitation, is closely related; the ecological water
demand of the basin is 3.58X10° m’, and after deducting the production water demand, the ecological water demand is fully guaranteed
under the condition of multi—year average.

Keywords: climate change; non—parametric testing; continuity analysis; related analysis; ecological water demand; Qarqan River
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1 #REFE

1.1 AREXER

R ) 3 e T AR 4.74 07 km?, EEW O
s HARBSAEE PR X 245 10.1 CL 4F
BIREsK 5t 18.8 mm, 4425 K 5t 2 507 mm, % 2023
ARARRC, TSN L IX A 7 E 38.85 440G, i AR —
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O ER A j R 0 A ST K, mm ET A KR
B A3 IX R S BRZE B, mm s Vi, ok A8 88 A0 X G
B 55 R 5 0 R j SRR R R A B RO IX
HBEX1I EABEX2 BEABEX3. —RBL
X, R R E 1. 2.3.2 .4,

2 RRZUISSIEE0 L

2.1 MBESHT

BF 9% IX AR R 5 B 1 S A A A 4 AE L 36
1,382,383, 28120 8.9661C m’, 48 22 R K
0.329; ZAEF-HS 0 10.5 °C, A8 E RN 0.113; Z4E
SERIREIK A 25.2 mm, AR AR 25 R ECH 0.550.

9T WA ZE R B AE 1957—2021 4R M| 42 3% VS
T e K I AR AL 3 % = S AR HEAT T IR A 4y
Br, AR AR R RN R 4 s o ARSI Gtk 1nl A
FH0M0.057 9, J5E ZEL(RY) M 0.298 5, FBHIT 60 43
Aok I W A I AR R LR B R AR
0.030 5, R*>4 0.602 2, [A]# 3 1 {5 B 0.05 A58

) (12)

R BRESFEUHHE

Table 1 Multi-year variation characteristics of runoff

ST AR RN i KAFEAL I Maximum annual runoff fie/NEAL IR Minimum annual runoff ek 5N
BRI 0 ragel  Coefficientof gy CUUR/ACM  SEEPME . RO SEeopml PR
Datatype 50 illion m®  variation  ye, Runoff/100  Ratio to multi= -~ Runoff/100  Ratio to multi-  Ratio of maximum
ear million m* year average ear million m’ year average to minimum
AR I 8.966 0.329 2016 17.51 1.95 1963 4.62 0.52 3.79
®2 SESFLTHHFE
Table 2 Multi—year variation characteristics of temperature
A I RAEA I Maximum annual temperature  fiz/NMFES L Minimum annual temperature BREE/N
B S A SCIEIR [ RS = N IR
Bl %fﬁ:]:i’] Coefficient of — 4F )} SR IZAET AL AEY SR IS ﬁzj‘ﬁmtt
Data type  Average/C variation v T - Ratio to multi— v T < Ratio to multi— Ratio of maximum
ear emperature, year average ear emperature year average to minimum
el 10.5 0.113 2021 12.3 1.17 1981 7.5 0.72 1.64
R3 KRS FTURHE
Table 3 Multi—year variation characteristics of precipitation
2 E R H5 RAERE 7K Maximum annual precipitation f5/IVERE 7K Minimum annual precipitation B 5EHE/N
” N T AR - ” = -
BORREL - BEEVE - entof gy MK SBEVEI 0 FHOKE SZeymR FRKR
Data type ~ Average/mm variation Y Precipitation/  Ratio to multi— Yes Precipitation/ ~ Ratio to multi-  Ratio of maximum
ear mm year average a mm year average to minimum
FaK 25.2 0.550 2019 64.9 2.57 1960 3.7 0.15 17.75
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Table 4 Linear regression statistics of annual runoff, temperature and precipitation in the Qarqan River
Bl A a1y 5 4 g REL P F B FHE S
Data type  Regression equation Coefficient of determination(R?) Critical value of coefficient determination (@=0.05) Significant or not
P y=0.057 9x-109.26 0.298 5 0.080 7 B
IR ¥=0.030 5x-49.926 0.602 2 0.080 7 B
7K ¥=0.137 8x-248.31 0.018 5 0.080 7 ENTES
x5 FREAZR [EREKETHEBERE
Table 5 Trend test of annual runoff, temperature and precipitation in the Qarqan River
g/ eyl M-K AR5 45 5 Caleulation results of M=K trend test Theil-Sen Median 3-8 45 5
Serial number 7 KIS Significance test(95% ) Calculation results of Theil-Sen Median ()
i 3.619 2% 0.064 7
Al 6.320 2 0.038 2
(SN 1.865 e 0.159 2

VB 60 AR AR AL 3 It ARRR K2k Il
FE0H0.137 8, RMU M 0.018 5, 1 i B A5 0.05 1Y
K6, /R 3T 60 A AE R FK AL A %, A E
PRI 8

K H Mann—Kendall (M=K ) & 373 #7136 4 25
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Pettitt 2845 007 . 15 56K FH SPSS B2 Tl A2 i
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WA G R ) R ME 2 iR, RRSGTTHEAE
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ZLm) 50, 2000 4538 B i /ME, BCHE 2000 4F 48
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1957—1997 4F B2 FRF2L ) N 30, 1997 435 3 5 /MA 5
1998—2021 45 R FKp 2z ) b3k 8l , 9128 H % 1997 4
SR A A RN A RS BRI b CHIE
1984 4 Jp S SO AFFE2ZE 5 o T U BH IR , BB
30T B EE Sz e e AR Ak AN R RE WA D 58 A8 B B
1M Pettitt 2 50K 56 1 v] HEBR B8 A AHOCFZ M), BEORG
Y J0T 2 28 A8 AR AE) U 2R AR 1997 4F R L i
Mo BEKGETHRE JCRe AR AL LA, {00 2 0 5 4 Uk
=R B, Jovk I B R, S R AU 4y
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2.3 BEMESHR

A RIS 43 M T3, AR BT 1957—2021 4F 1)
TR MR B R K B TR R e S (H) L 45
R 6. HFE6 AN HE ] 0.751 4, KF0.5,
W H ARG LSRR K ke B . A HAE
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W R R S H, AL HE TR 0 HAE, 2
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Figure 1 Cumulative anomaly process line of runoff, temperature and precipitation in the Qarqan River

Fo FREAEZR KBREKER/STH
Table 6 R/S analysis of runoff, temperature and precipitation in

the Qarqgan River

Hudi TR R LIESES

S s
EH O dpaG) O o RORE
. Correlation . Significant
Data Hurst exponcnl( Linear oefficient Critical value \
type fitting value) coctticren (P=0.05) orne
e 0.751 4 0.582'5 0.284 e
Rt 0.9619 0.773 8 0.284 B
[ 7K 0.7323 0.705 6 0.284 n#F
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Figure 2 Pettitt analysis of runoff, temperature and precipitation data in the Qarqgan River

AT L. RIS B AT R S MK A R RO 0.317, 5%
S 4R B A 5 AR K BOMOCC R I AM. BEAT. RS R Mk SRR 1L
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Table 7 Correlation between runoff and temperature , precipitation

ZH 7 12 /K 2 A1 42 HT Spearman correlation analysis

Parameter 2 BB Correlation coefficient 5%k Significance
il 0.371 AT
[k 0.317 e

M R R ARl AR 0.01 (U ) B B , B35 R A il ELAR B 0.05 (XU ) By A6 B o
Note: Extremely significant refers to passing the test with a confidence level of 0.01 (two—tail) , and significant refers to passing the test with a

confidence level of 0.05(two—tail ).
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Figure 3 Wavelet analysis of runoff, temperature and precipitation in the Qargan River
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® 8 F/REMFE1990—2020 £ + i F) A/ BHERE
Table 8 Changes in land use/cover area in the Qarqan River basin(1990—2020)

iR B 2R 1 Area/km’ A5 AV I BE Change magnitude/%
Land use/Cover type 1990 4 2000 4F 20104F 20204F  1990—20004F 2000—20104F 2010—20204F 1990—2020 4F
Hiith 152.93 301.68 386.42 516.02 97.27 28.09 33.54 237.43
EEpN:il 0.18 0.18 0.70 78.95 0 288.65 11 157.56 43 652.87
N1 281.33 313.12 313.05 182.76 11.30 -0.02 -41.62 -35.03
HEAM 185.82 193.86 192.32 310.99 433 -0.79 61.70 67.36
1o 7 i B 1488.65  1182.88 114094  1113.83 -20.54 -3.55 -2.38 -25.18
rho G 817.21 934.31 918.62 834.96 14.33 -1.68 -9.11 2.17
7 5 3383.13  3400.17 335393  3428.23 0.50 -1.36 2.22 1.33
K 141.88 602.36 615.97 524.26 324.57 2.26 -14.89 269.52
Ji R T 8.89 9.92 11.93 26.31 11.56 20.23 120.50 195.77
AR 18301.25 1782273 17823.36 17 754.78 -2.61 0 -0.38 -2.99

PR I 34 3 1 n s A, B Hh T AR 1990—2000 4F
2000—2010 4 . 2010—2020 4F 43 %] ¥4 fin 97.27% .
28.09% . 33.54%, 1 FX 43 J 34 0 1 148.75. 84.74 .
129.61 km?; J& B T8 F #b 1 F2 1990—2000 4E |
2000—2010 4 . 2010—2020 4F 43 51 3 fn 11.56% .
20.23%.120.50% , 34 M F 1.03.2.01.,14.38 km*, A
L ARBACHE TR FR S B TR A, 2020 4E AT M |
THE AR H 1T B4 )38 0 T 78.76,125.17 km?, B Ak
T AR /D T 98.56 km® 1y A i b TR AR 2RI L
Bl /DT 374.82 km?, W I 55 3K 25.18% 5 L T B ML
I 7 55 5 1l TE R 43 0 /0N I HE N 17.75 km® FH 4510
km? , 38 W8 23 591 K 2.17% F11.33% R F) ) Hl, 18 FH 4%
IRASAE A K AR I D T 2.99% . e B G+,
KV INERLN R SN & RN 2 &I B R
AR Ak 5 B M B R R AT O, Rk F K
ANV, Az 25 K B3 FE S AS B oK, S 300 Bk
AR . R UL AN R b S K R
UGB K 30 5 T A K, B 45 S SR 9t 7 5
R AT, ] B, S 50 ) P b T FR D8/ )
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M HEBIF T DX R A7 5 T R A 45 R, Rl 2k S K
ST FE) 4 R E AR X BB OR B IX S
BXM—BBEE X (K9, Hep, Gy X EHH—k
FEBE 5 ZC(NDVD) Ab TR AR A Xk, 18 5 X248
NDVIAb FIEFR e PR A (R BT R ) A9 X5 R AR
1 DX — A8 B DX 7 6 B /N T 30% A 5 6
22 R B MRHE, T ARRACHE AR b R T 32 A AR AR
NGV 2% .
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Table 9 Calculation scope of ecological water demand in the

Qarqgan River Basin

K +ﬁ€£§24@+ﬁﬁ At /fﬁ%b'i;;ﬁfﬁ
Zoning Vegetation Future Vegetation
change pattern trend coverage
fRIFIX FASR X e Jofad NDVI=0.3
POEEi1] FERE NDVI=0.3
Logistic#)  ®EFaE  NDVI=0.3
TR X e P ER: NDVI<0.3
popie FERE NDVI<0.3
Logistic ™ &ERE  NDVI<0.3
BEX BmRABEXI XSO fRERE  NDVI=0.3
Logistic ! fREFE  NDVI=0.3
HABEIX2 3¢ Wbk NDVIZ0.3
FEHUH Wb NDVIZ0.3
HABEIX3 s kS NDVI=0.3
el W& NDVI=0.3
—fRAEZIX X H fRIEFaE  0.03<NDVI<0.3
Logistic ™ fiRERE 0.03<NDVI<0.3
s WA 0.03<NDVI<0.3
L2 R 0.03<NDVI<0.3
g e A 0.03<NDVI<0.3
R SIS 0.03<NDVI<0.3

RS R IRFRIR S K S 3 T AR S
KR, E RS R AR TOK S AR AT KM
TRy A R IR WA A AT K AR G 2
PRI A IR E B AR BT K, ] SR AR Y
AP HERIE R E IR AL KRR BB S A AT K i
D8 96 A BTG KR YA, SCBL S A K AR A
AL A K IF BRI IR DA T 1K o, (R B
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B (6 10) , 29T H KRR AR BT KE .
3.2.2 HHPAERT KR

MR A A AR TR /KT AR 255 AN [RE A IX 4K
SARRR, DL 2020 4F R UK AR, L 2035 47 R B 7K F
ARG B A R BT A e A S K R 3.58 424 m?,
o s IR BT KA 1K R - B B0 B ] 2 A
SO BB E K R 2.24 42 m* (3P 7K i R 0.5242
m’ B IK R 17240 m?®) s 5 LR - B R D T B
TR AR AR BB K 13440 m (fRAFK iR
04142 m’ MEE KEH0.93/2m’) .

P AR 1A AT 0, 4 IR BT 2 AR I AR i i
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Figure 4 Spatial distribution of ecological protection and

restoration areas in the Qarqan River Basin
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Table 10 Calculation scope of ecological water demand in the Qarqan River Basin

TR I 4 1 5H 6 7H 8 H 9 10/ At
Typical vegetation  Calculation method April May June July August April October Total
L7} 4 AL /mm 62.44 101.89 233.79 285.59 215.07 178.85 120.34 1197.97
M S S /mm 33.74 93.06 144.52 211.24 144.04 72.23 63.85 762.68
P U 3C HE S /mm 45.12 243.33 304.4 285.43 344.21 273.57 90.68 1586.74
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(1) ZE /R BT AR I A S 25 14, Bk A2 £k
AN AR U AR I 2 AR 4E 43 51 2R 2000 4FF1 1997
A REK TCRH A 2878 . — A BRI R R $3>0.5, %
Bk AR ARk BTt BEK AR AT AN B
U E AR W N 21 12 .4 a, SR F B AL A
711,25 a, FEK FEAL AR 6,28 a.

()R IR 2 Hr R R 5% IX AR 3L 5 R AR O
FRECH 0371 (MR 25, 5K RECH 0.317(42
=) AR REK S SR AL E A G

(W5 X A AT K R 3.5844 m*: /R FL R
A1 PR -8 $E AL 0T BT R 4 R 2.24 42 m? (BE AR
0.524Z m* AEE 1.7244 m?) 5 SEFE LA - 55 5 B 39 ] B
TR 1344 m*(FEA 04112 m* 1552 09312 m*) .
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