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Abstract

Quantitative analysis of the causes of runoff changes in the basin can make us better use of water and soil
resources. The Mann Kendall, Pettitt mutation point test and cumulative anomaly curve methods were
used to process the meteorological data in the Kuye River basin from 1971 to 2016. Based on Budyko
water and heat balance theory, the attribution of runoff change in Kuye River was identified, and the
contribution rate of meteorological factors and active factors to runoff change was obtained. The results
show that: rainfall and potential evaporation are not significantly increased, runoff is significantly de-
creased, and the contribution rate of human factors to runoff reduction is 98%. In human activities,
through the change of land use type map, it can be seen that a large number of coal mining, returning
farmland to forest and grassland, and urban and rural residents’ water use led to a sharp decrease in
runoff.
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1. #id

B FAEMYCA IR R SEOL 50 FRER IR Z A B R ZIAR, 5N Z 500, S i<
(G SFAFENR A ML PR A, AN SE e ) TR SCE S N 3R o R BRI RO K T AN, B
DAAR T8 4% Flt JR 2 0 IR I AR AL I DR R st AR 2, W] LA R e /K BRI AT A B AT BRSO R A

AR AR AGTE AR U |52 Bl SR AR N R R 52, Bukyko ROIZIE TREBUKE S REEME
PR RE( 1] IEAERIR Z W AN R T IX — e T — RV N R ESEN AL A X IRIE T B %A H#
[2]e PV G245 3 AT o) B0 it 22 AN TSR AR AL A T B8 A8 AL 34T 20 MHIGAIE T Budyko 7K S & -4 77 7%
E 3 v R SR B A B o BRI RS [41AN E BT 1997~2010 4, %R B A KIS X AR Ttk i 2
Bt o5 B 0 93.62% 0 X AESE[S A A A I AR I AR AL AE 1980 4F~2005 AFETES) & 78.25% 5L BRI K
(SRR T K R i SRR D . R0 SCRAQ A BN NTE 1997~2010 4F (AL N 2535 2hxt
BEK IR E A 87.99% . ASCAE Budyko 7K R & BLIS I IEAL L THE K, IBTEZRBUR NSRBI R AL, 5
Ao AL = SRR AR TTHR A, Sy BT K SR EOR AR ER I SR

2. MREBA S HARIRE
2.1. FREER

B, F R, ARARTE Y 108°28'E~110°45'E, 38°22'N~39°50'N (IR E W 1), Hikb#
TSRy, RIETAZ T HEBXEEE, S@FSEREMRAENGEERN, THAREENI. FH%
F B A AR ) J ARSI A, B E SR, K 242 km, FURTERUA 8706 km?,
T R T B2 R R KR P S0, AR U = R R s K, TR AR i B EL A B B A R M T R A
KIS B AN 5], IR B, T 6~9 HFE/KE HERKEDR 75%~81%; 7. 8 P H B /KE 54
BEKEM) 50%~60%, W ANF; WAE FRE, BKEMZID. REPD. EERIRE S ENELN
399.13 mm (1971 4:~2016 ), ZHVIIEZBUKEN 1273.66 mm (1971 F:~2016 ).
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Figure 1. Geographic profile of the Kuye River basin
1. E AR th IR

2.2. FIEFKFESAE

R 3 U B TR R A K SO R S N [ (L2 1), SRAR UL 2 B0 SR U T4 o T AR e R PR 5 ) 7K S
(1971~2016 5 H I EEHE o A T35 FE 33 55 25 18] 43 A1 DA RS k BORE R B 18] P 270 0 52 B P e % 7 e B i 9
JEIBEIRAS P E . R 4 DNEFIEARF LG 1971~2016 FIEHA R TEEL

Table 1. Basic information of hydrological station

F 1. KSCAEAKIESR

/iR il A 2 g FERRREA IR SCEEA
W] E5R) 110.75 38.43 430 1971 4£~2017 4
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Mann-Kendall ##4556037%, 1EAHARGHLUEE T COL) ZNHNS 7, BE%E S ERE— 8%
TR AR 55 1 SR S [ 7]
3.2. Pettitt R SR RFAB L hk*E

A AR AL RN S35 B2 5 B 7K SC P B AE AN 8] 5 i Je R AR R 35 AR, NI S EUK SC s B R 1
B BEMEARFAIE o U Pettitt 2878 pi A 06 AN AR EE P dh 28y, E— M EZ /K P EEX AR, B g it-Er it H,
HI WA B RAR AR, LA R B AL AR 8]
3.3. ERZAR R

R Budyko KMAFHIEEIIE[9], B T RS I WLSAFEFN N S35 3 i i b R AR 3 2 se i I i ik . &
Z AN F BG IR BE RS B 5 BRI vk, 2 — R UERE A R
3.3.1. Budyko 7K F &8¢

TE— 5 IR ERRER AT, IR K SCRMERRFAE AR K 23 F e B~ SR EE[10], 22T Budyko
fREHE T H 1 Choudhury-Yang 28 301K A &~ #2[13], RIEXWF:

PxET,
ET =220 M
(P +ET))
Kb BTy NZ AL AR B (mm): n N N RERHES AL
WIEZEBUR & ETy X FAO 18 1ER) Penman-Mnoteith A3 [11], iFHEAZ:
0.408A(R, - G)+y 200 U, (e —e,)
_ T+273 )
ET, = )
A+y(1+0.34U,)

A BT WHEABUR Be(mm/d)s A HIRUKSUE MIZERIR (KPa/C): R, KFIVFHEF(MI md™"): G Ay ifiil
EMIm?d"): y ATFREHKP/C): Uy N 2 m mb i (ms): T FBRR(C): e AFEIMEAIKIRE(kPa),
e, NSEFREFIKIR % (kPa).

B RFAE S H () 2 FEMR KT — AN L R KR, & Budyko RIZREARTRIRHIES B4 12].
SO P T AT 6 B RS M (R B M ek,

FERIFFIK SRR, AT BMAN P= ET+ R, s 22 AT LAGS 1k T4 20 2R BL A 1 4

7
PxET,
R=P-—""%0 3)
(P)7+E7'(7)n)
dR—gdP+ S dET0+zdn )

COP  OET, on

3.3.2. SEERMTREAEESHT
FEARSGERE S, B GRIZR SR EAR AL % R 3R A T SRR IR AR AR FE (141 A0 B /K B N 1%F
BUEARURADN T 2P E AL A 7 e R 2000 S 20 S BURRL AR . £EIX HL N i 2 it
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SR TR ES O n KRR BT ANZES) . B AR 800 BRI RE R A28k . (@) rT %1, Py ET,-
n WX R PVREE M A i, A AR AT AR & x I3 E RAAT LARIE N[ 15]:
OR «x,
&y _QXE (6))
K e, ARV E ML R x, (EPE /KL, x WTURIR N Py ETos no
RIERG)HE XL, HA@RZERRIA R, A LA

ﬁzgpi"'gﬁ dE_T;)"'gnd_n (6)

R P " ET, n
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1/n+1
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&p = ( +1f1 ) ¢1/n (7)
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3.3.3. BREXER S
MR TR RO T B A I B, BB L e AR, BB 2 il N R AR, BB 1 IARTIR D
IR, BB 2 MIARIRIEIC N RY, M B 1 BT ER 2 [ 2 45 F MR B il Ko A

AR=R*-R' (10)
() R K AR VAR AR HIOR AR AN R BRI AS G AT RO
AP=P> - P! (11)
AET, = ETy — ET, (12)
An=n>-n' (13)

1 AL SR f AR A A T DAY R 772 PR AN I AR 40 5 e AR i S O S BURTH55, BRI, AR 70
i AR A sk T BLIE A R IR Y :
AR — 8RAP OR OR

oP~  OET, on 19
AR' FRIB I T A B AR, BT DA RIS R X AR A AR DTk AR, dReros dR,e
BN R 2RI AR A AR X DTk 2 v AT R
dR_
C, =—x100% (15)
i dr’
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Figure 2. Annual changes of runoff, precipitation, potential evapotranspiration and underlying surface coefficient in Kuye River
basin from 1971 to 2016

E 2. BEMRIEER. Bk, BAEZNEA., TERER 1971~2016 FHEEFETH

R Pl 3 A 4 WA 722K Fl Mann-Kendall B #50 I (B & K o = 0.05. Il 2B h+1.96), HE
TR A AR T2 6] 5 51 P JE A b TR A, 78 1972 4E~1976 4E LA M, 1997 4E 2 G390 T B3 18/ (o = 0.05,
UF gttt & <-1.96), HARE s> (Gt &R 571E). MREEKTE 1972 H£~1973 £ B E R (UF Siit &
< —1.96), HAREF AR EA BB R EEAKT, S ERTEAIEM. BEAREEHNRAE 1971 4~1999
SRk, o 1975 4:~1987 FE R E MR (UF Giil&E < —1.96), 1A 1999 SEAZ BT, 4B R DK AT fg A& B 1
1997 45 B K LR IR HHE MR B BUR AT, RBEE 55 2 A3 N S 30 T MR FEK, 38— 2D SRR BUR
[ .
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Figure 3. Mann Kendall trend test of annual runoff depth in
Kuye River basin
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Figure 4. Mann Kendall trend test of annual precipitation and potential evapotranspiration in Kuye River basin

4. BRI ZEMEK, BEZKBUKL Mann-Kendall #8316 18

4.2. BN RERTHFE

T B AR AR T AR AR AE R ] R P REVE A Pettitt K036 ILFIRfE, AMRASLAI A K IG B AT 5] A2 /K 30751
TEFEAN I (8] AT S I Ge i P R AR 2 58, K] 4w R D BRI ISR R TR 1997 4k 2R T IR, B
PAFRATE 1997 4E LARTAE AFEUHE . K WF 4 AP BE 1971~1996 £E(26 4F). 1997~2016(20 4F). &I HH/K LA &
FRIEAE WA 2,

Pettitt 28748 SUR IS 145 SR WL 5 /2 R BRI IBARIRIRTE 1971 4:~2016 R AE T HIKIE, 1980 4N
—RRAR, 1997 N THRA, GiHE Urr BN 249, 488 - HiAR] T BEIEEN 95%. 9% B &ML . &
RS RAS A WA - FERRFURT BRI 1979 4F LA ARSE, HENBEAIE M B, 1996 AR5 /MR
AR G IR N T R
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Figure 5. Pettitt mutation point test and cumulative anomaly point identification of runoff depth in Kuye River basin
[E 5. BEFARIBERIARL Pettitt 58T S I A RIAIE LT SR

Table 2. Characteristic values of hydrological elements in the base period and runoff variation period of Kuye River

2. BHARERNERE NI CERHEE

o BEAMKRE  ARE WOkE O FREE AREAN  TREK HIERH
ETy/mm R/mm P/mm M3 w R/P ET)/P . & .
P ET, n
1971~1996 1252.628 67.108 396.615 2.080 0.169 3.158 2.950 -1.950 —-3.222
1997~2016 1294.695 26.336 401.654 1.763 0.066 3.223 2.606 -1.606 —2.846

e e, BREIIERE, o, WEABRKKIFIEREL o TRIMFFIESEEE REL

43. BEENERETHNEE SR

43.1. BRI SEERMTREETLABURS ST

A% 2w e A A B S K SO B DA ST BT REE S B S AR RO S A R A S S U
PERE. TS E AR BUR SRR N, FEKBA N, AR RIR B B Rk

TR0 ETy PY R AEE RAR A2, AT WASETE NI BN IR IR AR 2, 7200 R EU(R/ P
SR — A, BRI PRI NS SIS B TR KM, /KRB B B & i A =2 = AR AR
RS ET,. n BHAHK, HE5 P 2IEMHX. ET, MM REGEREA-1.950~-1.606. P ~ 2.606~2.95, » H
—3.222~2.846, IXETEUEERW, ETy 8N 1%5 F5 1.606%~1.950%[1 T &, PN 1%5 F5 2.606%~2.95%1]
HINCA K n BEIN 19K 335 2.846%~3.222% 4R kA . BEKEMD, B AEVD, ZHRESBKENERE
BOR BT Rabaift, ZETPRBRIRLIN 46.0 mm, FFE i H i <A

Kl 6 2 1971~2016 4 B AR 6 S05 R 3 A0 T 2800 DR 32 ) e R 35, IR T BE/K . W TEZRHUR &=
AT ST AE 2 B0 AR AR, pH PR 60 e B Y e o 7K P 3 e R A T 3k 0 e 38 L R IA 3 2 2 K
TR TE ZE UK BB R B A E WA 38 I, TN E TR AE R B 3 1 RAUTE 1997 FF R 4ax B A B2 1 (P
< 0.05)IX 3 B 17 i BF U] At 3 AR VAL R N V6 B s i A T BT A7 100 4 AR A0 B I URK R S A A BBURR A AH
X B
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Figure 6. Elasticity coefficient trend of runoff of Kuye River to climatic and underlying surface factors from 1971 to 2016

6.1971~2016 FEEF AR SIEM T EmE R E M RIS

4.3.2. BEAERTHIAEIRA

BEK . TEEZSBUR AN T R E A 1 AR AL I DR R L R 2% 3, Hod 6 fHIR/N, RRIETHHE S
BRI AR TTER K VR BRI A 2L

BRIk, T 2R HIOR (138 N s N 3R HRHE S 536 i 2 51 R AR B, Rz &5 RER RN
W, B 3 (4 BT LA 5 AR 70 AR 5] () 2 A4 [ B4 R 50 N S5 N 9 3l 3 ) L ik v 34 B W9 FF 4
AN, TEAEAEURA T B S HE AL TR INRORS: R IR AR A E SRR R A KIS S ECT
FAFI ARSI A TTRR LB T 98%, MR 22 5 THI 75 75 78 H5UR X AR I (RIS KT B K BT ok I AR A8 4K o

g b, ARSCHETE X I ARAR I kD (1 B R ot A2 NI, HUOURIB AR NUR, BRK BN

Table 3. Attribution identification of runoff change in Kuye River
3. BEAEREWAEIRA

FEUWEE NGB dRp dRepo dR, dR dr’ S Cpl% Cen/% Co/%

1971~1996  1997~2016 0.709 —1.194 —42.764 —40.772 —43.249 —2.476 —1.64% 2.76% 98.88%

dRp: FF/KE P SIRIERAEN; dRep: WEERBURE ET, 5HEEMAERAZL; dR,: FRMEFIESE » 5l
MR AR dR: NKIESIARIR SHUE M 2 2; dR: W iHEREHRREEL; 5. dRFI AR KI%; Cp:
B K AR ST IR AR R AR I DTRR s Copo WETE R HUR XS R AR I DTRR s €, 3 TH AR 10X 42 L A8 1k 1) D ik
K,

5. g

i BT IR AR TR 16 SRR D 52 B SRR R AR HE ARG R ZK . Jl I o BTN 4 N E RS R0
HA G 7T K FEEZABUR Y R AR B Z AR, 280 & Bl ) SR TEIR 45 43 R, X B
IR R AR DR & E AU —1.64%~2.76%.

MAE FAMIRZE T, WA 4. B 7 aTRUEH: BT E S IR HHOMOE S BUR 2, BT ik oy #
H TR AS Wk /b, Wt et ) T A AN T 18 0, A o T AR Y AR K S R A R R o e R e 0
ERBT bR T3S, AR i S vb i, H [R5 30 B st s>, $8n T I A RUR =, JER
(ELAS P ol P VRT A3 P (AT P ML TE 1996 4R 2 JE 324 200 i, H IR 743 A it 38 Hh A5 AT i o A /K
BT, AR R AR 220G ok R SCR S X, BE RN MR, AR XA R E 2R . IF
HARYE Budyko BB IA KK 8] 7 A1tk i /K 2 AS N 0, (B 1T 1980 45 LUK fal BF VAl it o A A& 22 [ 3 . 9 M 300
&, MARRER THEEEM, 1996 FZJEMARAET RTX TS, #HafmilAs AR Te2E, ER
SRR %75 B8 5 N S BRI/ BB Fix 2K AR TR DA AR IR 2% BT SR ()% 22 B2 T
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Table 4. Land use types and area in Kuye River basin (km?)
i 4. EET/—I/AJ—E:I:&@*]JFE %i&ﬁ* \(kmz)

R 2 1980 4F 1995 4E 2018 4F
B 1588 1618 1281
PR 300 285 431
LK 5691 6026 5543
K3 214 216 176
S A 68 68 261
JER I b 3 3 584
o 602 417 352
AHFH b 218 50 50
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i 1 = b, is
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Figure 7. Land use types of Kuye River basin in 1980 and 2015
7. 1980 £EF0 2015 FREEF ARG L b FI A R

6. &Eit
ASCR A Mann-Kendall #2345 . Pettitt 2845 150K 56001 ZUR IR - 1l 25 28785 oA 16 025 % 7 P90 970 3ok P 45 0 5
FEALFR, 1S F budyko /K RCEHTER 6 6 i BRI AR TR AR VAR, £5 T K B0 A IR 20 B 4297
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1) 1E 45 A, i Bk it B /KOG 35 8 4k, A G0 I TEZ8 B S AR R E RGN, A2 mNIFE 1971~1996
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2) KPR R m kIS A5 1996 )52 NRiEShsgm PR, Kt B T 1971~1996 AR E
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