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Fig. 1 Annual change of incoming runoff (a) in Danghe river reservoir and its M — K test (b) during 1955 —2015



=

q:

986

/:_C

% 35 %

1955—2015 4F4E ] K E AR i M - K K
IRZE R 1(b) IR 3 61 a 58I K FEAE A ELR
TR E AR (Z =5.91,72>2.32 >0) , 2k 4%
BHNZE A 0.16 { m® + (10 a) ™', Hr, 1955—
1962 4F4¢ o] 7K A A% i 1 #4 PE AN 5, 1962—
2015 4 A PR AR I R RE R S BB A A, LR
1981—2015 4F A PEAR It f 3 1A 3k B il 25 PR G 4
34, UF 5 UB W25 4k th 2 A28 i (HAS S )7
TE +£1.96 I L Z A, 454 Yamamoto 154G 55 25 R
(BB , AT LB AE 1998 AF by 3] 7K 2 4 N\ FEAR T it
[RGB

X 56 ] 7K PE 1955—2015 4F A FEAR i & i 47
R/SH#a#4r Br, K& LA PEFE it & 1) Hurst 5 800
0.86,1;F 0.5 ~1 ZJal, FHIAFER I 5 16 A KA
PRI AR

1.4

(a)

1.3F
y=0.008 x+0.826

L2 R=0.466

1.1
1

7R EALm?

0.9

1
2001
(e)

¥=0.002 x+0.681
R*=0.079

0.8

Alm?

0.7

2

1

0.6

0.5 1 1 1
1981 1991 2001 2011

Kl 2

FETTIK A PEAR I i EAT B S A 20 4, A
HHE RN AN, B VE AR R0
AR MR ER I 29. 86% 34.25% 22.01% (13.88% .

1981—2015 4458 ] /K A2 4F A AR i 12 4 T
FROINAS T IR HL Iz B B DO 2 AR AR I 1 A
a8 2) , K B3 I K B 4% 22 N PEAR I AR 4k
B R ESE, B AR R R ES
AN 2, LA A B 1 I B8 K T A AR Y s A
XPRL/INIRK A2 A PEAR Ik o 398 R L /)N
B Bk AR PEAR I T B MR 2R 43 5
0.08.0.10,0.02.0.01 {Z m’ - (10 a) ', Hrp#H H .
A A B o Bt AR IE B, BD R A2
HAE 1990 FEROR Z AT b A ., 2 )5 34
T T E BT E 1990 EA K 2 BT FREH i,
Z G WA, SRR 0 W B AR EAR R

(b)

2.1

y=0.010 x+0.986
R*=0.153

—
oo
T

mEALm?
i

i

12

&

1

(d)

3 y=0.001 x+0.470
R?=0.035

0.28 1 ! 1
1981 1991 2001 2011

1981—2015 AR5 1] 7K J28 U Z= A AR I i 1728 A

(a) FZ; (b) HF; (o) BT (d) &7

Fig.2 The change trends of incoming runoff in four seasons in Danghe river reservoir during 1981 —2015

(a) spring, (b) summer, (c¢) autumn, (d) winter

T3ON, RIS A EAR I S AR AR IR
AR R KR A ER R SRR
SRR, UV T A AR i 1A R 45
VNEXEdiih 4052 0 I NSRS A < A=W L b
ARSI T B80T S8 AR A AR i AR o
3.2 RAKENERRELTUZWER

SRS N1 B WA K SRR

FH7K B IR AL MU A PR IR P 2K . AR 36 Sl I
BUK SRS EE R S5 3 A s (1) it +
MO AR A KR T R AT Jof TR T 1 S5 PR
AP AR 5 (2) 38 o 5 3 3O 7K B X 51 7K T
FERIHE T R IFRAE FAIBUT K s (3) il B K% |
JEIAEE K TR M E A LS B . 5ai BiiF
Sy R AL S B G L AR v 6 R v R A IR



%6 4]

ZEHTE A5« SE T KA AR UL A P AR PRI B X A A A 1 i i 987

L WNBE & W NEPCS (&N < PO RIS A DS s
G BN RIOK SCHY 3 AN T7 AR AT AE , NI
NS SETT K AR EAR AL ) e AT DL 28 o i)
X5 T 7R A AR I S 2 2O R R I
28 7K 25 A PR3 5 o ol i K 4R A )52 W 2 T 5
LEREIR/ N EESITA G

WG, KoK B A AR B A 5 R
T 57 DR AR X 28 7K 1 0 ] — R 2 Bl R
PRI, X 1955—2015 AF4E ) K AR AR I it 55 414
AR AR KR AT R S AT (SR ) |, A B T
JK PEARAR AL i AR 2 L AR K R 2 S B AT G
KEFMREREI N 0. 424 0. 525, R EIF R 1
(P <0.01) , BEWISE I K J28 A AR AL 52 23 X S
SRS bR A S BT TR N s D G e
1951—2015 4F il SRR AL RHE IS T 04T
3.2.1 RIRALRRE

X 1951—2015 4R8I0 Uil 10T F) SO o 47 1
Al EAT LR 45 5 Mann - Kendall %8 42 £ 5
(11 3) , e BRSO b XA 1 A 32 B B Bk 114
AL, (HRE R 5 W 35 b TR B, 2R R
0.22 C - (10 a) =", Hrdr 1960 44X b 1 AR 4E 2
RPN, JOW AR AL B s T AR sl
W%, 2= 1970 AR LUS T 4632 8 THili , 2000 4F4K
AL AR B[ B 3(a) ], & M -K k55
Br #5958 Z=4.69(Z >2.32 >0) , R W Zps i X
FERRIRERE BB W UF ik [ K 3(b) ]
KB, 1967 AF LLRT B AR S 20T B 3h A2 1k,
1968—1988 4FAFF-H L 5L T e £ 5 1990 44U
WU R — B BT, H 2000 4L
JE XA BTG T 0.05 BE TR LR,
WA 2 Gl BTS2 . AN BL, UF
UB F 1997 4FAHAE, HAZ AT £ 1. 96 Ik F L Z [H]
[E3(h) ], BB S0 b DX AR 2 IR AE 1997 4R i

(a)

115
—8— EHRR

10 alff 33y
105 [ =m=sm=e=s gt (FHRR)

11F

P

y=0.022 x+8.986
R*=0.395

1951 1962 1972 1982 1992 2002 2012

Ja BT BRRAE

FIF R/S G i df U0 1951—2015 4FE4E R,
T T AR 534, 15 3 Hurst 5408 0. 97 (0.5
<H <1), R PSR SURTE AR 2 it B i
RAFFLR R , A R — B 8] P AR PR R R 2
Tt

1T 1981—2015 448 /K A A% It & Ak F
T ) | VRO 5 o T 22 S A AP = N TR 3
1981—2015 FFuE il 2 Bk A& ZE 1R B i
TTERERA (K 4), nLUE H, BURHLIX & 271
SIRERA BT L TE BRAZE BTN B, HARZET R
R BE LTHEE R B KRR
K404 0.66 °C - (10 a) ™' 0.62 C - (10 a) ",
0.47 °C - (10 a) ~', RAFK TR EMA iy
T AREERAE 0 C LR, AN vk 1 @Ak, XHmT ) 1142
MRS . B VE KERIRT &R B LS
LU Rl K S8, PRIl B T v 2 5 R A Tl K R A AR
TN EER K Z —.
3.2.2  [EKEALRHE

[ RS2 AT IV E S oy G s e AL e
KA. A 10 a #EFH 5 M - K £ 55 07k, 4
1951—2015 4 Ok 3l 47 B oK = AT G 34 5 5848 43
Br(E5) o ATLLAE H, S0 X AR R K IR R
R Z =2.26,2.32 > 2 >0) , PR
2,48 mm - (10 a) ~', BB Bt AR LRRAE B 2, 1
rh 1980 4F DLRAR K B i gl BOK , RSB/ N s
HO N0 FRU /N AR A ARRAE , 1980 AFAC LS A 1ok 55 14
B 5(a) ], B UF K[ & 5(b) 1 FH,1970
DL SRR K A — B B R %, Horb 1980
AEARHEIT A 2010 AF DL Ik L 54,
UF 5 UB #4055 F 1970 4EF1 1986 4, HA7 T
ZImALZ], UL 1970 1986 4 ZAEAFERE K 7k
AT I ZRAE,

UF - UB
................. 0.0511fs FL£k

6F -

eitE
SIS
T
1
\
’,
1
)
)
\
L
\
1y
’
I
1
4
.
4
1
\
\
B
S
-
.
<

e : \~\VJ/\_/

4L
1952

1962 1972 1982 1992 2002 2012

B3 1951—2015 4ROl 4R A S (a) ZH M - K K5 (b)
Fig.3 Change trend of annual average temperature (a) and its

M -K test (b) in Dunhuang station during 1951 —2015



988 + 5 K % 35 %
(a) (b)
16 26
15
o ¥=0.066 x+11.29 o 25F
= 14r R>=0.434 =
r r
7 13 o 24t
& &
12 | ¥=0.062 x+22.99
237 R*=0.595
11 F
10 1 1 1 1 1 1 22 1 1 M 1 1 1 1
1981 1986 1991 1996 2001 2006 2011 1981 1986 1991 1996 2001 2006 2011
(c)
12
11
£ 10 £
r r
7 9 8 7
& - &
8
y=0.047 x+8.238 -8r y‘(}gg ’O‘;g'm
7F R=0321 gl =
6 T e S P
1981 1986 1991 1996 2001 2006 2011 1981 1986 1991 1996 2001 2006 2011
&4 1981—2015 4okl Py 2734 SR A A8 1k a3
(a) FZ;(b) BF; (o) BhF; ()& F
Fig.4 The change trends of seasonal average temperature in Dunhuang station during 1981 —2015
(a) spring, (b) summer, (c¢) autumn, (d) winter
(a) (b)
140 — 4
—a— FRKE UF  ----- UB
10 a¥EFEH 3t \ ................ 0.0511f Rk
110 L/
. 2 \_\\ N V/\\f/\
£ ol i . A/W\/
ﬂﬂEH 80 :E 1 \\ I\~I v’\A f\ '
g & 5 ‘o vao N n
) \/\/\/‘/ A
-1F vy
I“ !
20f P \/
-10 PN T TR T TR TR THN S S T e 3 I I TP SRR SR RPN SR S SRR SR S S
1951 1962 1972 1982 1992 2002 2012 1952 1963 1973 1983 1993 2003 2013

&l 5

1951—2015 AFFURIGAERE KR AL (a) KM - K K456 (b)

Fig.5 The change of annual precipitation (a) and its M — K test (b) in Dunhuang station during 1951 —2015

XF 1951—2015 4 BOpAF K 5 24T R/S 43
BT, 1551 Hurst 8504 0.69(0.5 <H < 1) , FWALER
HARH Z A AFF S R 5, I AE AR — B st [a] Py
FHEF K SRR SRR B K

k53 BT R K A A AT K A AR I ) 5
i, o 4 A JZEAR i S 4 n B B (1981—2015 4F)
FHEGF K AT K AT LA
(E6) , RIS ZERE K REAEPR I SR, SRR
ZEREAK R R S TR R A& R RREK
@ HaASRRE . Hd, BRI iR

R MFERZ , RN
3.2.3 SRR SE T K PR AR SR R R
SEK RN EAR IR R B el B vk Rl K SR K
FERL, 1981—2015 4 3¢ Ja] K J2E A JiE 4% 3 42 384 o
FLHA AT A AR B,
HoR B Z M T A EAR U 1 I LA At
B ZRJE ST K R AR U B 0 I A 3 B
S5 I BRI 2 T R S R AR AN A
ik, HF 2 A AR i 32 SR U L vk &5 Rk
A TS 200 el - U o TR K 0 AR I K 3 [a] b



%6 4]

ZEHTE A5« SE T KA AR UL A P AR PRI B X A A A 1 i i 989

%, NI 2 A AR TR R ) 3 2 2 Ul
Tl S A o Bl K 3G

XEAETIK 2R 1981—2015 4F A JEAR I B 5 4F 1
R AR R BT EAC AL B SRR X AR
TR ARl AR K R T 2 on gm0 AT

(a)

BF[EH )N YV =0.561 x, +0.314 x, ,R* =0. 424
(P<0.05), Horp Y W 4E NS 5 0, HARI R
ks, WAERERT &, 4200 M, AR R0 1] 3 &R 8K
RTAEREK &, R IR R AR 2 5 2O K e
AR R AR AR RE R

(b)

a0 7
p
36 { 64 y=-0.039 x+24.58
2r 56 L R?=0.000
Sl ¥=0.201 +6.280
g B[ R=0052 g
E 2t E
H 5[ g
2 2F %
8 16} &
12f S P R
N =
4k
0 n L . 1 L 1 L 1 it L 1 0 " 1 L 1 M 1 " Il N 1 : 1 L
1981 1986 1991 1996 2001 2006 2011 1981 1986 1991 1996 2001 2006 2011
(e) (d)
24 8
- ¥=0.050 x+1.672
20 b ) 1=0.099 x+2.665 > ;
R*=0.057
R*=0.036
g 16 £
£ =
iz i g
% 12 %
g ® --F1r
g H
nl Lo N b
.
0 L d " 1 1 L l L | 0 & 1 . 1 r b 1 L 1 N s
1981 1986 1991 1996 2001 2006 2011 1981 1986 1991 1996 2001 2006 2011
K6 1981—2015 AU u 2= 1 [ K B A2 5
(a) FF;(b) BZ; (o) Bk F; (d) &%
Fig.6 The change trends of seasonal precipitation in Dunhuang station during 1981 —2015
(a) spring, (b) summer, (c¢) autumn, (d) winter
4 45 1 A

(1)1955—2015 4E5E K 28 A PEAR I AR B A
PR, SFARKAR H BUBCRAT & IS A R, A AR
TR B BRI #1980 ARAX UG T8
&, B ST RAR LA SR , AR ARAT PR
Fi— B RS s . AR E AL
W, & R A JEEAR R B ) S 2 3T K P24 P
P R N ) BB

(2)1951—2015 47 AR ol 47 2 <l (il i i =%
YRR ) 5 AR KR ORI I R 28 TR ) A 1
ETHEH Hurst $5800597£ 0.5 ~ 1 Z (8], KW 2 F T+
Tl T 7 A 3353 38 0 ) A A R A AT 5 5 — B
], AN, A FRAR R B 24 R A R i %
ARAE N 1997 ARG , J5 5 28240 1970 4H01 1986 4

(3) XF ST 7K PEAR N PEAR I B A 3 Al A %
KT Z UM, 15 BAR R R AR T 8
SETK BN PEAR R AR 1 B R R K R IR
SES

S 230k

[1] (R E RIS ) 5 &R R . 5B =R E KO
st [M]. Jbmt  Bb ik, 2015.

[2] BRI, 97, B 5, %, PEALT 2 KoK R ) S ss B [T ].
FRX M ,2012,35(1) ;1 9.

[3] BRI, PR, VTR 40 AFAR I AR IE 5 AR C R
BIELT]. PEKF,2015(13) .52 - 55.

(4] T8, B4, JEMms 6, . 5K A PR S LR IE &
BFESHI]. HEYNE 2001, 21 (3] 1) :40 -44.

(5] CHET RS g2 B & P DA R - PG IE T B



990 + 2

35 %

[M]. dbxt: i E/KRIK L H it , 2014 :260 -264.

(6] BXHi, ATk, e, Foi il 2 bt /KRR 45 5 1 AL B
e[J]. TEXHIH,2015,38(6) ;1133 - 1141.

(7] FAHE, FBUK, /INE. SR K SR BERHE 5 7K 98 U5 T RR 22 A1)
[J]. /K¥EIEARA,2008,24 (1) 142 —44.

(8] BRI A . KSR F U 5858 k)],
2006,26(2) :57 - 60.

(9] THL,XBEL. BENLKSCHEIM]. 1R B« AR A7 i
#,1988 .55 - 56.

[10] FZAL, #H50 , Z 4. K P35 7 a1 R/S 43k
[J]. sRBURZ24R (LA RR) ,2002,35(2) <10 - 12.

KL,

F AR AU T]. HUERBFSY ,2005,24(5) ;741 - 748.

[15] =GB KTFRCHRUTH 430 5 ki oe[J]. B,
2016(28) :321.

[16] FME =, EWEA, g AL, MR WeAR 5 a8 = f < &
AT THA4,2015,33(1) .28 -37.

[17] e N RIEAN E E 5 5 B R g o SR, Hh B E R hn il
B G 2. KU RFERE (GB/T 22482—2008 ) [S]. b
ot P E BRI S A 2008

(18] Ribeks, it , %A, 55, KBRS %K SCHRER
HmBER L], KR4 ,2013,44(7) 1779 -790.

[19] RENG Y, GUOJ, XUM Z, et al. Climate changes of China’s

(1] JHETRE, K58, TAGE, 55, UL U X0 L AR HE 5 7 51 1
R/SAr#r[J]. BRI EXIR ,1997 ,6(2) .78 - 84.

[12] E2000E, 5538 SR 0T, 45, | B b 1882—2007 442 i 48 1k
HAHSHIT]. KL SHEERE,2013,36(3) .7 - 12.

[13] X, &P A, D42k, 4%, JE T Mann — Kendall 35 H1/N i 434 [21

mainland over the past half century[ J]. Acta Meteorologica Sini-
ca, 2005,63(6) :942 -956.
[20] #fe, AR AR, THPEE, 45, RIS A ZEE Blxl K SO
MW ERE R T]. KRR ,2012,23(2) :278 - 285.
X, R A, AR AL RN T Bl 1 K SOK BRI

[

tUNRUEE Z AR S AR AR I —— LA HR 4 I AR T I 50 45 REAFFEERELT]. K LR EHE R ,2012,32(5) : 215 -219.
SR B[] TR R 535, 2017,31(5) ;126 - [22] CHIEW F H'S, MCMAHON T A. Application of the daily rainfall

131.
[14] sk—3i, RS, 22 FE M. 2F Brown — Forsythe 5 56 ¥ 7K 3CF

— runoff model MODHYDROLOG to 28 Australian catchments[ J ].
Journal of Hyrology, 1994,153(1 -4) .386 —416.

Variation Characteristics of Runoff into Danghe Reservoir
and Its Response to Climate Change

LI Yanli, LI Yonghua, CHEN Xinjun, YANG Wenbin

(Institute of Desertification Studies, China Academy of Forestry, Beijing 100091, China)

Abstract ; Climate change plays an important role on land hydrologic system in the arid region of northwest China. Based on the flow in-
to Danghe reservoir during 1955 — 2015 and the monthly average temperature and monthly precipitation at Dunhuang weather station
during 1951 -2015, the trend and possible change in the future of the runoff into Danghe reservoir and average temperature, precipita-
tion were analyzed by using the methods of trend analysis, moving average, Mann — Kendall test and R/S analysis, etc. The relation
between the runoff and temperature, precipitation was built by using multiple linear regression model. The results are as follows:
(1) The change of annual runoff into Danghe river was large during 1955 — 2015, and the frequency of more and less rainfall years
presented the normal distribution characteristics. The average increasing rate of the runoff was 16 — million m® per 10 year, and the in-
creasing trend would still continue for some time in the future. (2) The annual average temperature and annual precipitation increased
during 1951 —2015 on the whole, but the increasing trend of temperature was highly significant, while that of precipitation wasn’ t sig-
nificant, and the increasing trends would last for some time in the future. The annual average temperature and annual precipitation oc-
curred the mutation, and the former was in 1997, while the later were in 1970 and 1986. (3) The linear regression equation hetween
the runoff and temperature, precipitation during 1981 —2015 showed that the annual average temperature change was main factor cau-
sing the change of runoff into Danghe reservoir, while the precipitation was secondary factor.

Key words: Danghe river reservoir; runoff; climate change



