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Prediction of future ecological water demand of terrestrial ecosystem in Northwest China // SU Xiaoling'?, LIU
Yuhan', JIANG Tianliang' , WU Haijiang' , LIU Xuan', LIANG Xiaoxuan' (1. College of Water Resources and Architectural
Engineering , Northwest A&F University, Yangling 712100, China; 2. Key Laboratory for Agricultural Soil and Water
Engineering in Arid Area of Ministry of Education, Northwest A&F University , Yangling 712100, China)

Abstract: Using Northwest China as the research area, the bias correction and spatial disaggregation (BCSD) method was
used to downscale the five GCMs data of CMIP6. Based on the Penman Monteith formula considering the impact of CO,
concentration and the effective precipitation calculation method, combined with the single crop coefficient method and the
saxton equation, the changes in ecological water demand and ecological water deficit in Northwest China were estimated
under moderate forcing (SSP2-4.5) and high forcing ( SSP5-8.5) climate scenarios. The results show that the future
ecological water demand in Northwest China is increasing at 3. 83 x 10* m*/a and 6. 95 x 10* m*/a under the SSP2-4. 5 and
SSP5-8.5 scenarios, respectively. In the late 21st century (from 2070 to 2100), under the SSP2-4. 5 and SSP5-8. 5
scenarios, the average annual ecological water demand will be 5. 679 x 10" m® and 5. 881 x 10" m®, respectively, the
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average annual effective precipitation will be 3.985 x 10" m’ and 4. 106 x 10" m’, respectively, and the average annual

ecological water shortage will be 1.732 x 10" m’ and 1.798 x 10"

m’, respectively. Northwest China is in a state of water

shortage as a whole, with 60.2% of the grid points lacking water, which is mainly distributed in the north and west of
Xinjiang, the middle of Qinghai, and most regions of Shaanxi, Gansu, and Ningxia.

Key words: climate change; ecological water demand; ecological water shortage; effective precipitation; CMIP6;
Northwest China
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multi-model ensemble mean

IEN) BIE)E
R OB BN TR
TR 25 VI [ st TR 22 31 [ st
oK 2 mm 2.96 ~27.05 14.62 -2.63~3.62 4.71

R C -1.97~1.68  2.35 -0.93~0.71 1.08
BRI C -1.33~2.26  2.29 -0.96~0.61 1.06
BEAIE C -4.49~-0.06 3.38 -1.08~0.93 1.28
SR m/s 0.12~1.36 0.97 -0.22~0.27 0.28
MXHEE % -11.9~12.6 14.27 -4.26~4.55 5.39
W9 MJ/m? -0.34~0.31  1.73 -1.14~1.21 0.53
+3EK mm -1.53~8.72  6.11 -1.36~1.49 1.99

EIES M & IERT

0.16 0.4
012 0.3
X 0.08 E 0.2
0.04 0.1
0 0
=30-20-10 0 10 20 30 40 6 -4 -2 0 2 4
R 2% /mm R 22/ °C
(a) % H KR (b) &HEHA
0.4 04
0.3 0.3
"g 0.2 gO.Z
0.1 0.1
[ 0
26 —4 -2 -10-8-6-4-20 2 4 6 8

02 4 6 8
R 22/ °C
(¢) ZH BRI

LU 22/ °C.

(d) BH el

190 0.075
07 0.050
3 0.50 3
0.25 0.025
= L 0 (LR ad ..,
2 -10 1 2 3 20 20 0 20 40
B 22/(m/s) B 22/ %
(e) BHNKGE (f) & H AR
0.3 1.00
o2 0.75
¥ # 050
K =
ol 0.25
n N L L i 0 1 1 L N
—010—5 0 5 10 15 20 -4 ;2\ 0 2 4
PR 22 /mm PR 22/(MT/m?)

(g) &FH 0~10cm +3k (h) ZH w4
B2 ®EZBCSDEERIGHIREMESHETE
Fig.2 Histogram of error frequency distribution

before and after BCSD correction for each element
3.2 ET,R= T4
TR VYL M X D s R SSP24. 5 fiE S A
SSP5-8. 5 1 5t , % i CO, W EE M ) Z R4 F
PR ARY ET B 23 MO A A B 5T BT, AY4FRR
RAENAL, G5 R VLI 3 FE 47 77 7T AR
/NI IE 95% (99% \99. 9% I E 5K, R, W



ETy/mm N
0 400

.
800 1200 1700

(a) Pisifist

(b) SSP24.5 {5t

(c) SSP5-8.5 15+

B3 3F#ESET ET,HN=S%H

Fig.3
1050
.= lﬁ&‘l‘%?(}h)
1020 —— SSP2-4.5'F§%(}/2)
— SSP5-8.51f 5:(»y)
=
£ 990}
]
55
960 |+l
,=0.56x-152.22(R>=0.75"")
030 . :=0.90x-850.02(R*<088"")
1975 2000 2025 2050 2075 2100
A

(a) LY ET, A4k

Temporal and spatial distribution of ET, under three scenarios

50 — gt
150} —SSP2-4.51% 5
105 SSP5-8.51i &
100
75
50
25

ETy/mm

L)
(b) A¥ET, Ztk

B4 3MESET ETHWERTUREATNH

Fig.4 Interannual and annual changes of ET,

UL,3 Bl 5 ET, 52 3 JEAS A [R] /) 25 8] 4 7
fIE, D7 S 50 (SSP24. 5 1 5t Fl SSP5-8.5 15t F £
AESER ET, 53510 975 1008 1017 mm/a, Hrp L
B X 1Y) ET, fe i ( EEEDEFIRARE) , ik
1680 mm/a; (IR{H FEAE P AEH AL At | B Ll ik A

TV B B AE A DX, B AN 384 mm/a, M AS [H] K
B ET B b 2P0 DChE 2% S 0 v [a] K& 341/
YIRS IR, AEPRAS AL B IR ROR TG ST ET, ¥ 2
PR o 2 LS i E R R R LR )
HIE 5L SSP24. 5 i & fil SSP5-8. 5 1§ 5t T ET, 1
10a 3 3PEE FJH4.1.5.6.9.0mm, 4EN ET, (5>
fidEgEd T 3—10 A,7 Ak alaok, stk
&R, A3 ET,H KBVNAIUT H . SSP5-8. 5 1
50.SSP24. 5 ffis g 5,

under three scenarios
3.3 HEHWRBEEZTUSE

&5 Sk SSP24. 5 1 50 T AR B R B 1Y 25 1]
G3Ai,SSP5-8. 5 1 5Bl AN FFESIR . 8] 6 Oy SSP2-
4.5 1f 50 SSP5-8. 5 I 5t HH B A B 1 4 b
Ak, WU R R AR A IR B A M R
B X F B LRI | H R R T 1 R AR A
Fa b K Bl X 22 bRl BFHE EAR LA S FEAAEY)
e Ui | R XU | e M SR 5 R T K S X A TR K
BRMFEERNE K, K, FEREHFER T
EE T Hop K 7E SSP24. 5 1 FH i K i
BEPL(0.00017 a™") K, T SSP5-8. 5 5 S bl K i
BEP(0.00023 a™') o T DR 3 7 A T A
i, IR CO, Wk B Ay Hp 238 K I 2 %00 R 22
B R — 25 T A SRR — A B
- .

0.6 0.8 1.0

(b) K,

(e) K.

B 5 SSP24.5 BE=THEERBEBERESH

Fig.5 Spatial distribution of mean vegetation coefficient under SSP2-4.5 scenario

- 13 .



SSP2-4.5fk 5 — SSP5-8.5% &

0.585
- 0.575
d 0.565
65 0.5551 L L 1 0.50 L L '
2015 2045 2075 2105 2015 2045 2075 2105 2015 2045 2075 2105
HEfy GG o
(a) K (b) K, (¢) K,

El6 SSP24.5 {525 SSP5-8.5 152 TH# REMBEERTHL

Fig.6 Interannual variation of mean vegetation coefficient under SSP2-4.5 and SSP5-8.5 scenarios

PleAgE 4Bkt T AR HCE G B R 0 P [R5
K, A2k, 2 21 thad s 1, SSP5-8. 5 1% S AH
B SSP24. 5 15 Se G 2 S A0 A Sk A PR AN A
K, R, mixt T K, FEREHAHERT
M F T 25 P BRI A AR Ak 5 | I T o ) 1
Z [E)FH G AT 2 B0 s AR A
3.4 TEEKSIREIRBETETIFAE

T saxton 5 AR A4S 204 78 19 (1981—2100
AR B PEdE X H ) Fp ki R EE S KR RS K
A e A 5K 43 BR ] R BN ME, 25 8] 4 A0 WL 7,
AL AR5 09 PN PG I X R R K i (IR AR kR )
$}0.3~0.4,FFEH/KEHN0.05~0.15, T iEH
9+ 18 & K R R 0.05 ~0. 3, B {E X (0.2 ~
0.3) == F 40 A A8 8 i Y IR | 75 U R L Bk VY R
FIH TR A S , 0k 2 [X e fr) - S0 2 22 LU+ R
Bk PR BD RS RS v, A B I REK RE
DL BT i 5 R EIX (0.1 ~0.2) B M e
BEA I FELLL R T  VG B, 22 LARD R o 32 2 B 43 ) 4
W 5Ly 32 IRE X (0. 05 ~0. 1) W 25
e P I T YWy B [, b+ £, 1S

CHICIES YISy -
0.10.203040.5

==
H A

(a) MIWIFRK

FaeE kR - -
0 01 02 03

ﬁf.\?
)
o

_

J
/

(/ J*\ Jﬁ\ f
mp&ﬁié

(¢) TIEEKRAE

<

E7 TESHMITEASRERBNT

B E SRR Bk RS B UIAH O, S b L
ey ) 3 URLRL AR R, FEK AR s, 1S
BT RAR | KPR RS S RS s
B oA KB, JEF R 0.3 ~ 0.6, YD T
ZERCRIREN JEFE R 0.2 ~0. 25 ; B R AR Rl FEZE &
s Z B B AR DL R A S K e Y Al
FRIZHR o3 DX 58, - 18 B 7K a1 3K 43 BRI R R %
HeRFER R KT
3.5 ARTHMFIARBESEKESHT

P 8 451 S T AN [E] b A 2 AR Bl A 1 10
(A A AR TR KB 1 2 IR 2k T 43 ) AR 3 T o A A
)1 T A ME SR 2% 5 i 2 Ao (L BURRAE . PIRR AR
FEEET, P XA [ 4 1) FH 228 A A 25 K
P 5 AN [ R B A 1 FER I AR SR K i B K, B
EIAFE] 424 mm, HIRGE C4 1EY) . C3 1EY) bhb B2
M, BREEARSN  FAh A 3 ) 2B 0 A S TR K AR
[ T B R EN/INIBUT A . SSPS-8. 5 1 5 SSP24. 5
5 iR, —ERE L, Simmmiax A5
IKEATEFEAE B R [A] 4 A 28R 0 A 27
K RN [ S i 38 ) 0 25 S BH W, R IR AR T
SR, ARTKESZ S K, K K ET,)H

PHZE K i - —
0 01 02 03

)
,l__r'/

‘l, A 3 \\%%{E
N B> praas {
- 4 £\ ::f;Lw f

o

(b) MZEEZKE

K4 H‘&Tﬂ‘?%ﬁ(-
0.5

(d) HHEKsBRE R EIE
S 819 %

Fig.7 Spatial distribution of soil parameters and K|

.14 -



5001
B 75 b 1 5 B SSP2-4.50 5t B SSP5-8.5 5+
400+ |
£
e “p
poy =
}E:TE 300F m B !7
Ka Bl
eyl L ’7
200F B p
i
100 P : : : e
ERT) M C3EY CMEW HEA

AR
B8 3MERTARLMAALBMENERPESTKE

Fig.8 Ecological water demand of different land

use types in plant growing period under three scenarios

s SRR B e R R AL, = 21
2K, ET, (-3 48 4k 50 50. 4 mm, K, 1) °F- 2448
0. 018 K HY-F- 2254kt 0. 032, 3 32 X %%
TRBRIEACAL B T B 5 4052 M - 1 4% wi 2 55 [l )5 43
Mr K, K VA K ET, 5 A= 2575 K AR STk 2
A R A S B E R B L R R A R BT R
K, K VIS ET, 765 245 5 X AR A7 /K i 19 sk
FEA R 20.5% 37.1% 42.4% ,SSP2-4. 5 I 5

351 19.9% 39.8% 40.3% ,SSP5-8. 5 15 4>
914 19.6% 40.0% 40.4% , o] WL, ET,#l K &K
AR KE KA EZE WA R, ANRE
() ET, 25723 5 Wi A ] 4 3t ) 288 20 i A 25 75 7K
i, & 9 P Ab b X AN [] - b 1 FH 2SR B 25 1] A
] R I TR AR A g A (5 4 A A RN, 7T

B 2207 RS | H i DL R B AL | 343
XIRAY ET, 48 0, X R Xk a] ET, 1025 5502 S 80t
by DCMRHE, 9 A2 25 R K /N TR RN AR AE W i) B
JRIA
3.6 EEEKEMTTUSFE
B 10 fy SSP24. 5 R FAEWAERTKE A
BB 7 A AR A B K B Y 2 1) 40 A, i ) DX 3R
WFFE AN Sen” s BRI 5% B & MK A X 3, 2
NURNZL R i Fos i 2 LR 25 T I B 10 (e)
MY IEAEARR K, ARG, Hor Pep 51
r‘ﬁ E’Jiiﬁi s KRR, BRIk AR /N, AR 3
TR ATE 10.7 ~795. 6 mm AYFEHE , YI(E K
223.3 mm, % 10 a ZBLIEHEH -17.8 ~16.3 mm, it
IS AT L 43.8% E%Tmﬁﬁ.ﬁtm 6%
2530 TR P R AR S U R X, AR R
KA A 7E 3.8 ~ 472. 8 mm WL [, ¥ 1H N
168.6 mm, 5 10 a ZBLIEFE N -6.2 ~5.4 mm, 3
LT A T 45, 4% 2 00 T H O BT M
X, 5 T REAS A 19, 3% , AER AR BRI 54
A SR K i S AR LAY 25 (A0 A% )=, P b 1l DX R 36
43 DXIAL T SR ACIRZS | BRAKHE 2505 L 60. 2% , 2L
ST AR TERT AL ER AN PGS | T s DL S B H A
T 3 B AT 5 DI, AR S HE39. 8%
Z o AR BL AT M BV R T R R R AR AR LA
MECIKEERE, FAEBHOKESMHTE -314.2
~595.6 mm WYL, ¥I{E K58 6 mm, £F 10 a AR1LIE
FlA —15.8 ~16.2 mm, 3 FFH4& 5 10 29. 7%
Z A TSRS H A R AL A S B PG LR,

UL bR Z2 A0 T T AR TR AR AE TR LA SR AL BT R AR N T 15.2% , 200 T 9 R B L i 1
FEAC 1 KB, 3% &84 X3 Y ET, 5% ; i E A TR,
FTP LA/ % g N
0 50 75 100

(a) C3 1E
P,
o ‘L,\

/?/‘FA( ’77‘_ 2
‘L T ¢ A /\\N\\J?;Jf)w/
N . _/f\i;.‘ \f‘jj
i

(d) Het (e) Wil (f) KB

9 ARELHFAEBZESH
Fig.9 Spatial distribution of land use types

- 15 -



AT /KE/mm

R AKE/mm
0 200 400 600 800 0

- A BK R /mm .
250 500 -350 0 300 600

(a) AEETTHAKE
5110 SSP24.5 FERTEHES

(b) H R bR
SRKE AHMMEKE ETRKENZESH

() AZSHK

Fig.10 Spatial distribution of annual ecological water demand, effective precipitation and

ecological water shortage under SSP2-4.5 scenario

11 S Pa b DX Dy S 1 5t SSP24. 5 1% & LA
M SSP5-8. 5 I 5 F AT K AR FEAKE AR
Bk AR e Horp LR AR R A 45
T 5 2R AT 45 R BT ACRAN I E M
B, B X g 2 1 AR A I R B 4
AERTKEAE 3 Fif s T2 E W LI
AL 11. 08 12.3. 83 42..6. 95 12 m’/a By K1
Ko st T ASTKE RS B R HE TR
TEMRBUR A 5, MO TR B i T 347. 8 T hm® Y,
AR RTKEI AR, IR AR S B BT K
BEETHRE S, H 2065 4E2Z 5 R 5t
B KB ILTF—3, 2065 4FJ5 SSP5-8. 5
17 55T R P S R 5 | A AR TR K T PR B A
k 21 4RI (2070—2100 4F) ,SSP24. 5 SSP5-

518 5= FRAEBTKEE S NER 5679 12,
58814Zm AT KESE (LI g 5= o B
) 4320k 623 42 714 42 m* . A R IK R AR
SRR MR T AEASTOK R B s T R Z, Iy
& SSP24. 5 1 5% SSP5-8. 5 1 Hr 43 Hl LA 4. 59 12,
2.1642.4.62 12 m*/a BYH R K B4k iy K E]N
IR Jy . SSP5-8. 5 1% & SSP24. 5 & 5 i a1 5,
21 22 K] (2070—2100 4F) SSP2-4. 5 SSP5-8. 5 1%
FATRE K A 5 )35 %) 3985 12,4106 /2 m* AT
AR K 1 (LA DT SR SO R ) 4 i R
13542193 12 m’ , A= 25 8K & 78 J7 5 1 5%, SSP2-
4.5 fE 50 SSP5-8.5 1f & [ E AR R BE ARG, 1
BRIk 6.29 42.1.57 12.2. 46 /& m’/a, TEA R
Bk 5ERT K E ML N A UK E
AN v R U B RGO P R Y R EAIR
21 2R W (2070—2100 4F ) A= 25 Bk 57 SSP2-
4.5 SSP5-8.5 fH5t N5l 1732 42,1798 12 m*,
AEASRK 3 (DL s A S R ) 4 R
392 12, 472 fZ m*,
- 16 -

— FidiEEy,) — SSP2-4.5(5,) — SSP5-8.5(y)

70001 ) =11.08x-17 184.3(R*=0.21"")
. 3,=3.83x-2 029.7(R*=0.18""")
OO 605x-15 410.3(R=0.38")
6000

%5500
EES 000
#4500

4 000
1981 1995 2010 2025 2040 2055 2070 2085 2100

0
(a) AWK

5000 ; y,=4.59x-5 393.1(R>=0.16"")
1,=2.16x-521.1(R*>=0.16""")
g 4500 | 5=4.62¢-5 407.9(R=043")

N
1 4000
3
& 3500
=

R

{3000

500
1981 1995 2010 2025 2040 2055 2070 2085 2100
DY

(b) A%kt

35007 5, —6.29x-11 121.4(R=0.13")
- 3000} 277 1.57x-1 570.1(R>=0.08")
,=2.43x-1 955 3(R=0.05")

\—, 2500
%2000
251500

1000

81 1995 2010 2025 2040 2055 2070 2085 2100
4y
(c) HEBBK G
11 3MESTESEKE AYUEKE ETRKENTHG
Fig.11 Estimation of ecological water dlemand,
effective precipitation and ecological water shortage

under three scenarios
4 it g

A AT K ST, AN ST S A A K
HERTK BN 4906.7 /2. m®, 35 H 2 3 g 4L



Hu DX R AR B FE K BTSSR 5937 {2 m®, A
W EE A/ IMEFZEAR K, FZE N . — AR SC
TR A B A K (4—10 A) AR 9L K E, 5T
AR ARTIKE ; 55— HASC K, BT REAd
FHI) & BAE Y 22502 FIX T A 28 2500 ~ 1)
AHERETEE (0 ~1.4), EEBoKE T, ACFE
IRAFE SEARAE A7 AE PG b i DX AL g AR ARk
39K 46.54 54.81 66. 8 mm, K £ &S PFoE G
BN TRFE SR AR M T /K AR SPOKAR Al K AR B T
FRAE S BRI N 0 ~47.15.0 ~53.19 31.49 ~
85.74 mm, A SCEE A A, EE R Ry — 5 T
IR BB AR R b FEAR  C3 AR . C4 1ERI Y
YA, IR — R A Bk & TR R PE L IX
MR LR, 5 1L 52. 7% , Bk A T8 5t
FRTTL 5 55— 18T A 2 T 261 TSR s s R W
(EHILGNA A A SO A 2 B AR Al |, A% 1
PIHGIH TAE , 3 N T R AR, BRI R
AR CEE T AT HE

ASCARTTKE L 2T GCMs H b $di 15
B AR A4 b 1) S A 2 3 AR B 1 5T T &
(1, SR S Pk — B SR Uy s M DAt £ 1Y)
[f] 8, 16 GCMs B S5 2 R A2 IR AE RE % 1115
HR ) Z AR, R IR R AR i 3
SR . TR ET TE ER BERR R 2 AR SR
T HRIESRRTEA ST KR, AfE—E W It
Ab, el LUH2 b R 58 RE S Ak ok A ] —
RAG B A R A ST K EW ST, A FFiE—
finsi

5 & ¢

a. SSP24.5 SSP5-8.5 &5t T, Pk IX ET, 4
PUAHTR) 9 25 8] 43 A0 A% S, SR IR R IR SR LY L T
PN RS AN B 10 a 35 /05.6.9. 0 mm,,

b. AN Lo F SR A S T K R AR R 2
PRSIV RE B A 1, T 5 A 2 5 K B Fh K30/ 4 It
JF R R (C4 VB .C3 AR MR Fikh, ET,H=5
V1) 2 7 2 3 sk o 4% SR ) = B IR, A TR) 1
AT K & B KB/ IR R . SSP5-8. 5 1 &
SSP24. 5 1f 5 R IE 5.

c. PHALHBIXAE 1981—2100 4EE S K AL T
Fasg Tl SSP5-4.5 SSP5-8.5 it T g K %
3N 3.8342 .6.95 12 m*/a, F| 21 AR, AR
KI5 623 42 714 42 m® | A5 5 SR /K B 43
BIA 13542193 {2 m?® AR HOK s 2 ETHEE, £
B3 A AR i A BB AN VG R AR DL & e | H
T E 3 A X A4 X 8

S

(1] 877, 808, TRETREXEP ST KRITE
FEVFIR[J]. A A2, 2008,28 (12) : 6282-6291.
(HU Guanglu, ZHAO Wenzhi. Reviews on calculating
methods of vegetation ecological water requirement in arid
and semiarid regions[ J]. Acta Ecologica Sinica,2008,28
(12):6282-6291. (in Chinese) )
[ 2] &OCH, BER. TRXATK G BRI T
PEIR [ 7], B 58 42, 2001 (22) ; 1851-1857. ( ZHAO
Wenzhi, CHENG Guodong. Review on some problems in
the study of ecohydrological processes in arid regions[ J].
Science Bulletin,2001(22) ;1851-1857. (in Chinese) )
TR ARFER RGN, 55 B O X AR ST K = M
BT KBRS, 2022,38 (1) :133-140.
(YT Yujun, XU Jiaxin, SONG Jie, et al. Ecological

—
w
[

water demand and discharge process calculation in the
Yellow River Estuary [ ] ].
2022,38(1) :133-140. (in Chinese) )

[4] CHI D, WANG H, LI X, et al. Estimation of the

Water Resources Protection,

ecological water requirement for natural vegetation in the
Ergune River basin in Northeastern China from 2001 to
2014[J]. Ecological Indicators, 2018, 92 141-150.

DENG X, XU H, YE M, et al. Impact of long-term zero-

—
(9]
—

flow and ecological water conveyance on the radial
increment of Populus euphratica in the lower reaches of
the Tarim River, Xinjiang, China [ J ].
Environmental Change, 2015, 15(1) . 13-23.
T, AWIHE , R EF . AR S OK RS TT R O
B[ J]. K BEIRARA, 2003 (6) : 4649, (BIAN
Geya, ZHOU Mingyao, ZHU Chunlong. Research status

Regional

—
o)}
[

and prospect of ecological water requirement calculation
methods[ J|. Water Resources Protection, 2003 (6) :46-
49. (in Chinese) )

[ 7] PISTOCCHI C, GUIDI W, PICCIONI E, et al. Water
requirements of poplar and willow vegetation filters grown
in lysimeter under Mediterranean conditions; results of the
second rotation [ J |]. Desalination, 2009, 246 (1/3):
137-146.

[ 8 ] ARFEE, XURH, FHE, A5, 520 SR O K IR R A bl
AEBF ARSI D], R0 TR, 2021,37(3) 1 107-
115. (SONG Xiaoyu, LIU Yu, QIN Lin, et al. Ecological
water requirement of natural grassland vegetation in the
Otog Banner of Inner Monglia[ J]. Transactions of the
CSAE, 2021, 37(3) . 107-115. (in Chinese) )

[ 9 ] IPCC. Global warming of 1.5 [ EB/OL]. [ 2022-03-15].
https ://www. ipcc. ch/srl5/.

[10] FfA, /& a5 i IRIX S TR 5 K0T
FRHRE B [ 1], K BE IR AR 47,2022, 38 (3) : 80-86.
(SHI Peng, ZHAN Huijie, QU Simin, et al. Correlation

.17 -



analysis of meteorological and hydrological droughts in
Yellow River source region [ J ]. Water Resources
Protection ,2022 ,38(3) :80-86. (in Chinese) )

GISSI E, MANEA E, MAZARIS A D, et al. A review of
the combined effects of climate change and other local
human stressors on the marine environment[ J]. Science
of the Total Environment, 2021 ,755; 142564.

AR, BB BMRE,F SB[ R
ST, 2013,9 (2) : 150-154. ( WANG Shaowu, LUO
Yong,ZHAO Zongci, et al. Climate models[ J]. Climate
Change Research, 2013,9(2) :150-154. (in Chinese) )

XSS, Pt 4 , MG AR, A5 728 fh X 280 BH 80 i ol A2 U 11
ST ] TR 2 24 (HARBHARR) ,2020,48 (1)
39-45. (DENG Peng, SUN Shanlei, HUANG Pengnian.
Influence of climate change on runoff in Poyang Lake
Basin [ J ]. Journal of Hohai University ( Natural
Sciences) ,2020,48 (1) :3945. (in Chinese) )

YANG Y, RODERICK M L, ZHANG S, et al.
Hydrologic implications of vegetation response to elevated
CO, in climate projections[ J]. Nature Climate Change,
2019, 9(1) . 44-48.

ENERGY W. Evaluation of wind extremes and wind
potential under changing climate for Indian offshore using
ensemble of 10 GCMs [ J ]. Ocean & Coastal
Management, 2016, 121 141-152.

ZHU H, JIANG Z, LI ], et al. Does CMIP6 inspire more
confidence in simulating climate extremes over China?
[J]. Advances in Atmospheric Sciences, 2020,37(10) ;
1119-1132.

TP, AEL, EA%E % CMIP6 2Bk SAEFR A X
Il iy g A A 4D RE 3 1) TPl & 5 CMIIPS. Y HE 4%
[J]. A%k, 2021,79(3) :369-386. (WANG Yu, LI
Huixin, WANG Huijun, et al. Evaluation of CMIP6
model simulations of extreme precipitation in China and
comparison with CMIP5[J]. Acta Meteorologica Sinica,
2021,79(3) :369-386. (in Chinese) )

HUANG J P, YU H P, DAI A G, et al. Drylands face
potential threat under 2 °C global warming target [ J ].
Nature Climate Change,2017,7(6) :417-422.

[19] 57, o8, T, 55, BeH 7 =W X 1971—2017 4¢

A A I 23 AR A [ ] T R 22 2 4l (3 SRR
2AR) ,2021,49(3) :288-294. (ZHANG Jing, ZHANG
Ke, WANG Sheng, et al. Spatiotemporal variation
analysis of extreme precipitation in the Three River
Source Area of the Shaanxi Gansu Ningxia Contiguous
Region from 1971 to 2017 [ J]. Journal of Hohai
University ( Natural Sciences) ,2021,49 (3).288-294.
(in Chinese) )

SEIRYY AEVLAR IKRAR, 4. PO ALl X R K T 5 2
A R X AR T R S 2w B[] K BT AR
¥, 2022, 38 (1) 3442. ( SU Xiaoling, CHU

.18 -

[

[

[

Jiangdong, ZHANG Te, et al. Spatio-temporal evolution
trend of groundwater drought and its dynamic response to
meteorological drought in Northwest China[J]. Water
Resources Protection, 2022, 38 (1 ). 3442. (in
Chinese) )

SRS BT, A B A P ETE LT B X bRl
R I 2 4 Sy [ 0], M B 24, 2020, 75 (9) : 1948-
1965. ( GUO Zecheng, WEI Wei, SHI Peiji, et al.
Spatiotemporal changes of land desertification sensitivity in
the arid region of Northwest China[ J]. Acta Geographica
Sinica,2020,75(9) :1948-1965. (in Chinese) )

S TN B, BRI e, S R K. CMIP6 7 545 3 b 45 3 &)
(ScenarioMIP) #E 4L 5 PF ik [ 1], A A5 AR fL WF 57 a8 e
2019,15(5) :519-525. (ZHANG Lixia, CHEN Xiaolong,
XIN Xiaoge. Short commentary on CMIP6 scenario model
intercomparison project ( ScenarioMIP) [ J]. Climate
Change Research,2019,15(5) :519-525. (iin Chinese) )
HURTT G C, CHINI L, SAHAJPAL R, et al
Harmonization of global land use change and management
for the period 850-2100 ( LUH2 ) for CMIP6 [ J].
Geoscientific Model Development, 2020, 13 (11);
5425-5464.

FIEEE. B BRI R i 7 55 3t 1 2R W i B AL 5T
[D]. BEATE Bl K%, 2016.

AR, BRIC. TR 2ETT IE 28 6] S i vk A P E B R ],
HiBRBF R 2013 ,28 (10) :1144-1153. (WANG Lin,
CHEN Wen. Application of bias correction and spatial
disaggregation in removing model biases and downscaling
over China [ J]. Advances in Earth Science, 2013, 28
(10) :1144-1153. (in Chinese) )

YANG Y, TANG J, XIONG Z, et al. An inter
comparison of multiple statistical downscaling methods for
daily precipitation and temperature over China: present
climate evaluations [ J ]. Climate Dynamics, 2019, 53
(7) : 46294649.

L5, SRErS SR, 4. PU It KABRFE K 5= (I 28
AR R H R T M B[ T ], KR 24, 2021 ,52
(2):229-240. ( JIANG Tianliang, SU Xiaoling, GUO
Shengming, et al. Spatiotemporal variation of vegetation
water consumption and its response to meteorological drought
in Northwest China[J]. Journal of Hydraulic Engineering,
2021,52(2) :229-240. (in Chinese) )

YANG Y, RODERICK M L, ZHANG S, et al.
Hydrologic implications of vegetation response to elevated
CO, in climate projections[ J]. Nature Climate Change,
2019, 9(1) . 4448.

Food and Agriculture Organization (FAO). Guidelines:
Land evaluation for rainfed agriculture[ M ]. Rome:FAO
Soils Bulletin, 1983.

(FH#EZ8 W)



[25]

[26]

ZHENG Tianyuan,ZHENG Xilai, CHANG Qinpeng, et al.

Timescale and effectiveness of residual saltwater
desalinization behind subsurface dams in an unconfined
aquifer[ J ]. Water Resources Research, 2021,57 (2):
1-18.

KALERIS V K,ZIOGAS A 1. The effect of cutoff walls on
saltwater intrusion and groundwater extraction in coastal

aquifers [ J ]. Journal of Hydrology, 2013, 476 (1)
370-383.

[27] LU Chunhui, XIN Pei, LI Ling, et al. Steady state

[28]

analytical solutions for pumping in a fully bounded
rectangular aquifer[ J]. Water Resources Research,2015,
51(10) :8294-8302.

22 RUAN , TR, Tk, 45 BRI b K AR R AR AL A
JHE AT [T ], AR KK L, 2020,62 (11) :204-
209. (LI Fengli, XU Jialu, ZHANG You, et al. Research

on the numerical simulation and regulation analysis of

[29]

[30]

groundwater reservior in Muzhu River [ J]. China Rural
Water and Hydropower, 2020, 62 ( 11 ) : 204-209. (in
Chinese) )
FEAR TR, A T 4 T R RO K S T AT T
FE[T]. 7K 3CHs 5t T2 3l 57, 2018 ,45 (2) :29-35. (CUI
Xiangfei, ZHOU Xun, XU Zhongping, et al. Advances in
research on the fresh water-salt water interface in coastal
zones| J |. Hydrogeology & Engineering Geology,2018,45
(2) :29-35. (iin Chinese) )
RATAF, FKAE R S BT I DR K R
SEAK ARBIA BT [J]. i E R BT A B, 2018, 10
(2):91-92. (WU Jichun, WU Yongxiang, LIN Jin,et al.
Study on the groundwater management and seawater
intrusion prevention in the coastal areas of the Bohai Sea
and the Yellow Sea[ J]. Chinese Journal of Environment
Management,2018,10(2) :91-92. (in Chinese) )

(ki B 91:2022-09-26 % . £35)

(EBF% 18 W)

[30]

[31]

AV B IR 1), 5 M. B iy U X 4 998 FH ) 5 7K o
BT[], A 2R B IR~ 42, 2009, 24 (3) : 545-552.
(YOU Songcai, DI Suchuang, YUAN Ye. Study on soil
field capacity estimation in the Loess Plateau Region[ J].
Journal of Natural Resources,2009,24 (3) :545-552. (in
Chinese) )

Al SRR A S EN K Sy B R RE 5
BT 5E [J]. 23824k, 2010,47 (4) : 611-620.
(LI Zhuo, WU Pute, FENG Hao, et al. Simulated
experiment on effects of soil bulk density on soil water
holding capacity [J]. Acta Pedologica Sinica, 2010, 47
(4) :611-620. (in Chinese) )

[32]

(33]

SMITH M. Cropwat: a computer program for irrigation
Food and

planning and management [ M ]. Rome:
Agriculture Organization of the United Nations, 1992
20-21.

AR TRE IR, P X AR AL R
IO B BOSE L[ )], b B F 5, 2003 (1) : 105-113.
(FENG Zhiming, ZHANG Pengtao, YANG Yanzhao. The
scale of land conversion from farmland to forest or
grassland, the grain response to it, and the relevant
proposals in Northwest China[ J]. Geographical Research,
2003 (1) :105-113. (in Chinese) )

(ks H 91:2022-07-24 S £35)

(L% 51 W)

[31]

[32]

TeAR SR, HOCHE Wi . B T PCA AU AL TR
EME AL [ T]. i B TR 2= 4, 2017, 17 (3) . 588-593.
(ZHANG Guixin, TIAN Wende, JIN Manman. Thresholds
optimization of chemical alarms bhased on PCA weight[ J].
The Chinese Journal of Process Engineering,2017,17(3) .
588-593. (in Chinese) )

XN  TAE , SRR, 5. H T an/ M 22 4 A A 1Y 52
KA R AR AL )] b A B, 2014, 22
(11):79-86. (LIU Dehai, YU Qian, MA Xiaonan, et al.

Combination weight model of emergency ability evaluation

with minimum deviation [ J ]. Chinese Journal of
Management Science, 2014, 22 ( 11 ). 79-86. ( in
Chinese) )

- 78 -

(33]

[34]

[35]

WEI Wei, ZHANG Jing, ZHOU Liang, et al. Comparative
evaluation of drought indices for monitoring drought based
on remote sensing data [ J ]. Environmental Science and
Pollution Research,2021,28(16) ;:20408-20425.
e, i RIESR A8 UL T I 2 AR SRk SCT AR
WFE[ 7. 7K 3C,2021,41(4) :88-94. (HUA Yue, YE Lei,
ZHANG Hairong, et al.
hydrological drought characteristics of the lower Nenjiang
River Basin[ J ]. Journal of China Hydrology,2021,41(4) ;
88-94. (in Chinese) )
PIVKEE R IO, 45 R R R E R R
B M]. Jbat G, 2007.

(Weki B 191.2022-10-03 %l £35)

Research on multi-variable



