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Fig.1 Location of the study area, distribution of meteorological
stations, and regional division
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Table 1 List of 22 general circulation models (GCMs) from CMIP6 projections used in this study

s MLk ID 4i5 % w5 WLk ID 45 E %

No. Institute ID Abbreviation Country No. Institute ID Abbreviation Country
1 ACCESS-CM2 ACC1 by ilRIA 12 GFDL-CM4 GFD2 %
2 ACCESS-ESM1-5 ACC2 WRF 13 GISS-E2-1-G GISS ESIE|
3 BCC-CSM2-MR BCCC i 14 INM-CM4-8 INM1 e
4 CanESM5 Canl JIIE- YN 15 INM-CM5-0 INM2 2 W
5 CanESM5-CanOE Can2 JIIE-UN 16 IPSL-CM6A-LR IPSL VEHE
6 CNRM-CM CNR1 % 17 MIROC6 MIR1 HA
7 CNRM-CM6-1-HR CNR2 % 18 MIROC-ES2 L MIR2 HA
8 CNRM-ESM CNR3 VLE 19 MPI-ESM1-2-HR MPI1 1L
9 EC-Earth3 ECEI1 el 20 MPI-ESM1-2-LR MPI2 1 [E
10 EC-Earth3-Veg ECE2 el 21 MRI-ESM2-0 MRIE SR
11 FGOALS-g3 FGOA H 22 UKESM1-0-LL UKES I

2.1.2 AMERFRE nomic pathways, SSPs) JF & S & 1 St Bl , 43

EHET 3MILEHSL 1S (shared socioeco-

e SSPI-2.6 ANR W] #F 42 K e 42, (R E iR =X



86 flk TR (http:/www.tcsae.org)

2024 £

P HE OIS 5% SSP2-4.5 AR 5 7 L% = kAR — B
o] B AR, R AR UK R E SR O s SSPS-8.5
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2.1.3 SWAT #AZ 5 . F & AIbiE 38 KR

I N B0 = R B (digital elevation models,

DEMD \ #Uv it HIEEE . 3R B A5
Pase (R 2), JFXI 1 2 A RALAR O AE B K i 2 W) A2
SR I, AR A A - -SSR N ] 20 X REE SR YR
X AR XA AR AE K SR XSS (R 3D,
HI SIS T TEIX SWAT 7Y . A7 SR A i 57 45 B 12
15 B3 2 WO [21]

R2 AREX SWAT BIEENEREER KR
Table 2 Data information and sources for SWAT establishing in the study area

ZA Type #i& Discription SKJE Source
DEM 28] 43 £ 2 90 mx 90 m HFE S (M HE = (http://www.gscloud.cn/)
LSS 13250000 5 Efdi B 5 B At Chttp:/www.ngee.cn/)
TR AL E TR by B AL e TR IR SR
7 e T 2015 F BRI (5 FEE 30 mx 30 m) rp E R B IR IR = ol Chitp:/www.resde.cn/)
TRk i KB H AP TFRTR K S R
WPRAE R PR IX TR A RS S 2 iR SEBS S i ) H U8 L bR zE HiR:
TEVIER il i ROBEAEY) = Hh BB AE &, AR S SCHK [21]
e 2 HEE N S kmx 5 km WETechData Chttps:/www.2w2e.com/)
= Y ey P K R K SO BRI TRMM 3B42 V7 Chttp://apdre.soest.hawaii.edu/)
o H B ¢ e Ei‘{EE/DFJ!LE q:%ﬁjg?;k%%\qié%’iﬁﬁfﬁgx BREINE o [ 5 2 H0 W (http://data.cma.cn/)
TREE . G, TR, TERARRR. R U
SCEIR:iae &/ ! e
#=3 MRERUIEEBEESTXRKE
Table 3  Agricultural management information subdivision and basis in the study area
%% Name f&¥E Basis H¥E K JK Data source
YEVIRE R -SSR T8 B M 2. A T RN AN RS E A E G B PESGEHEM (http://data.cma.cn/)
R BE 43 X AL LMV 5 X o LR 2 B AR N BE R -5 AR X R 7R
TR 43 X TS BRI SCHik [25-26]
N o FZEES fRE. ME W, . #K. i 1998-2016 4E4UE (AL L e e I e e e
Jita JIES 1 FBE 43 X i ] £ B £ E M) 24 SRR AR E A E R s S 2 S
EVAEKSH X LR B EY R X &) Hp EE R B A SRS ol X RIS
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2.2.1 SWAT #2A! gt

SWAT #5782 H 38 [ A b A4 b K 8 oo FF R
PL/K B P4 JR O SERE 1 36T P H 5 R A i K STt
RIS SWAT O FFIR S, BT R LUK 7 # A AR Y
WF LT SR K AT 7 2 7 ok, Bl Ya e,
FEEEE o ASCHRREE T BT 2 A7 TH B B

1) KA CO, iREME, SWAT HF i1 KA CO, ik E
Ha—NEENSH, eAMUEEEmiEY e E - 7%
BEHRNEEZABRNE (R (D fk (2D, mHE
Z 5ENF BRI E A (R (3)). K
AF I SWAT2012.10 3.19 Jitd (Revision 664) H1{%
RVFFIANKRS CO, IRFEEE . %T KRS CO, IRFEIEA
KA SRR, RS O N TR
AR 15 B0 AT DL BT S A7 4k 03B 4 KA CO, kR,

r. =(0.5g, “Sian)” QD)
0.4C
=g-[14-—— 2
g, =& [ 330 ] (2
100C
S rUE (3)

- C+exp(r,—r,-C)

K r NIRRT, w/ss g AP AL R K
i, m/s; S NHTHAIREL m’m’; g, N CO, IKJE

MM IER Y LS, mis; C RS CO, K
BE, 1x10°% Spup FHE S AR, (kg-hm?)/(MI-m?);
i F oy IR R EL

2) BB, SWAT i) B Zh S R YE 3K 70
B K 43 e RO ¥ B K 2 2 A R fil . H
SWAT ™ i) H Bl AR A — e kB, e YRR K
VA REWE KA MEWRARAE AN BEAR S 92 bR 7 SR B I 457 11245
ik, CHEN %21 MAD (managementallowed depletion)
H A LG NF] SWAT 1, B i M AEDA 2%
7K (plant available water, PAW) FCEFIHFERI H 7 LLAED)
fipk i VEE B ) BB SR AR A B A ERE (30 (4)) o R
DARR 5 e 75 SR v B R A A R EE ) 1A H

(Sec —Ssw)/Spaw > Swmap (4

K Spc NHMEEFKE, mm; Sy AT /KE, mm;
Seaw AVEVIEROK T, mm; Syap ATEVIE ROK ¥
FERIFT o EL, VEEAE 0~100%.
2.2.2 SWAT #2432 fudiniiE

FEZ HTRIBEFE Y, A 5 FH BRI FH K S0k H it
TR I H R Sk brz& s (ET,) AMEMIEdERE 1
TR K SCRME S8, BB IE /K SOk H P35 & g
RAE (R KF%T 087, 4t 2% R % (Nash-
Sutcliffe efficiency coefficient, NSE) KT47F 0.75; =Lfx
AR RPN 0.68~0.77, T 4 il % (percent bias,
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516 1 VNS A0 A5 b 2 A T T AR Rk S5 s A A R 87
PBIAS) N 8.0%~17.7%; % /NFEME L XKj=& PBIAS Snou = Ly = G (5
I AN-3.7% F1-1.6%. BEAh, @I “WREER” #E TiE S cen =S
A A A IX &N R T kb R 1 ShE I MAD B, Ao = ———x100% 6

5328 0.3 F10.4, BEAKEFIL N 25 mm, FEXTEGHE T H
SHRERER SWAT BEALHEAT T I0ERY, Rz &/
FARKTRBE R PR #CE RS &1 PBIAS 70518
71%- 3.3% F1 1.1%; X TEEK, St A3 ERR
SWAT BERL BER ARSI UG K SCAERUE i &, A K ZE
P SEBRZE HICER A & PBIAS 23N 1.6% #1-0.4%. %L,
22 3F 78 3 38 WAL 1 B SWAT A 78U 78 BRIt B K S
AR K2y R AEYD P B b B 3 e (A RS B, AT L
W H N FH T 2R SRS SR LS S AL 9T A
2.3 ERFERRE

EAMTX N OETFE TiE2H RELNEME K
FEBLSE SO0 I RGBT 7Y, RS TR IR
R, X LIS ARSI TAE N A S TR G B E
TR T 255 BT, ASTERRREZAFTRE
T 6 FHEREE R, WK 4 FR. fERTE BEREIS SO,
¥R MAD H 3R, 1EYE 3L MAD [ {5 1
FEAGERN 2.2.2 THTIR, VEBAZE B MAD H 37 B
B2 o A/ NZEIRATI B S a2 A LB TR 2 S R
4H 1 HAMA4F 20 H, RGBS
SH1HMS H20 Hy &/NEEBART—AKNF 3R
R, EEAKEB N 75 mmPY. B E K G SRS 3 )
NAEARH, A A R H P WA 2L R4
SRR X AT NP, BEBSRIEAE LR TR X N R SRS,
TP IR X ONIRE S KE. 2Rl A REMBEREE
ITHARL, TEFRBNEREARE. ERE. BlRE.
KN RAE FOKFE R, T EH TN KEEA R (net
groundwater use, NGU) P (3 (5)). 785 pj i
L5 SR sx b e e 2 0 E ik (R (6)) T

Sobserved

A Syau AN KIS H & NGU f{E, mm: 1, A
TAKHIE, mm; g, AR KEERNE, mm. Sygy N
IEEFR R FKEFEL T 5HRE, Sweu NIAEER
W R AKEZ T — AN, X TR /KR = 2 A K
TEH . Ao A EARET LN AR AR AL, % Seems
Shistorys M Sopservea 737N GCMs AR H]. GCMs Jj s i
AN 7 58 i RGO NS (A D  HE  R

F4 RRSBEFHTERBERRT

Table 4 Design of irrigation scenarios under future climate

scenarios
. % /NFZ Winter wheat RS
0 R Tmxw mem @R Summer
Period Scenarios ~ e R :
Before winter Jointing stage Filling stage maize
RN .
L . g
Historical period S I I1 I IT
(1971—2000 )
1 11 I II
. Il I I -
A
. il I - I
Future period v I o
(2041—2070 4F)
Vv I1
VI 11

s [T

Note: [] means irrigation.

3 GR5HR

AERSRFERTREK, XAEFTNSIEHEN
& 2 ATRAE Y, 507 S SR L, R SR S
AKE ORBHERS R S R AT R AU 2 B
% XTREKE. fHmm TR RICTER, B0
JFE Rt I = AR S sRm ARk (B 2).

3.1

—— Jjj I ] Historical period = = = SSP1-2.6 =====- SSP2-45 —-=- SSP5-8.5
20
800 | P N N T
£ gfafend E
£ 600 M I s E .
£ o0 1 W 2 14 PN, L
" f g 12
0 10 : : : :
1970 1990 2010 2030 2050 2070 1970 1990 2010 2030 2050 2070
4} Year A Year
a. PR b. SR
30 20
o 25 o 15
= s = eI
s 20 LA 2 10 m(\/ﬂ\/\ =
=15 & s
0 — — S 0 - — e
1970 1990 2010 2030 2050 2070 1970 1990 2010 2030 2050 2070
4y Year 41 Year
¢. Tmax d. Tmin

T SSP1-2.6 MR = UIARHEB G 57 SSP2-4.5 Jyrh &Rk il = R HEIG 5t SSP5-8.5 Jyimi FE Uit T HAt HE I 5t

T

Note: SSP1-2.6, SSP2-4.5 and SSP5-8.5 are senarios of low, middle and high greenhouse gas emission, respectively. Same as below.

B2 ;i dfe R kit 354 KE (PR). KFE4%HE (SR).

K& AR (Tmax) FREAE (Tmin) &

Fig.2 Dynamics of annual precipitation (PR), solar radiation (SR), maximum air temperature (Tmax), and minimum air temperature (Tmin)

during the historical period and future period

K2 fios, K& AR AR SR Y SSP1-2.6. SSP2-
4.5 A1 SSP5-8.5 HE U AE 5 K 43l H A0 25.7% 26.3% Al

32.9%; FEER AN 1.7, 1.8 /124 C; HBALRIE
SR 2.3, 2.6 F1 3.4 °C. WX T K FHEE 5 25k i,
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B 5 Ui = SRR S I3 5, A PH 4 S 5 15 i 5 ek
b, FERBART s B, Bk, 7E SSP1-2.6. SSP2-
4.5 1 SSP5-8.5 FARLIRE 4354 0.81 MJ/m*. 0.04 MJ/m®
F1-0.03 MJ/m®. X F] A5 S 5 K ER NG
5, MFEMRMRTRE =B, GURR s E K
FREEST AR F N R 2 — Rl = '&D,
3.2 RERREBETREKIFAMEM~EMWTIL
7 3 Bl SSPs AL T A KIS HA 5 B VBE R A7 5% 2B
AWE. EBE. M KESEHEMEY 2R T
SR AR AU S AR S O, W] 3 BTN . RSRI
HHRE AN DX 3 1) 4 S B 2K ORI 3 n,  5F FL3 0 i e
Al = SARHE U SR BRI PRI, 7E SSP1-2.6. SSP2-

4.5 F1 SSP5-8.5 HF It 5 T MR 43 N 7.9% 4.8% F
3.7% (P& 3a) o BEANHI T X A FEE & A0 Hh T 7K F &
16 A SR IS B A BT/ (I 3b AR 3e),  HLZE s e
5t SSP5-8.5 MU/ IREE AR, BAREKIN: 7E SSP1-2.64
SSP2-4.5 Al SSP5-8.5 HEJHUIE 5t T 47 #E Wk &= 2L 1R 70 il A
-0.9%-+ -5.9% F1-11.0%, EHb T /K% 225108 75 5 oA
-16.2%- -24.2% F1-36.9%. 4xX&/NFEME LK™ HAE
FRET WA BT, &N BAE 3 PP S
THGIEA T AR, PR 14.3% (B 3d); WE Rk
72 R N B R SR HE RO S B BRI A T B,
BI7E SSP1-2.6. SSP2-4.5 F1 SSP5-8.5 it & T g 4>
BN 7.5% 6.2% F15.7% (] 3e).

[Jssp1-2.61 . iSSP2-4.5T  _1SSP5-8.5
30 30
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%2 0pr, 0T : r .
s P é“ . s oogi Bl g Lo ;v=-@n R
& A3 L T P T é ‘ T =) L s L -7 i i1 A iy
O SPTED THl 5 o % i hE é LT ﬁ"‘:.i- C —rof [ [aiis Kl Py [Yo [Py I#y [54
[ o5 e T [ oA E e b T L T =7 Ll b -1
oF—— I FE— T F A LA T -20 i i Ll [ i i i i
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-10 1 1 L 1 1 1 L ! L I L L L 1 1 1
fREX  AREX  THEX HRHE X %) X iKIX X fEX  HFEX AKX HRIX Y X fiKIX AX
Baoding Shijiazhuang Xingtai ~ Handan  Langfang Cangzhou Hengshui Whole zone Baoding Shijiazhuang Xingtai ~ Handan  Langfang Cangzhou Hengshui Whole zone
a. ET, b. IR
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2 40 o1
\c 22 [{].:’,T E{;,’.T érT é;r é,;r i ;g 1 ] = L )
S i, lod.L Tor i) e g . . S N gt P 1 ok -
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S -s0 L L"l.‘! !_,1. "r ‘_'-|‘ o 1 '-L{ 8 10 ?“:'-T“ ey 1 E] U1 i %':‘1“‘
-70 4 ! i i i i i (U S S e @ '.ir-‘ """""""""
-100 * -10
L L L L L L L L -20 L L L L L L L L
fREX  AXRHEX  THEX R 8%) WX fiKIX £X fREX  AFREX  THEX HREIX Y WX [EINES £[X
Baoding Shijiazhuang Xingtai Handan  Langfang Cangzhou Hengshui Whole zone Baoding Shijiazhuang Xingtai Handan  Langfang Cangzhou Hengshui Whole zone
c. NGU d. WWY
40
30 T
- T Fali
S 7 R A R R ) S I
s 1opEuis g L Bl PR oL | dri B
oFf-#T A T ST %s-al R T
A b i S AT S
-10 H 1 L ) L =
-20 L 1 L L L L 1 1
BUEKX  AFEX HEX HEEIX iy X KX X
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e. SMY

B3 ARABEHETTHEERAKE (ET,). BEEZ (IR). TFTAEKAE (NGU). & EA7E (WWY) REERZF
(SMY) AR%LT i S0 064 24K
Fig.3 Change (CP) in annual evapotranspiration(ET,), irrigation (IR), net groundwater use (NGU), winter wheat yield (WWY), and summer
maize yield (SMY) under the future climate scenarios compared to the historical period

B or XAESERR A HUE . WL A R K AT A
RARAEE SR ES 52X 8, EEZRLEE
EH—EER (3. FHXENEME TR B
RSN F T RGBS ARME, HEE L2
Y.

3.3 RERSRIEFHTEMFE SRR
3.3.1 RREEBRER T EREKS>FH LWL

HHEE 5 IR 6 I 1, ARRSMRFMT 6 Fhttig 5
HS o X SEBR AR B . EE B R T K AR
IR SR ST

*5 MENPFEIRERE (ET) . ERE (R) . MTKEERE (NGU) F{E~&
Table 5 Annual ET,, irrigation (IR), net groundwater use (NGU), and crop yield during the historical period

X ET,/mm IR/mm NGU/mm PR Vield / (eghm %)

Zone @ /N3 Winter wheat 5 K Summer maize
{52 X Baoding 779.2 344.7 293.5 6108.0 6597.6
FFHEIX Shijiazhuang 750.0 3117 261.8 6 807.6 7644.8
4 X Xingtai 746.1 325.7 2725 6 094.1 6204.6
HEH X Handan 804.3 381.5 324.4 6525.9 6 683.4
JEY5IX. Langfang 769.1 340.5 283.4 5419.4 6448.5
W X Cangzhou 759.6 334.5 280.6 5 040.0 5198.0
#7/K X Hengshui 865.9 4533 399.1 5 884.9 5650.0
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*6 ARMNHFEERERTEIXEEMGENE, BREMMTOHERE (NGU) BETHELFANER

Table 6 Change of annual ET,, irrigation (IR), and net groundwater use (NGU) under various of irrigation scenarios during the future period

compared to the historical period mm
A3IX B s . ET, IR NGU

Zone A SN0 T aob 126 SSP2-4.5 SSP5-8.5 T Mean SSP1-2.6 SSP2-4.5 SSP5-8.5 T# Mean SSPI-2.6 SSP2-4.5 SSP5.8.5 T Mean
I -40.1 -56.0 -59.9 -52.0 21149 -1232  -135.7 -124.6 41500 -163.6  -195.5 -169.7
e il -116.0  -1280  -122.7 -122.3 2105 2173 2222 2167 2346 2453 -268.4 -249.4
s I -64.3 -76.8 -76.2 724 -1425  -1479  -156.0 -148.8 -1758  -1862  -213.6 -191.9
Baoding -76.8 -89.3 -88.8 -85.0 -162.1  -1702  -180.4 -170.9 -187.9  -1982  -2255 -203.9
A -1526  -161.0  -152.8 -155.5 22559 2625 -266.2 -261.5 2717 2790 -299.0 -283.2
VI -1154  -1241  -1193 -119.6 22039  -2088  -215.1 -209.3 22280  -2347 2579 -240.2
I -17.3 413 -39.1 32,6 -89.5  -103.8  -113.9 -102.4 -1255  -149.7  -178.5 -151.2
ERER il 91.8  -106.8 -97.6 -98.7 -1812  -189.5  -192.6 -187.8 22060 2225 -244.0 -224.1
A I -41.9 -59.6 -56.0 -52.5 -117.6  -1260  -1352 -126.3 -1513  -169.6  -197.0 -172.6
Shijiazhuang v -44.0 -63.2 -58.2 -55.1 -1345  -147.8  -157.6 -146.6 -153.6  -172.8  -198.4 -174.9
V -1188  -1313  -119.6 -1232 2244 2337 -237.0 2317 2342 2477 -266.6 -249.5
VI -83.4 -95.9 -89.1 -89.4 -1772  -1843  -192.6 -184.7 -1943  -207.1  -230.9 -210.8
I 345 -55.9 -58.1 -49.5 -118.7  -131.5  -1445 -131.6 -153.7  -175.9  -208.5 -179.4
il -1040  -117.6  -110.7 -110.8 2016 -208.7  -212.6 -207.7 2276 2426 -266.0 2454
EX 11 -64.5 -80.2 -79.0 -74.6 21509  -1584  -168.2 -159.1 -1844 2009  -230.3 -205.2
Xingtai Y -68.1 -85.0 -85.2 -79.4 -165.1  -176.7  -190.1 -177.3 -187.9 2057 -236.0 -209.9
A -1387  -149.1  -139.8 -142.5 2480 2552 2593 2542 2627 2747 2955 -277.6
VI -111.7  -122.8  -1183 -117.6 2109 2168  -226.0 -217.9 2322 2443 -270.1 -248.9
I -133.0  -147.1  -144.8 -141.6 2394 2463 -256.0 2472 2740 2879  -316.8 2929
il -1762  -186.9  -178.7 -180.6 2946 2992 -302.7 -298.8 23194 -330.1 -353.1 -334.2
IS ER X I -151.6  -1629  -1584 -157.7 -259.6  -263.8 2716 -265.0 22929 3040  -330.8 -309.2
Handan Y -1533  -1652  -160.9 -159.8 2674 2735 2827 -274.6 2945 3063 -333.0 3113
\ -196.5 2055  -195.8 -199.3 23217 3262 -329.6 -325.8 -339.8  -3488  -370.2 -352.9
VI 41792 -188.1  -181.1 -182.8 22948  -2983  -304.9 -299.3 23206 -329.5  -353.6 -334.6
I 241 -40.2 -44.9 36.4 904  -100.6  -111.5 -100.8 -145.0  -157.9  -1949 -165.9
11 21237 -133.1 -126.6 -127.8 -209.7 2158 -2183 -214.6 2499 2566  -283.2 -263.2
JERYE X I -54.5 -65.6 -66.8 -62.3 -123.8  -129.3  -1375 -130.2 -1762  -184.1 -217.9 -192.7
Langfang Y -62.9 -74.9 -76.6 714 -1388  -147.6  -158.2 -148.2 -1844  -193.0  -2269 201.4
\ -1583  -1655  -157.0 -160.2 2523 2588  -261.8 2577 2849 2894 -313.5 -296.0
VI 21102 -1172 -114.1 -113.8 41893 -193.5  -200.5 -194.4 2326 -236.5 2657 2449
I 23.6 413 -47.5 375 973  -108.8  -120.9 -109.0 23,6 413 475 375
. il -107.6  -1185  -115.5 -113.9 -199.8  -206.8  -211.0 -205.9 -107.6  -1185  -115.5 -113.9
X il 529 650  -678 619 <1297  -1360  -1452  -137.0 529 650  -67.8 61.9
Cangzhou Y -63.5 -76.6 -80.5 -73.5 -1448  -1543  -166.4 -155.2 -63.5 -76.6 -80.5 -73.5
A -1457  -1553  -149.1 -150.0 2443 2521 -255.8 -250.7 -1457  -1553  -149.1 -150.0
VI -1063  -1149  -113.7 -111.6 -190.9  -196.1  -203.9 -196.9 -1063  -1149  -113.7 -111.6
I 983  -1185  -123.8 -113.5 -169.5  -181.6  -193.2 -181.4 2114 2322 -258.8 2342
" il -1713  -187.4  -1873 -182.0 2736 2840  -288.5 -282.0 22979 3154 -336.0 -316.4
ik 111 -1341  -150.0  -151.5 -145.2 22094 2173 2253 2173 2490 2654 -288.4 -267.6
Hengshui \Y -1421  -1581  -160.0 -153.4 2218 2324 2419 -232.0 2561 2725 2954 -274.6
\ 2128 2250  -221.8 -219.9 23232 3324 -335.8 -330.4 23403 -353.8 3713 -355.1
VI -188.7  -199.6  -198.1 -195.5 -273.0 2785  -285.7 -279.1 23048 -316.0  -336.0 -318.9

TERE RV T, 2550 DXEE & AT T 7K A = s>
®%, > 231.7~330.4 A1 150.0~355.1 mm, Hr
K X JkE B K, HEMRIX IRz o 75 “VEARPR” Mt =
OCI, T, V), & IXIERE ST R E AT
KA B IIE R %, 43982 187.8~298.8 Fll 113.9~
3342 mm, HAHRERX R . R T T, &KX
FE MR RN MR K P A TR R I, 2l e D
100.8~247.2 A1 37.5~292.9 mm, o IS5 X el 18 ¢ =
K X IR IR L
3.3.2 RREBREETHREAES =LA

R 5 AR 7 a7, S5PEREIMEL, SorXEE
K= B AE R EBETS Jrh E g m, AR AR
-5.4%~14.1% Z [0« KT & /N R, TEA [H FEBLE
FESXTEAMAR. BACkE: ReXr=8E
fhsc [ IV, 2008 13.0% F 12.3%, fE11.

VAV FA BT, “FIREIETE 4.1%~5.7% 2 18 A
FKEX =R S AN T 250800 11.9% 1 14.0%,
TEHRE ST A, S VIE P38 080E 5 N
10.1%, fEfE SIOLAV R R &N, 20 908 1.6% Fil
2.2%; G X7 EAAEE = VI RIS >, EHRIE
FFYAE M, FYEIETE 5.2%~21.0% 2[4 #E
HRIX P2 B AE 6 PREBETS 5 TN n: Y X 72 2 17E 1
1 I IVFIVIF P38 0 5.0%~24.1%, fEILFIV
T B 6.2% F17.0%; WM X EARE R .
AN FEFEm, E11. VMV T, F5mEE
1 3.4%~7.4% Z [8); iKX= e s 1 MIVE 25
SERIHEIN 1.2% F1 1.1%, 7ER I 1.V R kb i B
AFEIN 51%, EVITEDHRZ N 84%. 2L, fEi
WAE S T AV R &0 X A&/NE = ' fa g m, Hig
T BERK .
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Table 7 Change of crop yield under various irrigation scenarios during the future period compared to the historical period %
SR KNG HEX
Zone %%t Scenario Winter wheat Summer maize
SSP1-2.6 SSP2-4.5 SSP5-8.5 ¥4 Mean SSP1-2.6 SSP2-4.5 SSP5-8.5 ¥4 Mean
I 13.4 12.8 12.8 13.0 5.4 5.4 7.2 6.0
il 6.5 -49 -1.0 4.1 8.3 7.9 9.2 8.5
fRE X I 23 2.7 3.9 29 7.7 8.6 10.0 8.8
Baoding v 119 119 13.3 12.3 6.6 6.5 8.2 7.1
\ -8.9 -7.0 -1.3 5.7 8.6 7.4 9.3 8.4
VI 7.2 -5.6 -4.4 -5.7 9.9 10.4 11.9 10.7
I 14.3 11.8 9.6 11.9 <0.1 0.8 -1.3 -0.7
il 3.9 -4.0 22 34 42 22 1.5 2.6
AREX 11 0.5 -1.4 2.8 -1.6 5.4 3.7 3.1 4.1
Shijiazhuang v 15.4 13.8 12.9 14.0 2.0 0.9 0.9 13
\Y% 3.6 33 0.4 22 5.9 23 2.4 3.5
VI -10.7 9.2 -10.5 -10.1 8.3 6.9 6.8 7.3
I 19.0 20.4 23.6 21.0 0.8 -1.2 0.7 0.1
il 7.1 9.5 16.0 10.9 3.6 5.8 3.6 4.4
& X 11 6.2 9.8 14.0 10.0 -0.4 -1.7 0.2 -0.6
Xingtai I\ 13.0 15.5 20.0 16.2 1.1 -1.5 0.5 <0.1
A 0.3 3.6 12.5 52 5.0 1.5 3.8 -5.4
VI -4.6 -0.8 4.7 -0.2 0.6 2.3 <0.1 -0.6
I 18.3 21.3 26.6 22.1 7.9 5.9 7.1 6.9
il 12.8 15.9 22.8 17.2 4.6 2.0 4.0 3.5
HEHE X I 11.5 15.2 18.1 15.0 7.6 5.6 33 55
Handan v 15.1 18.3 23.9 19.1 7.8 5.2 6.1 6.4
A 9.9 12.3 21.7 14.6 45 <0.1 4.4 3.0
VI 5.0 9.8 16.2 10.4 6.9 5.4 6.7 6.3
I 25.0 249 223 24.1 3.6 2.4 2.5 2.8
il 92 7.1 22 -6.2 7.0 8.7 12.0 9.2
JERY X 11 12.5 13.6 12.9 13.0 0.9 1.8 1.9 1.6
Langfang v 233 23.6 253 24.0 -1.5 0.8 1.5 0.3
A -10.6 -8.0 2.4 -7.0 8.5 10.3 13.2 10.6
VI 2.5 53 73 5.0 7.1 8.1 9.2 8.1
I 13.6 15.1 15.6 14.8 8.9 12.8 16.7 12.8
11 -8.4 54 -1.7 5.2 7.6 112 15.0 11.3
WX 11 0.6 3.5 6.6 3.6 7.5 12.0 18.5 12.7
Cangzhou v 12.0 13.4 15.0 13.5 10.7 12.9 16.7 13.4
A -11.4 -8.5 2.4 74 7.5 10.3 16.2 113
VI -6.1 3.9 -0.1 3.4 11.1 12.5 18.7 14.1
I 2.6 13 0.3 1.2 49 2.0 0.6 2.5
11 3.5 -5.0 -6.8 -5.1 4.8 1.1 2.8 1.0
KX il 3.5 -4.6 7.0 5.1 5.9 29 0.3 3.0
Hengshui I\ 25 1.3 0.5 1.1 4.8 2.0 0.3 2.4
Vv 3.4 -6.1 5.7 5.1 4.8 -1.0 -1.4 0.8
VI -7.4 -7.9 -9.9 -8.4 6.7 3.9 2.5 4.4
4 it @ AUNERIELF R RAN, A&/ B i T 5%

4.1 KAKSFIBFESD = EXTSIET LA R
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Optimization of crop irrigation strategies using modeling in
Haihe Plain under climate change
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(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 2. Key Laboratory of Arable Land
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Engineering, Ludong University, Yantai 264025, China; 4. NSW Department of Primary Industries, Wagga Wagga Agricultural Institute,
Wagga Wagga, NSW 2650, Australia; 5. Yantai Vocational College, Yantai 264670, China)

Abstract: The Haihe Plain has made a great contribution to national food security in the world. The stable production of grain
crops can rely mainly on groundwater extraction for irrigation, thus leading to the overexploitation of groundwater in the
region. Additionally, the ever-increasing global climate can also threaten water resources and food production. Deficit irrigation
can be expected to serve as a water-saving technique under current climate conditions, in order to significantly improve water
use efficiency. However, much more irrigation water can be required to fully meet the normal growth needs of crops,
particularly with the general increase in temperatures. It is a high demand to quantitatively assess the changes in crop water use
and crop yields under future climate scenarios. Adaption irrigation can be used to explore climate change for the sustainable
development of agriculture in the major food-producing regions with scarce water resources. In this study, an enhanced SWAT
model was combined with the multiple general circulation models (GCMs) from CMIP6, in order to simulate the climate and
irrigation scenarios. The improved SWAT model included some enhancements in two aspects: one was an automatic irrigation
using MAD (management allowed depletion), and another was the dynamic CO, input. Additionally, three shared
socioeconomic pathways (SSPs) were selected, namely SSP1-2.6, SSP2-4.5, and SSP5-8.5. Firstly, the enhanced SWAT model
and multiple GCMs were applied to simulate the actual evapotranspiration (ET,), irrigation, net groundwater use (NGU), and
crop yields under the SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios in the future period (2041-2070). Furthermore, the
appropriate irrigation strategies were explored for the future scenarios of climate change. The results showed that: 1) Annual
ET, increased by 5.5%, whereas, the annual irrigation and NGU decreased by 5.9% and 25.8%, respectively, in the future
period, compared with the historical period (1971-2000); Under the SSP5-8.5 emission, the annual ETa increased the least,
whereas, the annual irrigation and NGU decreased the most. 2) The winter wheat and summer maize yield increased by 14.3%
and 6.5%, respectively; There was the declined yield of summer maize under the greenhouse gas emission scenario. 3) In the
future climate, the appropriate schedule of irrigation was achieved in the jointing stage of winter wheat with the rainfed summer
maize, indicating the maximum groundwater recovery. In food security, it is recommended irrigation during the jointing and
filling stages of winter wheat with the rainfed summer maize. 4) In terms of grain production and groundwater resource
recovery, the irrigation strategies can be recommended to vary among different zones. In Baoding, Shijiazhuang, Xingtai, and
Hengshui zones, irrigation can be applied during both the jointing and filling stages. In the Handan zone, irrigation can be
recommended only during the jointing stage, while in the Langfang zone, it should be during the filling stage. Finally, irrigation
can be advised before winter and during the filling stage of winter wheat in the Cangzhou zone. The findings can provide for
the rational planning of regional agricultural water resources and sustainable food production.

Keywords: climate change; groundwater; irrigation; SWAT model; CMIP6; crop yield; Haihe Plain
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