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JEP B R K AT RREEE BT 5 . MIKE SHE #5721 /2
S /= IO A A T N i
(http://www.dhigroup.com), i | LK CEI L
FE R LA B AR O, BT Fih T /K AT RE 2R H A
J1T.A.. MIKE SHE H 1% 2044545 (Climate
Change Editor) 22-2310] DURRHE IAT 150 B AR BOR R 1P
S 5. AR SR T IPCC ATRH)
AR AN K E A S SR, VE A T A
()RR . SRR G A8 1 Th RE e BE T H - ARk
SR Sk A IREE N S5, 85 RYE H
PR A S E — N RRY 5, BT S
TR BEK TR ZS B AP T F2 1 T IEH N .
Rl, R 4346 07K 3¢ MIKE SHE #5178, il it f gt
[ () SRR E 5, XA S R 7K ) o] R SR
HATHEFC A B 2
NIE, FESCHERIO A SCHRL 11T S AR HE A b T
JE 44K 3C MIKE SHE 8 (1 5Ll b, % A1B
AR HEUE S R ARERIBIE L IE R R R AR A
M1 3 ARSI WA (General Circulation Model,
GCM), WiE 3 M BRI 5, XAEALT R AR K
TNIKATRESEA F A BUEAT R . T8I AR A
IR EG, A edb- P R KK SRR E oK
B AL, BT UEAR HR K BRI, A
Ak I R ZK AT R R R B R A AR
OEFRS N
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1.1 #ARXER

bR AL T3 LG el PARE . RAT L PAAR
X3, AT R A L P AR IR . H AR AR
WP 5 BRI h e B SR B AT R . AT
J& TR T RAE, XFEEATR, EERAE
W, PEKRENSEAIE . FERBHBR, ZEF
BB KEN 554 mm, /K THI 75 K 54 900~1 400 mm,
SR E/K BRI E i R X 2 — o AT R R AR
TKER 227412 m¥a, RZ. IRIZH T K KALEE
3N 112%F0 139%, £ R THEERIERE AR EHL T K
3£900 12 m?, REH T AKM RS T, KTiH-F
T P51 B A B AR Y 55% . BT K352 J AR AT A2
RUEE R F o, Aedb T IR SR 55 2R 1 PR, AT
FOLRFEKIRRE K UK L2k U KUK &9
A, T HBEE TSR, KT TREAE. A—
M, ZERNTHEAEFRAERHK, ETFRKE
FERH T K, il R AKKA KR TR, Ot F i

KIPIHL T 7K B 75U X o
1.2 fREUBEIA

CHR[9-11]iE 14 #37. MIKE SHE #5784, fil [
2000—2008 4= (2000—2005 F R HERT, 2006—2008
SEORGUEIAD AF AT X (1 3 FERE T K SCIE AL 2, s
WA 1.4 75 km?. FFAX L EKZE 5N 4
MEESKZERITT Gralh LI 1A IV), XN
FIHLR B e B R 294 M IS, h R 4
ARIATE Bl w9 X a4 350 47%300 41
2 kmx2 km K/NEIMIAG, A58 3 2 (BT TA T
NELE, NLRE2E, IVAE3E), XH274
K SCH T TC AN 7K Z AT K SCH T 250 OKF
155 250, T BHAL S RB BRI K ZBO IR .
BRYRIF 226 PRI B dH AT AR E, K2
BRI RBORT 0.75, B R 2 0.86~3.36 m,
X TR R, IR (R HEFISG IR 25 FAUER 1
R A 50 o BLAARTE 2 0 SCHBR[9-11].

1.3 SETHEREIT

eGP S BS540 AT RSSO 18] 2009—
2028 4F, Zid Rk MIKE SHE #5 BB 2008 4
R KK AL 5 SRAE G 540t MIKE SHE A58 f)
RAKALHIGEME, et 4 K55, BIEAREEBURT
5t BAU FIARERMEIE . 1EH T 2% %M1 5
CC-W. CC-N Ml CC-D, W 1.

SRS B CC-W. CC-N Ml CC-D Z7E A1B
AR =R, T IPCC B VU RITAE R H
KH 3 A KA AR HE AL T AR SR S 1 =
HEAT T . fFE G EAR L (delta change) 777424
X GCM TR 3EAT B R A2l kb3, JEF 2000—
2009 FEHRGEARW H EEARR 3 B T K AT 2
HABUR BAE AL B . MIKE SHE #04rh B4 1S %
B S TR EA N E T R BEK R 22 256
KA R (change factor), 1ZAR{LIAZARHE
ANE ) GCM Pl AT — A AR 18 5 A 2 A7 5 AN i
MAFEFEAT R3], FEARSCIIRFFE A, b~ S5 B A0 A&
2028 4% N MIKE SHE #f Fp S ARt 5t T A
JIT R P B A B AT A7 . IPCC 28 DY IR PPAl AR
F et 7 23 A~ GCM i, MIKE SHE A4S 4%
iR TR G 22 4~ GCM Tl AL IR &
PERIRURE B . 2208 7 3 4> GCM T, 43731
RZFEWEHE (UKMO_HADCM3)., 1E# (CSIRO_MK3)
AFF (CNRM_CM3) HISMEE&LE, Bk T 3
R AR 5 (LR 1), FFEE 6 Tl g2
R ZKOKAL, W HAE B LR 2.
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1 A-F R AT RE T
Table 1 Climate change scenario design of the North China Plain

CO, HEIE 5t IPCC PR 5 AR A
1% 5t fTAK GCM #H! 1 5ehfiiR
CO, Emission IPCC Assessment
Scenario Abbr. GCM model Scenario description
scenario report version
FRFFILIR Status quo BAU - - - FRFFHEIL P SR BIIR R 45 K A1 R JE a3
HRIE A% Wet climate CC-W AlB IPCC AR4 UKMO_HADCM3  {#iff UKMO HADCM3 {735 Ff /K Fl 525 2K 8k
IE#S{% Normal climate ~ CC-N AlB IPCC AR4 CSIRO_MK3 i F CSIRO_MK3 A8 B /K FI S5 2B
TF-254% Dry climate CC-D AlB IPCC AR4 CNRM_CM3 i/ CNRM_CM3 BB FEK IS 78 HUK

&2 AP R AR T AR o W S48 K A5 &

Table 2 Information of six observation wells in the climate change model of the North China Plain

H R Ft)@ /B T Province/ 7 29153 M T VR P
Observation well Name Municipality Longitude Latitude Ground elevation/m Monitoring depth/m
I Well 49 AW PN K2 117.28° Jb4i 39.44° 5.03 60.76~172
FF Well 95 i Wk AL 118.30° Jb45 39. 44° 5.57 60~130
3 Well 103 K& Wk ARE 115.33° Jb45 36.33° 4338 21.68~40
I Well 116 PR Wk KL 115.51° Jb45 38.85° 17.18 68~124
F Well 129 R b K2 116.85° Jt4i 38.00° 8.51 0.5~4.33
FH Well 214 GEHE I K2 114.34° Jb4i 35.32° 66.60 30
10 0 25 ¢
£ E E
S 5t T -10 g 20
& 2 &
= 2 20 2 15
§ 0 E z
E Z 30 z 10
2 -5 9 9 B .
S } . & = 1% 5 Scenario
< 5 Scenario < 0Tt B Scenario <
S 10 | R R ——BA
% 10 BAU ——CC-W S0t BAU CcC-W B0 22 ore
5 ——CC-N CcC-D 2 CC-N ——CC-D =
= -15 1 1 L ) -60 1 1 L ) -5 1 1 L )
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B 1 A A EAFR 6 0 IR T K KA T it &
Fig.l Groundwater level variation curve of 6 observation wells in the North China Plain during the simulation period
WA BKIIEM, B 12 6 RO GHME B R
2 ERE55H 2) FERE ST T AOKALSh AR .

M 1T B S A OREF BRI 15 57 BAU,
AAGEAR AR 5T R R KK AL A AN R FR B
L. ERRIER R (CC-W) T, &M
DN B T KR AL T B R B P 22 e, 0 70 WL

2.1 #TR7KIKAL
R /KAKAL CRAEEFEHETT N S 3 ) S K SRR A
R R BB AS B, WA B K R K S S PR ZE BUR
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(HF 49, I 116 A 214) IEHIL T Hu T KKAL BT+
B ETRRAERE R (CC-D) T, &0
Frth R KK B AR BEA BTN =R s 17 £ T PR A= fe
AR (CC-N) T, BRIF 214 By NAKKALAE A
[ETEAN, F A S H 3 R K KA AR LA K o 44
WK, AR T OREFIVIRI TS 5 (BAUD, ¥R

0.156~0.295 m/a, FESHEEES (CC-D) F#%
NI FH- 1R 7K KA R % 0.106~0.345 m/a, i 1EH S
A5 (CC-N) R & WM FH: 40 R 7K K AL A fs =l
F+0.007~0.090 m/a (¥ 3). XLEESHIY, K
fiE AR A0 B T KK AL AR 5 S5 AR A — 2L
M B K (AR AU e s T bR KRB K/

f= o L 3 a
SR 5 (CC-W) R &ML 4 T 7K K Az =]
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. | X )
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B2 RRHEFTRMARIERF 2 KEEKEHT KA B

Fig. 2 Distribution diagram of groundwater level in the second aquifer at the simulation end stage under different scenarios

B 2 B T A EE SR S R R K R AR
R 2 2 GRIES/KE T ID AEFPAR (2028 4
12 A 31 B MR AKM A Fraisse Fede
PR X s 3R KK A7 280 P AR A PEER L
DX ) AR VP e R 5, E AR S X R T B

IR, B SRR . BB R Z IR
TR E 5, XA ARt 3 R BEREH .
AU, KRR, IR R K R4S R
%, WNAREME S L Rz, "RMTR, &
IRER/L, ORTHR ZK BO b AR 2 ik b, B REK
B> & FE T AT RE RN, T AOK GRS
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AR 2R, L3RR A T KB 54
FFATHF A RS o
&3 3 AARTACHEF T AR 6P 4T K KA
At FRRRHHFHFENE
Table 3 Annual variation of average groundwater level of

observation wells relative to the status quo scenario under

three climate change scenarios m/a
= FHWell  H Well  F Well = Well  H Well  F Well
Scenario 49 95 103 116 129 214
CC-W 0.229 0.251 0.279 0.156 0.245 0.295
CC-N 0.013 0.013 0.018 0.007 0.043 0.090
CC-D -0.177 -0.254  -0.218 -0.106 -0.345 -0.234

2.2 HTRK

R KIS R — A E RIS R, Begh A
X Hb 7K AT M R A S LA S B, 2P
JE R K AT RRER A B AR A ) TR, EEMHT
IKIIBTTEERR K . FEWE. ZRBUR K S . ST T8
MRGUKUL, HN KT R O

It-O1=AS1=ASuztASsz, (D

L hRREBRANE, EEOFERK. EREL R
WA Or FoR B E, FEQREERE. KM
WA ASt RN EKEMER, FTIREME
IKEEREZE ASuz SHIAE /K2 B2 ASsz 2 F,
IFEFRERER N, FUER R R GHFD.

F 4 AT EAE R K8 4 R 43 B 1
B, MR 4TTLLEH, BRSPS, CRFELIR

&5 (BAU) FRERAEMERHENHZE 745
850 mm/a, —F (A% R HEKEZE 105 mm/a i
IR T WBIEA R R (CC-W) T RRAE
AR By )2 848 Al 905 mm/a, & /KEMEETH
FE8 57 mm/a; TRAMER &= (CC-D) NEFAZEM
BB 684 Al 837 mm/a, H/KEMETNFE
49153 mm/a; 1 IEE SSRGS (CC-N) T ERAE
AR By 5 777 A1 877 mm/a, F/KEMEETH
FEN 100 mm/a. SRR, CRIEFBUIR 115 S A 0%
AL G e 2 LA K JZ M KT FE, LRI oK
AN TTRESERI F o SR, AT PR EFBCIR 52 (BA WD,
WA AEARE R (CC-W) I8 K EEEFER /D
T 45.7%, IEESEEE S (CC-ND K& /KEitE
THFERD 4.8%, TR HIER (CC-D) ME
IKEAEEERENIIG AN T 45.7%. SAEAS L T S 301 4
K E RIS EI T R T K E K2 ER HE
el WA R, SR, B 3G N2 L ek
MEIKEMEERIEAE, AETR, BKERRD,
I B RS S R R K AN TP RE S8, dit
SEEKEERME RS, EAERNLE,
RIASE IR ) B AR, b R OK S K E it &
WARAEAE 57 mm/a FITHFE, BLHHE IKEE AR KM
TR IR AT 5k R oK B oK R 2 R FE, AN TR
AN, WEEAKACE TR, BAEBHIE &K 2 =)
THFE PREEAEILF R /K AT RESRR A i 3 8 50
BER .

k4 FRIET PR EZT KA AR

Table 4 Main groundwater balance items of the North China Plain under different scenarios mm/a
AT Inflow item it tH 3 Outflow item T Hh R K
e . WHRRARE  BRARE  SBAik BHKE ZRRHE SR BARNE AR
Feoki: R
S . Boundary Total i Actual Total Boundary Total Aquifer storage Groundwater
cenario . L
Rainfall ~ Irrigation
inflow inflow ET pumping outflow outflow change recharge
BAU 547 182 16 745 566 279 5 850 -105 162
CC-W 653 182 13 848 619 279 7 905 -57 215
CC-N 580 182 15 777 593 279 5 877 -100 168
CC-D 483 182 19 684 554 279 4 837 -153 110

— R LR KR b B L] LR TR T 7 A
SRR AR AT B, B ) VDR - RAEYIEAETT>
%w;;%giigﬁﬁﬁgg%QEEZ%gz HRED AT, WA DRI AR DA ATy
T0v et CE ), Hihsy 00 TsvARURA Ak S et AR . PR T R
R, %0 0 25k A G, gt T TR JERCRIR AR N, B3 A 7
B e MW E UK. A 3 STt 405 TR
FEK L RGBS 6, o e (BAU), BIRTURTZALH 3 1575 Fix
WS, BB T LA R P oD ot 22t SO URI AT R K
KT, BT T AR TR o KH BT
(PR, T AR 7 SRR P Bk

A3 — A ORI AT I 7 i, AR LSRR E R 7K E
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SREE 5 S 4K B Ratio of TI to TP
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)
S
Hb R 7K b4 Groundwater

S

BAU
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{# 5t Scenario
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B3 EMBERARR S LREZO AL ERE S
B AR F LB R T KA =
Fig. 3 Proportions of actual evapotranspiration to total water
outflow and total irrigation to total water pumping, and the annual
groundwater recharge under different scenarios during the
simulation period
R KANS GEIEFERT . #EBE. Hh AR, R
BBV IR S 2 PSR oK E A7) a2 i T
KT LU A — T, B 3 ATRAER Y, WS
IRARAAE 5t (CC-W) X THi N /KAMEA RE L,
U C e N A R N EA 15 L
4y A5 BAU [ 130 mm/a 8014 199 mm/a, 3
WA 53.1%; TRAEARLES (CC-D) M5
TKFMEEM 130 mm/a FERE 40 mm/a, [EIEE
69.2%; M IEH SRARAAE R (CC-ND M{EFFHL T 7K
FMA R 130 mm/a HEINZE 141 mm/a, HEIEIX 8.5%.
H R KA B AR AL ER TR I AAL IE AR OG, ARk
R, H R KRN RO, AR5, T
IKKME BN o

36

o
W

f5 5 —— BAU
AR cow
Scenario CC-N

—— CC-D

woow
=

w

32 1 1 1
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FArYear

B 4 B ea-FRAREF T ief e KA e Tl

Fig.4 Curve of saturated zone storage change of the NCP under

RS K g SZ
Storage/m

different scenarios during the simulation period

23 BkEMEE

MR K AT RFSEA A D, SQVE AR RUAE T TR K
FKEMERERAR . R K M E R RN (%
FelEARAAD R NKIES) (EERHTKIFR) 5 H
SRR R ZR 52 B I R 32538 AR, S AR 21X
I T 7K R G AR BE G 2 T HF SR R A
BRI KR, 2 AT BLPRAIEAE AR SR AR 18] A 3
IKETRIZ It AN BRI FE, 75 03 T KA 2
ANHFFEEI) . MIKE SHE #5752 FL i s i 20 Ai 2K
SCHRL A, A7 2 0045 2] 1451, MIKE SHE 5

TR 7K 2787 R HR R 3t R UK Ga s ) FE S
IKIEGEE, B 4 FRARADL P & Bl 50 R MR K = i
BRI ARG ZE . P 4 TR H, BEE R
AR, &S = TP RIBME K EM RS
BN, FRmZ ISR CC-D, k8] 7K 0.15
m/a IFEREE; 10 FREBD NGRS CC-W, K414
0.06 m/a; 155t BAU F1 CC-N %35 T F% 0.11 m/a Al
0.10 m/a. X TOREFILIRTE 5t BAU, 15 CC-D )
WAE K Z M E TR MG H, HEi s T
REAE—EFEE P HTEMA. BIBRR (2028 4
12 7 31 B, AXTORFFHCRTS 5t BAU SKii, R
SR = CC-W [ EKZEE T LIWKEZ) 6.86
km?¥/a, IEH S EAETE 5 CC-N K& /K IE 21T ALK
5 0.84 km'/a, 1T FSEAZE 5 CC-D HEK)Z
it B2 N FE 6.58 km¥/a. XPtH], AR FE
PR R K AR K B A — B FROK 2R
Z s, 1R K A TR K ERD RIS,
Hh R 7K A B R D
31T iR
3.1 RIET 3T RKAIE N

(A B SR ARAE SR A Z0) B S AR 5 4
BRI . BRI AR EZHIASE 3 28, Hh 2k
i ARBE & N2 B AT a8 Yl ) i, 578 NI K
AR AT LR K IR IAE & — AN HT I A A, SC
HAGE T MIKE SHE B8 RLEAT 12 8 E 1k
PRI FEANER TS o SRR 5] S X IS A5 25 AR 1 R
B /K BRI 25 0 ATl 2 R AR AR, XS EEES REH T
IKANE R FR, Bmi+ 2500 e S8
B R KT R IG I, P InE TR R K EKE
g R HE . IRIEATFELE R, AR F B T KK
PLHIAS AR T 7] 5 S A5 B TR AR FE BE EE, AR LR K
AN AN [E) S AR A A S5 T AR SR ) PR K 2 R
Fo MU KANMA AR SETIR AR R E B,
SRR, HORKAMA RO, ST, W
MR KN RN o SR SR SR A — e R BT
DAY ARG JEH R K &K E g &, 10T 5 1A%
SR A T 2 I K R B T RE . SRR AL G IR
FERZEHUR A4k, bR /K i B B s,
HIX 30t X St /K I K B ORI sZ . — A
b DX IR B R, 2R HUREROR, WU R X % b R 7K
FKESHOK, 28R, AR, ARG
AAEARL FIR B, AR AR X TR K
— AN AAE T LABOR 2~3 £,
R A A N EWNE AR K N A ol o
AL T 75 3Gt S /KT R X R K R AR K
(B, R T R ER
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3.2 #RAKATHEFEEFI A

SCHEET MIKE SHE B2 SR « 1 Fl+ 5
(RS E R B IR 2009—2028 4 R K&K )2
G R, 251N 6.86. 0.84 F1-6.58 km?/a, i
EA W7 T GRACE 25 [ 20 AT B A b~ TR
2002 —2014 FE M T KEKEMEETIHE N
(-7.4+0.9) km*al?”l, FIH MODFLOW #5415 H
AL JRAE 2002—2008 4 [1HE R K& K2l AR 1k
HN-4.4 km?/al?), F|F WGHM R 52 () b1 R
2002—2014 )M FK &K EEAENE N-11.2
km3/al?%), A S 258 5 IX SR AT A 45 SR AR ST — B
AL, H AR b7 U R K&K 2 B A7
FIOTHRE, B st R K A AS TR SR AR R
T 4025 S A 7 A 3 B T RO ARG TR A SRS A 1)
RIgkass, Wa  Huriith R K EKZE#HE S RN
PIRAS, bR /K AT RS R 7 A R TR o243 B AR B

SARAAR G 25 e A0 T R R K SR 2 B
R AKAKAL S K3 R0 2 7K 2 i B AR A8 5 S 4
PR TR AL EE SR AE A St . AR, b P IR
TR G IR FE AT RRSE R FH PIRES s |z, Afwik T
5, ARIEPFE LT KA AT RS A0 A ek ™
NT R R KA RRE R A, FEd %
HHMLEEIER, 285 T, WO RER bR
MRy R AR S NS5 B, BEARIx de A KyE Bt
TR HERU IR = S, ISR S N, AT PR 423K
AARASIE HIRE R, MR L (5B T /K PR PT 4 0 P
7T, RO 1SS E, b P SR T K
K EE BRI RE, e kG B RS2
ToE A b SR T K &K R = v RE, AN T
AN, WiEEAKIE TR, BAEMLIE S K2 RN
THFE CRPEAEILF B R /K AT RESE R A ke 2 42 0
BHIER

4 45 g

1) SRR T B K AKAL AR 7 7] 5 S fig
() TIRAE B IEAR G, 1 B K & AR U e 1 R K
IR K AN o AERT TR FFHLR Y 52, IRIE AN IR
SAEAR A 52 M 3 T KK AL L T
0.156~0.295 m/a A1 0.007~0.090 m/a, ifij T2 %A
1% 52 T & M FHHb T K KA RBE T 0.106~0.345
m/a.

2) KRE1 70%MHh T ZKd it Z& 80k IR B T &R
G0, RFFILRAN SR IS 53 2 R E K =t &
(RIVHAE . AR T ORFFICR I ¢, R ANE SR

15 N E/KEMEETHFE D ARD 45.7%F1 4.8%, 11T
BB 2T &/KZMEEIHFERE N 45.7%. B

IR, AT OREFBUIRTS 5t MR AN IR R
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B N EKZEMHES KA 6.86 km’/a Al 0.84 km?/a,
M+ 2AEAR S = T S/KEMERN TP 6.58 km/a.
30 H T KRN R 1R AR A BRI R AR AL A E
FHEME, SRR, HO R KNG B, S i
T8, W R KRN BN o W AIE 5 SR
s TR KRS B HGTE 73008 53.1%H0 8.5%, 1T 5
GRS S T KNS R EIE N 69.2% .
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Simulating Dynamics of Groundwater in North China Plain

Under Uncertain Climate Change

QIN Huanhuan' 2, SUN Zhanxue! 2, GAO Bai?>, CHEN Yiping'!, LAI Dongrong!, WAN Wei'-3
(1. State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang 330013, China;
2. School of Water Resources and Environmental Engineering, East China University of Technology, Nanchang 330013, China;
3. School of Earth Sciences, East China University of Technology, Nanchang 330013, China)

Abstract: [ Objective] Global climate change could result in frequent occurrence of extreme weathers, exerting extra
pressure on already dwindling groundwater resource in most arid and semi-arid regions in the world. In this paper we
analyze how groundwater in north China Plain (NCP) would change under an uncertain climate change. [ Method]
The analysis was model-based. We considered three scenarios representing wet, normal and dry climatic conditions
as predicted from the A1B carbon dioxide emission. The dynamics of both surface and subsurface water was
simulated using the MIKE SHE model. [Result] Change in groundwater level, groundwater recharge and aquifer
storage were all positively correlated to the degree of dry and wet weather. Compared with the status quo scenario,
the groundwater level in the wet and normal scenarios will rise at a rate of 0.156~0.295 m/a and 0.007~ 0.090 m/a,
respectively, while fall at a rate of 0.106~0.345 m/a in the dry scenario. Compared with the status quo scenario, the
aquifer storage in the wet and normal scenarios will recover at 6.86 km3/a and 0.84 km?/a respectively, but decline at
6.58 km¥/a in the dry scenario. Groundwater recharge in the wet and normal scenarios will increase by 53.1% and
8.5% respectively, whereas reduce by 69.2% in the dry scenario. [ Conclusion] Dwindling groundwater resource is a
bottleneck in social development of the NCP, and to improve sustainability of the groundwater use, available
mitigations include reducing evapotranspiration, increasing urbanization and developing water-saving irrigation
technologies, although diverting surface water from south China also helps. Achieving this goal needs collaborative
efforts from the whole society.

Key words: Climate change; MIKE SHE model; groundwater; sustainable utilization; North China Plain
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