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Groundwater responses to climate change in a typical irrigation district of north China plain
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(1. North China University of Water Resources and Electric Power , Zhengzhou 450045, China; 2. Collaborative Innovation
Center of Water Resources Ef ficient Utilization and Guarantee Engineering , Zhengzhou 450045, China;
3. Yellow River Engineering Consulting Co. ,Ltd . Zhengzhou 450003 ,China)

Abstract: The MODFLOW model was used to simulate groundwater flow in a typical irrigation area, Peoples Victory Canal Irri-
gation District, in North China Plain, based on the hydrogeological conditions of the study area. The model parameters were well
calibrated and model verification results showed that the simulation results could reasonably reflect the groundwater dynamics in
the study area from 2012 to 2013. Under agricultural groundwater exploitation and climate conditions during 2012-2013 period,
groundwater balance was in a negative equilibrium state. The spatial distribution of groundwater flow in 2030 under the future
climate change scenarios (RCP4. 5 scenario NorESM1-M model) was further predicted. The results showed that the groundwa-
ter level would continue to decline from 2013 to 2030,and the low groundwater level funnel area was gradually expanding. The
spatial distribution of groundwater flow in 2030 was further expllored under different groundwater exploitation scenarios,i. e. »
the exploitation quantity increased and decreased by 20% , respectively. According to the forecast results,a 20% reduction in
groundwater exploitation was projected to ensure that the groundwater level could be raised and the funnel area could be re-
duced. However, an increase in exploitation would lead to an obvious increase in the groundwater funnel area.
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Fig. 1 Location of irrigation district and sampling sites
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Fig. 2 Boundary conditions of the study area
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Fig. 3 The subareas based on hydrogeological parameters
xR1 BERBFAKEMBRE
Tab. 1 Initial values of conductivity and specific yield
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Tab. 2 Calibrated values of conductivity and specific yield

SHX I, 1 2 3 4 5 6 7 8

K/(med!) 2.78 13.98 12.74 12.74 5.21 12.0 7.08 6.65
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Fig. 4 Comparison between measured and modeled groundwater level in calibration and validation periods
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Tab. 3 MODFLOW model performance for groundwater level

prediction during calibration and validation periods

SN RMS/m NRMS/ % cc
R 0.77 3.9 0.99
Liane i 0.56 3.1 0. 99
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Tab. 4 Simulated water balance of the irrigation district

R KRG R KR
AT PidE/ (m? « dh) HEik 50 Pt/ (m? « dh)

45/ N 451 850 PiE 3 s 878 380
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A1t 792 730 903 380
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Tab.5 Simulated water balance of the irrigation district in 2014 to 2030

T KM T K HEHE
AT Wi/ (md - d1) k=il Wi/ (md - d)

KER A B 549 820 TF R 891 070
M A 7 850 Wk k= 214 360
I B 15 850 i) % L 7350
E N 265 480
JHEAS 56 870

it 886 400 112 780

R 6 1997—2013 £k EHEEIIE

Tab. 6 Simulated water balance of the irrigation
district in 1997 to 2013

AR R K HEHE
AT Wi/ (m® - dD) HEMHE 51 A/ (m? e dh)

KRB 572 240 iy 891 070
M A 7850 KRR = 173 120
IE B 15 850 A1) % L 7 350
BRHEAB 265 480
JHEANB 56 870

it 918 290 1071 540
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Fig. 5 Groundwater level contour at the end of 2012
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Fig. 6 Groundwater level contour at the end of 2013 and 2030
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Tab. 7 The groundwater exploitation of each irrigation area with a £20% change P m®/d
[X 5, 1.2 3 4 5 6 7
W 20% 40 670 141 220 139 830 121 660 15 200 244 210
W 20% 27 110 94 150 93 220 81 110 10 130 162 800

72030 AR TREFKAGLE (FFREBIE I 2000 Bim D 20%)

Fig. 7 Groundwater level contour at the end of 2030 under scenarios of increase and decrease exploitation by 20%
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