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Mechanism in Main Grain Producing Areas of North China Plain under
Different Climatic Conditions
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North China Plain (NCP) is the main winter
wheat and summer maize production area in china,
grain production accounted for 10.6% of the country.
At the same time, NCP is one of the most serious
groundwater over exploitation areas, in 13.92 million
km® of land area distributed Shijiazhuang, Baoding
and Handan groundwater level drawdown funnel
group, and the funnel area of more than 9 700 km’.
Agricultural mining accounted for more than 65% of
the total exploitation of NCP. In December of 2009,
“scientific times” pointed out that the water resource
in the NCP crisis of our country food security. Irriga-
tion water and groundwater over-exploitation density
is closely related to climate change. Climate change is
not only affecting irrigation water, agricultural ex-
ploitation and groundwater recharge, but also
groundwater field and groundwater ensure extent of
well irrigation area, especially in continuous wet years
or continuous dry years. So, It is of great significance
to study the groundwater ensure extent in different
climatic conditions.

In this paper, aiming at the problems which the
irrigation agriculture dependent and influence on
groundwater is continuous rising, focus on further
understanding groundwater ensure extent under cli-
mate change condition of next 30 years. Utilizing the
methods of statistical analysis, penman formula, based
on GCM predicted data of precipitation and air tem-
perature data in 2011-2050, carried out the study of
spatial and temporal characteristic and influence
mechanism groundwater ensure extent, reveals the
impact mechanism of agricultural activities on the
groundwater flow field; Clary the temporal and spatial
characteristics and the main controlling factors of the
groundwater ensure extent. The main results as fol-
lows:

(1) Climate change has significance influence on
grain crop irrigation water requirement in NCP, and
there is a great difference in different hydrological
years. Reasonable utilization of this difference has
great potential for water saving. In wet year, the main
distribution area of winter wheat irrigation water de-
mand index (IDI) was in between 0.6 and 0.7, and
summer maize was in between 0.3 and 0.4, distribu-
tion area of the North China region accounted for
60.1% and 41.5%, respectively. In normal flow years,
the main distribution area of winter wheat IDI was in

between 0.7 and 0.8, and summer maize was in be-
tween 0.4 and 0.5, distribution area of the North
China region accounted for 92.8% and 76.1%, respec-
tively. Under dry years, the main distribution area of
winter wheat IDI was in between 0.8 and 0.85, and the
summer maize was in between 0.6 and 0.7, distribu-
tion area of the NCP accounted for 52.9% and47.3%,
respectively.

Comparing with historical period (1961-2015),
there is great change of crop irrigation water demand
in Scenarios in the future period (2016-2050). From
historical period to scenarios future period, winter
wheat irrigation water requirement was significantly
decreased in Yanshan piedmont plain and Central
Plains, the decline rate were 97.8 mm/10 years and
71 mm/10 years, coastal plain showed a significant
upward trend, the IDI evolution trend is not obvious.
Summer Maize irrigation water demand and IDI
showed a significant upward trend in Yanshan pied-
mont plain, Taihang Piedmont and coastal plain re-
gions, the increase rate of irrigation water demand is
15.5 mm/10 year, 13.7 mm/10 year and 34.9 mm/10
year respectively, and the IDI rate is 0.025/10 year,
0.015/10 years and 0.041/10 year. The Central Plains
rising trend is not significant.

(2) The amount of groundwater exploitation in
the main grain producing areas of the NCP is closely
related to precipitation and agricultural irrigation
amount, and the response of different location to cli-
mate change is obvious difference. An increase of
100 mm for precipitation, the irrigation water and
groundwater exploitation will decline 1.2 billion m’
and 0.9 billion m’, the precipitation equilibrium point
498 mm corresponding to crop irrigation water is
23.19 billion m’, groundwater exploitation is
38.56 billion m® in piedmont plain. in central plain,
the irrigation water and groundwater exploitation will
decline 0.23 billion m?® and 0.13 billion m?, the pre-
cipitation equilibrium point 545 mm corresponding to
crop irrigation water is 28.07 billion m®, groundwater
exploitation is 24.39 billion m’.in coastal plain, the
precipitation and crop irrigation water demand,
groundwater exploitation also showed a close nega-
tive correlation relationship.

The influence climate impact on groundwater
level in different regions is obviously different, which
is closely related to the regional hydrogeological con-
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ditions. In Shijiazhuang plain, an increase of 100 mm
for crop irrigation water demand, the groundwater
level change amplitude will incline 0.26 m. In
Dezhou area, the groundwater level change amplitude
will incline 0.36 m. In Cangzhou plain, the groundwa-
ter level change amplitude will incline 0.60 m.

In the piedmont plain, in the combined climate
conditions of wet-wet years, the groundwater level
years will rebound sharply. In the combined climate
conditions of normal flow-dry years, dry-dry year, the
groundwater level years will significantly decline. In
the Central Plains, under the combined climate condi-
tions of normal flow-dry years, the groundwater level
has the tendency of declining, in the combined condi-
tion of normal flow-normal flow year, the groundwa-
ter level can be recovered to the level of the beginning
of the year. In the coastal plain, under the combined
climate conditions of wet-wet years, the groundwater
level was slightly downward trend, in the condition of
normal flow-dry year, groundwater level will signifi-
cantly decline.

(3) Climate change has a great influence on
groundwater ensure extent, and it is an important con-
straint for the rational exploitation of groundwater in
irrigation agriculture. In wet years, the groundwater
ensure extent of NCP is 81%, is belong to higher ex-
tent. In normal flow year, the groundwater ensure ex-
tent is 54%, is the state of basic ensure extent. In dry
years, the groundwater ensure extent is 45%, is under
inferior state.

From groundwater ensure extent occurrence
probability situation analysis, higher extent situation
occurrence probability was maximum, and the prob-
ability was 0.47 in piedmont plain, in central plains,
inferior ensure extent situation occurrence probability
was maximum, and the probability was 0.65; in coastal
plain, basic ensure extent situation occurrence prob-
ability was maximum, and the probability was 0.59.

In NCP scale, water resource carrying capacity is
the driving factor of groundwater ensure extent. The
grey correlation coefficient of groundwater ensure
extent and region water resource modulus was 0.79,
followed by precipitation, the grey correlation coeffi-
cient was 0.76. Form different location scale analysis,
precipitation is the main driving factor, the effect in-
tension in all partition of NCP was over 22%.an in-
crease 100 mm for precipitation, the groundwater en-
sure extent will increase 4.07%, 6.41%, 5.99% and
5.41% respectively, in Yanshan piedmont plain, Tai-
hang piedmont plain, central plain, coastal plain.

(4) Under the climate scenarios of RCP4.5, In
Taihang Piedmont of North Henan plain, the ground-
water ensure extent is in higher state, Yanshan Pied-
mont plain is under basic ensure extent, Taihang

Mountain of Hebei Plain, Henan central plain and the
coastal plain is in a state of inferior, and the Hebei
central plain is under the state of difficult to ensure.

From groundwater ensure extent occurrence
probability situation analysis, the maximum probabil-
ity of groundwater ensure extent will be basic ensure
extent situation in Yanshan piedmont plain, and the
probability value will 0.77. In Taihang piedmont plain,
higher ensure extent situation occurrence probability
will be maximum, and the probability will 0.90, but
there will be great difference in region inside, in
North of Henan Province of Taihang piedmont plain,
higher ensure extent situation occurrence probability
will 1, in central of Hebei province of Taihang pied-
mont plain, inferior ensure extent occurrence prob-
ability will be maximum. The maximum probability
of groundwater ensure extent will be inferior ensure
extent situation in central plain, and the probability
value will be 0.6, in coastal plain, the probability
value of inferior ensure extent will get 0.7.

From history period to future scenario period, the
groundwater ensure extent will be significantly rise in
level of 1%, and the rise rate is 3.3%/10 year; there
will be descend trend in Taihang piedmont plain, cen-
tral plain, and coastal plain, and the descend rate will
be 1.6%/10 year,0.2%/10 year,0.1%/10 year.

Innovation point: Prominent the mechanism re-
search of climate change and agriculture exploitation
impact on groundwater ensure extent. Based on the
GCM predicted date in the period of 2016-2050, un-
derstanding the process, characteristics and law of
groundwater evolution in NCP main grain producing
area with the concept of system, utilizing the methods
of dynamic viewpoint and nonlinear dynamic theory,
compare to elects the suitable GCM of NCP, and
downscale the key meteorological date, reveal
groundwater ensure capacity spatial - temporal char-
acteristics and mechanism in main grain producing
areas of NCP under different climatic conditions,
clarified the characteristics and development trends of
groundwater ensure extent of different regions of NCP
in different hydrological years, for the first time. To
provide pertinence scientific basis for regulation and
conservation groundwater in agricultural areas of
NCP.

Key words: groundwater; ensure extent; climate change;
irrigation water requirement; driving factor
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