Tradeoff between groundwater exploitation and
food production in the deep groundwater overexploited
area of North China Plain
Pei Li' Li Ren?

1 School of Water and Environment, Chang’an University

2 College of Resources and Environmental Sciences, China Agricultural University

14, September, 2023, Beijing, China



Contents e o

International Water Resources Association (IWRA)
Beijing, China | September 11-15, 2023

* Background and Motivation
-Groundwater overexploitation
-Contradiction between groundwater
exploitation and food production

e Materials and Methods

-Distributed agro-hydrological model
-Scenario simulations and evaluations

* Results and Discussion
-Limited surface irrigation
-Saline water irrigation
-Sprinkler irrigation

e Conclusions

° Acknowledgements Trade offs betwefen grounddw?_ter exploitation and
ood production



Background and Motivation

e i T e o

7 0-2 | -5 N 36100 S (oo W 564 15
Groundwater abstraction for irrigation for the year 2000 (106 m3 yr=1)

(é) [: No Data
Source: Wada et al. ( 2012)

Groundwater provides around 25% of all water
withdrawn for irrigation, serving 38% of the

world’s irrigated land (United Nations, 2022).

About 70% of the pumped groundwater
worldwide is used to sustain irrigation and is

important for food security (de Graaf et al., 2019).
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* Yellow numbers indicate the percent each province
contributed (o the total national production. Province:
not numbered contributed less than 1% to the national
total.

* Major areas combined account for 75%
of the total national production.

 Major and minor areas combined account

for 99% of the total national production.

37°0'0"N r

[_INorth China Plain
....Deep groundwater
~overexploited areas
I The study area
Shallow groundwater
salinity (g L")
<1 3-5
\ »~ e f mEsie | 35°0'0"Nf 1-2 5-10
I S0 ’ R P T R 2-3 1210

* Major and minor areas
for 99% of the total national production.

36°0'0"N

=2 W% Source: USDA SR Vi Otk Bord Source: Li and Ren (2021)



N

A Mi

~\/ Bazhou

N/Xlongmr /VJJ

Rdflgche g
)/ 5‘ /\q Wen an}

fAnXI

t{/oya %RQ’%acheng/ R (

s lelan/{ Hejian j '"gx'a \Huanghua\\>
Boyé\ Sumn&

nping) Hai
ﬁn \Yans\h\gr(
R
Dongguang
0 30 60
Kinhe E— km
h
// M :
( Jull:/ &eixi a\nx/ —— County boundary
Guan9;°n9 = The counties belong to
Pingxiang (Qinghy
= L’/”/ Langfang City
ije/ il nl;mf/ Baoding City
'Quzhoﬁ7\/ a/ Cangzhou City
y fitintao Hengshui City
SugdapTe== Xingtai City
//A\ Damlng\\ Handan City
&y @

Source: Li and Ren (2019b)

o5 T T N N S —

World Water Congress

International Water Resources Association (IWRA)
Beijing, China | September 11-15, 2023

Deep groundwater EE——) Main producer of

overexploitation

W
Reduction in deep

groundwater
exploitation

Limited surface
irrigation strategy

Serious

contradiction

1 Trade off

/]

Saline water irrigation
strategy

winter wheat

Réduction in
winter wheat
yield

Sprinkler irrigation
strategy

5——————————————————”




Background and Motivation 9

Experimental evaluation at the experimental station scale,

A need of study
-at the regional scale.
-for different irrigation strategies.

-under the framework of simulation-optimization-evaluation
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Limited surface irrigation
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Saline water irrigation
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Maximize water productivity (WP) under
the constraint of irrigation quota reduction
(i.e., 10%, 20%, 30%, 40%, 50% and 60%).

Source: Li and Ren (2019b, 2021, 2022)
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With an increase in yield reduction from 4% to 61%, the reduction in the amount of deep groundwater exploitation

under the optimized irrigation scheme increased from approximately 1.40X108 m3 to 7.15X108 m3.

To achieve the target value of 6.05X 108 m?, the yield decreased by approximately 50%.
Source: Li and Ren (2019b)



Results and Discussion

The proportion of the distribution area with different average
yield reductions of winter wheat-summer maize rotation system
during the 20 simulation years (p) to the total simulation area (%)

The proportion of the distribution area with different average soil
salt contents of the 0-200 cm soil profiles at summer maize harvest
during the 20 simulation years (q) to the total simulation area (%)
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Scenario 1 <500 kg hm"™ Freshwater irrigation

. 1
Scenario 2 i Scenario 1 <1.0gkg
) 500-1000 kg hm™ Scenario 2 1.0-3.0'a ko™
Scenario 3 s : U=-3.0g kg
1000-1500 kg hm™ Scenario 3 4
Scenario 4 1500-2000 kg hm Scenario 4 3.0-5.0 g kg
Scenario 5 (A-1) 9 Scenario 5 (A-2) | 5.0-10.0 g kg™

> 2000 kg hm
= g.hm B >100gkg"

The yield reduction of the rotation system was less
than or equal to 2000 kg hm2 in more than 94% of the

simulation area under the five scenarios.

The salt content of the 2-m soil profile at summer
maize harvest was less than or equal to 5 g kg™ in

more than 96% of the simulation area under the five

On the premise that the salt content of 2-m soil A
profile was less than 3 g kg™, if the average
crop yield reduction in the range of <500 kg
hm=2, <1000 kg hm2, £1500 kg hm~2 and <2000
kg hm=2 was permitted, the dominant maximum

irrigation water salinity in the study area was 3

p <500 kg hm™
g<3.0gkg™

p <2000 kg hm™
g<3.0gkg’

gL, 4gL',6gL"and 6 gL, respectively.

Maximum irrigation
water salinity

Source: Li and Ren (2021)
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Matching degree between the appropriate irrigation schemes and saline groundwater resources
Non-saline water Groundwater salinity can meet

== Good assurance ability [~ Fair assurance ability

~ =+ Poor assurance ability

Shallow groundwater
salinity (g L™")

18.35%

13.58%

<1.0

1.0-2.0

2.0-3.0

23.03% 3.0-5.0 22.64%

38.98%
W 5.0-10.0

(D-1)

Groundwater salinity can not meet [l Non-solution

Very poor assurance ability

Assurance coefficient
of saline groundwater
resource

I < 0.40

0.40 - 0.60
0.61 - 0.80
16.98%

0.81-1.00
1.01 -1.50
1.51 - 2.00

16.98% . > 2.00

(D-2)

The average saline water amount needed

for winter wheat irrigation was
approximately 22.78 X108 m3, which was
approximately 9% more than the exploitable

amount of saline groundwater.

In the 23 counties of the study area, the
exploitable amount of saline groundwater
could meet the needs of winter wheat
irrigation. In most parts of these counties,
the shallow groundwater salinity could also
satisfy the appropriate irrigation schemes,

showing a high matching degree.

Source: Li and Ren (2021)
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Results and Discussion

The proportion to the amount of exploited deep groundwater (%)

Threshold of irrigation quota reduction for winter wheat (%)
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1
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Source: Li and Ren (2022)



Conclusions 9

1. If the irrigation quota was reduced to prevent deep groundwater overexploitation,

the applications of sprinkler irrigation and limited surface irrigation led to

reductions in yield and WP.

2. Under the current planting scale of most farmers, limited surface irrigation rather
than sprinkler irrigation is recommended in the most study areas from the

perspective of achieving a relatively high yield and a higher WP.



Conclusions 9

3. Saline groundwater is an important alternative water source for irrigation, and
reasonable utilization would not cause significant soil salt accumulation and crop
yield reduction. Only in half of the study area saline groundwater meets the

irrigation requirements from the perspectives of water quantity and water quality.

» |t is difficult to achieve groundwater sustainability only by changing irrigation
methods and schemes, we suggest using other water sources (e.g., external

transfer water and unconventional water) and field management measures.
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