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Virtual water flow of grain in Northeast China and its impact on water resources pressure under background of
“North-to-South Grain Transport”//Li Bo', Li Yunling’, Zhang Guangxin', Sun Jingxuan', Yu Yexiang'’®, Qi
Peng' (1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences; 2. General Institute of Water
Resources Planning and Design, Ministry of Water Resources; 3. University of Chinese Academy of Sciences)

Abstract: The virtual water flow scale and structure of grain in Northeast China were analyzed using multi-source data, and
their impact on water resources pressure was assessed. The results show that from 1990 to 2022, the total amount of grain
virtual water exported from Northeast China is 1652. 003 billion m’, including 1260. 478 billion m® of green water and
391. 525 billion m® of blue water. Climate warming and economic interests jointly drive the scale and structure of the grain
virtual water flow, and the water resources stress index caused by the grain virtual water flow rises from 0. 47 to 0. 87, and
the stress level changes from moderate to severe. Northeast China should adjust the planting structure and promote the
construction of water network projects in the light of water resources conditions. The central government needs to promote
the integrated management and control of virtual and physical water resources to ensure food security and the sustainable use
of water resources.
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Fig.1 Spatial distribution of major grain crops in
Northeast China
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Table 2 Growth periods of maize, rice, and soybean
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Fig.2 Spatial distribution of virtual water content of
Northeast China
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Fig.5 Virtual water flow momentum for different grains in Northeast China from 1990 to 2022
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Water resource pressure grade caused by virtual water flow of grain in Northeast China from 1990 to 2022
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water flow in Northeast China

4.3 IREEBOKFR B Sk FIRE 00

55 DLTE LA A G sy AT B SO0 T 8% B F 5 A
o, A SCHFFE S SR AR AR AL L IX S, 8507 08 T XA
N BB ERSFE AL A 7= B AR i 2 PR Rl
B RN AT AR A58 A BRAR AL M IX AN [ i
TR AR P T AR R S A 7
F e I ZE ST KGR g B IR 3 A A T
ThAFRZ R, Hob 7K i AR AR 35 5 R R LK U
e i ] b B A B R R e OC &R (K9), JU
JEAER AT = W1 55 R K it T 8 R B
FAAERE NG . DAVH L) 3l X o 491, HC i /K it 3l
SRR PREAIG , {ELDA] DXCIBRAR IR /K B DR 0, M 0L/ A
ARSI A 774 5K R T b T K SR T K i
B RS RS JUH XU R R LKA

- 185 -



Hb ORI

500 - 10
= 400f 0 §
Y -10 &
g 300 20 =
= 0 5
% 200f -30 =
2 40 ﬁ
# 100} 50 =
0 -60
1990 1998 2006 2014 2022
ARy
(a) =VIFJE
500 . 110
l -
= 400f : 0 §
§ 1 1-10 &
g 300 : 20 &
8 , o
¥ 200( i - ij
2 [ 140 X
i o I
# 100 : 150 =
0 L L -60
1990 1998 2006 2014 2022
AEAy

(c) PHILTF- )5t

= WK B
500 10

T 400 0 §
N 10 o
mE 300 -20 =
= =
% 200 -30 3=
% ~40 §
¥ 100 50

0 -60

1990 1998 2006 2014 2022

ARGy
(b)) FAUCOF 5
500 - > - 10
1

& 400f : 0 E
1§ 1 1-10 B
7@ 300 : 120 &
= | 30 |
¥ 200+ F 1-3 iE
= 1 4-40 =
Lt 1
¥ 100 : 150 =

O o el )

1990 1998 2006 2014 2022
i
(d) LI R

9 1990—2022 FRIMAFF~X T AERETFSRBELKTIHE
Fig. 9 Groundwater storage anomaly and virtual water flow momentum of grain in main grain producing areas of
Northeast China from 1990 to 2022

S AYIEE (2010 4EHTJE ) 5 H T 7K i 1 B
TRERT BV A, R B R 2 WK S 1 AL P 8 sk g
THUR KRR, FR T i M XK B R R ) s 2
TEEOT L IF HAK IR A B 2 %) 24 b A 25 BRI AR
My AT HRFSE K AR B B R, T = VL TR A O
JECRIAL Y] o R 3 - J5 b X g K S i < JL R R
i AR, EL sk, 18 T K i B T
TRESESEIEARA VI X B, X e X
S b XK BT IEAR XS E & R AR o R B R K
TSR SRR B, JE R R K A5 e 3 A P
LI DX B A, 2 Y K B R G L REAE — B RRE
TEREE (R E B A KRR 2 S
PRI IR B X IR BRI A | o — 20 ™ 5 U
Ay T RREE A R, PRI, iR 200 4 e S it i 401 7K 5 5K
TRIK L2575 R 7K IR AMEE 7 38, G AR AL HL DX 1)
7K R e [ T,
4.4 BEKFRENHIFKEE

“HURLREIZ” B B2 UK 7 Sl e T 2R b H X ok
PR B AR A AR T R B A A E S, “db
Mz ORI AR & B UK & & AR R 2
TR H R AE 25 6] A A7 A6 B 8 19 %5 [A) 22 57
(K 10) , L, 75 2T BB SRR 5 X
IRV AR RE 1 22 55, il o ELEE X G o XA 4R
HZIuW R, B, fEH T 20, N RS S
MoK GRS SR 75 7K R, B MG 492 55 5 K
HEoKFA, H ] BRI R E R S EY A,

- 186 -

PEACAEAK UG 80N A B i AR iy DXl A
JE FOKASFARFEARAE D, 98070 78 1T 7K B¢ U5 555 DX A
L FEARAEY AN R 5 5K A HEsh ol 28 7= 5K 5%
TR VEBC U A . UK, g S A AR M 5 7K i it 5
TR T HoAET, 451 40 v R B R AL S B L AKIE —
RACSE  FETHAAAL K BRI P~ AL S, TR0 AR
WAHES K W T AR5 5 | 7K S5 At il e i, SE 3K 9%
T 05 DX BRI T | 92 it K G E R 43 A AN 2 1) Tl A
25007 mokfg  mEK mKE

2000+
1500

1000 -

HEADK 42t/ (m¥/t)

500

E10 FIEMBEFXHRBEMKEE
Fig. 10 Grain virtual water content in main grain

producing areas of Northeast China
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