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Analysis of Water Utilization in Grain Production from Water
Footprint Perspective in Heilongjiang Province
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Abstract; In order to provide decision-making references for the allocation of available water resources in
Heilongjiang Province, water footprint theory was used to calculate the grain water footprint during
2007—2012 in different areas of Heilongjiang Province, and the water utilization of food crops was
analyzed in Heilongjiang Province during 2007—2012. The results showed that water consumption of
grain production was huge, which was increased instantly over the years in Heilongjiang Province. Grain
water footprint was less than the water requirement for per unit yield in different areas of Heilongjiang
Province, and water shortage was serious in the process of grain crop production in some areas. Through
spatial autocorrelation analysis, it showed that the grain green water footprint and the grain blue water
footprint of Heilongjiang Province in 2007—2012 both had spatial clustering between similar values. The
grain yield of Heilongjiang Farms & Land Reclamation Administration was high, but the ratio of grain
blue water footprint was also high, and the grain production was more dependent on irrigation water
resources, the water consumption was great. There were significant differences in the spatial distribution
of grain water footprint in different areas of Heilongjiang Province, which was generally high in the
northeast and low in the southwest. In the six years, the average grain water footprints were 1. 15 m’/kg,
1.01 m*/kg, 1.32 m’/kg, 1.04 m’/kg, 0.91 m’/kg and 0.83 m'/kg, respectively. The blue water
footprint of grain was significantly lower than that of the green water footprint in Heilongjiang Province,
and grain production was highly dependent on the green water resources. In the six years, the average
grain blue water footprint ratios were 33.91% , 31.68% , 25.76% , 29.81% , 32.97% and 33.73% ,
respectively. Due to the significant reduction of grain yield per unit area in 2009, the years of 2007—
2012 was divided into two distinct periods of 2007—2008 and 2009—2012. The grain water footprint had
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the trend of decreasing year by year during the two periods, and the water use efficiency of grain

production in the two periods were increased year by year. From the perspective of grain water footprint,

the situation of water use in grain production in different areas of Heilongjiang Province was discussed. It

can effectively reflect the grain crop production and water resources utilization efficiency, and provide

technical support for the water management in grain production in Heilongjiang Province.

Key words; grain; water footprint; water resources; spatial distribution; irrigation; Heilongjiang

Province

51

KRB R — A EE A H X — A A —
I J00 ALY 2 £ 7 R 5 T A e K U B
B T LR A R — i R R R
55 JIT 0 G 9 K B MR T T S R K B B 4k R
FUR IR o BB R — ok e 5 % 4 87 ) K
LS5 R 05 7 5 b I Bk — DX P R A 7 s R e
AGERA IR B o Ao TR 7K 2 32 0 B 5 B A 90 [X
RBERFZE ™t LA 4 [ 4% 48 X W BT 58 % 42 19 4 [
REBIZD A 2R .

S T R R RS A, T R £ A 7
Wit s £, 18RI T 28 RO B &7 8 5
FeT T R RO AR A AR B . SR
TR 325 1 7K E SR A K % R 4 A AR
[ , st )P 7 A AR A 43 ) AR A R T A
FEK B0 07 T 40 B T BB TR T4 2002—2011 4 (i H
FrRE /K i, (HLRVRE FURE MBS IR b 20 07 2Bl VT 45 R
HE P FHARCIRBE , 3T 35 A % A BB JE VT8 45 L X 119 25
B4 A6 JEAT A0 MT o 405 4 25 SR K 2 28 0 42 [
A8 BIORLED A 77 R SEAT T 4007 RVEY , 2097 T %
B A K B 28 () A0 A 25 5o T AE SR IE VI 4
DXRUBE , ) K R 38 B 4 43 A7 M £ A 7 LK B BT 5
FEAR L, i A RN L SR VA R AR 7 K 4 B
EFE,

AR SCAY BT A TR T A R A T T K R 3 18
JRK R T BE I8, 4 506k BB Jp VT 45 4% Hi X 2007—2012
AFE R T 7KL T R 4 KR S8 R AT TR, AT R
VLA AR A K L T B[] 78 T B A A 2 6 43 A A
TEK 2 55 B9 AR 4 BB U 4 2 7 3o A e A Ak e
R PV 0, L b K I 58 5 B 5 K i 1 25 5
g S VT AS 4% M IR £ A 77 10 P K A PR 1 B 1R
3%, g 2 T A8 T K R B 20 T B AR S H

1 HREFE

1.1 #HMREREHER

S8 e TUAR B T AR G 4 R T R 179, R
arrEiE R ES 2 A RS E S eER 16,
TR I i R B SRR PR R R

il

7 K AE g BB T 48 B K R RE T = —,
T ) 24 % B T4 B AT K IR AN . BRI
A VR A 7 K B v 2 R, 06 2R B [ A A
Hhr KR AL s 4 Wik, % T8
T VT A8 R A 7% o AR R R 0 BT 9 A
EORHBISEE S BT A bR T R 13 gl
S B AETE AR B B R X — 5 Bk B 47 A A
A VLA AR MR TR 9 MERLR 113 MR,
OYARAE AT 12 AT 3 A /N 2% 220 1L L S B S
=0 R
1.2 ¥iEskiE

SCHERE A G R MR GER SRR
FEIRTLAE 4% M X R K 2 00Hi ok B B AR 80 s
(http: // data. cma. cn) o 4l FH K 4 ok B (B e
TLAR KA B G AR %) 1 R = 3% b B
EF Q& E P JERE S AR, R R h -
1.3 HEFH&E
1L.3.1 MAEKLED

BF5E X380k SR Y148 19 13 A M2 17 47 B X, 4R
AR A % S A oA S B K R R SR K
Mo g T RGN [ AE 5 1] B4 25 S BF 5T 45 R 0 i
O, [ B 43 7 A £ 7K RS 32 F v 72 A B A 43 3
2007—2012 4K 5 Jp 7145 4% 3 IX (0 M fr K 2 i
7K 8B AR A 1 KA 8 IR £ A K L 3, i
FARS 4R

W, =w, +w, (1)
I
w, =10 —
Y
Hrp P (2)
w, =107E

AP w0 AR KL I, m® kg
w, —— L AR K e, m® kg
W, —— PN P AR AR L 3, m/ kg
1, — AR VR A 8 300 P PR i AR Y 6
JK & , mm
P—HREEW L F BN R A KA, mm
y— A 1 B R & AR i kg/hm?
R KR e Kk




186 & o Bl B ¥ iR

2017 4

W,
r, =2 x100% (3)
Wy
WEEY B B K= N
Z{ Sﬁmﬁ
W, =W, Lz_ (4)
2 Sujmuj

b W R K, m’

W, —— A 35 K

S5 i BB LT AEYI A AL, b

S5 j R A AR B R T L, b

m 45 i PR IR W5 30,/ hin’

o ——5 RN E B, m® /i’
A AR

— R AR B

WS YA 2007—2012 4F 6 4R ], AL £ R 9 A
TR 15 7 0 LT BRL ) 90% LA T, B 9% 4% L
P R AL R B 00 0 T 2% K, (L A
4 L T2/ R 00 AT RO
YR AR L 9 609 B 5 0 A L
Y N SN L H

S VT AR 0 A T B A A S—
O H B AETE R R Ak R B A A
e TRk BS—O 1 5y 7 A ek it 2

MR K R 2 4 M - A
Wz g A K T

n

P, :2 P, (5)
P.(4.17 -0. OZ_P,.)/4. 17 (P, <83)
Jth P, =
“ {41.7+0. 1P, (P,=83)
K P—WEEWETNE i 7)0AH K
& ,mm

P——WEEWA TN | AIFF/KE, mm
F——WREEYAE N S5
1.3.2  =z5[a] [ AHSE PR BT 9 2 )& Moran” s [

Ry 1R 96 S R e 4 BI04 ) A O
Moran” s 1 J&— >4 F 10 1 45t 42 Jm 25 1] B A 56 19 45
bR Moran’ s 1 J 75 [a) 41 422 2 2% ] 48 3/ 119 XI5
G R PR A AT R B VIR — 1 ~ 1 20,1 R
2 ) BOHR 22 W AE TR SR BN IE 13 R 9E, — 1 2% 2 (i)
B 2 ()77 76 38 Z0 00 11 A 55, 0 JU) 2 7% 23 1) 5 3
SERERLA SR, 1 37 o0 A, A AEFE AR S E
3t A s o

Moran’s [

Wij(xi - x)
= (7)
W, 2 (x, —x)°/t
i=1

I

>

t
=

X W= AR OCR 8 = (8] 4R 407
RIS [ B Ok 1 1
x| R YA
2% DX T (A B 2 8K
—— X I T AL

AR EAL G Z Rk 5 X U 15 A7 e =S
] ARG OC R, Z SR AR
4o 1-ED

(8)
VVar(I)
g E() Moran’ s T B8] 22 {4
Var(1I) Moran’ s I {7 &

M ZAENE B, R AE IE A 25 (8] B AH G,
S AR DL A LI R T s R AR R Y Z (oA
I, 2 B A7 78 6714 25 18] @ AR DG, AL UL {8 T 43
B 524 Z A8k O B 08I0 {E 52 BR sl ST Bt AL 40 A
1.3.3 WEEWHR&FKE

B4 X AR AR B e K

Z w”.Sﬁ
w, = (9)
25
Horp w, = (10)
Yi
Krf w,——FEREEYIMEBCOT 13 2] 1 57
K4, m’/kg

w,—45 | FOREEY A T K &, m kg

W, —55 i Mo AR B 46 T AR K &, AT
BB EEYET N ERER
ZEME R, T 28 A R iR
#* m’/hm®

y—45 i FORE VR A T AL B kg/hm?

2 HRE5H

2.1 BRIAMRBEFSRAKSH

2007—2012 4F 28 Jp V148 45 i X 2 A 7 L H
IKAEARA A E DL & 1 FroR . 25 06 b, BROR VLA &
by DXORR BV ) oA T AR 9 0 A 22 R (1] Ta) 4R
BRJR SE IR T M IR T L Ak T R R S i
S5 M DX P AR A P T RS RS 5 1T R D U Ml X
L BT A B T A AR A T A XA R B AR ) R
TRV /N PRI VTAR 45 Hh XM & VR 8= 1 1 40 A
B (L L) UM £V 9 Rl T B 40 A JLHE AR
—3,

TR AR A b DO £ 1 0 8 W P K 6 0 A 25
WK (E Le) B BRRK, 528 REEYRE
WK 52 19 30. 53% W IR AEAR M @ fe



fIE % KRB A T e T AR AR 7 K AT

BIEX
(ﬁ;j

BIREX
(d)

F1 BRIV 45 3t DO R A 7 S TR A8 b 23 A1

Fig. 1 Distributions of grain production and water utilization in different areas of Heilongjiang Province
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Tab.1 General situation of grain crop production and water utilization in Heilongjiang Province

i . WEEYHERN  REfEyeri,  ERHKE/ WEEYHK THE W TE R L 7K HTE AR L
T F4/hm? t m? kil / % 11/ % /%
2007 Hi7K 4¢ 1.082 x 107 3.966 x 107 1.949 x 10" 85. 04 27.11 22.20
2008 i A 7K A 1.099 x 107 4,225 x 107 2.191 x10'" 83. 74 28.27 25.58
2009 FAKAE 1.313 x 107 4.353 x 107 2.239 x 10" 87.03 25. 81 25. 44
2010 it 3 7K AT 1.355 x 107 5.012 x 107 2.441 x 10" 87.93 28.48 25. 60
2011 i A KA 1.376 x 107 5.571 x 107 2.699 x10'° 86.79 31.37 28.50
2012 i = 7K A 1.394 x 107 5.761 x 107 2.862 x10" 87.09 34. 14 30. 41
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Fig.2 Distributions of grain water footprint in different areas of Heilongjiang Province
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Tab.2 Values of Moran’s / and its statistical parameters of grain water footprint of Heilongjiang Province

2 KR MR SRR R

: 2007 4 2008 4 2009 4 2010 4 2011 4 2012 4 2007 4 2008 4 2009 4 2010 4 2011 4 2012 4
1 -0.020 0.234 0.285 0.267 0.238 0.073 0. 462 0. 480 0.526 0.525 0.358 0. 369
Z 0.439 1.771 2.062 2. 155 2.029 1. 096 3.124 3.215 3.333 3. 465 2.952 2.541
p 0. 660 0.766 0.039 0.031 0. 042 0.273 0.002 0.001 0.001 0.001 0.010 0.011
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Tab.3 Average grain water footprint in different areas

of Heilongjiang Province

MK SN R K Mk
A 580 % Je i/ e/ Jiss

(m*-kg™') (m’-kg™') (m’-kg™')  LHI/%
2007 0.39 0.76 1.15 33.91
2008 0.32 0. 69 1.01 31.68
2009 0. 34 0.98 1.32 25.76
2010 0. 31 0.73 1.04 29. 81
2011 0.30 0.61 0.91 32.97
2012 0.28 0.55 0.83 33.73
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