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Water use efficiency evaluation in paddy rice field based
on blue and green water accounting

JIANG Qiwei, LI Yueyao, WU Mengyang, CAO Xinchun
(College of Agricultural Science and Engineering, Hohat University, Nanjing 210098, China)

Abstract; In order to accurately differentiate and evaluate the efficiency of blue and green water use in
paddy rice fields, the blue and green water differentiation model and water use efficiency evaluation index
system were established based on the daily experimental observation of blue and green water interaction
migration process during the whole crop season. Blue and green water use of paddy fields in Nanjing,
China under different precipitation conditions were revealed. Results showed that annual field water in-
flow in 2015 -=2018 was measured to be 1, 322.9 mm (30.7% blue), 572.3, 246.0, and 375.2 mm
of which were discharged in forms of surface drainage, evapotranspiration and leakage. Green ( GE )
and blue ( BE ) water efficiency in the whole growth period were calculated as 0. 425 and 0.490, re-
spectively, both of which were significantly higher in drought years than in wet years. Net blue ( BP )
and green ( GP ) water productivity were 4.334 and 2.301 kg/m’, respectively, and the latter was in-
significantly affected by precipitation. BE and GP obtained by conventional method were 46. 2% and
29.7% higher than those calculated by the proposed method. Field irrigation efficiency would be overes-
timated and the contribution of precipitation in crop production would be underrated if the interactive blue
and green water migration process was ignored. The method and results of this study can provide a new
approach for the evaluation of crop water footprint and agricultural blue and green water use efficiency.

Key words: water saving in agriculture; blue and green water; water use efficiency; evaluation index;

paddy rice

%8 H 87 .2022-09-03; {&[0 HHF:2022-09- 11

BEEWMB : FRARRIFELSTH (51979074 ) 5 LI B RFNFFE 451 H (BK20221504 ) 5 Al K27 [ 5 K22 A= Al Fll
k1 H

{EE B AT VIRH (2000 - ), 58 VLG ZEIR N, AR , WA KR A 5 18 RIFIT

BIESE (5 (1986 - ) , 5 VLPUESFH N, -, 80, WA AE S0, BB R KBNS 57 5



TLRFER, 55 e TSR KR LIRS UK B DR SO V-G 217

S5
1 Wl s

IV R 1G MAR B e M A2 Tt 2k
R RN R L R RE T A RREK B
T0% , 4l Az 7 Fh A 7 9 T e 285 ) PR S A ke 7K % U
i N B N S S 7 e o
KRR FH R R IR — TR T e
A R

W R AR AR 7 K B TR AL I W K RNRK AT
J 48 KSR T SO B E K, IS 5 R 38 Ve A
Kad B kem ek gl KSR A
FEHE KA ROA S 3 VAR B i 5 32 BT 12 %
FECTT L RS K TR T AR K R T 1 60%
P ABAEAL G i ARl FH KA B L 4 B0 RN A
BHG AN S WA, 19 IR B Y o — K I8
LK A BNl A 25 R G L5 A B A ) R
Yyl BAT I R, 4Rl K B IR R AL
PR % 42 ol 8 — 305 7K 1) 38 i S K AE AR ) LK
VEURY TR R T A T KR A bk
P LR, T AN [F) RUBE ARAE 9 1 7K RN &g 7K B¢ 3
FERITEM ORI AR BHEAL ' A A sk = 5
TS 4 1 7 2 T () 28 B o 4 L 2K L) 2
URTHIF LR S 5 R, ARl ok % IR 2
BRAE AR 2R R E R ASCR AN K 43 A P R e ) | LK
BEUR R AR o K BRI s TR R Tk
GEIRAH BPEA R B T AR ARAIN 2 KR,
0T A AR BT AR R E
TR RS b R R e AR e
X TR FRAR T, T A R ) 5 ok 45 1 /K W R F) A5
SR FHFREE , & 2R A T i) (9 R K (487K 28 1
TR T AT ) A K R A LA A L S
b AT TS5 X BR A K BRBOR T X R
W SRR IR A AR AR BE T B Al ok B R
FCERIEN TSRO PIIR . A AR IR Hh i 5 b
PRAIK SRS 1, B AR 7 1 FK 23 45 AT 1 L
{ERHEE ) K 345 A0 AR SR AT 5 0 42 T
7 47 58 3, DT 8 7 AR A 19 7K 43 26 72 0 48
BREY S AEAK MBI A R I % 0 i K 4 K R K
SYHE TS JIRRSE B A S DT T

ST A T LK P 1 AR 207 1) 7K B A
TP X DX S 5 PR ) T R e I R,
2 ) 6452 2 7K 4318 % 3 2, DU L 3 7 % 1
W AR 1 T A JE B RR) SR B ek A
FE ] 0 A5 L 1 X 1 438 /K O ) 81 42 2 8t v 14

G o JET R H K S AGE R o F2 (1918 I, A% 5
T H IR b4 8 W5 K 5 Sk i 1 i ok A ST
BT HE SR At B K SRR PR FE R R R
I3 BTN [R) B 7K 25 A%k 7K 8 ) I R0 38 48 s 14 52 i
DU Ay gl 7K SOt AR K B2 IO PR i 9 5 5
B S
2 WS SUrR ik
2.1 TBHEE ZKZE

6 FH HEWEHE K AT s i 45 W 2K I # FLH AR
R, CYAEYIREATRERN, KK ( P) J& H R 7K 53
AYME—R I, K AL R HWS MoK AEVEYI AR K
BB, B T HES [R] A A 2 1, B4 7K i -l S 8K
AT REAL & W K Rk K &R 3 AEMIGR IS H TR A i
gk LAz R WIE A o PRI, A A H A% 7K P-4
IR
Fo,, +P, +1, =ET, +D, +L, +F, (1)
Ak, N H B EKE,mm; P, o4 H K,
mm; [, K HHEKE, mm; ET, hHZE#H &, mm;
D, JHHRAKE ,mm; L, S H B, mm; ¢
KM H -1 RH—H,

F A HFH ) 7K s SRk 0 EAg] 43 )
H R T WK FIg ok K o i

F(b,t—l)
Foo =Foy +1y = Doy +ET) + L)) - F
(1=1)
F, . =F +P, - (D, +ET +L)-@
(g,0) = 7 (gu-1) (1) (1) (t) (1) F(H)
(2)

K F,, FF ., 28500 B H R KSR &
i, mm,

M [a A H &5 K P2 R (ET,, L, D) T
K B W 7K N 7K RS 4314 38 4 1T — DR 45 R R 7K
JEHE KB F B T 3k A R 5 A Y
&, R LR HEK IR R R F 2EY R AR, B
1) %2 A 2 ph HE I ) B D 1, PR D 4 R AR T
PEATTE A0, R W SRk 280 AT RN R

F
ET,, = ET,, .7F<w>
o (3)
F
(g,t=1)
ET . = ET) » 5

(t-1)
P :ET ) MET,,, 700108 B 2880 ok B K
RT3, mm,

FET 0490 3 2o 491l LA TR i) ROBE U, A
A DIE X IR AT 3, 5 2RR R R B AR 45



218

K BE IR 5Ok R R

2022 4

B RO KSR L HE LA
2.2 KRFRFAKEITMIEIR

KR (BE) | 5K (GE) KB R
(WE) i [H 8] K 55 I ZOM I RE BE i 54 o 72
SO ZE B 5 00 7K B IR A5 A Sk Y AR 5 5000
B

ET
BE = —* (4)
I
ET
—_ g
GE = s (5)
ET
WE = [+P+F, (6)
T
ET, = Y ET,,
'?1 (7)
ET, = ;ET(M

A ET, ET, (ET 5350 K L 2K 28 il s 2%
B, mm; Fy 008G MK &, mm; T 950 B
BREL

H(BP) | Hr kK A2 7= 2R (GP) R K oy 1 7= R
(WP) 57510

Y

BP = ok, (8)
Y

P = 10ET, 9)
Y

P = oEr (10)

BRI A B AR R B K BT BB AR
e, fAE B KA F(BP,,, ) BEKE
(GP,..) BRI HR(WP,,,), HHETTES Bk
—F
2.3 REmES5HN
IRE T 2015 — 2018 4AEFE VL7548’ A T YT Vg K
2K B X (31°57'N, 118°50°E ) iff 47, % X I4E
YRR HN 17.5 C AR R 1051 mm, 4475
A 900 mm, TR HH 2y 220 d, R 1 UREE T
2015 - 2018 4F/K i £ 2 & W R K s AR K R 22 K
B gmIX R FIE L, TAE N 131

PEEUA . KA R P R bR KRR i e g/om’, IR SR 3 38. 2% , A HL i i
HRE ST K AR P R b U SRR IR ZERL 9 2.40% ,pH BN 8. 10, HEHETT AN HK BhiE, %%
BERORE 5 (Y, 00 kg/hm?) AR AR A e AR IR RIS RO 2,

F1 2015 -2018 EABAEETRRBRMEKE
- YEWIHE
0y fatR &t
R SYEEM BB AEOTIEN FLAUN A
2015 FH/d 11 40 20 20 23 22 136
KK f/mm 70.6 513.3 180.5 43.0 54.7 9.4 871.5
2016 FH/d 10 32 22 15 20 25 124
F& 7K £/ mm 287.5 301.4 18.5 3.1 150.5 243.9 1004.9
o7 FH/d 10 32 22 15 20 27 126
KK/ mm 0.5 109.0 205.0 85.0 94.0 111.5 605.0
2018 FH/d 10 35 17 19 18 18 117
KK/ mm 162.4 55.4 202.8 72.7 9.0 30. 1 532.4
®2 RBABEEBTHWA KN ZHIIRE

TEWE A TR Fa b R T I] S BE] POWRREN WRESFAEN  FLAU B

HEK EFR/mm 30 30 50 40 40 0

K TP/ mm 10 (10% ~60% ) 6, 10 10 10 (60% ~70% ) 6,

EW _EBR/mm 40 100 150 200 200 0

TR PN mm BB A F K 60, S - 3EARAN 3 KR A LA 3R 2 30 em HHEM KR & L HERAN KR E 4 L

KFEF 6 H ARk, 10 H F Ak, 4K A BRI AL LA R A i 3

FELEF WO N 6 AP Be: iR 75 1 0 B 47y 2

5, AR/ N X R — 2, TR U A A it 5 25 b



S

TLRFER, 55 e TSR KR SRS UK 55 DR BOR V-G 219

—F, KFEFHAER 0.90 m. 55 0.68 m. 3K 0.67 m
BRI Z2 B0 5 /N A UL 1,

#xo
110

BEKE

3

e o o &

K
£k

HAKHO
| U

Bl {BhXHER

IR0 AR A H 1935 33K 4 EHE
AP S8R . HIEKE(P)) A 5
S ETHE SR, K E 08:00 B, AR &
FHRIKZ . 24 A K28, B TDR 4583k Wi +
KAy Er i ZEMAR Ak 0 ~ 30 em () 35 b i
—21 TDR 3k o R4 Ao il brofis (36 2) o 4
REMEIK & (1) AR HE K& (D) IRl
o B3 d HAREHEE A =8OR IR EGE T (F
1) o =38 P Y 7K T 2k B4R 2R REAE AR N 1 TfT LA
2930 em fb, FEAEY AT SR G N TUCHIAE
Wy, R ML TR, K R F AR T IS
D TR PN 18 AR S B =

3 @ik

3.1 BHE FKFEHEERALRE

2015 —2018 4 Fef H AR /K B A S & o
1322.9 mm, Hiip HEE A KE( F, )5 12.3% ,[%
KE(P ) 57.0% K ( 1) 30.7% . H3k
Hokit (D) ZEHE ( ET) (B (L) MAEDE
A3 572.3 246.0 f1375.2 mm, ¥ GEKTK T
FEZREIK LA 25 3 A 52 . & AR VEY)
AT IR H A EE oKk B IR S Bl A P AR N
2 iR

H I 2 AT LUE Y, £ 7K VA 2 B B ) 1) 722 4k
I FARAF e bR 22 570 2015 — 2016 4R /K 143 i
ANE] KB AE Ay BE T LA v AR 22 R I
FEFF A U 3K k. 2017 — 2018 4R [ K i 5%
FIPAE 2080 T 33. 5% , AE T 5448, (B K 1
AT W ECAR XT3 5, K ) W (A 34 Hh R
FEPR A I HLAR 3T 120 mm, M FHEKE 7
FH B 7K ot S H R AR AR B 45 1 . 2015 Fi 2016 4F
FIHBFHEAK 5 & A T 6 IR 10 WK, T 1E )5 P 4E H
KAT 3 2 ¥k, 2015.2017 F12018 4Ffirf HE7K

A S T WK AR TR T T SR S
2016 4F 5k R HEK K B e — A B B B
2015 AFEREH B BUY & T HEME ., 2016 AFE K AR 1E
P B BeN 75 ZEE Ik . 2017 4F 53 BE B Fn 4k
T 2RI LA AR T R, 1 o B K R S e B
1) 58.7% , WK IS AE L T HAbA T, 2018 4F
TR R L A K R RO B R K A T AR
WAL o AR T 0 R 0 0 B S e 3] 1 A T
ISR GRS i . 2015 ARAEY a4 B
oKL AT 42 Wk, Hoh Ay BEA R K 5 7 A4
1) 50% LA L, R3S AEREAE . A BE ] — Lk
117 3 HEK ,, Bk s s T HAbA T B, Ko
SRKHE KB He e o A BRI RNk T 2 R e A
IKTHFER EER B, SOK M ZE LR ( ET,) 5B =
(L,) H2EE W 60% LU ,2015 4542k & 1
IKUECR 12 W FEHCT AR AR TT 6] 2L
B R AR R LB A WK T RE R R I B
KFER R (ET,) kHBRE (L) 52470
30% VA I, 2016 444 F WIREK 4 2015 A3 0
T 15.3% ARFEARRBOR D, A= B 1T A 3 47 2%
KRR XA IN T K TR RS R R
2015 - 2018 4F, #AEY A= & W1 P9 H (0] L 2%
IRV 2 S B AR PR AR ARARAE , W2 3 BN

£3 2015-2018 FIREBALEFTHKSWZIER mm

=7 2015 4F 2016 4F 2017 4F 2018 4F  ¥{H
F, 163.7 163.2 163.4 163.8 163.5

K4y P 871.5 1004.9 605.0 532.4  753.5
A I 425.3  374.9  410.6 412.9  405.9
41t 1460.5 1543.0 1179.0 1109.1 1322.9
D 243.9  454.5 75.7 61.5 208.9

g

D D, 47.7 51.6 37.6 11. 4 37.1

D 291.6  506. 1 113.3 72.9  246.0

ET, 432.0 348.9 348.0 366.8 373.9

ET ET, 181.3 198.3 214.4 199.5 198.4
ET 613.3 547.2 562.4 566.3 572.3

L, 319.1 237.6 238.4 218.3 253.4

L L, 125.9  106.8 138.0 116.6  121.8
L 445.0 344.4 376.4 334.9 375.2

FT, 44.4  131.5 108.5 52.1 84.1
F, FT, 66. 1 13.8 19.1 82.8 45.5
F, 110.5 145.3 127.6 134.9 129.6




220 KEIRE K LR¥%H 2022 4E
— K EP ---- ZFKBREL, FOKBBBRET, I Sk R HEKED,
— K BT — WAKBREL . KA RET, o WKMILERHKED,
L RWERE . BAFEY S 343 o M .
ighi P 1N = 2l
50 —~ - - — 0
| T |I|| I'T T 1,
g 40 E
g
& fe0 £
# 30 190 &
;(?20 120 g
R 1150 &
® 10 b \ 1150 ¥
0 SN a e Bl SN ""“‘—M.__‘.__“ 210
1 10 19 28 37 46 55 64 73 82 91 100 109 118 127 136
AT H RV
(a) 2015
LBREM 5y BEH L B EEm | WEIFES B 5 HE i
PN I I i 2|
50 - 0
' [ 1111 T
€40} I1 I I I I 130 g
£ {60 :§
® 3
# 30| 190 %
=20t 120 5
R 150 &R
¥ 10| " W 180 ¥
o A iR In“‘*‘ e 210
19 28 37 46 55 64 73 82 91 100 109 118 127
AL TRV
(b)2016
Iﬁﬁ%‘i‘ﬁ;{: 4 BEH e WA R i T 78 I 78 sl FL R e B o
50 0
I 1 [ 1 I
g 40 II I I 130 4
5 1 8
# 30 190
220 120 5
R {150 &
® 10 I 1180 ¥
Y =SS AR el oo oo .20
1 10 19 28 37 46 55 64 73 82 91 100 109 118 127
SEF RS
(¢)2017
LBREM Iy BEH L RWEEE . BEFEH LA 5 HAM R
IS ’1e 1% e I L |
50 - 0
I LI L] ] | I ] | =
B 40} I : I I : I I I r I I I 130 ¢
E g
e
PNE
=
w 20 F
R
%10}
0 1 10 1'9 28 37 46 55 64 73 82 91 100 109 118
AT RYd
(d)2018

22015 -2018 SR FREE HKKXZSHZE A TLE

AT RIaG £ OK S (Fy) 4ok A4k
T AR, PRI, 363 sy 1y AR R i (P) SE— I8
LKA K (1) J9AE A KBS o 1l
WK BT IR SR A 1 322.9 mm, Hof K A
30.7% ,4%7K 15 69.3% o AR EKBTIRBIA L K
FARATAE 25, [RAH4F (2015 - 2016 4F ) 4K

>N =

HF 1 101.6 mm, T 542017 -2018 4F) =
th50. 4% , KA HEK = (1) B9 A8 678 [ R
374.9 ~425.3 mm, ‘PR 2 F /N F Gk AR, It
412015 -2018 4EH A FE7K 5 ( ET + L) A48k
4891.6 ~1 058.3 mm, H &g /K I FE f i i 1
60% . HI[AIZEHRE( ET ) (AERE R 572.3 mm, &



S5

TLRFER, 55 e TSR KR LIRS UK B DR SO V-G 221

BRI e EE AR A AETE 20, ET AR S bR
FTAE A K A ROE AR, X T 1 TR K 5310
AR R e E B, BV Qi A B K B IR
DAZEHUR TEAE R HL B A 3 50% . b HEK &2
( D) Fglwik( L) FEHHSHI3EF) 246.0 FI1375.2
mm, L 2 i A SFERR P TR E (9 AN AT SRE A 1) R TE) FE K
11 D A] LLE i Ak T mssb . SRk AT i 7K
SR G 3 A, A AR PR 22 5
2016 4E( D, it T 450 mm, B8 & T HABAE 5
D, TEIRARAE K B IR SRR 30% L E AT
FAE(2017 - 2018 4 ) R T 10% , iX I 4K & A
I G AT R B KOR T FIRCR I TR, Y
LUK IIHAE R A 668. 8 mm, Hh ET, 1y & lUAR T
TERAR, JUHE 2015 4, T RAREK MTHAE RN
334.3 mm, = ET, () &7 b 508 0 4 22 R i,
X R R K (4 ROR) R BE 7 B 32 B 7K 43 A AR ALE
(LR EE K, it 38 4 5 W sk ) i B it
T, AT T2 A4 B B BORY I (4K e S Hh et (g IX
43 DT A 7K B U5 04 258 A B (B3 i
3.2 & RKFIRHE

P 3 25t T 2015 - 2018 AE /KA 44 & W 4
IKFIHBCR( GE) (KRR (BE) KoK BEEA|
MR (WE ) BB FEK R

. 5K BP --o - WKF B3 EBE
-- BKFHREGE —=— KEFFHREWE
0.6 - 1200
Wosp - T itV -1000E
# 0.4 = = 1800 £
B L [
& 0.3 1600 18
S i %
& 02 400 &
% 0.1 4200
0
2015 2016 2017 2018
=

3 2015 -2018 FiXBE/KFEEE B H/KE RN A EEE/KE

w
1

g
o
= B
#
A
EE
R
*®
L
2015 2016 2017 2018
£ 4y
() B EF=EIR/IR

MR 3 AT, 2015 - 2018 444 F ) GE BE
K WE (AEIESY 3124 0. 425 0. 490 F10. 440, pafk
L BRI AR T WK . GE FWE 5 P 5 171
AHOC o T AR B 7K B (U R SR ) A RO IR EE
I AR, BRI, T 54F P BRI AR - e
T 33.5% ,GE 31K T 26.5% 2016 4F GE N
0. 299, 7 I A7 A0 i Ik, £ 2018 4F (f =i {E) 1Y
56.7% AEF W P BRSO IR S R AT e T Bk
Wi b 2% HE I A 453 2 17 14, DA e AR 2R K 0 A S0R
FH#%.,2015 — 2018 4F WE (1748 k55 Bl & 0.355 ~
0.511,f & P />, T 245 WE 3 T
27. 5% ,FELARE KR FEEALO KR A HLIX, 2K A4
FERZM WE 1 BB ZE, UL, b s 2 HEK &
TAEKFE P2 s A OK SR  BE 1YAFEFR 2
S/NT WE Rl GE WAEBR2: 5, 1 H BE 5K 5K
AW BYA O £ 2015 4F BE 2f 0. 426, % T HiAth
A5y ,2016 12017 4F- BE #8317 0. 520,2018 4 R[4
F] 0. 483 JL45 2015 4F P 337 900 mm , [Hil FAF
AN P A ANY TR BRI 1kl R AEYI 5K (%
3) 00 1A SR 3R A R A 4 BE I AR T
ZEFEI ARy BERT I, T SRR RO 5 7 d &
RAEBREK TR B 05 3 d AT T —
WADERHEK(E 2(a)) , REBILFHLL D, B
i e D PRk, F ) SR R AN e T = R
VIR T 7K 1, 3852 W 7K RN 28 7K B8 5 I A Bsf [) R
ip=A1 08

2015 —2018 432 56 4 HH () 7K g B 7= 1 40 1) A
8 803.4.8 599. 1.8 491.7 F18 287.4 kg/hm’, [t
A AT AR 7K o0 A 7= 48

Bl 4 2R T 2015 —2018 4FH0 A H A 7K (4%
IKEART™ SORGER B B IR o3 A 7 2R K o3 A 77 38
FRFRXTEE o

. gokAEER KA R S K AR

B K S (kgrm®)
(=] —_ N w S w

2015 2016 2017 2018

(b) H K73 A= IR R

B4 2015 -2018 FiX387FE HEI K FiIRE T S 4EHREE XS

4 SR, K HYBE T i T Aok M SOK B
P T 2015 - 2018 AFAEH) 5™ i i) 4F PR 22 S A

H 6% , /N T K BT IR B A SR S A ROH FE AR
P25, DRLIHK 3 A2 7 R4 A B L5 A0 IO 1) 7 B O



222 KPR 5K TR

2022 4

WABHE HFE R R G,

HE 4 (a) AT, 2015 — 2018 4FE B 4 K A4 = R
( GP,,..) WIAEHIMEH 0. 970 kg/m’ ;2016 4F 4 0. 736
kg/m’, LIHAAEGMRZ) 7% ~ 38% B KAE=F
(BP,..) WAEER 2. 113 kg/m’, 3t GP,,. 12
Vo T 15 PILTPIRIIH, Bt 2016 4F BP,,
K, 2.302 kg/m’ AL FE WK FIER K 1 B K 43
FER(WP,,.) BIAERIE N 0. 657 kg/m® 4K /K %
BN B E A W5y, U WP, ik
GP,... YA R BRI 55k E, B T
BP,,.. FBR2E AR BN, T RAR B IR SR 7 4
Fiven IR AR 30% oK 43 A 7 A8 R e i) S B 7K
FEIRAROR R I RE T, AR L B A 7 R AR bR
I 2 %, Qi 4 (b) 7R 2015 — 2018 AFragoK
HEFER(GP) YA N 2. 301 kg/m’ V4R S5+

e ?ﬁiﬁ%ﬂ)ﬂ%&%WE --o- WKM A EBE -+- GKHMAMEGE

y=-3x10"x+0.5242

S
n

* 3 P
y=-3x10"%+0.8537  ~~=__
R*=0.9098

P n
y=-4x10*5+0.9620 ==~

7K B 5 R 2
(=4
-~

0.3 R*=0.8093 L
0.2 ’ 1 1 1 1 )
1000 1100 1200 1300 1400 1500 1600

K BEIR BN E/mm
@ KEFEFHME KBRS BABHELXR

FUARRYF R 22 5 A 5% , 2 i TR AR
¥30% 1) P i id MR HK SR BUE L ET, 151 547
22 /N 2015 — 2018 AFHHE /K A2 7= (BP) 1Y
AEIME S 4.334 kg/m®, T BAEF 24K T8 4F
12% , FEZEH TR/ ET, B HRIEER 9.0% ,
7 7 X TR AR 3. 6% i 1 o IR It , 75 B4
e A, AR Ol A 7 8RR BE 2 T
AR oK gy AR R (WP) WY AR B {E 1,496
kg/m®  AEBR 22 W /T BP I GP, R WIRFEK 1)
DL AT REBAE YOI KT

AR IR AR AR 14 LA SRR, K Bt IR
BB B B FH KRN 8 AR S A 50
TEMCHERT E, 2347 7K SRS  5 HE  oK U
FEPRAARSCHE , QN S i, DL —20 B W P35 Z ]
I SEA

;-_— WKGEF=FWP --0-- WKIFEFFBP -+ - GKPEFFRGP

y=1.2x10"x+2.7748 oo
R=0.3049 . _._.-. arip e E

w
T

N
o
[

i
d

]
.

y=-1x10"x+2.4275

oK 5 B 77 %/ (kg'm”)

o % __ R=0.0092  _____ * ..,
2F * 5 * %
o e y=9x10"x+1.3808
1 s o R’=0.0517, " )
1000 1100 1200 1300 1400 1500 1600
KBRS HA B/mm

(b) WK A= EK BRBBABMERRA

5 2015 -2018 FFiXIEFEHAKBAEKFRERANENEXKR

HIE S (a) ATLAR Y, BE 5K IR SR AR I
WFEAKR M WE GE 5K GEIREBAREZ [F] 5
ARG R, I 5K B RS BB U5 R A0y
S13%% 0.909 8 F10. 809 3, 3¢ B /K B 4% A % 45
IKFIEIR I3 B ORI A REBE S AR . VR /K i
ER AR R TR AN RAE | 1A R AR 1) 2 A
DRAFEGSE , NI WE B /K BE 5 B0 B 5 18 R i
W1 B K BTHR T TR R BB (52 3)
1, 2K R ORI IR B8 i 3 7K B DR A 2 A 3
11T BA 80/, 57K BT IR B A RO A E, AT S X
BE A MRS, w5 (b) afLIF H, BP 5K BHR
SRR BEIEM KR, G R EC 0.304 9,
i WP I GP 5K G IS AR R & o w] hLAe
BT W BRI A A RPN R Z rh KBTI
THAEAR P AR B A 2%

4 i ®

A SR K ALY R BE RSO R R 2
R XTI AN DU T A T 38 m UK R

Feqk H K R AOH BT . R dnar 43 4k
A FH 7K H 8 W 7K R 23 7K g R B K B TREAR 1)

TR EHEK — AN ok | K, AT RS
fal X431 A R KGN K kK . FEC A
(RS P, DA AT A v 19 HE ) RUBE T 5 WSk ik
R MR A T 2T P K RN 7K A HL A S Al
B T PR K S AR R R i SRk 4% R A
52 KSR K B i B Ay B A, X R Ak T
DLW T WK RS KIEAE Y AR B R b i e g s 1

LT SRR B A% B K G JEOR DA O vk
AN T LR EREE 2% 07 R TR R A B K
TR R R B B T X — S0 2 A A v i K R g
KA B BT R A, XK REAF WISk R
2 DXMEATF M 5 B K SR IR AR B B S
Ho 7RG, VO A MR HEK ok A T
K (28K ), IEAh , Hofh K a7 280 b i s L oK
21 R PR AN VR A B I A [R) AT R /K 5 R K L



S5

TLRFER, 55 e TSR KR LIRS UK B DR SO V-G 223

PIPRAE o Z&HCEE ET g ] K- A Al FH K A%
PEARORZ AR AR, DI KA SO i S AR g R
IPEREIR ET 51 T4 4 BEATXT I
F4 2015 -2018 FRWFEAKIHART 55
WE TR THESER BT Lt

A g E Ik A5k
ET,/mm ET,/mm ET, 5t/% ET, 5t/%
2015 295.7 317.7 48.2 29.6
2016  291.3 255.9 53.2 36.2
2017 279.6 282.7 49.8 38.1
2018 288.2 278.1 50.9 35.2
P 288.7 283.6 50.5 34.8

Hi# 4 L gy it A ROR R, ET, M
ET, AEYE 5354 288.7 1 283. 6 mm, 54 SCHF5E

0.8 e [E-BE Y
& 0.7} ¢ RUR-GE - % o, 04 s
©gef MORVWE N
7 " -
&osf . T
~ o T *
, 04 - T S PR
S S
03F T -
————— » . ) ;
0.2 0.3 0.4 0.5 0.6
BE. GE. WE
(a) ZK B V5 F) B 5B b7

JrAR I ET, ET, (£3) MZEK, HrhZk4
1) ET, AEXE LR 3 HAHNAE K 45.5% o 7350, 1%
Gervk PRI ARy ET, B2 A0IEEE N 16.1 mm
(279.6 ~295.7 mm) , i /N T A W5 T 2: 45 B 1)
ET, ZALig)E 33. 1 mm(181.3 ~214.4 mm) , ET, 1
ditb 5 ET, 2IARIEN . T ET, PR b3
N ARG T ET, -84 15 Ry 50. 5% , 35 8 TAR
WA ZE R 34. 8% o AR, AN 2R AN 25 [& H [H) W
LK SRS AR , HEWE K AV F AT RERL A,
R K 9 DT kU B AR A , I ELE K AR 47 B 22 57
RERIE o, 1 K RS R 2R HESETH
IKBCREPN R 22 o R T 4TI 7R 7K B8 5 FE FF
FAM RN, A SCIT IR T vk 5 A% 52 T 145 K B¢
TR FE bR EA T L3, In1El 6 BT .

4.0 ® IP-BP e
- + RP-GP Ve .
‘g 3.5
io . # o
=2 L & 3 prd ° °
X 3.0 . . 4t . LI (]
> =9 * et e o °
;258
&

2.5 3.0 3.5 4.0 4.5 5.0 5.5
BWP. GWP/(kg:m”)
(b) K5 £ 7= F IR R

i
=

B 6 AMHRAESESETEGHIKZRZATMNIERT L

K 6(a) H IE RUR (GR 43 5| Ak 55 )7 i F 455
(A HE R 50C% KR FH RN T SOKR 2, ok ffr i
R 8K (FEEK) (oK (BE7K) FLEIK BE IR
(K + 80K) WA EOF AR B T LU Y, PO AR
RAF RN A ORI R fe b b IE BB & F BE, 1
Ak 5 Bl AF 0.674 ~ 0.785 Z [a], It BE &
46.2% (2015 F12016 4EK 55.0% ) , P45 %5 5 =
T K A ORI AR B A v A4 0 T RE MR AR,
FEFEIRIEAE A, GE $IAKT RUR X ffi15 WE 1
/NTF GR AN, RUR — GE F1 GR — WE {71E 01 B 14k
MR M IE - BE WA ] ULoR AR R B9 i 15
HH 4 THE TR KA ORI SR A 25 K, s TR B T 3R 47
WS KB X o BB 6 (b) Xt HL T AP
DR BKGEUE T e R b, T L R
T K R b A e B 2 5 MG e
BAAG WL K A 77 28 (1P ) P34 LU A SCRIFGE O v
Y BP I 30% , /K477 3R (RP) 5 GP Z A1)
TE LU I o F T = 7K S TR A 48 7 TR AR TR AR
T WK = BT, Al T SRk = RE T, g
YRR 7~ FH (1] 7K 5 R FH 1) B ST 15 0 o AR SC AR+ 1Y)
W BRI AZ SR SRR Rl R SRR F K SR 5 A

RBCAA RLTBE, 177 1 AT LA SR DAl A 11 4
IR SO Fy DX | 2 7K 5 AR K R . it A,
ARSORE BRK A IS BB FE 25 5, A L 27K R
FIBCREFAE R 225 , w] L B Ta] 7K B3 98 A9 2800 3t
IS R AT (9 I8 7% AR T oK B R, K B IR A%
SR AR XA TSR P 2 AT B A W S 4 2 ), 41
JEREK XA FER A BEEL AL TORTAOAE B, d itk
— U] TR EE SRR R > BEAT IR R L

5 & ®

(1)3X55 1] 2015 — 2018 447 H >k B B K FE
R B 7K GEIRAE X A f2 43312 917.0 Fi1405.9 mm,
SOKAEPTA KRR S E0h 5 = e . Bk
e S A A R AE X6 A FE R 4 A% B R e A
T E R SR AR B SRR AR A R K
MBS T R4, i 2 0 KR RE 1S 58 5 7K
R RF

(2) WK A K i) A AR T8 R A T FAE R
AR Z IR R 2252 . KR TR AR bR S Rk
KRB, T HE 7K A FH 203 32 7K B I (oK
WK B AR RN 52, 58 SCHFFE 45 SR AR L, 1%



224 KI5 K TR

2022 4

G BIHY BE M GP 435 ~F 1 i 55 46. 2% Fl
29.7% ALGL T LA S e Al K A SR TR JE A
/K B4 H E T TR I AL K AR AR K e
g BTHR

(3) B H 7 A e FH | S K R B AE B8 K
GRS PN R R A T A PRI A R i3S
JwH, b3 1A K BT RO PR BB} 2 5
Btk n] O TR L I A AL K AE BT 5 S R
P ARSCREE T A RO R IT AT 5, ARkl LA
% 182 [A] NUEE AR R AR, LA #E X K B 3R
IOEIERES 7RIV E

S

(L] X b, BRaE, XIARE, 5F. 3T 20 4F b [ K B8 L2 Ik
AR S A e B [T ] KA K G2 TR 22 41, 2019
(4):31 -41.

[2] KISAKYE V, BRUGGEN B V D. Effects of climate change
on water savings and water security from rainwater harves-
ting systems[ J]. Resources, Conservation and Recycling
2018, 138; 49 -63.

[3] CAO Xinchun, ZENG Wen, WU Mengyang, et al. Water
resources efficiency assessment in crop production from the
perspective of water footprint[ J]. Journal of Cleaner Pro-
duction 2021, 309, 127371.

[4] 4 8, XL, 5% AT, 48 Rk A HER IR K B
()], AARBEIE#4R ,2018,33(8) 11326 - 1339.

(5] #H N, 2530 AT K, 55 TE AR 2k L A A2
PRI RASEUL T ). Aol TARA41,2021,37 (11) :268 - 276.

(6] ¥, SR WHINET, 25 DX %K BEIR S5 AR A

KRB Z A A A AT [T ] Al T e 274 , 2021,

37(5) :105 -112.

HUANG Zhongwei, HEJAZI M, TANG Qiuhong, et al.

Global agricultural green and blue water consumption under

—
3
[

future climate and land use changes[ J]. Journal of Hydrol-
ogy, 2019, 574, 242 -256.

(8] EyE 4, /N A A, 5. kT i %K 40 7 9 1L 5t i e
FUK S AT 5 —— AR B AR N I [ C 7 v e st 2 2
23 v P 2 T AR ML A AR S 2R, 2009,

[9] ZOU Yufeng, SADDIQUE Q, ALI A, et al. Deficit irriga-
tion improves maize yield and water use efficiency in a
semi-arid environment [ J ]. Agricultural Water Manage-
ment, 2021, 243 . 106483.

[10] 5K 2%, B4R kT SWAT A5 AY (- 9L 7K Ui Sl 2K 5
NI LR A ok 28 S 5E [T ] K BEIR S K T
TE2A4),2013,24(4) .6 - 10.

[11] GENG Qingling, REN Qingfu, NOLAN R H, et al. As-

sessing China’ s agricultural water use efficiency in a
green — blue water perspective: A study based on data en-
velopment analysis[ J]. Ecological Indicators, 2019, 96
(Part 1) : 329 -335.

[12] #85F AT A, REVE, 5. FE TR 89 b 1= 0l
IKBERVEAN [T ] £l T A4 ,2018,34(5) = 1 - 8.

[13] gl T 5. W R K Rl s [T ], HE I HE
K2, 2016 ,35(5) :50 - 55.

[14] WU Mengyang, LI Yueyao, XIAO Jianfeng, et al. Blue,
green, and grey water footprints assessment for paddy irri-
gation — drainage system[ J]. Journal of Environmental
Management, 2022, 302( Part B) ; 114116.

[1S] 5 i, b b 30, Rk, 4. 1992 - 2017 4F b 7 7 [ 4%
VEA R AE AR AR [T ] o B A 25l 7 4l (3
3),2021,29(2) :269 -279.

[16] CAO Xinchun, WU Mengyang, SHU Rui, et al. Water
footprint assessment for crop production based on field
measurements: A case study of irrigated paddy rice in
East China[ J]. Science of the Total Environment, 2018,
610 -611. 84 -93.

[17] BMEE AR, RAVE, 55 AR HESE T A K B IR A
FHBCELEATN [ T]. K FI4%,2020,51(10) : 1189 - 1198.

(18] & Lok, WRIGEAE , AR Al 3Tk i AP A 7 R 253
VN ——LABR P A B [T]. A= 3557 4, 2021, 41
(8):3078 -3091.

[19] CAO Xinchun, ZENG Wen, WU Mengyang, et al. Hy-
brid analytical framework for regional agricultural water re-
source utilization and efficiency evaluation[ J]. Agricul-
tural Water Management, 2020, 231. 106027.

[20] BERBEL J, GUTIERREZ — MARTIN C, EXPOSITO A. Im-
pacts of irrigation efficiency improvement on water use, water
consumption and response to water price at field level [ J].
Agricultural Water Management, 2018, 203 ; 423 —429.

[21] HUANG Xuan, FANG Huan, WU Mengyang, et al. As-
sessment of the regional agricultural water — land Nexus in
China; A green — blue water perspective[ J|. Science of
the Total Environment, 2022, 804 150192.

[22] Bf5F, BOERE, /N, 45, AR SOKBEEA &
B 7SRRI . KR 2017,28(1) <14 -21.

(23] skhlall, #h A 3. 2T CiteSpace f7K J& i SCHER T 23
MrlT]. A 5244R ,2018,38(11) :4064 —4076.

[24] 854, X &, REVE, 55 7K R IR 53 H vh [ B ok %
PRURT IR 23 A Sy B SRS AILAR [ T ] Al TRE 74,2019,
35(18) :94 -100.

[25] HOEKSTRA A Y. Green — blue water accounting in a soil
water balance[ J]. Advances in Water Resources, 2019,

129: 112 -117.



