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FZE AR 1981—2013 SFKiTF T X 127 AR Esbag ULl T4+ 5 7 £ KA CO, IREHIE, *
H A RE B RA CO, FILTACH KAGEH K FRATED, 24T T KA CO, A LS Kz T i
WREAKFBGEREGY R, EREAN. AFERA CO, RA, KT P FTHMLRKBERE S FF
A A 400. 16 mm, Z R H EA AR 27, % B KA CO, REAEABEKBLAE B KA CO, K
RPN TR 1.6% £4; KA CO, #EHA EF 1 pmol/mol , AF 7 R K45 % K E T35 F K 0.071 mm;
AT ARBWEREKERAALGEKERRMEAA—Z£57,% B KRA CO, IREZANR, Kit P T
R ARAGFFEARLBEBREZTRY 4.24km’,

FKEIE KA CO, R B E KT, KAG, Kk Tk

FE 925 .S161;TV93 M ERFREARD A XEHS 1006 - 7647 (2023)03 - 0022 - 06

Effects of increased atmospheric CO, concentration on water demand for rice irrigation in middle and lower
reaches of Yangtze River//SUN Bokai'?, WANG Weiguang'?, LIU Guoshuai'?( 1. State Key Laboratory of Hydrology-
Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 2. College of Hydrology and Water
Resources, Hohai University, Nanjing 210098, China)

Abstract ;. Based on the observation data of 127 meteorological stations and historical atmospheric CO, concentration data in
the middle and lower reaches of the Yangtze River from 1981 to 2013, the water demand of rice was simulated with the
change of atmospheric CO, concentration considered or not. The influence of atmospheric CO, concentration rise on the
water demand of rice in the middle and lower reaches of the Yangize River was analyzed. The results show that, without
considering the atmospheric CO, concentration, the annual average water demand of rice in the middle and lower reaches of
the Yangtze River was 400. 16 mm, and the spatial distribution was obviously different. The water demand of rice
considering atmospheric CO, concentration decreased by about 1. 6% on average compared with that without considering
CO, concentration. For every 1 pmol/mol increase in CO, concentration, the average water demand of rice in the study area
decreased by 0. 071 mm. The water demand for irrigation in each sub-basin varies due to different effective rainfall.
Considering the change of atmospheric CO, concentration, the total irrigation water demand for rice in the middle and lower
reaches of the Yangtze River decreased by 4.24 km’.

Key words: atmospheric CO, concentration; irrigation water demand; rice; middle and lower reaches of Yangtze River
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KRR AR, BB, THEAEY R K
() B AR K T 32 2 5 RE T ( Penman-
Monteith ) A1 Hargreaves A1) Hik 3 Fif
TrEANG KA CO, W EAAAE Ry 52 K 725 B A
W, e T KR CO, MR AR LA EYI R K 1Y
BN, IR, Yang 2517 K Z RS = N AEYIRT K
K CO, B (R mm i 45 S AT T X EG, B2 4 T HE CO,
WM AR R B IEZ 2 (PM) A2, il FF 43
MR CO, M AR LXK R RS

PV Uit b X2 TR () e R ) KR S L
DX 7K R e AT T R 7 4 [ K AR T AR Y 60% |, B
di A KRG SR 70% S B TR R
Ui X KR T K A K2 R KRR
CO, WREEARA LIS, ARk, B A XS AR
WA Ak, 4 VT Vi s DX ] R 8 7K DR e i 17 A
B, PEAL KR CO, W BE T X YT A R Ui
DX 7K A TR 95 7 AL ) 2 ], o DX I e R4
FEAHEEMREE L,

ASCLL 1981—2013 4F R B 52 B, SR T FAO-
PM AR 5% E T K CO, WERIEIE PM AR, 8
B AR RO, PEAG T IR R i X K
Fei e 7K R A st 2 AR AR e =X KRR Co, vk A
AR f g 7 RS, LA AR VT b T i i XK 9% U A
BLEf S %,

1 #EFFExE

1.1 SHAREEHR

PV e D R AL B A DR R TR
S, oK ZR AT o3 Ay i e A DY s B
81 N 7] /78 A R R R A R ) A W 5
TFRZY 79. 51 J7 km? , J& F 4L (14 37 K7 Z2 A%
HEEIRZ T, A ZRR I T4 JER 23 20 A
T IX , HUIE 30 22 5L, 38 e 74 o) AR BRAIG,
B BRI+ KR 4 S B
1.2 HEkIR

RGBT T R EE M (hitp : // data.
ema. en/) 4 fb 9 v [ A0 BEORE H(E B0 4R
(V3.0),127 bR G 47 IR 1, im 0L
i H A A4 foe i AU R IR PR
SR Y ORI AN = BN GBI ) G e

K CO, W ERYE K IE T Scientific Datat'?! 2%
A B KA CO, e F i % (https ://zenodo.
org/record/5021361#. YoMiW3ZByUl) , %% #s &R
i AR A5 B 43 vt (CDIAC) kA Bk CO,
HECRN RS CO, MR RE 18 SV f Iof 2 R AIE , d gt
SN E PR AR LB (CMIP6 ) [y 52 Fl oK Sk
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e/ i s T
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7 et ;
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L GFEESLR BRI | < g
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E1 KIh TR SKiaR FinEis
PEAENE S N I ARERH SRR CO, WREEE 4R
BT KA CO, VR BE Y B[] A2 ] S BRRAIE 50908
SRR RN 10 7 35 2Bk, B HER o A L AR
TR 0 2 B0 4 v 1 Dy s i B 1] 3 BBl ok
1850—2013 4F,

1.3 HRFE
1.3.1 XKBEKE
IKFEAE B IR KR AR R AT A
ET, =K ET, (1)
KL ET, IEYTEAKE , mm/d; ET, hS % EY 7%
B, mm/d; K, AEY R B, A SCUA TR R i
X =R A AT G AR VLD B L b TR 4
TR0 3 K A AR B I BORL, OF S5 SR [ 13-
15 B W5 DXAN () DX 38 PN B 2 8 1Y) /K e A 7 40
mE1 prr, FERIEKEERKEEHBEHAFE,
P AR A A TR R o3 oy A AT (RS AR & A HE )
) EFETH (R AEEMET R 547
JEW(ALRIN BN IR RIS ERR SRl
AU FAO) HERE B e K R A B P 5
YEM ZH053 90 1.05 1. 20 F11.001'¢)
Rl KIGTHERESBEENREETH

WK fE £ HH tH B
Hii/d i/ d JE/d BW/d

BT 49 37 23 109
PN i bk ] 50 50 25 125
] 1891 3, 41 42 20 103
TR0 BF 30 5 3 41 42 20 103
P IX. 46 36 26 108
T RX 48 41 21 110

1.3.2 AFEHEHhEAKE

X(2) (3) WS HEYZERRITE AR, Hh
(2) 4 FAO-PM A X (3) Wk (2) HERS
CO, W a7 ek b A R AE AR
Tk R T RIS e g T,
ASCHERPRA CO, WEHIEITRIRE A, %
B R B SO AR EAEFT MM A Y ES
e RIES
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0.408A(R. - G) + Tgf%%uz(es ~e,)
ET, = A+ y(1 +0.34,) 2)
900y

0.408A(R,=C) +- >0

ET, :A+y{ 14+u,[0.34+2.4x107*(x=300) ] | (3)
K ET, ET, 530 AAHE ERE B KA CO, WRIE
B S EY 28 B, mm; A Ry /K 95K BE IR B A8 1k
REE kPa/C 3R, i@ ST, M)/ (m* - d) ;6 h+
SR B, M)/ (m® - d) sy TR AL, y =
0.66;T K H U, Ciu, N 2m B RE, m/s;
e. MHIFIKIRIE  kPase, ALPRAKIEIE, kPasx i K
K.CO, W, pmol/mol, R, .G A u, FEREEEE A]
NG LI R R, TR 5 WLk 16]
1.3.3 KBEFHEREKE

KRG B R TR /K 22 A B I KRS 5 K 2
SR K22
I, =ET, - P, (4)
X 1, KRS B IHE T K &, mm; ET, Ry /K AG
TKHEL, mm; P, AR K, mm, AR K &R
FHZE [ Al F 4 3 OR 4 Jm #7158 K 43 o Ay
O E R R IR TR & | I K RNV T S
W&, BEARL A HARH
, P( 1251250. 2P) b s 5
125 + 0. 1P P =250
K P oA A BB K R, mm,
1.3.4 XA CO, RAEMEH &K
RPEAG R A CO, R FE AR A X B 2 A 7 K 2t 1Y
SO, A SCEEAR I T IX 4 T BRI R K R RO RITEE
FIFH 1981—2013 4FE 500 5K CO, W%
Wi, BETT L 55 0] HR A AR D G, e R
FIERA CO, W, UK (2) IS HAEY 25
XFHRZA KR CO, W, LI (3) TS HEY
R, AL EIR FH AR R BN KRS T /K it
TP, WL 5 S 5 A A, AR
FHIA] B 5 80, F A 4R L TE E 1) 1981 4F KA
CO, e BEEH , SR A 1981—2013 4E RS
CO, MBI RIS A5 s B4 H 2 730 4
KA CO, WRPEARXTVED T /K B 5]
XTLCSEEL FRAS A SR 3 KRR K,
ARG R CO, W B 28 AR X YT rp T i b X K

T e 7K e Y S
2 HEREHM

2.1 1981—2013 £XXK CO, iRETHK
& 2 JBFFE X 1981—2013 4E K CO, WY

u’Z( es_ea )
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B, ATLUE KA CO, WRIEFERFFE X 43 A 5k
Bi5), BB & 0 o0 A R AE , Z24F Uk B A (A 22
K, AR M 368 ~374 wmol/mol .

D8 KA COMREE/
(umol - mol ")

368

369

370

371

372

373

374

B2 1981—2013 £X5 CO, REHENH
WFFEIX 6 > F e A R A 5T I Be i K< CO,
WREEIE UL 3% 2, W] UL AR R B B2 Y, 45 T3 K< O,
WIE YA 2 50/, 1991—2000 4, K< €O, HRE
SEHEAE FFF 1. 52 pmol/mol | 1j 2001—2013 4F, KK,
CO, WRPEEIIHAE T 1. 84 wmol/mol | K MRZ AN
F2 KIRTHEERAERREKXS CO, REHE

AL : wmol/mol
1981— 1991— 2001— 1981—
ok 1990 4F 2000 4F 2013 4E 2013 4E
BT 349. 44 365.99 390. 46 370.62
PPk 351.70 368.25 392.27 372.70
TRpE#msE  351.03 367.65 390. 85 371.75
BB 351.09 367. 80 391.15 371.93
PUFTFRIX 350.92 368. 04 391.99 372.29
T RIX 351.51 368.27 392.38 372.69

2.2 EEAKBEKETH

ISR R AR AR I Rl IX 1981—
2013 AEANFZ R KRR, CO, WL /K FETT K i, 45 R L
K3 (a), 1981—2013 FEMFFR XK FE TR /K i SR 2 I

3500 32 2.095x-3 784.008
g 500 F R?=0.205
o 450}
%
8 400}
sm ~
B A
2 350}

300 1 1 1 1 1 J
1980 1986 1992 1998 2004 2010 2016
fy
(@) SIS

JK G K 3t/ mm
261
350
420
490
559

(b) z= )21k

B3 AEEXSCO, REMKEEKE
EREUSSEHETESH
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FHita# UL 2. 095 mm/a B EFIEK, 24 FH4HE N
400. 16 mm , F/]ME K 1993 4E11) 310. 84 mm , Fix KA K
2013 4FAY 520. 33 mm,,

FHeF 78 B 4 (Kriging ) e 6 iF 55 X Z4F K Fi 7
KEE AT 2 [, 25 R WK 3 (b)), W LLE
B RV R U DX K RS 75 7K 9 2 (8] 43 A A7 7R
FES AW A T W ARZEE R EE, PR
X PEER KR TR K T A, Z 4R E /N T 350 mm, th
PRI SR R 7K 3G, 24 AR AR YE B 350 ~
420 mm, KA K AT T K S AR, LR
3 ML DX A KRR i 7K P (A IR #1490 ~ 560 mm , A~
K FE TR K A 420 mm,

2.3 X|CO, REMK IR TiHBXKBEKE
spA

P KRS R K 2 5 Sh UK R R K 20
M, AR ILIE 4 (a) o ML T A4, LA 45 1
SRR, P 22 (AR AEZ AR N, 3] 2013 4F, %
JERA CO, MBI IR TR /K 80 10. 6 mm, X
VEIE AT 5t T, AHERR CO, IE S
AT A R Ui i XA K R e 7K

5400 S

i Skl

E 4s0f

2 a0} T W AaY)

i U VATA% ‘

360

<
300 , & & .,
1980 1986 1992 1998 2004 2010 2016

A

(a) kA2

AR 1%
0.88
|2
o a5 1.80
(b) Ak AR (o
4 1981—2013 £ XK CO, RESI ARG
EABTURSETHEMELER
E 4(b) k 1981—2013 4FEFAEL 5 sh S LKA
e K 25 (H A 4 LAy 23 (8] 40 A, 1981—2013 4F K
R CO, MRPEAR b T 30 T /K AR Ak HLAT B i 43 ]
255, KBS A 0 3, % RS CO, WREERT,
HAKFET KBTI TR 1.8% , LRI
B 5 P R R T O X P R A AR R RN, AR
FEZRI/INT 1.2% , WF5E X KB 43 X Sl AR X 28 bR
WTE1.2% ~1.6% 2],
RJEE KA, CO, e BE X K AE T K (R 50

SIS S AT, AL CO, K
AL A KA CO, WP RS PRA LA, Frd
KA CO, HeBEH 1981 4R [ el 7154 1982—2013
FERFAE RS CO, WE S 1981 42 K7R CO, WY 22
HIH RS A S S B KRR K& 24
ZEE BRI 5, BB S TR SRR oA
FHTRIR A5 DX AT 43 DX 388 18 7K e 5 7K 2 25 (BB R
K CO, WRIEZEMI MG A, AT, EFH
K I AR Rl 2 B M K R e K 2208, ALY
RS CO, VREE2EME AN 2 e K Y, (H PR Rt Bl 7K
i AE B W T HAB e, MO K R 2B R R,

RACO W2 H/
(pmol - mol ™)

28.18
28.20
28.80
29.40

(a) KACOL HHE 2 29.83

T 7K i 25/ mm
0.89
1.40
2.10
2.80

- i 3.50
(b) IKFET KR 241 4.02

5 1982—2013 £FXK CO, RESFETHEER
KEE KBNS EEENE

3 4 1982—2013 4EH 45 il H S A 59 &
LKA K B S TR K i 25 5 KRR CO, MR 2
HILAE, mEIEATE h, BE KRS Co, I I
Th, & FIBUK T K S 2 TR, Hrd, Kb
IR R T K XA CO, WRIEAR L I I 5 h B
2, RS CO, WREERETHE 1 wmol/mol , HiFG 7K &K
F% 0. 126 mm,, 1LY -5 1) WA 90 358 114 28 T B s
PERAR, KA CO, MRBEEETHE 1 pumol/mol , Jii sk P 7K
R K9 R % 0. 065 mm 55 0. 069 mm,

F3 1982—2013 FFHKSR CO, iRE LA

KIBEKEWR G

KECCO,TRES bt/ 0L/ (o -
H X (umol + mol™") (pmol -

A A4l A4l skal mel )™
PUTHE,  342.60  371.55 372.68 370.78 0.065
KR, 344.93  373.73  515.13 511.51 0.126
TAEEMI LI 343.87  372.62  371.85 369.88 0.069
FOBHAME, 343.96  372.85 419.93 417.71 0.077
Rl FIIX 343.84  373.17  384.62 382.47 0.073
TUFTHIX 344.43  373.50 448.13 445.19 0.101
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2.4 KIEBEBHNEIERAKERFHIRERZE
FIFHBEM PR 2 1.3, 3 5 prik i, i+ ox
X 1981—2013 4 [a] ()4 R Rk i Y(E K RGBT
IR E K T A I S W R 5 e A&
AR, B 22 5 WLER 4 A& I B0y 7K A5
MK S A R K B AR, A& A BRI KA
51 P = X 7 8 A N e R 9 B R e
R 7K e R, DUV e 3 e 75 /K R e b, 75 b
FUHEE S 7 T IR T -5 70 BH T A S ) S e v T
At AT, B AR I AT kK e R T K g, (ELA
ok A R/ A e >, RS R
CO, REERIIEOLT VLA T b DX AR AR 7E Fb A . 2
T Y R A T AN FEREIR R P R 4. 24 ki
F4 KR CO, RELEAXMKBENZTERZEHNZIT
fiag  HEE
[k FKE/mm
H/mmo o] ShAg M SEA 2
DUTHEL  15.34 242,46 131.22 126.73 20.13  19.44  0.69
KA 3.67  214.56 294.89 285.63 10.82 10.48 0.34
TEEMITEL 26.19  208.08 166.70 161.93 43.66 42.41 1.25
BRI 16.21  203.45 219.85 214.41 35.64 34.76 0.88
FIETIX. 9.51  221.98 173.69 168.62 16.52 16.04 0.48
TWeT WX 8.61  204.23 249.73 242.75 21.50  20.90 0.60

(1K A% T AN FEREME B B km®

ke J7 km?

3 47 it

E AT 5T E B, KR CO, W T
2 IMEAR AL B SR R K B80S, {5 W]
SHENAES) i i 1 FRFE K (LATL) | 34 fin )= 6 X 38 <
T, TN B ZE 0 Y PEY Rk &, XA
RAE B BEAE LR 230058 rP AT AR B

Urban %2/ | F APSIM {EFRY | 5 1 AN [R]AE
PG He a3 B 1 s A Ferh 2k XK N KA CO,
W BE AR AR oK JKFE K NERRK SRR, &
IR R ARG T e RN R SR Y 2 n KA 5 K &=
0 C3 Hefe W (/NFE KRS VR E) £E CO, MITEH]
T X RS RAE G . Zhang %5 Fi ] FAO-
PM A58, %58 T RS CO, HRIEARL o v [ X 38 Py
1) F K IKAE R NETE R R RS = T Y
FEETT AKEAS AR T TS, HAEAE R CO, W
JFE T+ = GO A 0 B R 75 7K St T fiE 2 Bl ()
WERSRUT T R, HH R R 3 T AR KR A 1 26 1L
KB PML-V2 , PEAl T Hb [ X o8 Al bk 2% 1 76 T3
S RN R CO, WAL AZ B 15, kB
IR CO, WREE TR ZEIE TN 0 ~ 5% , 51
K X R [ RS, AR SO BE S 4 R
N AE R CO, HREERT YT AR Ui X K R
TR E RS LI ES, B0 m EA I B 225
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FIER CO, WEERS , K AF 75 K 208 LE R 5 1 CO,
LN 1. 6% 2ty , X5 ER B BA R4 —
bk, I, BT KBS, B TS E CO, R
BEXTHEY (1Y) 75 K BB, DLAS S e | O
A HTTELANE

P N A, JCE R AT B 7 S5 4
WBFFE AT 2 X, HIH B | N AME CO, X
KA T 7K SR Y T 58 ST P R A R GE B
SEPRIRITORE, H S AU J /N RK R 8 A 7 B
BUE, AETHRE R AR SCHEAT T A Ui e i AR A
KA B, FEBIFTE X S B A W Ao A 20 A1 T 1T % &
A SERE , HS TR 25 5 52 BbR L s A % Bl AT
AR T,

4 % B®

a. 1981—2013 4FM5E X KA CO, Wk B[]
HeRL 2 B Th S HO B TR M 20 Vi 1S R, R ] B[]
B BFSEIX 6 ST B KA Co, W TE
W,

b. TEAFHERA CO, MRBERRIHE T, 5% XK
Fei e K i ZAE S H{E A 400. 16 mm , F 34 RR4F T T
2.09 mm, KA KBk, u [ 7E 420 ~
560 mm Z[1], BFFEIX UK R A 7K i A/, B A
1 350 mm,,

c. FHIERA CO, WREEARLI /K AE 5 K 2 A A
AL RANG LE AR CO, WREE T FE 1. 6% ZiA7, 45 ik
KA CO, WAL Ar S 3T K T RSB AR
[, K CO, #ePERE FTF 1 wmol/mol , BTS2 AY
T U X KRR 7K 2 TR 0. 065 ~0. 126 mm,,

d. WFFEIX 6 A F I 2E K AS A= B 3 D9 I 75
TR RIHA BB K i A R B — 0 22 5%, Kbt
BRI R AR K B R, T
200 mm, G THAREL, 47% RS CO, WREEXT
S AR ZE O 1 5 0 I, 2 (R VT v i b DX ABE 4D
(A5 4D FE HEE R /D 4. 24 k',

SE Lk

[ 1 ] PACHAURI R K, ALLEN M R, BARROS V R, et al.
Climate change 2014 . synthesis report, contribution of
working groups I, Il and III to the fifth assessment report
of the Intergovernmental Panel on Climate Change[ M ].
Geneva ;IPCC,2014.

[ 2] WFIME, B BUEAR 55 AU S R RS €O,
JEAR AR T i SOOI DA [ 0] Bho7 3 4, 2017, 62
(25): 2941-2950. ( LEI Liping, ZHONG Hui, HE
Zhonghua, et al. Assessment of atmospheric CO,

concentration enhancement from anthropogenic emissions

E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



[3

[

[ 4

[

[5]

(6]

(7]

[8

[

(9]

[10

[

[11]

based on satellite observations [ J ]. Chinese Science
Bulletin 2017 ,62(25) :2941-2950. (in Chinese) )
UG  BLLAR. CO, WREETH mxHE Yt & VE IR
[J]. 5 AR BEIRBTSE, 2016 (2) : 83-86. (XU
Mingyi, NI Hongwei. Response of photosynthesis to
elevated atmospheric CO, [ J].
Resources Study,2016(2) :83-86. (iin Chinese) )

A, 0L, AT SC, 4. CO, He B T %A 4 Ak B A
A BTSR[], P MO R 22 ,2021,50(3) :
171-176. (SHENG Qiangian, GAO Shun, GU Shuwen, et

al. Research progress on physiological and biochemical

Territory & Natural

effects of elevated CO, concentration on plants[ J]. Journal
of West China Forestry Science,2021,50(3):171-176.
(in Chinese) )

AHOY B = B B SR OKTEEY RS R HE T
BRI SH AR R[] KR R 2013 ,33
(4):27-30. (SHI Yanfen, JJAO Xiyun, LUO Yufeng, et
al. Synchronous estimation of the crop coefficient for rice
and the seepage model parameters for paddy fields|[ ] ].
Advances in Science and Technology of Water Resources,
2013,33(4) :27-30. (in Chinese) )

B, 575 W/ ST AR HE R K R Y B
SRIMER I [T]. K BRI, 2022,38(2)
154-159. (CAO Dan, YI Xiu, CHEN Xiaobing. Crop
structure optimization based on agricultural irrigation water
demand calculation in the Yellow River Delta[ J]. Water
Resources Protection, 2022, 38 (2 ). 154-159.
Chinese) )

YANG Yuting, RODERICK M L, ZHANG Shulei, et al.

Hydrologic implications of vegetation response to elevated

(in

CO, in climate projections [ J]. Nature Climate Change,
2019,9(1) .44-48.

PRI, S P R T A A 55 1 5 T I PR
(M. st ER AR S ik, 2009.

% E W AR, TG, A AR A X K A I K
AR DL R DO ] [ )] iDUR 22 4l (T2
W), 2009, 42 (5): 609-613. ( LUO Yufeng, PENG
Shizhang, WANG Weiguang, et al. Impacts of climate
change on irrigation water requirements of rice:a case study
of Gaoyou Irrigation District [ J ]. Engineering Journal of
Wuhan University,2009,42(5) :609-613. (in Chinese) )
B2 A5 5y, SR M A S A X R o AR
F KR [ 1], K AR R R, 2015,35(3)
25-29. (HAO Shurong, YU Fangyi,ZHANG Zhanyu, et al.
Impact of climate change on water requirement of main
crops in Nanjing[ J]. Advances in Science and Technology
of Water Resources,2015,35(3) :25-29. (in Chinese) )
ECRED - | DA I T 73200 Al O S G L /797
R R 5 7K B I 2 AR AR [0 ] KRk E g 2012 ,23
(5):656-664. (WANG Weiguang, PENG Shizhang, SUN
Fengchao, et al. Spatiotemporal variations of rice irrigation
water requirements in the mid-lower reaches of Yangtze
River under changing climate [ J]. Advances in Water
Science ,2012,23(5) :656-664. (in Chinese) )

KA K A 2 2023 ,43(3)

(12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

(21]

(22]

(23]

(24]

CHENG Wei, DAN Li, DENG Xiangzheng, et al. Global
monthly gridded atmospheric carbon dioxide concentrations
under the historical and future scenarios [ J ]. Scientific
Data,2022,9(1) :83.

PRER, SBEM, 7%, %, b E EEEY T K= S5
BEL M. dEst: DKM R T AR, 1995.

T o 2 TR K AR K R PRI B Tk I
UBFFEL D] Bt TR, 2007.

SRS RN KR I SR [ M. B At
TR AR, 2011

ALLEN R G, PEREIRA L S, RAES D, et al. Crop
evapotranspiration guidelines for computing crop water
requirements-FAQ irrigation and drainage paper 56 M ].
Rome: Food and Agriculture Organization of the United
Nations, 1998.

TR SRIGERE XISCHE. 8 CO, w22 Y Hh R
KA FEHAT]. Al TR, 2021,37 (1) :84-
91. (ZHANG Gengxi, SU Xiaoling, LIU Wenfei. Future
drought trend in China considering CO, concentration[ J].
Transactions of the Chinese Society of Agricultural
Engineering,2021,37(1) :84-91. (in Chinese) )

YANG Yuting, ZHANG Shulei, RODERICK M L, et al.
Comparing Palmer Drought Severity Index drought
assessments using the traditional offline approach with
direct climate model outputs [ J]. Hydrology and Earth
System Sciences,2020,24(6) :2921-2930.

TIAN Jing, ZHANG Yonggiang. Detecting changes in
irrigation water requirement in Central Asia under CO,
fertilization and land use changes [ J ]. Journal of
Hydrology,2020,583 :124315.

SMITH M. CROPWAT: a computer program for irrigation
Food
Agriculture Organization of the United Nations,1992.
FELAE ok, B R 0 RS XT3 48 AR R K A 9
B KRR ], P AR KK L2016 (6) :29-
33. ( BAI Kaihua, HAN Bing, LUO Yufeng. Impacts of

climate change on future irrigation water requirements of

planning and management [ M ]. Rome: and

rice in Jiangsu province [ J ]. China Rural Water and
Hydropower,2016(6) :29-33. (in Chinese) )

URBAN D W, SHEFFIELD J, LOBELL D B. Historical
effects of CO, and climate trends on global crop water
demand [ J ]. Nature Climate Change, 2017, 7 (12):
901-905.

ZHANG Yajie, WANG Yanfen, NIU Haishan. Effects of
temperature,  precipitation  and  carbon  dioxide
concentrations on the requirements for crop irrigation water

in China under future climate scenarios[ J]. Science of the
Total Environment,2019,656;373-387.

H . KA CO, M BERG s v [ X A8 Bk 25 1 1) 52 i
[J]. HiERA} 2R 2021 ,36(8) :826-835. (TIAN Jing.
Effects of atmospheric CO, concentration on vegetation
transpiration over China[ J]. Advances in Earth Science,
2021,36(8) :826-835. (iin Chinese) )

(RS B .2022-06 -05 k. fr = Fl)

Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn <27 -



