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Abstract ; Distribution maps of ET, during rice growth season, day of growth period ( DGP) , crop water
requirement ( ET,) , effective precipitation ( P,), coupling degree of ET, and P,, and their climatic
tendencies during 1970s, 1990s and 2010s were calculated and drawn by Penman — Monteith method and
Arcmap spatial analysis based on daily meteorological data in 1960—2015 of 26 meteorological stations
and crop coefficient of 29 rice irrigation experimental stations in Heilongjiang Province. The result showed
that the average ET, during rice growth season was 620 mm, it was decreased firstly, and then increased
from west to east, the decrease of wind speed, humidity, sunshine hours and the increase of temperature
led to the decrease of ET, at a climatic tendency of —3.90 mm/ (10 a). The average DGP was 115 d,
and it showed an increase trend from north to south, the increase of temperature caused DGP to increase
at a climatic tendency of 2. 68 d/(10 a). The average P, in rice growth period was 297. 03 mm, which
was increased firstly and then decreased from west to east, the increase of DGP compensated for the
decrease of rainfall, and the P, was increased at an average climatic tendency of 0. 62 mm/(10 a). The
average ET was 490.52 mm, which was decreased firstly and then increased from west to east, the
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increase of DGP compensated for the effect of ET, on ET,, and the ET, was increased at an average

climatic tendency of 6. 66 mm/ (10 a). The average coupling degree of ET, and P_ was 0. 64, which was

increased firstly and then decreased from west to east, the increase of ET, was larger than that of P_,

c

which made the coupling degree of ET, and P, decrease at an average climatic tendency of —0.009/(10 a).

The research result provided a basis for rational allocation of irrigation water resources and rice variety

layout in Heilongjiang Province.

Key words: rice; Heilongjiang Province; crop water requirement; growth period; Penman — Monteith
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Fig. 1 Study area and distribution of stations



%5

e 4. 1960—2015 4F 2 Jp VT4 KRG /K 0 28 43 A FRAE 281

FERAEL , SCER 7S BUR A AR SCFSE X3
1.2 KBEBTHNHE

AT KRS AR B PR KRS RS Ak 21 ik
—T B, KRG LSBT HIRECH 95 ~125d, K
TR ARG AR ZURE R 5 A0 3 4 )
SEHR R R E i 13°C B4 H AR MK RS RS AR 40
U F FE KRR 25 55 ) HOF- HR B RE 2 13°C 1, O
B FE AT 1B B, e R S K R R H
om0 KRR AR B RO LA H S A B H
WIZ 2%, AT HESTEAKREE E W REE L A
R T R K R AR AL K F ST I BE Ay R 3 BE
1960—1979 4. 1980—1999 4F  2000—2015 4F,
3 AN BRI 43 SR 3 4B I A K R A
SR AR TR A K R AR A K
1.3 BUEWE

KR A B 100 P A8 e T R P 2 R Al
H IR (USDA) #EFE R 5 sk

P(4.17-0.2P)/4.17 (P<8.3 mm)
" l4.17+0.1P (P>8.3 mm)

(1)

X P ——H R &, mm
P—§ i, mm
1.4 KEBFEKE
KRR K iR ] FAO HEFE 1 SRR R 30 i
F1i% HATEER KRR B I B K H % B K
i 24 AR W) 5 VR R AT LR
FRAE K AR R G e K B U
T A -5 HAE []— FRURL DX P 08 7K e R s 1 )
FBUAE R A A — LR AR 2 K
TG | WU VT 5 A R B A TR K
IR AR
ET. =K ET, (2)
{ ET ——EY K E  mm
ET,——ZZ5AE )75 0, mm
FIH FAO #EFEHY Penman — Monteith J57 115
SEAEYIZER (ET,) , HA B Al

900
0.408A(R, —G) +r T+273”2(e‘ -e,)

A+r(1+0.34u,)

ET, =

(3)
K R —AEW R RS & M)/ (m®-d)
G——HHEHGE % M)/ (m’ - d)
T—2 m AL H -2 SR, °C
T FIK VA  kPa
AR A 2 m S AL BB A, m/s
SRR, kPa

eS

U,

e(l

A—HI R K VR R 5 0 G & il 26 R R,
kPa/K
y— BT 4L, kPa/K
1.5 SEmm=E
KNIk AR ER B S —IR
M REFOR B

ﬁ' =at+b (4)
Kb ¥V — AR EENMAHE
(——XF R A4y
a.b EEES

10 a FRASMEM R, TR L EFR A 10 a 197251k
MR IR R N AR B R R Ui
1.6 HMBKIE

Mann — Kendall #4385 50AFE  —FAES 8 S 1t
Ko vk | RERSAR G iy 18 5 1 18] ) 20 ) AR Al 3, wof
TAEIES A R8s, BA 30m o b ik i v
HEgiit 28 7 (1E R R BE A ka3, 7 i 4axt
HAERTZET 1. 64 2.32 F1 2. 56 W}, 439w 1F
AI{EBE R 95% 99% F1 99. 9% (1 b 25 M s 36 Y |
ARSCRFH I 206 S04 S0 A R TGRS
1.7 EKESEEUEMENREE

T KA S R T R R A B AR A R
A R R T KRR TR A

1 (P,=ET,)
= (5)
P/ET. (P,<ET.)

K A—AEFWAT KR SE NS
1.8 ZHEAIE

FIH CROPWAT 8.0 #4178 T4 26 4>
SE % H S HAEY) 781 28 & 2 Wit 8, FIH
Matlab 2004b #UFHEF TR RIT A 26 IR 0K ARG
ISR N NER CIREE =P i PN Y& e 3 T
i A ) R A T IF 24T Mann — Kendall
FAAKEIS, R H Arcmap 10. 2 T ELA48 /4 25 [8] A1 I
REXT 45 SR04 125 AR A IR

2 HBRESH

2.1 BEEYEYET

M TR A KA K FERE 5—9 A, Xt
1960—2015 419 5—9 H RS B AW R B Kk =
(ET,) #4750 H7, anl& 2 fiioR , BT IX N 2 4F A4 K 2
ET ¥ 514 ~741 mm Z[i],"F-3¥{E R 620 mm, [F 75 7]
SR SIS WA b = K (= R o i ]
TEPETRZRA FrFr M /R ML X AR A X 32 550 A 78
& PN, BT BEN A K 2 BT, S A5 17
#H - 18.56 ~ 8.15 mm/ (10 a) Z 6], F ¥l K



282

gl BB

2L
=

Eibd 20109 4F

-3.90 mm/ (10 a) , BVAE T REREH PG &R H X AR
@Ut A 22 Al SRR RN T 0, o

MR K R R ERGE L T a =0. 001
ﬁ% MR , 5 I AN AR R R Rl T « =
0.01 PR E, JRAR s il | 28R 1T [t 34 i
Ta=0.05 BEERLR, @it b 1960—1979 4F |
1980—1999 4F F1 2000—2015 4E 3 AW A 4 K 2=

ET, ¥, 1960—1999 4E [ Bt BT, Agei ] -7 ¥ {5
g -2.32 mm/ (10 a), BF 58 X N B R 5/,
65.38% 3 LA -8 ~0 mm/(10 a) 3 F [,
1980—2015 4 By Bt ET, <6 {5 7] R F ¥ {5 A
-5.15 mm/ (10 a) ,ET, 08 Lt _F— K BEK, PG
b DX R MR TR T T 750 AR 2 38 2 5 X ) ¢ 0 Ay B
JIIVEEN

N N N
. i .;—'-""“ -
-E:_ s mm <." S~ 3 A mm R *a, A 1
i - 514-540 1 514540 K & - 514540
L SRR = 540-580 Noagan m540-580 SR Y 540580
= 580-620 } = 580-~620 f B o 580~620
= 620-660 m620-660 '/ R = 620-660
{ = 660~ 700 w660~ 700 § =660~ T00
b - T00-741 -700-741 e, -700-741
0 140 280 420 56 560 ) 140 280 420 56 s60 . 0140 280 420 560
km \ ..-‘v —— | SN
(a) 196019794, ET, (b) 198019994 ET, () 200020154 ET,
N N N
T A s A s,
~ L mmf{10 a} R mm/(10 a} "‘ mmf{ 10 a}
e N N --23-—16 T --_23-—16 X e -_23-—1h
b =_15--8 > = 168 ~ 1 =_16--8
._;{—Jﬁg(! _16850 ..LBSED
- () -~ - ()-.
Weste  mS-l4 -4 - . ms-l4

m A
(d) 1960—19994E | “ frfiid o] 5=

& 2

A .’
th .
0,140 280 420 560

) 1980—2015%, {Lﬂx'[lilﬂi

1960—2015 @ ET, B HA A ) R 1 28

0140 280 420 560 % -
R

(1) 1960—2015% , T 5=

< (8] 73 A

Fig.2 Spatial distributions of ET| and its climatic tendency during 1960—2015

2.2 EFHRRHETN

1960—2015 4FHF5E X KGR AR H 1917045 an &1 3
iR, KFEZFEBRHMES H8H—6 A9 HZ
] BT X RS HIHh 5 A 21 H, B4k H R
PRI R PEHR R FARES, p b T, Bk R

5 e A -=05-08—05-15 B ey
<~ %, = ()5-16—05-20 S '
X -, 8 = 05-21—05-25 Y ~ &
— % = 05-26—05-30 — R
= (053 |— 0604
{ = ()6-05— H6-09 & T
‘- 1 § =
= 4
al _:.-‘ s ?
\ g f“,h-l
0140 280 420 560 ' 5| 0140 280 420 560 "%
a8 — T “‘u_-'v L= 8 —
(a) 1960—19794F 54k 1
A
T d/(10 ) ST ey
= “as . <O .8
‘.__.-._u " - ™,

=21

0140 280 420 Sbt! 0140 280 420 SOE
O —— O ——

m m

(d) 1960—19994F , S ffili [ 3

& 3

(e) 198020154,

L
L -

(b} 1980—19994F  F4 H 1)

A

Mo IX FEEAATAE ST I IR T2k MG IR —F B
B b X A AR ARG B AT AR R ED T
FIFG RS IS X, B2 I B PR T A 3l s K RS B9 %
R R R AR R - 4. 03 ~
-0.68d/(10a) , FHMEH -1.73d/(10a) , Hirf 4y

N
-=05-08 0515 2'_*"'“%,._ A -=05-08—05-15
SEEER T il
= 05-2 525 > = ()5-2 24
=05-26—05-30 N N =105-26—05-30
=05-31—06-04 P = 05-31—06-04
=06-0506-09 E =(6-05—06-00

vy .

A

(10 a) > a8 dA{10 a)
-y Som, L -—ye3
o % m_3.)
o R =121

? =_i_0
-()-]

f . .
& @ >
= .
\._ .
@

0 140 280 420 ﬁw‘ ‘
| \ "
S () 196020154, ' {5 {4

1960—2015 4F /K FEALH% B 3 S KA A i 1a ey 25

S (8] 73 A

Fig.3 Spatial distributions of rice planting date and its climatic tendency during 1960—2015



%5

AT 45, 1960—2015 4F LI V1A KRG T K & B 25 40 A0 ik

283

B 12 2.7 MR G F AR H INSE AT GG T
a=0.001.0=0.01 Fl a =0.05 W EVEK K, it
L 1960—1979 4E  1980—1999 4F Fl 2000—2015
AR 3 IR K FE RS AR H 1% BE, 1980—1999 4 L
1960—1979 4 HIFE AL H B A W& G4 i ik 35, 71
S gt %k - 0. 71 d/(10 a) , 2 B FIP) 7 7
A B AR AT, T 1980—2015 FHF5T X F-
By et 30 - 2,48 d/(10 a) , B4k H 152 Fi i
JE L 1960—1999 4E K, 43 26 AR b B4k H 1Y)
A R 4N T 0, oA 16 3l SR AR H 1
S R E PRSI A R T
1960—2015 405 DX P 7K A5 k24 B #4345 an
Bl 4 iR, W58 X N KRE 2 48 i B 9 7E 8 H 30
H—9 A 22 HZE, FHRAHM N9 A 13 H,
B H LSRR B R AR, AR,

09-22 ( |
"

A S G0l KA B H D) 18 2 4R 34 FL A
i[5 & 0.09 ~ 1.68 d/(10 a), F I {H K
0.94 d/(10 a) , H A 18 NS L uli i iz 1 1 2
R A AR AL A R 1 d,
117 PG BB R R 5 L X P 344838 2 d, HeAsE 1960—1979
4F 1980—1999 4EH12000—2015 4F 3 AN A 7K AE
A H AL PR, 1960—1999 45 3 8] 4% 3 - 44 < {5
124 0. 47 d/ (10 a) , HAG G FIPN 52 P b A 7K
R H 0 0 S R TR R L RMORITAG JR T b X A
MR R AT, 1980—2015 4F 1] A] A4 2K A8 Ak
2 H L 1960—1999 AFEHEIR R B, P34 S i ]
FN1.15d/(10 a) , A 23 >l 5 AY ) A 0 i
RKT 0, Horb g 7 Aol S g iR i i %, &%
Ak R 1 R AT VT XA s H TR 2 d
PLE,

N N

5 R A = ()8-30—09-03 A = ()8-30—09-03 A = ()8-30—00-03
o L = (0-04—09-07 = (19-04—09-07 =09-(4—09-07
% F 1 (0-08—09-11 0-08—09-11 109-08—09-11
™ 09-12—09-15 Vi R 09-12—09-15 oy % 109-12—09-15
P = (9-16—09-19 Pl = (09-16—09-19 Pl = (0-16—09-19
!'\ E - (-2 L - (-20—09-22 | - ()9-20—(09-22

b -

(a) 1960—19794E , it H 1)
N

0 140 280 420 560 "%
(= m e

di{10 a)
-]

b

A s
\ =
A
4 e
. =
l @ . X

0 140 280 420 560 %5
[ = 8 = A

(d) 1960—19994F % (i [o] %=

0 140 280 420 560 %S
L= = s ST

(b) 198019994, piL34 H H1

S "‘l
;_:lll:fl‘ . ,'>\ X b
-3__1: 4 4
/ @
:-.___ - > -
0 140 280 420 560 ® | 0 140 280 420 560 "SR
O — e e e

m 5

(e} 1980—20154F , “{ ffim) 2=

&

0 140 280 420 560
O —

(e) 2000—20154F, /¥ 0 1
\ A
di(10 a)
-~
=01

Ao a)
--]-0
-1
]2
-3 -3

(F) 1960201548 , ¢ fiz:fifi i) 4

Bl 4 1960—2015 47K R R B 3 K HAAGA ) 3R (1 25 (B 0 A

Fig.4 Spatial distributions of rice mature date and its climatic tendency during 1960—2015

1960—2015 4F-AF 5% X K FF A2 8 401 X 8505343
5 Wi, BFSE X MK AR AR B R B7E 84 ~ 137 d
Z ), X AR 115 d, [ b Ak 2
Sy o SRS R Gk R R RIS R Y
A B AR, AR B I SRR A 5 S5 K
FEA: B W B /N R DT il s 2 B I R A
R MG IS A % 1.30 ~5.30 /(10 a) ,
FEIEN 2. 68 d/(10 a) , BREZ IS A IG A0, H A
A0l AR A R B 3 e, e P S i
KSR 5.3 d/(10 a) . 1960—1999 4F 1]
[ BHF 5 DX P9 7K R 2B B R B0 I /0N | o B A%
fiii[A]%k 1. 19 d/(10 a) , 1fif 1970—2015 4 [7]
KR T RELLL 3. 56 d/ (10 a) Ay 1 S b
Hafin, Hoh BF 5T X 403 26 Ao S A 2R B R B0

A ] KT 0, 55 X N 69. 23% BSR40k 1Y
A I DR B 2 G T R A v S b X ) 1
ERK,
2.3 EAETW

1960—2015 4F-HF 5% X 7K 5 75 7K & 4> A W & 6
Fis . KRBT K BRAE 244 ~ 740 mm Z 0], Z4E -1
B4 490. 52 mm, F PG ] 7R 1A 3 30 56 el N I 3 n
kR, TN, &S Gl K Rl 5 7K it A (i
[ 2RI FEN - 11.05 ~23.30 mm/ (10 a) , FH{E N
6.66 mm/ (10 a) ,f 23 MR IAYT K EEIEINE
O H R MR PhR B R K S AR
T a=0.001 A9 EPERGR:, WOTRRE K & B3 ik
Hatiid T o =0.01 R BEVERE 520 b2 A |
XGPY PRI KGR G T a=0.05 1)



A,
284 gl Bl R 20194
N d N d o
o -5 00 — -54-90 o -5 )
5 . A mH0-95 b3 — A =095 p -0i-05
24y %, =05-100 L - Y o5 100 < =05~ 100
[ =00~ 105 ; L = 00~ 105 = ] (00~105
™ = 105~110 LA =3 105~110 S105~110
=]10-115 P4l 1110-115 1110-115
] [5~120 (l - =]15-120 . ]5~120
i 20125 § | -=20-125 ] 20~]125
r e mm|25-130 i 25130 s mE]25-130
af . - 30-137 i - . ]30-137 S = ]30-137
il - o=, _— P
4 y ¥
\ 4 Y. ¥
0140 280 420 560 "% e 0140 380 420 WI s . 0140 280 420 560
O, ,.‘u—\_‘ L= = i -\) \Q - ’ L= = |

(a) 1960-

19794, 4= T I AL

di10a) S
-—1-0 R )
10-2 72 %
g " =24 & %
Y, S -if 2 i
PP B ,J\l,.
>, 14 o ; \‘H‘:.___'
0 _140 280 420 560 "5 - 0 140 280 420 560
e — ,_w O ——

(d) 1960 19994F .’dra‘ﬂ-iou-'%-"-

Kl 5

(b) 1980—19994 A= Fi 4 K

(e) 198020154,

1960—2015 F/RFEAF W KRB HA

() 2000—20154E , 4= 77 10 KB

>z
A
|
. |
\
f
)
r
>

d(10 ) e 10 a)
m—-]-0 e T -0
m-2 f" \‘ m0-2
W -4 & % 24
| T -y y "‘_,.‘_ -i-f
— Y =
: 2 -
Lo ¢
. y
h_._.‘ o
T --“'E.--"J

0 140 280 420 ib[}l“' & ) 1
O — \:A"'J "\'i
(1) 1960—20155F , 5, 5w 4

= (8] 3 A

Rt
T I 4 A 23

Fig.5 Spatial distributions of days of rice growth period and its climatic tendency during 1960—2015
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Fig. 6 Spatial distributions of rice water requirement and its climatic tendency during 1960—2015
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Fig.7 Spatial distributions of effective rainfall and its climatic tendency during rice growth period in 1960—2015
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Fig.8 Spatial distributions of coupling coefficient of effective rainfall and water requirement and

its climatic tendency during rice growth period in 1960—2015
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Tab.1 Climatic tendency changes of each meteorological factor during rice growth season in 1960—2015
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