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Potential distribution of rice in china and its climate characteristics
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1 Chinese Academy of Meteorological Sciences, Beijing 100081, China
2 School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044 , China
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Abstract; In order to provide the scientific support for paddy rice production planning and countermeasures to cope with
climate change in China, based on climate indices at national level and annual scale influencing the distribution of paddy
rice planting zone, together with the geographical distribution of paddy rice planting zone in China and the maximum entropy
(MaxEnt) model and the ArcGIS spatial analysis technique, the potential distribution of paddy rice in China and its climate
characteristics were studied in this paper. The candidate climate factors affecting the potential distribution of paddy rice in
China are obtained from the literatures, and they include the accumulated temperature of not less than 0 C ( X T,) , the
accumulated temperature of not less than 10 °C ( X T,,) , days of not less than 10 °C stably (N, ), days of not less than 18
°C stably (N,;), mean temperature of the coldest month (T,), mean temperature of the warmest month (7, ), annual
range of temperature (ART) , annual precipitation (P) and Moisture index (MI). The results show that the MaxEnt model
is able to be applied to the study on potential distribution of paddy rice planting zone in China, the dominant climate factors
affecting paddy rice potential distribution include annual precipitation (P), moisture index ( MI) , days of not less than
18 °C stably (N,,), and the accumulated temperature of not less than 10 C ( X T,,), which contribute about 97.6% of
the selected climate factors. The potential distribution of paddy rice in China and its acclimation classification are given
according to the existence probability from MaxEnt model, together with the dominant climate factors and the possibility
assessment method of future climate change from the international panel of climate change (IPCC). The climatic suitability

of paddy rice in China can be classified into four classes, namely unsuitable zone ( P<0.05) , low suitability zone (0.05 <
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P<0.33) , suitability zone (0.33<P<0.66) and maximum suitability zone (P =0.66). The maximum suitability zone
includes the northern part of Jiangxi Province and some parts of Hainan Province; the suitability zone includes the
northeastern plain, the hill region of the eastern Liaoning Province, Shandong Province, Henan Province, southern Shanxi
Province, Jiangsu Province, Anhui Province, Hubei Province, Chongging Province, eastern Sichuan Province, Zhejiang
Province, Jiangxi Province, Hunan Province, Guizhou Province, Yunnan Province, Fujian Province, Guangdong Province,
Guangxi Province, Hainan Province and Taiwan; the low suitability zone mainly includes Xiaoxinganling region of
Heilongjiang Province, Changbai mountains in the eastern part of Jilin Province, the Bohai sea surrounding area, the most
part of Shandong and Henan Provinces, the middle part of Shanxi Province, and the southeast part of the west Tibetan
Plateau; the unsuitable zone distributes in those regions including the most parts of Xinjiang Province, Qinghai Province,
Inner Mongolia, Ningxia Province, Gansu Province, Xizang Province, Hebei Province and Shanxi Province, together with
some parts of northeast China and the west part of Sichuan Province. Furthermore, the climate characteristics of paddy rice
potential distribution zone are analyzed, respectively. The results can provide reference for paddy rice planting pattern and

countermeasures to cope with climate change impact on China.

Key Words: paddy rice; dominant climate factors; potential distribution; climate characteristics ; maximum entropy model
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Table 1 Potential climate factors affecting distribution of rice in China based on national and annual scales

ST Potential climate factors SCHR AL Reference
=0 C AR Accumulated temperature of not less than 0 °C ( X T,)/(°C-d) [19-20]

=10 C R Accumulated temperature of not less than 10 °C ( X T}, )/(C-d) [9, 21]
FasEi L 10 °CH4E H AL Days of not less than 10 °C stably (N,)/d [8]
FesEiid 18 CHiLk H %X Days of not less than 18 °C stably (N,g)/d (8]

14 A 10 Mean temperature of the coldest month (T,)/C [9, 19-20]
e A 256 Mean temperature of the warmest month ( Ty,)/°C [6,9,19]
SIRAFH 2 Annual range of temperature (ART)/°C [19, 22]
4E[% 7K B Annual precipitation (P)/mm [6,19]
YRIE 5 $C Moisture index (MI) (19, 23]
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Table 2 AUC values of maximum entropy model of rice potential distribution in China

AUC
FTIRTEARE T ETFERABERF
Based on candidate climate factors Based on dominant climate factors
7KHE Rice 0.895 0.892

2.2 FERAURN T RIS AR AR

3t TR R E KRS oA B R 5 A T SRk A e AR R Tk R, R Tk e R
HIRBNEF AR I H - AR B K 3 (P, 68. 2% ) R IEFE 8 (MI,15. 1% ) Fa g i 18 C RYFFZE HH (N,
10.8% ) =10 CHUR( X T,3. 5% ) el A FHE(T,,1.3% ) o Hl 4 AT HE 7 1 R Tk R A 2
97. 6% ,#iL 95% , i LA IX 4 AR T2 M K A oA 9 32 3 SRR 1

FET IR Y T R T, 25 S ORISR MK RV AR SRR (R 2) R T SR
B AT~/ AUC 3% 0. 892 , F54Y 28 R R 1K B 4 A AR , 2 DI T 1B 1Y 32 500 A A0 S RS B ] T K
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Table 3 Contribution rate of climate factors affecting rice distribution in China

R AN 2y

ST TR E BTk F R

. 0 Accumulated percent
Climate factors Percent contribution/% o
contribution/ %

4E[%/K 4 Annual precipitation ( P)/mm 68.2 68.2
HEETE 4L Moisture index (MI) 15.1 83.3
FarE g 18 °C 54 H AL Days of not less than 18 °C stably (N3 )/d 10.8 94.1
=10 °C FUE Accumulated temperature of not less than 10 °C ( X T},)/(C+d) 3.5 97.6
5% H V445 I Mean temperature of the warmest month (T',)/C 1.3 98.9
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Fig. 2 Relationships between rice probability of presence and climate factors
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Fig. 4 Relationships between distribution area (numbers of raster) of rice and climate factors
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AEREIK N 1594—1847 mm , K25 18 °C 4L HAME 104—179 d F1308—335 d Z[H], B HE 50 /E 1. 19—
1.22 F11.95—3.75 ZJf], =10 °C FURAE 5061—5770 °C-d F1 8892—9224 °C-d 2 [a] ; Hid B IX B S AR
AERE K R 542—1890 mm , £ il i 18 °C #F4E H Hh 59—238 d, {BIE45 41 1. 04—1. 88, =10 C Bl &
2548—7768 °C-d ; fIK3E B X A9 S AR AL AR K8 511—1011 mm, £25E @1 18 °C #5742 H$02 18—145 d,
TRIEFEHCHN 0.73—1.78 , Fa 3@ 3 10 °C B N 2167—5019 °C-d; A3 B X [ S AR R R 4E [ K 24—679
mm, FaE T 18 °C HE0—134 d 3B HCh 0. 1—2. 28 Fasgimid 10 C AR N 21—4439 C-d,
3 Zigfnitig
3.1 P EDKRERRETE AT

AW I FH B KRR | BE 0 a5 19 32 T A DR S48 T vl KRG 1 T E 0 A1, AU A i 3 3 47 1Y
FEEE(AUC=0.892) , A5 RUBLALL 1 v [ ZK e Vs A 43 A 55 56 T 32 J8 R o] e 9 ek 22 o 1) b [ /K R 4 A IR AH
FE 200 s[RI AT R AR — B, P B X S RS 3 ORI, A B X S v K R G Al (X 22—, F5E
TR0 AR P E K RE A ) BB T, A 4 R TRE SR TRER . B
R 2 B () S R A SRRl A A ) RIS R 40 A J LT AN AT B & A, 3K st AT 8 4 A F0U0 T AR SIE B 43 A
RIS . 55— 71, B A0 B E R N R 50 25 T DR (A 40 7 8 s T ok St A 245457 10 1l IX Al i
A AF RS A o A T R B SE PR A AR TRV . KR S 32 Nk R 2 e ma B R R ARVED) , N R ok F|
VTR | SRR R | T I SR AR R A% AR A T R A K R A A T AR R, 2 5 BB K RS 43 AR T
FUHCSEBRIG /N, AE— R IR B Hh R W BB S B 1 A A 7, TR K A R il i A A B 7R T g
WRFASEPRTY ) BT 2 AR Rl A0 A S5 A A5 N 0 B 4 B B R DL A E R P L PR T ORI
A AR R B T S o AR M DR 1A S M DA RS, | Al i S PR R g AR A R R T B — A i
Py Il

AL R 5 M B R ATADL A At 1 (R SE VR P o 23 A a5 8580 1) 2 /D S ma RS RSB A 38R . 43BN R
GRRE AR W B RUSSUR AR R R I, SN ZRRE AR BGA 5 20 ARt AR TR 0L 0 v it AR B R o2y
BEAKE T 30 AN, SRS IR A T 45 SR e PR R 2 AR 9 FH T R AR R () AR R 43 A A R AR B
K127 A4S, X AT BE SR AR 45 SR MER I 8 5 (AUC =0. 892) YR IH o AL, VI ZiAE A B AEBIF 5% X 20 A1 1y 1)
WFERE BT Y2 () NURE SR AL 17 B AN JE 5 S S 5 AU 28 SR R — 8 58 22 R 2 P, 3 T /) TR R
T B — e
3.2 P EKFEEAE 53 A DX B SRR

AT I IR AY | $ T S v K RV TE 0 A 1 AU BIAR K i R S A R e i
it 18 CHFZEH BRI = 10 CRUR , /00T T 805 B 7 v B KRG VA A A BE SR A B2 00, ST 1 v [ K R T A
SRR S SRR F Z MR 45 T E KRS AE /3 A | FBEWEAE 500 X (2920 BB R S AR AR 80% )
RS E A R UGy X SR T BIE . AR K SRR R Y S R R KRR SR AE Y, (At 2 /%
KK FBUKRE AR TR KRR AR, W48 10 IR AR K BB S AR 0 P 38 W K
IKFESEAE AR HEACKE R K R G A B A B, dEmT R K R AR K A B, R E S BUKRESET-", oo st
FA NSELS b SRE TR i 2R KA A AR B, PR T ER s e T A R I AR B KRR A AR R A
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PN R AL =2 T 1. 0—2. 0 ZZ ], HAE 5 7K R v 78 43 A T FR rb s 3 B DX AR i 8 45 (1. 04—1. 88) AT,
T R 8 50RO A7 A SR A s A M X 2 v R KRG ) PP R B IX, X b X LA YR I Y 4 A A e
fEP) ) FaeiEad 18 CHRAEE HEUS T2 50 d i, KR A A AEABE S A S T 157, KRS T2 BV A 40 A3 IX A e e i o
18 CHRiak HEUAE 58—205 d Z ], FEAEMERM T =5 AR B L 18 °C 44 H HIOR 2 2w 8 43 A X A Ao 8
i3 18 CHE: HBRMEAIE . B 5 HA TR E AR E W 18 CHr: H =30 d 1E kR ik
BIX R FEFEIRZ — , SABF G 1L KRR 5> AW 2347 B 45 21 (0 KRBV FE 0 A T BRI 4 18 °C H7 4%
HECH 36 d FIZERAIE . SEOKREAA AR B Z A =10 CRURME, 5 EUK B FR =10 C
FURME (2311 C-d) ML, PEAOE 35 KRR B I R HE bR 2 — S BURAE 2300 °C-d AL 78 H K
Feir: KRR E M B IRTT A RS AR, th TR SR B R, 48 TR, B RS IE I 4  15—20 d, 2k
KRN 2200—2300 C-d"*, D0 AR K R A K SRS BIIE . ASBIFFE 45 B =10 °C LR =7, 7T
REJE A % AR SR T K RE AR R i R s ke, AP VR R 2 A PERY , BT AT DIARSE KRG AF 7E AR X
— LR PR R K R SAGEE B K, HLAUE T AN RME Z (R 9 414 RE S A5 Hh [RIARR 38 B ), X 5 DAAE K
FE X RAR G RS T A R 0 A4 7K R VS A A X3, U4 T /K R SUOE H S )

AT GG VEA T 23 [RAR AL, AR 51 BT = AR A A (US40 45 AT BB AR 47 b 488 7 7K R 08 7
ST ERENOCR . FE XIS T PR B R G HAT A s R A A BERE ) | 23 18] 43 BT D) B i R b T+
TSR, T AN BT RE 1 5 R R R SR A A B UG £ S A R R R S B
G A7 s B SR ST W o A 5SS R BT A EE R AR 5 R R A B AR GE o A AL R
(VR 5 A B RN AG S 70 AR 2 AR R, A R i T B R v TR, R M A B R S
5 DA 0 U b S e v D KO A4 TS A 43T, T B9 S e T A RSB 6 7, T BE NS 52 e T K RV 7E i 5K
fEZ AR,

A SCHFFE A2 F AR SR T /KRG I AE 0 A B SARRRE . B TAE S AT R K RIS s &
SRR R A 7K o3 K RE R S BR %) s e A RN, RUIT , 32 AR 815 7K 3 PR 752 i 1 /K RV 6 o A A
FFRABISE .
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