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Impact of Climate Change on Layout of Double Cropping Rice in Guangxi
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Nanning, Guangxi 530022)
Abstract: Climate change has become an indisputable fact. According to the fifth report of the Intergovernmental
Panel on Climate Change (IPCC), the global average temperature has increased by 0.85 C in the past 100 years.
Warming as the main feature of climate change has had a series of important impacts on cropping system and quality
layout. Its concrete performance is as follows: crop planting boundaries moved to north and expanded to high
altitude, crop variety layout and crop planting structure changed obviously, and multi-cropping indices increased
significantly. Relevant researches revealed that annual and seasonal average temperature showed a roughly upward
trend in paddy region of Guangxi. In addition, growth period and agricultural climate resources allocation pattern
changed obviously in these areas. Layout of double cropping rice is sensitive to the change of agricultural resources.
However, the impacts of climate change on the planting layout of double cropping rice in Guangxi was seldom
discussed. In order to reveal the change characteristics of layout of double cropping rice under the background of
climate change, meteorological data from Guangxi Meteorological Bureau and geographic data from National

Geomatics Center of China were utilized in the study. Four climatic factors were selected as the key factors which
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affected the layout of rice planting .They were safe days of growth period of double cropping rice, active integrated
temperature (=10°C) during safe growth period, total sunshine hours during the period of daily average temperature
above 10°C in a year and annual average temperature respectively. In this paper they were abbreviated to D, AT, SH
and T. Based on the daily temperature and sunshine hours of 91 meteorological stations in Guangxi from 1960 to
2019, changing trend of four key climatic factors were analyzed. The study period was divided into two phases,
namely first 30 years (P1:1960—1989) and last 30 years (P2:1990—2019). The equal weight principle was used to
evaluate and score each key climatic factor in the two phases. According to the total scores of four key climatic
factors, double cropping rice planting zones were divided into four climatic suitable regions in Guangxi, namely
regions of single cropping and ratooning rice (S+R), regions of early and medium maturing double cropping rice (E+M),
regions of medium and late maturing double cropping rice (M+L) and regions of late maturing double cropping rice
(L+L). Different combination patterns of double cropping rice mentioned above were determined by their demands for
agricultural climatic resources. Generally speaking, demand of single cropping and ratooning rice for heat resources
was small. It mainly distributed in the high altitude areas of north and west of Guangxi, while the late maturing
double cropping rice distributed in south areas involved Youjiang river valley of Guangxi because of the great demand
for heat resources and longer safe growth season. Early and middle maturing double cropping rice and middle and late
maturing double cropping rice mainly distributed in the central areas of Guangxi. Their demands for agricultural
climatic resources were between S+R and L+L. In the end, the spatial distribution characteristics and changing rules of
different combination patterns of double cropping rice were analyzed in two phases. The results revealed that safe days
of growth period of double cropping rice increased significantly in the north and west of Guangxi. Active integrated
temperature(=10°C) and annual average temperature increased significantly, while the total sunshine hours during the
period of daily average temperature above 10°C in a year decreased significantly in most study areas. The heat
resources increased towards to the north and high altitude, while sunshine hours decreased from the north to the south.
Comparing with the first 30 years (P1:1960—1989), climatic suitable areas of single cropping and ratooning rice and
medium and late maturing double cropping rice increased by 2.1 and 4.2 percent point, while those of early and middle
maturing double cropping rice and late maturing double cropping rice decreased by 3.6 and 2.7 percent point in the last
30 years (P2:1990-2019). The significantly changing areas mainly distributed in Yangshuo and Lipu regions of Guilin,
the surrounding regions of Hezhou, Mashan and Longan regions of Nanning. The purpose of this research is to provide
a scientific reference to make full use of the sunlight and heat resources under background of climate change and to
optimize planting layout of double cropping rice in Guangxi.
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Table 1 Division standard of the key climatic factors affecting layout of double cropping rice in Guangxi

M FEMAE X Model of double cropping rice

[XF Factor

S+R E+M M+L L+L
D (d) D<185 185<D<205 205<D<225 D=225
AT (C-d) AT<<4800 4800<AT <5200 5200<AT<5600 AT=5600
SH (h) SH<1100 1100<SH<1300 1300<SH<<1500 SH=1500
T (C) T<18.0 18.0<T<19.5 19.5<T<20.5 T=20.5
4MH Score 4 12 16
K44 Total score(G) 16<G<<32 32<G<48 48<G<<64 64

TE: SR OVHZFFARE, E+M YR PR, M+L TR, L+L BB, D WUFEREELEEW, AT N%
SN Z10°CHESNRIR, SH A4 HFSIR = 10°CHAM K H RS2, T A4 PSR, TH.

Note: S+R is single cropping + ratooning. E+M is early maturing + medium maturing. M+L is medium maturing + late maturing. L+L is
late maturing + late maturing. D is safe days of growth period of double cropping rice. AT is the active integrated temperature (=107C)
during safe growth period. SH is the total sunshine hours during the period of daily average temperature above 10°C in a year. T is
annual average temperature. Each climatic factor is rated as 4 points, 8 points, 12 points and 16 points according to whether they meet
corresponding climatic condition of S+R, E+M, M+L and L+L. The same as below.
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Fig.2 Linear trend of four key climatic factors in 91 meteorological stations of Guangxi from 1960 to 2019
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Table 2 Spatial prediction model of key climate factors in P1 and P2 phase

“+” is outlier. Q1 is 1/4 quantile. Q2 is median. Q3 is 3/4 quantile.

i} Bt Phase 577 72 Regression equation R P
P1: 1960—-1989 D =1074.59-5.162x, —11.882x, —0.062x 0.964 <0.01
AT =27060.663 -128.464x, —305.488x, —2.246x,4 0.969 <<0.01
SH =4660.159-116.58x, —0.299x 0.787 <0.01
T=71.535-0303x, — 0.724%, — 0.005x, 0.961 <0.01
P2: 1990-2019 D =1074.979-4.955x, —12.501x, - 0.06x 4 0.962 <<0.01
AT =27483.201-124.591x, —331.304x, —2.198x,4 0.968 <0.01
SH =4317.53-118.947x, ~0.231x, 0.804 <001
T =69.435-0.273x, —0.751x, —0.004x, 0.960 <0.01

He Xy xov Xy BRAE (O G ) FHEE (m), RAMKRL, PAREEGRR.

Note: x;, X, and x5 represent longitude (°), latitude (°) and elevation (m), respectively. R is correlation coefficient, P is significance test

level.
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559 1

TYESE: ATARARXS ) P XU AE R AT SR R 547«

WF R X ALER R R L X . IBA BT rT &, )5 30a
F(P2: 1990-2019 4F) il IR HONZERE (L+L) A=
FE AR PR = 10°C 1 1A) H R A i i [X 3
AR EE A VLI A AN 58 DX i 30—, T i A AR A
MWZER (ML) B #EERE (B+M) FRZREA
T (SHR) A7 H 4400 = 10°C HI1A] ) F I8 R %
DX IR B, DRI, R 250 3 ikl A R 1
IRPUEFG (L+L) Ay i 3 BRI 1.

M 4d FRTCUE H, R IR HOEER (L+L)
A PR R T=20.5°C I X I ARAE P2 BB
50.9%, fE P1 BB 36.3%, P2 Lk P1 #2571 14.6
ANE 5P B T=20.5°C 1 X 48 3 B4 A £ 45 VL
A AR IX A B, P2 BB A b
5K, FFAE AR Z IR T AR DAUR A T RS, ELE
VLA R DU K. 32 HIR BORZERE (M+L)
A PR AIR 19.5<T<<20.5°C { [X S #7E P2
BrELd 18.0%, fE P1 MrELY 17.7%, P2 5 P1 fri
EEBIAZEAN K. P1 M EE 19.5<<T<<20.5°C i [X 5 3= %
SIARTERE AL R LR, AR A LA AR . A e
. FEMREEES, AR E . RE. BN X,
P2 MrEtB AL, m SR X T RS, (AN
RhZE . RROK — A AR, R 55 BN DR 40 Hh
X o i 2 AP B RS (B+M) A P2 4E PSR 18.0
<T<19.5CHIXILHFAE P2 FrE Y 19.9%, 7E Pl
BrELd 21.6%, P2 L P1BEIR T 1.7 ANE 5. PLEY
B 18.0<T<19.5°C 1 IX I I o A AE B 78 X AL B
PEEE, PR E R ER . M AE SRR A
PAK BRI A, dbEsHBIX, P2 MrEXE R db. miEk
XL, AR RN % M. e
BAEFHAR (SHR) A/ FE TSR T<18.0CHIIX
BIEAAE P2 MrE S 11.2%, 16 P1 BBl 24.4%,
P2 [t P1 FFET 132 NEH A PLETEL T<18.0C
1 X 35k L AT A FE X AL rm i b X, 9 &
Bt i, M ARG, DGR AR, B
PN mfE R L IX, P2 BB T<18.0°CIH X TE Pl
B BT o DX 31 ity b DR AN [ e e X WA
FE AR A R AL B R R L X
MELES AT %0, J5 30a (P2: 1990-2019 4£) i /&
IRPEEFEG (LAL) A= P38 R ) X SR AR 5 7
X TR 50%, #CHT 30a 5 (P1: 1960-1989 4) &
THIEE R, X NIRHAXZER (L+L) IRt T+5

R R
2.3 WEEMEAESHIXEX S
XTEEMAUZEFE S A I 4 AN ISR S5 R 7 1 25 )
A EERATIEE, 3 HE 1990 EA1 2018 )
PEK 218434, HI4E P1BrBORT P2 BB P W EE
AR A AR AT HAR (SHR). 20 R5
(E+MD. AR BGUZRE (M+L) FUR#OWZERE (L+L)
A EE E X R, S5 R 5 Frs. MERTEL
E, PREEAR (SHR) M/A5E B X HFRE P2
Brict 8.4%, 1£ P1BTEL A 6.3%, Pl BB I 204
EE IR PR BRI SE Sk, DL
SRS FE . R DL X AR D 22 A A %
PRI, P2 BB A e . REAR DAL HEIX LU
BRI, B K. B BN TE T
(E+MD [S5IE B IX IARAE P2 BB 18.6%, fE
Pl BB i 22.2%, Pl BB EZE AR B (Lf
HEARANAVLI A —4, DA B Sy 2R 22 A
LA LI, M AR, REAR AR R R B
KERAF X3, P2 BB A XIS P1 Y B AR — 2L,
P DX A2 B A CERE AR BE L 5% v b DX R B 7
XJE A . FIRHER (M+L) [R5 B X AR
7E P2 M B 34.7%, 1F P1FELE 30.5%, P1 B
FESMAEEOEAR, PRI, REW R H
X, BT EERM. EMIIX DL SEA RS KHT X,
B P2 BB AR LIk = i oy e UK, AR
AR EFEMICE, EMEETEE, BAEEHOTR.
B2z, JLZAEARTTRGEMIZA . P ARHIIX . IR 2O
R (LAL) 1A0E B X THFE P2 B 38.3%,
7E P1 BYBLY 41.0%, P1 BB AR 7T X
W, DLREEATW S —, LR RSl —
T P — S R — AR NS RE — 2k, P2 M B IX
S BEAR R AR R T T AN SR T DA A VLR A A
AT a5 i i XK, bRt T
Ly [X (A5 25 Fg o fE e M X, 5% T IR B0 ZE R
(L+L) A EE X AR — e 2 F4ak. DLk
SIBTRIEN, AR T R VR AL R,
FLIX )5 30a (19902019 4F) HFEFAFRE (S+R) Fl
HUIRBOWZERE (ML) S A%E B X A AT 30a
(1960-1989 4> MM, T 20=ZEF (E+M) Al
IRBEERE (LAL) AM5IE B X AR, A
AL S AR,



- 548

hoOE R M R 41 4

(a) P1 (1960-1989)
26°N |

25°N

&7
() '~.<!

24°N |
23°N |

oN |l S+R
22°N —ty"
B M+L
- L+L

0 45 90

'_ ' (b) P2 (19;90—201:3)

180km |

105°E 106°E 107°E 108°E 109°E 110°E 111°E 112°E 104°E 105°E 106°E 107°E 108°E 109°E 110°E 111°E 112°E

B 5 P1HE (1960-1989 £ ) #1 P2 BiEE (1990-2019 4 ) WEREMEREHEHIXEK 5
Fig. 5 Regional division of different models of double cropping rice in P1 ( 1960—1989 ) and P2 ( 1990-2019 ) phase
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