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X RCP 1§ & TR KZ H AR A2 HE, X Ross-Macdonald & 7 £ & 20 /) F A &
MBS BRET HH W THE 7 ER ArcGIS %’Mﬁ HRTEEHREEE TR
H B EREHER AN Y, £F2KW.21 CAELNETHFEREHENTIREE AR,
1961—2012 SERFHREFHTIEL0.14°C - 10 a ' WEREF FFH 1997 £F X £ T X
A5 5 1981—2010 4 F 34 {8 48 t., 20205 . 2050s F2 2080s 4 B #1 X i /5 3 1% £ RCP4.5 1§ =
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Change in temperature in South China and its impact on the potential epidemic duration of
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Abstract ;: Based on the daily temperature data of 110 meteorological stations from 1961 to 2012,
and future projection by the RegCM4 regional climate model under RCP (representative concen-
tration pathways) scenarios, change in temperature in South China and its impact on the potential
transmission duration of dengue fever were studied by using the methods of Ross-Macdonald trans-
mission dynamical model of diseases, linear regression, accumulative anomaly and ArcGIS. The
results showed that 21 °C could be used as the minimum temperature suitable for dengue fever
transmission. The annual mean air temperature had increased significantly by 0.14 °C per decade
during the past 52 years, and an abrupt change in annual mean air temperature happened in
1997. Compared to the 30-year average in the period of 1981-2010, annual mean temperatures
in South China in the 2020s, 2050s and 2080s will likely increase by 0.8, 1.3 and 1.7 °C under
RCP4.5 scenario, and 0.9, 1.7 and 2.9 C under RCP8.5 scenario, respectively. The annual
mean days suitable for dengue fever transmission and area of year-round epidemic zone increased
by 10 days and 408 km” during the period of 19972012 compared to those during the period of
1961-1996. Compared to the average in the period of 1997-2012, the annual mean days suitable
for dengue fever transmission in 2020s, 2050s and 2080s will likely increase by 10, 15 and 20
days under RCP4.5 scenario, and 15, 25 and 40 days under RCP8.5 scenario, respectively, and
the areas of year-round epidemic zone will likely correspondingly increase by 3962, 5436 and
8260 km” under RCP4.5 scenario, and 4536, 8780 and 20680 km” under RCP8.5 scenario, re-

spectively.

Key words: temperature change; dengue fever; RCP scenarios; epidemic duration; South
China.
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HHIN(dengue fever) JE& B FR B 5, LI
TG B 2V YN, 32250 A T HA T BT 1Y [
FRHIIX. GO T B AR oy 0%, ik B 1 b T
T G I FH 3 A7 3 L SISO Sl a] 4
PPl S R, 3 TIPSO 3 4 e S A TR AR
TG 3 B 4% 1 (Morin et al.,2013) , 35 A4
(1880—2012 4F) & ER -3 EE FFF T 0.85 C
(IPCC,2013) , 75t 2 50 4F, B R BR L R K
AN T 30 % ( Guzman et al.,2010) ., HAT, FB4F
IR 50 T B SRR il UK 2.5 T1 AFE
T-(Hales et al.,2002) , &HH 55 W H ™ 5 1) 4
BRYE S 2 T AR () (5K 52 2R, 2011 ; Murrell et al.,
2011)

HETA S T ITY. Rl e i, 9 e 6, J AT ST A
X el R T P A SR I A B AL R I
I B R I AT e KU b X (524, 2010)
H 1978 = [E B IRTET AR 48 b LU it 28 A 6 e A
18 LAK , HE R b DX RGBT 2 AR B SR A A T, 20
2t 80 ARACHI AR I v R A SE R R A A KA
() HRAT e I 53k 44 T AN 16 T7 2401 (B2
IEAE,1994) . 1986 4F ) AR 74 8 9 Pt A7 91 i
12 77,1987 4 A8 B AR AT IR B3k 3 1 (RAEA
45,2009) , 2014 4F] IR FRIR R RS IR IENE
Bk 4.5 520, KTRMGFMS5EERN R E
WANE A IEZ 9T, 1655 75 BF B2 W0 b X, B AR
BT 58 R & A B IE M G ((Coldn-Gonzlez et
al.,2011) , FEULHSHL T, w5 0 4 TR 20 B 6k o 4R
RAERTTREM: JF H BitEmm 58 S kAR
[E) A — 2 WA 5 5C & ( Zambrano et al.,2012) , 7E
FEEEE R SR hir il X, e AR 2 52 M K 5 JE r
DB AR B T 2R (Su,2008) o 78RS R,
) FF G B 2 1 o o 24 2 0 9 XUS: ( Pham et al.
2011) o FEJ AR, B R i 1) 2 4R AR = i
Z T PP SO AE A A e 0 Y ERK 2R (B R A
2003) , TEZWNHPL, JE/RJE i B B 530 &
R LAY I A 149% , 1 i JE iR B 3], B AR
IR 14 &% 2 15 9% ( Herrera-Martinez et al. |
2010) . 1H2, FiRBFSY 24 A S 5 1R 0 22
SRR MR AR A8 R R 5 T T, DG T AR
R AR A, | 0 A R M 728 A 0 6 A A T 0
P RZI TS GE R, A AR R T
JEHGIEFN IPCC SRES 1/ 50 v [~ 24 A I B2 14 i
GIHT T ARG AR 2 X6V P A R AR A T U A 5

(WR3CITAE, 2002 T8 ¥ 45, 2005) o fHUZ, A0
T 8 5 0 AR Y R A ELRE R SRR, B )
PRI SE R 1 B SRES 17 S A % S8 I XS A
PSR ) A AR IBCHR ASR R SR, TPCC 5 T
DAl 5 TT & T — B ERIEWR AR TS 5 (repre-
sentative concentration pathways,RCP) , AN[E]F LA
DASCHE S 2% S8 B R 5 RCP 2 AR XUHR
PSR BEORBEE 1 5, X M AR 2 1Y A B A
FFAF IR T IE L ) KM (Moss et al.,2009) , ASSCHIH]
BRI G WL B A1 IPCC RCP 15 5% WA 8
IIMT AR AT TR A L B A )2 A SRR
708 1 X A i ity DB AR T A A R ROk ]
REFYSZ A, Ay B Sl A 00 00 5 9 5 2 AR 42 AR o
A

1 MARMXEHARFTE

1.1 W5 IX MR

AErgh XA T E R (104°29' E—117°50" E
3°58' N—26°23' N) ,A4&) 7R ) VU A, ki A
2 44.96 J7 km®, J& #7340y 22 KUK, S0
TREIR Y, B AE 2 1961—2012 45 A€ B Hb [X 4
PR 21.4 °C 2SN 20.5~22.3 C L 4EF
FE7K & 1900.2 mm, A8 B3 il 1226.7 ~2051.3 mm,
1.2 R

NG Rk kg 46 Bl DX 3 S v B 3 et ) —
PERG I ATE RS 110 AR 0% H AR TR, R
SR =250k . (1) 5 R S 22 AR5, ARGl
STt ] AR AT R A BE s SR AT REZ 1 SR
VEHX 1961 4F B DL il 1 0 45, HEBR 1962 4F Je BT
B Sl P D 35 (2) EAT AR E IE S Y — A 5
( Tuomenvirta et al. ,1997) , %A WKL 1Y, T L1 G
B 5 (3) 5B 52 4% )l A5 A8 Sl R R I sl (3 3
o2 W T USIER) . L5015 82 4>, 4y 110 R
Sk, GORHORTBEN 1961 4E 1 A 1 H—2012 4F 12
H31H,

RCP ¥ 5 1Ak B 40 o KA OISR
N ] o B3 9 B 5 v o 19 DX 3 S A 2
RegCM4 , Bi[i]#% 2 BCC_CSM1.1 2 FRS% R Gk =,
HiH B RCP4.5 Fl RCPS.5 155 T 19 H FH< IR
B (F R, 2012) , SCHHE 1981—2010 4EAE K
Z M B ,2013—2040 4EAEH 2020s,2041—2070 4F
£} 2050s, 2071—2100 1E & 2080s, RCPS8.5 Jy
CO,HEM Y & o B A, FLAR ST oRa0 & T SRES = HE
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JI(A2) 18 5 R Ak A 8 R} 25 S R (ALFT) 1 55t %)
2100 4R = SRR BE KT 1370x10°° €O, Y&,
RCP4.5 Jyb[a] Fa 5 4%, 2100 4F UG & SR
JERaE N 650x107° CO, 244,

1.3 Wk

F#f Ross-Macdonald %9 & 4% 81 1 FRiE I H:
BRI (ST B, 2004 ) |, Ke H v d) Jak e i i) 4% e
HWFar P/ (—InP) AL SN T 38 B IS 0 1% 486
) o KGR BE G 4 L DR e I Y Tk A A
(P"/-InP) =1 dBsf [T 7 00 3 B AR Ol 50 8 G B A%
WAL L . ALY 48 1Y e 52 IR e i et
HNEEARINA (n R ) T HAT B IS RSB S 1 5
P/ (-InP) 7 Wi & 43 41 B, BP e i (%) 15030 5 Ay
1/ (~InP) F13Z YL i i 233 n KGR ATIAE TG AARE %
LA P AR e A a5 A I AR R R Y
BB B YUINEA G, A 1 Yt 75 i i e
B HAFTE R (P) FUBRYI SNEAR I A (n) , FL
M n R TR 76 S IR Y R P IR
T n BN, MR Watts 28 (1987) 19555, 145
5 K RIS IS SR B R B TR 0 SR T 22 [H]
R FR A

n=K/(T-C)=165.2/(T-11.8) (1)
Ao, K B B B 7R IUAR N & B BT 7 1A
BB 165.2 °C, C 9 5 46 WA N R B T 5 1Y) 35
RIS 11.8 °C,

BEPR B H RN R P, AN
P/ (~InP) =1 dA9 i BE BP b 38 ‘B8 55 308 75 1) B
IR EE

KL AE G BT R -6 (2R
BE,2007 ) W55 R 0 A8 Ak 3R S8 A8 FEAE SRR
HH WS (EAAE 1982 ) f 5 £5 HL & AR H P
PSR AR A 3 B o AL 6 B (PRI B ) iy 2 1k
Hb, 2k HIS00iE 0 R 220, BV 2458 T
B PR RH, A BN A RS ToE
PALRE KBS A 1 VR i i B 78 s %

® 1 REIBERG R A FEE FRRAROERERR ()

PN IR O E

FIIH Excel 22 il B B ) 2246 1], Surfer 25 i
A AEIE FOS AL R H BN 23 (8] 53 A1 8] AreGIS 23
A LA AT XL S T AR A AR AL

2 ERESH

2.1 G ECE LR A R AR A A

R (1) , A iy H A6 % P, o] LI
SR TRIEL EE RIS B H A R IR O AR Yt
(R 1), HFR 1 ATLUE I H AR TS R ek
Yels AL Lk By =1 d AT B BRI dc e H R
%47 0.87.0.88.0.89 .0.90 F1 0.91 Hif, 8k Y %) f4 Y
PEFAr =1 d BIREE 505 24 22,21 ,20 119 C,
Focks 45 (1995 ) 7E 5 S RIS b H AFIG % P A
B 0.89, Gnif P {EEUAE 0.89, Wi T8 G HE
AR B 21 °C,
2.2 A XA SR LR E
2.2.1 1961—2012 4FAE PSR ML 1961—
2012 4 AEEFHBIX AR SR L 0.14 °C - 10 a7' 1Y
HORE % (P<0.001) B LTS (E 1) ,52 45k
BT 0.73 C, WAFEHAIERF 5B R A]
DIF 1996 4F H 8L T SRUEEF- 1 55/ ME (K 1),
X} 1961—1996 4EF1 1997—2012 4FEAE R 4F - 1< iR
HEAT o« K, 25 R | 14,1 =5.7960>t, =0.001 , 3d 1
T «=0.001 ({5 BEAKAG B, X Ul B 3l 52 4R 16w
WX B4R T 1997 &2 TR, RE R
(1997—2012 4F ) $5E75 Hif (1961—1996 4 ) 4E g Hh
X A4S RIS T 0.55 C
2.2.2 RCERTBARTFHSR AL E 2 AT I,
HE T b XA S S BE (2013—2099 4F ) 19 4 247 L i
IR FTFHES RCPS.S Al RCP4.5 6 5t T 44
SRR AR R0 0.34 F10.13 °C - 10 a7, H
BT T 0.01 Y B 3 AR 56, H ) A A 00
TR R I 100 45-F- YR A AR b3y 0.5 ~
0.8 C - 100 a™" (5 Z RS2 A B K IPAh 4 g

Table 1 Infectious life of infected mosquitoes under different temperatures and mosquito’ s daily survival rates

ey H Fi(d)

TEE 18 C 19 C 20 C 21 C 22 C 23 C 24 C 25 C 26 C
0.87 0.18 0.29 0.43 0.59 0.75 0.92 1.09 1.26 1.42
0.88 0.26 0.42 0.60 0.79 0.99 1.19 1.39 1.58 1.77
0.89 0.38 0.59 0.82 1.06 1.30 1.54 1.77 2.00 2.21
0.90 0.57 0.85 1.14 1.43 1.72 2.01 2.28 2.54 2.79
0.91 0.86 1.22 1.59 1.95 2.30 2.64 2.96 3.26 3.54
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Fig.1 Annual mean air temperature and cumulative anom-
aly during 1961-2012 in South China
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Fig.2 Annual mean temperature rise amplitude in the fu-
ture in South China compared to the reference period
(1981—2010)

HZ&614:,2011) , 5HAM L, K RER X THEE
PRIAERT B 2 ~ 7 £i5, M 60 4F3K (1951—
2009 4F) Hf R B RS HCS 0.23 C - 10 a7
(B RABEEERTAMERE Z RS,
2011) , SICA L, KK RCP4.5 15 F THR R
H 172, RCP8.5 i & T Rl B & & H 1.5 5,
RCP8.5 155K 2020s ,2050s F1 2080s 4 i 4351 A
0.9.1.7 F12.9 °C, RCP4.5 5 F #4 i@ o B % T
RCP8.5 1f 5%, 2080s A B3 il 1.7 C, M4 F
RCP8.5 1 5 F 2050s Af Bt AR H iR (% 2) , 1H
fHVERE I SE ,RCP4.5 5 RCP8.5 15 5t I B 144 @ AR
LA 2020s B BOAH 22 55 /0N 6 5 R T F 185 o ok 2 34
R 22 S R R

2.3 S TR RG] AR

2.3.1 SRR JE I TS AL 1 e a] ) AR
b RIRRASHT, FE X AR E T8 BUE IR 1Y

%2 RCP1E=THEEMXARKAREMEREIEE
Table 2 Temperature rise amplitude in the future period
of time in South China under RCP scenarios

f AT 1981—2010 4F Al IR EE IR (°C)
2020s 2050s 2080s

RCP4.5 0.8 1.3 1.7

RCP8.5 0.9 1.7 2.9

HECFYI 8 200 d 247, 2w 200 1Y 23 8] 43 A
Ja GG HBCRHE X AT R, ARG 4% HAUEE 240 d L
B SR S B BT B 2 1 P A N O B
TRARAL R HELE 210~250 d, ) & &8 ) Pa TR g
AEALRE HBOE 200~210 d, TR FpdbEs T rE AR AL
AEAERE HEIE 170~200 d, 1) PEEEAR AL HBIX | 4F
FER& RAE 170 d LU, Hodr 7 B2 R >, Ry 130
d A4 (K 3),

SRR AR M IX 480 T8 S HE IR 1Y
HECE 0 210 d 2247 978/ 17 10 d, 4754
mZAt b r s Aiag X, W RAE H 80 in s 250
d Db T AR PO 0 B i g i IX 7 P R AR H AR
220~260 d; ) AR )P R AR H E7E 210 ~
220 d;) ARAGHES P R AR AR AL 4% H SUTE 180 ~
210 d; ) PHEEARAALARALHE H 807E 150~210 d, )74
PR BAEAL R H B 130 d Z2 48803 150 d 42
(K 3),

2.3.2  RORHFBOE T8 LR A2k 1
RCP4.5 15, Mg X 458 T8 & #% i H
#2020s BEBEE2 220 d 247, B 1997—2012 4F
B 10 d 2247, HER AR RE H 8O nE 260 d LA
s AR VE R i DXV R AR AL S H A
230~260 d; )" AR BB )P R R AR AL #E H BT
220~230 d; )7 ARAGHES T PE R AL ER AR AL #E H BCEE
190~220 d; )7 PAEEAR DAL AL 5% H £07E 150 ~ 190
d, 2050s I} B AL # H 8- ¥ 8 225 d 247,
1997—2012 4E38 i 15 d Ze 47, VRS AFAE 4% H 50
TN &, 7E 280 d LA b ) AR P E R Wi L X T
VU B ARARALHE H BUIE 230~270 d; ) ARk ) v
FARRAEAEHE HBUTE 220~230 d; ) RALHE et
AEALHE HECTE 190 ~220 d; ) PHEER L ACAR AL 4%
HEE 150~190 d, J7ZR ) Pa AL ER Ay 34 hn H %%
BORNWIE, 2080s BB AE4E HECFH 0 230 d 247,
B 1997—2012 4E44 1 20 d Zods . W AEALHE H 5k
HINE] 290 d LA L) AR PG EB R T IX )V R
AEAEAE HELTE250~290 d ;) AP )P P RS R AT
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Fig.3 Spatial distribution of annual mean days of suitable for dengue fever transmission in South China

a IR AR (1961—1996) , b XIREEAJF (1997—2012)

4% HBOTE 230~250 o5 ) ZRAGHE ) PP L AR 1
& HEUE 200~ 230 d; ) PUAEAR RLIL AR AL 35 H 0
hnE) 160 d LI E(E4),

£ RCP8.5 AU 5T (B 5) | UM A2 192 14 i 2
B RCP4.5 15 F B3, &40 BOE T8 E G H
it BB S AR H X AR E TR VG
#% H %k 2020s B B398 225 d A4, K 1997—
2012 4E3E M 15 d A, R AR AL 1R H OB )
280 d Ph b, =0 BRIK N A AL G T AR P Sy
VLK TP R AR AL HAE 230 ~270 d; ) AR
WP R R AR AL 4% H APE 220 ~ 230 d; 7 AL
F PG R I ERAEAL R HACE 190 ~220 d; ] PEEEAR
PIALAEALHE HEUIE 150~ 190 d 8], 2050s B Bt fL %
HECER0 235 d Z247, 38 1997—2012 4F44 1 25 d
Fehi, WEEAEAERE HBEE 290 d DL b, T T AR
AR R SAEAGRE X ) AR VEHE i b IX ) P R AR
TR4% H AT 240~290 d; ) Al ) P e B AREAR
& H A 220~240 d ) ZRAGHS ) PY AL AL 7
H%LAE 200 ~ 220 d; )7 PO A AR DAL AR AL #% H £0HE
160~200 d, 2080s K Bf & 3% H #0735k 250 d 4
A5 1997—2012 4R3I 40 d Z2 A, 1P AF AL %
HB3E =) 320 d DL E B - Fo4E th—ai DL b 4
SRR IX ) AR VG i b IX ) P R AR AL 4% H
B 260~320 d; ) AR PG RS ERAE AL R H AL
FE 240~260 d; ) ZRALES )G H AL AR AL RE H 3
210~240 d;J PUEEM LI ARAL 46 H 20 in 21 180 d
Pk,
2.3.3 ZFERATXAAR A A X,
SAPE OB R L 3R HBE 38 365 d (A HAT
X)), Bl OB AR B, AR AT XA TR AR B

*3 BEEATEAHPALERITEERNTW
Table 3 Area of year-round epidemic zone in different pe-
riods in Hainan Province

15 5 A (km?)

RAFHT S 20208 2050s 2080s
RCP4.5 272 680 4642 6116 8940
RCP8.5 272 680 5216 9460 21360

Ko HFRBIZARRAT R X FEAETRHEA,
PRI, AR ST 1 A 728 8 % 15 e 48 AN ] B HH 24
AT AR bR sEm (B 6 . % 3) . MEl 6 FiZk 3 Al LA
F IR (1961—1996 4F ) ARG AT X AL F
=W, AU 272 km®  SIER AL G (1997—2012
M) ZAE AT X AL B =, TR S E] 680
km®, 2020s ZAFE AT X AL Bk AR AR -T2 -B K,
AR AT X1 AL RCP4.5  RCP8.5 1 43 5 184 i %)
4642 F1 5216 km®, 2050s ZAEFATIX LA B ik
AR-PRE-B K, AR AT IX AL RCP4.5 RCP8.5 T
AN E] 6116 F1 9460 km*, 2080s ZAE 1T X
LA C 38 K - A 7, &8 AT X
RCP4. 5 RCP8.5 T 4357 44 fin 21| 8940 1 21360 km”*,

3 1 it

3.1 GE BRIV RE 0 AR EE

ARSCARH 21 C oMl BB PG R 0 T PRI
fobn, IR PR IR R R IR K H TG % P=0.89 1§
OIS A T8 S G TR 1 B IR 2 B e i
AEGRAETFr [ P/ (=InP) | =1 d B Bl A EE
X G BRICILAE (2002) IR L5 RA — B W5 H
A (2012) FEN TAMRAA RIS T X 12
PP AL 4 65 B 53 oy JERE 5% T) FR T 5 285 SR A — B
N TSR E R 18 °C FRIEREM IR 4L
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Fig.4 Spatial distribution of annual mean days of suitable
for dengue fever transmission in South China under RCP4.5
scenarios

a.2020s; b.2050s; ¢.2080s,

Prie AEJRYLRAUN 8% , i LI 75 A B 213k [ I e
W IR 18 CF SO AMERE & i, 21
C LT —E M HME R, 975 75 78 O Il YL R v A
Hh, R G B T MR RO R A, ek LA R4
BHRTERRE S (H TS ,2012) .
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Fig.5 Spatial distribution of annual mean days of suitable
for dengue fever transmission in South China under RCP8.5
scenarios

a.2020s; b.2050s; ¢.2080s,

4BR 1951—2012 4EFHREEFE K 0.12 C - 10 a™'
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Fig.6 Northern boundary of year-round epidemic zone in different periods in Hainan Province
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