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Abstract: Impacts of climate change and adaptation are of key concern of scientific research. Vast research results indicated that
agricultural production and environment in Africa have been affected a lot by increased temperature and decreased precipitation
caused by climate change. This study used the output of regional climate model HadGEM2 under Representative Concentration
Pathways Scenario 4.5 (RCP 4.5) to analyze the temporal and spatial evolution of major climate factors including precipitation,
solar radiation, annual average temperature, maximum temperature and minimum temperature. Our results indicated that the
variation of the five climate variables at different periods showed obvious regional differences. (1) Compared with the base period
of 1970-1999, precipitation increased during the three future periods and reached peak value in 2080s. The area of precipitation
increase is mainly located in the latitude of 20 degrees, such as Niger, Chad, Libya, etc. and the maximum increase is around 4.5%.
(2) The area of increased solar radiation is mainly located in north and south ends of Africa continents, especially in high altitude
area, i.e. Atlas mountain and Plus plateau and the maximum increase is 0.04%. (3) Over the next 90 years, the annual average
temperature, maximum temperature and minimum temperature are all increasing and reach the maximum value by 2080s,
increasing 5 °C, 4.3 °C, 5.1 °C at 2020s, 2050s, 2080s, respectively. The temperature is significantly increased compared with the
base period of 1970-1999, but increased less in the coastal area due to the cold current. The high increase of temperature might play
negative role in agriculture production and regional security.

Key words: Africa; climate factors; temporal and spatial evolution; RCP4.5

*Corresponding author: LIU yujie, E-mail: liuyujie@igsnrr.ac.cn

FEE A AR B RS N 32 3 )12 9 . K IFgT 3R, 52 A58 A i JIr st o 9% 348 TR AR A /K il 52 i ) R D 1l X1
A PRI . A SR FH HadGEM2 DX S A 24 1 1Y RCPA4.5 55 58I , BT B B9 4307 M 23 [A1 434 732, h AR PR
it 2010-2099 4% 32 %3 5G4 (5 B R I A U RRIE HEA T T 904 , 0 T RPN KRB AR 90 AR AU B oK i PR s <
RS AR R IR 2 RS R . S5 03RRI A R T R AR R A B ) 728 Ak 34 F B0 B i () b sl 0 5 22 5
@ M%ETF 1970-1999 4 FevERTBE, KK 3 4 BE(20205 ,2050s ,2080s)FE 7K P38 1IN, 7 2080s 38 ZE (R, 1 Jin b X 48 /P 7E 20 °N
BT B )E H R VERS: R EGTE S8 [ 5 i R 3 TR 4.5% 5 ) S 360 DX 3804341 76 2153 M DRI R I i 04 g b W, HG R e

s HHA:2016-05-18; 1&[E HHH: 2016-06-16.

ESTH: FE A RRHEATRH 41301091, 41671037); FE 4 L & 1H-R155 H (2016 YFA0602402 ) ; H E R} 5% F 4R 0157
fE#E2 25 BIIH (2016049) .

EB AN XK (1982-) , 2, {1 BIBFAR 0L, FZE SRS 535 W AF5E . E-mail: livyujie@igsnrr.ac.cn



1114 XNENE A2 AR RCPAS 5T AR YN X 32 2o 23R I 28 SRR E 1523

HILIX, A7 V00 b A BT 30 LLOBRBER S , TP e T 25, 5 R MR 0.04% 3 B) A 90 AR E Y M X R W 5, 0.4
SRR B i R AR SR IR 1 20205 ,2050s . 20808 # YRR L 1) 20805 ik B A AAE , SR B IR AR R
HIRRIEIR AR 5 4.3 F15.1 °Co B, AR Q0 AEAE P A TR AL 1970- 1999 4EHEHERT B W W4 22 (N SR m e s VT IAF
i DXHEHR AN I T2 B FE S A B T R AER . AR IR St AR Aol A P R X 2 4

SERIR) AR s R EL R I 25 AL ;RCP4.5
1 515

b S AR T S S R Y i B, SR b
B2 Z R E bRt SR 2 M E A, JE D i
F13020 77 k'’ CRLAE BT S5 ), S 4H AL 58 — W
P A7 R B R A, N N 2 AR
W, A A R AL Rk . A R
T DR TR AR R B i AR, 4
AESE AR AE 20 CCLA L 1 s 24 1 R ALY 95%
XA 22 5 K B AU AR fL fURR . TPCC 38 Hk
TEAG R 201, AR DR A 20 5 T REAR IR O L X 2
—0, S AR AR P AR Y AR P RIURR £ 28 4 1 52
Z RN Y, ARG R R K
AR, AR R 2 b X AR R L SR ™
FP O T 2050 A YH KR 43 1L X T R
o T SRR (AR 1™ el v A Y, R Y
SRR PR R R 10%~20%" . T 22 5CIR I
] GOMR L R AN J RN PRI 4 — 25 T o i b X 1Y)
B FEHLAYUR RS, S A AR AR AR 1%
X AR B 24 i XA Y Z R R R SR
Fha g s g ™, BN, 2 S AL
M), 7 A P ) —LeInl i 2R G, A P 350 18 MR I8
], AL AE B e B RN AR IR R BT BEACKE > T
L i1 N O 58 = 2 Y Bt PN B 1 P S R
g, AR BT, 2 5L I R
vk a5 AL, a0 SRS R RS T, 15 4F
Jei Ll b A vk R T % 5 Je BT R L P T DL & e H
IR T S5 AT [ B (A KA B s ZE RN AR
B TSR AR B B T 5 RN R K s D K
AR Z B A S KA TR, R BEEAR AR R
1 B 2R BRI 23 AR L X TRPAS S A2 A e JE D
S IR B 1 X 22 4, ST A AR AR T A3 g ML
HAHEEEH,

2 WESU5rk

2.1 RCP4.5 {12 54E
AR R FH IPCC i &% A 1) HadGEM2 45 2 B

H Y RCP4.5 BEAREAE ", AHXTF IPCC 55 =k IT
Al 4 AR DU U IPAS 4 & A1 9 SRES R A 5%
Pt , IPCC 27 LU DAk B 4 1T 1) 2% 7 1 X S e AR Ak
4] 45 TP B R XeF oA SR HIE T (40 52 M0, - B R Bl Y F
FEAE SRR 1, IR & T AR e vk
JE % 4% (RCPs) A FFAFE AB G 5= o RCPs &35 “ Xt 4
SRR P SRR P HE R VAR B B R ) 25 A6 Y —
FCESO AR — ARG BRI 0 A SR
530 717, TPCC 2 . UCEAS I 3] T 4 25 RCPs, 11
#% : RCP8.5. RCP6. RCP4.5 il RCP3-PD ( 3% H]
RCP2.6, I 5 B FH 4 A0 2 2055 K SR 351 FAh
F #1 (Integrated Assessment Models, IAMs ) 2 it 45
Pl AR T AR a8 RS AR I f2eiE v
M) HERCRHR B S+ R /B R st . T
DU 2155 52 14 AR TR AN HE T B ARS8 R TR T 7 Hp ity
AT RCP4.5 A Se bt KT RCP6M™, A 1 A f
FEEF RCP4.5 BEAREHER A TAFSE . RCPA.S 1%
BIER AL HbRK -8 B R , 76 RCP4.5 1
SN SRS TE 2100 4K 3] 4.5W/m?,3 KRR =
SRR CO, . CHL A NOYHE R &6 77 2040 4F- 35 5]
18, 1828 SRR BB AE 2070 4R T84 5E , 2100 4F 2
J& R EFE 650% 10°° CO, 24 1, 1] 2100 4F il 1 7+ i
2.4~5.5 CFHy3.6 €)™,

22 MRFAE

ARSI S A FEA A AR IR L, 77
IR AR R K (Pr) (R (Rsds) A7 Y06 B2
(Ta) A5 B TR (Towd) EIRARIRE (To) o WBIFSE
KK RCPAS IG5 T, £ M AR f I 28 A8 4k, SR L
1970-1999 15 Ry FEHERT BE (baseyr ) , FEHERS B /& Had-
GEM2 #2504 H #9752 {H 5 2020s, 2050s, 2080s 77+
JAC 2 H HadGEM2 #% =X i i1 i) RCP4.5 1% 52 &
2010-2039 4F .2040-2069 4F: .2070-2099 4F: 3 /M Bt
5IUERTEE 1970-1999 4F (A XS A8 Ak o FEFRsf ] 7
GRS 6] 43 B % 1 3R AR f ARG J o B B A i) 28
AL T . T BB IR X T LR AR )
B PR R R A AR A s
B R4 R 2= (Absolute Error, AE) , AR FF/K & ,
{5+ 5 5B 9 32 552 U] A A X 1% 22 (Relative Error, RE).



1524 S5 S P W = S 20164F
BOE 2> ER R 0.5°%0.5°, L i T A 1 ok B 4B () Fsf B LA B A [) b DX P B8 i A o 22 5, Bk o
Ko BARIE AKX (1) () PR, HE I 22 ) IX 35 T2 AR i 7R PG VD A A X 1y R

AE= quturc - baseyr (1)
RE=(Y,

uture Ybaseyr)/Ybaseyr X 100% (2)
:_Et EF‘ H Yl‘uturcy‘]*ﬂéz: Iﬁ] EH"E&_F E@{E 5 nascyrmuj‘j%\{ﬁﬁﬁ
Bt 1970-1999 4F-FEHE(E

T e

3.1 FBKRETUIER

& 1(a)-(d) & HadGEM2 i :; RCP4.5 1 H: A
[v] BF B R K IsF 25 46 Ry, i 0T LU A 9 b X R
7K B D AR 3 1] g A A0 356 9, v G R RO R 43 A
S B A 4 R M A A . 19701999 BLifE:
At BN AL B b X AR 7K B AN 2 1000 mm, 3T 75
TE I TR AR X, SZ2 AR 1 SR AR, X iz
SR ZL, PN b L PR 2 A ) 49 I B, AR R K
R, ANEE T LN A G R 4 IR | 27 B A
X, 4F B K B =3000 mm, AR T IEMER BE, A

Y,

(mm)

30°N |..:

>3000
20°N |

2500
10°N |-

2000
0°N |

1500
-10°S

1
_20°8 000

500
-30°S

<100

—20°W-10°W 0°E 10°E 20°E 30°E 40°E 50°E

(a) 1970—19994F (HEHERT B )47 24 e K fit

(mm)

30°N 8
;

20°N
6
10°N 5
0°N 4
_10°8 3
2

-20°8
1
-30°8 0

_20°W—10°W 0°E 10°E 20°E 30°E 40°E 50°E

(c) 20504F S LR B 251

H, TP e i SR i, 9 S EAS e HR (R
725 [ 52 5 A 0 0 b IX B A Bk /b, A v e
T R A AR V0 58 1l DX 5 T Ml DX R K AR AL AN B A
2020s(2010-20394F ) , f /K i KikF] 3.5 mm
Lt , BEAE R E HIR VEEHLIX ; 5] 20508
(2040-2069 41 ) B 7K 3 Jin iy e B F0 b X 3 /)N
2020s, 340 B H X AT R AR R AR H R VEAS S
HiL, 5 7F 20805 (2070-2099 4 ) , 843 H X 14 fof /K He: 48
2o, (HUERE N Hu X 2> 2020s .

3.2 BRI TILIER

¥ 2(a)-(d) & HadGEM2 £ 3 RCP4.5 1 Ft A~
[Fi] Bsf B i S AR Ak B B 25 4 Ry , #E 19701999 4F [y &
YHE B B A BH 5 559 1) e ARABLAE AR 1 7, 33 ) B L
PRI 38 348 5 A T JRUAS A DXORN AT VR BEASE IX,
T3 ) 3 BRI AR B4 L
15 RUHT B2, R AT B S s T AL T IX . B R
A XA 1R R S AR AR AR E Y 8K B

0°N

—-10°S

-20°S

-30°S

—20°W-10°W 0°E 10°E 20°E 30°E 40°E 50°E

(b) 20204F 5T BE22(H

(mm) 4 5
30°N 4.0
35

20°N
3.0
10°N 25
0°N 2.0
1.5

-10°S
1.0
220°S ’ 05
-30°S 0
B o -05

—20°W-10°W 0°E 10°E 20°E 30°E 40°E 50°E

(d) 208045 FHERT BE 25 H

Fl 1 AR HadGEM2 A5 RCP4.5 15 5 A [a] it Be K it 4 6 g
Fig. 1 Temporal and spatial patterns of precipitation at different future periods in Africa under RCP4.5



113 XIEE 5 AR RCPA.S 5 T AR X 32 BB R 2 AR REAE 1525
(Wm™2) (Wm2)
el 280
. e ] 30°N
30°N : 260 0.02
. 220 10°N
10°N v 0
200
0°N - 0°N
180 ~0.01
~10°S ; 3 1 -10°S
% 3 ‘ 160 ~0.02
-20°S {' 1 140 -20°S
-0.03
—B0°S b " 1200 305 :
100
~20°W-10°W 0°E  10°E 20°E 30°E 40°E 50°E _20°W —10°W 0°E 10°E 20°E 30°E 40°E 50°E
(a) 1970-19994F (F kT BL) 4 b ian (b) 20204F- 55 FEAERT B2 (E
(Wm2) (Wm)
—— 0.03 i
30°N —_ —— —_— i 0.04
- 0.02 0.03
20°N 20°N
0.01 0.03
10°N o
0 1°N 0.02
10°
O°N 001 O°N 0.01
-10°8 _10°
002 108 0
-20°S 003 -20°8 ~0.02
-30°S 2004 _30°8 -0.03

—20°W —10°W 0°E 10°E 20°E 30°E 40°E 50°E
(c) 20504F 5 Skt Br 221

—20°W —10°W 0°E 10°E 20°E 30°E 40°E 50°E
(d) 20804F- 15 JL kR B 25

E2 JE HadGEM2 558 RCPA.5 175 5o AN [ B B S 7 360 ) 23 48 J)

Fig. 2 Temporal and spatial patterns of solar radiation at different future periods in Africa under RCP4.5
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Fig. 3 Temporal and spatial patterns of annual average temperature at different future periods in Africa under RCP4.5
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Fig. 5 Temporal and spatial patterns of minimum temperature at different future periods in Africa under RCP4.5
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