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The Response of Social Electricity Consumption on Temperature Changes

and Its Temporal and Spatial Variations in China
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Abstract: [Objective] The purpose is to reveal the ways, extents and differences in how electricity consumption across various regions in
China is influenced by temperature changes. [Method] Data on monthly total social electricity consumption and corresponding average
temperatures for 29 provinces municipalities and autonomous regions from 2008 to 2020 were collected. Monthly meteorological
electricity consumption and relative meteorological electricity consumption were calculated for each province, along with trend
coefficients and correlation coefficients with concurrent temperatures. National distribution maps of these parameters were drawn, and
their spatial differences and possible causes were analyzed. [Result] The results show that: (1) With rising summer temperatures,
meteorological electricity consumption shows an increasing trend, especially significant in the eastern regions, Chongqing, and Shaanxi,

while it is not significant in western and northern regions (such as Xinjiang, Qinghai, Gansu and Heilongjiang). The trend coefficients of

YFs BHEA: 2024-06-01 EEBHEA: 2024-07-27 MEE A EH: 2024-10-28

BEETH: WHESALR “GEHEm” BHH “BERAIV G NS AR = it &7 (CMAIBGS202323); i H A 4/ A AR L & I “Homiid
PRSI R G MLTT L L5 (QBZ202409) ; ~ A K4 m “HBEsHE I BFH 100 B A M M e 19045 40 16 <4 1 4 12 ik 45 F 97
(YNJBGS202309)


https://doi.org/10.16516/j.ceec.2024-182
https://doi.org/10.16516/j.ceec.2024-182
https://doi.org/10.16516/j.ceec.2024-182
https://cstr.cn/32391.14.j.ceec.2024-182
https://cstr.cn/32391.14.j.ceec.2024-182
https://cstr.cn/32391.14.j.ceec.2024-182
https://doi.org/10.16516/j.ceec.2024-182
https://doi.org/10.16516/j.ceec.2024-182
https://doi.org/10.16516/j.ceec.2024-182

55 2 1] VI, A A2 P el R A T B o 10 B O 8 22 37

K

relative meteorological electricity consumption also vary significantly among regions with a significant relationship, with an average
trend coefficient of 1.5%/°C in the three northeastern provinces, reaching 5%/ “C in Central China and Eastern China (excluding Fujian),
and about 3%/°C in Guangxi, Chongging and Shaanxi. (2) Winter temperature changes also have a certain relationship with electricity
consumption in various regions of China. When winter temperatures decrease, electricity consumption shows an increasing trend, and a
significant relationship is observed in most areas of China, except for the southern coastal regions and Guizhou, with an extremely
significant relationship extending from the northeast and north China to the southwest region. The trend coefficients of relative
meteorological electricity consumption range from —2.0%/°C to —7.5%/°C. (3) Spatial correlation analysis shows that summer
meteorological electricity consumption and the trend coefficients of relative meteorological electricity consumption are significantly
positively correlated with temperature. For each 1°C increase in temperature, both meteorological electricity consumption and relative
meteorological electricity consumption show a significant increase, while in winter, the correlation is weakly negative. [Conclusion] These
results have important reference value for energy demand forecasting, energy supply assurance, addressing climate change, achieving the
carbon peaking and carbon neutrality goals.

Key words: social electricity consumption; meteorological electricity consumption; relative meteorological electricity consumption;
temperature; correlation; trend

2095-8676 © 2025 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China GEDI.

This is an open access article under the CC BY-NC license (https: //creativecommons.org/licenses/by-nc/4.0/).

0 3l

AR AT S 0% AR B A ik, HL ) R RE VR i
BTS2 — o A RS EA LR IR, <
AT R SR S X d S TR S A T
St JeHR S AT AR AL Y R A E 2,
AT RS 2 8 R A v A0 28 R IR, 2 S 8UH
O, R R IS AR IR . 3 Ab, TEFEVR )
27, LW R RIREHE R T O EAE . UL, IRAHE
i SR e P R AR AR A 2 r 52 0 Y SRR
BE, X T H AR A B TR AR B R R
P, P TR UR L B DL R SE B R H bR S X
SR AR SR W 28 S

o R R, R SRR AT D
AR SEPET S AR K BT A R BT ) 67
1 H A7 fay WAy 25 BB BT =, 2 R TS S N (] R 5
J&E K/ g S e s i i ok . AR AR RS
KU H R KW AT 1 a WA 2 DMIEME, 4
i EAE B A R4 2, K Vb T H R R g B e g A
PR 2RI Y SR e o i EE, 2
T I T R AR 2 (R A I B R4 ] K
fap TOI T3, 3k SEFOY B 2 R AR T H AR DR sh Xt
HL ) ey B ST o — B2 35 3R 48 H A g R A,
AHGR FFE, BB T BUE I N H ) TSR R, =
LTI B SY R R, 2022 4F 8 H, U 1] A 3t 25 VR R
T EOK R IR &, s SURIZE T, & AR IR B N
AMRmdE, HAERY IR EBR RN AR R

T

1A E B S, i M 2 R R e P, e st
IR AR i G -5 Tl 1 3% e R A 2 3,
B R IR I 2 R T R B T 2 R R L ER Ak, i
Ui G H A S R EE R IR, A — LAt
SERWI, & 5 SR Z B0 5C R AE7E =T AR 4k,
AR ZE AT SR R AR R TR] o RS Sh A
SR T 7—8 . 12 A BB 1 R 2%
fH,4 H .10 HAHMH, Z97 254k W] . Pardo 25"
RS 2 It B2 R 2 P A2 A %o P B A i, g £ 7 5 i)
JUHE T E A S R T S AR A X
7 AR, 5 R T3 R Sk S AR AR A FEENTY e
IR R A BN AT 7RI 5 ik
RS T 2= H S5 I g B far A8 AL AR, e L 2=
SRS G U R K . Wenz %
F SR R AR S AR B AE B0 T, BRI L 7 9ok 2
Fa AL P9 53 Ak, mE ORI PG R ) ~F- 387 g H DG 171 £
VA R S R, T RN 2 R Li AR
FIH H B R o B i AR ks = g
HL B AR Ak, 256 R AR AU AL R R AR B 4 Bk
-3 3 1 I BE( Global Mean Surface Temperature,,
GMST) L HAEEAE B EZ M LR, KIRE
AF GMST £ 71 1 °C, AR R Rt 2 e 9.2% . A
2T, B4F GMST &7 1 °C, AR A i B R
B3k 36.1%.

SR, K22 B0 A B 5 715 [l 8 s PR A B — X
B, o ES A X TR RESEM R RE
PRSI AAR . BEAb, AR 98 2% T 3 3 2 |


https: //creativecommons.org/licenses/by-nc/4.0/
https: //creativecommons.org/licenses/by-nc/4.0/

38 R RETR A I

LERVE

2% KSR R TE 2T BHZ O R 22 T I A
S, ARG B AERA T E A4 XA
AR AR Z B RO R, MK E 29 4 X
(LA R R ) 2008 —2020 4% H 4x4t2x F i & ]
ST, TR A3 AT AS [R) Ml X 4% B 2 o i
5RO T8 A 0 25 (8] 22 5, 0 G b 3 e 3R () M
48 BRI T FE 09 RR SRR, b RE TR A PR (LR 2
MR . AL, BEAE S8 B S5 A 0] H 55258 1, TR
ABgEAt 2 I & 5ARC R, A B Tl xS,
ARk SEEL WU H bR iR A

1 BABEFE

1.1 HiEskiR

AT P E A CRS NS BIR XY A
1A 1X) 2008 — 2020 4F 3% F 4123 1 i, 2 1 [5] 19 - 1
A, A2 ) H R R DA P [ RE IR ST AR
SR, TR R DA 5 R0 BR B Chttpe//
cmdp.ncc-cma.net/influ/moni_china.php?product=moni_
assessment) . FLAPETEE4EE /R HIEIX 2019 &4 12 A
2020 4F 12 H T80 S W A BE, AR
1.2 HEE

1) Z=7 e B 25 P B A A A AU S PR 2=
TS, KPR A E(12 H 1A 2 H) MR
(6 H.7H.8 A)#ATEt . HEEAE G A1
ME, R T REEA, Gi— R A A2 M (E,
¢ kWh) FlH S R(T, °C), BT A THEREARSL
10 39CHSE4EE /R AR IX N 37) .

2) LA SRR R SRR 2
P B2, 5 2R 25 B R 5 R RIS IS K .
TP R — 2= ] i B I 18] (4R ) i B
B R, SR FH et [l 75 2k 2k B 7 a3
(E’, fLkWh) .

3) G AR A R R B S PR A
i 5 A R A 220, 18 I R AR A TR,
PRz ARG i (AE, {2 kWh) ™2, AN F

AE=E-E (1)

AR AR R KRR S EH S
T R T AR S A T i R A 2 L R AR X D
RO, FRZ WA IR A (g, %) o ZHRE
B iR % DX s 2 P ) et A e, ST
AL AT

n=AE/E x100% (2)

B B HAAR AL B 75 LY 2,

5) 23 [A] 53 A7 53 M7 2 38 FH ArcGIS #5452 I B
R AL [ SR 1817 5553 P36 X5 AT 5 B i ik 1 72 [
ST, 223 R A A
1.3 EAFEMEIL

o34 B0 BN 1% A ARG i i FIE H AR
G [ ]S 2 AR A R [l 05 O AR, A8 5K
W

¥ = a;x+b; (3)

=10, KRB H G0 &5 R EAROR
BLR P I 7 FE, 2 =2 iR B H XA S
SRWPERERL TS’y WA RS R
(AE), y, WAMX TG (n), x B AR,
ar a, HENETTFEA AR ERD 1 C 200, His)
HIRAZ KWh/C | %/ °C., 1E B 53 5% E B R Sk o
XN AR O R E O B 1 TR
14 BERRFSFHRENZTEEESH

I35 BN 29 ME T X ay. a, 15
X3k 2008 —2020 4 H (2 ) P34 A9 2 [ 05 77
7, AKX

a;, = m,~7+n,- (4)

Hp,i=13% 2, a, 3 a, W FREL, T 2008 —
2020 FFZAE A () PR
1.5 BEMKRIE

A R F A, nTx s (3) T i
PERZI, #5648 T XFEASCH 39, 5T, DMEEE (o)
0.1, 0.05, 0.01, 0.001 A4 AH ¢ Z K 5 {8 43 51
0.267. 0.316, 0.408. 0.507, H: " Brim 4 & /R B X
FEA RO 37, AH N 09 BUE 4 %1 b 0275, 0.325,
0.418. 0.519.

2 HELERST—UAEXRTEZEAHE

21 HBRABENPE

K1k 2008—2020 A FE PR H F=(6—8 H )%
JEEa R LR =N SR S L e p SRS SR iR
RO R, A R ) T A B AR, A
A 1 5 200 GWh, BE 2 I ] O HE RS
HH W EZEAERZ, ) 20084 6 ARy 42 TWh %)
2020 4F 8 F Ay 13.8 TWh, ¥ KNy 3.28 1.


http://cmdp.ncc-cma.net/influ/moni_china.php?product=moni_assessment
http://cmdp.ncc-cma.net/influ/moni_china.php?product=moni_assessment
http://cmdp.ncc-cma.net/influ/moni_china.php?product=moni_assessment
http://cmdp.ncc-cma.net/influ/moni_china.php?product=moni_assessment
http://cmdp.ncc-cma.net/influ/moni_china.php?product=moni_assessment

52 W Vs, 4. FREHS A SR AR i e iy A R 25 25 5 39
150 F AT O, A T, A ARG i B e
E'=1.966 31+40.233 0 . B R, Ik B B3 R, A SEARIRS BT
R=0.8712 .
g o 1°C, ARG i s34 3.82%
. .
5_100- v, .
1 % % o 201 o
g A )=33225:-1023400 %,
iy e o * < 10} R=0.61138 . %
° ® LN & e
S0 o® ¢ ] ) o
® © E\; 0 : . 0,. P s ‘.
) ) ) ) ) r . P [ 2
= ~ L4 Y
2008 2011 2014 2017 2020 E_,l o * e *
R4 L se
E1 2008—2020 FERTEZ(6—8 A)ZFA#S 0 -
RBEETLER . . . .
Fig. 1 Monthly trend of social electricity consumption 24 26 28 30
in Chonggqing during the summer (June to August) AR
from 2008 to 2020 3 EXTEZ(6—8 A) XS &HBES
AEHSKBMEXE

22 SRBEERIESSEMNEXSHT
WX (DR ERTEER(6—8 H)EHA
S, IFeflhHEKTERE(6—8 H) HA L iE
5 AR A S, E 2 frs . i EAT
WL, AR T, RS R, A B AR
B, B BT 1 ¢, [ RIS =ik 2 340 GWh,

20 + °
1=3.399 5x-91.100 0 .
R=0.556 5 o
£ 1ol '/ b
=~ o %
Ig . ,'}"
'&E& . o L) * o L]
EE —-10 o ®
FLI
720 L
24 26 28 30
FES RSO
2 EXWEZ(6—8 A)ASZHEESATY
SIREMHEXERE

Fig. 2 Correlation trend chart of monthly meteorological electricity
consumption and monthly average temperature in Chongqing
during the summer (June to August)

23 ENSKEEMNTHTERSSENEXSH
WRAEX QIR MR EF(6—8 A)ZE A M

PG A, TRl T R 2= (6—8 H ) HAI*)

GRS H ARG A S A, WnTE 3 B,

Fig. 3 Correlation chart of monthly relative meteorological
electricity consumption and monthly average temperature

in Chongging during the summer (June to August)

3 RESEESSEBNENSSEES
BB RIS E L R

3.1 2020 F# 2 ARETE S HEHE

F 15 253 2020 AF- A% 23 HT A 4 23 8] 23 A3 8 ik
P 4 JIT 7, AR89 g i DR T o o, 7 AR i X LA
BR=A (LR - K= IR A e ER)
AL X CRALZR | b 9403 o T e s fE P

45°N

30°N

12 kWh
362~1187
1187~2 144

W 2 144~2 998

B 29984 830

l— 4830~6 940 0 600

1200 km '
90°E 10§°E 126°E
B4 FHZE2020 FHESABEEZREDHREE

Fig. 4 Spatial distribution sketch map of social electricity

0450 900 km
B

15°N

consumption in China in 2020



40

7 RETR A B

LERVE

Oy AR T 2R TR R 600 TWh, Forfili A< DA
694 TWh {7 J&55—, K. HAk, HiF., B HEE
BIRT 100 TWh, H (LR 36.2 TWh, i fH
EAARER 19.2 f% .

15°N

Z
o

n
—

a,/({¢ kWh-C™)

45°N

30°N

45°N

30°N

0
TR L TR T B R DU L SR T 5

3.2

EZF (6-8 A ) ASKEEMARNSKE
ESREBRYTHERSN
e s o, B s(a) 3 R 8 (a) Fom 1=

B AR R B R R . BUE A,

< a,/(IZ kWh-°C") N « a/(%C) N
A Z
o -
Ual
<~
Z
O -
(=1
on
12 kWh/C
[ -0.06~3.03 [ 0.13~1.91
[ 3.03~6.04 , 7 1.91~2.70
1 6.04~9.58 ! e 1 2.70~3.58
B 9.58~14.54 W R B 3.58~4.37
l— 14.54-22.51 9 600 1200 km 0 42 S0k Z |mm 437642 O 600
X ) L N ) ) )
90°E 105°E 120°E - 90°E 105°E 120°E
(@) TR 5 R (b) ST XL G e R
N
£
o
e
Z
o L
(=3
o
MR PR
1 a>0.1 1 a>0.1
[ 0.05<a<0.1 , 1 0.05<a<0.1
[ 0.01<a<0.05 i [ 0.01<a<0.05 e
[ 0.001<a<0.01 ® [kl [ 0.001<0:<0.01 [l
|_- 0<0.001 0 600~ 1200 km 0430 900 k| OZ I_- a<0.001 600 0 430 900 k|
I 1 L ———] v s s s —— |
90°E 105°E 120°E - 90°E 105°E 120°E

(c) AL IR BEAR DGR AR b 25 A B 4]

oo

(d) XSG LB R AR DG i i 25 A 3 ]

HHHHHHHHHHHHHHHmﬁﬁﬁ

a,/(%C)

.

ARIL AR LR N LR e PG PG VT P 1 PGt SR S
(ORELikivabES iR NG

0
AL LRI R 2 LY T e R L s LD 7 5t

AL A< TR P 5T LR P PU A A T SR AP )1 [ N
1L
() ARG A R AR 4]

Fiana, HHASKEE BNSKBEESSREEHRNEZREY; ron 3 ARXRY, TH.
5 KEEZF(6-8 A)ASKEENAENSEEENERRAYZTAERRBEERE

Fig. 5 Spatial differences and significance testing of trend coefficients for monthly meteorological electricity consumption and relative

meteorological electricity consumption during the summer (June to August) in China



55 2 1]

VI, A A2 P el R A T B o 10 B O 8 22 41

FER AT FL R S A . iR A A SR £
MR/ ) B2 MR ) A5k .

F ] 2R S VU b DX (R G 0L VI WL A
TR R T X (AN R L YTV ) Ay R S
AR, #IAE T 500 GWH/C L b, ) R MU
IR IR 1.7 TWh/C VL, R34 3R 808 i 1 X 3
A B AR BN EURTBE A3k I 4 0%, L HRAE T oK
K Tl AR Sl . Blangk = K =M A
T X, X REH R P E ST R s . AN TR AR X
B, A AR K TR S RE R 2 3X  X e ]
F, 27 AR AR I 52 e R SR, PR Sy 3 8 X3 R
{14 FH PR R o U0 2V 1) A R B R AR R 1 A K
S PIAR G

FE VU b DA R 4 M IX, a4 R Bt i v,
D] Sy 3k 4 X sl B S A T EL R IR A AR L e ) 4R
K, T 23U RN FH 4 18 45 v E i & i B[] A
5HR B KR

H ] P S AN b e X (B s e BOR IR X L
WL HOR . NS FIA XA T AR B )
FRARAR, DRI 4 22 BORI X A1, SR M A H B A 1
AR AR AR T BT A B B R Fo D, U
—8 GWh/°C, Uit FH i 61l [X )< 52 FH R R AE 1k
FRI I IO AS 5 2R3 A R b X IR A K

K 5(b) Hr, a3 R E (a,) R 09 22 R 281k
1 C, X R FE (R B S B S AR
e 284 ) ARtk . B R R R B K
/N, RS 6 (REURRPE AR/ N ) BIVR AT 0 (USRI
5K 5(a) KRR, fEA R R HLIX, A 46T
=AU ER VT = A N S A 3 i A R TR Y A
CBAE . Wrg . TR ) B A Lo, X g A B R K,
2 VRAR K 15 B T AR S BT M A SR, I &R
AR 1 X [R] B2 A 34 GDP HE4 Hi 51 (1 Hi X

it U S5 s A v A L X, i g Al = 7, RO
IR RBORN G, (HARXT G f i R B, 2
BRI, W AN SR 3 9T 17 P o i
Z 3.

Kl 5(c) BTl 5(d) 73l SR HL AL L AT
S RE A BRI, R A, B
FVER B VUL, R X A e, s
001 M EMWKE, HERZHMEL THEER
0.001 Y {2 PERSBG o PRI 1 H JX ANk VG 4% oK

HEEE N 0.05 By W E PER

AHN 1, B2 T v [E 4548 B RS R H | AT
KGR BB REEARE, BIE 5(e) FIE 5(6), 4
B zER—H TR,

BT E S SRAERAE R, FRATAT LA [E 45 Hl X
K2 (AR G o Bl AR AR b 1 fa 35 R A 7 ik
— R R AR o 3k S R B R B AR Y T S D PR T
AEAL 4

1) b BRIV AR RRAE : St i E 2 PR
T o3 A, IR T e I A T A 1) b DX 7, 4 ] i ey
L, B AL IR A K . (B TR R, 4R 4R
FAE T Ml DX 5T 2 174 v Ui R B A v T B, X R A AR
o 2 ARG B, AT 2 PR 5, =23
FH AR L T SRR

D SEWFHR: A BEENHX, K IT =
PHFRERIT =, Ja A Fw ol 2s (B % 48, S8 = H
L SR IG N o RIS 28 5 7K i . Tl & ik 19 b IX 55
B Z2 B HL ) T AR S B, AR R S A ek
bl i Tl 72, Blanfb T AR &)@ T4%, mifs
B R B M X, R BN AR B TR A R
PERL AT HCA R

3) A1 IR N2 T KR K SR R R iR H X
23 e R, Ja RO AT AR TR 1B SR S BUH L
SR AR IEA O . BRI b, B R E
Al eSO NI BE T, N TR AR oK . D
A 0 b DX 20 H 5 SR ORI, R SR B
ERIREL X

4) He Y5 B SR R A 3L fEL D R R T, R D AT
8 23 MR A R 2 A8 Ak i S B R e A,
P i S T B H g R RSO o TV R Iy T, BUR
AP AEAT 1071 BETE I RE 0l S I R X i 1 75
SR

S, 5 CRX) R SRR OCR
L2070, A G B Sk 5 a2
Ur & RIKE L JE RAETE 2L BR IR AL N 5R ) A B
LR A o R ML DX ) ELAAC D0 P BB 2 AN [, 75
VLR BB Z AN Z R IT .

33 %% (12—-2H ) AS&BEMAEMNSR
HESRERRYTHERSN

Kl 6 i, K 6(a) h, R (a) KR Z

FA R B TR BB, AL,



42

7 RETR A B 5124

PN TRAT AL AR OR . B A A B A ax (
CREMECR) B2 e/ ) A2 1L

ek @ X3 B gEH /R AR IX . I AH RN,
X 2 DI 3 2 KR TR /N B, IR s Al T
WPR A BRI A o SR E O XK A

15°N

15°N

|
—_
W
T

a,/({Z. kWh-°C™)

|
n
T

45°N

30°N

« a,/({¢ kWh-C™)

{2 kWh/C
- 16.63~10.06
= -10.06~6.78
1 —6.78~4.72
[ -4.72-3.18
[ -3.18~-0220 600

90°E 105°E 120°E
(a) RS LG R K

45°N

30°N

PR
1 a>0.1

1 0.05<a<0.1 )
1 0.01<a<0.05 7 ) ‘;5‘«'
[ 0.001<a<0.01 s

NS 16
1200 km =
0 4350 900 km
L

=3 a<0.001 0 600

L
=
T

90°E 105°E 120°E
(©) TR b it B A B3 PR 10

HHHHHHHHHHHHHHﬂﬂmmm

0
VLT L 2] P22 TR RV LR L SR SRl 0 1716

FRALR AR R A LGB T P R P T N A R T SRS
(e) AR AR F AR BALARIE]

FEAE VU KA R AR X, R R B
AT AR, 7 3 S DX AR R T AN, UG H A
N2 . 2 Xk AR ARHIX . m . AR AR,
R AR A R S R A, S 2 T R, X 2
AR R N 3%

- a/(%-C!

45°N

30°N

%/
. 7.47—5.24
. -5.24~3.99
1 -3.99~3.27
[ -3.27~-2.65
[ -2.65-1.130 600

1200km %

15°N

90°E 105°E 120°E
(ORtEEE MR E Lk SN

45°N

30°N

i E R > ki "g" E
= 0.1 3 !
1 0.05<0<0.1
1 0.01<0<0.05
=1 0.001<0:<0.01

b7l

[t

3% _\:Ja<0,001 , 0 600 1200Ikm /‘ o % %005
- 90°E 105°E 120°E
(d) AN G L S TR AR SR 1) 1 35 A 56 TR
-8
—6+
o _
&Y
32
1 HHHH

0
Pag el N [ AR R 15 QT IRy e e e TN Tl I e
FEDR S LR 25 P P T R T RS L A J i M L P

() AT A R BRI

E6 HEZZF(12—2 ) ARKEEMAENSKEENEZRHNZTEHER RN EEERE
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