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RIBE R 2 H B 38 mT LA 2080 SRS S B S . Bk, 1 - f(e, o) FRIE—AIRIE T
WEE A AHER, R RS (e, o)W EL (e, ¢)<0. f.(e, ¢)>0HT (e, ¢) <0, HIL,
R ERR T, X (D) TR (2):

maxu(x,e,c) = u(x) [1 - f(e,c)]
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st.x + pe sy

Hrb, pRoRBEERT M AI AR, y RN FKRENIWCA . i, 8 25 T L0 15 38 o 14 n
AE PRI FE LATE A s il AT Ja AT PR i IR B AT 3 . R BE BRI 2 S By, B E RE IR
TH 2R AT U EBRGES IR 4 FEE A A SR E RRIR 2% IR A XU by 17

THT R AR i i, X TIPS BRI 2 2 E T =, iU (2) algn, BUHKF L (3):

u(y = pe)[1 - f(e,c)] (3)

TR AR i i, X TN ERE I BRI 2 2 E T =, iU (2) alg, BUOHKF L (4):
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X TN RGN RE IR 2 LUE W i SR A A BE T 5, An SR e 2 R IR S8R 4 45 T
AT TR RE TR AR AR, 2 2l (5):

u{y(l —%)][l —f(eo,c)]=u(y)[1 —f(O,c)] (5)
é\

e=%ﬁ%@ﬁmﬁ~zﬁ%qﬁmw, B E BRI 30 S0 IR A LR . R, Ko = Py%

AFL (5), SRJEXT 0 & TR IR R %K ¢ B R BRI, T8k (6):

90 _ u()f,(00) - uly(1 = 0)]f.(e)

de w[y(1=0)]y[1 - f(ec)]

MG TE A BRI TH D R HEIH A ity ST R SO B R B, SRE BB VR 2R A L S Bl A
Uity SRR A B AT n . AT 0L, AR IR s T BBk 8 2 1Y J R TR AR U A HT RE 75 oK sl
BB BERLAS 1 XA R T R R = L A TR AR 55 . el B BEUR 7T
FBETT LK 10% DL E B TEREIRIE 9% |, DT PRIEZE I A SR B0 Ja A R8T

(Z) mumSiEH X ERRERENELEE

T B Hr, v LA AR SN G RE A RER I 9% i, M KRR AR .
I, ASSCE R EEREIRTE 9% 52 . ZBE A . TAEIR PR 43 B AT AT P4 BE IR B A A B K 726 4
BT i RS W SRR 9 S, SEMT R I R EE R IR A N (e B e, aniEl 1 R .

S, A IR AN i = R v, SR TR B BRIV A RE TR S 2S3E N, InEE TR BERY
RETRIH PR AR . X T AR TS ZE R i R T B AR BE T 5, LI B =0 28 A AU B vy, ARDMERG AR <O
I P A AR . AR SR S IR BE B RE IR TS 2R, 45 e B 2R A v 75 SRR i 1 i e U
ok, MRBIR T R ARG N 238 K BERE VR IE 2% S, NI M2 e R X 1R

B, Bom IR SR MR EE A, DI RE IR TH 2% (A v] Sdi i = A . RS 0H,
Ui R 2 X KB AW = A, HIRA R K ERE R A R EZ R 1 SRl AER
FHLG, RIS 5 25 5 32 B i SR S5 R 52 i L SR TR S AR X 28 5 R S K I
NI, DN A5 s DX A8 38 TRUIR %A o [RIEE, Mo R s/ 2 A TAERT ], AR
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REAAN T o] FRAEREIR B BOR B8, M TIBHATREVRAE Y, A T IR R EEREIR 4 4x . M CHIEFE R
B, ATEAEREIRE AR BIH K PR 1. 0%, R T f4 REIEZ L RE 1IN 0. 4%, [RIHARY 1%
M RE( A3 2 03 1 m] P2 BB R A& FLRE JT 4 T 3. 3% L, L T A A A BH BB AR AT LA 2
B BERAN 2 A Ay ] >0
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AR SCHIAE T 88 B AR PR3 . — &2k H 2010—2020 4F 3 6 1 11 Hh [5] S 2 38 5 ) e £l din
(China Family Panel Study, CFPS), ZEdiass rhE 2540y (Boprs . PO, &, WEilh .
TE . EEMERG X)), R 16248 R 635 MR E (REIX), W R 14 798 GREE . A
SO G JZ TR P AR g L B SRR AR RS AR B O T SR BRI IK RS, AR SCL
2009 47 KT, 0 WA RS2 RO R AT AR N R R . TRk B [ E R B G
(China Meteorological Administration, CMA) 7 [E S5 Bl ni WIN & H R 46 o 88 4R i
i 1980—20204F, 4x[E] 2 400 21T Gl 5 FARSG LIR A H R . UK BEoKRE L AR |
DU AGE - H R R RO , B i R4 100% s

(Z) TEEX

ARG B SCRIA TEGETHES R ANR 1 R

PR s R ZERREAIN (EP). LA, 12 HlfR) 12 M 2 REIREL IR I 2 J7 1k A 4
“10%” $&F5 . lihc#5F5 (low income high cost) . BEASTT K IEFI ZYE K BEREIRTT N TR EE . AR R
B, Bl 205 Fat s 78 Ak, (IS BE REIRTH SRl L b 2 B0 PR VE il B, LR
SE I SFELSE A0 7, 3K 5 v R A T G S R S E RERA 2R i T SRS RE ) o R
ARSCRH P THALEC A S RETRIN DRSO FUAE il SE UM ZORE RE VR 22 IR AR . HLA L, K
FKEEREVE T DA L E N FPR, BIFPR, = B/ E AR (RIGREE) i R BEREIRIY 28 3 i
FARHL DY . B AR LRI PR FPR, > 29, WIAMA G FE 7R S RE RE IR AT
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US L wm 20244F45 10 (G55 491 1)
W, & FRFEERETRE 2 S b7 8
T1 TEENMERESRITER

A h = MR EL ¥l brifi s &/MH HARIH
FHERETR L IR EP 61183 0. 2688 0. 4433 0 1
KR >25°CRIREL CDD 61183 60.1039 | 48.3388 0 206
KR >25CRIREL (F) CDDs1 61183 0. 9529 2. 7877 0 30
K =>25CHIRE (H) CDDs2 61183 33.9832 | 24.9014 0 92
R >25°CRIREC (B CDDs3 61183 24.8925 | 22.7058 0 88
AR >25CHIREL (%) CDDs4 61183 0.2753 1.2211 0 15
IR <18 CHIREL HDD 61183 206.7142 | 58.7279 23 358
KR <18 CHIRE () HDDsl 61183 75.1222 | 17.2493 2 89
SE<18CHRE (H) HDDs2 61183 13.3018 | 16.8944 0 89
<18 CHIREL (B0 HDDs3 61183 30.9859 | 23.1916 0 92
KR <18 CHIREL (&) HDDs4 61183 87.3043 | 10.8309 21 92
FEEREIRIH TR 3 (Jn, HUOXAEE) | Inenergy 61183 5. 5437 2. 0539 0 9. 8627
N (O, BOFED) Ininome 61183 9.2294 1. 1961 3. 8991 12.7908
AT AERIR] NEEE, B4 | Inworktime | 40 960 1. 6923 1.8712 0 4. 6634
IRIRERARFFZ (GT, BOED Inleisure 61183 4.2811 3.4592 0 11.1105
AT FAE R IR AR BB K RET 61183 2.7448 2.8217 0. 1600 20. 3800
R age 61183 52.7276 | 13.5325 16 84
PR (HdE=1; ZotE=0) gender 61183 0. 5875 0. 4923 0 1
Ja CfRalk=1; JER=0) hukou 61183 0. 6904 0. 4623 0 1
ZHE KT edu 61158 2.5072 1.3101 1 8
SRS (TiF=1; KiF=0) marriage 61182 0. 8501 0. 3570 0 1
ol s (F=1; J=0) employ 61183 0. 6426 0.4792 0 1
KBEN AR familysize | 61183 3. 8127 1.7713 1 9
PHESE CF=1; J=0) car 61182 0. 1845 0. 3879 0 1
fEpmER CErK) size 60 812 124.6539 | 88.0271 12 500
WA ERE zhufang 61183 1.0301 0. 4953 0 2
H B (b, BOo 450 Insun 61183 7.5782 0.2428 6. 6710 7. 9987
Bkt (mm, BOSEO Inrain 61183 6. 7444 0. 4243 5.6169 7.7686
SJE (hpa, BOWED Inatmo 61 183 6. 8664 0.0731 6. 5601 6.9241
K (m/s) wind 61183 2.1674 0.5521 1.0101 4.5541
AEXTEEE (%) wet 61183 67. 8960 8.3806 | 41.8150 | 85.5948

W (1) SCHPESCE=1; ANVE=2; Wih=3; mirhrp i Rmii=4; kt=s; Afl=6; Mit=7; Wt=s. (2) CHET
W, FRRNG: AUSERL . 5. 1S, HEREE. ) fAERT, 2BRU ERERE=2; 1BER=1; R0,
fp e B W UL, BRI BESE H B9 0% 2 H 4 (Cooling Degree Days, CDD)
FIERZ B H %% (Heating Degree Days, HDD) X8 RiEf7A & "', CDD FIHDD iy & 1<
HAREFERRZ B2, mxk (7) fX (8):
CDD = > rd(T, - T},) (7)
HDD = > wd(T,, - T,) (8)
Her, T RRE R T, Ty, 200 3R 38 B REF & AOR B 0 im 5E, 4
T, >T,8 T <T, K, rd(-)=1, HWrd(-) =0, XTT,. T,HBIE, BAITEH ARG —,
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{HIEH LAT, =18°C. T,,=25°CAE Ml A E . o, AR ve A PGER A R DAl Y ARS8 Ul 25°C,
5t 25 BB A R, By A 4 55 0 FEBIFIE B IR AR N HIBE T OS2 ), [R) R4S 25°CAE
KRG P . AR SCRIRIR A BUE B2 0 18°C, Bl A B E A 25°Ce bk, A 2#E R
At AR /3R ORI H N, AR SR P A I S AT T AR S A

PLHIAS 5 ZREERBIRIH 2R3 . S NI . MR TARR ] | PRIR IR 2R IF SR T 4R R IR
BRQIHOKN- o T ZUWI IS, AR SO AT A REIFH AR BB 4 AU B R iy vl 2 RE IR 4
REGFAKF-.

PEf AR b ASCEER TARRY . MR P ZEEKE L SIRIRAL . w0l . KIEA TR
B AR E . BT, A EEEEE P MR ERMZERE . A SGEES] T H B8, B
KL AR R AR S AR ARE .

(=) HEEE

TE AR A A L, AR SR FH [ 50 ASE A 43 A AT A2 AR SR 2 R IR FE TR A sy, HLAAR ST
ER RIS E = (9):

EP; = oy + a,CDD,, + a,HDD, + B'Z, + 8'W,, + Y'F, + &, (9)

Forr, io gy vl FoR AR L BECRIAEGy s EP RN ZKEREIRZAIN 5 CDD FIHDD 735 227 il
Vo BE HECRBERE B2 BB Z3R0R ARG ERRAE ;. W R HAB SR RHE ;. FRm &5 E R0,
ALFE AR RN . AE 0y BE RN . BIEERON ; o, By 8, yIHRRFHESE e RonbldL
oo, MRMFRMEES A o FFE IR, — B BB Gy e o, HAB SR A, U
R M X BB (] A5, AR AT AR S A Y

M. sSKIEZERS S

(—) BEEPLERS S

1 Y AR R X 5 2 R IR 2 TR 1 52 i)

RT3 B v TR IR X 5 B TR R TR (4 5% 2 S AEFEAE X RR T, ASCA3 i CDD . HDD 3%
TR B H AR B H 2, R HOXT R RRIR 2L R B, [ S5 5 a0 2 R .

MF25] (1) F1F (2) ATRAEW, BELEERRE . RERHE . AR FE A
Je, WV R HOBCRHEE B H R0 S 2 RR VR 22 IR A 52 ) 28 B8R /INFI I S5 KA AR 4E (AR LR
e HIh X B & MIE. WPl LIE N, COD RN 1 K, KA Z5E RE IR %% K B9 T BE MK 38 fin
0.05 N E 40 HDD A 1 K, &4 FKEEREIE ST (4 v] BE MR N 0. 06 N EH 0. X 5HA
W5 P ZE IR A — 3 2 E— 2D b, ASSCHRSE T AR ZE 15 1 CDD A HDD X 5 2 B U5 2% K 52
Mel Y 25 Sk, SRR 240 (3) FF) (4) Foow. MWHATLIE 1, 75 I8 HERES, [UGRRK
PIZE HDD 3 fin . 521 CDD 3 m 2 il 8 iE ge IR 35 IR, FLAy 22779 CDD A HDD A8 fb % 52 g2
BEVRZT IR AU X R S . AT UL, CDD F HDD Xt 5% G2 AE R A% IR 4 52 i A7 A W 0 i 2= M 25 e
X GHABR M EE R AR B 2 I, A B IR B B R K JEE R TR 28 4 1 R DG BT
TS, iz A T E Y 2 MR E

2 R T WM X R E R DR B R 114 52 i)

R T AR B2 5, LRSI M R BERE IR B IR 2R . AR SCR AN
(7] 255 () AU o o SR A ARG WM . ELARHE R b DX AR B ¢ AR b SO AE BT S E)
WA EETsMRBEKYEPHHEZHMER, BRUKRBER®REZ, . Z,=

it

T, - W 1980—2008 — . - UGN . o — .
= bl me) gt 7 oMb A 0T Tl g o SRR I 2

G;, 1980—2008
LAREE TR T (1980—20084F ) PR R AbRMEZE . frit, Z; S8 T b DX j R B 3 o ) 2
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TREE AR B L R R . CP R (2022) ) HdEER: 1951—2021
AF [ AR AR A FHEE R 0. 26°C/104E . I, ARSCAr Rk #E0.3°CL 0.5°C, 0. 7°CHE
AR EE A AR T S b, RO R R I . 2 Z; > 0.3, TS, =1, RRHIX |
FERS ] RZETT s F B ORI AR A I 2 B K T20. 35 &), TS, = 00 1 i HoAth i < il

rhekit,  [E R RIS R S RETR BT RS2 Y [ 25 3 3 3 s

*2 SEMEENKEREREZMAEIEESR
BB (1) (2) (3) (4)
EP EP EP EP
CDhD 0.0005~ (0.0002) | 0.0005 (0.0003)
HDD 0.0007™ (0.0003) | 0.0006™ (0.0003)
CDDs1 -0.0015 (0.0016) | -0.0009 (0.0017)
HDDs1 0.0012” (0.0005) | 0.0012" (0.0005)
CDDs2 0.0012 (0.0003) | 0.00117 (0. 0004)
HDDs2 -0.0004 (0.0006) | -0.0004 (0.0006)
CDDs3 —0. 0003 (0.0004) | -0.0002 (0.0004)
HDDs3 0.0014™" (0.0004) | 0.0013™ (0.0004)
CDDs4 -0.0008 (0.0024) | -0.0024 (0.0025)
HDDs4 -0.0014 (0.0009) | -0.0014 (0.0009)
A IF SR I I I I
HAb R FRE AR I AFEHI I
AR B3840 FE il i i i
B H 0.7713™ (0.1906) | 12.1436™ (6.1942) | 0.9018"™ (0.2062) | 13.0780™ (6.2560)
NLIUEL 57 473 57 473 57 473 57 473
R? 0.3652 0. 3661 0. 3661 0. 3660
e L T BIFORTE 1% . 5% F110% KT B2, &SRR bR R, R,
*3 SEREMMXNKERFEREZMAEITER
5 ‘(1) (2) (3)
7:>0.3 7:>0.5 7:>0.7
FESEMWE -0.0330™ (0.0051) 0.0036 (0.0087) 0.0428™ (0.0174)
BT 0.0195™ (0.0050) 0. 0080 (0.0068) -0. 0023 (0.0126)
BE R -0.0418™ (0. 0058) -0. 0265 (0.0106) -0.0485™" (0.0186)
AR b 0.0125" (0.0059) 0.0035 (0.0102) 0. 0288 (0.0297)
AR B2 LM R G il kil kil
A/ LR /AF ) FE Etiil 7 il i
AR 11.4309" (6. 1308) 11. 8890° (6.2350) 10. 4331 (6.5131)
LI 57473 57473 57 473
R? 0.3672 0. 3662 0. 3661

AR B b AR X RR . S e 0. 30, L BRI TE TR AR K ERE IR DY

R HE R 53 0 2 B 3. 30 A 3 il . 4018 A s, il HEARE I 12. 3% . 15. 6%, X
DNENWRP T SEMRERIETIN; B LW R A ZBEREIR 2% R A 55350 2 1Tt
LOSAHEG A L2254 AS A, Sl GHEARYMERNT. 3%, 4. 7%, XA 1R b2
I ZRBERBIR L R o AR 0. 5B, A B A vp i 2 0 G2 BE BR IR 3% IR 77 A 1 25 52 )
HAFWHAEWHIF T BE L, B, Y8FRE T 3 R KW R0E 0. 5 i
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25, REERRIRTE IR AE IR NI 2. 65 H 4 s, (HFEARIIMEIN 9. 9%, 4l vhili 0. 78T,
BB SIMB RERER A . Bk, MHF M R KISE R 0. 714
b2, FEEREIR AL N & A OHESRMG Tt 4. 28 AN 20, (S REARI(ERY 15. 9%, BKZH) IR b
WA LR MR BERR IR B IR, RIS R U i 25 1 R KPR 0. 7 b2, RIERBIR
PN KA AR RB AR 4. 85N 40k, i REARYI(ERY 18. 0%

3 AR AR 5 REVR AT I ()| E 2Rt

J 7RI AR A AR E R, AR SOR AR A 9 7 SR ZIm AR e Y BARH, A
SCLA S CRYAR DR 43 T 104 RAE o SR 5 i v] DA 8 X4 S i o3 A, [l Bs ] L3 B4
SIRFXT FREEREIR ST R AN FE . O T HEBR LR R I, 4 [16°C, 20°C) 1EMILMELL, %5
WE 2w M2 AT UE DU X a] B 2 ) T A8 A X 5 2 RE R 8 TR 119 52 1) 2 IR AR X AR U
RISCHR, RIAESEE ORI R R , 5202 REVR F2 IR & A5 B ARE 3R Bl 2 A 5 R T 2 B 35 i A%
Ko FEMFESMEBENEIL T, Ml H HARE B 800 R BRI & A R T & . HAAkUT,
X TAARAEN [16°C, 20°C) WY 1R, fE—4FHhanif H ¥R 32° CLL B REEE I, IBA%
JEREIR B IR A AR MR R 25 I 1. 3% 245 . MY TFARIRAEM [16°C, 20°C) M 1R, WRHIHR
LT 8 CH RGN, REEaeIRF Wi, Bk, [4°C, 8°C) MIREEMIM IR, K
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Asymmetric Effects of Extreme Temperature on
Household Energy Poverty in China

DENG Ming-yan, YANG Dan, LIU Zi-min

(School of Economics and Management, Southwest University, Chongqing 400716, China)

Summary: In recent years, extreme climatic events, such as extremely high temperatures and extremely low temperatures,
have frequently occurred. Moreover, the “energy crisis” characterized by continuous electricity shortages, production
restrictions, and soaring prices of oil, gas, and electricity is detrimental to ensuring household energy security and
exacerbates the likelihood of residents falling into a vicious circle of energy poverty.

This paper analyzes the impact of temperature changes under extreme climate shocks on household energy poverty and
its mechanism based on the micro-data of six rounds of China Family Panel Studies (CFPS) from 2010 to 2020. It reveals
how temperature changes affect household energy poverty under extreme temperatures, especially focusing on the potential
asymmetric effects of temperature changes on household energy poverty in China. The findings of the empirical study are as
follows.

Firstly, extreme temperatures measured by cooling degree days and heating degree days have a significantly positive
impact on energy poverty. The impact of temperature shocks on energy poverty varies in different seasons. Secondly, the
impact of temperature changes measured by the temperature box on energy poverty presents a non-symmetric U-shaped
curve, i.e., the rate of energy poverty development increases as the gap between temperature and the reference temperature
increases on both sides of the reference temperature box. Thirdly, the impact of exireme temperatures on energy poverty has
income and regional heterogeneity, and the impact of extreme temperatures on energy poverty in different climate zones also
has heterogeneity. Finally, exireme temperatures affect household energy consumption expenditures, incomes, work and
leisure, and renewable energy technology innovation, thereby affecting household energy poverty.

Compared with previous studies, the potential innovations and contributions of this paper are manifested in the
following aspects. Firstly, from the perspective of energy poverty, this study explores the asymmetric impact of temperature
changes on household energy poverty and its mechanism, enriching research on the micro-level impact of temperature
changes on household energy consumption. Secondly, using multiple dimensions to depict extreme temperatures, including
daily maximum (minimum) temperature, cooling degree days, heating degree days, temperature shocks, and temperature
boxes, this paper comprehensively analyzes the impact of temperature changes in China. Thirdly, this paper not only
explores the seasonal differences in the impact of temperature changes on energy poverty but also clarifies the
heterogeneous impact between different climate zones. This paper reveals the inherent logic of temperature changes and
family energy consumption in the context of global extreme temperatures, offering a scientific basis for the government to
adopt proactive measures to cope with global extreme temperatures, establish a clean, low-carbon, safe, and efficient energy
system, and alleviate energy poverty to ensure household energy security.

Key words: extreme temperature; temperature change; climatic zone; household energy poverty
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