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Abstract: The urban power system is a critical infrastructure that is essential for urban safety. The frequent occurrence of extreme
natural disasters characterized by a low probability and high losses severely threatens the continuity of urban power supply and the
overall safety of cities. Resilience is the capability of a system to withstand disturbances and rapidly return to normal operating
conditions. Therefore, enhancing the resilience of urban power systems is crucial in the face of extreme natural disasters. This study
provides an overview of the implications of enhancing resilience in urban power systems under extreme natural disasters, clarifying
the processes by which urban power systems respond to extreme natural disasters. Subsequently, in conjunction with the challenges
faced by the resilience construction of urban power systems under extreme natural disasters, key developmental elements for
resilience improvement are analyzed from the information, physical, and application dimensions. Based on this, a framework for
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enhancing the resilience of urban power systems under extreme natural disasters is established. From the perspectives of data-driven
sensing, scenario construction, response assessment, and emergency recovery, the framework dissects four critical technologies for
improving the resilience of urban power systems. Furthermore, the following recommendations are proposed: (1) strengthening top-
level planning and coordinated design to upgrade power infrastructure through smart initiatives; (2) overcoming core issues and
critical technologies and promoting the practical application of technological achievements; (3) enhancing standardized technical
documents and establishing unified equipment configuration principles; (4) advancing collaborative governance among diverse entities

to establish an efficient emergency coordination mechanism.

Keywords: natural disasters; urban power systems; resilience enhancement framework; urban safety

RN -

B 25 I T A R BR3P AR A
BV EFF . FERE i (RIS T 2 AT
HEILAE, YIRS R T B A A i 22 47K T
(P OCERN, SEE . WS 2 A [ SR HR R 5 2
At AL P 8 T 2 T R R o e S R
ARG nsE T IR B, TS R .
P BRI T AR oI T R A A i AR A
BBy, IR T ) RGN R B = B A V& A0 Tl
AEPEI I B, [ B AR S Ath O B R A it I
IBATH EEHES) Y. T H ) RGN, H
aih i, (HBEE A BRARAS IR 1) H i, & Rk
i AR K EWRN . R IKREMERE. HA
9 FEH R BB KMIR, ™ B T ) RS
FREIZAT. 20084, FRIEF T EH % 283670 % H 7]
LB AN 1700 2 AR H {52, 201143 H 11 H, H
KRR 9.0 JRs KR IR 5 RN, SEHAZ M
X RFBE A, 3 R 45 2R I 10 000 MW (1) HE )
figg, IR T R AR, 20194, iR
B “FFEFE” BT R T, 3759177
F Pl sz v g e, 2021 48, TR RS I SZ R R
FE800 Z AL LR SZ L, I E T P 2B,
202249 H 18 H, 3= [E g 4Ma Hh ik 2 B2 45 R X
CHEREE” RS A S, T
146.8 J3 [P 10, 3k LAl gy [ AR o< T S A A O T R
Py EIEVEE . RER A, 32 S EC
WG K. BT AR RA IR R, ™
HE T A A, R T ITH R G
H SR 9 5 RS R 93 L A 4 348 s il 1 50

R ST, BUFERIT. EARAS Tl 4t
FHEH THAIRSG “FIE” &, BR%Y)
PEIEH 218 RGN F AR, Wik, &I
THEHREKE MG . Bar, EWNIMESR s H
RUKE TR REYIVEREL, PITEVPAL . B

NSEJT T RE TR0 T, I MASTF 5 T Jig i
S SR FEIAE R AE R IR R R i R ER Y HL ) R W)
PEME &, JF i IR A0 5% BUSRA W g X —
o, NIRTHIINE, HIEE @ LG B R R
AN 2 WA 58 20 DN 2 PR AR PR A AR A, VR4 2 i A
(7] JXURSE PR 2R 0T 28 GE AR, ) 5 A I 18 DX, 8 2 4
T, LAASTEI RO &Pkl . 05 Ly T e
E AR I T T AT APIE, AR AN [ Mg 5 2 %
FRUBEAT BT T BREE SRE f ) RGeS
A HIERNAYE, AR R, HA R K
ELR, EHEBERMERENR;, THETE
o & 3 Yl i 9 s ¥ TR B DR B i T o B P iR
AT 1 55 H R 5 T IR A 77 L R T R RE ) AR R
J3M BRI % M F R 2 7] B 5 BURF AR AE B
FEL IO e 507 THI R T S B it AR . [ L i
IRAFSE T 2o & ms RS, IR
S 7N VU X I ST it 8 I PR R R SR, DA SR
TI RGN RIARANS . [ X _E T L g 24 B 55 1
PEHLA T 6 DN RERFAE, I X 6 DT T R EAR
TOSRAN P B SB[ R 7 F A R DR A
) 9 DR B T A% o DX A5 B OB FH P R FRL T BB,
TR YN A 32 BT SR 22 A S, SR B e kit
5 4P | o TR =S PN I DI 5 T BN RGN
F AT A R PR B AN R RE T F X ) S, SIZEN
TR AR R AN AVE B, fR T R
K ee ot NP B3 RS RS N RU L e E 7
FTH LI R GEHINE RSO IR A AR SGTE Y AT S
oK e A CAT STIRORT , BEXT I B AR K R I
T HL ) R G 4R T DA K S 55 s 1) It T 475 R 4
Do B R TR R A EAEAE ZE 5, (EAERITESR
THrT, #RIER LI AR H bR, WA, SN
AR s EECRHI A DhResE & WITETEAY
RIS T35, 9T i/ RS PITE IR T
2 T R 7R -

ASLEE e H AR R E T REIR AT R R G

199



Min B RRE TREWHRENDARGEIIHEAELRS & RRIEIAR

BT e PR BT 3 2 R N AMIE T8, 0 i 1 R R
TR R GRS T IREAT 1A
R —{F R - BT =AY RN R H AR K E T
YT ) RGN IR T S R AR SR AR AL
SEHINTT A RGWINESETHHER, BETT I RSt
WIESRTHI 4RO FeJm s Fhx bl B 2R &
T RGIER T SR R R, DU I
L RGEDIMEARTHE BT T iR S 5% .

. IRERARETHHENDRET MR
GIRPEPSES e £

(=) HRumBARRE NRTER ARG RARRE

WM B R AR YK C.S. Holling 2 1, 17
BEAESRGE RS WA G 4E R P
KAMIGE I RG% KRG R AR, 2R
FIEB IR, 20105, Martin 5| 7 B =&
MRGH IR, fH T “EAPITE” (S, X
AR N R AT 2 A S P 4
FF IR 1847 DA SR IR B IR BE J . T FL ) R4 )
PESR T FE R — e R M AN S, DA s 3m i v )
RGHAAIHINF) . RO R S H IR S R
BATHIRE ). X — N AEd RS, W AMNELR
FISRERIZ AT, WER A RAEL B TR
PhEICA S5 20 77 6 FhOGHREARRAE,  FF 2R R G BT

RYLAE

AR

A F AR K R T

FERES, B E N AP BRIRRN R SEB,  BA R e e
A, R RE s L R G IR W IBAT IR
M, JTID B ORI TIT P 70 (4 ML P e Ak A 22 A

YR TT P77 AR G R A S AR K T A I R T
R = EE B, BB R NS S AR
HWE LB 1D ERE TSR TR ) R
gih (LK1 RED, BRPRE AR EE, Wi
REFMZ PHAGRETR T, RIIFHZERE
JURMEIRES L2 r By DA R i il B e TR R e
FEREN, M, —ADRSEWERIT R R4
P 120D W2 B2 B i HE B ) 2R 48 32 B 0P A
ARG HEBRE /1, I RENS P [R] 22 A B U8 125K
W, AR AT HE ) R G IR M 2 RS TR R
IEHDRE, Besh, Mgt B PR L] L
TN ANERF A R A, PR RS L AR E
P, SEBU T L RS AT R R

(2 MIKBARE THHENDREHIERARX

HER

W ARG R MG RMBE S RS IR
FRG, Fomid vy AE B R 2 U5 B
BRBATRS, MG ZPOCHEBOR, AT AL T
2 JCA I R R SR W 9 U B 4 3T LD R
iAok TR B, T T MR - SR
FF RIS BE T AN A5 ] JEP0, BEEFRE AR

L L L L T T R P

>

>-& > &
>« >«

b JE—
IR T R

S - R
AT BT ) R 5

El1 TR N RGSE

200



PETIEME 2024 F F26% F2H)

HRRIGHE S, AR R T ) R 40 5 90 v Lo g3 )
FARRIR . R PR A R L,
Ml R k% o, AuE s, R4
MR ISR, RETHRESCE. B
PRI B RS R IS A E &K,
PN e T L T AR, R 1T HE ) R Gt
KAESIAE . Nk, S5 EHIMERTHI N, B
Wil B 48 9¢ R IR E B BOW 1T 70 R
WPEEEIVIR, MBS WBE. R =4 B,
T L) RGPS T O B B AT R ) 3R

115 B4

B RSG5 B2 B2 SL I R G A
EAANE BAEIL, M THRARGN R E”
MM IRE”, R TR RGETESHR
SR SLHER . M AR K N KR A % S W
G R B HEECE MENBR, EE s
ToiE RS, EEARTE. IRSRAAE I ER T
B, ZRG0E B LRAR IS 1T LA K B RS 52 7 K
(R ELAREE A X35, TE i R BURE 52 (0 X 8 7, AR K
MO AEIR | 52K Ja W) R G sk il . e, HE LA
Rt SRR EX ARG p . kA, BIEHR A
REAETAE M TUE . Z USRI R &
G A TERES, 00 “BIRINE " IR, &M
BREEE EREE; B R B AT A
XV BB RS AT . $ i R R S P29
KPR A A2 25 P 1 4R T S S R I S i
filo DRI, SR PRBEIR T HE T 2R G M AR 9 R
BB er, RIH R R G A ORGSR
HL BRSNS BT AR RE ), RS
P — DX — A7 — fifg 2% 20 15 PR 25 5 00 SI2 i ) 2 A Bk
GIHT, A BRI T L R GULE A [ JR) A A ) R
FE R e AR ¢ R MO I TR R AR B, AT
R AR K E S RG22 A EAE L], 32
A 8 T B A A R FR ) R G R R 2 T
L) R G IVEIR T S

2. MIERYERE

YRTH L R GUE T iR 2B . A HE . LR
W, FE A AE A AR . X SELH 14 5 52 B 1 AR K
EHLEMFm, b RGEMBEAXEEIE, #15
YR T R R G g R 0 TAERERE R B g
JIR R, Tovk Bk BN ¥ 2R A L R B 5 A
B, FEHENRBMATRE. WA, FHAHTH T

RGNEAHENE . Bt FEHR )RR RS2
IR AR IS AT T, TS A AR
g A B AT, HE g R &
e, AR AR ¢ HE N KR L T AR R
151 PTG R ) Nl = e A A
t, FEEFWRGRS A, HIUA 1L S A
5477 R AR AE — 8 I A s A ik, —
S El o T B LB RS S, R B R
THEARZE, 5 S0 DU I 15 2% T 7 ) R R
TE0L, ASBESEEUNT & AR I i Bk o S HEAT 4TI
B, Bk, EPEERE AL, 5%
HH TR B LI, R A F R AR R
G & AT W Al R AR R A TITERT
WRIE IO, RS REMPEEMER. B
LRI BT R I T L T R G SR T (1 G

3. YRS

e 4R 9 i BE SR, AR AR TR A I [)
PR A, TR T A TN LS e Y REE AR T
2R, RIS AR R AR TE R A Al
B, # A FERN. EREREMAENE,
BT RGMBITREENHE A KR, I
E R HNRE - RRBITY R IFHITEE
BT, A VEERARKEFAATREZ NS
FHEAE FABLAICD Mty AR 5 55 A AN B e PS4 F
NARGH S EIMERZA, WA S =
R 22 4B 1T T S B AL VA Fabn ik R DA K G2 —
IR - W R B ATIRESE R B, R
o W i FE R 9 T T FEL D 2R G R R L R A
M . (1) 52 AR AT AR AN 2, AN REF 2 I BT B e )
RGANFNEAT 5N 50 ORFIE . 75 SEBR I T
L) RGN, ANE E AR 9 E X B ) R G0
M SAFAE W] R 2 5, BIPE SR T8 Bt 1 1) B 4 7
BEDBIEVEAL 25 R A" Rk, 7EAN T3 Rek:
REE&GE TR R RS ST, BdHE
HAR, UBIEENZOATER, TIERGE - MW
— i — ISR, WEPIEERER, LI
BT LT R G AR E R L EARRIZ TR T
PER S BRI HE A B S AT HE IR R A, SE
DL HE SR E R0 ¢ T W R S e B s W46
i 5, 8 RO 9 5 W s 37 S5 s 1) vh T R I
A, LN R GUARRAS HE A K TR, AR
G5 I R IR AR B AR R S 4G SR\ B g

201



Min B RRE TREWHRENDARGEIIHEAELRS & RRIEIAR

AT 0T, TR TS R R TT SERBE rHT D
PEIRTT AR, SEBLRGEPEREVEAY, WUTEAE (Y i)
ARG A RGN, AT AR
SCILZ FEAC IR B, ERA B O, 52
EVFME IR AR, INRKJE RGIRE, RERGE
AR BR AT SENE AN AR E A7 T L ) R IR AR T
KAt

= WMIKBEARARE NRHENDREH MR
HEZRFDE

s AR 5E T i ) R IER T A
TEIEARILRE, 7 B S h AT WIS, T
JEARLHE 15 A DU AN i R T SR AR AE NI 2 A R 0
B, FR S MM PP BT ARV E XURS, AT IRAIE B

AT AT 2 s B S E N AN G, IRYEHE G
PG A RO T f ) R G AR R (RS TIUE — K
B — 5 RoxT — KB R - F Rl AT A%
LA, BORIB T R T 2R G RE NS 57 25 X R R vl g
LA B AR . i, AT EIPESR T A
5 E WA R G VERT U BEARHEZ AN T A 2
25 e i B AR 9 TR T L IR SR T I S B 2L
B, M T E AR RE NI R GRS T
HEZR, MINSRTHER EZE R N6 MR (LK 2).

(—) HMHERSE

SEHERN RGN, EERETRE Y SIHE

WL R0 B THEL. A7 — ARk A R e i
H UL 5G. AEEL (NB-ToT) &54cik L2 HdE
AR A A TH IR — WX — fuf — i 1 % A 15 HEAT

I,

FEDEER | 1 KWHWER | | GORRAIER | | KREPRE | | RRIENEE L N
A e A i R %
S LR ol s (0 [ || s [0 L e | i s | A
sl YA | i T | T | IS | O v | | 7. B i.
X |[Boxt ||V ([BB[AR || 1 ([0 |[ars ||t ([ D[R] B ][ EE] & T
I s A A i A E A
g | e ]} v (Db (] (L ] s PR B2 | i ey Wi (SR S (PR

""""""""""""""""""""""""""""""" o G
DAIER A AU ek L w W
——————————————————————————————————————————————————————— 1 : B AR :g_:
PHESRAR s RO s A & Pl
! 3 7!
T T 3 B B 2 % 3 an |
FGREE R o> - 5o i e @
tlihs ik il B B il il A
———————————————————————————————————————————————————————— | : i ﬁ i :
e Z L ﬁm%m%maﬁ:ffﬁﬂﬁ N g BE |
----------------------------------------------------------------------- | E3 f‘ﬁ‘ 1
ARMKHIIEY ORI ARSI SSRGS RS RAE :*:% £ 4{%5
""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1y P
e s e s e e e e i e A
; . Lo (B A
U SRR KIIEN T AR R A :‘i A L

i

# & A kA |7y =
RO 35 ﬁ%ﬁiﬁ%ﬁfﬁ@‘ i M \ ’ A |l A PY
------------------------------------------------------- ] Y
________________________________________________________ Iﬁ ceeeee &I
' & | |

TER HAPEE SEEE S

Ry ke
RefER REER BE S BA T me pepEA

El2 HRimBEARE THHENRGHMERAESR
VE: SGRRB RIS

202

PR ALK b
[}

(g Bt A



PETIEME 2024 F F26% F2H)

SEISRIUCA e . R E . &Il S
fi o JEITAUERERRIHL 2557 > fl i SR A0 PR 804 R
BREZ W, P S AROHE 10 N TR RE 0 B S 3
RO ZIAAE B A BRSNS 2R, SEBlx
R GUEAE I WS DU I G & 4 R G
WARE, YRR AR VPR AR R

(Z) IR RE
BTN Z R s (5 B s 5 B 55
il W FEAL I R B N R T R 2
HARREAL S SR Wi R AT T2 T mig &
(1) 75 VRO R G K N-K e ORI . % 8
D RS WIS AT POk A AN, 4% L™
HEI ARG, e B AL B R SR AL
FRCT. HTAGUER. WG B EEE, RIET
DLEFE MU (BMAMA. BMam. AN
D) N EHARREFE AT 2 R T KSR VFE, 1%
X ARG R AT 2 2, A5 A MR B A1
FE R A, TR K - I R AR
WUER, 5 e fa SR ST IR F 38 AR A X 4

(=) MMEEEER

BT IMED FZ R FHPEER . AR TR
I8 25 2% LA K I R 2 SR B e, A Ak
A B AR ERCTEOR, 8 OCE FE AL
9T BRI ST H AR 7 FOB A . S XA
I35 T e B SC A SRS AE . AT 09 i
FEAERESEREAT A, FALTTFESs R . TH5
e R 9 T R AR BOME AR I 0 B FLAEAS [ I ) A
(8] OB ASAURUAE, S ST T ) R e oo e 55
Phih e, Al E o iR R 5 o T PR T 5 R TR R
BREC R, IRJa R E AR R AR S o e g5 A Y
ghitr, AR AR SR LR T L R 4t
I HE B A 2R b g 5 AR

R Y 2 AR e T E A RGNV AR R
B, REMFRSWER, RGN . R
G SR AR 20 A s AR T AR AR 4
FERAE N R G BCIR SR, s iT %
Hl NSRS T RSEMIRE LR §
AR I AR A SR i AR AR 22 B
v 1R P SR AR TR S 5 DR B il i B SR R R R AL
PIEAT A A EEER . REHFRESHRALZEE T

a5 I ABHE M BOR I AW, Wk R Gt
AT I B R AR OGBS AL, AR, ]
n, ETREGE TSR RGMRI2 WA L
SIHEZRAEAY, SRAERR TN R G028 R IEH™, WHi%k
fabric. BIALERE. ZRIPE D IR: KUIZRIFI
PR HR B B SCPRIT H  ARG, SER I AR OIS
FFHEAT RIS W, RSO DL B AR S AR K
FT RGN . RGRANAAR L0 T H A
AR LSRG 22 AU S, K SR 50 A JEE A ok 5
AR I L) A SR ] I R, DR F ) RS IAR E
PEs JEIEHLES 5 S AGETHE 2 0 s SRR R A
PEAL R R SR 22 R, SRR S EE N
W, WS R, W E B AR IR 1 2 R A
AR, IR 22 BEVR LB ik T i ) AR e SR A AR O
KAFMMREST, JERTTREL R B A AT, 5
DU o ) RGE R RIS E Y. 2 R Rl
A AT B DA S ST 2 SR I AR R P, TN e
BT L R G PRAG USSR THR B S

() #MEFEE

T RGEIESCEVERE, S5 RN H R K
FHIBIARS R, SRR E S PN AT EEE
K Jr B RE A R VE SR PR I BIVE SR bR ik R, il
LA P AR r T R A 4 22 SR R R R AR
JE, AN [ PR R Y 2R et Y 2 SR TR 1R
R GE SR AR RIS R PSR AR
RGBT R I, 58 BT BN HL S PR R L S 1Y
HARZ B I ZE 5 o M2 i OO PP 45 SR AT 20 i
PRIy, B g 2R GEAE TR AR AR K T 5
PR BR3P 70 AR IE R R A5 N T
TEEIEIR T 7 %, 163 R Bl s ) Rt ik,
RITRGWNE Flhn, 5% Sl T FE 5K 5056 = A
S o o 5 S [ 5 i 2 A 0 BRI R T MR XL o
Yy, FILAMTIVEREAT VRAG, AR VP0G 45 R E
T R S R R R A A R Bl SR . S
T R I R G 3 AR T A T

(R) FMMHRAE
IRGEDNEPEAL 2R ISR T 7 &, 45l
M2 RM ARG I RER i) R e SRR ALY,
XHHSTERR . KA AR KA R E R
RKIGBRAR R Fa VPG R F S B Xk 1 4

203



Min B RRE TREWHRENDARGEIIHEAELRS & RRIEIAR

Bt ARSI, R 28 GEAE AR KA S K AT e I
SRk . B, Hn SR Yt A e AR 0 b
RABANERI A MG Ts S BT 0 RS T
i DRAE 75 SR B (3t 45 R SR IR 0 PR~ 14 1 5
DAL SV B AR 2, B e PR S LA R A 1 2
Ry JFEMERR S, H DA ARSI,
BEAT WA TR SGE « A RO A AL BB
AT AP A, DU KRR bR = R gk

(7)) FIMRARE

B SGHEOR. sfbar 2] LGt HE . WM .
B 2B A SRR R SCHE R AR SR T HE S rh B Y — 4
P — INRIRIR FE RS, SEIUE B 5 Y8 R S0 4R AL
AR SV ELRL A 8P 2R EOARD , AR
W 7y 57 LS SR T I (523 2 R ke )
Dy AR EOR D, T PPl 5 25 20 (R A 5
(SCHEE R G I P PR ag i B AE BRI A PR 1E K
FRA R RGREV IR E AT NS N AMR R (GO
R G Ja I HRIE N SR E B o IR B
SRENH, AT B AR HE NI RS
FEVIEAEC Y SR T _E R .

M. RixBARRE THHENRGEIMERFA
KEZA

B BT i ) RSB AR R ) AN AR, e
PP ST BORREE, R RETE T BR RR
WARESR o ST LT R G5 A I B AR SR S A
s M E AR E I ) RSB AT 2SR AER
N Z, ARG wENEBENSRES. E2R
S AEREEE K 3T T AR G A T A
it Z [ RS & R RBCRI R 2%, IR G — BRA
KAE 5 HL S, R B A v 2 IR AR M A oK
Ho Mok H AR KE TR RGP R T AR
i R R RS, B[R] AN BRI P El, AR
feirheE Ak, ROREEE IR/ ) RGEIE R
BATHISS U . ik, s T4 1 380 T B 1 3R T HAE
2, BGom H AR O TR H ISR T OB
TR, WECEEGRN. IS, Nl RS
VAL, FEH DU B B AR 5E TS THm T
TR GIVE R RBEEAR AR R, N Ja SRR
TN SCHE, BRI SRR R SR

204

(—) ZEBEERYIERM SR FREARA

YT RS RA A BREE AL TR
RPAE, W B AR 9 T I i ) R gl R
TR HE . B IBAT RN RAE DL, 7 X
RGP TE . UM Bk Ak, &R
FER BRI 5 AR R R L JEAE W SRR B
ARy BRI S RBAZIREOR, SEIUHE I fE
WAESRPOE, Tz, WmReE, @dEER
H, e osRO iR, Sl A R X A4z
Hilo G, wrRAEITEEA . B R S
Hlge “giam N, MR, P, BREEK
27 A . IR AR R TR T R
ARG ) N RR RS HY A, Fa e — A T H 70 R
gi AR EE TG LE3), THER &, Biin
B ONHER. NTERE. Brg, AR,
MAHFE . HEUHEAT &, L5, KK
HE 7 9 ) B0 3 BRI R Y, SCHE NS R I75R
PIVERFA 2 f it s S A2, AR JEAS B AT X
W WAM R S, SEBLIT H D G BE A
TR REAEHETE . RGMPETUE SR .

(Z) ZEZLAHEHNIHRWERA

Wi F AR REFEFI IR A, SET B RS
T I B8 e B R, LR B S B R AR
o FEAEOHTREIRE N CLAAT I g HL T 2 N L 451
MW N, SRR SRR, RIS
T REINE R ZA, RN R AR ERAE kR
i, RN REEAT. MR E N R T ERNE
1o NEERNXAAAL, TFRE B R S E S T,
RIUNEA R B S5 SRR, A BT FRATTRE A AR
i R O A T W A 2 3 A 1) R I A% 1R O L
W, REE R AN . FL, R i R,
B XK R (b, RS,
DS SR G4t B A 198 3 7 R I 9 HE PR 43 2K PR A3
AL 254G W B AR RE T L RGEE
IBAT AT T R B A A LB R K -
B R G A EHVE DL AR, R N TR REROR
SRS H TR @R EME S, Ed i,
e Bl IS T B R HERA H T e 1
IBAT RIS RIS AT R P, SEB v B RS
FaHE > AT AT BRI W T, SCHFpR R i ) R 4t
IR B RS 2 AL BER Ak g . bk, AT



PETIEME 2024 F F26% F2H)

I I A %lﬂ%ﬂ:ﬁi

9B S T
AR 9
B A
2] ATHEELA
KEHEFY% @) PR T B o
e T R 3 )

Bk

i F e BT

HLEE 55

BHFBE + AT

KA I

o @ UKt

@ Pty
© LRI

]

BEES + S5

HFBETA
© fitHETa @ Fiexer
BT
P

SKTA

Wi L) R G XU A v

ENION

...... R
i S

T LR

E3 —AUEHmENRGENRE

TR & MR RIZ T 25, RS
TR, QIR AL A2 i A F 2
B RE DS o e SN M 5 i R, AR A
Hﬁ¢ﬁﬂﬁﬁﬁ@%a,m%ﬁ%%¢%\ﬁ%
RS, AR RENEAE KR AR T Al R G A
(7 e R PR e S, YR VS AE TP R S AT . Ay
HAF RIS AT SRR T 5, U R Geis
AT AR SR, PRINAS RS RE S b 1 0L (1 R 4t
P RE

(=) ZIERGRBHYBRIRNT M IFE R AR

Wedim H AR T BA RKANE, ALK 8] A &
A, TR HURRAE . H AR e A I ] A 55 R A
PATI - ELAS TR 2678 ) B 4R ok 5 1) 47 76 5= 2% 1 fi
K MG SRS, W] RE BT ) RS AN AT T
ALK, 2B H N T 3T IS AT 1A E
PE o NIRTHEASHE BT o RS, ek
I R A, T MR B AR TR
GUAATIRAS . IBATHUE . IBATVERESE MR, MERATP
i RGP EENEAKCT, I R 5 X R Gy
REIGTEAE Mo PRI, AT Jo A LIRS Sk B R fE
WA ZR, JT A RE S i R Ak B K & SN s 1 55

LTI

2, DAL S A I 1 24 A s SR O B A5
FIFABL &5 2 5%, 0 e Bl 3k 47 70 ﬁ%ﬁ
BRI Ja A G AT e T I PR AR . 3y

E&ﬁﬁjﬁﬁ%ﬁ%%%EMﬁﬂ,uﬁME%
RKFGRI SIS, HE L PR TR, @i
FTE AU fE ) s SR PR 8 I e s L, S
By R D05 B 1A% RSB, 45 5 S K gl A
E AR GCEREL, T L g 2R G (A i R AT TG R
it B ORRE BE A S AR 9 T X ok i H 70 R L)

AR

(M) ZERFREHRENDRERAR

FERN S H AR R E T E . ST R R
SR BN 2 IR 2 —, I RS AR
SR ) I B AT A B AR G O™ R . R
ARERFNE, BORGERE SRR 73083 4
Be, HVEBEBI B A E AR B LK S R Y
B0, BRI 2% SR B AR R ) AR R R
WEREST, TS RN & LS R R S KRR
RES1. RIRBNFT B ML E M By, AT R4
YT R RGN T &, LR MIE TR
A& SR B R T RS S, TR AR AR R

205



Min B RRE TREWHRENDARGEIIHEAELRS & RRIEIAR

LAGRE A BIR KR GT &, 0 B E %R
WA FIERACHLH KR SR, KB “HLAH D Z
R IX . 2 HAREifE " BFFATIRR . fERIE BT
JE BT B TR I B AE SR SRR O R R T
HL AR GUREAT A IR A e, IR RIS ¢ (X 35
BRI AR AME ZA . AKEET A
A IRBEAT N A, FH B R A gk, A
MR RAEE B FiE M TR e AR N
2% SO TR A B R TR L, T SRAT A AL
AR RS . 2 R G R P E R, g
VR B R AR AL i B AR R T e A I, LI A
“OREy”. N, TEAFAGRTIE, INuR)E M
AL RS v T, A LR ol A
A LRI RGN R, & it ft
JISCRE, BRSSO s KRR BN 2O HAL
JEAETUERLE, PAYERF F 2K F I I

B RIKERRE TNHTENDRET MR
HI& RR3Z N

It 7 B T 9k 7 S O 1) R A AW AL
J&, & IR R B 3 — P A SR A LR A5
A we . RiEEAOT AR W R
GEAE DI T R BB A 3R S BRAL RA 2y, A N
B2 2% 8B, A2 A B 2R R FE H A
i, BABRAKKFITINRS, R RSRE W Rr
IEHISAT IR VRS, AR TT B8, SCEER
TR BEIZAT . ILES S AT T, K EsE T 2
WA RG] Bt ERAE &
SRR B AR UE T ERIE SR R ) R G R T
LB S B 0 T e e

(=) mEmERKFMGEZ T, BEUARBEN

At

7 [ 2% 2 1 ) 8 5 2 PR AU, n s ik i
LB A i AR S5 S B B B AN TR it S
PRI D R B B R A, BE
AR FE TR, LA KAEEE AL L 7 B
MA, ST BRG] MRS [
I, P B I T R 2 9 b X 1) R ) R T
MIpToR B s B, HESNE REMBRE R ST, B AREH B
RN g B PRI A5 T BRI R o AN TR RE

206

REAE T B PSR EOR, 1B8 S I,
T L DB A Vit e e A IR 28 1k, R
G e 28 B R BACRAL, R fR
VAR 3G ei B Sk U AN INETE S e Y PR
0, INITZEL LRI I R GRS R T RKA
A B IR R ER R T E E .

(2) WRZDEBAMRERAR, HEARAKRRE

it R

BExdtim BARRE, EEHAR. W&, B,
M2 oIk, SCBLI P3O R G B 28
REMBAR SR RTS8 R0 . SLBIRTTH
TR GE A A AT PB4 R R SR B
KIGIBERFREAL . RFE BRG] T, HESh
HL I RGNS T AR BOR B b, I g Y
PRI A BT ISVE IR, 45 5% i B 2R K
FHMA TIPS, EMT R RS TRA
JFREII AT, T A RIEAR VPG WIE - T S BE HAR 1
SKhrERe, RAZBrB T, BB RAEBOR KA
ATk, $RTTGE— bn RS R AS [ 3 TT E e
RIS, 547 ICHR T LA fit L 28 w] s ar 22 B 3L =2 AL )
5 R AL, AR SEBR B R SR SR
B, J9JE SRyl T L) R eI A v R B
2%,

(=) BEmEXRAXH, Bus—k&ERE

&=

AR SRR MK o B R O T A B AT S A R BAR
REFERE I AESE, G RTIN T AL ) RGERONS . Pz
PRF] S FEAEE AN N S5 RAFAE SRR IEAN R . 1G]
PEANE . N PEA 2 SF R, HEZ g AT vE
bR . AR A4 E br b O I AR A 5
SR, TR SE B I T L 0 R e SR T (48 A
s KPR E RS T R G 5 Se B, S5
T XA B IR 5 H 0 4% R G R DI e i L
7 2R, AU E P M IR ER g A At R Y A A
R OBRAERL . R AR AL AR = KLY R T B WA
A LA TR AT & IR AR R R BOAR A S2
B, JHPRARELI B, B AR AR B
iR RIS BRI R, R R B AR E TR
R, R g SRR S A B AR O AR R R
e (A 3 FH AR 3 P A



PETIEME 2024 F F26% F2H)

(M) i Z TERFNEIILE,

AL

N ZITUERRAIET G, B BN S
M 7 (R A AT A £, K [ ) ARSI o 2 D
PEVHR, PR R ) R SRR B AR K E I RE
1o N AfE BTN, BRIk Z RIRE
g Je Iy AERARICH % B AR K FE R, @A
DX BSER TRV I FUE L], 528 B AR R E
LA, SEOLN S RBT R . $h R RhE
ARG EANE G2 8], SR - W - — ik %
WU, HrREEAG R SRR, Bt E
DAL, RS EARAL . SRR . I sRIN
WA RGN RGN, SEFRET5
T, Pl EAES) SRR R AR E, TENE
I TRLRUBE S 22 80 37 35 ) P 0 1 S5 A 1 1 g
SRS, N RIS VT, 3 0R Mm B AR K
FTIMA R RGEIKERETT

B SY R E

F 25 R A AR

ARSCA 3 AE L W 2 () ANTEAE AT T A 2 o R s 55 1 2

Received date: January 17, 2024; Revised date: March 20, 2024
Corresponding author: Xu Xuesong is a professor from College of
Interdisciplinary Studies, Hunan University of Technology and Business.
His major research fields include smart society and resilient energy.
E-mail: xuxs@hutb.edu.cn

Funding project: National Natural Science Fund Project (72091515,
71991465); Ministry of Education Humanities and Social Science Fund
Project (22YJAZH122)

SEH

[1] S, ER, B, 5 o 2 aB0E R S BERR ).
rh [ 22 4 Rb AR, 2021, 31(6): 14-28.

Bi W, Tang Y C, Mao T T, et al. Review on resilience management
of urban infrastructure system [J]. China Safety Science Journal,
2021, 31(6): 14-28.

(2] JEERR. 3T R BEE & G WA e TR SRS IR (3], T S O
%, 2022, (5): 39-43.

Zhou S T. Preliminary study on strategies to improve resilience of
urban infrastructure system [J]. City and Disaster Reduction, 2022, (5):
39-43.

[3] Homeland Security Blog Team. Presidential policy directive (PPD)-8
national preparedness [R]. Washington DC: U.S. Department of
Homeland Security, 2011.

[4] European Commission. A framework strategy for a resilient ener-
gyunion with a forward-looking climate change policy [R]. Brus-
sels: European Commission, 2015.

[5] 385, Sk, R, 55 G BB R G WM MM S 5 1Tt
HISHT R (1], HB RS R 5421, 2023, 51(14): 169-187.

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Gong L, Wang X P, Tian M, et al. Concepts and research progress on
enhancement strategies for cyber physical power system resilience [J].
Power System Protection and Control, 2023, 51(14): 169-187.
SR, RN, B, B T LUK R K L RGN PR
FTLITIE ). ARG LH E B4, 2021, 33(8): 116-122.
Guo W, An J K, He C G, et al. Resilience assessment and im-
provement method for power system considerinng the influences
of ice disaster [J]. Proceedings of the CSU-EPSA, 2021, 33(8):
116-122.

T8, S, AR, 5. B T 1R K H I s S N £
AEFVEVHALT7IE [J]. W BBk &, 2023, 43(3): 1-11.

FuY, GuJ P, Tian S X, et al. Multidimensional resilience evalua-
tion method of active distribution network based on earthquake di-
saster scene [J]. Electric Power Automation Equipment, 2023, 43(3):
1-11.

wKEE, Ei, £, 5. B8 G KRR RGEIIEEAY [1].
#2505 3 B BEEAR, 2019, 31(8): 21-26.

Zhang X, Wang N, Wang W, et al. Resilience assessment on power
system under typhoon [J]. Proceedings of the CSU-EPSA, 2019,
31(8): 21-26.

AT SR, 1 R S L X 4 717 20211 472075 K 5 1 9 25 18 A 14
B 58 1], REPIRPUR, 2022, 32(3): 37-40, 51.

He B S. Thoughts and suggestions on the investigation of “July
20” torrential rain disaster in four cities in Zhengzhou Mountain
Area of Henan Province in 2021 [J]. China Flood & Drought
Management, 2022, 32(3): 37-40, 51.

INRR, PVEZR, T8I, 45, T ) 7 E AR 0 1 ) R
PEAGHORZER [1]. SR, 2024, 48(1): 129-139.

Sun W M, Sun H D, He J, et al. Review of power system resil-
ience assessment techniques for severe natural disasters [J]. Power
System Technology, 2024, 48(1): 129-139.

BIRIEL, PREE L, R, 45 REURAE AL T R D R KR
S (1], AL TR SR, 2020, 40(9): 2735-2745.

Bie Z H, Lin C F, Li G F, et al. Development and prospect of resil-
ient power system in the context of energy transition [J]. Proceed-
ings of the CSEE, 2020, 40(9): 2735-2745.

Wd, XRRAR, MR, 55, f0 0 RETOMVE PG S 5 THIT R 2304 ().
ML RGUR 545, 2022, 50(13): 11-22.

Chen L, Deng X Y, Chen H K, et al. Review of the assessment
and improvement of power system resilience [J]. Power System
Protection and Control, 2022, 50(13): 11-22.

Wender B A, Morgan M G, Holmes K J. Enhancing the resilience
of electricity systems [J]. Engineering, 2017, 3(5): 580-582.
National Academies of Sciences, Engineering and Medicine, Divi-
sion on Engineering and Physical Sciences, Board on Energy and
Environmental Systems, etc. Enhancing the resilience of the na-
tion’s electricity system [M]. Washington D C: National Acad-
emies Press, 2017.

Mishra D K, Eskandari M, Abbasi M H, et al. A detailed review
of power system resilience enhancement pillars [J]. Electric Power
Systems Research, 2024, 230: 110223.

Fulli G. Electricity security: Models and methods for supporting
the policy decision making in the European union [D].Turin: Poly-
technic University of Turin (Doctoral dissertation), 2016.

207



Min B RRE TREWHRENDARGEIIHEAELRS & RRIEIAR

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

208

Marnay C, Aki H, Hirose K, et al. Japan’s pivot to resilience: How
two microgrids fared after the 2011 earthquake [J]. IEEE Power
and Energy Magazine, 2015, 13(3): 44-57.

FRE, Hi. REVE ELIR MRS R 2 JeRl & e o v I i
AT SERE (1], E B TR, 2021, 41(2): 486-497.

Yin J J, Xia Q. Conceptual design and exploration of multi-factor
integrated high-elastic power grid in energy Internet [J]. Proceed-
ings of the CSEE, 2021, 41(2): 486-497.

GOl g, AR, BN, 45 RBRINTT R DL S T P i 5
B (1], TP E LR 2E], 2022, 42(8): 2819-2830.

Ruan Q T, Mei S W, Huang X D, et al. Challenges and research
prospects of resilience enhancement of low-carbon power grid [J].
Proceedings of the CSEE, 2022, 42(8): 2819-2830.

FE3E, B4, PR, S5 ST PUOK ORI B I Bs 9 5 5 VEA i
R ZHEE [7]. HPIHAR, 2019, 43(10): 3808-3815.

Cheng X, Fan Y, Gong X F, et al. Study on comprehensive evaluation
index system for disaster prevention of urban ice-resistant secure
power grid [J]. Power System Technology, 2019, 43(10): 3808-3815.
Zhou S C, Li Y F, Jiang C W, et al. Enhancing the resilience of the
power system to accommodate the construction of the new power
system: Key technologies and challenges [J]. Frontiers in Energy
Research, 2023, 11: 1256850.

Holling C S. Resilience and stability of ecological systems [J].
Annual Review of Ecology and Systematics, 1973, 4: 1-23.
Arghandeh R, von Meier A, Mehrmanesh L, et al. On the defini-
tion of cyber-physical resilience in power systems [J]. Renewable
and Sustainable Energy Reviews, 2016, 58: 1060—1069.

RN, P, D, A LT R G RN AR R E SR K AR AE Y
PRSI BN SR [J]. v B AR, 2022 (9): 27-31.

Liang S, Yan C, Li Y, et al. Weak links and countermeasures of
power system in dealing with extreme weather and natural disas-
ters [J]. China Engineering Consultants, 2022 (9): 27-31.

FRELPR, Bk R D Lo m] B AR RIS R 0 R G B S E AL )
SESHEFAELE [7]. B RGEA BhE, 2017, 41(9): 2-11.

Kang C Q, Yao L Z. Key scientific issues and theoretical research
framework for power systems with high proportion of renewable
energy [J]. Automation of Electric Power Systems, 2017, 41(9): 2—11.
TYERE, E38—, VFR =, S5 ST PIENC R PO e 55 R AR ().
HLBE A, 2022, 46(2): 680-690.

He W G, Wang S Y, Xu T, et al. Construction and development
path of the urban resilient distribution network [J]. Power System
Technology, 2022, 46(2): 680—690.

AR, R, R, . BRIV AR R ORI D R GRS K
WEAESE [J]. o [ CRERFE, 2023, 25(2): 79-88.

Tang G F, Zhou J, Pang H, et al. Strategic framework for new
electric power system development under the energy security pat-
tern [J]. Strategic Study of CAE, 2023, 25(2): 79-88.

AN, SRR T, B, A5 v LUURTRE I 5B AT R R AL ().
o TRERLY, 2022, 24(6): 52-63.

Shi W H, Qu J X, Luo K, et al. Grid-integration and operation of
high-proportioned new energy [J]. Strategic Study of CAE, 2022,
24(6): 52-63.

EPENZ, WREE, BUER I, 4. MO CUB B IR N AR BT B i g
RGNELEREFE (7], B LARRNF, 2021, 23(6): 61-69.

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Shu 'Y B, Chen G P, He J B, et al. Building a new electric power
system based on new energy sources [J]. Strategic Study of CAE,
2021, 23(6): 61-69.

KUEGER, MR, RIFE, 4. W AR K T % 1815 B- M ER & 10
HLJJ RGBS M BOR S BT SR TR ). B AL S )
224, 2022, 26(1): 9-23.

Liu R H, Chen C, Liu F, et al. Power system resilience enhance-
ment strategy considering cyber-physical interdependence under
disasters: Development and prospects [J]. Electric Machines and
Control, 2022, 26(1): 9-23.

RS2, WRIRT, BHZRIR, S5 BT ) R G IRAS I 5 W
W OCEBOR 5 R EE (1], W1 R S8 A BAE, 2024, 48(6):
83-95.

Qin P H, Chen W Y, Hu Q R, et al. Key technologies and pros-
pects of equipment condition monitoring and diagnostic sensor chips
for new power systems [J]. Power System Automation, 2024, 48(6):
83-95.

Zhang W X, Shao C Z, Hu B, et al. Transmission defense hardening
against typhoon disasters under decision-dependent uncertainty [J].
IEEE Transactions on Power Systems, 2023, 38(3): 2653-2665.
BRI, BT, DA, 45, T AR HL D R B A B
REEBOAR K ILA St sS [7]. m B, 2023, 49(5): 1765-1778.
Sheng G H, Qian Y, Luo L G, et al. Key technologies and develop-
ment trends of digital power equipment for new type power sys-
tem [J]. High Voltage Engineering, 2023, 49(5): 1765-1778.
R, VRS, XUSRUR. 26T AR IR B e A8 MR AR
3 R 2 A T (). m B EHER, 2022, 48(8): 3068-3077.
Zhao H S, Sun J J, Liu B C. Non-blind adaptive super resolution
method for infrared image of power equipment based on com-
pressed sensing [J]. High Voltage Engineering, 2022, 48(8): 3068—
3077.

Jia Y W, Meng K, Xu Z. N-k induced cascading contingency
screening [J]. IEEE Transactions on Power Systems, 2015, 30(5):
2824-2825.

B, PhEERE, BRI, L W R UT I RGOS B B &
HICEE (¥ Nk 22 42 43 W K i ige 75 3% [0, o B RHL R 2231, 2020,
40(16): 5113-5126.

Li X, Sun T K, Hou K, et al. N-k security assessment and screen-
ing for large-scale random equipment faults in bulk power grid un-
der extreme weather [J]. Proceedings of the CSEE, 2020, 40(16):
5113-5126.

Li G F, Huang G C, Bie Z H, et al. Component importance assess-
ment of power systems for improving resilience under wind
storms [J]. Journal of Modern Power Systems and Clean Energy,
2019, 7(4): 676-687.

JERRR, FRE 7, i 2F, 4. ST E AR T XS PR BT FE 4758 (0],
KA, 2020, 35(4): 180-186.

Zhou S T, Zhai G F, Shi Y J, et al. A literature review of urban
natural disaster risk assessment [J]. Journal of Catastrophology,
2020, 35(4): 180-186.

Espinoza S, Panteli M, Mancarella P, et al. Multi-phase assess-
ment and adaptation of power systems resilience to natural haz-
ards [J]. Electric Power Systems Research, 2016, 136: 352-361.
A, SRAH. T 1) T A BRI SRR T L0 AT (0],



PETIEME 2024 F F26% F2H)

[41]

[42]

[43]

[44]

[45]

EHITIL, 2020, 32(10): 276-292.

Qie Z J, Rong L L. A construction method of hazard-affected re-
gion for disaster scenario evolution [J]. Management Review,
2020, 32(10): 276-292.

KUFRF, MR, kA b, A B H ) 2R G R A ) SR A TR &%
B [J]. M7 IR, 2022, 16(10): 38-47.

Liu X Y, Li X M, Zhu J B, et al. Review and prospect on fre-
quency response models of new power system [J]. Southern
Power System Technology, 2022, 16(10): 38—47.

Morales-Espafia G, Martinez-Gordon R, Sijm J. Classifying and
modelling demand response in power systems [J]. Energy, 2022,
242:122544.

Vaish R, Dwivedi U D, Tewari S, et al. Machine learning applica-
tions in power system fault diagnosis: Research advancements
and perspectives [J]. Engineering Applications of Artificial Intelli-
gence, 2021, 106: 104504.

Ajagekar A, You F Q. Quantum computing based hybrid deep
learning for fault diagnosis in electrical power systems [J]. Applied
Energy, 2021, 303: 117628.

Zhang H'T, Sun X F, Lee M H, et al. Deep reinforcement learning-

[46]

[47]

[48]

[49]

[50]

based active network management and emergency load-shedding
control for power systems [J]. IEEE Transactions on Smart Grid,
2024, 15(2): 1423-1437.

e, BB, SRR, 55, N L& REAEHT AL L R REAL IR
A5 5 5 A AN (D], S HIERR, 2024, 50(1): 19-29.
Yang T, Geng Y N, Guo J H, et al. Applications of artificial intel-
ligence in sensing, communication, and data processing in the new
power system [J]. High Voltage Engineering, 2024, 50(1): 19-29.
Li X, Du X X, Jiang T, et al. Coordinating multi-energy to im-
prove urban integrated energy system resilience against extreme
weather events [J]. Applied Energy, 2022, 309: 118455.

Dobson I. Models, metrics, and their formulas for typical electric
power system resilience events [J]. IEEE Transactions on Power
Systems, 2023, 38(6): 5949-5952.

Panteli M, Mancarella P, Trakas D N, et al. Metrics and quantifica-
tion of operational and infrastructure resilience in power systems [J].
IEEE Transactions on Power Systems, 2017, 32(6): 4732-4742.
Ganganath N, Wang J V, Xu X Z, et al. Agglomerative clustering-
based network partitioning for parallel power system restoration [J].
IEEE Transactions on Industrial Informatics, 2018, 14(8): 3325-3333.

209



