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Research and application progress of mobile big data in
social governance

YUAN Xiaogian, TAN Suoyi, LI Jiaxu, LI Yunxuan, FENG Jiawei, LU Xin'
( College of Systems Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Modernization of social governance is an important component of modernizing the national governance system and governance capacity.
With the integration and development of location-aware technologies such as mobile communications and satellite positioning have generated massive
mobile big data with spatiotemporal identifiers, providing an important opportunity for high-precision, real-time, and scientific transformation of social
governance. This paper summarized the 5V +5C characteristics and main sources of mobile big data, reviewed research progress in mobile big data-
driven human mobility pattern mining and mobile network model construction, and systematically examined its typical applications and frontier
advances in key social governance scenarios, including poverty identification, economic assessment, epidemic prevention and control, and emergency
response. On this basis, this paper further analyzed the limitations of mobile big data in terms of representativeness, data bias, privacy protection,
and usage compliance, and also discussed future research prospects in multi-source data fusion and spatiotemporal semantic alignment, privacy-
preserving computation and real-time response in disaster scenarios, artificial society generation, and large model-driven digital simulation.
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Fig. 1  Overall framework of mobile big data-driven social governance research™®*!
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Tab.1 Core characteristics comparison of four types of mobile big data

eSSl IR N P SERN B 22 IR LUBINVASIR EITE S
L e VR M FHLESEM BB EN, R EEAY; @R 28w E A A E L R
A TRENHA L i WA= e (g ) SR )

A2 AL RO 4 2

TR/ GPS; AL/ 2l is B AUE S A E AT

AHEAZ T E , B Divvy FAERUE | 2B
. LA AN
KRG ERULIR] 3l AR ENR YE OAG HE
-

SRR PR SR AR (ONS + BRIE P nman T R
5o Heyh + WiFi) ;1P g e~ RS 55 P R 2 S '
Hdii uli + ) ;1P TE L Al ARZS I TG BRI 22 57 R S A
YU W 72 A6 B RFID /238 15 F 55 e EREEEEARR B UK N E AL B AR
M e br e [BEZNEDSE NN
Hodls Wi-Fi 485t s Blue 70 A Fait: i R = N E i 2

1.1 FHEMEE
KT N 3 L 14 7 37 B5cHle ol SEpk o T
PUE R . HA O M ARG PR — S 2

T PR (5 RE L, R T AN B GNSS
SR TERENL . F# 2 A e 1)
AL I 7 A 14 25 IR T AR s 7 5 1 P ]



272+ EZ VIS AN 4

548 &

4iic s " (call detail records, CDR) , H:2s [i] 43 ¢
FRE T BE w2 B, W DGE ARG, RBIX AT IR
TR A TR AT 5 e A A b A i
ﬁfjﬁ? 10 m , {HA7E % N BT B2 v 45 5 3 s B

o IBE IR E S G S B A )Tk
iﬁ FoHT 2 BT S i ok
JE A T A 5 40 D) i 22 1 A AR Al B3 )
i
1.2 RHZBEHE

RS B KB FEEORIE T A AL E R Gz
BRI . HOEMARFGACI R 58 A B 12
SR (0 B 4R B i), e NS FE S IR T
wli FEEE R R ED, 8 T B a il A e . Bl
FRIEIC R T I SRS TR R RS S AT O, i
NSRRI AL i Bk E LR S
(global positioning system, GPS) #5757 | 52 o1
R R IE s U\&ﬁn”ﬂm 2R
P AR BB UG W5 B X 2B K B
For b B B AT RO bR R Y By
B S T N TS SRR R R BT
RN F s 5 7 b o (ELI SRR A
REAHT AR T 2 2L 5230 At A7 87, 0 RA 2 4 4 oA
AT T AEAE RGP o
1.3 EEWAPEINERE

R A R T 5 A
W25 003 . FORR R P A 3R 5 T A AL
SRS 58, BRI — R R 5
AN RSP H AT M B
S5 R AR R A R A 6, B,
A S 58 B T , S
sk GEAHL T TUR Jhl  Wi-Fi 25 20455
PR T B (S T IR, T
B AT TP AT REVA S T 0 025 i, (8
SHORS FES 3 (SR T3 o 3 S T L
PRI S 3 b 20 2 B i A 1 U 30
FEI S 3 155 M 0 (T P B4R 2 L
A S I PR T (o A 8 1 4 B
S R P AT VA S e T W BTN
ST TR RO 5 A M R SR 2, A
R R 55 A B A 536 7 T A £
A MR AU R TLE L7776 8 5 X .
1.4 BRI EBASIE

L T T S BT Ul A H
T3S T ) B R T2 A R i, B R E
AR . U R LT SR Ny

£, fL4F RFID &8s ™ i FE4R  Wi-Fi 45
Bt K e o3 BT 55, EDLRS B m CORF R KRG ,
{ELB 3675 W) 32 BRI 4 T B P . SRR R4
UNAETT S % 11l X458 T i gy B T, gt
WL ARSI NG W T B S
a2 . B, 22 B 45 4% Sk 7T LA s WLSE 44
PRIT I 5 5B Wi-Fi 2485 Bk % 38 52 9 3l
%ﬁ%@ %%m%&%&&mwaﬁﬁ%%u
BT o X R LU 25 0 I 25 IR 45 A
QM&%R%%H ERER . 5T =R AR
BG5S BB B0 DA A T 2 D A
2, JRy BRAE T L S P X RS B A 1 3 30
SrHT o

MR SC SRR LA , PO S a8 A B
T Z G AAS B (EAE T B v e S B
FARBURAE B AT . THLE i B /e 5 o6 AT
5T S b e ELAE B, {EL AL 3 90 st A ok
%125 Y B RL XU 5 24 HE A8 B i ) 91 52 4% L (H
% NREZ IR T A @ A, WK 4 A7 7 =%
FEAE Z GV 5 006 190 P P B2 0B 1 ) 25
£ A4 P T S5, 7 3 31 P 5 5 4 8 B R T )
PRI 5 35 BRI 5 W06 19032 78 B B 2=
IR 5 40, {H 25 ) 78 26 B A, o ) S HE 15 [X 4
I3

2 BITAHME

TEWIHA A% 3l R B 1) 2R R R 2
J& e B2 X SR RE 6 48 s WP SE S
I NREAT R . I e 32 22 56 A AR
ESRERAE B[R] R 23 ] b 3% S e, BE AL 45 X 1
ATIEES R AT 2y ) S ] S50 25 B4 1 )5
N, WAFE XX LRI RS R R, SR T,
A5 NAS S AT R HEAZ A8 F0A% S A T R AL e
LG A T BEAE DG 5K o
2.1 BITANEEE

AR BAT Ay KA 1 0 T e e AR
W2 RAE , PRI ATTARART 3 O 1] 3264 b i DA K
WL . FER ST, Gonzalez 25 8 3 4
BT 10 T3 44 B 44 AU P 9 sh A8 50 , kK AARAL
FoRHES Ar fIREE I3 A P (Ar) 2 3 08 A 1
FHAE :

P(Ar) = (Ar+Ar,) Pexp( =Ar/k) (1)
KB N REIR R, « AT S M, AR
AN B L R A%, RS P (r,)
JIR A B A =



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I " 273

P(r,) :(rg+r§)_3’exp( -r/K) (2)
X, B, Jxt B AR A,y WRIE S, %
WFFE R 52 43 B 3 (8] I [R]ABE 24 43 A o s B )
24 h 48 h .72 h WEAE, s N KR B AT N AETE i
IR (0] U5 1) 8 A, DT 2R 8 1 b %) 1)
RS BIAT N v PAE B0 B S R
Song %5 FETF R MBI THUG S il — 45
LGS BERLIE A HE R (ang) 4 QAT Bk 2t [a] Bl
BLIEE ) B BIE T 5 TR 4 SR AR 22 S
FERE FAETE R GuME o 5 < A AL T 3t 15 ) b s 5K
i S(t) ~ 1P WK HSHIER R N EER) S(1) ~ 1
(< B) 5 R i Hby o 7 [R) B3R 1 5 43 A, {H 552
TE SR R Zipf FEHE £, ~ k¢ BRI 7 o
B S AR B, TSR W 3 g 7, 1 e
TR . A T TR R 5 i [
(EPR) BAY A AL 1 5| ATRRMEAR P, S
SR AR I, = f, ISR, B VS 50T
YRR bR B, W N ST NS T
it — oy O A Y Rl ik Ah, BT
D SR G R AR A — R A
KR EAT AR A N

BEEWTSEIRA , F & AT — 20 a3 i) RO Y
LA AL SR . WFSE i — 2D 7 ) ) 2 (] R
FIRF5T. Alessandretti 25 3 3o 43 Hr 4> Bk iof
70 TR K I SR E A B TE R WG
R IR ARRL , (E L 5 A B R A 3 PR 2
5544, Alessandretti 5545 I 4t 28 AR AL, A
AR, AR H R sl br Ry e X Ik
0 EREZ A HA WA RS 8] 25487 I,
BN A N ALRS 53 A1 IR RUBE (R B 2 4
AT T 20 W0 SO0 3] F 7 URT B8 Al A vh 22 LR Y
AL, TR 2 AN [A] ROBE A R 00 E 25 70 A R
GEMERBE ST R . X —RITEER
JRHISGE— T Gty eh Jobr BE AL S s By v 2
Pz EA A 7 & . Kraemer 255 JUJ3C 5
TRk 3 AT I B A B s
Bl FE 2R RE FIE T AR BT KR
W oA ((1) ), JFdE— 2487 1T iz A
)RS A 2 2 B KO I 25 5 fIRIA
E R AR S A E K52 40% , Ui B H
AT MR I HE A7 B 1 O e DA SR 5 AR, %40
AR e — e /N B 0, J5 A RS, TR
ARG 2, [HOOCH S AR P 2 3 2
—, e H O R A A % ) & ) RUBE AR AN [R] A
RAETHR T EREESR.

R B RUBE Y R Wi b, 272 38 R A 5 R 2% £

BEARTE N R B LA, Eagle 2 SE ], {45
FHIELE A, B AT AR HEWT 95% M A K R
Cho ZEM N — 2 B3I T 4138 6 & XA K8 3)
TTRMIRENR o & TAREZS A A B At 58 W 25 25 2 55080
5FHUE A7 E s 50 0E - A6 BE 25 55 ol S B i
(RS LA , FLIE AR S2 4 58 I 4 S5 S ) 5 1K
BB R SN o 2 k20 6 R RS 45 R, 4
RH R A fERE 10% ~30% () N 3h, JH T
TN R 50% ~70% [ NK BB, IR X
SERR A D IR — 5 B AL Bl T RE B
T—f&.

AR iU BE RS S B A B 1 e ] T
iR MBS R T BRI, Song 451
LT 5 74 FHUR P PGB EOR , A
Bl S, , 454 Fano AN 7~ N Sl ig A
ATTNAE bR 1T ~93% . %5 (A T A
BAT I eI RAE B AT A A 22 57
(N 2 %% 3 4T S 19 7 B0 M A AL AR /N, De
Montjoye 45" HE— 5 %f 15 A~ 1 150 T34 K%
SRR BT 2RI TR R/ INHC SR AL B 25 8] 4338
2293 km PEIRSE T AUTT 4 S SR A] HE—
W 95% AR, ZRFFE IR T ANER B o
—M & FlZS A 53 HER o R0 HER b PR
D

e=a-(vh)? (3)

Ko WRESE, RMERE SR (v =1,

h=1) T (R — MK T 50 HESES S50 p i
() FEFE KL

¢ =0.157 -0.007p (4)

DRI, B R AL B 5t e L S B 2 4
Schneider 25 ] 56 5 26 B 1 A9 B (motif )
WA, BT AN R B B0 W26 8175007, B H
SN i 17 PSR S5 R B, X Be 4t 44 T 7
i 90% M NHE, HLASARXT B B 7E B H AR+
FaE, BREIN R T RSB R AT
ARG IR, 2R 2R d 35 A B RO IXURS: | X s 22
PR T B
2.2 BITAHNGEE

FR R AAT RS IS TR L, oY
BT ZFhEeE R R T 206 1 S BB
BB | R A ADLABEED) 55 9 T S 500
SRR R R A AL T X 28RS B B
BRI RS, R — SRR T IO METT N 5%
SRR VAT 3l =2 18] 11 1 R B

FAWFIE FEARM S BAL M 2 RBR . 5] )



- 274 - EZ VIS AN 4

548 &

PRI e B B Fe VR AR 52 B 28 5T A 5
TR K, Zipt FERF 5 s R I B 0 2T
PR B T B, RO AR R S AL 5 A 1
FUB R IE ARG 5 b BREE B A G . PN HLIX ¢
1 j 2 R S i AMARCR: T, AT
P.P,

Ti,joc ; (5)

K, P, P AR M r, 2 i T PR Z [A]
MEE B, TEJE 22050, BN AR 7 S (gross
domestic product, GDP ) 45 H AL 22 1 X W% 5] 1 1)
AR e A e R R SR B IR Y
VUG ERSE SR R VTR V6w 3 4 VNS S D
BRI )2 (T HL D s AR SZ G H 5] g Rl
JE X NHEI Sl (RIS 57 6, TRV 245 00 T Jo ikl
PESPRI AL L IAh AR T A
T B S E, RO B 103 3 AN 58 B M AR 2
U, — BB AE , SR R B A
RREAY v B S %) — SRR A AT DA i B2 R 2 R
B TC A AOASTRR A o, HARGE ARG 7 0T A B
i AE SR A H R o

BRI IRz b, A AHL 2580 1 )2 L 25
[EE A58 1) B 2 3, Stouffer #2 H 1)/ AL
SRR, R B A R IR A S R
AL R L, 5 AL B U b7
Bl ik AT il 72 A I O w] BEAE D R AR s ) H
(R, T ABLZS 2 bR 26 H B b 0 422 30 iR 4 7 )
B BRRA T E H LS . A AL SRR
1% eIt 20l i Schneider A Y 7 1R 155 5 45
2 RN E @ FH% § BT R AR Y
I EN R T, A

W1 oM

1 —e i (©)
X, 0, B i R TR R, 5 I ARk u
Ptz — (eI j SRR R . R — R
TP F AR 2 F 1, S R e T R B
FrE R TRAT IAS HE 204 A7 B i R
MLEEL V., n BT IR R 0 B B S5
L FO{E AT AR N 4 32 L4 H 1o i 4 1 R
55| PRI, A A L {E T AR R T
RERET LI B R L . R e T AR p, — st
P ADLEAE T B A AT 3 T M AT T &
JEPY S SzBR b A ABLAHOR a] IR R 5]
T I — Rl A U, B i B A2

N T SEMRAT LA SR AR, J5 S BT 5 1)
WELSHR ISR, Simini 2 2 1 1 48
SRR — AR, Bl G A LT 47 AL

e
Ti,j = Oi

i, SEPL T TR HE S BRI AT T B A
AR08 5 S R A R o 2 I 9 S ] A R
ShIFAE d B RS B RO E , T Gk T i A 5 H
LB et L1 Y A e SR R L s L SN ENTT =
TG IEALE @ Fj AN V50 P, F P, (4l
AP A3t B A S AR AE AL 2 0 ™) L
HREEE Ry s, ARAR LA @ D R JE RN
B A AN BN, T 9 AL E @ K A
i, U] P SR R T g A @ B RPN
T A

T =T PP, (7)
(P ) (Po+ Pt )
N(‘,
Ti:PiW (8)

SN, RSB N BRI KA

R TR R T e B A
Lk, Simini 2550 15 5 S 0TS OB FL O o AT
HIL2 PEPF A0 5 S AR TR 56 1 5 [ R0 VY DA 80 R 0
B2 5 TR ZE T SO R AT 9T
ST R BN A i 4 o LB S 1 5 2 H
VR T Al Al P 50 S0 2 1 ) S Lok
TRAULE L BT o (ELER SRR 0 TE 2 B
L7 ] R AL AR Wy, Yang 457
HE— AR T TR AR SRR S 5 AR R G
SRR, 25 1 DX R E (1 S0 1) % 28 6 43
i S PR | DA AR [7 25 ) IR 138
T R L T S R Y

R 2 T PR O S B 2
SR AT BT T U B TR R O (R A
Sy 5 WU P B e 2 ] 9 B AR 2 L, Yan
5 S o A AT AU S R S WL, 5
IREIE SONSHE HIE AN wNCIC IS )
HEATTN . Schlapfer 25150 ) M I 25 45 45 £ Jf
% P2 BR SRS B R BCRAR R T (T o 2
BV o, SIRATHIES r RIS £ 1077
B B X — i s ) R 53 A9 15 () AR A, B

m0ﬂ=(%n (9)

SR GRS R 1~ 2, B e R WM 5 £
“URB1 1 ABVICHE X — U 2R [ S
LR SRR T F AR, I 41 R PR 5 B
4R [\ (PEPR) #5781 FE ML FUEB T 284§ Zipf
ST R T 26 5 WL 2 ) S KA A 30
VRS ST R 10T AR

Lty ARG S R, T MR 2
B 45 ORE FE 5 5 A SR




3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I

<275 -

PEHATRAGILE(WE2) . BHRME, S8
B (5 IR A AL R JE R 5 T
SEBL, AR R TE o B SRR AR T R AT,
{HXS SR G B RO B A Bt o I el
J R AR P AR P I (B R IBRRE A  H
FAF) B R SR E i 2 it v i
X B A g R O P e B A
S0 T P L EL T s ) ) i P ) e 5 fl s (o
TEIR 2 22 5 . 25 BBt A el JEE AN 329 (1 IX RS JEE

I YRR R B G A RSB AL, 50
FUH R TSR R, PEPR 45 71 | )4
PRI B K, RERS A i S 2 W GE T LA fH
A VAL 35 0 281 X 3o ] 97 ) RLJE 25 AL Al
A SR, R B AR b A7) S T %)
BRI TR A B9 N I 3l P 24 25 38, X LA 4
s P bl R Sl A AR e PR S, RoR
T2 BT A I 200 10 7 R B 1 B 4 5
(RRIsRE k775 o D EIPS U s

R2 EEBITANGIREIILE

Tab.2  Comparison of main mobile behavior mechanism models

p
gy momR oo 38 L 7 TR
et
TSR0, 5 T ARE,  RATICERSAE . SO RS B A
e CUNCE 2 , o ‘ o
;;j%ﬁii;%ﬁﬁ% BRI A CDP S M BGRNIE SR R SR
- P 5k R B X 2 S A R
A BT H B2 . L SUREEICE I
S R @S B g
B R AR S R SR IEE e, i
B BGUE: 8 1 R 2 AT R
X2 RBE 5 U6 1425
L B KR T R BB
RN ES S i Aol T L T PR
TSRS S P %;”‘” p T S 4 R B 1 X
- YT
PR ERITEUUIERL B3l TDERORRZERE, SREETMEEN R RIS, % i
A AKBREGHSE 8 RS ORI SR A RO A T A
B SEEAMRIRERE R A YL 103 FAE M 50
TR B LI s A
LA W I AR O B A RIE ) R Do R
PEPR M4 ARG
EPRPREIRIRRD e e e RREGUMT B A BLBI AR 5 e
BOW (I 5 L

T

A7 0 B AL KUK A

90 5 XRS5 S PN

AR

3 BrhmERE

TEFUNRE S AT N MR L0l B, E— 2D B8
Bl RRFR N R Z A B R A, A BT
{ZSNREE L £ /NYR B e RO 3 R e B = 2ol B S i B
R L, DX AR G O N R AT A
LIS 7 A ] OC R G 30, AR B A 2%
o 2% BRI T80 190 245 9+ MRFAIE B i A itk
frotir o EM R T RS IE 0 B shic 4%
(TR R SO /A S AR WY&
{1 O MU 2R GE VAl A4 T 2ef PR R AR A 2L
RO TR SOHE A AT 0 465 0 f D) 445 7 A4
D7 TR IRAH AT

3.1 HITM%

P AT 90 2% 368 o oK R i B T A B A B
7 [ v ) A G Al G 0 Y 1Y TR A AR
AT R W 5 Ryl A 1) 30, DT 4 78 3 T 5 X
SR A R B A Hh DA A o LT AL AR N
Mozl W 25 | i B ) 2% | 2 3L 52l ) 2% A0
e

AT BA A 2R 2 R . AT
FEHR AT KL T BT HLAG 25 [ 7 85 A 19 2%
Hh, 23 () 249 ] 8 X 3 A A I 4% i 1 7 2
SR ZUR A, 228 HIL ) 265 J8E B 415 B R1SRL 3% W] RE XT3 1)
P2 72 1E G 3 I 45 R B X — i)
Expert % S5 R A AL 3955 1] % 9 45 4 $M it



. 276 - B BE K 2= 2 i

548 &

I 2o ik PRI 3 1B 2 TRIZ800 , 13
0725 ) P 2% 14k DA DM A ke A R B, LA 715 39 A
[F) 5 B S SR ) 25 A A AR o A, Bt DR A
PIZE RIS IR A, AATTUL% 31 5 B ORI AR A
TEZ A B RN 28 Ak, THDRL FE J7 3 Fig I H AR
5 22 RUBERRE e A i 58, (45 4 BBURS ol ) 2%
BT R EOE ARG B A B A, X,
Serrano 2% H 1 Y 22 5 3 Y€ 28 ( disparity filter )
NI 2 2 RO M 28 R 3R IS T 25 i ) 2L
TH,

20 M, RS 3l R B Hh SR B A7 ™ 45 A
IRE S AN IR AT ATy, 30 B T BRSO 1T P 7E
£, Louail 251 52 SUT 22 F 8h g 2 5 E S AR
YR E& OB T 4 28 By Lt JR 4Ry T —Fh e 2
FOT R T RN, S BT I 2l oo B
3TN PR 5 R M 3, HL TS T A
F/NAA] ISR RAE— Kb 2R E . Cabrera-
Arnau %5 U P 75 B 25 43 B 0 R R R AT R
HCHEAL IR T 20 SR A AT 2%, 3 5L A AL
TR REAR A RBIHESL, A5 BT AT I 25 B m]
ik D 2 2 A5 A 8 Um0 7 AR i N 280 8l , EL
T ESAE T B R O IR, PR E 2o 23
BRI AR E RV A] AP S T 25 A 1) 22
Ot TEBIEM S5 T, © A W55 A H]
B ORI L 2 > SRR AR 8% sh &0 dls , il 4
Simini 25" $5 B VR 5| SRR AR MRS B K
Bt I Pt 2 28 Trgicti Hh SR B R
B 2% S B BT B S 2 RRE , Ok
TUREE P28 245 T i R BRI S REAE 5 N D 8 2
] AR Lt 5 &, AT AR G S E S , iU B
FEN F A8 8 DX I s/ I DX AT A 5 1) )
FZALBE S (L 2(a) ) o Xu Hl Guan' 42 Hi
CrossPred FEZEF) F {2 2% #5 15 ( point of interest,
POT) [J3 52 15 [v1) F3CH8 4 4R 3nk vl P9 3R 0 4% 3l 1 47 1Y)
2% | FUWANATEA [FI3TT 0 it Sl A e -, ik
ISR T A A2 POT AR AE , I 55 20 R 19 POT 4y
fiE, e HE 5 3% POT R AE DT L , DA T (5 it 5 114 HE 4 0
U RE S AR T )35 7 1 5 7%, 30 iR AN (] 3k Tl 1] 1)
BRIz AT R e

(]IS, A 8 22 I 504 HE AT IR 28 ik A ) PSS
W TR FELHFEZERG T, M )Z
G 2%, LLA4E 7 J2 2 18] 1 3 2 1 900K 34 0 o
Buldyrev 25" 335 i B 4 H Z% 16 SR 25 bt Y
R A EL ARG 0 245 114 i 555 1R B 5 62 2 A 5 8 15
TR, o 22 2 AR 23 A7 B9 5 25 ikl Boccaletti
SEUOV R — A 5| AR AR A I R M A B

PR SRR Z R A H, [ Z 285 nl 5] &
TRAHIZE R HRE AR S 4, N B
ER M 53 A E A . De Domenico
UV DS SN A Tl R G R ], $E T — T R
FH 22 2 P2 (1) BE AL AE J7 1 DATEAS 2 2 N 45 4
Bl BL A B 17 50 T 1 o] S, B AR 2 2 W
BYPBERE IIE T2 (WK 2(b)),
Gallotti A1 Barthelemy’n‘ M T % ELEA
I R G WA W B F 2 )2 M 4% BLAh,
Bk R T R B AT e RS PR, I T
VRS BEVR 2 (] 81, (R T 22 )2 W 45 78 ]
FRL 58 38 A L I
3.2 EZmMMeg

£ TS SEPNEY s Sripuy ol s NP S S
KR ARG R A A R — B 23
TR B A G . X Ry AT L
WP B2 18] o 0 B sh B B 5 4L 2 2 [l o, 3l
TR A B SR TRATRAL TR 5 B
YOS BT O AL A A 2 PR i T A A
FLht

TEFE fih ) 25 14 25 46 F 5 7 T, R T A dn
Onnela 27 3£ F 52 3l 5 10 A H T R MU
SR 2%, e I Al v R 3 R 5 3 S LA SRS
LERAH G 0 K BUAE R A 25 vh , B B 2 fh i i 48
S P 320 I T AN £ 0 R 4% ) M A TR R
{ERAERS PR fioh i B 5 55 114 31 B 0 2 B
AR R 28 FR TS B G s 26 A B, 55930 S
AR B R AT BR 1), A5 8 K 2238 3k v 4 58 3
b BN 5 o A T A s B Fh o T
R B 1) B4 ) BR A , Cattuto 25 fd G B A
RFID 1548 H6) i A [R5 5 T A SO0 R AR A 58
FE A X 45, 30 3% 10 B 55 0 B e 2k B ) 22
[ P IR S TR A, LA AR A X A [ 1
Ber FEAN ]2 (AR ROBE T Y B A ARAAE , R It
AT DU 8 7 300 %) 0t R0 i B O e S R G % i
B RSB gE R N ARAT R i £
SR E] H H A R A 2 A B s A, 9 AN sg
A R e e, AR YRR ] B 3 R T R TRBE
FRBEAE , Sun %617 X3 86 H 42 fioh 1] N A5 1) Bk
it 28 & R AT T 05T, & A 5T R BT i 3%
500 J3 44 i A FE RS 8 e R AR A T A 3t
ST IR 45 | R IR 22 [8) BE 4 i 38
AT W ) R, HAFAE S AR B A 7 B
%, R 43 SO B i A AR AR AT A IR, T
JERE A B RS BRI R, T A — 1 T K AEXE L
SEE /M TR Al R 45, 4R SK, BOR R Z BIF ST



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I $ 277

THiR B8 TT R A AT S B4 4, Sapiezynski
SR A T A e T LI B £ 2 ) 4
PrASHE A ) 28 HHiE 2 LGB N 700 42 5%
2Z[) 1 P 3 g ) % B O 245 L A X 4% DA S
Facebook #1532 5C F 05 &L, S 45 il 190 2% g 2 4t 17
BT

FRGE NS 28 T BRI, an by Jdkas -
&Yy - B 2 (susceptible-infected-recovered,
SIR) A1, 1R 50 S e 50 A . 368 2ok 44 VP 4 i ot 7
388, ME LA 20 A AR PR B3 3 B R AL R AN
RIS ATE [ B 422 fih 22 4> 2 JRR e &8 S i, i ke
FOAE R A 7 A 2R Pk 38 K, St-Onge %57°) 3L i
PR AR L 1 A% e B B 5 s, o B AR AR T AT 5
RAEGANAE 5 WRGAS o 3% —HL X 98 & B I
R S T R O A B R, N
TEBEER T 73 9me o 0 S AR i e R . [
IR, S I 2 ) A DCORS  B3 92 (An s B 2 k)
ACRETF I 35 1 TR R K AR 1) 5 SRk 1, T 7R B
S, GRBE R o PER I A 4 2 N
N2 51 B BT A R A 2 A SR SR AR T RE
JGo Rosvall %177 3 TF Xt 52 955 1% 1% 101 Bk 5% Wi 1)
WL IRAIE T 20 — [ Db /R A] 5k 8l ) ¢ ] RE
B fh 0 265 1) AL R A D00 L HE e FAE B A% % 20 A
HE A 22 o T e B fioh 9 £ 114 S HIE B84k X E BF
o R, MR R GRS E R —5
HE T B A S B BT A s e DX vk R
PG P 25 4, DT B 7 A 3 221 1 4 X
N ER B B A 0 B A DY 55 JE B . TEFE
AN s S i 55 SRR I B g b 2 G R 8
DB AT AL T 1 57 4 ik I %, A Bl T RO S
FEo SCRF 26 v IS AR 5 I 55 e A . X 2R
AMATE OO ) 46 vhon] BES A A T Ik &R TR
R AR T AR A TREA B S I %, I
b, 3k B Al B AR 4 (S Ll AE L BETR) S A
SUIRER G (YT N RN #E ) Z [RIAE7E K
SRR S A, B — B ) 45 A R TG 1% 78 0 A
3K A i O A 45 R T I O RO, ot
Hb, B AH BAE R A7 TR 23 8355 e R 25 3 )
AL o Battiston 2R AT R I HLAL
ST 25 v W ) D e fik 1) 4% R AT £ 380 9% 0 1k
A AN 2 R (LA 2(e) ) o X
B, Y2 A B R I 28850, 2R 8 A 5t
F14) 3 8 R ASE ] BB e R R T O X 25 1 T
TENL A ROK G 5, B T8 3l B A J i &
7422 ik Do 2%, R ] T A U AR, o o (0 2 |
B7 ) bl T 3TN 13 g A 2 i 4 A B P

[Fi) g 0 6 A, DRI 2R 9 P M 38 3, SRy T )
RELESINASSTE SR &3 PIRS Py
M EM T EAEL,

AN R B 22 1 B 98 TR R B 216 DL T 42
fih 0 288 4 10 I F AR 218 BR, 5 I 8] 4E B2 g A% B
HET A IR R GRS AL, Pan Al Saramaki *' 3
3o |AKE T3 320 o TR ™ 6 328 18 ML ) ) P B A2
JE S, S IS ) 45 v AN S Y AT REAE N
Do 286 v Ry R BRAL R AL, 5 1 A 8 Y
AH D& I S JoT M X X 2% 2 285 o R ) O B R
Holme FI Saramiki' ™ 48 4 s} [a] B84 X 2% Z W T st
FP 250, 23 T 350FR G0 Hb v A 0 2% 1Y) 3 0
Sekara 2% HE— 2 % BB M I 7] L AT LS
AXT B AR GAR | LA B[] 3 PR 5 W 2% 5
A L3 5 5 I (] B ) 5 BRLC C 4 s B AR E 1%
OIS AAE AT, T RE AR KL FE b a4k %t
g SRR (B 2(d))  JF i 7 Ak
e PR By T S5 AN ] T N, 7L 23 PR 0 v d
AR 3% — B

(a) HAFRIL
(a) Mobility network !

L%
e
s sk ;
3 o)
7
_—
My B
RO

(b) ZRM% ™

(b) Multi-layer network™"



- 278 - (FE TR SR S AN S

548 &

e @ @

@® e ®
\ | / (
/

)

(c) BB L

(¢) High-order contact network ™"’

&‘@@@
48, =

(d) I e g 45

(d) Temporal contact network

K2 SRR Bl o 5 A
Fig.2 Typical mobile network models

4 BHKRBEEHSREPRIENGNHA
FERTSCHHE R SR A B8 AT LA AN &S 2

W 2% R T FRO A b, A4 1k — 2 i BERS B R R dhs

TEAL 20 PR BRI B o TI_J{E‘IEI%E%{EE’J

XERAEZF AL, 5% R TR A 28 T PFAli 5 A
AL BRI R, 01 15 By M 2 e oz )

LS RE k) R 3 At s P8 o o s A e
ey, AT IE LTI T AT R IR SR
FUSC AR LM Z I , P25 BEAE b b i A0 PR3 S
L FH AR o 45 T o ol B A5 B B R 72 5%
U RGP S Bl AL e 17 ) 3
4.1 FEIAH

PR BRI 4l R e B E R
Z—  WRSIEASATEE & MARIBRERR M
RO TEIA TR R 3 %'Jﬁ?%l)\ﬂﬁ/ﬁ\l:i&
A S T R AT B BT IR BT AR B 2R
B2 G PRI e (N 1k T A A
ETNIEREE 2 G RN P e S 16T RN /R 1
JEAS R s, SR SR A B I, 5 2T R A
A5 AR 3 1) B 401 18] 0 i 2 T BBk
%&%E%jﬁh%%1i§T~ﬁMﬁ§ﬁEZI§\éﬁl*ﬁgﬂlﬁ;ﬂhﬁlﬂ’)
EARER IR, AR SCHIE IS S [ 48 B — Hodle D i) o

TESEE 2 IR R Al G LA S it Xz A fig o) A
=TT AR
FIABEIE 2 VL iz 8w ik B 1 e — ok
U, P B % TR A B AR B80T 430 SR M 245
JZHES AP RZE P, R TAENREEE
4% et 35 B 22 WL 4 AE : Eagle 2617 3 T 3% [H
32482 3L X A TR L SR 5 £ E AT 4 4L
(IMD) , ﬁ@(ﬁﬂﬂ’\ﬁTLﬁﬂ%ﬁﬁﬁﬁéﬁ‘?
X3 28 B k8 KO Z 1] A E B OE AH O O%
7 8788 ,Smlth Clarke 2% sk — 25 B A 55 4
i.ﬁﬁiﬁ*%ﬁtﬂ‘?ﬁﬁfh TR R 2 4 ]
BERHIE A T 2 )2 9% R0 5 32, [BlakE 1A
PR BR UM, 5 — R TR P2
TE 977 4 R AE : Blumenstock 457 3 75 I 3 i
TETERE A 1% o PR E 3 A 1 Steele
28N P B T IR S 'ﬁl_lﬁﬁ?jﬂfaﬁ‘j%ﬁ
YKL JETA R R i B+ 2 28 5 i f 25 5
) 50% ~65% ?ﬂbﬂ"ﬁT*ﬁ?@Eﬁfﬁlﬁljﬂt
5N AR EE; Aiken 251277 I X 2K AT M 1S
Pt AR 2 A RH A BUR A% G2 B I BC 2
DR BT RPN T 4% ~21% , FFUE A
??ﬂ%ﬁﬁﬁ%ﬁim KGR C AR B T 5 o
G WAT. X— B B s LR S TR 3
KRR R Z R ACH AR 5 iy Al 7, (R B 2
ER AR B B — 38 {5 0 B R A B X e 2 TR

FIfETEA o5 B X A )
R G PR —E i TR RS BRI S 5 T
ARSI AR N $ S 25 S5 s, I

[ SR ] RUBEHE ™o Steele 451 T 2017 4R
CDR 5 3 B 565 FH T 10 55 {4 B 1 45 (the
demographic and health surveys, DHS) I} & 35 £ i
-5 23 DRITRUA , 2 B — 2 B b g o ) S 5 6 BLAH
T G S T e ) AR T R 22 W R R
(WK 3) ; [A4F, Pokhriyal 1 Jacques'*' 3% F &5 H7
TR LR 5 T8 50 S SRR A B T e

SEPRIRE R , O R TSk Y TE A A TR AR 4
XFFEN IR 552 A>T 45 1Y 42 BR 2 4k 2% IR 45 4K
(MPT) SEE T Ef 00 FI0 , 3 ik 1 22 85040 il 1
TESR T TR BE 77 T80 A9 Do B0 Bodks 5 %
%, Njuguna F1 McSharry ' JF B 5 CDR 57 []
KOt N R B S 0T LR BAE AR S &,

PVESAG S IEIR ATV 2 TH Y MPL, Sy 1G5 55
X I3 kA 17, Chi 251 b —b4 TR $dis % 3l
HL TG 25 00 I £idls 5 Facebook 5 £ ARIN
W IE R AN g7 I B IR LT 56 S ik
WO R 1 4 R R R A A TN R e



3 ] A 5 A B KB e AL 2 h B P A RIF 5 5 I 279 -

. .
.
2 - . . .
. .
1 - o - =
= * gsepy =T
= 0l—g r H . ‘¢ 1 1
= 7 °a
-1 o’._
_2 L.
-1 0 1 2 3
A

(a) FHUEE 5 1 AR5 T DHS I & 45 %k
(R*=0.76,n =117 ,RMSE 3% 0.394)
(a) DHS wealth index predicted using mobile phone and
remole sensing data (R* =0.76, n =117, RMSE is 0.394)
60
50
40

30 |

WL

20 |

10

0

60

T

(b)) S fe 028 SRS A T 0 2% 4 4 4k
(R*=0.32,n =100, RMSE J 57.439)
(b) Progress out of poverty index predicted using remote
sensing data only (R =0.32, n =100, RMSE is 57.439)

1400
1200 [
1000 -
800 -
600 I~

WL

400
200
0

0 100 200 300 400 500
e

(¢) THUEE 5 BRI 5 O e R A
(R*=0.27,n =1 384 RMSE } 105.465)
(¢) Income predicted using mobile phone and remote

sensing data (R* =0.27, n=1 384, RMSE is 105.465)

K3 TP S s R A Y
AT IRFEARRE AT U 25 1
Fig.3  Out-of-sample prediction performance for multiple
poverty indicators based on the fusion of mobile phone and

. [84
remote sensing data" :

UL 2.4 km JpPERZ] T 135 MR AFT
RSO I R AR X 0 5 2% R I o 22 D il 1
JrGHME) B R, 5 T R s AR R A
MIAT B B G, SR M, Barriga-Cabanillas e
2025 AR IABEIT R ) B8 B R B AE i S 3T
PRI R B R4, (E X e B BOR T 1S 1 3l 2

I8 BRSSO S Iy A R 3R B, A ok B 3 AR A BT
AR R bt 55 055 U8, 5 S b ) A 0000 TR 4
B A PR UETEAS A 1

24 FIRWESE, % gl R % FH T 23 I U Y
T3 B A AT VG Ay R AE i BB L e A A g s X
A=A AT TERE SRR T, BF
FEHE I\ CDR H 428 4 380 35 30 0K 4k 58 W 28 Z2 A4k
PP R SE0GE T AT W AFRRAE , IR B IR Rl Tl
SRIE N V9% SR BT A d6 A, TR I IS A 1Y
BTl TERRT TR, ARy s e L Y
LRV 1 045 K Dk A3 07 % A a0 2 g
R R IE AR B R R T LR o
DI LT LA Z AL 5 4 TR K- 22 (] Y
LM S . TR XUz AT, DA R TE—
SEREIE EIOUE TR s E T AR RE Y HBR R
i =R AR — R R B A T THLE & R,
AR S BB AL B i % DR AR 1) 2R e A 5 —
SRR S B AR XA #E 23 28 05 22 R, i
IR 25K ; = J& 4N Barriga-Cabanillas 257 7 &
Y, AT BB R S AR A SRR Bl 7R R
THIEAG R IC U B, BAORTE , 7% 3h R EhE
TG AR R R I 2 6] 43 A0 AR BE AR BLAR S 36 Ak
TH,
4.2 ZFiTh

20 S S O B DA 5 B
FESS 2O I T B A TR — s, T
R Sl REHE AT S © W 2D B A SC PR BRI, 41 5%
REZZW. 207 E W& TS H ) 5 LS
s (9899

TS B Se Il 1 DX e A5 ) 45 B )
IR W 2Rl R S 2 5 4 bn Z [A) A7 A ]
WA G BT, A Bk JE Al E, Hristova
SO SLTFAR R 3.7 TS 4.2 T
M , i 3 Foursquare 3 i1 W 2% 5 Twitter 138
P2 g At 1 A AR T BT A AR R 2
VSRR . T R B, B IR X3 B AR A S 3
S TP PR AL, PR e X
UiDNE T ETRUR{IR -E ST NS ST IS
UL, I B 2835 % J& . Holzbauer 451 JUJ % ]
PNBRRUBE R HE T 4L 28 °F & $ s A e Ak
SRR M4, R B3 [ AN [R) M 22 ] A R FR B R
N GDP R 41 1) A B8 e 55 22 9% & e 4
P e FEEAF DG, T 6 A R 3 0 428 15 A e 1 000 g
AR R 55555 o

DX 0 28 AR AIE T PR B ARAT A 2 T, A



- 280 - B BE K 2= 2 i

548 &

IR T . Xie 45" sl S0 e 1980 44 R
() GPS Bl 54k 25 A D Eds , & BLAS R G H ] 5%
AR RS SRRIE S5 U A K B2 A 54, DA A
A7 R AT [ e B W 22 bR O, Ol 3 1% 3 K3k
P AR Z BEPEAR SR TR YE . BLAR 2 > ik
1A 000 HE 42 9F — 20 OKS 240 fk.  Blumenstock
AL W STHE SR, o3 5 4 2 B[] 43
i FE DI S TF LT N FRAE AT B Zh LR IE T
B, IG5 R B0 A A0 B KSR IS Y
TN EE 5 5B O gt B V) G H AR T AR
H—E RN RN, B E TR S MR B R,
ZACRENAFAE LBR (LI 4) o 13X —AN 2, Gao
SR R B PR AR T B0 S A R AT IR 2 =
NEBPERR T, HaBIBEAL L2
B B 22 5 45 5 s ) e 4] P e 2 I 245 00 1 T IS
o FET RIS JL 2858 4 i ) Lo B, B 254
FORELAREE 2 RIS B A, R R A T B B
Ire/IMUAE BRI b B AT 2 i 45 4 5 Hovh 225
A RS ()15 B i ot 1000 B ik e K, T B
FEl 5 Bsf 18] 15 22 248 b ST kA XA PR

— BTEITRNR

-~

WA B PR

|
-2 -1 0 1 2 3 4
Y ERE

B4 TRl ii o 8ol s s B (5 ek ) K
5 X 80 Ak (B 5 ) 45
Fig.4 Wealth prediction (in Rwanda) and cross-regional

generalization (in Afghanistan) based on

mobile phone behavioral data!'™’

UTARSR , BOR 822 B FE T i AR Bh 3% 3l K%
PER NS 7R IR T A BB A 22 T B B 5 AP LR
Barbosa %' i 3 43 M1 42 BRAS 2l 850808 % B, ki
i BB SRR g 2 2 B L AR AR S 22 B PR
A B3 Sk T 2 B AR AR S AT B
EUBER ™ (10 i AT S AR X5 I — S 3l oy U ) 2 3
B B MR G5 Bt o A B, A S
5§90 X —ZE RO TR B RS A X A 2 2

PR 45 4R fit T % % S2IF Bk k. Nilforoshan
201100 S A B 0 il 2 TR B S, L T [ 382
AKX 960 J7 N1 16 {CUR SEFRE i Kt , 32
MR ERIEE R, 45 R R, KB E PRk
[X. {14 E B AR [l 2 2 0645 S AT ML I i
B IR R O AN ) & 2 i B AR R AL 22 7
ALkt 2s )RR, AR A A A 2 28 e B s (R T
WAL RENS P 2 oAt X W5 R TR 2 20 15 5
BT, T T 28 i 33 — B B9 2% % o Liao 4517 £
GARFR T4t 25 AR B 5 R gl Pk ¢ R 1 SR
BFSE , TSR T i ) A% 3 R B s 25
b eg, JF 0 A B K 5 2 i 5K #% . Renninger
4008 U 46 45 2515 GPS i BB 5 A 02 A
B, o1 IR E T B WA R (iERE =) 5
Jiie B 4 fh 22 R (408 FEL R 9 ) W4 Ak
SRR M Bh A2 4 . %WFSE T 23 8] A%
ST S X SR B, USRS AT SR sl R 2%
e e S5 IR T 5 0 A7 AR Y R DX SRR
5 RS 1A R R JR) G TR 5 0
R AT X B 5 B AR B .

R B T M DX IR 1 4 N BRI
AT BN T N s A S 2 A RE . 25
W 72 B A A ok 33 26 T A I AR 1) ¥ 40, R A8
AR BB — B, FERRIE A EL)E
i, WFFE A B — CDR {5 #5450 B4
JE MR SR 3 R 4% 454 5 POT 1 [l 45
B 2R 25 1) A OO R T I W A A £ 1
SUAE ERRE R TROIRS B A b PR e AE
TR PR 2 AT, A 7 vk by 000 B AR S P T 5
Lo 1, i W XML 2 30 T 25 IR 5 W R 1 2
A Gao 25 FETRIN /A I A2 58 B b i
PU A, P12 4 e 7 BB A T4 2 3D RS R A A 12 25
A R T AL Ge bl g 2 >3 07 i, (B AR M S
AT AR R e YRR R i R T o 7
] TE RS R (b 2 T, A TR A B — 3l
[ 5% A RIS 7 3 B BL 4, 5 Xl % B P A
SRR R E ' T LS B R
5 PG BREE 22 St R i) R 22, 95 — 7 T 7E
FAFEET AR E R Z [ S8 5 850 55 3l
BAAGIEEERGMEZE T Hik, B3 K%
PEAE L TP th S G TR g i MR 5 2
) S Btk MELA B U S gt i L S
TGt R IE A SRR B LS R PR TR R
fPE R AT A5 1)

4.3 EiEkE
NER TN, o H o KR 58 & M N iR



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I - 281 -

3, GG I S AR A NTER G I 2 2 K
BESCR N SRR REE T RE R O A ks i
BN Z R T o Bl KRB 1 i RS e A
B H H AT, S 92t 38 BR S Sh SR Tk
BESC A, IF A BF 58 AL Bk P R EE R
Feqto-m

FEREE Y BOHU i B B KRR Y
B ONETE T RAim i 23 Jp B 20 N AN S A
T B, 30 1 B 51 23 [ o Ao Jia 25
T RDCEHT N A s R T
5 COVID-19 7Er[E 296 AT 43413 1 i B2 AH K
P, -9 A 1 R v A R XU X XL 7
PR Perofsky 457 1 8 [ 7 Ak P21 3t IX 3 —
RS, 2E AU o) i 5 XN 513 3l 45 % 3 M 4
Boxf 18 b Wi T8 5 B 1) 1% 46 2l 25 A B0 I
MEST o Zhu 25058 3 23 B FRAR B LSS BEAA
Bl , B AL TR IS ANRETS 3 Y 5 e AR AR, R
WLAEY B %8 1t 0K 5 58 18 WX 401 55 37 BT 15 1)
it R 16.8% ~57.7% , A3 it B 3 9 305 2 1% 20
WA BN, ELx M As AU TE 4R 0% 0F 5 1S IR
BHENAGE FRRRGENEE R

TEAEAE 2h Jy 2 @Ay i, Lu %" R G s
T RS TSR A PO SRR i R RS R
TR R A TCRE A 25 400 Y 25 ) A 15 0, 1) 26 A 7
BT B A B AL IR, B RE A
BT e LIS B30 B 3 47 B, AL s 25 2T AL U
R Bl RAEAE A e 4 AZEA T B o B . 7 HE
SRR BL AL TR Zhang %52 ST 4%
fik 3] £ 110 R 28 BRI 1 L RE S S8 4F N AE SARS-
CoV-2 Byt b1 i35 22 57, I R WU EE AL A2 iR
5 RN AC AR B AT R LA T, B2 T ¢
P 275 BB AN RE RELIT A 4 , {EL AT S 25 AR R WA
Chang %! 5 [ KR T IX 30 45 8% 3 I 4%
Mt o ks - BEEE - BRE - REH
( susceptible-exposed-infected-recovered, SEIR ) JG
FERRATY, e IR B A % 17 POT gt T 2%
U, BT X P e R LG TC 22 B R oA R, OF
57RO S 2 R R B SR A
% ; Romanescu ™! JILKE 58 & 8 804 Hh 10 12 fil o3
5ONHE B A BOG I, LT A B 25 AR I
R AT Bl ASTE N I Bl A A P AR R AR, — i
JE b 2R T A GRS A R A
AP TRURPE ), 3k 28 T A A 2L [R) 2 JR , R
LR Y R 25 1 DA S ARG A2 S vl (i B8 8l ok
BB B S 5

PGS, F 98 E R S e 1 X R 25 W)

T ( non-pharmaceutical interventions, NPI) # Jita
A EEACTTAL o 32 R A AL O T B A TR
LA, Hy T ICELIN A SE i T ) AT B
50 78 30 8 R 22 7% Bl B A HE AR A R A AL A=
R LR, A B TE T U T R
VIR AL BORROR o 107 B ] S s AR
VR AR () A DA B A% 2l R BSCHE wo S 422 fi
BRI R F M. Chinazzi 57 3L T 23kt A1
TR 5 T, IR A 7 454 SR w3 1 g2 1 E e
TEIR 3 ~5 d, J0{fE 2 T v dg i s s 4] i A 920
T 80% ; it — 20 o T R W, B — iRk AT IR A 5
FEIX T FU0p [R], O S04 5 17 7 #5195 i A BR
Aleta 25 D2 44 Ak i B0 5 A7 10 3 3 P s 5
UNEE- S IIDNRE NI RAEITE S e S R PN |
T IX ) SARS-CoV-2 {5 RY, 45 ) 76 5 = FE {4
BRI ZRAET 5 A AG I 5 432 fid 25 38 B W] TR ZE4+¢
SR Sl R IR 1 12 1R 7E BT R SR B H
Mo Cheng 2 MIFEL HUIR T H AT 4 _HiiE A
POI 25 1 BT 5 4 X 2l 2845 1L AT A7 dl 25 400 o Jee e
{14 [ S g DX kT S R T, BIR AR
R AN [RS8 555 45, (B[] 43 ][] — T B, D
KAk 22 A i 9800 S840 T T 22 ) B 4 T A
£, HAPAR 250 RS ioH 32 o B Uk

T AN T #2500 45 254 114 22 RUBE 520 it
PEE B P A Y 55— T B UE, Tan 251V BT
W 3. 18 A4l il - i FE A4 AL B 487
12020 4 F5 iz B F 8 A 200K 52 40 1) AR S U
BN, B PR T 4 [ 3 3 T R 70%
FEIRTT 7 280 4207 NG [ K3k T ( WLIEL 5 ) 5 % i
T2 B 20 3 A s IR I N B 2 55% 1
YT R Sl I 1) R AR B | /N ) Y 3%
e B W BB IR T 4544 . Zhang %517
Xf b Omicron BA. 2 4% 19 ] F-HLAE 2 19 73 A
W 7, g (e Ak X AR B el 40 S8 4k oy 221
AN, R JE A AR BB 98 2 MK & . Santiago-Iglesias
2L U R A LR A b R LS 4
HIXT EE R B, COVID-19 X i [ £ 5% 7= A 1 4
FW A, X 2L B[R] BB, T PR
AAAEITAERAT g, 23 3 ST 9 S T
Z RS, B a5 AR A A — i E HF
Zifk,

i FIRWESE, % sl IR © IR A1 B 45
WFFE I Z AR, NEERE HOR R BE T , 244475
RS 2 25 48 1) Sl S A AL A, P 2R 2459 1

it 0 S S SEVPAG 5 T 3 A 2 I 28 AR AR i Ak
S3HT e AR, T ITEA E TAER R



£ 282 - B BE K 2= 2 i

548 &

Lor MR
i i
i — TR
0.8 i 1H25H _ N
LR =Ah
: —— R
B s ‘ — Tk
o
=
B 04
il VLN ] 24100
LRk ER | :
o it . | RERIT I
12A30H 1H6H 18135 18208 1H27H 2A3H 2A10H 2A17H 2H24H
A

B5 2020461 A1 HE2 A 29 HPEKSZER
LA IDUNSFe
Fig.5 Aggregated population flows for all prefectures in
China from 1 January to 29 February 2020

IS ) ROBEANVC I, 76 3l 5040 38 5 LA/ sl oKk A s
JE AL R 8l ) 25 2 7% R R0 45 S A A 10 Y
IF V2548 s 2T INAE T, T IR 25 [R] ) el
NAEER S S R sl 2, W B AH B A A A
SR T S Ay R s =R AR AR R A A 22, THLAE
A AR 3 GPS Bl A AN [ B 2l B U5 )
N WA E R G E 22 5, v fig 5 BUBE A A 1
Phifar o
4.4 [z ANm Ry

VNI S B A BN S i N 27
PN s ) AP O A X = L DAL i) A
AR 1 AL N 7 21 NG 1 4 8 R 1

T e S AR M s At 2 SR M OCHR SRR, Al

FERE vhib TR Al 5 4k 2 5 AR ESR AL T
A

KFEML T, RN TR WME W
R R B A O B R AN S 1, B X 32 R A
TR FUAS 55 b B3 A1 114 2] 3 B D 2 IS B B
FE4 0 R 2011 4F, Bengtsson 251 5 1
3 I 3t M R 3 18] 190 5 5K B 44 FH P B (7 A b
(subscriber identity module, SIM ) = [ {37 B 2 HE ,
TS AR BE T I I RN I S RS 5 3
Aiv , HA5 R 500G B IR A BEw) 5, 2RI RD
e IR ALY 95 BREE b, N TR ATy S 3]
B AT A 2 A . Lu 203 [ — B
Rk LW, KPS R A1 B>
23% ABASRBIIE 9 o] T A4 AT 4 7 7E 85% , H.
TEKIG =A A WA ETE, ROt 505 A 3l
5 TE IR 803 Sl A A O, 08T 1] 0 1)
BATIRAL AL (AT . Wilson %6 A2 R /K
R X — R R Dy R AL R, S R

TRBIAEFEAE O d 1A S8 NN P #R A% 3t 14 3 S If A
FOE RSP, SR 52 S5 N H i 3l 2 BRAL R AR
(] R 3R [ (1) 545 (8] 3 S A Sy o Jia 2T gk
TAHEL IR A 1988 Sl 5 Bt A B, S A 2
(] Ak 23 5 R IR B 5K, T At ) 010 SE BB &R
GRBEIN , H T2 B 5 A 5 BE PR 0 3 A5 B ) ( L
[€16) . Dobra %" 3t — 45 2 W, 090 5 %% 5 431
RS Al AR, AR B R
oK I FE FBE S E 2R E DRI AL
TS Al X 28 TAR L[ 2 W, 7% s Xt
RERSAEAL R INE Gt 213K Z A, $RA T 5 1y A
AR R B

S

<
& {)4

Pl 6 2 3 o B P9 5 0 Il
Fig. 6 Communications within and between families after

the Ya’an earthquake'"”’

LA, B 3 R B B R — 25 20 K 5 AT N
W 137 )OS A4 S IR 25 5 . Tang 451 % 2021
ARSI T+ 207 Bt b K 391 ) T BLAE A B i 4y
BT o, A TS 30 100 46 75 9 B 30 T 405 K A7 1
SE L HLCE 5 AR R AR R PR ME L H 1
A3 25 17 S B AR 9 6 3 5 WF 9 8 4 0 oy
“RVREL RN 5 R =R
SEAR T IZAFAE R BIPEREE | B we th) 38 ¢ i) 17 Hh g
ZAREALHLH] . Huang 25" gzt R RESS 7%
SHPERIMETERER 528 4R R IAEAE S S, ok
FAE N SR TR 1 B A R I, 9
SN A A S PR AR O . R
T VA EN R A - Lu 257 b i [ <
WA R SCE B IE % IR, T 5 X\ 5 I 40 i 2
BRI N T 3 S 3, S5 32 5 T 9 3 A
S XU A I B P9 9 R B R B K A P



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I " 283 -

CERS (I 7) 5 Yao 25070 % 3 [ 2024 4F JE A,
Helene 55 Milton # 8] £% 2 % £ /& 75 (49 43 #7142
TR WU M DX S R BT Hh B S AT R
T B FE A5 I I W] T A b I 30725 A
PSS, PR T o 9 R ) O 2 AT A ) 9
WEVER . R BFSE S et 9 i AT N TERE IR S
M ERAERE T AFAE RGeS TP, R — R SR AR
DL R S W A RE Y EL SR K RE T

Bl 7 I e B A5 R T Bl x H R4

Fig.7 Comparison of mobility flow networks before

cyclonic landfall and baseline population

. 136
movements in Bangladesh!'*’

BT LAY 5 10 EL K 0 5 57 R oA 93 i g
BT o — M5 Bl i TN AR, AL
AT RSR B % R SRR E R R
BRI A R o Kryvasheyeu %51 1] T
AR 25 A AL S IR R SO R T T SR
I PR R B AR T R A L, A BRAL T R 4% RO
{37 B Y HDP FETE RE LU BEAUREAS SR BT80S i B
AR ICE . TR WA 2021 410 7Y |
TR IBIE =37 B IR D5 OCH R BT B 2, >R
A J F Transformer A XU [0] g% A #% 2% 1E
( bidirectional representations  from
Transformers , BERT) fiiH A5 U T & 15 B #r 55 56
SRR SR 2% 4 4, 20 1 B A I e
AL 15 IR A e ERAEE Y, e BB e (5 G B
FF R A, AR B A B A 7 A B2 5
SR AL S BEAR K I A% B A7 AE 2. %5 R BR - Mandal
SRR WA 2T Twitter B9 119 4 7 %69,
AR B0 S A LS b AR 45, T P Bk
V7 B B S PN 2 4 T b 27 A A A KA I
P, HANTR]E A2 05 32 18] A — S50k i e B0 R 2 40 4
il R R o XX — A, Zhou 25 FF & T 32 8y
W2 — T 9 I 1) 2 5 AR sl L, A A 5
LR ROl bR 25 732K R Z AR B,
RN B R 1A A R AL T — Al A7
58

encoder

ZRG AN, B Sl KR £ I 20 LAY
JO7FH MBI N S R BRS04 30 S
R BBV G AT Wi L5 B Sl B B R 25 S
O it — AR B AL ST & B A B 5 SO S
SHER KA RS AR RN . ARSI A A
MR R IR R A K Y
PR A 5 R T R AR S G
B, Wt —E BB R 5 DX I . Bk
Pt A TR R B T HLE & A SR B
PRAE S RS Bl A A 8 A5 22 2B HE s A U ik R
BN W 45 T A, A0 4 e S I AT
A5 A AU RS B A i
SR BT FEAIAT AL T R BR < i 9 AT fiE i
IO B BRI Bk 2K, CDR Hicdfs v 14 7 96 BR 3
ZESEATRET I AN FAS T 22 , A 38 AR Kl Ul T
It TR AR A 5 R AR R AT BR iy )
AARATY 5 18 22 WA S8 SRR 5 125 3 F P A 6
5 R i 22 K5 0E A5 7 T — AP N5, LR TR R
Wi S5 534 9 AT FEE o

5 REERE

LGB N 2 A A PR AR B £ K
a5 T R R E B, EAESE,
BB K S ) IS 55 R 58 76 52 BURS L
Bk 2E B T IRAS TV 24 30k R 5221
3 3 A S R T S 50 T 4
ONZRAT I U R AT I 4 a2 o 245 , 25 5 4t
B8 F AL DB R R 2 RV B | RS B
RTHE R 2B BRI B4 L R A R
F TR0 A D S0 o o7 R L SR, SR T
KR U5 FBCR IR S0 AR 5T 7 B A AR et 253 B )
R e B0 R (L, R BR A AT T ot — 2 4R
KA

— BB KBRS B R . B
SRS B KR B WO ARG (LS v
SRR IS e A, REAS A RIokh TR B BT
G I U A 55 9 2 S, (EFG A MR 24 1)
AT A . BBl BR824 BT
WAL, R X SR AR B S 5IA RS
et g, LT AL PR AR T
GRS T AR R B A TR I
B A TS AT O (I | 5 2R 38
R ) A B A T WL 2 B8l b, IR A B IR
SEAE AR, 77 e AT R, B Sk
(Y SE Rt g 221 5 R, 32 Bk A 25 0K 30, 3
BT W2 B AR IR 18] AR H A7 , A b X



<284 - ES I S = o

548 &

g, S 308 Sh B 10 23 W] 20 WERAR Tl . 25
L3t , A HEASE BOR B TR 4 IATREA ok B
e T WU I 54 28 - & 18 b 52 874 H
PR AR SRS B P SR S, 41 4 ol 3R T
JH P35 BR B TR L T RETETE 5 | A B AR
REFT R 2" . BN B BRI A
TE 2% o B4 R WA i T 0 B O BT 58
ZE SO SRR TS . T B S AR
AR, T TS P B FL AR SROMLAR , S b AT Tl
TR S i T BRI . SR, B AT R 30
R 22 14 17 5 BOAR A T 7 1 ) STk AT 2
AGE

TR BRI B AR 5 A A ]
W, sh B R 2 R ORI AT R
B AR AT R A &GRS
o U 45 R % 20 T A R A 3 R
AR RO — B R B A, T
BRI AL S W72 4 BRI, 24 /T e
B> R IE E ARSI 25 5%, AN 38 43 P 4
TR AE AR A 52 T I 55 s A5 ), RIS 0 7 R it
JE AT AT REZE B R AL B X P 25 R AL
B4 ) A TV , 8 T R — 25 i & A BEAR 1
SERIVER 2 . T G A, TE RS B B i i 4
50 TR R T B G L 8 — 1 R0 IR AR
W U R AR R S B b, P A
TE I 4 A B4 TG 452 A8 5, X LA X LA BB U
S PSR A TA R0 ) 5 I 2 Ba A SR i A7 1 34
PEORT | BT A v 5 D BT, S S0 A B RO 155 ) 72
DASIZER, FA I T A% 3 KB A H9A A KPR

SR R T BT LI ok #1730
KRBT NZAT T URAZ A L 190 44 55 B T 5 I A
SHABRATIR 1 AT O B B R AR,
FEALE .

85—, ZUEIER A S 25 iE X5, 2
BORRA T RS R AT 15 16 d 1 45 7 5
v S 7R R TS D, LA O M A5 O R 7 T T B
BB B, T 7 T S5 M B =2 ) 4 B 28 1 XL 58
— o AN [RBTG5 ) B TR o AT
AT, BIUNTFHUE A TSt 2 55 e A 3L
B2 B AT 5, AL BEAKE 1T POL Ak
B KT 15 R B 26 X I . A IFE 2l
s 1 TR s T 47 (1 9 B X 5%, LI 2 07 1
FEAE LA AR 2 s ) S AT i U L. Ak
AR T S RIS | L4728 1] Gg ek
G5 — FAF 2 5T W) B DR A ME 22, 71 B JSUBA T X
= ERIERE R T 2 X RS . SR, £

PR Rl T N A Al 22 -5 5 B P[] 4 7
TPk A RBIRIRTEAER IL S BE K
A7 75 21 B 5 O 22 0T A — B, T SRl AT e
—BTORFEA AT o X i i 26 72 51— B IR T 5
hE AN BIEZ R G ET A2 T
[e] 4 8080 2 0 T R 7™ A 2 2 1Y 38 HLAUONE , B BF
FEXT AR Z RGEVHE o AT SEGE T A 4
ISR F )5 732 (post-stratification ) 55 25 F A 4h
(multiple imputation) J5 4 , 45 & A 113525 K4 %F
Fil S B AR AT A AR AS B A A IE, S B
Xof b B3 A 1 i 22 B A PP A AL . A, e B
RS SOz E R SR ] BUM AL S
& Al [ s U ], RS2 i T4 X e A
22 5, 2 ) T Bs AUR ML= LS . BRI
2] (federated learning ) fIE Z2 i 75 AN 4E o0 R 46 B4R
IR LI MU AU ZRiR 4t T HOR B8 A%,
(B AL 25 7 9088 b 1 (5 ReR SRR stk
5 A 5 BF X5 1 A0 1k 22 20 B2 A ( differential
privacy ) $ AR AT 7E R & A PR AL AT 5 b Y B
AOORIE L H A Bl = BeRA T8 A9 15 A2 5 5l 25 ]
PR Z 18] ) R GE ARG 7k o E IR Rt ) fie
TR, T B S RGP AL e 3 R AP T
AR 1) B B PO ) S

55 BRRA DR AP T 55 9 T 3 S S R
BRI 5 S T3 P-4, 2 8 Bl R IR 95
FE IR B G [R) R, 75 N 2 By 37 5t vp JC o 48
o WRFHRAE T A 2 Oy R RN R 2 % A R AL
HHRITECIE BN T & AR R BER 3
BRI 25 17 41 3 55 rp 8 AR AR N AT 1 ik
il N B > 70 b 3 v B S5 Jo A B S B0
I 30 A ARSI A B AS g S8 1) el ) 28 %
TES BB o3 W TS AT AR B . Aok
o LA R B 2 B 1 R A R OGRS IARRE , i
BRI BRA IR ML, TR AR R 22 4 Bafh SIS
S WIS L o A, B 9 AT RE AR A T A
LRI , AR 2 i 5 v A B 3 AT A ZR AR G
S22 R R, A ERITE R i — 2
{0 22 Bl ) g 2 i 01, 4 S T 1) O 8% v B 2% 7F )
NG EEEEME o AR5 T B 58 030 U =R 40
R RRRIE 4R B I 2 A R R] — Bt DL g ]
BV AE " fo A B 2 B T, DATE A B I (] 0 5%
PR AR DR B G DI S H . iR S
W2 I EHOR E B B AME, 4G A E N
B RA PR A E T B 0 A SR PR B T 3 o

= N AR i ORI SR 5y Y 2807 41
B AU N LR RE S RiE & A AL (large



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I " 285

language model , LLM ) [1t) & Ji& 5 % 8l K B HE WU 5%
DN (15T /b1 M o ) 2 S T e B X T Y
B o e, AR L AR S B S T
T, TN A% 2 KBS TR A e X R e A R E
Iy BB 55 AN 2 [ AT e B, B T 2R O 470 Y 4%
( generative adversarial networks, GAN) .28/ B 4
%% ( variational autoencoder, VAE ) 5 " Bl #& %l
(diffusion model ) BTG W7 ¥ , A BETE — & 2
JE E AR B GETHRRAE AR U PR LB ) G IR Bl
Bt R B AR B S FRAABR W M E AR, 5
WA A A 7R A %o R i = A2 (0 R R
128 SR ZUHLRR ) T I N 1 i S 1 S AT S
ST, A LS g S RS e S s SR R, A g
ES8UIE =PSRN 7 b )RS S NS 7
W GETHORE R VEAl H AT Bk =2 58— br e, BUATF
flidebn 2 246 T 25 W o3 A AR AR (a0 AT 20 Ky
Aii BV 2EAR A ) B ARARUE: , T X6 AR B 1
ARG 5 O 67 3% 0] 4R A1 S5 AR B R 1 £
FEBE AL s 44 BRI 18 31X SE AIDk: B2 4R AE |
FETE R GeME i 22 , 2 T LU R 016 BRASE ALY = A
Bt R S0 15 22, ELYE DASE 23 25 A8 b5 K B,
AR BB FL 7 T, R IH 5 BB R 458 28 BE
KRR GESAL TOpiAT AR B . A 2R A
BRI ARAT S BE DU 38 eh B9 T B0, M
DA LS N SRTE S A 5 455 T A5 A 17
Map o S AL B2 TR, 4 LLM A& REIR Y “ A
FIGIEET T H HAAE B SRS A O
Y AE ST A A T e LS e R I R Y A
Ty R AHIZ T 1 AT T e A A% B A R 5
— e AR T3 AR 7 J , LS iT N
0 B SR 0 R e A, T 24 i LLM (1 2
R S GRS RE AT A T B Re AR I S B
HAEIAF I 55T A AT, T R R 2R
3 (hierarchical agent) #LiH] , DA/ LLM & GEARAL;
R BTN AREA ; — & LIM 17 5 50
SRR E )T, LLM B RE MR A4 o 52 B T
SCATERRINGR , HAE S AT T A R SR B 8
KRB 78 R A RATESF Ge i L, H G
Btz RGOS HE 5 B E T v, o SR ISR AL
A LLM B4R TR SR R, AR
17 Rk s R GE TG B . FEBORVEAS 5 PRS0
J5 1T, LLM W] 4 B 2 BB SCAS | Ty s 8 407 R 43
SRR, Ry R SR PR A A 5 s S A3 AR e 0 S
R, JF 59 R0 2201 5 AR S5 07 AR 25 4, 1Y
sl KRB BT R T o BRI &, R BT
FEoTBH RN A AL TR R B B, HHE S S AR

DB M AE S-S O SEPEAG TE i AR S
PR RGL o AN 58 I -5 58 Bl Rl | HIL PSS
T R R RAFE W 75325 A DI ) 5, 76 52 T A e

P e P2 XL

2% 3L ik ( References)

(1] WkAR, BRJa sk thamdl. —MrhESamRHEZ

PELT]. WL R4, 2025(3) : 14 -23.
SHEN Y D, CHEN Z Y. Social governance: a path of
governance with Chinese characteristics [ J ]. Journal of
Zhejiang Gongshang University, 2025 (3): 14 - 23. (in
Chinese)

(2] wRMG, B2, HEF, 55 B i m i o2k

S ks ()], o E A A%, 2025, 33(5):
124 -137.
TAN SY, WANG M N, TIAN Y, et al. Data-driven models
and applications on poverty identification, classification, and
prediction [ J ]. Chinese Journal of Management Science,
2025, 33(5): 124 - 137. (in Chinese)

[3] JIAJ S, LU X, YUAN Y, et al. Population flow drives
spatio-temporal distribution of COVID-19 in China [ J].
Nature, 2020, 582(7812) : 389 —394.

(4] 258, BYI, M, % SRABEEmnES 5T h

I 55 e DX P AR o S R R R e [T ] R AL
Mook, 2025, 21(1) : 44 -55.
YUAN Y F, LIAO Z, ZHOU B Q, et al. High-impact
regional extreme events in China under intensified global
warming and attribution research progress [ J ]. Climate
Change Research, 2025, 21(1) . 44 —55. (in Chinese)

[5] ZHAO Y, ZHU Z Q, CHEN B, et al. Toward parallel
intelligence: an interdisciplinary solution for complex
systems[ J]. The Innovation, 2023, 4(6) ; 100521.

[6] SMITH-CLARKE C, MASHHADI A, CAPRA L. Poverty on
the cheap: estimating poverty maps using aggregated mobile
communication networks [ C ]//Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, 2014 .
511 -520.

[7] ZHANG DL, PENG Y J, XU Y, et al. A high-speed railway
network dataset from train operation records and weather
data[ J]. Scientific Data, 2022, 9. 244.

[8] XU S, GUAN D H. CrossPred; a cross-city mobility
prediction framework for long-distance travelers via POI
feature matching [ C ]//Proceedings of the 33rd ACM
International Conference on Information and Knowledge
Management, 2024 . 4148 —4152.

[9] DEMCHENKO Y, DE LAAT C, MEMBREY P. Defining
architecture components of the big data ecosystem [ C ]//
Proceedings of 2014 International Conference on Collaboration
Technologies and Systems (CTS), 2014 104 —112.

[10] BLONDEL V D, DECUYPER A, KRINGS G. A survey of
results on mobile phone datasets analysis [ J]. EPJ Data
Science, 2015, 4. 10.

[11] DE MONTJOYE Y A, HIDALGO C A, VERLEYSEN M, et
al. Unique in the crowd: the privacy bounds of human

mobility[ J]. Scientific Reports, 2013, 3. 1376.



- 286 -

(FE TR SR S AN S

548 &

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

BARBOSA H, BARTHELEMY M, GHOSHAL G,

et al.
Human mobility; models and applications [ J ]. Physics
Reports, 2018, 734 1 -74.

GRANTZ K H, MEREDITH H R, CUMMINGS D A T, et al.
The use of mobile phone data to inform analysis of COVID-19
pandemic epidemiology[ J]. Nature Communications, 2020,
11 4961.

JEFRAS, WL, A R E TR T
RARARRHLT]. RO A4 (RE AR , 2018,
20(6): 83 -88.

YOU W J, GAO J, ZHOU T. Application of carrier data on
precise poverty alleviation and emergency management [ ] ].
Journal of University of Electronic Science and Technology of
China ( Social Sciences Edition), 2018, 20(6): 83 - 88.
(in Chinese)

HU T, WANG S Q, SHE B,
the COVID-19 pandemic:
challenges[ J]. International Journal of Digital Earth, 2021,
14(9): 1126 - 1147.

AN, BREAR, 5kE, S BETASCEEERLS BT
TR BRI - LAEBEFHFI‘“D%ZE%JWJU]- Hh 5 b
HE BB, 2024, 40(4) ;

ZHANG Y C, CHAN H R, ZHANG Y,

et al. Human mobility data in

characteristics, applications, and

et al. Movement
pattern recognition of urban crowds based on public transport
data fusion: a case study of the central urban area of

Chongging [ J ]. Geography and Geo-Information Science,

2024, 40(4): 1 -7. (in Chinese)
s, RS %?H‘Uﬂii GPS L35 1y 30 i1 X 4 i 23
ZEHFFAESHILI]. RS BARE, 2021(1) ; 87 -93.

YANG W L, FENG H F. Analysis of spatio-temporal
interaction characteristics of urban area based on taxi GPS
trajectory[ J]. Computer and Modernization, 2021 (1) : 87 —
93. (in Chinese)

P55, FET L BT A F) 5 TR M R 1) T B S R
ABWFFELD]. Jbnt: dLntscimRsE, 2023.

NI K. Study on the deployment of micro-circulation bus routes
based on the trajectory of bike-sharing connecting to the
metro[ D]. Beijing:
Chinese)

ZHUANG C G, LI S'Y, LIU X P.

Beijing Jiaotong University, 2023. (in

Exploring socio-spatial
differentiation in bike-sharing: a daily activity space analysis
of cyclists across different socioeconomic statuses| J]. Applied
Geography, 2025, 177 103536.

WU J T, LEUNG K, LEUNG G M. Nowcasting and
forecasting the potential domestic and international spread of
the 2019-nCoV outbreak originating in Wuhan, China: a
modelling study [ J]. The Lancet, 2020, 395 ( 10225 ).
689 —697.
BALCAN D, COLIZZA V, GONCALVES B, et al
Multiscale mobility networks and the spatial spreading of
infectious diseases[ J].
of Sciences of the United States of America, 2009, 106(51) .
21484 -21489.

LI J X, LU X. Measuring the significance of higher-order

New Journal of Physics, 2024,

Proceedings of the National Academy

dependency in networks[ J].
26(3): 033032.
LI J X, YUAN X Q, FU Y D, et al. Representing significant

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

dependencies with variable orders in networks[ J]. Chaos,
Solitons & Fractals, 2025, 201 ; 117405.

V. JET ALS B30 B8 ) s 1A 05 T 5 vk T
FELD]. B HOH L FRIECR:, 2023.

SUN C. Research on port ship trajectory prediction method
based on AIS data [ D ].
University, 2023. (in Chinese)

TEIRT. BT RS B gk 1 R R T S R A 2 AN
FHEHF(D]. Bat: Baphll Ry, 2023.

GAI'Z Y. Research on sentiment inequality of residents in

Hangzhou: Hangzhou Dianzi

Nanjing based on weibo check-in data[ D]. Nanjing: Nanjing
Forestry University, 2023. (in Chinese)

i, wEE, fLEE, SF AETRUERE 0 B LT U B
TERHIERESE : DL 2021 45 p [ =4 B W St o 1],

R AR (RHE30) , 2023, 54(2) @ 47 -59.

ZHANG P, ZHANG H, KONG F, et al. A study on public
opinion characteristics of rainstorm flooding disasters based on
Sina Weibo data; take the three rainstorm flooding disasters in
China in 2021 as an example [ J].
Hydropower Engineering, 2023, 54 (2):
Chinese)

RO BT ORA BHC 9 7T A 1 P AR 3 A R
Al PLRERFA 2 O X [T ]. Bty SRl
2023, 38(3): 83 -90.

QIAN T J. Dynamic sensing of usage patterns of urban streets

Water Resources and

47 - 59. (in

based on social media data; a study of central Milan,
Italy[ J]. Urban Planning International, 2023, 38(3): 83 —
90. (in Chinese)

CATTUTO C, VAN DEN BROECK W, BARRAT A, et al.
Dynamics of person-to-person interactions from distributed
RFID sensor networks [ J ]. PLoS One, 2010, 5 (7):
el 1596.
SAPIEZYNSKI P, STOPCZYNSKI A, LASSEN D D, et al.
Interaction data from the Copenhagen networks study [ J].
Scientific Data, 2019, 6. 315.

GONZALEZ M C, HIDALGO C A, BARABASI A L.
Understanding individual human mobility patterns [ J ].
Nature,, 2008, 453(7196) . 779 -782.

SCHLICH R, AXHAUSEN K W. Habitual travel behaviour:
Evidence from a six-week travel diary[J].
2003, 30(1); 13 -36.

SONG C M, KOREN T, WANG P,

Transportation,,

Modelling the
Nature Physics,

et al.
scaling properties of human mobility [ J ].
2010, 6(10) . 818 —823.

VISWANATHAN G M, DA LUZ M G E, RAPOSO E P, et
an introduction to random

Cambridge, UK:

al. The physics of foraging:
searches and biological encounters [ M ].
Cambridge University Press, 2011.
PEARSON K.
1905, 72(1865) . 294.

JIANG S, YANG Y X, GUPTA S,

modeling framework for

The problem of the random walk[ J]. Nature,
et al. The TimeGeo

urban mobility without travel
surveys| J|. Proceedings of the National Academy of Sciences
of the United States of America, 2016, 113(37): E5370 -
ES5378.

PAPPALARDO L, RINZIVILLO S, SIMINI F.

Human

mobility modelling: exploration and preferential return meet



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I £ 287

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[53]

the gravity model [ J].
83: 934 -939.
PAPPALARDO L, SIMINI F. Data-driven generation of
spatio-temporal routines in human mobility[ J].
and Knowledge Discovery, 2018, 32(3) . 787 —829.
ALESSANDRETTI L, SAPIEZYNSKI P, SEKARA V, et al.

Procedia Computer Science, 2016,

Data Mining

Evidence for a conserved quantity in human mobility [ J].
Nature Human Behaviour, 2018, 2(7) ; 485 —491.
BARBOSA H, DE LIMA-NETO F B, EVSUKOFF A, et al.
The effect of recency to human mobility [ J ]. EPJ Data
Science, 2015, 4. 21.

ALESSANDRETTI L, ASLAK U, LEHMANN S. The scales
of human mobility [ J]. Nature, 2020, 587 (7834 ) ; 402 —
407.

LARSEN J, URRY J. Mobilities, networks, geographies[ M ].
London: Routledge, 2016.

KRAEMER M U G, SADILEK A, ZHANG Q, et al.
Mapping global variation in human mobility [ J ]. Nature
Human Behaviour, 2020, 4(8) : 800 —810.

EAGLE N, PENTLAND A S, LAZER D. Inferring friendship
data [ J].
Proceedings of the National Academy of Sciences of the United
States of America, 2009, 106(36) : 15274 - 15278.

CHO E, MYERS A S, LESKOVEC ]J. Friendship and

network structure by using mobile phone

mobility;  user movement in  location-based  social
networks[ C]// Proceedings of the 17th ACM SIGKDD
International Conference on Knowledge Discovery and Data
Mining, 2011 1082 -1090.

SONG C M, QU Z H, BLUMM N,
predictability in human mobility[ J]. Science, 2010, 327(5968)
1018 - 1021.

SCHNEIDER C M, BELIK V, COURONNE T, et al.

et al. Limits of

Unravelling daily human mobility motifs[ J]. Journal of the
Royal Society Interface, 2013, 10(84) . 20130246.

ZIPF G K. The P,P,/D hypothesis: the case of railway
express[ J]. The Journal of Psychology, 1946, 22(1) . 3 -8.
LI X H, TIAN H D, LAID J, et al. Validation of the gravity
model in predicting the global spread of influenza [ J].
International Journal of Environmental Research and Public
Health, 2011, 8(8) : 3134 —3143.

SIMINT F, GONZALEZ M C, MARITAN A, et al. A
universal model for mobility and migration patterns [ J .
Nature, 2012, 484(7392) : 96 - 100.
LENORMAND M, BASSOLAS A, RAMASCO ] .

Systematic  comparison of trip distribution laws and
models[ J]. Journal of Transport Geography, 2016, 51
158 —169.

JUNG W S, WANG F Z, STANLEY H E. Gravity model in
the Korean highway[ J]. Europhysics Letters, 2008, 81(4) :
48005.

STOUFFER S A. Intervening opportunities: a theory relating
mobility and distance [ J]. American Sociological Review,
1940, 5(6) ; 845 —867.

SCHNEIDER M E. Les courbes de coits de production en
pratique [ J ]. Cahiers Du Séminaire
D'Econométrie, 1959(5) : 51.

SCHNEIDER M E. Production cost curves in theory and

théorie et en

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

practice[ J]. Econometrics Seminar Papers, 1959 (5); 51.
(in French)

FIK T J, MULLIGAN G F. Spatial flows and competing
central places: towards a general theory of hierarchical
interaction[ J ]. Environment and Planning A: Economy and
Space, 1990, 22(4) . 527 - 549.

LAWSON H C, DEARINGER J A. A comparison of four work
trip distribution models[ J]. Journal of the Highway Division,
1967, 93(2): 1-25.

SIMINI F, MARITAN A, NEDA Z. Human mobility in a
continuum approach[ J]. PLoS One, 2013, 8(3) : e60069.
YANG Y X, HERRERA C, EAGLE N, et al. Limits of
predictability in commuting flows in the absence of data for
calibration[ J]. Scientific Reports, 2014, 4 5662.

YAN X Y, WANG W X, GAO Z Y, et al. Universal model
of individual and population mobility on diverse spatial
scales[ J]. Nature Communications, 2017, 8. 1639.
SCHLAPFER M, BETTENCOURT L M A, GRAUWIN S, et
al. The scaling of human interactions with city size [ J].
Journal of the Royal Society Interface, 2014, 11 (98):
20130789.

BENGTSSON L, LU X, THORSON A, et al. Improved
response to disasters and outbreaks by tracking population
movements with mobile phone network data; a post-
earthquake geospatial study in Haiti [ J]. PLoS Medicine,
2011, 8(8): €1001083.

TAN S Y, LAI S J, FANG F, et al. Mobility in China,
2020: a tale of four phases[ J]. National Science Review,
2021, 8(11) : nwabh148.

BARTHELEMY M. Spatial networks[J].
2011, 499(1/2/3) : 1 -101.

KOSMIDIS K, HAVLIN S, BUNDE A. Structural properties

Physics Reports,

of spatially embedded networks [ J]. FEurophysics Letters,
2008, 82(4) : 48005.

EXPERT P, EVANS T S, BLONDEL V D, et al. Uncovering
space-independent communities in spatial networks [ J ].
Proceedings of the National Academy of Sciences of the United
States of America, 2011, 108(19) : 7663 —7668.
SERRANO M A, BOGUNA M, VESPIGNANI A. Extracting
the multiscale backbone of complex weighted networks[ ] ].
Proceedings of the National Academy of Sciences of the United
States of America, 2009, 106(16) ; 6483 —6488.

LOUAIL T, LENORMAND M, CANTU ROS O G, et al.
From mobile phone data to the spatial structure of cities[ J].
Scientific Reports, 2014, 4. 5276.
CABRERA-ARNAU C, ZHONG C, BATTY M, et al
Inferring urban polycentricity from the variability in human
mobility patterns[ J]. Scientific Reports, 2023, 13, 5751.
SIMINI F, BARLACCHI G, LUCA M, et al. A deep gravity
model  for [ J]. Nature

Communications, 2021, 12, 6576.
BULDYREV S V, PARSHANI R,

mobility  flows  generation
PAUL G, et al.

cascade of failures in interdependent

networks[ J]. Nature, 2010, 464 (7291) : 1025 -1028.
BOCCALETTI S, BIANCONI G, CRIADO R, et al. The

Catastrophic

structure and dynamics of multilayer networks[ J].

Reports, 2014, 544(1) . 1 -122.

Physics



- 288 -

(FE TR SR S AN S

548 &

[71]

[72]

[73]

[74]

[75]

[76]

[78]

[80]

[81]

[82]

[83]

[85]

DE DOMENICO M, SOLE-RIBALTA A, GOMEZ S, et al.
Navigability of interconnected networks under random
failures[ J]. Proceedings of the National Academy of Sciences
of the United States of America, 2014, 111(23). 8351 -
8356.

GALLOTTI R, BARTHELEMY M. The multilayer temporal
network of public transport in Great Britain [ J]. Scientific
Data, 2015, 2. 140056.

HOMEM DE ALMEIDA RODRIGUEZ CORREIAR G.
Increasing transport sustainability through the integration
between power grids and electric mobility systems [ J]. npj
Sustainable Mobility and Transport, 2025, 2. 17.

ONNELA J P, SARAMAKI J, HYVONEN J, et al. Structure
and tie strengths in mobile communication networks [ J].
Proceedings of the National Academy of Sciences of the United
States of America, 2007, 104(18) : 7332 —7336.

SUN L J, AXHAUSEN K W, LEE D H, et al. Understanding
metropolitan patterns of daily encounters[ J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2013, 110(34) . 13774 —13779.

ST-ONGE G, TACOPINI I, LATORA V, et al. Influential
groups for seeding and sustaining nonlinear contagion in
heterogeneous hypergraphs [ J ]. Communications Physics,
2022, 5 25.

ROSVALL M, ESQUIVEL A V, LANCICHINETTI A, et al.
Memory in network flows and its effects on spreading dynamics
and community detection[ J]. Nature Communications, 2014,
5:4630.

BENSON A R, ABEBE R, SCHAUB M T, et al. Simplicial
closure and higher-order link prediction[ J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2018, 115(48) : E11221 - E11230.

HEA, XA, Rikde, . B R R ARk N K
JEEE[)]. hEPBlEEE4S, 2025, 39(5) : 817 —828.
ZHENG H J, LIU S, ZHOU Y L, et al. Modelling methods,
applications and perspectives on higher-order relationships[ J ].
Bulletin of National Natural Science Foundation of China,
2025, 39(5) : 817 —828. (in Chinese)

BATTISTON F, AMICO E, BARRAT A, et al. The physics
of higher-order interactions in complex systems [ J]. Nature
Physics, 2021, 17(10) : 1093 —1098.

PAN R K, SARAMAKI J. Path lengths, correlations, and
centrality in temporal networks [ J]. Physical Review E,
2011, 84. 016105.

HOLME P, SARAMAKI J. Temporal networks[J].
Reports, 2012, 519(3) : 97 - 125.

SEKARA V, STOPCZYNSKI A, LEHMANN S. Fundamental

Physics

structures of dynamic social networks[ J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2016, 113(36) : 9977 —9982.

STEELE J E, SUNDS@Y P R, PEZZULO C, et al. Mapping
poverty using mobile phone and satellite data[ J]. Journal of
the Royal Society Interface, 2017, 14(127) ; 20160690.
BENERE, SRSY. A R K Sl Y UL 3 SR G A R
SRR DFTE [T, a4 i 2T 78 2 B 2 R,
2024(2) . 101 —109.

LIAO P P, SHI X D. Research on the long-term social

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

computing-driven mechanism of consolidation and expansion of
poverty alleviation achievements [ J ]. Journal of Fujian
Institute of Financial Administrators, 2024 (2): 101 - 109.
(in Chinese)

EAGLE N, MACY M, CLAXTON R. Network diversity and
economic development [ J]. Science, 2010, 328 (5981 ) :
1029 -1031.

ZHAO P J, YU Z. Rural poverty and mobility in China; a
national-level survey [ J]. Journal of Transport Geography,
2021, 93: 103083.

LI F, WYCZALKOWSKI C K. How buses alleviate
unemployment and poverty: lessons from a natural experiment
in Clayton County, GA[J]. Urban Studies, 2023, 60(13) .
2632 —2650.
CHRISTOPHER S C. Estimating poverty maps from
aggregated mobile communication networks [ D ]. London:
University College London, 2021.

BLUMENSTOCK J, CADAMURO G, ON R. Predicting
poverty and wealth from mobile phone metadata[ J]. Science,
2015, 350(6264) ; 1073 - 1076.

STEELE J E, PEZZULO C, ALBERT M, et al. Mobility and
phone call behavior explain patterns in poverty at high-
resolution across multiple settings[ J]. Humanities and Social
Sciences Communications, 2021, 8. 288.

AIKEN E L, BEDOYA G, BLUMENSTOCK J E, et al.
Program targeting with machine learning and mobile phone
data: evidence from an anti-poverty intervention in
Afghanistan[ J]. Journal of Development Economics, 2023,
161 103016.

AIKEN E, BELLUE S, KARLAN D, et al. Machine learning
and phone data can improve targeting of humanitarian aid[ J].
Nature, 2022, 603 (7903 ) ; 864 - 870.

POKHRIYAL N, JACQUES D C. Combining disparate data
sources for improved poverty prediction and mapping [ J].
Proceedings of the National Academy of Sciences of the United
States of America, 2017, 114(46) ; E9783 — E9792.
NJUGUNA C, MCSHARRY P. Constructing spatiotemporal
poverty indices from big data [ J].
Research, 2017, 70, 318 -327.

CHI G H, FANG H, CHATTERJEE S, et al. Microestimates

Journal of Business

of wealth for all low- and middle-income countries [ J ].
Proceedings of the National Academy of Sciences of the United
States of America, 2022, 119(3) : €2113658119.
BARRIGA-CABANILLAS O, BLUMENSTOCK ] E,
LYBBERT T J, et al. Probing the limits of mobile phone
metadata for poverty prediction and impact evaluation [ J].
Journal of Development Economics, 2025, 174, 103462.
L, Y. REERR AT R RILT]. AR
FER, 2016, 45(4) ¢ 625 —633.
GAO J, ZHOU T. Big data reveal the status of economic
development[ J]. Journal of University of Electronic Science
and Technology of China, 2016, 45(4): 625 - 633. (in
Chinese)
GAO Q L, ZHONG C, YUE Y, et al. Income estimation
based on human mobility patterns and machine learning
models[ J]. Applied Geography, 2024, 163 103179.
LLORENTE A, GARCIA-HERRANZ M, CEBRIAN M, et



3 ]

A 5 A B KB e AL 2 h B P A RIF 5 5 I £ 289 -

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

al. Social media fingerprints of unemployment [ J]. PLoS
One, 2015, 10(5) : €0128692.

HRISTOVA D, WILLIAMS M J, MUSOLESI M, et al.
Measuring urban social diversity using interconnected geo-
social networks [ C]//Proceedings of the 25th International
Conference on World Wide Web, 2016 21 -30.
HOLZBAUER B O, SZYMANSKI B K, NGUYEN T, et al.
Social ties as predictors of economic development [ C]//
Proceedings of International Conference and School on
Network Science, 2016.

XIE K Q, XIONG H, LI C Y. The correlation between
human mobility and socio-demographic in megacity [ C]//
Proceedings of 2016 IEEE International Smart Cities
Conference (ISC2), 2016: 1 -6.

BLUMENSTOCK J E. Estimating economic characteristics
with phone data[ J]. AEA Papers and Proceedings, 2018,
108 72 -76.

BARBOSA H, HAZARIE S, DICKINSON B, et al.
Uncovering the socioeconomic facets of human mobility[ J].
Scientific Reports, 2021, 11 8616.

NILFOROSHAN H, LOOI W, PIERSON E, et al. Human
mobility networks reveal increased segregation in large
cities[ J]. Nature, 2023, 624(7992) . 586 —592.
LIAOY, GILJ, YEH S, et al. Socio-spatial segregation and
human mobility; a review of empirical evidence [ J ].
Computers, Environment and Urban 2025,
117 102250.

RENNINGER A, O'CLERY N, ARCAUTE E. US cities are

Systems,,

defined by rings and pockets with limited socioeconomic
mixing[ J]. Nature Cities, 2025, 2(12): 1172 - 1182.
LESSANI M N, LI Z L, JING F R, et al. Human mobility
and the infectious disease transmission: a systematic
review[ J]. Geo-spatial Information Science, 2024, 27(6) .
1824 - 1851.

BECKER R, CACERES R, HANSON K, et al. Human
mobility characterization from cellular network data [ J].
Communications of the ACM, 2013, 56(1); 74 —82.

LU X, FENG J W, LAl S J, et al. Human mobility in
epidemic modeling [ J ]. Physics Reports, 2026, 1157:
1 -45.

WESOLOWSKI A, EAGLE N, TATEM A J, et al
Quantifying the impact of human mobility on malaria[ J].
Science, 2012, 338(6104) : 267 —270.

TIZZONI M, BAJARDI P, DECUYPER A, et al. On the
use of human mobility proxies for modeling epidemics[ J ].
PLoS Computational Biology, 2014, 10(7) : el003716.
BENGTSSON L, GAUDART J, LU X, et al. Using mobile
phone data to predict the spatial spread of cholera [ J ].
Scientific Reports, 2015, 5: 8923.

WESOLOWSKI A, QURESHI T, BONI M F, et al. Impact
of human mobility on the emergence of dengue epidemics in
Pakistan [ J ].
Sciences of the United States of America, 2015, 112(38)
11887 —11892.

FINGER F, GENOLET T, MARI L, et al. Mobile phone

Proceedings of the National Academy of

data highlights the role of mass gatherings in the spreading of

cholera outbreaks[ J]. Proceedings of the National Academy

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

of Sciences of the United States of America, 2016,
113(23): 6421 -6426.

PEROFSKY A C, HANSEN C L, BURSTEIN R, et al.
Impacts of human mobility on the citywide transmission
dynamics of 18 respiratory viruses in pre- and post-COVID-
19 pandemic years[ J]. Nature Communications, 2024, 15
4164.

ZHU K X, CHENG Z F, WANG J H. Measuring Chinese
mobility behaviour during COVID-19 using geotagged social
media data [ J ].
Communications, 2024, 11 540.

LU X, FENG J W, TAN S Y. Perspectives on modelling

Humanities and Social Sciences

epidemics with human mobility [ J]. Europhysics Letters,
2025, 149(4) : 41002.

ZHANG ] J, LITVINOVA M, LIANG Y X, et al. Changes
in contact patterns shape the dynamics of the COVID-19
outhreak in China [ J]. Science, 2020, 368 ( 6498 ):
1481 - 1486.

CHANG S, PIERSON E, KOH P W, et al. Mobility
network models of COVID-19 explain inequities and inform
reopening[ J]. Nature, 2021, 589(7840) . 82 -87.
ROMANESCU R G. A graph-theoretic framework for
integrating mobility data into mathematical
models[ J]. Infectious Disease Modelling, 2025, 10 (2) .
716 -730.

ROMANESCU R G, HU S D, NANTON D, et al. The

epidemic

effective reproductive number; modeling and prediction with
application to the multi-wave Covid-19 pandemic [ ] ].
Epidemics, 2023, 44 . 100708.

CHINAZZI M, DAVIS J T, AJELLI M, et al. The effect of
travel restrictions on the spread of the 2019 novel coronavirus
(COVID-19) outbreak[ J]. Science, 2020, 368 (6489 ) :
395 -400.

ALETA A, MARTIN-CORRAL D, PASTORE Y PIONTTI
A, et al. Modelling the impact of testing, contact tracing and
household quarantine on second waves of COVID-19 [ J].
Nature Human Behaviour, 2020, 4(9): 964 -971.
CHENG Y G, HE S B, SHAO C Q, et al. Sustainable
COVID-19 policy responses with urban mobility network
epidemic models[ J].
Social Systems, 2024, 11(6) ; 7086 —7102.

ZHANG J J, TAN S 'Y, PENG C, et al. Heterogeneous
changes in mobility in response to the SARS-CoV-2 Omicron
BA. 2 outbreak in Shanghail]J].
Academy of Sciences of the United States of America, 2023,
120(42) : €2306710120.

SANTIAGO-IGLESIAS E, ROMANILLOS G, SUN W Z, et

IEEE Transactions on Computational

Proceedings of the National

al. Light in the darkness: urban nightlife, analyzing the
impact and recovery of COVID-19 using mobile phone
data[ J]. Cities, 2024, 153 105276.

FUR. AR AR N RO s A o ) B ) ]
T EHE LA 43R, 2018, 14(9) @ 56 -61.

LYU X. Application and prospects of big data technology in
the field of emergency rescue[ J]. Communications of CCF,
2018, 14(9) : 56 —61. (in Chinese)
LU X, BENGTSSON L, HOLME P. Predictability of
population displacement after the 2010 Haiti earthquake[]].



- 290 -

(FE TR SR S AN S

548 &

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

Proceedings of the National Academy of Sciences of the
United States of America, 2012, 109(29) . 11576 — 11581.
WILSON R, ZU ERBACH-SCHOENBERG E, ALBERT M,
et al. Rapid and near real-time assessments of population
displacement using mobile phone data following disasters:
the 2015 Nepal earthquake[ J]. PLoS Currents, 2016.
JIAJS, LI Y W, LU X, et al. Triadic embeddedness
structure in family networks predicts mobile communication
response to a sudden natural disaster [ J ]. Nature
Communications, 2021, 12 4286.

DOBRA A, WILLIAMS N E, EAGLE N. Spatiotemporal
detection of unusual human population behavior using mobile
phone data[ J]. PLoS One, 2015, 10(3) : e0120449.
TANG J Q, ZHAO P J, GONG Z Y, et al. Resilience
patterns of human mobility in response to extreme urban
floods [ J ]. 10 (8):
nwad097.

HUANG F J, TANG J Q, ZHAO P ], et al. Human mobility

National Science Review, 2023,

under disasters; a systematic review and framework for
equitable and resilient mobility governance[J]. npj Natural
Hazards, 2025, 2. 99.

LU X, WRATHALL D J, SUNDS@Y P R, et al. Detecting
climate adaptation with mobile network data in Bangladesh
anomalies in communication, mobility and consumption
patterns during cyclone Mahasen [ J]. Climatic Change,
2016, 138 505 -519.

YAO Q, LYNCH V D, LIU M L, et al. Adaptive mobility
responses during hurricanes helene and Milton in 2024 J ].
Environmental Research Letters, 2025, 20(11) ; 114012.
KRYVASHEYEU Y, CHEN H H, MORO E, et al.

Performance of social network sensors during hurricane

sandy[ J]. PLoS One, 2015, 10(2): e0117288.

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

MANDAL D, ZOU L, ABEDIN J, et al. Algorithmic
uncertainties in geolocating social media data for disaster
management [ J ]. Cartography and Geographic Information
Science, 2024, 51(4) : 565 - 582.

ZHOU S L, WU M L, YE X Y, et al. Advancing smart
disaster response by leveraging social sensing and mobile
technology[ J]. Geo-spatial Information Science, 2025; 1 —
19.

PAPPALARDO L, MANLEY E, SEKARA V, et al. Future
directions in human mobility science [ J ]. Nature
Computational Science, 2023, 3(7) . 588 —600.
BLUMENSTOCK J, EAGLE N. Mobile divides: gender,
mobile

socioeconomic  status,  and

Rwanda[ C]// Proceedings of the 4th

phone use in
ACM/IEEE
International Conference on Information and Communication
Technologies and Development, 2010 1 -10.

LEO Y, FLEURY E, ALVAREZ-HAMELIN ] I, et al.
Socioeconomic correlations and  stratification in social-
communication networks [ J ]. Journal of the Royal Society
Interface, 2016, 13(125) : 20160598.

SALGANIK M J. Bit by bit: social research in the digital
age[ M]. Princeton; Princeton University Press, 2017.
PESTRE G, LETOUZE E, ZAGHENI E. The ABCDE of big
data: assessing biases in call-detail records for development
estimates[ J ]. The World Bank Economic Review, 2020,
34 (Suppl 1) : S89 - S97.

GERBER N, GERBER P, VOLKAMER M. Explaining the
privacy paradox: a systematic review of literature
investigating privacy attitude and behavior[ J]. Computers &
Security, 2018, 77 226 -261.

LU X, QIN W J. Informatics in the era of AI[]J]. The

Innovation Informatics, 2025, 1(1): 100002.



