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B Z TR SR PR R R B PR ER | SRR AT B BT, TR U IR (ST
ARAE M PRIRA) PR b R AR AR . R SUR L N [ R RE T R TSR L A TN A T A 3R
ISP PRIRIG , SCEEREEATAL . ATHT L WA AT ACELA AU BRPR AR o Bl i BRSBTS F £ N U i
ARG T YRR DE R, IR MR R RAE | SCHE R U BRI A AR R AR . SR AR
JTT 12 A0 A B 55 AR SRR SR AT 140k . AR, Gl R R AR RO R A i s B ) R 2
SN AT RS A, AR—ASCIEE . Rl KRB 5 TR~ > i B i A A B 32 30563 o R,
AR YA T AT IR I S SRR R R B, A Ak B S A R ) S g A 7 Tk X AT I 8 vl S T B IR,
BB WA 2 B A\ B S A BORBE TARE P (5405 SR SUS A A AU S, ARSI I T s L B R
AT W EEIFUEAT T Or RSB i B SRR O A A 65 B A T I A R AL A DO RE T I,
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15 =

BB AR B FIfE B R AR B R, IRZ
Hi BR 3 45 H BEAE R Y A S E, AN R R T
HAR A SCES (], Bk & X =S (f
SR PEZS (] . AN SCHE S as VRS B 2s ) LG
o8 (AR 45, 20225 [E]E4E 4, 2022). 4%
H A RE RN SCE R AT LIAEAE 825 | o
ik, JPReSE ARG R EF RS AAM A
AEFEAEMEEN. FEREET, FRAM T
FH IR T IR R R . JuH R JE 0 2 2R
Be . B ARl L Jn T E AR HLS ORAE R AR A R

rfm HEA: 2023-01-11; FENAS: 2023-04-25

R L S s AR s () v SRk M B R BE | Z) im
AL | D B ), B A AT A AL
il 7% F Bt fSC B ik 72 (Batty, 2018; MRIE %5,
2020; HiEY A, 2022). L EEM R, B
ZEAz A5 ], AR SR I AN AR X B S B 4 AT Ak
Tk, BHREHBEECIKCR . TEMNLH . ik
A LEG, SCIFRI R A ST R S A
(B E4E, 20115 Lin 5%, 2022; M@ 55, 2022),
iy BTSSRy SR fire B PR RO AR bt B PR B |
PR T E BRI, P A EEEA
FEREEH . B AR R 2 G B R R A
Sy HTRE ST BB BEAS N 4 T Y % 1k S0 Hh

BEETH.: FERARBEES (45 :41930648,42171406,42071363,42071361 ) ; [F 58 S 0F & 1% (45 : 2021 YFB3900901 )
E—EEB N ARSI FTE T 1 MBS S R B AEE P2 FE A2 . E-mail : yuesongshan@njnu.edu.cn
WISEE T : BRE W55 10 g I B AR S 4L R b P4 5% . E-mail: chenmin0902@163.com



SR A5 THT T RO PR B g 0 1 3t L BT A A 7 P D 125 0 Je 1263

e, MMM, aTH . AT4dr . arsg
H BRI BB (Batty, 1997; Lin %,
2013; Voinov %5, 2018; Rink %%, 2020).

by 353 B AR AR A R — AN TN R 2 R R
SRS, PT LA ER A OB OE L . vk TH
FEHEE CRKE %, 2018), MILTRAAMER, £
BRIEE AR fE 2B R | Z il FEal & 3Ll b4
T Xk 7 SO0 st B AL ) B A L TGS R BRI P (A
RUBE R, 0 2 5 S0k 0] (R B AR BN, e AR b SR
WA AT RIS 2R A A iRE.
R R ILRE Y PATIRAT . BT, i AR AL
TR e 2 A RS > i b T 0 B A R0 4 T 5% Y
BLIRAE o B 32 B Ay R AR R 1 1 [ B AR 4
RGBTSR, Ja#H FE R T A2 0 B0k
BT SEAT AR Al ks o TAT 1) L e R [ A ) 5K
7 il 2CAE BLRE U8 5 50 75 SE T V5 K BIASE A i A 0 A
FOARFRAE, DT PR E 4 A5 H o Ty 32 32 A5
RIASRFRIE RS AR, R B RV L 2 B
B A BIMEL R T BAEITIE S A
U4 i LABR HEAL B 41 Ry Sty 2L 22 R 56
IR R G, H A SR e H
T AT SR EL A B AR, R oAb ki A7 B G
EE . BRAH. B EEZHENH Y,
FAL L, Y ETA R A B SRR A 2 S R
KW Z AR, A& B TR R, 5 # X
JRIBR T e E

FEAE BBk RN BB 22 U, AR T I S48
W55 RGNS, BEE = TH5 L T e iR 55 42
P R S BE IR R B B, LU SRk T
NI 55 A T BRI ) 28 8 AR B R &R AT
Z R K E AT (Wang %5, 20195 Coon Al
Shuai, 2022). 5B FAACARLE, K 3EAR 7Y
FRAE BE . SRR R R IR A AR
o, FEAR A NP R R, AR AN
AL BRI B T A, A E A s ) =X RS e
A BT 22 (B A A7, 4 T 3 A 5T 5 40
TAER ARG RE . SR, BUA B8 BIF AR
T 2 b B AR A B T B R oR, AT 5515 B
RGHEE AR, M ERR R (1 8 RN HLA e
FePE FLEAPE . VRN X 500 B T B dh 42 5 3
ik, N[ PR AL ()4 5 5 R O A B SR AL
SEAPERRAE, XE LE I [ 00 B 25 4 AN D) e 4
FR e 2 AP A A, I P 80CE T ELA

A T 58 AR TR JI ST ] U5 3 g B 4 A
Mo O B A B R AR i, R EAEEER |
e AEHIRRSEITHITRZ)ZN . ZRE ., ZR
BRI,k R LT P AR U A KL AN K Bl
AL K my i B> Ay R A 7 R B T Y
Kt

SR T T DL AT VB3 P9 A% B4 0
PREREG, ASCESS . VA0 1 B B LR A R A
AR BSE P AH S 1 5 161 58 3t B 73 B A58 284 ) e
A HBEF R, $e il TR “ i sl B Ay 4%
o BAAE  E AR R AR TERIR R, B
T TR sty SRR S
TIN5 0 =B AT A LA AR B 2 2, fie
Il 33 B A5 A AR B T B 81 36 23 IR 55 110 il
BRI, e Tt H AR X T R AU st B B
TR RRE -

2 MRS AR Y A SN FH R JRE A

2.1 RS HTARR AR EHE

PR OE R I R SR HAR 5 A
SCERMMAE R, RGN A RTEM A
2w LRAERHENMEEN, BT BEAEIK
PEFNS AR RPAE I 8 — 1A (B ROE , 2015; REK
T4, 2018; BEAS, 2018). HuFRAMHAREL R LR
VR FRA A R AL L, X RSP A R L
FEFIAIL T 45 AT 2 2 20 I B 45 58 o A P T Rl AR
T M B B AL SY b B 0 A R R B :
XS Tl A A S SRR A, A AR B
PR P A TG & AT T T o [R)INF, 7 2 0 B A
R AN, R b, AR S AR Kl
BARASE G, PIE AR L . 52 SUHO/E . Bl 45 3
PRCHIEL AR . B R 5 WL RE 7 Y 4 5
iy 373 A A 2R A L AN DB ) RS AR A AN AR e i Ty
li) & J

o 373 A B RLAIE 5T AT 5 2R Ll PE AR AE
H it IR AR B 4 T AR AR 5 0 5 5 % A0 G
(I N T e P U R AV S SN [
AT, BFE T SWAT. SWMM., S8 22 VTR |
FVCOM 4% (Huber Fl Dickinson, 1988; Zhao,
1992; Chen %, 2003; Douglas—Mankin & 2010;
Trotter 4, 2022), MR FI 2RI . iy X4k |
MR SE T BT (R %, 20135 f1
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2% 48 20195 ZRBT2% 45, 2019; RIRW 45,
2022) 5 KA Y 2 XS AR AR A TEA 5 T
W, FETRERLSFE . o) S 1E A LA ) 3k 27
H#, @y THEZ2AERGEH (Bao 5%, 2013; Li
4, 20135 MOAZE A, 2019; XIFEZE 5, 2023),
IR X 2 ST AR GRS BTN, AT
WRF, CMAQ, MEGANZ#AY  (Binkowski Fl1 Roselle,
2003; Guenther ZF , 2006; Davis & , 2008;
Johansson %%, 2022); 7EHuIEHbE40IE,, 85T
Wk RS sh N4, ST ARIITED . B
7k # # T CHILD, MRSAA, SNAC % 51 7l
(Tucker 5%, 2001; Choi %%, 2008; Zhang 55,
2015), HUEXT HHER M P TPk . WiE G S
IR PEAT AL M (Collins %, 2004; Tucker £l
Hancock, 2010; ZRE IR 5, 2020); A A2=00H
EEXFARAR . R W0, BHL . REEESRS
FFIE T i 2 ¢ T o A E W) IR A MBS 5, 44
7 LPJ. IBIS. Biome-BGC. AVIM %4 ¥y My Bk
AL AR AN B S 2 ERAE#EBL R (Running A1 Hunt,
1993; Foley & 1996; Sitch Z5, 2003; Tong &
2022), JEMFEEO A . W REE . BEECRE
7 TN A DG B AR A 5Y (Griffith £ Peres—Neto,
2006; Rashidi 2%, 2015; B #i %%, 2018), 4k,
] NJIE Sh L, JEFooi A s, ks,
s s L D137 I 2 4 23 B 7 1 R Tk T2
KyE (P 4E, 20165 T4 45, 2016; 5KITH
&, 2017), FEXPECHYE . N ABHEL . BN
i ARIRTI . At AR bRt PR SR (R
H 4 2007; T#E %, 2017; Roth %5, 2016;
FRAME SF, 2018; MIAK 4, 2019).

RE T ENE IR | SSUERE R S
e S = W< LB L3 T PRI UNE L iy e o
AT LLAY R W Fp . JE T Bl 7 S ML ) a e AR R
TGS AY 0 B 88 (Korzukhin 25, 19965 K
K&, 2016). AL FEBIA 32208 DR 2R AE
k23 v 8 A R AR T SRR SE AR I B L b
AR &, A 256 8 SCUE S BN T B A
WEREFhERLHSSRE; mANnESRS
BRI F &ML . PER . . JRYE . AN
A PRI (Falkowski Z¢, 2000), 3% 18 M
PRI AR R A ARG . ST A
R FRREAL (J5 3, 2017) 0 Seit o pip
AR BRI O A, EE N G TE T Hb B

R ECR . HEMRAH G C R A 2|, HAH
P S ey Jy s AL, R L AR N A B
SyRTAbELZ vy ORI AN ST GWR AR A | IS
RARBIR DBSCAN i HLER I #4515 Y GeoDetector
£ (Brunsdon %%, 1998; Birant I Kut, 2007;
Wang 2%, 2017). L4, Bl b REHE FIA
TABENIF DGR, DL i BE N R A2
FAOE AR S T 32 56T, HZ R TR 44 |
TSR, TR ] RORIAE | RS SR SR IR Ty
B, RRWHE ARG ERBEMHECR (X5
8, 20145 ZEIERMEELT, 20145 REE SF,
2015).

SR, A BB 5 — 2
S U )RR S RN, R A M P A ) S
Pt A 73 22 9 3 B T AN P BE A P I 1Y
IR W G BEORBHE S, IR W
TR, AR T B8 ) B g R . i hh, KOk
%) IR S5 THE B R0 200 A8 A R o Rt S B T AR AR
HT I8 0 R 3 P R DA S 5 AR SR, ARG
B T BT K g s o e %, o Ut B 3t 24 o3 A
BAMIFFEAE WA 5 1 4 S PP ARG R D7 1) & e

2.2 FEHUMIEING A 3 IR 53 A AR EY B A

JIE U0 4t 3 P 35 [ 8 An i A5 TR ML P A g
R B IR ST , Wad AMLAS H . 2405 . By
B ShASERL. B R S5 5 T PR FIR R
J7 SIS A 4 3 R e BT L IR ZE A S
Y orHr (FEEME %, 2010; TRINST %, 2018; Li
As . 2018; ARFEE 4, 2020) . A E WS LS
T, AU AR A s AT A R A
S SERRINSL | TR A S AR R R R AL A N 1) 5K
FRINET . (HAB T E L AT, R 0l B
PRBE A PR IR B 0 T Al ARk G A R A
AT B 8 35 F 11 R Y of i vt ok 2 L 20 i B AE
WO Rk (AR 4, 20215 BEASE 45, 20215
Tan 55, 2022). UG, 7 b P 22 b 2 AR 7Y
PER L TS, BERE AR T R ) R
FEIREE , AH G AR S RN 2 S5 Yt il (R
34, 2009) . ANBETE S S ek (FRAEAE S
2018) . FRMAMAAERK (Tang %, 2019) . HHEK
FOCRZE %, 2020) . IR PEAE (Yo %,
2021) . =#EHETH K] (Chassin®:, 2022) %5, #
PR & IS TECE v NG | A R 10 £ V8
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BEIREE A0 4L, Sl 2 4 sh ST AL 5P
IR . M R UK AR AT R R

555 Ul b B R B B S L R B AR
(Digital Twin), 35 #BICHE T Wfapfs S0 S A i 47
oAbk, IR BB E TR H bR, k2
AR T2, HME T e s A
R— N CERMA R B2 NG T Tk
B, s BB, B R R B B
AT BE AR B AR MR T
Uz W (ZEXUAL AF, 20225 AU AL
2022; HTK 4, 2023) . ATH T RIS B IRLS
B Am AR LG T dhas e L EZpg L T
AR, BN T PSR S R B R LG
KEMAZH (B K45, 2017; LiZs, 2022), M
BEW . BEOKA . USRS Y S S
PRk, W2 FRENERMLEC SR,
JU R DB 25 A 3T RN A A i e ) i
WAL (R4 4, 20205 1RisE 5, 2022). F
FH = 2 SR I o SRR L Rl 56 L
M. EEE R ERA, BMFERAEGRES
VB A 7 | B i i O], 20225
AT AFE, 2023; EWAE, 2023). SR, —4
5 B2 (0] 58 4 2R A (R 507 25 (BT JC v fff e N2
A R R E R R AR R
FIE A% LA Ao 2 DT F0000 A ok | 3L A bt 2450 2 DT
WML L YR . AR N ST SR U NI 48 = T F
SR BRI, XF BT BB S5 AN TR
(AR IEFH B ChatGPT) S ANSEHE, HFEZE
WL CTHEIRT RS IHAESR, BERERAER
AR R P R AR DI EUK
FEEGE Ay AL A e) g 45 Tl K SCOK Bl K AR AR A
5 PR SRR | SR W B R TR, 1R T
T . TUE . T . BERAEET), AU Y ETHE
FIGEL CRER I 55, 20225 #f& 5T 4, 2023),

P — A~ L& 43 B RS AEL BE ) 114 2 $U0 b 2E 340
BT AR s ), LT AR NS Rk AR AL B Y b
PRI PRI 75 2 DU o i AN e TR
Bilt () b PR A TR 1) R 00 b 3 B R AR A
2% [B] o S PR ) PR S S, B A AR AR R AT L
EATHE AL AT (Cansk 7 Bidi . <5
HEERIR) (Tan 25, 2021), HBFRGERR [ RE AT
DAAR 8 PN T8 1) b BB Ol FH P B AAE A BT 25 5 (Cn
B2 /2 BERCHE . R MEW GRA) (3E4H

G, 2021) . HOEE T FRAT R B G0 AR R I o AR
A0 b R BB AR A s ) R Y R R X
WE T, BRGS0 A8 R 32 4
BrAR G R . M B A AT (A 45 2o A A 7R
Geit A ) A Bt X U R BT A A, A
558 Z A 9 SRR 98 ROBE R AIE o i 400 b 3 3R 5/
B AR s A sk A 2 F R e . 2k 551
G, SRShES R | Z4ERE A b ELER BT

SVASK T, HiE A T A TR R AR UL b P A 5T 2
BA S AL A0 5y, 5 SO PR AL
FARZEAEBEVNKR, —Jm, B2k
T o ) LS R 1 B A R A S AR A S
TN, Sy 353 A A 78 i AR o RS2 B 9 508 S o
Ty — 7T, FE R A PR BT Y A AR s (R
Hb O3 B S ET DO b g e - SR L K S
I T A R AU A A RV EA T RS, A
717 52 7 7RI L S el B 55 v g4 4% Ao A A A i Ak
AR, BRI, Y AT RE UM B RSB AR A T B R
AR, XTI TR AL 5] AA SRR
PRI T2, RE LUE Bl — 2 Ml ER 43 A7 B A6 24 3
FHF AR R Y- 7 o

2.3 HIESRBNERTIE

RT3 B 3 BE A 5T B 4 R Ok £ 24 B g
X, ZEHISH5NEGEA MR, B4 g
) b WA TR ARG A0 10 R R R B, R e b
R 56 1 T R A AT ) 58 A (A,
2018; REFH 4, 2020). “EW” WIS
iy 2 AW ST A AZ B e, RS E R
XFFCN TR R e AR g — , H AT A2 4k
AR A TE—R I =B R, A A LY
AR (4 5, 2018; XSG %, 2019). M
B T R R (14 A B Y i b B A A AT A0 I R AR
Z—, MMBFHZEZE | i Fss(a] . MR FLE . 43 (A
REE . WEXCR ., BRMiEE2AN 2 TR T4
BUBBLAREGE TAE CREKE 55, 2018). FHxARE
S BA, 1828 3 SRR A oG,
A, ag . RS A A Jr g ar s T
YEF AL, (1) BT GIS AR I 4E i, I GIS
A2 | B AT AL Rk ik, AR
PRI AT DI REAERL, JF45 G GIS % [ 4 Hr ik
HHESEH T H 7 EIFHEZR (Sui fl Maggio,
1999; HZME, 2009; PRIIER 5%, 2015; Habtu #l
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Jayappa, 2022); (2) KBRS,
TEWF AN [R) R A AR i el |, ARG
KB, b, RRLAE THR
4, BT ESE . MG BRI E
FEZMI AR, JEF R TN AR (AR
74 2004; X =, 20105 KE &, 2018;
Mishra 28, 2022).

b B4 AT AR TR A S R 5T 3 S B A B 5T
DX 38R, FH 75 K BB G, VAR B H A5 5 1) 1
Fg, EEAMMIEROBRE ST (1) m
Tia) LA ] R ) R RS, (2) T o) S ) A R A
FIHE BHESR . 555 1 AL 20 A5 Rl A T4 3 DL
R RIS X B s, B X R AR 4,
Z A M PSSR E AT 21 A I 1 I8 R 0 S A A a2
BT 65 an, S RS (a1 9 JR A 7R R 1 2 in AX
] AR Y, 5% 3k T AR 5 ¢ A A 1) 43 S AT 43 A
(IMEFIZTAE, 2015) 5 FEH Dyna—CLUE B4
RUFTSD LAY, Xof Ly DX B B A S5 A TR AL 52
(™4 4, 2016) 5 1 ) I 3845 B9 GIBST AR 407
HRE LIRS (Rousseau 2, 2000; #X EZ1#
5, 2013), SEMEA K SO R A A 3 4k
BN HOME (R EIAR 55, 2014) 45, AH
P56 1 A il A SR O K, 56 2 Pk 4 ki
BHE S8 9 BfF 5% 32 02 AR R ATl o A e 1)y =0
AR A A R A AR A ) TR, AR B — i
IR EEZAR M C S AL, BT, OpenMI,
BMI, OMS, SME, ESMFZ%§ (Hill%, 2004; Moore
1 Tindall, 2005; David &, 2013; Peckham %%,
20135 Yu 55, 2022). 7EAEBCEBHES h R 2 E
SCEHBA T R 1, (A S Y b AR TR R A 25
R, R EAREAE LA AT Y CARiELET, SRR
By A Y H HEORE B 2 1 0F 47 4 K (Shrestha &% ,
2013; Qi%, 2018; Hughes%, 2022).

T 0 o R X P 55 78 A I AT 9 0 o 0 A %]
BRI AE 7 v, B fey 7 1 R ok &2
PRI R . 1o, B e i iy U=
B F ¥, WHEET NetCDF ., Shapefile, GeoTIFF L)
T A% Tl il ) B0 A 3Ok 3K Bl A5 TR 31 AR 25 L 1Y)
HeFI5Z 4 (Roberts %5, 20105 ™5, 2012), H
W, FET G A 7 3 3 R AR R Py ) fig
HERFASZ R TS, BN R
SEHL LA SRR, W GCAM 5570 5 i A0 A 4
4 1975 20K Hector . MAGICC 254 Sy 1 B 45 ik 3] —

i (Kim %, 2006), SEIMS RIS T IHAT31H5 1
HE Z % B8N A7 28 5By 7 X SWAT, LISEM,
DHSVM . CASC2D R 47 T % (Zhu 55,
2019). 38k, BEE MRS BRI, HeT Ik
95 H 1A BB St S R0 A R 1y — R D) SE T AT Y
ik, LHEYATAN GeoBrain (Di, 2004), HydroShare
(Tarboton 45 ,2023), GeoModeling(Wen 45 2013),
GeoSquare (Wu %5, 2015), OpenGMS (Chen %,
2019) 4. FER ARG R, X LR 5 208
(g S

SR, I A AR 10 2 AT Y 2 3
FWFIE R EEOE S, 6 B U AL AT DL A Y
E SV BLIN i R TR RS SO
ELAAR [ i A A ) B US| 7 T X B A AR 14 [)
TR IR BE I A R, W5 B 2 AL AT
LRI TE o AR e AR 2 Ja) s i X A 2R T kA
AEFFEATE HIF A RRBERY (A A Y A Jf T A
MELARRSE o i B U BHE SR R BIF ST, FERRIR |
RS FE I A (RS R AT Fie IR A 4, 38 T 4% b
BRI A . (HR, A T RERS I A B AR ik
FHESR v, oy A A0 B 22 o hr e AL i i . —
75 WA R B TAF R, O — 7 A A B
{18 B 7 56 35 L 5 AR AR HE ZR I Y 5 T LA [) A
BHESR 22 [B] o AFFE D BN . FOAR M i 22 531
XIEHL T 73— R B

24 MIEBERRSHEXAE

b B 53 AT AL RLAE Sy BRRL A 55 BRI 4
AR, AT IT S B B e 55 ST Y e e 5 X
SR o DAl AR 0 B AR T B 22 A5 A Hl BT R
RS, HO3RAE B GIS S T 20 5 b 3 51
MRS FRBITEEI RS T HE A it
HARE YA O T B BOR SCHE T, A5 B IR 55 A
XF TS R GEAME A AL By EE P T
it

S ) M BEASER RE A i 5 B S AR I,
2 e TR A i R TR B A R R AR S —
UL M B SR ) S 2 P 5 BT A R s P B R
T B Z AR PERAIE A [5) H JEAR AU X T [6] —
LR AN TIARAE AL 22 50, e 7 3 PHOACATZ 1
HEAT SR GE — J2 Hb IS TR B BT 5 ) 2 R AL
b PR R AU I AR O Tl B R AR S
PLE . LT, JEbE . 2 E S R AETT R R R
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IRTTIE . R A R T % R R B s 5L
PEA R (R (258 45 1994; Goodchild &5,
2007; JEAEUE, 2015). HA T T 4%
KRB RN T, RS AR | R e A A
PR AT | MR AE (ZBAEAE, 1997; B
& %, 2000; Cova Fll Goodchild, 2002; Liu %%,
2008) o X EEHE B IR T VA S HAH R 1 SV
e, E M BSR4 4 RN A E R A T T A
AL A SR S e R . (H = 4 B R
K TF B R B A U RS RS B, MELUTE R
S BB R SR W RSB HEBER . B,
k23 B0 AT (R AF 5 2R T B R GIS A0 N %5
FEA JE %2 25 (] A R [ R AR 25, JF iR R R
A2 HARAZAE AL o BF X b B2 2R AR i 2 RS2
A RIR, M TP H PR IRE Y | LB IR AR |
b 28 57 ARBRY | B2 B2 A R T4F (Langran,
1992; XA~ SCHIXIEG, 2002; #EEF %, 2003;
TR 45, 20055 XRS5, 2009); #F XA
RS R, T T s B
B T G A I A e 2s B AR Y | DAt
TR0 B B 23 B AR | 255 R A B IR AR A
FEBB EATY | RlA B2 o R R — A
Z A as B AR LAY (Reitsma F1 Albrecht, 2005;
FrEA AR, 2005; KK 5%, 2009; Nixon #ll
Hornsby, 2010; Yi%:, 2014; B 45, 2018;
ZNJe MITVEG, 2019) FF . RIS, HEE R
ST IONT T b BN R A i 52 6 38 U VA TE RN W & J R
AL, TEZE R oA 1 Fefily b X B 25 i e
M FEA TR IEL A58 07 b PR AR
YR g R B T AR B B 1 HE S TEH

7 ] PR AR ) 2 U5 S S, AEPAT IR
T YA B A AL B 5 R IR 45 4l A A 3
SR 55 D Re g B AR TR Z RS, AR
TR SO AN R U ST AN W STt [ e S
45 R W Ok R Bl A A M ) kR
(Goodall 2, 2013; PEEfE 25, 2016; 7KHHIL 45,
2018) o =B A X F U HE AR G e M B A R B
b AR BT B ADULIN B8 ) i 4 v, BB A A
TR FE ) R 5 SR T W) R A ) R
T oA X TFAT TR AE 4L S M AR A 1Y T 5 e
T AL T B AL, 38 i MapReduce, Hadoop,

Spark SFF AR FRME 1) 4%, W2 AR (JUHZ
M F REE AL BT A AR (Olasz 5,
2016; Omrani %, 2019; Shangguan%, 2019) .
T8, AN TR RefbLas 7 > 3K sh B2 i 58
AL TE A b PR R A A 0 LB, R FH PyTorch
TensorFlow 55 TR B 77 2] HESR | 2ot 4% 45 i) b, 3 A
A R R FT R PR AL (Song 55, 2016; #:MH#F
A5 2017; TRMEFR %5, 2017; Rasp %5, 2018).

TERBE AN TR B S5 AH G HF SR i HE 3 T
R 22 TR AE SR B ok . B ULIE B T AL
WHE. oa0HE . SRS M RER I
FERPIRAS, b BB AL (Y 52 A ok T T 2 (1 AN i
SEVE . WMATEZFEE T HESR i Bl b B Al
U AE R BE T 25 4% 1Y AR T 58 T DA A HEAH OC i S i
Ja & o LA Docker Sy HLRY (1) 25 85 F R 2438 7F S HL 4L
. SRR A SR G (B AT e A AL Ab B
3 3 TR 5 1 SR SR ik e B IR B A AR A L RS
BAENE, IR A ROR ML H, T AR
UL IT R TR OCHY N FHESE , AL AR T AR Y
IEERBRIL S (Swain %, 2016) . ML R4
(Wu s, 2018) ., 5T B HrAsd A A% MR I~
i (Tufads, 2018) . FEZLAELSBAIY-5 (Zhuang
4, 2019) . AWfE B (B4, 2021)
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Abstract: Geographic analysis models serve as crucial resources for tackling geo-problems, simulating geographic environments, and
supporting decision-making analysis. They play a key role in constructing virtual geographic environments (also known as digital twin
geographic environments). Integrating geographic analysis models with diverse simulation capabilities from various fields enables a
comprehensive representation of real geographical environments. This integration supports the development of visual, usable, analyzable,
and interactive virtual geographic environments.

This study systematically examines the current research progress in the integration methods of geographic analysis models. In general,
integrating physical and social processes and merging big data with deep learning have gained increased attention in recent years. Compared
with using a single model, multimodel integration enhances the understanding of the objective geographical world by integrating multiple
elements and processes. Integrating models within a single domain or across domains ultimately involves basic execution links, such as
combining, nesting, and connecting multiple models in a specific computing environment. In response to this, customized integration and
modular integration are the main approaches to current geographical analysis model integration research. Customized integration offers
tailored solutions for specific models considering cognitive and technical characteristics. However, it is heavily influenced by individual
model characteristics and may become unsustainable during the integration of numerous models, leading to frequent revision activities.
Modular integration relies on standardized components with clear association logic and supports component replacement. However, it faces
strong technical dependencies and constraints, such as those that involve programming language, data structure, and operating environment.
In practice, current model integration research often varies between customization and modularity, with the former lacking sustainability and
the latter being limited by compatibility issues.

In this study, the idea of a “geographic analysis model container” is proposed, and the methods are implemented to address the
problems mentioned. With the assistance of the concept of containerization, the data, programs, and computing resources upon which
geographical models rely are loaded into a “container.” Then, the model is developed in a customized manner within the container, while the
modular model integration work occurs outside the container. Striking a balance between customized and modular approaches is anticipated
to enhance the overall effectiveness of geographic modeling and simulation efforts. Conducting a multilevel, multigranularity, and multiscale
integration across elements, processes, and functional relationships is necessary for addressing specific geographical problems. The
development of “geographic analysis model containers” tailored to express geographical system evolution laws and driving mechanisms has
become crucial.

Accumulating and improving model integration capabilities based on containers is expected to establish an effective bridge between
model construction, transformation, and integration. This advancement can promote geographical models from experimental tools to
essential components of social service infrastructure. Decision-making analysis, solution simulation, and customized planning capabilities
can be provided for various digital twin geographical scenarios (such as digital twin cities, digital twin river basins, and digital twin water
conservancies) by integrating geographical analysis models. This integration drives advancements in digital twins, metaverses, and digital
human technology, spanning visual experiences, operation, and maintenance management. It also incorporates geographical knowledge,
enhances interactive functions, and promotes a comprehensive understanding.

Key words: remote sensing, geographical analysis models, virtual geographic environment, digital twin geographic environment, model
integration, geographical analysis model container
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