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2005; Portugali, 2006), & 7% R 45 I N R A, 5 )
# RE k M % £ (Buchanan, 2000; Barabasi et al,
2003; PREE D, 2008b) , Ja i E IR A A AE— P
J& IX (scaling range). Ik i {3 J¥ — #7341 Zipf
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(185375 DA FEABE , JHL i o AN S A58 SR mT AU 60 A
(LA H A il BRI A SR AR i BN AT
B SEB, AR, (8 ARES NGk A Lepil
R IRTE S e Al R LR TN e 3 ) S8R B
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fifR ke T A SR A AL IR R AR 23
AP IR B2 TR 7 B8 M B T IR
T ZHZJE A IR RS ERA 3
AL AN B ALY T PR S 2R (Philo et al, 1998).
FEEAETE A BEAE AR H0 7 BB R A2 45 50 5
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DL K s (8] 5 30705 W 3 A o BRI oE i e S5 5 7
IR S e AN =M (1 AT M X AW 3 O e S ok
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B =ET . ot AR TR O TR F]
FRAE ROBE , 58 5 R0 ROEAT I S B ORI AR,
1986; Takayasu, 1990; L Fd 11155, 1999), & 1 15
XA A, A7 EE NP A [P 5 1) 28 58 FIAH
AIREAR I o — B MR SR GE, W BT R KU
)3, ISR RO 2341 5 o5 — M2 A R 58, R
TIRAEREZ R 5345, ASCTC R 73 Ao il ik o34
FRIER RGBT, B X R GE Pk BT B AN [R] 1)
B R R R L B SR T B PR AN
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BERAHE o il 2R AHE , R W R . 5
T 24045, DU E AN E KRG
THE , AR SCIRTIH S 1] 81 A2 2 A A A T ) S A
PEETADEL, DLAE M S B AR S AR A 5 2 1 )
vl 2% .

2 WS E

21 BB THEERNT

Hh RIS ] AMEHE by 43 A7 0], A 4625 (8] 43 A
CAI T N 713 B A A ) VAR 43 A J 3 L8 R
GIAT AT AL — LS Ai) o T2 A1 5
4% 25 M) 1) 4F M P (Batty et al, 1994; Chen et al,
2014), BB A 22 ) X EARSRE Tas ) 40 Ai . A
FAFDR T A3 A0 R AR ) L, b PR 2 (Y B Ak
A AT B OGS 1 . SR, BT B A3 )
2 = AN TR SO %) A5 AH A8 4, R G 43 A A A
BRI ST AT AT OV T, e TR R A 0y W 2 4
BRI, TR A )8, 15 e b2 X 43 P2
AT R M A3 A, Fi L T A AN [ 2 i e B R
Bu(FR 1) INHI A RHIE 5 R 5o 0t i) O A
STE TR FRUBE S A U B 2 i PR A A% 0
W&z — (@i, 2009),

SR — b oA B R AR RO D)k £ BR43
TR AT R AR A < B B AT LA A RS2
{8, s AR R oy - BE s 5P A G
FIBE LR SBOEAS A F8E R KL
434 IAFA (Poisson) 4345, Weibull 43455 %5, ¥ & it
o AN —Fh oA G il 2k F B TP R LA,
DU LA A7 B g a7 BACUNIE 252040 JARA SR ) 5 AR X
22 AR WG AR B CAE &S 43 A7) s An sy
B4 R A A, AELRT DR B A R A (B (AnFs £
I3, R B 2% FiS 2, F AR AR
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Tab.1 Comparison between simple distributions and complex distributions
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— P B )RR RO [ E (A0 E S50 A, 30
[i) AP R FIR S 19310 R v (B 88003 A ) . 284011k
Ui, NS S IR EZS S0, A B E R
A FTUAR L5 A s d s T B, #
BB NGO B a8, TN % IR A F
B A, 18 B0 pR ) 38 D8 K B 2 %0 (rate parameter)
A2 H— 1 R 2% (scale parameter) , 1%~
JESHCE NE S B A G i A 28
] LA RUBEE S 8808 A% 104 30 1] A 4 2R 119 #4 34(Chen,
2008), R4 H 0 A BIR A B, A ARRAE RUBE 9 20 AR 7
W R 254 T AR AT LA 3T 1 25 o0 A —— IR A4 A
JIT A RS S A v e o ] B — 0

IR —Fh o0 A A AR RS WA A2 2% 40
FIriE & 4%, I AR R R A ORI, &3 T —Fh 4y
AT BRBE LU TT 38 o S %00 A BAA IR s
— JO R, DA RRAE K B sl A R0 3 ME
O I e R 00 AN ] 5 SCBE R AR R, - 11
B2 M7 (Chen, 2010b). H = Mtk im0,
YRR T, = KR, i kss A
H JCRR e A () B T K 2 43 i (Jiang, 2015).
TR ATE TR A0 . T IRA AN
SR CRRAE R, 5 22/hR e 22 P 5 248 A =
S, AN BRI B 25 A S E SR A5 R, AT
Tok3E Ao {7 SR IR A T AR R O, RS
AT AT R I Z — e I PR | FEAE ARy T )
PRI J bR B s AMOE RO . FTIB e RO, 3t
S RN PE SR B XS FRPE o XTI 2504, KA
FE RN PR B TOARL . M A o B i — >
B JARAE T, A Bl O b B e B0 T IIr A 14 40 A
HEATIEAS IR, NI SO0 R 7341 SR G  fif e Al
ToUI i 25 S o
22 BRRZEERERSR

Bl vt 4 0 SC BEAE T 4R B 2 A Rk RS
V14 A5 o B T, 50 A ) O B U2 T AR R

J& 2 UCHE AT B i I8 (R AT AR, 1986; Takayasu,
1990). FEFRRAFE R FEA -, 5 7 LR P RUBE
FTEOUL A2 28 RUBE GREAEIAK, 2004), SR, Hb 3 R 50
R N SCHLIE RGN ARG, T E IR RG]
TR RG(FR2), TR RGE KRNI E T
WARELE S G o3 E NS GO G i = O B L w3

A B R Gl AT R R G0, X T A R
o ABGER) & FECE Ry B Rt S
ety EERA A N RSk e RE o T
H, XFRRG, —a ] UL B AR E R
DU B R, DT B2 B | it 43 i #5340 0 i
fift o IR TRRIERUBE, iR R TIUIN AR LA 25 oy HL 25
RAFEELPR, IR IR 8 A AL
IER A HRIEX L RS, MR — MRS
BCE MR G ) A IS IR A S 501, 24 AT LA
K FAE GE ) 2 fa o A TA e Tl

R RGN TR ERG, X TICRE 50 i
T HRASBNRRAE RO, Jo 3 A7 200 2 FTE AR, DA T
MELLB BTN . AR — ARG RN TR, LB
TEARBO AT AT B 5 A R . TR
BRAIET R kA SGE T ES i . BAR
LG 0 SRR R A R s i R s AR ] 2
{H — > SR 199 [P) R IG T A D, I Al 2 36 T RRIE R
FE IR . FEXFIIFOLT , I L2
HUER JERJE M4 SRS BE & R EE R (BREE L,
2008b; Batty, 2008). 7 JE Flbw BEAF5E 1 3 SLAE T,
FEF WA FRAE RO A (3 T AR o A5 4t
S — PR OC R I A5 )b 32 B A AR AL
(Mandelbrot, 1983), 434k 5 # b & 48 BUH & A FE
AIE R ) (Chen, 2010b; Chen et al, 2013), X 5~ &
B ARG AT AL T — A8 00 AR B —— R F AT R AR
BRI ZH006 TCREIE RUZE 3 A B4 TR A ]

TR RGN I R G, A T H0 %)
FROERE R B R 8 S8 R RS
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Tab.2 Comparison between simple systems and complex systems
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USRS AT AR RORE A9, P LA B T R TT
JEO T s IR ARG JEE (IR U S B R AR
FUEE (BT DA B JC RUBE B & 31550 1 — b By
FAIE R I e S RO E AR AL

3 B AR e

3.1 HFRENAERY E N

A ] — 2 LIRS B ] — b B SR
ANFE LB RS, IF AR AR BES 45 (5L
W27 FEHAMR, IrE T A TR AR =
AN Y 238, %o G 05 T AE T b B4 i) TE R
JEVE . Casti(1996) 8 2845t T IR =AM FL 0L A
T U800 = S 4 B S B (real world) , 3 %2
Y80 F tH B (mathematical world), DL R AR 7RI 415
S BAL T T H B (computational world), Fi
S BRI T AR UL (DR T A S
S R FR R I, AU A A S AR
Frp SRR AL BRI A 2 B, T A
iR o T =N O s S 1 e IS R R A S/
ST A NI e A TR AR ST Y 7 3 T I S DN
2% JEHR B IX (scaling range) S HXS W, B AATE JE
B BE X AEAE , AL 357 O[], e HE 45 SR AN 43 M 45
WA —FE T o XTI A D B AN
B 254 1) ) B, AR UL D0 B Y s N
AR ) BE 1 £ B, R 0 fidk o AR 0000 2850 SR 2B P A
R RN R], A — A, S5 R & KA AR 2
IR X T B GE , A3 b ) RS R s
oM A A . AT N 9% BE 4 A R
), N1 A Yl 3BT R/ NS — K [a] — T
AR S HAN T 25 3 2 i 22 L IX 2 T AF R
P22 G R T 1 ] AR Hb sk 5T (] B (modifiable
areal unit problem, MAUP) (Openshaw, 1983;
Cressie, 1996; Unwin, 1996; Kwan, 2012), Ff 1§
MAUP, /245 %5 [a] 311 09 I S s KN ek s, 25
B FE RGeS R, T N 2 g
WrES A R E . 4 RFE AR, MAUP B BT 7E T3
FEAME A IC R T, MAUP H St 25 18] 44 9
FROBEMRHYE . ST A 171 %5 e Sa i B A B 58
THAIT(NEE | & H)IET 2 INACF- 2 (R 2D,
2000; ik, 2002), UL B A (8] 43 A3 HAT REAE R
JE, DU A8 b B PR TN S 0 2 R AP 24 45258 5 (5
PRS2 BL Eg 51 B o e o (1 ANYE- U b 6 7l

RESE 2 B, Gl P25 R A . i
N 5% BE RN B 48 800 A, AP 2 H A R RS
B o AHJE, N 5340 B SZ A4 (support) Bk T A Ml
FIHIE A ——410& TERJE % (Chen, 2010a), FTLk,
TECTT N H 9% BE 43 A5 40 B ik 8 v, MAUP #E LU
i

i B3 AR A T UL 5 40 A R )
JURIE A AU OC o P85 eR 2 8 S eR 21
XU RS, I 2T A e — i = — IR, TE A
iR, WERAMECEE DR AT, B AR ME X
STENTRFE . AWE R LT JLARRR R 5010 bR
B, ORI, X EHMIHG b B R S
() —Fh oA, R a2 dne A M B 2 R SRk 1 —Fh o
Ao T3 AP 5 R (Chen, 2008; Chen, 2010b):
Ho— WA R R, R 20 SO 408 = b

Kot AR ARVE R s FE0U , HA A B X
P, R 45 A8 45 T B R AR 5 ok, 3ty B4
TRARSR A g, Jovk il o AR e T R H L Ge 53T
QT o R0 B R AR < i
H—vinfm Il A o (HUE FEEU i B
WF FF#4E(Chen, 2008): H— , HA RV HER 2
B A RAE R L o e, R EA KRR
H= M HASe—Br R, e feic s ; i, B
SEREXTRRME , R EAAREXS R, A S A
BRI . FREC A A PR 25T 7T DA GE I IE 2
A AR AR LANT] L B Gamma 434 . Gam-
ma 73 A SE AR B AT 5 RS A AR, B A A
FEVET, — s T8 5o A, (A — 2 S5 N AT LA
IHJ& T 52 =434 (Chen, 2010a); @434 . 1558
() BRI (R 204 T AR R A y=1/x, BSR EAG
W — AR A SREEAR, K
B IR GIE 3R X E5 bR B, T X 45 R 5 AT B T
Y PRE . AT UL B oS pR RO ) BT G ok 2Rt
AL o 3 RAR 225 E AW A P — R o A
) A e T S R R, R R E R R, (R
J& , Mandelbrot(1983) X% & A Firfe) ™, 1 HIE e X
Hay=1/x"0 XFE—k , B eREUHR -5 7 pR A A ™
FEIXB T o R, 78— 28 A JE SOk B, XU 4
A SR AR IR
3.2 fEEAMER Gy HEiEal

i8] AL B AR R B R R S AR A ) H
S TR PR AR 25 55 5 |1 g, AT fR] PR 7R IR Ak oy
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41 HE 55 % (naive model)(Diebold, 2007), fij BfLi55 7
FEFAR g SHUD AR AR R A, 4
ST (18 44 RN 3B 7 5, AFAS LA S T 1) e
TR . BRI FRR L, F5EA .
Ho— AR LA R B, B i B
R FHWEINECHE K 40 A B 7 AR 1S B 2 LA 4
Heo WIABCEEHAR AR AR RS 1 B 1Y 11
e BEBRE A R IR A R R e PR
(R E— I , AN R ARAS S AT (i 4 IR e 22
R 4 L V> i A6 TR 20 0 300 4550 SR O Al o e 2 ke
o AR R Ay BT R BB (B 521
B R I TRRAE RUEE (1Y), KA A SRR A
TIE RUEE S50, AT 20 AT RS S A 2 il (RS, T2
WFFENT AR By AT RRAE RS, 1R FH HA R AR R
(1) PREICR A A , LA F SR ah Ml T . Rk, 78
B BE A3 M 7 1 R R 22 11T, AR 222 T i AR 6 4
“F Qb P T AR R A TR i AL S R T

TE IR B 43 A5 v S i fAT SR B0 T IE S Ay
Mo IEAS AR EA TR SR () Z AR T, G RRIE R
JECEIME) T B QE A0 B IR AR R IE 2
AR A B E AR . FEIEZS A A AR v SE34 4
PR T o TR E AR A T 2,
— N RGHERSE AR EE T . BT —1
PR G AN IEZS 531, D01 EC A A RN g
R, IER U, A S P G4 7400 A RO B
U 1) Clark BN F T 356 6 1E 25 70 A oR BRI 3%
i B8 4045 (Dacey, 1970), 5 1F 284341 AHE 1K)
— P A X EUE S (lognormal )73 AR o TS X451
oA, R m PO 5 RN IES /3 i . 7l
LT EROE 2 o A AR A B, AR R OO A, P8
{8 o 22 25 G R AT DA ok, T4 R 4
I IERE T o FrLh A I 5 3k 7T B 0 A7 1Y)
Zipf SRR FH SR B X B50E 25 40 A R BRI A 3 T 7
Y — RS 3 A AT 5 0 353k T N %% 5 1Y) Clark A5
RUAH SR FH BT 25530 A0 sR BRI TT A 1140 A7
()55 [B]JE 25 (Parr et al, 1989), WIRGHTAE, irf BA
FHIERE 53 , R85 W HBUERS A L 16
W BR 2% AR T LLAE T 1 2500 , X IE AL G iR
WESFII LI,

[ EUANTE T R B IE R | i e T RE 75 i
FERNTRN AR 5 CHb i R TR0, A5 7R e 5 WA 200
PRSI U B DCHE . X AT R R Sk
PR R AR I L BE£R3E 2 (A 1E 240 fi

G 1 T PR BN, TR A AT 2R G PR O ok R
B0, SO MR YT, [n)EIEE T, A0SR R A R (A
W2 HolZR), P8 T 0 R B PR B CREFE Bk ) s X
FRRERGUIKTIER), d£: 7 H R R cn
&R REUEZS 704, AR A n] BERS 214 &L Y
ffR BRI T SR BT EEE T o A6 LA BT Ay A
W, TR Z AR N T OB IR 2 E TR
JE I R G5 S EAE RUBE () 43 A A S A (ML (1 051
SR FIRPBOE A 23 A BREU RS Zipf g Aol Pareto 43
M) WA, T2 AVEFFE 248 bR 40T H 28
ZHE A, AN AFGT A B 55 Ah— W KA R
JE ) 17 BRL 2R 0 YA R A 0 A K R R R A AT
FORA NI, 404 2 2 B 1R ] (over-identi-
fied)EL B MBI T o
3.3 HEISHEEAT LI SR

N SCHi B 2R 455 v i SR £ R 2K 0 A5 T g R 4R
BT o LASR T B2 R 1], X6 B
W, TN T R R B R R A, IR
M Clark 52 f(Clark, 1951); %F F X s H 3k 7 55 5
AR, 308 T LR A A B B g S 0 A R
M Zipf % HE (Zipf, 1949), SR, TG ki A 1 %5
JEE A0 SO T AR A3 A, B A N i R X BE 2 4
fii o SRR KEANT : H— RS AL, F850sr
A7 R A RO 0T 2543 A B 3G R B4R AE < 4R
R RE ML, AR, =R
B o AL, A UL H5 s (B 46 kTl A
1 3 3k TiT RIS 2 A3 BB T SR FH X 5400 2543 A 41
A WA AR B i s m A R BLG, DAL
— gk B RTAE . T A TEE R WBGE
Ao T B HLS AL BR AR S5 LA FIE A4
fii o BZ TR, G B RAF PR,
BRI OB B FHRBU A B BA R AT
MR, B T o XPBIOE S A e e 5T 25
FIEZS A, L 8 5000 A 1A 43 A7 ] 2R A5
%, WESTEUES M, v LB AR 28 oMy
T P4 BRI

bR T LR RZAN, WH G e, 2
JIT D — e 5 e SR T S 6 1F 20 A R el i A
1% B o A sk Tl IS A, R R 7E T H— A
PRI o A7 BT BUASE F SO0 50 30 SR FH X 500 2543
AR R R R LG LA R (B R B
B S BIAULA AR Ry, A AN
Al HE IR ZWIEE AR XN E L, R,

Zl a;
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IR TN 11 R 1 UL 5 SR FH X 5 A o A
B HCR S B0 A sR B I A 2 RAOT- O
[T 1= 1 N = R 132 O 1 B
JE I 75 TAR 20 2538 AN AR B X A, 258
VLS Ly W N P B TR NG S N E O NG N OB A
660 24>, H KA 550 2 AR ZA B LD, K
/MR A EFRK, HIL, 78 00F 5k xR E
(log-log plot)H, 660 AR TH HA | Il 550 243
T IO — ARSI 1 B2, HoAx 100 2243k Tl s 20
MR EL— I — K TR BE (R E X Z
HN)o BRI, —LER 2 LA A G, IF IO T AR
JEIX Z AR, TR BOE 25 4 A AR T BE 45
HEHR

4 fpR I AL

4.1 BILIRT:E

BREERFE R 7 ke 5 MBS E 7
SEES T kSR BIOT L T RITE . BUR R
R RS e B e T H %
SRR R s B TR A SR
L, B = I T B A R Z A B 5 A 43 A A
FIWT . BT =R HE N
REXTABE A P o 5 DX A8 e P T B
T8 B0 A SR 5 SRR A A SR ) S [R] sURT R 7 AN
BT R RE B — e RS S — A 2 IR
A AN o RS, AT DI B A A Al
RN P 171 (1 R =R A 3 Gl o 7 N 6 2 N
(), T 4 450 ok RSO i 4 AN 78 1), BV B A B
Fio AREE, R ARt AR . AR A
WNEZS AT ORS00 88000 A7 55 S AN TG
JEIXAEST, N8 TR B . ) — 5, AR —
DRGEMRMA RBE 53, W AT DL T3 B T e
i P, B B AT Ik AR EE B E TR
RGEM 50T o WA X Sk i AN R, i
SO WER B A B RIS AT 58 B T o A8 5505 A Al
TR AT A9, 8 3 3 A R R B o, Bl LA
BTSSR RS GER 3).

B AT ELAT WIRA RS 254, i o A AN
SR o DAIBCTTT b 2R 25 (R A 45, 3m i N 10 93 323 i
J& Clark 5 it , RIUN AR BOSWFFE . — R4k
PR LA S H — 2 LS 8, Rl
FE(HR) S E b 3). IS EFE T o r A

R3 BHENSHERESHHEEFHEX L
Tab.3 Comparison between exponential distributions

and power-law distributions

il REUMA(E BT RFHSM A CREAE B )
Wi Y=Voexp(=bx)=yeexp(—x/xo)  y=pix”’
P Z N E o
FAICHRE  HiR(R AR iR

i L AIC B — B IR U AL MR (R %)

R TRI0 JE R (A2 JERGR (N T2 )

23 (AR SR (s AR E S5 ) KR (23 AR ESR)
A SPREAE BN AR

xR REEFRATFR REEAEXFRER LRI
WAXg  WRRS HIFS

F35 B8, WA K 2 23 a5 8 . ol S 80U
Clark A Y RFIE S8, BRIk A H 28 [8] 43 A7 43
MBS E, 15 BB i, AT LAUTE B U 5
BRI N 8% B I B R X R s ) SF- 24 A
X EE . RSB BEIECH REESE, AT A
1A RUBE A4, Y4 B e A oA IR
17 22 (07 2 WP D5 i EARHEZE 1) BB A 1
FHOC R FIA R 2 ) RUBE 5 4317 28 B %o 85 () 7
5% o A B PRI GE 2 0 R AR
B DR SBUEAG TR, TR D 2 ) 4
MR TE RE T o SR, — A X3 —
FEIR T, FLAAEAE — 2 551 T IR Zipf et . Zipf
ERTERCE FEEN T Pareto 437, X & —Fi LAY (1Y
I . AR S IIE , N TTbR 2
F 7 ZERASH E , H5 Ik 20 81 ) 5 E 0 BT T ik 2k
8o 3t 2%, ENAMR 222 E 03 Kb iR et E
TR SR, R A L RO RGeS
A 2 TH S 4R e AR B 2 W A B W (Buchanan,
2000), Aad, FEARIARJZE AT, 8T AR R A — A fefE
FUBLA3 A (MR EE ', 2008b)o 3k i BIASE 23 A (19475 L T
DA BOARBEFEHL g FF I AAT , 3K Ao B T8 508 2 Ik
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23524 % Chenery 25 (1986) M 95 A XU A KRl 43
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W) 28 IR G A5 5 AS [l AR AR %) IS4 | 3l 23 T8 1l 5 4 5%
FR « MRS5S Y LA G R AR N SR WA A Y
(AT A BT A TR HE  WIRAS RS XA DA Y ELA T
U IR IFAL R BT, DR AR Y 25 7 5 S v e s
H(BRE DL, 2008a), fir L, — AN Y e 80 5 , AT
RETT ZAF PRSI ] . K H SR TR 2 (B 72
R I IR B . A SRS I — g2
80% Y 27 AR I8 ST RE VA 55 B 1Y 27 R BTk (RR
FEF Pareto 43 1) 80/20 15 NIHEWT) . ASad , KR TG
B ST A VEN  H— 4 — S S A T ——
TR 2N T Ak SO & L R A — 28 A SR,
T AR IER AT 25 R . AT e, — e 4 A S0
ANETERZAIEMICE, CHEAE T BT A A
HERiE—HER

5 ZERE

& 55 () B2 S A R TR A TR L 2 & R
B KBE HEA O B S DL K ST R, [
AN JE B SR e — N R T R
HAPE 7 3T BUARRL 7 B R R B3 Tk Fh L 4
TSI . BT LR R A AR TR
FEE 5 BT ARy B B B2 8 SR ik i A R
o ORI, IR RS R A ARG, AN RESR I Y
B A b B AN [ 22 L B ) R
TR AN ELA M 5 M RV 25 S B X R (R 2O,
2009), HbFERLEEAS S AEAE BB AE , T A2 T8 Ak Y AR
B AR 2 PR AN AR R , 17 2 RO SR8 sl
ARANAE R o R 2 ) Sy A R0, 35 TR0 00
JUAAT 2 B TR 3 S R AR AT B 5 el 3 i ARl 2k
P, FE TS i B A 2P AR B BT SR 32 B b B
23 (8] 4347 0 WA FRIE R 68 RUEMER /7
MG A AN BEA M o B A T i s )
WAL R T A R AE T B AN 25 (R4 )Ry 44
TS o Ak B A 2 T 3 8 A R 3 A o}
F B TJ0 RUBE 23 0] o3 A MR A RO A i 475347
JLILAIAD, #0248 St B 5 O HE B i I 25
o RIS IEGf 0 AT S AL AR B I , N RE LS
SMNEIRIEE R R R T AR
FE T Y B ke =2 0 B ) B AR RN AR B T
Ho 4K, BRI HCE AN T IR,
PEZFItEZ W, TiERERZ T, Wi,
A RANN RS A AR I R

VE Ry 23 () o3 A B RR7 | M 32 fe e A AU 43
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Simplicity, complexity, and mathematical modeling of
geographical distributions

CHEN Yanguang
(Department of Geography, College of Urban and Environmental Sciences, Peking University,
Beijing 100871, China)

Abstract: Because of quantitative revolution, geography evolved from a discipline of spatial description into a
science of distributions. Accordingly, qualitative methods were replaced by the integrated methods of
quantitative analysis and qualitative analysis. One of the important approaches to spatial analysis is to
characterize geographical distributions. Geographical distributions fall into spatial distributions and size
distributions, both of which can be divided into simple distributions and complex distributions. A simple
distribution has a characteristic scale (represented by a characteristic length), while a complex distribution has no
characteristic scale but bears a property of scaling invariance (represented by a scaling exponent). The key step
of studying a simple distribution is to find its characteristic scale, while the basic way of research for a complex
distribution is to make a scaling analysis. For simple distributions, traditional methods based on advanced
mathematics are effective, but for complex distributions, the old- fashioned mathematical tools are ineffective.
However, due to the lack of understanding of characteristic scale and scaling, geographers often failed to
distinguish between simple distributions and complex distributions. As a result, many complex systems such as
cities and systems of cities were mistaken for simple systems. Consequently, geography did not succeed in
theorization in the 1960s- 1970s after quantification in the 1950s- 1960s. Geographical distributions can be
mathematically abstracted as probability distributions. For a simple distribution, its characteristic scale can be
determined. A typical characteristic scale is a mean (average value). Based on means, we can compute a variance
and a covariance. Thus we have a clear probability structure comprising means, variances, and covariances,
which explain the pattern of the geographical system and predict its process of evolution. In the case of a
complex distribution, an effective mean cannot be determined, and thus little is known about its probability
structure. In this situation, characteristic scale analysis should be substituted with scaling analysis. Quantitative
methods of scaling analysis have emerged from interdisciplinary studies. A new integrated theory based on
concepts from fractals, allometry, and complex network has been developing for geographical modeling and
analysis.

Key words: complex system; scale-free distribution; characteristic scale; scaling; fractals; allometry;

geographical modeling; spatial analysis



