YRS . 1674-7070(2015) 05-0444-07

X Bl ATIGR® AR

ALSCOR T i -1l 44 S PE g SR 5

HE

WMTTHRBIEHHREZHAST
Aot P REHALAE R 32 &M AR TRIR
EHREALREZEL AT oA RES
32 5 Fa Landsat-TM 2 2% & B EH T
2011 SF- 367K A T 3 F K A A Fo B A
A RIRGG 524, d R B E TR
THEAGEHGRFEFTERIL T,
SRR BE T AR T T H O\ 6d 3F
B A SR T Ham KA 5 Sk Sk
AT LR >KAER R >R &>
FE SR HLS KK LTS IR A R R E AR X
WA F A A HIER B, o e — R
2.50 b WM T P (ZFHRH) FE
— B Y ARTRAL R | = FR— I IR 2 []
Ry 2w d £ 2.70 AL AR
VASP R H 4 ) R 7 AR, R B B A TOR T
TFHEIAE G BT F o R R—EH—
AREg = B A T E AR P A M
LEd RA A M RE R KAR G T3
SH YA A 2,71 2.62.2.55.2.38.2.30
Fr 2,28, 5 YR8 B W T IR T 4
KR A3 H A2 E KD 3R R R
LB RN R L AW X
KiF

L | S S B e e e
ER R & T

hE 4RSS P237
XERFRERD A

R B 2014-03-27
HBETB EFRHRFFR S (41175015) 3%
T4 R R4 (ITUMKY&UMRF201102) 5 4t
TG SR T 0 )2 L 43 A 55 A i A
= A A BA
EE RN

XU, P W+, IR g TR, 32
BN BN 5 R4y | AT TAE.
lyh7414@ 163.com

1 P EA S AR TR % W5 A, b
5%, 100089

2 et A LG, b, 100089

3 FREEHT AR HHRHLAEBE , 7R5E, 523808

4 FRfE R TR BIEREERE, M5, 210044

0 58

T T 200 A4 T2 AN BE W96 1 30T )7 9 R T A ) 2
AT b TR 5 3R TR 0% Y 0 3 R 4 v, o Bl vl - R S e R AT
G, R TG R R R TR I 55 e ) TE B2 T A B TR
ARSI T 2 T e S AT S8 00 Bl R il & Bl i T # T R 1y
SR BE S T R v ROBE BB R B | B kT G PR
REA H R SRR Ry — BRI IR 1) 5 2% R 5, AU S —
TN TE YA [t AT AR A A ZEXF AR 3 1 fin TR e el 7 — b
ANTHAESRS, HAH SRJIEPEN  Mandlebrot 2! 81 57 (1950 JLART B i RE
gt B & 2R KLU IR B %) 42, Pentland ™ SEIA T F SR A 19
TR R T HAT 45 1 R 1) 209 ST b2 2 ph 5
E QTIN5 N TS = 0 =0 K I 2 NI = S 5 [ 1 e s
02 2R P T L) FH OB A R 328 PG b ) 2 T WS T2 L P IR
JESRBE MY, TR A o3 T R, BRH A P 2 SRR PG OR WIS kTl T
ARSI PR IE O 0T o3 TR AR5 0 B 20058 - Be A o0 B
B E B ) B AR S 80, 70 80 4E ( Fractal Dimension, FD) 2 it 7 %
RIS AR R FIAR Y AV | B R 8 ROBEAS AR e e AN AR P SR
KA, B TR AT E 0 28 )2 R

ST A HERE T LAY T BT 45 4 B AE 1 A M 1R R R E T LA
FAEA PR SRR AN I8 B om0 82, ] DA T IR B 4k Al ik oy
BAEAFAE AR 8 S (ST R A 40 A 40 R L 5 G A
G5, BT RIS TR] 9 i SCAS 30 ) 1 53 45 SR 3 o AN ] X 25 0 TR B 1Y)
I A R T AR K IR ME. 75 AR 22 UG o B e 115805 b, 20 I A W1z 5l
( Fractional Brownian Motion , FBM ) y2: LA H: o807 B8 5 VS B 4648
SRRz R Y BTk 0 T MR A 8 0 7 A TR K
% ST IHEOE FOr AR ARTE 3 Rl AR R 2 T R
SOULAK SR B2 e e e e T P B 2 T R TR A
R AR R 2 TR T A e A g g T
T RUAE I I T SR PRG3R FH 2 AR R et 1 JR B oK
SBC Y SR - bR P 2R B 1) R e e o R 1Y 25 S DX O [
Ho R ISR 2 e AR S8 SRR B2 Ao SORt A 42— P 3 T U
ALY PR 1 2 ke DA [) RUBE T 170 1 S A, o g 30 (R Y



ZF1EL 24 P L0 (IRBIEIT 2015 ,7(5) :444-450

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2015,7(5) :444-450 445

(35 22 [ DX 3PN BB A 3 i M 3o B e ==
(71 2 55 ) P At K52 SR AR D 8 AR SCH T 73 B4
VRS ™ ST M 27 3 — 52 2% i i 1) 5 S A b, B
FEIT T AR S PR Y B R R T
A5y AR T B R S PR B R il T M o K A
f77 %, LU S7 38 300 e 2 A0 A9 AR
SRR, O TR A0 AL G B T A AR
FHAAHE FBIF 5T LA

1 HREXEH#IE

JEE T FAEALF b i, 115°25" ~ 117°30'E,
39°28' ~41°05'N Z [A]. At 5t 9 V8 | b AT A JLHE (L 35
28 MR —AE 1 000~1 500 m 28], 4K B f& M 4R 7E
20~60 m Z [A] A6 3 /NP J AL 5t e T B i 2 R
e BITalE PN R SIR R 7 <5 /O SIS R S K
IR 10~12 °C AR KSR AE 470 ~ 600 mm Z [H].

F 5 08 FH A 3 A 4l o0 2011 4F 7 H 26 H )
Landsat5/TM %4 ( B ) A AL 5T 10.42) | Bl
50 119-38 M4 HUE BT IZ A E T I LTASAS IE
AR UTM $852 , BEIE BRI 22 8 I 7E 0. 5 AME
JCLA N ARSI T AT B A R A T AL B A5 31
FATVEF P TM S0 TIHBR RS THg i 1%
AL RZ ), R 6S R AL S A U T £54iE 1)
Band1~5.7 #1477 KK IE, 58] 6 261k 0 B
) 1 3% 3 52 S RO e A, R R T R — KR
TERRA/MODIS 7K 577 i % s MODOS_ 1.2 (L& B[]
10:20).HF MODIS 5 T™ i s f& s Rl # £z,
AT LAH] MODIS 7 i $2 R K5 & i fE o TM B
A A 7K IR E . X Swath LA % 09 MODIS 7K 5%k
i AT b P A (S R E 40k UTM $65% | 38 D) e g
AEPRJE 3E ) E RN L O S TM — B0 %5 (]
2 HRAE
2.1 BERISE%EIHE

AR SO B T R T LA
()5 AT BAAZ Bl rh i el itk o B e 15 i AR 45 43
WA WiashPIE, % X e E"(E" 2 n 4ERRICZS 0] ) |
F(X) RRT R X BYSLEBEAL R, A AR A H,
{45 MR

B(t)=P[F(X +|RR)|HF(X) <¢j (1)

Je— 5 X K R ICRBIREHL 1 R 8, I F (X) FR

STEA I RREL S H AR A ISR, B o B
DIWXFERD=n+1-HWTEBRX = (x,y) € E,
Z=F(X)=f(x,y), b (x,y) BBERONMNE f[(«,
y) BB ERREM,D =3 - HR (1) 53267 LA
153

log E' PO =FCOT _ g log|R|| =log C. (2)

BT HFCBREFEL,A(2) #onmlog [R5
log E'"U0FOON IR MR SC R KB B B 2 R
I, H 2R HLMIRRR log € Foom HLMEME R J&
REEZH @ MO8 ROR s THBHER (log | R |
log E'"0-FCOUy R [T I R AR H, ol rT
DI EIZE B0 054t D =3 - H /)

S (log Ir, | —X)(log E#&+,5 _)
i=1

D=3- , (3)

immw—w
| Frl_(X +r) - Frl_(X) [ Z%Hfri(x +1,y) -

Lo, y) T+ f(e,y + 1) = f(x,y) |+

L fi(x+ Ly + 1) = f (x,y) |} (4)
Hr, r(i=1,,n) ZEEE i R REESHL,
F(X) B YRR RIKIEE, F, (X +r,) 2 YRR R
B (B — AR WR R KL F (X + 1) -
F(X) FEEPAAHIE— R r, IR R 22
FELf, (x,y) FRTERJE r, TRER (x,y) MLERK
JEME.X,Y 500 log || r, || 5 logk! 70 =100 1
{6, I r || 25 AT RO AR, th T8, (x,
y) BRE RN r, Bl MER RN - x o, BRI
TEACFAHRBRE £, (x + 1,y) S [, (x,y) LKL
IR S, (x,y + 1) H [ (x,y) ZIEIHYHESHE r, W
Irll =v2r

N T ISR AR S I 6 A AR T B A SS
BTy ST, NIRRT RE r 20 ' (r < 7)) IS
R IR EEAA £ AT LA U

EECZOIDWIIOR (5)
Hrpf(j=1,2,,m) FnEEEM ! xr' A m D
JRIR R T B R IR, p (j) WIZBR R EITE
r'ox o' B N R TE R E 4 L.

FETHTRA b a2 [a] XS ) R 4 B 4t
LRI .

1) B8 — 5o o PR R B RIR

2) BB TR O XN, TR F X
PRS2 K0 (BN



X Bt A5 U Rt T S B AR S PR R T

446 LIU Yonghong, et al.Measure of Beijing urban underlying surface heterogeneity characteristic.

3) Bt S B A S R P AR R r(i= 1
n) ERTIFIRARXS 7 B 1, — i K 4~9 MR
B ARSCHEE 1 =[1.0,1.5,2.0,2.5,3.0,3.5,4.0,
4.5,5.07;

4) M (4) A BT 10 K N R ) R T B K
JEASEIAE , b T AR 3 (3) SRR AR 45 1)
B

5) AR (3) SREE 1 EMR A k.

6) MR B 111 K/ AR SE TANE 110 84k, B/
TEIA IR 1) —5) A Ae i B PR e R a1 R/
Sk 20%20, JUIEE 1 A% 1 ZE M IFRRIGE 1 473158
20 FFAIER 1 5SS 20 51,26 2 A5 THCE 1 178158
20 F3AIER 21 1505 40 5] AR EL, PR A 1 43
B o R R BRI AR el 1 R, o B e 1]
SNy Sl YNINA ISP NIY

A EIL R 2011 4 7 A 26 H 1Y Landsat-TM
TS8O AR Bk A SRR Ml DX R B L Y A 4
W B (LT AMNIE B ) IS R AR, AR 25 M) 43 HE R
25 m, K/NA 7 500 F1x7 500 £7. F 1435 355 g
Hu P AN AL A 23 ] DX 114 53 B

1) 700 iy 4 28 A3 B Ak R AR % 1% L H A
ff R 6 MR s M) A R R A2 AR Ny

d. X Mt

400 % x400 17 (10 kmx 10 km) , W& 1 7, 5 fH
CBD( & la, B @ 5K £ ) | & F Wl e /N X
b, Jm AL ) WM S (& 1c, & RAIL
bel TR AR Z ) M2 1L DOMCHE (& 1d) L K% %8
XACH (& 1e, IRA KEARH) FB =K PE (KB L, &
A ) | o 5 R R R ) 3)—5) i
SEAL T 6 i s AU H G S A B — (R 3 4.

2) 23 [8) DX 35l o0 B A v SR IR AR (7 500
FIx7 500 17 ) ()53 F 4, 75 2 uf e A 1E M sE 5 v 1
KN AT TE X TM EGBF5E B7R 20x20 7 H
HHEMAFERN IS B, AR SO 2 %7 1R/ A 20
20, W55 A LAY A3 B4R IR 3 HE5 0l 25 mx20 =500
m, R K/ A (7 500/20) 31 x (7 500/20) 47 = 375
Hx375 £7.

2.2 BEBH%E

J TR Sy B4 S T ST A R 28 R O R A
X, o L) FH 328 PR A4 B T ol X 2 2+ il ) A
R AR FH e KA SR V5 R {8 75 14647+ b R
2, BT R B ARH 7K I8 IR Hh | 2
FIAF H AT 6 2501

e 2011 457 H 26 H @ K E S R 17 i R AL

o
f. =K

BT bt DR IR i S b )

Fig. 1

Typical ground objects of Beijing in remote sensing images, Chaoyang CBD business district, Huilongguan

residential district,urban green land,woodland in mountain area,Daxing cropland and Miyun reservoir
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Table 1 Fractal dimensions of typical ground objects of Beijing in remote sensing images in 2011 summer
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Abstract Measure of the heterogeneity of urban underlying surface is important to improve meso-scale numerical
model and increase accuracy of urban weather forecast.Based on fractional Brownian motion theory and Landsat-TM
satellite images ,fractal dimensions of Beijing’s typical underlying surface types and the entire urban region are esti-
mated for 2011, which is used to measure the heterogeneity of Beijing’s underlying surface structure.The results indi-
cate that the fractal dimension can effectively measure the heterogeneity characteristics of Beijing’s surface.The het-
erogeneity values for different typical ground object samples are ranked in descending order as business district, res-
idential district, green field, crop, woodland , and water body.The regions inside 6th-ring road and suburban towns
have significant heterogeneity , with fractional dimensions generally higher than 2. 50.There is a low fractional dimen-
sion region in Beijing’s center area within 2nd-ring road region.Fractional dimension of region between 2nd-ring road
and 4th-ring road is highest and above 2. 70 ,and it decreases outside of Sth-ring road.In a whole, the heterogeneity
of urban underlying surface is distributed as firstly increase then decrease from city center to surrounding areas in
Beijing. The exurb crop and woodland have low heterogeneity. For different underlying surface types, average
fractional dimension of building, green land , unutilized land , crop , forest and water are 2. 71,2. 62,2. 55,2. 38,2. 30
and 2. 28, respectively. And the values of fractal dimensions show the quantitative measure of heterogeneity of
various underlying surface types, which bears reference for quantitative description of complexities of urban
boundary layer.
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