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sat TM/ETM +/OLIL 5244, K SVM 43250512, $2H
1990—2018 4F[H)) " W B b s fif 6 4> FEE Ik Y
A FH M, 2R FH B AACRS BE (overall accuracy , OA) Fll
Kappa ZEEHA TV, I H45 & SoULK R85 ik
FHHBAERE S ARG HY AR 2 00T |, 9ckb
J s A RUBE b w2 B T A s (R AR AR Y
25 1, W HAE SIS R RO B 5%

1 BF 50 KBRS R BAEIR

1.1 #HEXHER
FHEEAVE R AR A AL BGER o3, 0 T fef o 1 b

TR(E125° ~131°,N34° ~43°) | TifZ912.1 x 10" km’ , 4%
SR, SR AR SO RIS X 4 fe
£ 2018 4F Z | Y 6 A~ T Z I T, 43 S 2 i
(Chongjin ) | J#{>% ( Humhang ) 7T ( Kanggye ) | -1
( Pyongyang ) V> B (Sariwon ) FITT L ( Wosan ) , {E]
1 s Horp B #0132 i 6 1 BOR 2855 Sk h
O VEHE T —db— R U T | B OR T
SRR IR T L PR B TR oIl 2 H]
T R B EE = JCHRT VLA A B e e —db—
A BT

(a) WiH

0

5 km

(e) VHBE

() Joil

1 MRREREE
Fig.1 Location of study area

1.2 #iEEK AL E

ARSCET T X (B ) TR B ok A 2 BRAT
BX 83 A ( GADM maps and data , https: //www.
gadm. org/ ) , DEM @Rk H 3¢ 6 B KMz i
K Jaj ( National Aeronautics and Space Administration ,
NASA ) Fi1 [ B #F [ 2 I 2 J&) ( National Image and
Mapping Agency , NIMA ) 1565 £ 19 it K RAHLF 3k
¥ I 22 fifi 4y ( Shuttle Radar Topography Mission |
SRTM) , 3EEEHE N 1990 4F 2000 4F 2010 4F Al
2018 4F 4 MHFBEH Landsat TM,ETM + &% OLI 5414,
HoAt Landsat TM/ETM +/OLI 521855088 1) 2 18] 53 3
KM 30 m, Landsat OLI 21850 P AL & — 1~ 15 m
R4 €0, B, B0 e U5 T 5% 1) 1 BT I 45 )R ( United
States Geological Survey , USGS) . Ay 5T M &1k

WY R R BEER LA a2 i
o ) SR , AR R R R W AT 5
2 AEPR A XS B T R 0% . T 2010
4EMY Landsat ETM + 040 A7 76 ™ 5 R0 T4,
2010 4 38 B R B & Landsat TM 2158, 1%
BEHR IR BTSN 1 PR,

®1 ANRANEZHTHE
Tab.1 Data sources employed in this study

Wi 1990 4F 2000 4F 2010 4F 2018 4F
bERES TM,1991  ETM + ™ OLI
Jl % ™ ETM + ,2002 TM,2011  OLI
LA ™ ETM + ™ OLI
e ™ ETM + ,2001 ™ OLI
Vb B ™ ETM + ,2001 ™ OLI
Jtil ™ ETM + ™ OLI
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Bl b PR AR AR AR GE — B 3 B 25 R 4T
(universal transverse mercator, UTM) #%352 I, | 51
i 6 > T LI T 1 O e B ) 1R B R AT R
5 PEHUE AT X8, AR V — 1 — S(vegetation — im—
pervious surface — soil ) B NIl T M 43 A 4 Fi
FAY, Gy R AR | R T BRI AR, AR B
B E) B JEE00) 5 EE AR 23 ) 5 600 S SEAR 0
R LF VP BB FTTIL 23 5 e HE 400 MREARXT R,
SHEZERE 800 MARK RAENFEA

FIHT eCognition 9. 0 BfFiEAT 22 R 433, 1
WIZRREAS ] SVM R4 7028 13 810 2R 45 R, %
B FEN RUBEBRR 2R U RO G i BRSO
D, RS AEE SRR SR R
HEER & — Ty, J15K 73 B RSEAR X RRNE
i WS, ARG L e BRI, W
Landsat 5218 R EESEGE RN 20 ~55, 2 5RE
S1 RIS BT 1 b g A, — ek
Wi, T A 1) B B A 7% T A R i B,
—BERA ] Jo B TR N,y FE oA ]
B MBS B AT D BEE S Bl FE b A4
AIVER, 28 b NI B A IR A 7~ DL R s
JE A

2 R &

2.1 SVM &3

SVM & H Vapnikbs] B IK L, I B Boser
a0 R S P HEA TR B AR S RS 2 S
Jiids, JL IR B AE R 2 WS P A PR R Y
SVM [WHREAE AR & 36 F T3 7 X e, (R 2
SVM MKIRFEAE— 2 AN E P . OBIBISE S
SOPREAETA BE T @R K KO
16 8T/ INERIIIE R | R B R
T 5 — PP AR BOR T a8 H AR e i 30T
B I LB TS SR | g S A R AR
i3 22 WG TT AR L s e A
S, DU SRR AR M 8 |37 20 Ml S AR T FH s
2 AR AR . (D3 B 2 e — B ZAIF 5% DX 1) =
FURPIRBL, S B @18 I AR 2 17 18 IR
AR L L ORISR ERE Y, SVM
TR B AGfRE HA — 2 i R BRI, 5 2 Py
A DVERF & SEBR A T A iR . A SCIET Chang
IR 1 LIBSVM FFIRERH, 32 ] Matlab 15 5
FRT MM ENBBEGERGE, HEE
NRERBE B IETI S ¢ MBS v, 25K, C M
v LESos K R (c =277, 27, - 20 R, Bk

MR SR ¢ M 56 v B ik ™,
SVM I3 UREA G 1 2 #5r, 1/3 AR B ik
FEA 273 VENIGRAEA ARl X 28 A7 PR A AR A TEASE
R 2] e MR et 22 18] SR s AR A, LUORAIE 3
FMTEE
2.2 =MIEF/IEH

SRy IS W A2 308 T A 2 R S i ) ol S5 OR A S AR
fE,BEH S A SO R HE R (R 2) 7 BRSO
(number of patches , NP)  BEHL% FE ( patch density ,
PD) Fx KBEHFEEL (large patch index , LPI) 5t il
77t ( percentage of landscape , PLAND) il 5% WL AR
F84EL (landscape shape index , LSI) . fifi i Fragstats
4.2 BRPERTA I AU S SR A
FIHAA S R RO — i 6 A FEI =
WS SR AL AL AR T

2 Fragstats 4.2 KEPITESWIBHAIEHAER

Tab.2 Detailed information on the landscape indices
implemented in Fragstats 4.2

TR R Wik
) 4 1Y BE B B
NP NP = D BRSO EE R

0 e A W T B
D PD = ~(1000) (100) {19 5 S B it 4 T
1ER KNG 2
> N 2
SR A BT R, m o
max(a,) FeR B K B T
LPI LPI = 4(100) R B L BT
e A T 1 B
A ay ISR i AL, m? LIGHCELS s
i“ HR S — B ek
PLAND g o7 B A SOWL T AR Y
PLAND = 7, (100) HIF
0.25F ei | op, BB
LSI LSI = or = R RN R
N i) 2 T

Aol B IR, PR
2.3 FHEKMFEKER
R b A A K AR R B R — e i
N AFAEIR TR K 0 i A LR AR KR
LU AR [T SAARAS R B S A 3k i 47 e e 3, T AE 3G <
kK LA R A AS [RS8 e, B

Aend - Aala\rl
Al = — 1
P (0

AGR = 100% x

A AT AR AGR ARG A A T A
ST ST M AT AR d S BiE ST
A TE] P51
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i GIS ZS 18] 73 A7 vl Fefs el 5 b iy v A,

100 2718 1990 4E (315 FH 1 AR, LA 48400 1 X

PR (3) 5 A

A1990

o, TR (4R, 43 5HE 2000 4F 2010 4EF12018
A5 Avgoy 27 1990 FFHER ML A T FR; A, FR/REH
AR LA T AR,

3 ARG

3.1 BEFM
AREE R TN F8 F5r R OA Fl Kappa R %,

Ni x 100 (3)

VEN AR 22 R, BEHLIEER 1/3 BYSRUE &, P01 T
T A 2O i 2 S I s S 5 I, st
6 D FEIN T 7E 2000—2018 4F 8] B FH 192 % 51 s
FEE Google Earth &4 HFEEAR, BT ICIL IR
1999 4 Bl Google Earth $414,1990 4 #4324
it H W% P Landsat T™M %5080 19 75 U HIE, 3T
MEsE R 3 Frn, HEEL 1990—2018 4 (0] 5 % 6
ASFER T A, SR 5] 24 ANt R ]
H OA {HikF] 90% UL |-, Kappa Z%50LF] 0.87 VU I,
24 ANGER OA 5K 90.20% ~93.46% ,Kappa Z 5L
70.87 ~0.91, ZAEGHF-4 OA {EFN Kappa REUT
ST 91, 60% F10. 88, BELE UL, ] SVM Jr
2%, PTLASEBR NS A B P e FH

®3 HRXEZWHHEBEETM

Tab.3 Classification accuracy of main cities in the study area

1990 4§ 2000 4 2010 4 2018 4F
i

0A/ % Kappa 0A/ % Kappa 0A/ % Kappa 0A/ % Kappa
T H 92.23 0.88 91.07 0.87 92.15 0.89 92.65 0.88
S % 90.20 0.88 92.80 0.89 92.58 0.91 92.88 0.90
TR 90.76 0.89 92.36 0.89 92.20 0.90 91.76 0.90
I 91.61 0.90 91.42 0.89 93.08 0.91 93.00 0.91
b B 93.46 0.88 91.48 0.88 91.08 0.87 92.99 0.91
Joll 93.36 0.90 90.46 0.87 90.39 0.88 93.30 0.90
EEE 91.94 0.89 91.60 0.88 91.91 0.89 92.76 0.90

3.2 WMWY KM=
1990—2018 4F:[] 5 ff 6 A~ 3= B3R 17 2 1% H it
AR RIAEIG KR R 4 R
R4 19902018 FEi A FIGKMFIGKE
Tab.4 Annual increase and annual growth rate
of construction land from 1990 to 2018

. 1990— 2000— 2010— 1990—
e Gl 2000 4F 2010 4F 2018 4F 2018 4F T
T 0.02 0.63 0.04 0.17 0.22
J% 0.23  0.01 0.58 0.20  0.26
bR 0.07 0.09 0.05 0.51 0.18

Ak’ 2 001 086 115  0.03  0.51
Y 0.02  0.07 0.04 0.06 0.05
JG1l 0.08 0.04 0.10 0.06 0.07
HE 0.13 3.18 0.17 0.8  1.09
J% 1.30  0.04 2.74 1.02 1.28
AN 1.24 2.8  0.33 1.8  1.58
AGR/%

-3¢ 3.18 2.97 1.27 1.00 2.11
VWHBEE  0.03 1.89 2.08 1.08 1.27
el 0.82 2.31 1.20 0.82 1.29

M 4 TP LUE H,2010—2018 4512 1 8 5
FHHBAERSRSAS] 1. 15 km® , J& 1990—2018 4F A 5
MK e 1, 2% To Il AR RS K R R A
2010—2018 4, SRTMIHHE VLA U0 LB i AR 3G K i
KAEMFE 2000—2010 4F2Z 8], WEHE: Jf 2% 1A P

5 VL BE I I S AR S R A5 1. 09%
1.28% ,1.58% ,2.11% ,1.27% F11.29% ., V£
AEHE KR TE 1990—2000 4F 22 8] J2& ¢ 5 1), 2000—
2010 AF- 22 [R)AFHG K e f o 2, ARG R IR B
3.18% , $5cilt By PN R4 I AE K R ok, HUAE IR 3]
2.74% .

R 6 A IR T A9 T AR sk R AN & 2 B,
M2 TRl DA 2 A PN 3T v A R v B
2000—2010 AFEE % ] Ho T ALY 5K R 81 F 2018 4
TS 2000 AE YRR SR, JLFIAE] 1.4 %55 ¥
HBETE 2010 4ELL 1.3 f5 Y 5K 2010 4F35
(I Tk A LR3I 1.4 45, % TFHAb 2 M
T4 ST, Tl 2000 4E 1 2018 AE AP 7K
FILFRE 1.2 £%,2010 4E A AR IR % 5 4
T ARTE 2018 4FIAF) 1.3 Ay, P4 2018 4FRY
TR 5K HRSE BRI 1. 2 £%,2010 4F (4 2 15 FH i 1
5Kk A5 2018 4F4EiE . 3 ARl T P LA
FD BLGE , E e L E AR 2 F 1990 4RI AL T
TR T AT 3 N DT, AR
AR L THI R R R R 2 TR 3 (H 2 HER
SR R B Bt Je Il FIE R
W EERU N
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Fig.2 Relative spatial growth rate of the main cities in the study area

3.3 BiZAMTESHS=SNERETHL
1990—2018 4F[a] 5 6 4> 3= 2k 117 28215 ) Hb

FIHARIFR BE R A2 A0 (B 3) . 1990—2018 4F[H]
SPHE JS% IR TR BB 5K

(d) Vi
g J19904 [ ] 199020004 [ 200020104 [l 20102018 [ K1k
B3 19902018 FRARKEEH T K=ESH

Fig.3 Spatial distribution of urban expansion in main cities in the study area from 1990 to 2018

1990 4F- 6 /N3 7 A% F2 308 DX I 45 Wl 3 o0 A, e
THE SRS AT LR o 1 I T O 3R X A T T
A3 JE AV EIIX ] N RS 5K . BTAT XA
TEH S DO, 72 LR AR A T A7 e, e
HOIE X3 10 & AT — R [sEI . [ 2000 4R, F
e A KR ) EE M e =0 5k VLA BR TR AR
D7l S — B RERP 9k 22 4h, R ER B I

(e) VHBE

(f) J5ih

By Kk, JTlfed kil fe b E BT
i X, XL a KA HE A2tk o W
JEMAE R AR TR 5 — IR, 2010 4R HITFET
NREARMBFEADY 5K, 5, 75 CPE 00 e 3
RMEHEIN X T ARl v LB 10 5, H 2000 4F
& EIX I AR AT A K SR
fief 6 /> 3 B TT AY FE I DX REAS YA R ORI S AT
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FEEN

1990—2018 42 1] f) i 5 FH Hh S5 W 28 £k e 94
e 4 Fros, 6 A~ EETT Y PLAND 7E 4 /> 1]
AR S B A 7E 2000 AR 2 SRR N

B, LPL IR T B R BEHRA AN S B 50 . A

SRAZIART AR5 FH b 40 32 5 7, D) FH B )
LPI KT HAA -1 LPT, 1990—2018 4FEiE 7 |
SEHE JTRAESE LPT 32 F 1990 4E#AF S 30 T

a1 B I FH b Y SR T R, i b A
F G I T R v BB Ao 1L
MY 3 b 7 ) HE BRAR B, Ak ST, NP AT PD axX
AP AL 5 ke = 30 T BB RN AR = M AN TR Jak
MHSESERY LSI, NP F1 PD 1 2000 4F 22 Aif S B R %
G ZIEIG BT, VBB ANE E X 3 MR
—HEH LT EE TR A LSI, NP F1 PD 7£ 2000
AEIR B — N UEAE, % WFE 2000 4F#E A —MIG
A,

3 1 20 150 0.3
2 2; 08 15 £ 2 ) B 0622
22 ° S ps G / 1= -
) 2 06 - S 9 7~ &
= 15 = 9 10 X \ , = 015
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Fig.4 Landscape metrics of construction land in Chongjin, Humhang,
Kanggye, Pyongyang, Sariwon and Wosan from 1990 to 2018
I A SCHAAE 2 D7 DA, (DR B YR
4  Hib PRI S B LERERIRTT (AN T30 B SO 45 i 5

ARSCHE T K] ) B9 Landsat 25045 £ HX
1990—2018 4 [H]5HfE 6 4> = ZE3 T iy At i FH b, F)
H eCognition 9. 0 Bk fFikAT 22 RUEE 31, e G ks
A ZF LIBSVM JFIEER 41, 32 H Matlab 35 5 T &
TR GRS AR KRS, F A Frag-
stats 4. 2 BT R /BRI 550 5 B LA = 45
B, AR AR ROR T ki T o, O
HXTEE5KG B A TP, S35 AR B 5 Kappa R
By ik 3] 90% A1 0. 87 LA, 156 W 1 1) %t 42 A
SVM J7 i AT A TR RUBE A B[] J 471 f) 2 5
PRH,

AT X 25 38 T 2 ] A AT i 4T, B 6 IR
A IR DX AR T (V) A3 A1, HLE AL T i 3P 3 X
5, 5RET R 3R X i AME s, R
PLFITEIL 2018 AR R 5K | % B A
WIS, el 3= A bz AL R L
FIFAERS FIAE R R0 6 A~ BT b 47400,
I 1990—2018 4E-FIE Y AE K IE 6 I b i
KA, IEF] 1. 15 km”, T I L A0 4F 3 K R 2 I iR
FEF/ING M S0 SR s 4, A5 BRI Ay B
Bz A, Hofl 4 A 3T 2 5 P = S b 5 B 2 B 1
FhEaF AR SR ) A A5 PR B (R T R S
RS2 | R A A I SRR AR 8 |

B R, DA ZE TR it o ; @i FIoikak
51999 4E R HY Google Earth 143 ¥ R 1%, FI 1T
Landsat TM 5214 H U# R4 T30 E " A B2 57 H LA
Wit sgm , 76 F —2 RIS H e P s R 5
% ( 4 WorldView —2 Fll SAR %45) 45 & £ Fh 7 v
ASHNEEFEAT /0T, AR AL X AR 25 TR 2R
PR & SRR HEAT 1R B
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Abstract: The study of the change of main urban construction land that is almost blank in the wide area space —
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time scale can make up for the blank in the wide area space —time scale in the study area. The construction land of
six major cities was extracted by using SVM classification method based on the Landsat TM /ETM + /OLI data of
long time series from 1990 to 2018 in the study area. The quantitative analysis was made on the landscape metric as

well as annual increase and annual growth rate urban development mode . The results show that the SVM method
can effectively extract the construction land , with the average of overall accuracy higher than 90% and Kappa more
than 0. 87. The area expansion of each urban area had reached 1.2 ~1.4 times and was growing continuously from
1990 to 2018. The annual growth that the largest among the six cities of Pyongyang has reached 1.15 km’, while
the growth rate of Wosan has a small fluctuation range . And the growth rate that the largest among the six cities of
Humhang has reached 2.74% in the recent period. The expansion of six cities in the study area is concentrated in
the flat terrain ,and the main urban area is distributed along the river or the coast , with the expansion mode of filling
type and filling type. In general, its urbanization process is on the rise. This study lays the foundation for the
ecological environment protection and the urban expansion and provides reference for the relevant scientific research

in the study area.

Keywords: SVM; urbanization ; construction land ; landscape metrics ; Democratic People s Republic of Korea
(RERE: K BE)



