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Abstract: As climate warms up and ice melts, the Arctic is drawing much more attention. It is undeniable that
Arctic urban spatial information is critical for studying, understanding, and exploring the Arctic. Due to the
special geographical situation, Arctic urban extraction has unique difficulties such as urban fragmentation and
confusion with bare mountains. To overcome the problems of extracting Arctic urban, multi-source data including
Landsat, DMSP/OLS, and ASTER-GDEM2 were used. Spectral features, texture features, nighttime light features,
and topographic features were obtained after feature extraction. Apart from that, the AdaBoost algorithm was
used to extract the urban areas at 1990, 2004 and 2016. To clearly and more completely understand the function
of each feature, we divided features into four different groups, and compared their differences. The result shows
that, adding terrain features or nighttime lighting features can improve the extraction accuracy, and that the
combination of spectrum, texture, terrain, and nighttime lighting is the optimal combination of features. The
overall accuracy (OA) and kappa values based on spectral and texture features are 86.20% and 0.68, respectively.
After adding terrain feature, the accuracy increased by 2.7% (OA) and 6.21% (kappa) respectively. When only
adding nighttime lighting feature, OA increased by 2.1% and kappa 0.50. The best result was reached when we
added terrain feature and nighttime lighting simultaneously. In this case, the overall accuracy and kappa
increased by 3.7% and 8.55%, respectively. So, it is the optimal combination of features. After identifying the
optimal feature combination, the maximum likelihood method was used to extract urban areas to prove the
effectiveness of the AdaBoost algorithm. Experiment results show that, with the optimal feature combination,
extraction based on AdaBoost has its OA and kappa value 10% and 20% higher respectively than those by the
maximum likelihood method. Finally, the urban expansion was analyzed. The intensity of the urban expansion in
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the study area is around 4.4x10” from 1990 to 2004 and this number is 4.5x10” from 2004 to 2016, which can be
interpreted as slow expansion. The average level of expansion is 0.018, 1/2 of the global average. The urban
expansion level between 1990 and 2004 is higher than that between 2004 and 2016. The difference in the
dynamics during 1990-2004 and during 2004-2016 indicates that the study area is currently transitioning from a
high-speed development period to a stable development period. Given the warming of the Arctic and the growing
of population, Arctic urban is expected to continue expanding slowly.
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*Corresponding author: LIU Qingsheng, E-mail: liugs@lreis.ac.cn

FEE AU A 5 B TR g dbal , DA TAbA , R R AU A T B8 S AR SC LA AU P8 P 1 3 T e 2 e 238 461, 1
Landsat 5% {4 .DMSP/OLS & [H]£] J%: \ ASTER-GDEM2 %4l , i ixf FEAFE SR B B 8 TR RRIE (SRR R (B KT SEHEE M
FRAESE 18 ANRRE IR BIR AR FRIE AL & 5 36T AdaBoost BLFR I 1990,2004 ,2016 4EWTF 5% X (1 I AE b, IR R B R 5 ik
RIARIEIEAT T X b, AR IR BT T 9t . WFFE 4SR5 A MBI S0 KT SRR e v] LAAE T SRR (1 LRl -
PR PEORG L . JL TGS SO AEAS 1) (4 BAAE BE 5 kappa (E 20510 86.20%F1 0.68 5 M AU RRAE J5 4% BE 25142755 2.70%
(OA) F16.21% (kappa) ; JIATR 8] KT YEHERAE I 45 12 20 IR 1R 2.10%110.50 5 il A HITE 570 8] KT Y45 AE RS 15 43 9 4% 55 3.70% A1l
8.55%, K SO U S KT A A R LR E A A . B AR IE L A 51T AdaBoost RELHE I, Hb i K ABISR 12
IR P73 2 AR BE WS 10% 25 47  kappa {E 1 20% 2547 o A LS H /R WFSE KRR Y 5K 8 B 5.5% 107 247, )& T 25 1%
Pk Ik B B EEKE 4 0,018, SR A BRIKF-(0.0325) (1—21 A2 47 520042016 4F 14 Bl A8 BE AR T 1990-2004 4F 1) 2l 2%

JEAK-, U BHBIESE X H T e ey o TR i) PR PR A O

KA HLES¥ > s Landsat; DMSP/OLS 74 [A] 4] 5 ; DEM ; AR FR IR ;45 2 I 3555 s AU Ml

1 515

PAERAUR 7 e R 5 2 BT,
H 2013 4 P g S 1 o ) i ohy 1 Ui 5
i E 2 53CE B R ET S )R . B AEE ]
Frel 2 e 5 AU BT AN T 43, QAe] vE i L 2 0 M
U SR W S 2 at . HAT, EEEE
WG T R, B v SR o, AR T
DU Rk ) B /5 ) FH 22 U3 T 1 A B
AU M X A3k A5 B 7 AUAR b X A ST 30 4F-2K
JEERER AR A7

MEZAGAR T T , FH R B B A5 e 25 (1]
PR 43R 32K A3 BERSEAR (QuickBird . IKO-
NOS .SPOT) ; 143 #5514 (Landsat . Terra ASTER ) ;
i 5 3 % % 1% (MODIS , AVHRR , DMSP-OLS) ",
AR A P BRI A R 2SR5 B AT 43k - (D PR —Fh 252
1R HE I, 4N Schottker 25 FH =4 T™ 58 X 1 ]
JEHT R H R b X FEAT 40 AR A I T R R A Ak T J%
W) s Watanabe 223 T SAR F1%4 ] fmaX-filter /7
T T IR @ 2R P . ZIREE A
1 TORAE AT o Rl S, 5 —
SAGHH L, R 2 I8 80E BGEE & T BUR S B
B, AT MR IORS B

MR IO F R, BT AR B
TrVEAT i B G R E R TU OB AR Ry
2 G ik T AR TR ik ST LA
TR o 15 OC R i i o B BSOS RRAE
SEREALER AR, I DL A (R R A U A S, g
TRFK A 5 S50 B T AN I3 /K THHE %X NDISI | 3%
SRS FH M5 50 IBT7 5 — b kTS U NDBIY . #:
SRS B0 Zy YRR (R R (e BT, 45
YRR SR L5 B A R, AN 2 0, I L PEAR
2 AGE TS RN R IX . T JE
DR, s SR S 5L g B
A2 E A Ok SE B A SRR, AR AR
TIEA 2 HE =R S d 5 18 5 173k
TSR 12078 A Rl BB il A oA,
DA IAS B0 S B A 25 . T X i
DASZAG X G R s, R RS 65 B JRAR
RRIE RN AR AT & R4 HE T b 64 143 28 BB, 4
Qiu &5 EE T I (1] X G 0 7 VA AT R o DR U
HAr2E . TR G 5 i FH T 5 o3 B AR L,
AT DATE— @ FERE b v i w R RE 5L TR T/ 251
CHRER 7 IR G , 8 43 RS X Sl B 3 R R R e A
Ko BETWAZTTH Ik, kR G500 it AR
{3 , 38 1 SRR T AL BT o B FL R S BN



64 B 5L AR JETZUE RS MBS B AU R £ R BRI 971

KT IFEI, A AT A3 [l AR AR ) 5 5 %
TRARHI WARTCHY vk BARAE— e R s>
TIRABITAE K I BGE B 5 Bk (H2
AL ZARA A B K TP EA IR A B IX, S Al AN i 7K
AT P A5 e (A M X, JETFHLAR 24 2T A 2k (W <2
Fria AL B KSR . AdaBoost 5 775 ) A e a6
PUKFE , LeAR e 1R B o 2 o L X, (R
SRt TR 25 DX (4%

SRR A WA IO & TIiE 2 H =it
5% AR AR AT N SCEAEE T AU X AR 5k Hh X
PSR o 5 & 38 DX Il B 4 BBOAH L, T AR i B 1
PER T EAFLE AT 340 D AH T & 8 X
PR TR S B, AR AL 1 ek DX 1T FRF 40/, EL3
BOBA o3 AN, 3 BRI 7 o 42 0 et
AR I B IO T A e 5 @) DA 2 B A THE 2R AT I
PRI AR R AR, oM B b il
Bl = B v AR T 55 AR R I LR U T
oo ARAb X B RRRPEE T Bk T IL A
FA B ) 25 1 7 o, R 2 e A A —
SO R TR AL Rl R T B T A g S
r, XEROME B AR W R SRR I X 5 D) b
W R A e R AR, UM ) A, 3045 K Rl
LA A b, DR LA B DR ) W 3
PRI 2 2 L Y 43 A B /NI RV, T
550 ) I 5 5 X v ) i B R A I
X DA TUAS 0B 3 SR A X A, AR SCHE R
A B U 5T (R SRR L, B TR 2 TR
LML 2 EE AR A B AL B AR B U | 22
T2 5 A B S EEL U L R R P e A

2 WFFEXARDL BRI b At B

2.1 AR XHER

Y 5 SR (Tromse) , J2& 98825 55 5w B B RF , /2
IR R IR IR T TR . AU BB PN B — R,
2016 4F 1 H AN T4 73 480 Ao 452 58
I DX 32 A RV R 2 S W 7 55 ) B
IR By FVRE B ISR 5 1 JEARAS KRN, Fy T ke 7y L
BT BT A S AR PR A3 Ik X R R b IX A 4 o
FUJR 555 P AR AR 22 WS 2R A Bl & 4, B IX i IR
SUUT LA R 2 22 B A A o R 2 AR 555 L 3l A1 1y
Ly Tl i 2 AR f K | st b S5 ] L P Vg 2 7
DI B RN 3 A —LeRb BRI R R . R
QSR A3 A3 A R RS T AU PR B X A
-5 H AR 0 T 3R T A s N AR S SR AT
AR A S AR A AR PE X B (BT 1) ¢

IR IR Vi I SO AR N D SR AN
SR R R IX TRV PR IR . S5 T H AT
A WA g — IR 5 RS R 2 1R ]
i A OB L AR SC AR S SR R 2 I SR A 3R
JH b 5 J5 1R T 7 DX, 3 5 1 F 91X DA R 2
U35 5 (Tromseya) A HO RS IR N T ERAEIX,
Hi A BN 18°38" E-19°45" E, 69°54' N-69°28' N
(1) ZIXBUERAE THREP IR 70% L0 ER AN ETH
1969 km?, 142 257.9 m, J& T B <A

2.2 HIRRESmAE
2.2.1 FERbEEE

(1)Landsat £l . HEBRAR A =5 85 78 25 il = alE
P40 5 7 % L T e R Y 3 MR RZ AR (1990 4F 7

K1 JEERERE B (L2016 44 41])
Fig. 1 Spectral indices (the case of 2016)



972 Bk 5 B P

20194F

H 20 H,Landsat5 TM; 2004 4% 6 F 24 H , Landsat5
TM;20164F6 1 21 H ,Landsat8 OLI) . X} 3 f@51%
HEAT JUARTAE TF 58 SR A AR R A T 55 A T 45
VEJGAE R4 B SRR

(2)DMSP & AT e 8t "o SREZEH IR T
/&2 DMSP (the Defense Meteorological Satellite Pro-
gram ) & 36 [E] 23 AR G 3 R 48 rhunas 47 9 [ B
(Department of Defense, DoD) 113 , [ 5 Bk ) #1
K4 v L (National Geophysical Data Center, NG-
DC) il T — % 41| DMSP 2 i) kT )6 i) 47 1 I 2= it
] 8Kt . o ave vis SEBLEL S T T IOEIR B
e E AP (R, B (EIE R 0~63 , 4 1 3r |
2238 DL S HA SR s s AR E KT, o i g , &5 ]
SYPERN 0.008 333°(~ 1 km) , H 23 TSR M
WK OCHT 2z 2, RGBT AR AR O
AR SCHEFH 1993 4F 11 F101993 SRR F M 5T X 1990 4F:
WA T B s F 2013 4219 F182013 4885 2016 411
AT GO

(3) ASTER-GDEM2 £ 7 PR 44 . 26 [
FMAS WK Jmy A H AR s 57 2 5 Tl A= 7 1Y) AS-
TER GDEM V2 T 2011410 A 17 H &4, R T
— e FE AT VI GDEM SARE1T T ek
23 [A]53 HE3 R 30 m, B i p AU 2R 75° LA IS L
2.2.2 BHRVALEL SRR

R FHAE RCBEAIL AR O =X, SRAEFFEIX 2% 1015
JCRAE R IIEREEA IR AR SR AN E S
1000 A4~ i /E A MK FEAS o 25 45 Landsat 5% 15 Fil
Google Earth =g 40 %5 5, Al 25 R
W I T S MR (1 3aRkAE, - 1 R |, 3 %K
PERREAS AR 1 R

TERE WAL BT T, 6 e — B4 .l T
1990 41 2004 4 1Y) Landsat £ 4 FL 45 4 7] 1) 1% 52
WGS 84 UTM_Zone 33N, fT LK 2016 4 (1) 545
AT RE 4 SR A K 3 4~ 4F-403 1Y Landsat . DMSP

x1 IRUERERRHE
Tab.1 Ground truth samples for the 3 studied years (4")

IZREEAR WA
DY i AEskt e AR
1990 4458 21914 265 735
2004 4076 21452 272 728
2016 4225 20 855 327 673

(D https://www.ngdc.noaa.gov/eog/
2 https://search.earthdata.nasa.gov/search,,

ASTER-GDEM2 $#f& L 1990 4y K2 i A7 25 [a] #¢
1E, i #4545 P45 B AH VS B 5 7576 GDAL o fir
Landsat () 3 1506 45— K int16 B E PGS, F
AT SR S s 5 SCRE T e m s e Ao X
1 FOf 3 3 Landsat %45 . DMSP %45 5 ASTER-
GDEM2 Bda i A 74857 .

2.2.3 FFAESEHEL

(D) JETERRAE . B 1R F R JLA s R Hi
TREZ A1, 2 R 5E XS F Al b X, W4 4
L T X R A 2 s, R — kB dE 4k
(NDSI) X 5354 530 4H ; Konstantinov 281 RS 285} 4
AU IR T EE R 2307 7 R HLA 5 BT 2R UK
IR S IS R0 A TRIFSY , R BRI eIk T ol 5
TERBAY IR 22 ik 5~7 °C, Ui A U h b X e 5 H: &
AR A M 2R A AR B R 25 57, % AT T 5 i
JE %5 YIAH G Y IH — b 25 (A2 7K T 5 45 (NDISD
WHERR S RES GEE, 5H b # 52
(NDBD) FIHAh G155 50 A 78V A RO B ) )l
TERFIEFEAR (R 2 TN 2)

(2) SCPERRAE o SCHRRAE 2 R 7 R P
5O &M R O LA [A) A R ) HE 81 ) R
BRI L IlEE 1 PN A Ry B AR R A AL 1 Ik
L) SO AIE 2 DO 308 B At b A 26 AT /D Y
FRORFFAE o K B 2R B F EIG v 2 MEOTHE K
JE 25 [a) v B K B O R il iR S AT B
Py =0,1,2,++,n - 1) 5 GLCM MK 3L S
HARF TR E RN (d,0) IKEERS N i
FGICI 8, Ho R d, ) 0 o AR SCIE T 8 Fif
i SR 2R TR W R SO 2, ]
SUPPRHFFE RO FE 3,201 6 AESCURFHE B LI 2.

(3)HEHFAE . MR AR DSR2 IR ZRIE 3
PR 53 AT RS Jy () S AR A Vg VG 8 L Vi s 1)
DX A B A, 35 R i DX PR T - M
5 NZEIE SN, I DL R AR — 2 PR AL RE
IR 2 T b AR 3k AL B B 52 . &1 3 S ASTER-
GDEM it R 1H 43 HrAg 2255 . o] & 3,
B R T I DA WA A AT, PR SRR X A L
A3 A, FEIE R AR M DO AR = . R
JEET7 IR, R 2 SR T2 DX 3 A A 3 ST G2 A DX
R 2 IRV OO R A 3 DX e A B, R 1 Ik
M E



614 B 5L AR JETZUE RS MBS B AU R £ R BRI 973

R AEBERBRITEAZ

Tab. 2 Information of the spectral indices
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Tab. 3 Information of the texture indices
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Fig. 5 Flow chart of urban extraction
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Tab. 4 Extraction accuracy based on the

spectral and texture features
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Fig. 6 Extraction result based on the spectral and texture features
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Tab.5 Extraction Accuracy based on the spectral,

texture, and terrain features
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Fig. 7 Extraction result based on the spectral, texture, and terrain features (overlaying elevation data)

T
K8 FETOLHE LU MR RHIE A BIRES R (R B i)

Fig. 8 Extraction results based on the spectral, texture, and terrain features (overlaying slope data)
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Tab. 6 Extraction accuracy based on the spectral,

texture, and nightlight features
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Fig. 9 Extraction result based on the spectral, texture, and nightlight features
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Fig. 10 Extraction result based on the spectral, texture, terrain, and nightlight features
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Fig. 11 Extraction results of 1990, 2004 and 2016
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Tab. 8 Comparison of the extraction accuracy of the three studied years
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Fig. 12 Urban expansion of the study area
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Tab. 9 Urban expand measurements

A0 T /ho? i P IR/ (hm'Yy) ke A
1990 2174.7 0.01917 - - -

2004 2767.0 0.02091 4231 0.044 0.01946
2016 32917 0.02411 43.72 0.045 0.01580
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