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Abstract

Taking Qingdao as the research object, based on the data of Qingdao city from 1992 to 2013, the
night lights and the social economic data and geographical spatial data, the analysis of all kinds of
lighting index and social factors of correlation index, index of Qingdao city lights and related social
factors index of fitting degree is higher, and through the monitoring index of the urban land expan-
sion characterization of 20 years of Qingdao, the change of the urban expansion and the spatial dis-
tribution changes. In addition, by means of geographical regression analysis and inversion, demo-
graphic and economic factors were used to represent the change of light index to verify the change
of urban land expansion and spatial distribution in Qingdao. The results showed that the urbani-
zation level of Qingdao continued to improve in the past 20 years, and the urbanization level
gradually accelerated from 1992 to 2010. The spatial pattern of Qingdao’s development presents
the development driven by central circle and group. There will also be the problem of unbalanced
spatial development. In the first 15 years, the development mainly centered on the east bank ur-
ban area, and in the last five years, more attention will be paid to the overall development.
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1. 518

AR NS R R B BRI AR, RE CE BN T s i B S sy e
VEG IR ) = EERAE, TR BTG AE 2 (8] SR 5 0 3 I RRIE 2 —[1]. A 538 Tl b B 3 AL K
£ 2020 £E A fE2iLF] 55%~58%, 2035~2040 A I REMHLL 70%. WL, EARKIRIC—BURIY], o R
B DR AR DR R R 35K (2] [3] (H R Y AN 233 st s B U IR 2%, 1T B IR 2 i 4
BRI, TR RERARA . BRIGIE . AEV) 2RISR B . IR B Z 9B 2L
B A VO T R R A AR T R I PRI ARV N PR T A B A T T A 3
TTZ N [4]. ARG SRR . A R 5 B E A A KEWFT . BRI i A ok
BT L EFEFHS 5 LA DMSP (Defense Meteorological Satellite Pro-gram)#& %% 1 OLS (Operational Linescan
System)f& &5, OLS Al LG HfL &, CHARMBEOCHBOREE ), AIERIE TAE, BESRI 2045 117
ST E /NS R . R R IR AT, IR R X T~ BRI 1) £ A 5% [5]. DMSP/OLS
¥ 5 AVHRR BATAHE 23 0] 23 532, D RORUBE A3 i Ak 6 £ 4t — b o H5cafa SR HCTF B [6] . I AR TEIAT
JCREIREAR I AT & T AR by 10 7 (A0 s Ry A I R il R R 5 T i I b e R A SR S

2. RREXBEHRHE
21 BERHHRR

8, REETT, F SR E I EEOIR . BRI T ROR . E R D
SRR RSN . B OLFFMEMT . B etk H R W E R E R A,
YOEN “RIiEET o BRI Z 0. AN A, R S Bt HE L 2R e B R e B XM
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RO XISl . A 2017 4F, HFH W LAY 11,292 P AR, ElEX. WX, 2596
X X, IPHIX . RIERIX ., B X 7 AKX, ARESPEE. SRR, RN 3 AN B, A 1ANEKGHIX,
BTN 929.05 71N, NEZEEN 823 NPT AR. #ubF 2017 4K, HSHIX A EHE 11,037.28
f¢.5t, AN¥) GDP k% 109,407 J¢[7].

2.2. HHAREKRIR

2.2.1. DMSP/OLS 8 EHEIAT S HiE
K HII 1992~2013 47 5 11 DMSP/OLS 14 [BJAT S At el 5 [ [ 5 Hh 345 5 v 0 I

(https://ngdc.noaa.gov/eog/download.html), BHEHE HA LT JLAEH: 1) FETF DMSP/OLS AT sz A% 1
Hh RT3 #2604 0.0083333°, £ 1 km ZA7[8], B E MR EARH /D, HEZEAH] TM HdE 1%, K J7E; 2) 5
T DMSP/OLS FIR (A 4T Y §AA% AT LA i 48 A PR A5 SR [9], AT ATR I /N AR B L P A H AR B8 P T
EARRES T LSS, EF R tn AR ARSI ARSI . R X RE . 53R R
(AR M T BRE S« 3) Bl T 5 S R T A RN : © UM 1500 2 HL 58 12 ol
PAFMEIE; @ A2 HIEH KR @ RRIZEIT; @ WERKRRBIHEIEFG HEBREm.

2.2.2. Gt BUBRAEEI IR
H WU EIERE T (R HEHEL) - BRSGHHREEMW; 58 HTE0 A 1:100 /5. 1:400
T3 SRR T ) Rt S B P Rk

2.3. BETmALE

2.3.1. HEKTABHIEEIE

£ Arcgis10.5 A b FH 75 & AT X R O B SR N 0K 1992~2013 4 22 AMEA AR 8 16 = IR
AT e HAR AT R Y, EEHEMR, S T EIER . BORSREUR AT G5 H 6 MARIL IR,
[8]117 DMSP A [ 4% g s FL A AN [5] (1) S R WU e e (L 6 e S R0 R A AT A S T AT, ELER I 1 i B
AEAEANBRZET, R A Rl AR SR BOME R A4 RS2 (8 CF B A TRI[10]: ihab, B M AHERE, Si%ias
FR 48 SRR DN 6 ) B 5238 o T AN [7] DMSP T #5 8 OLS A% Bas AN SR B #E47 2 b bRe FAH FLAR
1E, SERFRI A AN [FAL B35 18] B I 18] 77 ) 80 A A S A o] B [11] FEAAELLU R R RR: 1) H
TWA R LEN, ARSI A R0 MBI R B IS 2) T BRI ZER KA FE RS
TR REANIF], 38 B 1 AN [FA% B2 TR AN [R) AR 4y 52 AR B8 AN e 2 HA [R) A% SR 2% R HFR) A 3] 484 25040 AN AH [«
Eb4n F12 F1 F14 3R1516) 1997 4E 1 5 DN {EAH 2 31.5%, F15 Al F16 3545 (1) 2007 4E ) 5 DN {E 41 7% 26.2%.
[12]. 3) F18 AH#: T HANAL IR ARAFAE AR IR, F16 3RA3 1 2009 “EE A1 F18 3k43 1) 2010 4E%H #5  3E
WK 4) STeEERA B BT OCEUE R P THGE R 0-63, W — AN BT 14T e s FE IS F 63
B, 2 IR S IMAIIE N, 1X5 GDP KA FIRERFAR, ] ge&BERAT e 5 H sk GDP
(AR LA A RS . vk Bid i), /6% DMSP/OLS A& e 7 [A1T e Bm it AT iF 70 MR I, a2t ik
AT IR (A B IE s BRI IESS . [13]10 1l DX Pl LA R IR 22, 1 Jex AT R dm AT 1 kb
TEFE /IS fh [ 14155 5T BE USRI (B KT S R 72 A 52 B [R) AR SR R — R B R 2 50K, Hoh e B B )2
F14 5 F12 f F15 Z [AIf 22 5 o ERIRERA I T AN R AR AR TRD KT St R P R ORI MR 22 IR

1) XL R ) AH EAR IS D AN AR XA AR AE X 3, 8 D AN AR X ) 3 — AR B A A S 5 40
W, TERSIEAR %5 FE R BRI 2252 Oy AR XS “0h 7 Bsem, 99 PRA8fh13]. R KA 5 A2k
TR X IR AIRIRBE LR 75 ) i 20 DN H iy BRI 2 ML AR E v S 5 AL 4% F16; b) fif
FH 228 A4 B8 1) DD AR 500 ) BT B30 J5 AR B 5 B I I (A R a% FL4 1O, ARH St/ — JfeiZa v A IR A4y
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AR F16. F14 @araEJ5FE: o) FIAZ TR IE F14 I FEEEE: d) (ERRIEE ML EkeE F14 1N
PRiE,  FROCR BT SR R — MRS, DLRSRHE, R I (R e . IRIE R, Wil
AR B A, WA AR SEPIASEEA BE AR [R5, 2 SL P M R R IR I T R . ARIRARIE
(37 VA P (R4 0y A AR SR A BB AR LU, P 1 2 B R R A IR S5 RS2, B AEE SV IR
R [RTA O B 22 50 A AR AE (LA 1)
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Figure 1. DN values after mutual correction for different years in Qingdao city
E 1. E5mARFMHEERIERS DN &
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Horp b DN, ASKRBCPZ J5 1) DN B, DN, JH R EEA3 Heh —AME &R DN, DN, A A4
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Figure 2. DN values of different sensors in each year in Qingdao
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Figure 3. DN value after mean correction for different years in Qingdao
E 3. SRHAREMERIER DN &

3. ARFA&*
3.1. DN E 5% itigfrta x4 534

P T 1992~2013 @ IX A EER R H S HIWBULN . FREANH . GDP JLIitt 2
BT HEbR ] SPSS B HEAT AR ISR AT, B2 308 FH PR R BB R SRR AL KT L AR S 3 i Ak 2 PR 7 1R 5%
#, BARGERIAE L

Table 1. DN value and correlation index analysis table

3 1. DN ESHEXER SR

B IRABAH R 0.926 0.972 0.926 0.962 0.958 0.959

H{E/K tau_b 0.913 0.905 0.896 0.913 0.913 0.913

i /R 2 Rho 0.982 0.981 0.979 0.982 0.982 0.982
Sk ?i%})\ik j}”ﬂfﬁ L)HL% gﬁiﬁﬁ i /Aéﬁﬁh J\i’%\linléz;%im X 44k
NH(3) BB M) (A6 T2 ) T (m?) i %(%)

Ry AR 0.962 0.926 0.956 0.955 0.947 0.939

H 8K tau_b 0.896 0.931 0.913 0.905 0.901 0.883

H Bz /K & Rho 0.979 0.988 0.982 0.981 0.978 0.972

H7% 1 ] DA HR A R RS VEE FE . DN E S A4 s AR DG i 98, O 0.972, ARG
P 5 /I8 B 2 R X T AR B AL [ 5 B P 4R WA, O 0.926, (HAHSRIERY R T 0.9, MHRIERZE: H
FES T R IX A R E MRS, B 1E<0.05 (W& 4), FFateiZioR. Kk, BATA LARIRIEAT £ods
KRBT AL
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3.2. HIEALTE

16 22 SEA AR TR AT Y B0 s e KR T AN 4E 4y 1992 1998, 2003, 2008. 2013 (1992, 2000. 2010.
2013)fa s« Em BT AR (R FIAT KARIE); @V RGE, MGl BmeE, HAE
B GDP H—E AT EARPIRES, FIHE AW BT a5 B S IREET RO R N IEMSG. #1992
T B IAE] ENVI -T2 2% R0, (3 B CUE I & R B0 ST e 3k 4T 85T,
EETHT S HAR AT ENVI ZHATIE B 0 R0, 7300 6 FIdT a8, NEIBERFR, S
it DIIEEARFSE R B SRR R, 1E Arcgis FHEHTHEE L. FREU 2K G SRR R )
FEIBRE (/)R S A5 S (455 B T AR R ) DA B S A G e iAE B (LG B S K FEAE), fE excel %
AT AR, IPE AR ARSI T X I T R IR R bR “Y RRIRERR S . “RIBE
/¥ . R . “RaeMEIREC . CERIYRHURT ST T, SR Y AR S &
R 2 KRBT R M1, R FH By .

3.3. Wi RIEHR

1) YWEY RIHE
B P A LAV () PR 308 B P b o R 5 i e P R TR R LA, SR 3080 B b P 2 1 T
S WESAE F B0 e g [15]. tFEA N
w =22 100% 1)
A

At x

Forbr W ONISBEES L s A IR AT D't (B X AR A A s IR AA D e I sy e
R At I ()T RS o SR PR T PR S PRV I () PA SRR ™ et AR SR I M AR P LU, SR A,
BN I RIRSE, MR Y PR

2) IR R AR AL

P R R BT T A MR S I 1) A RSB T St e T AR, S SRR s 7 e R 3R 95 [15] 0 THERE Y
S

ul =—2A L 100% @)
AT xTA

X

Horb U 93l FE SR FE AR E TA A EHURTHAL, A RIS A AA N IT bR X &
E IR I R IR s At DI (B TRT R o 3™ o o6 J5E 2 SRR T AR - 3t R RS F [ P (R AR P St ™ e T
SRR g FRE 9 58

3) WY RIS TR R

PRSI EEE e A A AR KRS DRI KR LUE, R
o A [15]. THEAA
W2

U=-—-2
w1

®)
Horb W2 FRoR — @I A O R, W1 SR E—IHPN IS REE L, 2 U > 1, D lisd s il
PR, 0<U <1 N OYMGE R Y A, U = 1 Iy Sl R ATy e i s & TR A4
5 7 I 31 P SR AR M T AR PR SR8 KR G NI RS R I AR, RSO A T e B R AR
P P A 2
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3.4. WA AER[16] [17]

1) BRI
ST R R RO, B AR I SRR AT R . TR AN

BC|=2$EK/P (4)

Hor BCl NI di AN SRR R, A NRIEAT e B i ERAE R X AR, PR S g i X 4 Bl
R A . T SRR B AR R AR, U AR R, e, UiITRAR I SRR I
2) r4EfaEL
SRR R R I TE AT 4. I N . AR
D =2In(A/4)/InP (5)

Horh D IR E B 7 4EAR A, Ay P BIRRR BRIV R K o D EMCRIIE S E 2 L5}
EAKLN .
3) raEtEAREL
FOEMEIR BRI A A E -
ST =[1.5-D| (6)

ST ONRESEMEIRAL, D NAMERAL. ST MATOR 2] e
4. BBTIEY RO
41 BHBEBTRER

SRR M B D 3t — ZER A R BB I L, R R R N R BV L B R IX . Xk
Y AT, AR AE T T B RS 1 2 TR PR TR P St A KR S5 ) R i AR AR [18] ki Ak
37 R P 2 LR AE A 22 X T AR A T A AN W I b AN B 1) A7 S A R TR A B ) B 5% [19]

4.1.1. BUETHR

1) P g R R T AR - bR LR ) Y SRR T R AR, S M B Hh T R I 5R S . R
JE 2 B ST ] P 3 P by P T A 5 B S B P L T AR PO, RAESCEE I M R ARG RO, I R
F A J& PR [15] 97 R TR A5 H8 BHE — e B 30 P9 3B TR AR (W AR 3G K 5 B — AN AR K 1 LU AE,
FAEBEA Y R, Wdk 2, 1992~2000 4F, F & IfEy R R Efa%ue 0.73; 2000~2010 4F, #H
By TS e R fE FR 22 0.79: 2010~2013 4F, 75 By T IAHY FE s FEFa 502 0.13; HHt A LTS 1992~2010
W], WY R AR R, 2010 fFJEIREY RE SR, B TR R R, BANE, FHHE
WAL AT R IR MBI 5K, EEREANERE.

2) R RRBEUEEO, U AR R R A BB E[15]. Wisk 3, [ 1992~2013 4, ¥’
TR NS, BARTREAE 0.6~0.7 18] TEHTE 5 i R IX H R 3R T A0 R i i, A RR
TR XK, TRY RNBAIIKE, W HIIREZA 0.

Table 2. Extended quality index
F2. T REREENR

GR) I R (%) ¥R E (%) TR
1992~2000 073 9.34
2000~2010 0.79 5.77 062 Rl
2010~2013 0.13 0.61 0.10
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Table 3. Spatial morphology index
= 3. FERASIERR

by ENCIEE R T UETRAL R PEAR L
1992 0.66 9.59 8.09
2000 0.63 1143 9.93
2010 0.62 11.65 10.15
2013 0.60 17.78 16.28

3) AMHETREUECR RIS A . AN R R ECUEOR, FoR s E . s
A DA 5 B T I AR S 2%, I AN, (HAS (AT SR g B 1 .

4.1.2. 1B 4T

1) it 1992, 2000. 2010. 2013 PYAMFEfr AT Suda & AT DL 5 ) 1992~2010 “EIH & 1Z 4
JEI, AT e AR B M X G2 K, 2010~2013 SEAIHAasE, AR AN (& 4).

2) H 1992~2013 4y e v LA i B i Sk RS = —hh. ==, R 1A E
RIEAR. H 1992 4% 2013 4, LATTRX . MTALXCON T RIA AR DASEH 9 B A0 R X LR 76 5
WX MR OB X O R R ), KRR, JEEE R R R 1T (S X)), ZRERE X (& L),
PO X R ) ~FRET . SEPa A K B g2 tg (& 5. 14 6).

4.2. £ SBFoHh

BT AR A AN & B2 SRR 2 ol FBUAR T A RS B IR S UMM R KU 3 - BRI

VR BT A E AR B LS i [ 2 (R S MRS T BT DR SR AR T R i 28 OQ L MM 1990 £E4GE1 2009 4F,
JUT- B b [ s 2 5 7 5K AR IRI KT O IR X3, 5 ph = bt s ) T A RS PR o ey, SRR Pt
R[N, B BT DR 8 5K 530 H T R I I R 2 B A IR ARG, ARSRARIREIR 97.2%; WAL
JAE 53T GDP Z /M R IEMISC, HICFERE BiA 95.9%; JEH ki A D8 5 ks ia) 8 oA X 3 i ik 2
WEIEAT, MBI =IL 95.8%; AL, ST AIX AU KBS AR IR, SRIRITE
Hs R R IEAR, MRREE RIS 92.6%. 1XUEZE RN, DMSP/OLS #IAIKT it fAEAL 575 By iy i) 4% [a]
At 2 2 GG BN AFAE GE i 2 LRI AR S A SRk (e 4).

Table 4. Correlation function model
= 4. HEXMREESR

DN 18 5 5 Fa BOH o< 1t o 4
PR R R? Adjusted R? FvHE A B I R BEM
shE 0926 0857 0.85 39.69 0.003
DN {5 % sk X T AR
S¥ 0962 0925 0.921 0.137 0.000
SEPE 0972 0.945 0.942 23.301 0.000
DN H5£&4H g
J% 0963 0.928 0.924 0.173 0.000
DN i 575 1 st 0926 0857 0.85 876,693.224 0.000
LIRS S¥ 0966 0934 0.931 0.305 0.000
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Continued
2k 0.958 0.919 0.914 10.11 0.000
DN 5 FAR B AR
e 0.957 0.916 0.912 0.014 0.000
2 0.959 0.92 0.916 6,088,644.861 0.000
DN & 5 GDP

Fa¥ 0.974 0.949 0.947 0.223 0.000
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Figure 4. Lighting index chart of Qingdao in different years
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Figure 5. Urban expansion and change map of Qingdao city
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Figure 6. Administrative district map of Qingdao city
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42.1. ®ESTHS GDP

1) HE AL EH(GWR)

TE [N 43 BT H A VAR A 43 AT 140 P LA I T 3 B B AR G, R G 2 v G vt 1) 45 Rl B 1 A
SCARRE, M A BV A HTAE A A R MR B 2 1) B 2R, Tl e o ASC [ 0 00 T DA b B 437 5 B 3R
HIEEEN, TS b N RS T OBE, )5 FT 2SS BRI & RAEE
20 M R DR AR e {0 [V R B R o R B B P 7 B R K, O B P s TR R P g NS R e, b [
KA ARER 77, DARAEZS A 5 5 P [20].

2) T A G R R 2 1 43 ) S vk

a) R R AR RIS X TR B AL BE B AN Mol N OB = A AR &, F LLERAE GDP
R AR KMy s (W —Fh A 00T, TR (LK 7. & 8)

B —P )\

1:1, 000, 000

Figure 7. Geographical regression analysis-GDP
[ 7. #h3EYI 53 47-GDP

K 7. 8 IO FEEEAEUE, R RBIIMEIRE . ERFRMEE RN KRB THE R
FEME. ARHETRZE S SCBR R RUEAN BB, ARRE M THE R B S N o BRI R 22 10 SR A AT
RERAFAE SR i 22 AL ML . BT UivET, RERERET 25 MirdEE )7, XS RE AT 1
AR, AEA B RIS XA R X o I BB Ao LU AT A B B R (R S R B S, B B X AT
P X I S HARR A S R S 4, B A E R T v . AIC ¢ AR HER R fX) — M &, W] RALERAS
AR — Mok E, BRI SRR AT . AR, AT S/ 3Rk, s el
IR AIC ¢ B A EAINRCR .
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BACRE—P )

Kt

é StdResid
[ ] < 2.5 std. Dev.
[ 2.5 - -1.5 Std. Dev.
[ 1.5 - -0.5 Std. Dev.
I 0.5 - 0.5 Std. Dev.
B 0.5 - 1.5 std. Dev.
B 5 - 25 std Dev.
Bl 25 st e
1:1, 000, 000

Figure 8. Least square method-GDP
8. ‘/N_FkE-GDP

b) M4 BRI (MRS &, AT, GDP ML FISCBA % DN f/F JoemeAs i, i o]
IIAGEAT 447 (0172 5).

Table 5. Statistics of geographical regression analysis data

= 5. MIBEIAS RS T

VARNAME VARIABLE
Bandwidth 132769.21
ResidualSquares 250.17
EffectiveNumber 5.54
Sigma 7.49
AlCc 106.94
R?2 0.94
R2Adjusted 0.88

1) ERZAS TR, B BB BO BV 20 B 45 SR S2m EL B /DS, (B2 9 (Bandwidth) X 45 SR 52 JE & K,
BEBE S CHBER AR i S e e PR R T R G — TR AR . TEA IR R AR T
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NEES RIS T BT R EARYEE, SRAAT BN, MR

2) Residual Squares & B H 5% 22 5 Ao B 2 I SRR /)N, R ] SRS Y 65 00 0 50 () 40045 72
PR EARRBIR G, WEERK, WA ERERL .

3) Effective Number 1X M4 {E I 45 571 56 IR 4 ¢ . RILGEIITT 25 REUG THE ki 22 2 (8] )
e oR[21] [22]. Sigma FEA% FHAE Abr E A F 42177 A (T~ 7 AR AR 22 (A 280 R EE) R~ T AR [21]
[22]. REHHRZEMMTHAREZ . BUEB/NELF . FEHT AIC ¢ il 5.

4) R?: RPEMEER—FEE. HAGA 0.0 2 1.0 {GE AL, HEBAKREEMNSEME. R
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Figure 9. Qingdao district mean light index
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Figure 10. Geographical regression analysis-mean light index
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