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Abstract

With the rapid development of urbanization, the scale of relevant urban land is expanding. At the
same time, the landscape of the city is changing with the change of the city. To explore the rela-
tionship between them, we can find the balance point between them, so as to promote the sus-
tainable development of the city while seeking the ecological city. Taking Qingdao as an example,
this paper uses ARCGIS software and FRAGSTATS software to interpret and analyze the image data
0f 1973, 1980, 1990, 2000, 2010 and 2018. It uses the expanded light index, the compact index and
the fractal index to analyze the urban land. At the same time, it uses the landscape pattern index to
analyze the landscape of Qingdao and quantify this through the analysis. We can get the change
rule and internal relationship between them, so as to provide guidance and suggestions for urban
land expansion in the future.
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1. Bl

BEE SRR NG PREETS YRR R SRS 2 R VE i) L) H 28 R TC[1], AT R EK,
P N3 w2 B 5 D (R B 5 2 w4 T T A B B ) b RO B AN AT A FE ST R T,
AT G628 408 7 72 [ 4 P AR b 1) P 2254 0 R g i ok A 1) R 25 58 o SRR A fig 2 Lt )
Rt 78 A AR A B B LR A 2 — o AR DRI R (Al R ds AT ) ) R AE SR A, Il AR A T A
SERIEERHIE, R FH T R IX — T A A WL E R R B [2] [3] [4] [5]. RIS, Hb5] &R
T T A AN 2 S I T R SO R, A S B A 2 AR D R S RRIR (6] AR RS
BR[7]s IRV, KERR[S)1E— RIS M. SAASF(Landscape pattern) & v B I 38 2L 2 [] 45 /4 7
TER BNV ARTE, s IR, B H SR E . £ R0 B E A ERZE&RI[9]. Hrr,
SO SR A2 4B AN R NI R B BEAE 2 (8] BHEFRAL, R AR M AR =L RER MR, A
A RF I 2RHE[10] [11]. HAT, ATAKZAERRE . ZEHITHX LUCC KW /BT T, RH]
ZRACI T EAIE L 8 GIS BIARSREUGAR KA vh LR PR, 3850 1 B 2 Ak S Bt b b S5O0 SR 1)
Ak, AR SRR BT E &40 T LUCC B, A XS E | LUCC iR R T E R
BCRAA] A 450 . Filan, DB FAE[12]. SRESE[13]. AU - GRS 14]. FHOCHISE(15].
FIFHEE[ 16173 MR R IR T & ARFET . JLRTT m A E AT B A3 iy SOWAE SR AR A k4T T 0E9E. A,
AICERKH ARCGIS 538 A e & i A 45 & ARG F B iy sk A8 . Z2me S0 58 AN LA
W EbR, ER PR R IR T R 5 B DL S 8] 53 2 AR R SR 23 AT, 0 b i PR 4 P 3 A 175 0
B i DX AN A i 1 T 45 [17]; Mundia CN 258 N\ R 8 SR T IR SO I 2445 H T 450, s
R AN 2 B ek ekl I EURITE B% A 6 BLREEAR R I ZRME DG R, JF DA IRIR $2 Hh— 284
KA T 2 AU FH A 1 i [ 18] Tan KC &5 N [EIFEAT I SALI 75 kA 78 1 S ok V0T R AERR IS, AN (5] ()
AR FH T it b 2 T T 52 AN R A8 8 80X T A H8 HOR 7 At T b R FH T S B FH R R S [19]
Trusilova K %5 A\ PASEASAE T4 R (R MX — A FEVIN, 0T BRI BRAE SS Uil 1 W18 IR & [20].
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ASCIET 1 By A 2 - QA I LUR HLIR T 5SRO RT FOIR & T2 A IR, R GIS
BRG R VR B SE & TR0 B — @ A =38 BARSCAR ML, ARSI T ™ 7 [ 4
SERES) AN

2. AREBREMRSFE
2.1. AREXBER

ASCHTF R DA TR EL ARG BN, I B AL S RE, BALEIERER, 5
mIG s, SaetihE A, ekt E SMET, PR A T F RSN 11282
SFEHAR, = TNELAT, FERERE =ABET . H A B, R E e R E B
T VT, TR R R A TR R R U P AR T, R R A I B R R e 2, R
AKX IS Ay, DRI R, BEIRIE “—a— 7 BURIE 2 i W N R 22 35 7 JER ) 2
P, R LRSS EE R N mARE —w B WIS BORSE R 4P, EIX “—=H"
THRIAWHEAT, TR TETE T AP REIRI, XA SRR AW &, B Sl
T IRABRIE I A X K2R Sk, il ozl e F oA ST i e i ek o 80021 2018 4F, &AL
NIER T 939 15, S8R T 12002 127K GDP, FERRIEY T R i BN 1 B & BT .

22. FTBRAEBEF*

AR SCHT FH BB 2 7 Byl oA o s, SRR T E RN B AR 1973, 1980, 1990 2000
2010 F1 2018 55 6 AT & 17 o & R £ 8

RABFAGOCIERFE, AT AMIRIITOR, FR SEAHCHIE TR, 5 Google Earth X, 7ELXK
Z 5T, NHIHUATER, BERHE . SO AR 23 A0 A G L BEAT 00T, IR S R R E WG,
BB E . B RIR R ZIREE BT R AR, KRS A AR B
KAk AR H AR 3t 6 28, TAFAEIR AW 73 KK G, £ ArcGIS SR N, BREL
PEEGA AR BRSO, PR RE A AL BR AR B R 5 0 K /N B 60 m. 7 Fragstatsd.0 B IISCHE T,
YRS 5 SO SN, EBUTAR R FR BT 5L, KB SE 5N XCEL W T RE— 25 150 47 5 b FE
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Figure 1. Land use map of Qingdao from 1973 to 2018
[ 1.1973~2018 & B Lt FI A E

KA S, S, AR SO R R AR, Uy A — oW SRR AR A B

FE R AR

1 R FH A A B s B T R DX — I B R R 301 % S I S R I AR 2 TR AH B AL R Bh s i RS
E[21][22] [23] [24] [25].

2.3.2. ISR AbIRFRIE (LR RN

TESCE AR A b, JEEUT BAF JURR AR R 204

R AR A, ¥R R FE TR € SR V3 AR I AR b R R TR o A S DX T R ) B EE[26]
[27] [28]. FERIINEH Y RARGABNT T 0 7 X R g9 FE R, AN

Ull =(Ub —Ua)x100TLAXT

A Ul T SR R U, Uy AR IR S8R, TLA Rt s seoc s i, 7 oAmT
FUBT B T PSR .« TR 2E R, HTHAREBAR, THEBAR.

BB

ARA BCI = 2[nd/P

BCI 3R ANTEAS R, 4 NERIX TR, P AR RX ARG 00 K o I T 55 B 4 2B Bk
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3. BB A
3.1. RURBERERETH ST

SiGH B 1973~2018 BB 6 M S SE B A (] 1), S5 B A1 AR A B2 A5 AL 453 31 1973~2018
T 1T & SRR R R 28 (F6 1) K 1973~2018 4E75 81T & oS R 454

Table 1. Composition and changes of various landscape types in Qingdao from 1973 to 2018 Unit: Km?
= 1.1973~2018 EEHERMNLRMRREN B Km’

Bt it Tiih K3k ik AFIH

AR 7531.46 692.37 987.50 440.81 1406.18 48.40

7 U, 67.81% 6.23% 8.89% 3.97% 12.66% 0.44%

AR 7538.41 691.96 984.48 441.04 1417.82 48.69

180 U, 67.78% 6.22% 8.85% 3.97% 12.75% 0.44%

MR 7529.30 690.18 976.04 409.22 1474.07 43.61

10 U, 67.69% 6.21% 8.78% 3.68% 13.25% 0.39%

THIH 7425.18 690.18 974.12 398.91 1591.02 43.61

2000 U, 66.76% 6.20% 8.76% 3.59% 14.30% 0.39%

AR 7540.31 567.36 330.89 592.08 2076.01 24.80

2010 U 67.74% 5.10% 2.97% 5.32% 18.65% 0.22%

MR 7340.86 570.91 326.17 515.63 2397.05 23.90

2018 U, 65.69% 5.11% 2.92% 4.61% 21.45% 0.21%

1973 1 1980 ALk Ua 0.06% 0.00% —0.03% 0.00% 0.10% 0.00%
1980 1 1990 AHLL U —0.08% —0.02% —0.08% -0.29% 0.51% —0.05%
1990 F1 2000 #H Lk Uq —0.94% 0.00% —0.02% —0.09% 1.05% 0.00%
2000 F12010 FHLL Uq 1.04% -1.10% —5.78% 1.74% 4.36% —0.17%
2010 12018 #HEL Uy -1.79% 0.03% —0.04% —0.69% 2.88% —0.01%
1973 #12018 AHLEL Uy -1.72% —1.09% —5.95% 0.67% 8.92% —0.22%

S SR BIRY oR G, 1973 4E2] 2018 4E (A1 FLTT 6 4F 1 1 ZE SO SS R AT 2 B . 43 15 F HURI R 3l
BT EEBIAR R, B —4E 2R3 5N 67.81%- 12.66%- 8.89%; 67.78%- 12.75%- 8.85%; 67.69%- 13.25%-
8.78%; 66.76%- 14.30%- 8.76%; 67.74%- 18.65% 2.97%; 65.69%. 21.45%- 2.92%Il i/~ Hid .

SAERTE 1973~2018 &0 B MR A5 ot b . @ MR B b, {EL7E & 5 BT o5 LU AgAS
5], FFHLTHIFRAE 1973~1980 “EARLMEE 2 0.06%, I KR, 78 1980~1990 HAZ L 5 42 4k /b 0.08%,
£ 1990~2000 AL IR IR/ 0.94%, 7E 2000~2010 FEASALIERE WK 1.04%, 7E 2010~2018 A4k
B D 1.79%, 28 FFRIRAS, 16 1973~2018 FARLIE B I D 1.72%, SIAFRDUN TR

I EIARLE 1973~1980 FFAZAIRE N 0, RINFEE, 1E 1980~1990 AL /2 i/ 0.02%, S
NEEEFA, 1E 1990~2000 FEALIEE N 0, RINFEE, TE 2000~2010 AR 2D 1.10%, EIHK
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FRE#aH, 7E 2010~2018 EARALIEFE RN 0.03%, LHNEK#ES, 7E 1973~2018 EARLNE EE A
1.09%, FIATFFEEHE.,

FHORIARLE 1973~1980 FEAR1LIE S 9-0.03%, S TR, 75 1980~1990 EAZ (LI & H-0.08%,
BN S, 76 1990~2000 EARLNEE A-0.02%, 2L BEEH, 7E 2000~2010 FA1LIEE N—-5.78%,
SHU R RS, 7E 2010~2018 EAALIEE A—0.04%, EHLR %, 75 1973~2018 FEARLIEE N—5.95%,
SRR T .

AKILRAAE 1973~1980 FERLMEFE N 0.00%, KICAFE, 7E 1980~1990 FEAFILIEE N-0.29%, =
BUR B, 1E 1990~2000 EAEILIEEE N—-0.09%, LR, 7F 2000~2010 FARLIEE N 1.37%,
SIS, 7F 2010~2018 AL N-0.69%, I TR, 75 1973~2018 FARLIEE H 0.67%,
BMARRIUIE K

A MU AR LE 1973~1980 EAMLIEFE R 0.10%, K, 75 1980~1990 £ LI N 0.51%,
PR HES, 7E 1990~2000 EARLIEEE A 1.05%, KA, 7E 2000~2010 FAALIEE N 4.36%,
B, 1E 2010~2018 FALHAN 2.88%, EIIEKEHA, Hd 2000~2010 HEHK IR &K,
2R AR BLE) 2~4 £, 7 1973~2018 SFARNIERE A 8.92%, SMARI AIGKET .

KA HHL AR LE 1973~1980 FAEALMRE LN 0.00%, I FFLE, £ 1980~1990 HFAZMEEH-0.05%,
SRR, £ 1990~2000 FEAALIEE A 0.00%, RINFEE, 7E 2000~2010 FEALIEE N—0.17%,
BN, 1E 2010~2018 FFAR L A-0.01%, BB FBFEA, £ 1973~2018 FA40IEE N—0.22%,
SRR T .

SRR AN S FE

FRIEFEL 1973.1980.1990.2000.2010.2018 4F 6 HARI S5 HdE , 18T ArcGIS10.3 # 45T 1973~1980.
1980~1990. 1990~2000. 2000~2010 2010~2018 F£ 5 ANKF B SRR AL AT R AL A6 MR 0 T, 452
1973~2018 475 & 1 & I Be s MR T AR He R FE R (2 2), %% I B R BSOS B AL AR A (] 2).

Table 2. Transfer matrix of landscape type change in Qingdao city from 1973 to 2018
2. 1973~2018 FHEBHH TR R UL BT BIER

I B SOMAERY poimil R il K3, A K
o 112530.20 53.64 213.84 0.00 639460.80 0.00
o 0.00 69180.12 0.00 0.00 16.20 0.00
B 0.00 0.00 98448.48 0.00 0.00 0.00
1973~1980
KR, 0.00 3.24 1.08 35083.44 18.72 0.00
iR 397.80 0.00 86.40 8997.48 141283.80 0.00
FH 0.00 0.00 0.00 0.00 28.80 4840.20
B 624625.90 0.00 0.00 136.44 2341.80 0.00
pzS:tt 0.00 66366.36 179.28 0.00 0.00 0.00
it 995.40 0.00 92093.76 0.00 72.72 0.00
1980~1990
KA 679.68 0.00 7.92 33242.04 2446.20 0.00
e 0.00 0.00 0.00 0.00 125282.90 0.00
RFIH 0.00 0.00 0.00 0.00 508.68 3975.84
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Continued
B 614830.30 0.00 0.00 1041.48 10429.20 0.00
R 0.00 66366.36 0.00 0.00 0.00 0.00
iy 0.00 0.00 92092.68 25.20 163.08 0.00
1990~2000
K3, 48.24 0.00 0.00 33330.24 0.00 0.00
a@i 0.00 0.00 0.00 0.00 130652.30 0.00
HF 0.00 0.00 0.00 0.00 0.00 3975.84
i 545086.80 283.32 114.48 4483.80 64044.72 0.00
R 10410.84 54235.08 38.16 366.48 1228.68 0.00
Fiih 52101.72 351.72 30309.84 1210.32 8061.12 0.00
2000~2010
KR 1886.04 15.12 30.24 29037.96 3429.72 0.00
feiasts 17005.68 250.56 193.32 15055.20 108686.50 0.00
AFIH 1837.44 151.92 0.00 603.36 546.48 831.96
it 728856 6.12 83.52 4984.92 151.92 0.00
JzS:tt 437.04 56628.72 25.56 0.00 0.00 0.00
Fiih 1.44 25.20 32590.44 0.00 0.00 0.00
2010~2018
K% 704.16 0.00 6.48 46539 243.72 0.00
i 24026.40 76.32 383.04 7684.56 207205.60 96.84
AFIH 6.12 0.00 0.00 0.00 0.00 2383.56
80.00% -
70.00% -
60.00% -
m
o/ |
50.00% CRN:
40.00% - W
30.000 a7
30.00% R
20.00% - ARA
10.00% -|
0.00% -

1973 1980 1990 2000 2010 2018

Figure 2. Structure of various landscape types in Qingdao from 1973 to
2018
[ 2.1973~2018 FEBH SR LBLH

HI7C 2 ATLAS3], 1 1973~1980 SR R FeAb 1 EOA B A u @ s s, Hofh/> B i Hh e
WA IR

£ 1980~1990 4FFMSRAUFE AL = ZONBI AL AL v e v b, ot/ R e (ot . 7KIe e
i NI S UL SR PSS

£ 1990~2000 £F 5 M ARAL e AL F EON B A O B st Hofh o /b Bt AL A a7k ik

£ 2000~2010 £F 57 UL SR B A 1 BN e FH L A 9 S Bt B A0 D Bk S B S e e A At
PRI At R P A5 20 R HeAd S5 SR e A
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TE 2010~2018 £F 5t IS RUFEAY, = TR A 150 FH AL Ak ftdth B G A0 A 7K I, 6 FH A A Dy ks,
FoAth Ay > SR A R . B AL S Bk

DA b & B = B SOM R B AL RS AR B AR ] 2 B

MBS, 1973~2018 47 & 117 25 50U B0 Bk th o) @ B ML 46 %, 78 1973~1980,
2000~2010 PN B N RS TRIAR SR, 6 BB I R A0 A A Tk 1 32 RV . L bt 0 SR 3= Ak
. o, DARSERIKIER. BRAh, MU AR A B . BHh RS B A B A B . B
IR AN KSR B b ot L aT DUR I, 2 AL 2SR g B b e PR AN S ) 5 A, B R i AR A
K A I — B MR FE I . ZRE LA E, FTRAMSHH 1973~2018 5555 & 17 &% 5o R A g5 an <] 3 i

7No
Bt bkt
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Figure 3. Changes in major landscape types during various periods
from 1973 to 2018
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3.2. WHEAMTL ST

3.2.1. WEAMY RE%
TR SIS EHE AT AR 3L K& 4.

Table 3. Percentage growth and expansion index of urban and rural land in different periods

3. W2 At AR ERIE KB S tERy RIEH

I 1] Bt KB (%) ¥ s Fa 4
1973~1980 —33.03894707 —0.16
1980~1990 46.44185058 0.11
1990~2000 38.83603661 0.13
2000~2010 114.0896505 0.53
2010~2018 2.4628679 0.03

WKEL ¥R SRR
140 0.6
120 K (%) 05
100 | —e— P RESREETR AL

1 04
80
60 I 1 03
40 1 0.2
20 1 o1
0 ! £
20 ;.80 1980-1990 1990-2000 2000-2010 2010-2018 | 0
40 -0.1
-60 -0.2
P 1) B

Figure 4. Change in percentage of urban land use growth and expansion

intensity index in different time periods

E 4. TR ERBERAMIZKE S ST RIBEEREN

H B B HZE 1973~1980 M KARMK, ERHBIFAMKINE, FIGKE 75 HN-33.04%, 5 /&=
FEFRECN-0.16, IRBH MR BB, JB Tl ke, IXAEW T BT I 1R] B P A = R LD L RPIR L .
1980~1990 FIE KK 2, WK T 46.44%, ¥ BIGHRE N 0.11, BTy &, 7£ 1990~2000 1K
FERKANTY, A 38.84%, FIRIREIRIE N 0.13, AZEBK, 7E 2000 FE 2010 FABK MRS, I
K b, i1 519498924.00 HK:F T 1112193431.00 “F 52K, BK T 114.08%, ¥ EHEERECN
0.53, NEIEYJE, 1 2010~2019 FEIIREH M EE LR JG, WKEERSE, TieaKE 5 ik
e SRR EER R TS, MK AN 2.46%, FREMEETRECN 0.03. HHIREH Hh AR T DUE
K, WG, R S5 BUF R 2R 5B AR . JGHAE 2010~2018 X BN I, BRIDNE
FEMEBIRTRER, FEINEPREITE, WIS KB R
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3.2.2. WHERBEEESSHEEER

WA ERE, B B Ay 7k i R B RO R DL R AR R, SRR, hk 4
BRBEERA, 2000 SEI0H BB E L RE, 1973 SFIBUKEBIEUE R AT, 79 0.0087. BRZ &= 2000
AR e R S IR AR AEL 1973 SRS I B R FEOR T, LRI JT A AU Smi e P Mt A Jre ) i 2 S B
BARFEAREREFLE AL 0.09 2o A7, X R 17 557 AR 3t 55 2 AR HL AR 9 A3 36 A e (1 R J A
MITHEFREORTE T ST i - 4EFE 50— BAR T 1.6, Ut WIS B M e Ve R I BAT U 1 5K 2=
o 15 54 1 6, AEEMRRUL, T 5y I3 g e DR DT DA i 4k 25 2 LR 3R R BB 70 B B B2
HEEH I (0] g K BT Rase, JFH, Ry RESMIAR —BEOVN . X5, 755 m Kk
WA R B BT IR, (H—E#A PR, IR E H AR

Table 4. Index of changes in urban land compactness and sub-dimension in different periods

4. TRINHATHEMAMZZES N YR ERTL

fist 1) B¢ BRI TSR
1973 0.008711298 1.578575564
1980 0.089092846 1.237312356
1990 0.092410207 1.229022617
2000 0.098350207 1.219069538
2010 0.089988836 1.219594605
2018 0.090533974 1.218759177
E LR

0.12

0.1

0.08

0.06

0.04

0.02

0

1973 1980 1990 2000 2010 2018

Figure 5. Changes in urban land use compactness index in different time
periods

5. TERE R A A it R H e U L

3.3. WHEAELREMERS

3.3.1. BRAMEBRER

N B A 2 B) B LR SO 4 1) 20 BB AR, N4 ) B 53 000 90 B A R e ) 2 PR Jaa A 2 [ A
[29]0 T Sy 2 BT, A S AN R VIR, mMALPMEER, iR R RMEeRA . Hdr, by
N ST AEARE 15.5%, FEEE 2.1%, FIRY 37.7%, 3G 21.7%. 75508 RS 5S4
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R LS e R 0 e S S A WO RR T 5 3 RS ASERY  IXHR B E 1 ST
BEHIAL B DL KA E .

PiK 3% 15
18
16

1.2

0.8
0.6
0.4
0.2

1973 1980 1990 2000 2010 2018

Figure 6. The change of urban land use index by dimension in different
time periods

6. NERTEER AR o 4 e BT

33.2. BFEREM

ZETE IR R AR A b A Je ) A, R RS Y A 3 DX o T R DA R s (R A% SR R AR, T DA
b, TR AR R M WS ). B B SEIe B W22, 75 2000~2010 4F [A] 30 FE 15 H 1
RIREAR, JEEULE B 51 GDP K ETE bR 5 4 [F—B R GDP K JRfatroxt th(k 5. & 7), K3
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Figure 7. Changes in Qingdao’s economic development indicators from 2000 to 2010
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