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Study on Land Use Spatial Structure Based on Google Earth Engine and Fractal Theory: A

Case Study of Ecological Function Reserve in Yellow River Delta

MA Dongling', LIU Weixing', ZHANG Chunhong®

(1 School of Surveying and Geo-Informatics, Shandong Jianzhu University, Jinan 250101, China; 2 School of Architectural and
Urban Planning, Shandong Jianzhu University, Jinan 250101, China)

Abstract: Based on Google Earth Engine (GEE), Landsat-5 (TM), Landsat-7 (ETM) and Landsat-8 (OLI) data were used as
remote sensing data sources to classify land use types from 1985 to 2020 with the random forest classification method. The fractal
theory method was used to calculate land use fractal dimension and stability index, and the complexity and stability of the spatial
structure of land use types were quantitatively analyzed in two stages of 1985—2005 and 2005—2020. The results showed that: 1)
From 1985 to 2020, cultivated land gradually decreased, grassland changed little, water gradually expanded, with the highest
growth rate in 2015—2020, bare land changed more irregularly, increasing first and then gradually decreasing, and buildings grew
exponentially. 2) Fractal dimension of the spatial structure of land use types generally showed a decreasing trend, indicating a
decrease in its complexity. 3) Stability index of the spatial structure of land use types tended to increase in general, indicating it
tended to be stable. In conclusion, with the implementation of environmental protection policies, the spatial structure of land use
types in the study area has been gradually improved, and natural resources such as water and grassland have been gradually
enriched.

Key words: Google Earth Engine; Fractal theory; Spatial structure; Spatio-temporal variation; Yellow River Delta
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Table 1  Sources and parameters of dataset used
TS GEE ID Bl 4ty i 1] B /47 23 [6] 73 B 2 (m)
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Fig. 2 Framework of land use classification based on random forest algorithm

ARG = ik (% R <10%) 5, EHREF
5—9 AFERAREREAIRT R B O, 76 B AR a5
A, Gk, RERz)JZFMEE Landsat 28, I
oL BGOSR X AR B AR . BR T
Landsat &R 51 6 DB . 2%, 0. EL0sh. Mk
ZLAb 1. JIRLLAN 2), AR, BE . NASADEM HiJE
VRN 4 18 BER B (H — L 5T % NDBI
IH— ALK A48 50 NDWI, + e 5 M F5 58 SAVI
H— A S E NDVD I AAEBESF 2R R RS
it — ARG R, A RXTR—AEHIT T 10
W2, IR EMRIARECE . R5, TERFRIT S
GrAREE IR, M HARER S R Sh 1 (5 4F)iE— 2D
FEATHR AL W ) — B0k o 1 B i O e AR B Y
b2 A 28 BT A IR ) 18 11 PN A 288 0l B 2 1) AR
{H o ISR R, 2, AT
AT — B S B — AIUNAE S T RE AR X 25 (7]
SRR 30 m AR BE A A

TERSEEVEM 10T, AT EH Kappa EXGIIPSTIN
K& (Overall accuracy, OAWEN T AR, SANEE
SEFRHERR 20 SMEOT B S 0T B LU (5T R
AT T A M2 3255 BT VR, E R 4325 0T
SRR R LR R, THRA R

n
2B

OA¥%— (1)
K n ITHVEG Py oS i AT 5B BIRIOCE; S

HICER EAL

AR D)ATEUE SRS B2 A AR SRR
WXLt R, ok mif o Je i it ag,
PR, 5 25 A —Fh R FH TR W6 R T A JT 2PN 43
KUSVERERAEFR, BN Kappa 2%, AN

S B=Y (P, +P))
i=1 i=1 (2)

n
S2 _Z(})i++P+j)
i=1

e n MATHVEL PyoRE T, 5 9IICER; P
RATRAN Py RBNRAL S AT JCE BRI, Kappa
ABBUEN T —1~1, B KT 0, HAK/NS5r2
AR RE A XS N O RN 2 Fios .

F 2 Kappa RE SN EREMHE KR

Table 2 Correspondence of Kappa coefficient to classification
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Table 3  Accuracy assessment of random forest classification under
different feature combinations
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Fig. 3 Results of land use classification from 1985 to 2020 in study area
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Table 4 Status of land use types of study area in 1985, 2005 and 2020

d- R Ay BEHAL BEHJH K (km) BEYLTE AR (hm”) B AR (hm?) T (%)
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2020 21 024 11137.57 145 160.35 6.90 60.28
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Fig. 5 Transfer among land use types from 1985 to 2020 in study area
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H I 5 A& 6 AT, 2B—FrBe: 1985 4F, B =
FAUNAE S TIRECR Y X AR 5 3 T 4 X (0 PR3 67
4B R AR 66.5%., RN, #5141
MR, 2 18.3%, TMiEHLIEAZE 10.2%,
KA FEFYIE R0 4.1% F10.9%. L26KF,
Al A 7 RO T R A S I A T 40 A
2005 47, AR, DL K OK RN LS T AR A g
o, VAR AU BT KRR S 50% 22
A BT, AR A N 4y Rk A
HOFIE M, 55 BB 2020 4, BFSE X AU He
2005 AFA L, AR KR RIS o 15
UK TR g B &, An 53 in T 1.5 £50 2.7
o ESPHABARZEREIE , DA 2005 4% 208.45
km® B NE] T 520.66 km? o B H i AN 4 2 39.03 km?,
55 1985 AFEAHLL, FEORIAE) T 87.96%. iR ARfkii]
I T A A2 5 2 R A 9 1 6T - 3t R P £ 5 ) % 1
o X—2585 TP 45 18—

23 SRERMEEEEHRET

FIFH GIS 115 1985, 2005, 2020 4F4% Hb 2 (K1 BE
BT AR, R R G T S SO R el AR A
W AR R B A SRR, 3 e Y R X
B BUS LA O T AT i et ph gk, 15 2100 Wy
R R AR 2/D, dEmifS S D R,
mFE 5 Wim. MWL 5 HalLIEH, £ Bk
R BRAEH AT 0.96, UiIARIARCREL, R
F¥ X 25 FH b S0 (g T R JE K R B AR G, TR 4k
B R WO IX 45 M2 R M T A BN R
PEFEBTE S — SR B Be i AR Ak a3 R] , 73 TE 4E 4L
PR Bk, R e By BRI -, |
AL R I B G BRI

XPF#ERL, N3 S Frn, 1985 4F, 5T IX A
SHIEHEECH 1.216, MBI TE4E 0N 1.223, W
T RERIKT s REMEIRECH 0277, KT BAKF,
FEU ARG T HA - MR A B A4 R AT
EARERE . 2005 4, MURMARSMIE4E%L 1.182 FF iR,
B A /P4 T 2 1.206, FaETEe s EIH &
0.294, MIMSEEL T RvE R . 2 2020 47,
ARBH I S T BT B TH(1.207), (AR E MR 5
WBEA T FE(0.293), RIFEYETH L HEBOR T, W5
DX A PT RE BT — BB AH XN R E B 0 - 98 HL
B, 20 22 80 4K ZE 90 4Fp1, R EBUFZEL
AT T — RN BOR DA I B b A
Mo, T AL AR X —BOR RS, M
FLZ BTGB, 1985 AFARML A 0 T AE B0 =, THiAR
FETEFRECERAR, 1M 2005 FERUE MR B iR S T AR
BUR HE— 2 s g b O A 8,

XFFHROL, 1985 4F, FEHLEY MR 4R 1.229,
W T AR IR AR, MRS EPERE R 0.271, BEAIX
TR EVESR B 5), RUIF AL SN
B, BARE. 2005 4F, HHIATEAERC TR
1.168, FaEtEies T2 0332, B E A,
FRUEMER &, & 2020 48, HHLAYMIEAER LTHE
1.230, HHFEMHFRRECT R 0.270, RKUIRLHIART
PORE AR, ROEME TR, AHER, 2000 4L,
Fh ] 3T AL TR , Sl 3k T A 1R AR IR Ak
SEBOR AW 38T T ) 2R S B80T IR 14 5 b 7
I, FEH RTRRAZ B T ARAORE BE 0 4R o TR 5 i 4 £
PAE— G R SRR Rk BT L O B A
ORI LR A BOR A 7 3k R BUSR A4 5% i ]
AESET 2020 AFEMBARAF T B 4%, ANEFRE .
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&S5 1985, 2005, 2020 FEZHEEH ALK E IS E
Table 5 Fractal dimension and stability index for each land use type in 1985, 2005 and 2020

THRIAA ARG JARK-EROCRRX HBIRE R 2D ATRYAE D S4B AD R IR E M Roe MRS BUR L AM

B 1985 InY=1.635lnX—-1.157 09690  1.635 1.223 0.277

2005 InY=1.658InX—1.291 09693  1.658  1.206 —0.0170 0.294 0.017

2020 InY=1.657InX—1.263 09665  1.657 1207 0.000 7 0.293 —0.001
i 1985 InY=1.627InX-1.112 09702  1.627  1.229 0.271

2005 InY=1712InX-1.572 09671 1712  1.168 —0.0610 0.332 0.061

2020 InY=1626lnX—1.084 09623  1.626  1.230 0.061 8 0.270 -0.062
PN 1985 InY=1.659InX — 1.295 09809  1.659 1.206 0.294

2005 InY=1.704InX - 1.511 09786  1.704  1.174 —0.0318 0.326 0.032

2020 InY=1.674lnX—1.289 09765  1.674  1.195 0.021 0 0.305 -0.021
B 1985 InY=1559InX-0.731 09731 1559  1.283 0217

2005 InY=1.623InX-1.095 09672  1.623 1.232 -0.050 6 0.268 0.051

2020 InY=1628InX—1.090 09625  1.628  1.229 -0.003 8 0.271 0.004
5 1985 In¥Y=1.691InX-1.466 09701  1.691 1.183 0.317

2005 InY=1714InX-1.609 09745  1.714  1.167 —0.0159 0.333 0.016

2020 InY=1.700lnX—1.518 09741 1700  1.176 0.009 6 0.324 —0.010
&t 1985 InY=1.645InX—-1.216 09703  1.645 1216 0.284

2005 InY=1.692InX-1481 09727  1.692  1.182 -0.0338 0.318 0.034

2020 InY=1679InX-1371 09733 1679  1.191 0.009 2 0.309 -0.009
XFFKAA, 1985 4%, KUK MTE4ERCR 1.206, FRAET BT

WAR T B TR AE 8, Mk e PERE SR 0.294, & T
SMATRE TR R R 5), KWK S AR {7 5,
FREMR . 2005 4, KIKRSIEAECT R 1.174,
FaETEFE R E TR 0326, FUKMAIES T N,
TS 8 THRE . T 2020 4F, ZKARM 5 TE 4 Homs
FHE 1.195, REMEREOUTEE 0.305, FIHKMAER
TEREZEMEH LT, R A TR, S8R,
R RIL AR, R ERIMREOR H 255035, A HUFIH
IR . ARIPK AAA: 2SR BT A BUR T AR s P,
TE—EFEIE b, PMEEUR K A 5 RO 1 St i 3
TIKAR BT AR

XTTRRHDL, 1985 4F, BRHLYSHIEYEECH 1.283,
TSRS R, MR E IR 0.217, LT
SRTEMETRRLGR 5), RIRMIESI ERE S, H
e thie 2. 2005 45, #H A s TR 4R R 2 1.232,
FaE YRR T2 0.268, KB IE SRS T N
fAiof, e MR THE . £ 2020 4, #HLW T
HeBORFa E TR E R 1.229 Fi10.271, #HEL 2005
SRR A AR SR, | 20 22 90 4R LK,
T A A AR R H 25 R WTINGER T X A Y
BB, FRGRAEPIE . IR FHARIA R | TRk
B 36 AN 7K A4 DU R T %) K2 it 350 A i e A48 el i) R

XPFESY), % S BURTIR, 1985 4, HHAY
(T TEAERR 1,183, BRART SRR, miteE
PERRECR 0317, @ RRRE MR, RUTERY
TR AR R, FREMEm . 2005 4F, @5
I TE BRI 1167, Fethiaf b+ = 0.333,
T AFYNIE AR R o, R AR 2 T 42
o & 2020 4F, HRYNMEAER LFHE 1.176,
EREMIEE U PR 0324, RWEFYIEEE
FALFERESL 2005 4EA r BT, RIS RS S MRt A T
R IR, 7E 2000 472 )5 BT AR R sk
HEitE, A BOR W LA T AR, FECE S K Y
o, SR SR i R R e — R T S
IR, MU SCERI TG T — RIS EOR , X
U R AT BT O K AR R R o, (R T R 2y
Xof b AR SR e A £ TR i Y

3 iTie
ST 2B B R ME S B RS BT E S 450 1+
MR A2 585 5 | T LI TSR B R R 432 1

FIRG B B EORAR 7, SRR BAR T LA 2 = KAy
BOR, (HAN AT RG22 A7 7R (BT S fE A Rl 55
LA B ARG 43 WP TEAR LR, AW T
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e 56 %

GEE V-5, FIHPEA BEE LR R4 2 4
BRIt HAE, #2751 1985—2020 4F Landsat-5(TM).
Landsat-7(ETM)F1 Landsat-8(OLI) 4 i [8] 5245 5 %))
e . 5 AWBI 5 AL Al S ASAR B A 0 BEAH LB,
ARIFFIATIA T 4 Fhid B EON 3 F B R+, 432
AR Bl 80% $ 5 3 85%.

Xif FL A A SCR 5T, AR FE A1) RO 3K, fiE
% T 0 Ml Sz 2 b IX = b ) FH 2 ] 2548 R 2R AR AT o
1985 4F, i) = F N AR A DI RE ORI X (W Ak b 5 4l T
O WV (VAN < o e w2 DA E TR A
66.5%. 2005 4, HfHL . LS AR AR RS 1 A
By s, A i T FRON A T . 2020 4F,
R AU L 2005 4547 Frisisl, REEERS A T KA
RIS L2 G , BEAE YR T AL R85 & R st
TR R AE T — R ARk, ARl AR B ) 3k T Ak
Ty A o X AR I T A b R S5 R 1 AR Ak
B, X HHREHER ] S BTEA

AH BT s R AR T RUEE AT 98 A, ARG
MAE SR X A 256 4 TE SR i 9T T 4 MR
23 [R5 R AR AL o BF9E I BRI I TE B E S — . B
BEiy s A i 2 B —0.033 8 11 0.009 2, FaEMETE%L
Bk 43 ) 0.034 F11-0.009, FHAFZE R RER L
HE AW A, UERARIFSE XA 4 b 25 ) 25 4 ks T A
B, bR RS R Z [A] 0 JCHRMEAR 55, R S A
Z IR RARRR AR G o X 5 R AU T T 4 SR
FEAR 2

AR SCAGH 3 0 T AR BORRR e PR AR B T 40T,
AT AN A AR SR 48 5, P25 5 T BEAS RS 1
FIA T AT 255 i R4S Rl Bro 20 At 1= b 1 FH 25 )
SERIARAR , DA S [R) S Bt XS B0 R R
M, R R SR — AR SR
BIBFFE R, AT L2 BRI T 4 R FE AR A X A 25 385 A
S K 3k T Ak 18 2 B A% S 6 3t AR P 286 280 71 23 i) &4
PRSI, REELFEIR T4 koA F 0 R 4f , A I
7 P b S TR R 25 Ky 7R

4 g

AWFFEETF GEE Ab RS- 65 FIBEHLAR MRS 207
B, BEEEIERT T E = AN A ST REAR Y IX 1985
—2020 AERYEHCEHAI . R 1 250 AMEEAR A
Landsat 522047 H ORI o2 Ab 8, 255860, 4%
FNE BENRGT 3 354F 5 A — G b2 Ay AN B2 35 85%
PL I, Kappa K§EE7E 0.8 A | 1985—2020 4F, #f5%
DX B T o 5 R TR R AR /N 5 KA TR

PR, HIKRIE 2015—2020 4E LA L, BRHL T
AR IZN , Sel e W %, B e Hh B 7E
2005 4F, FARA HIAE 2020 4F; BHRMIRAR LA T
WE, WRRE . LR R R,
2020 AEAYHEHBAIKIR 50% ZeA5 BYOTHIALE 1985 4Ff)
HrHb Aok, Forhok RS — 2P B Ok H A,
EFYE 14 R HBHE .

BT =AU AE ST RECR T IX 1985 4F | 2000 4l
2020 4F AR A SRR B 1.216, 1.182
A 1191, SR R IREAGES, BLIIRFEIX A + 1
FI 23 (R 2540 52 24 BE RIS, RIBEI IR ot LA 5 Aot
SETEFS RO 0.284 . 0.318 1 0.309, SRS Tl
B, UL X 2 [ R 25 A AR e M T o AUEAR
AT LU Y, ) 28 [ 2544 45 224 B 52 1E A
XK, R X ASTREROR AR, 25 A ik @ s
B Hrp BRI ) 43 T e BRI R
SEOTLUE N, AR ARE R Em kR, X5
2RO K AR TR PIIRBOR BB A
SRIMT, 0 b R S0 1) 2 10 285 4 ARG R 1 w0 £ 1T &
J& , AHDGHS 1] I 2 A3 i b AR R P £ 4
(SRR, WEGR P I TCP ik Sl ds, LAt shiE
B A I ) AR
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