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Abstract

Remote sensing monitoring of land use status is an important research direction in remote sens-
ing science. This article downloaded six Landsat data from the Geospatial Data Cloud website in
Panjin City, Liaoning Province in 2002, 2011, and 2022, and conducted land use type classifica-
tion research using the CART algorithm. Divide the land use types of Panjin City into 6 categories:
forest land, grassland, cultivated land, water area, construction land, and other land. The re-
search tools mainly used ENVI software and ArcGIS software. The research method was multi
band color synthesis, with 2 images mosaic processing per year. The data was cropped according
to the administrative boundary of Panjin City, training sample selection, CART algorithm classi-
fication, classification accuracy evaluation, land use type map production, area statistics of each
land use type, land use dynamic degree calculation, and land use transfer matrix calculation. The
main research conclusion is that from 2002 to 2011, the area of construction land, grassland,
and other land in Panjin City has been increasing, while the area of arable land, forest land, and
water area has been decreasing. The construction land area has increased the most by 219.31
kmz, while the forest land area has decreased the most by 236.71 km2. From 2011 to 2022, the
area of construction land, grassland, and other land was increasing, while the area of water, for-
est, and farmland was decreasing. The construction land area has increased the most, with an
increase of 376.12 km?, and the water area has decreased the most, with a decrease of 323.44
km2. From 2002 to 2022, the area of construction land, grassland, and other land has been in-
creasing, with construction land increasing the most by 595.43 km? and forest land decreasing
the most by 397.58 km2. From 2002 to 2011, the area of cultivated land transferred to construc-
tion land was 139.87 km2. From 2011 to 2022, the area of cultivated land transferred to con-
struction land was 331.36 km2, From 2002 to 2022, the area of cultivated land transferred to
construction land was 373.84 km?2.
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Figure 1. Location map of the study area
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Figure 2. Technical roadmap
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Table 1. Remote sensing data information

F 1. ERHIERERER

Ay ¥l'5 75 B H fE KA
Landsat5
120 31 2002/09/14 ™
2002 Landsats
andsat.
120 32 2002/09/14 ™
Landsat5
120 31 2011/09/23 ™
2011 Landsats
andsat.
120 32 2011/09/23 ™
Landsat9
119 32 2022/06/02 OLI
2022 Landsat8
andsat
120 31 2022/07/19 OLI

3.2. FAREHALIE

R ENVI 3 o888 TR, Bk 2002 4. 2011 4B, 2022 EMIEIME, BEasmEE 2 2K
1B(E 3).

Figure 3. Mosaicked image in 2011
3.2011 FEREER
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KF ENVI BB X T E, AR AT BUA A % SO B BT A X AR, P 4 2 R 1 2002
L2011 4E, 2022 AEE1E.
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Figure 4. False-color composite images of Panjin in different years
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KH ENVI BJUIZRFEA ] 73 B THRE TR 6], THEH AT Landsat 28 M ZREEAIR S, K5
ATDAE H, 2022 S EHURTEE U B HOREAR I 70 B 2 2 1.969, s MR IL & F HURE AR 11 73 B 52 A& 1.986,
bR 5 FH HORE AR 1) 20 B9 P2 1,998, B AN K S R RE AR (9 7 B B 21,9998, /KSR A 152 FH L RE AR 1) 4
B 1.99992, HEHURIHHALAS 120 B B2 1.99995, ARHAHHBAEA )2 B & 1.999993, MRt Az
B HOREA 43 B R AL 1.999999, HMURIIL e Fldth . BR AN e F . SRRk, RHAT S, Ak
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Table 2. Interpretation keys for land use/cover types of Panjin in 2022
= 2. 2022 FERH LU RBIRFIRE

M 2 TBIRE FEAKE

i 1057
Bl 729
Bt 1610
K3 11259
v 2289
HeHMt 269
Table 3. Description of training sample separability parameter (S)
3. NGRS BEESH(S)HA
WERREAT] 73 B RS HU(S) i
S>1.9 WA Z A A 73 B VELF, BT Ak A,
S<1.8 it B ETIE R A
S<1 ISR PIRFEAR G I — KA.
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eparability;

File
Pair Separation (least to most);

Eih [Yellow] 729 points and EEi&FBih [Magenta] 2289 points — 1.96943400
EiZFAM [Magenta] 2289 points and F'EFIH [Orange3] 269 points — 1.98558817
#ih [Greenl] 1610 points and EE AL [Magenta] 2289 points — 1.99783810
Greenl] 1610 points and 7Ki% [Cyan] 11259 points - 1.99982899

Cyan] 11259 points and EEiIXFHith [Magenta] 2289 points — 1.99992497
Yellow] 729 points and #}ith [Greenl] 1610 points — 1.99995555
Green3] 1057 points and i [Greenl] 1610 points - 1.99999382
Green3] 1057 points and EEiRAih [Magenta] 2289 points — 1.99999999
Yellow] 729 points and E'E b [Orange3] 269 points — 2.00000000
Greenl] 1610 points and H'EFAib [Orange3] 269 points — 2.00000000
Yellow] 729 points and 7K3% [Cyan] 11259 points — 2.00000000
Green3] 1057 points and E i [Yellow] 729 points — 2.00000000
Green3] 1057 points and & Aith [Orange3] 269 points — 2.00000000
Cyan] 11259 points and H'E fBib [Orange3] 269 points — 2.00000000
Green3] 1057 points and 7K#R [Cyan] 11259 points — 2.00000000

Figure 5. Separability report of training samples in Panjin, 2022
B 5.2022 EEBHINGHANBERS

4.3. CART $ZE)3k

VB EUG 43 20715 W 43 Z(supervised classification) Fl3E M B 432 (Unsupervised classification) #1450
W26 3 2RI%, BORIRIEM R Ir 0%, R 328k, TR ARG IE, SCFF AL 2835 UL H R0 B 5
ik HA B IEU AR B FIE L gud iR Gy K71k, Hph @ iR BB R K771

CART, XA45r2KEAR, =&7E ID3 BIE:Al B AT IR TSR, 2% 2] CART 104E BA R G A

(1) CART BEREAZ7r M, RER [Hl AR

(2) CART =27 KM, KM GINI Fa5/E 7T s/ R BKHE: 24 CART 2 RIARE, RAFEA I &
NTT AR T R R -

(3) CART £ —# X #f.

I3 R R FH I — AN G B RFAE SR T o0t R BT T (2], 1 [RDVARE  B ) AR — AN )
EETI Z N R B, AU R R . CART BEREZ 702844, AR EIAM . Bl — A& E s, W
R M T —A N BRI =1

AP RAVERAT T CART 70 K0 AWM R, RHE£ERT 2002 4. 2011 4. 2022 414117 Landsat
KR ERIZREEAR SN CART 202K BERREFH, tHRH 2002 450 2011 4. 2022 £EAAEHR A ]
KA.

4.4. FABEITEMN

ENVI B A0 AR H 20 2R R R E TR, 7 LA 20 25 RARKE FE AT Kappa 2% 5 H 1 2002
FEL 2011 4E. 2022 R4 T L HUR) 288 2 S0k BE VR B AE 2% 4 b, X 3 4E Landsat RS 702 4k
F5FEARAE 90%LL I, Kappa REUCKT 0.9, FRHH/» 245 B LA,

Table 4. Image classification accuracy of Panjin in different years

T4 BFEMBERTEIGOEBE

EAy SRR RE Kappa EY
2002 91.27% 0.93
2011 93.33% 0.94
2022 95.83% 0.96

DOI: 10.12677/gser.2026.152018 178 PRI


https://doi.org/10.12677/gser.2026.152018

XIRAUR, EESRE

5. AW FI AT
5.1. T FI R X =E S
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Figure 6. Land use type map of Panjin city
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52, BT EHAADERG

I 4EEE 2002 £, 2011 4F. 2022 FFALARTIAMRML . B, R, K. AWM. e A%
SE TR G, HIEE 7)E H[9], 2002 5. 2011 HE L 2022 AL AR T T AR A I R 2 AR R
B, 2002 FEHARZ 1867.17 km?, (5 B 52.95%, 2011 £EHIARZ 1834.33 km?, &7 SHIFR K 52.02%,
2022 FFIAE 1674.51 km?, HETF 47.48%. ¥ HLITFA 2002 17 399.39 km? #EHIE] 2011 4
) 619.01 km?, F| 2022 FEHINF] 995.22 km?, 20 K 715 FH M T AR 5L B H 8 KB

Class Statistics
20x10° = 3 Pixel Count Area (km2) | Percent (Selected)

3 E 5o BTN 601736 541.5624 15.3571
& 15x10° = 1 < =it 174978 157.4802 44657
S 1ox10° - 1000 = 2074629 1867.1661 52.9471
2 - = 2 X 622597 5603373 15.8895
3 50x10° = . 450 | o RS 3993894 11.3255

oE 3y L Hemm 596 0.5364 0.0152

M B Hee kR
2002

Class Statistics

20x10° = ] Pixel Count Area (km2) Percent (Selected)

3 E 1500 IEEE 38502 304.6608 86393

& 1.5x10° = 3 o = | 273359 246.0231 6.9765

° = <1000 = | EENEHENN 2038141 1834.3269 52,0159

$ 1.0x10° F ] g

£ E T < | 2B | 569863 512.8767 14.5436

3 50x10° — 3 BEEEE oo 619.0119 17.5533
oE - = | HEREil 10636 9.5724 0.2714

i B #ie K EgEith HeB

Class Statistics

E ] Pixel Count Area (km2) Percent (Selected)
" E — 1500
2 15x10° [ ] IEEE 15983t 143.8479 40791
b E ] € ity 567150 510.4350 14.4744
19 = . —{ 1000 £
o 1.0x10° = ] . 1860564 16745076 47.4839
Qo - 7 o
E 50x10° Ts00 < & 210265 189.2385 53662
z E 3 e 05y 995.2173 282213
— Jo [ =Emm | 14695 13.2255 03750

e HEe g kg EeEeHTEE
2022

Figure 7. Area statistics of land use types in Panjin (2002, 2011, and 2022)
7.2002 £, 2011 £, 2022 SR L F A LB ERLE T

53. T EMFIRXBEREN

gE4 % 5 AR, 2002~2022 AF R £ B T RS G R AR T R ZNEAR . BEHh B AR A R TR i KIS, =
H 5 H 55.90% FFEE 50.13%. 52 S B EL i 2 3 v i, o EE A 9.8 1% P Bl K 5 24.43%,
AT K B IS 10]. S0 = A B 2R R ) BAR AR A A a0 1 8 BT

Table 5. Summary of land use area and proportion in Panjin from 2002 to 2022
= 5.2002~2022 FRERH L IF A MEERE SR EE

- A2 2002 FHFA(km?2)/ & b 2011 FHEIA (km?)/ & Lo 2022 fET A (km?)/ 5 H
i 541.61/13.30% 304.90/7.49% 144.03/3.54%
B 49.34/1.21% 77.03/1.89% 159.91/3.93%
Bt 2275.92/55.90% 2235.09/54.90% 2040.64/50.13%
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K3k
W
HoAth FH 3t

“it

794.70/19.52%

399.28/9.81%

10.25/0.25%

4071.1/100%

728.31/17.89%

618.59/15.19%

107.18/2.63%

4071.1/100%

270.32/6.64%

994.71/24.43%

461.49/11.33%

4071.1/100%

800
600
NE 400
-4
~ 200
<)
~
oY 0
= -200
E
-400
-600 N s —
PR ELih B JKE BT | HEMi
W2002~2011| -236.7072 88.5132 -33.0633 -47.088 219.3147 9.0306
W2011~2022| -160.8696 | 264.3462 | -159.8112 | -323.4384 376.119 3.654
2002~2022( -397.5768 | 352.8594 | -192.8745 | -370.5264 | 595.4337 12.6846

Figure 8. Changes in the area of land use types in Panjin
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6. BT LFIARSE
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U,

1

K:;U“X—XIOO%
U T

a

ARXF, U WA, U, WSS R AL, ToNEEED . LR Sh& B e e
T 5 BTSN, 5~15 8 FEEDMA, 15~25 8 TR, KT 25 B T2,

Wi 6 frax, 2002~2022 4E[R], HoAh A ab T 2RI A (ZhaS E 118.64), Fih 5 it ik H v 18 i 48
Y, TR AR A B A DR 18 (—0.52) o X R B AES T 4 7K 1 R IF , i ol7 4 S g b B b 1 Je8 P A SR AR T [ 11
2002~2022 FE 3 7 % L R B R B A8 FEXT L I 96

Table 6. Dynamic degree of land use in Panjin from 2002 to 2022
= 6.2002~2022 FEBH LT RNTE

g 2 2002 (;)0)11 4 2011 (02/2))22 o 2002 (;)0)22 4

PRt —4.86 —4.80 —-3.67
i 6.25 9.77 11.21
B —-0.20 —-0.79 —0.52
K2k —-0.93 —-5.73 -3.30

B 6.10 5.53 7.46

HeHH 187.69 3.47 118.64
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Figure 9. Histogram of land use dynamic degree in Panjin

9. BRHEMAMRANSEESE

7. B8R T F ARSI
7.1, E3FI R BFAES T

HI 7 GEit A R T I, 2002~2022 4R 1H], AR 7R FE A2 O RFIED “ iR R 1R b, AR it
WEFEAE o R TR IR TR N (373.84 km?),  DASUMR LRI RIR L Y, St T I
AT B R 2 8 R 2 2]

Table 7. Land use transition matrix of Panjin from 2002 to 2022 (km?)
% 7. 2002~2022 FE T 30 F R B RER (km?)

2002 4E
Mot i B K3 B Hee i

PRt 36.51 7.2 51.79 35.46 12.86 0.03

b 108.09 73.47 238 48.81 42.03 0.05

Bt 201.57 34.62 1163.91 216.87 57.49 0.06

2022 4

Kk 37.13 2.57 32.89 102.83 13.81 0
I HY 156.04 39.38 373.84 155.07 270.49 0.4
HeHHh 2.22 0.24 6.74 13 2.71 0.01

7.2. THFIRRZERIIREN DS54

HEAR T L AR SR A 2 I ARREE . AU 5 BUNBUR LRI F 1 45

(1) #2SL TR R ) 2002~2022 (8], #HTH GDP FREHE K, WELERE R E Nk,
Rl I THRATET 7 SRS I ST, (EEIEATT X . B AR TR X S Tk [E X
RV EL IR AN T H e JE A F R R T, X R T SO R B M@ R A EE AN 9.81%8k
T+ 2 24.43%FIMR AR K[ 13].
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(2) BURS M IRSH(HE K S8 H): B 1E DV E K% 8RR X e, 3T R 7 BUR R R 7% 58
CRBPHCIR” KAWMIEHEE TR . BIRETHSZ RO I R KIS A Bk s, (25 BIBOR T
Ros ) TRk, 51T T B ) A A S R R R, 3K -5 SR M P 7K ek B A FH B
TR AR A A 14] 0

8. R4t

o JE ) -t R P IR A 0 SRR} 2 P B BRI AL T 1) o AN SO HBEE A (A 2 W R R T A A
17 2002 4. 2011 4. 2022 4E[#) 6 5t Landsat 245, FIH CART Fik#EAT 7 LA A0 2800 58 . #
BEERTIT LR P 2R bR, R BEHh . AR @A L. e Fth 6 25 WF R TR EZRA T ENVI
BAFFN ArcGIS i fF, WAL RZEBEEAGH, B4 2 RSN, % B AT Bl ey,
WHREAESE, CART 54038, 20K, HHUR IR BHIE, A0 Hof) R m AR giit, +
A BNV, TR AR AR . RPN

(1)2002 =, 2011 4, 2022 H= A8 T A i R 3R] F 2R A 2 Bk, 2002 S5 A2 1867.17 km?,
TR 52.95%, 2011 4EHIAZ 1834.33 km?, (U THAA 52.02%, 2022 FFHEIFZE 1674.51 km?, 5
SR 47.48%. B IR 2002 £ 399.39 km? B HNF] 2011 E) 619.01 km?, F| 2022 1
$1995.22 km?, 20 ok v F Hh AR S I R G K

(2) M 2002 4EF] 2011 4F, ARV A, . e A mREE N, Sib. b, AR
AR /D, AR 2, B0 219.31 km?, MIBEBIR/D L, W 236.71 km?, M 2011 4
F) 2022 4, UM, FHh, He O EAESS I, KIS AR, B EIRALE DD, AR R
2, N 376.12km?, KIRHFRAD 52, Jh> 323.44km?. M 2002 FE5] 2022 4, @@L, FHb,
e HHb AR N, AR TR i 2, 80 595.43 km?, ARHLEIFURA R Z, 9D 397.58 km?.

(3) M 2002 FF) 2011 (9 9 4, FARTE A LR FHZh& 2 6.25, @ M R H 2h &
FERE 6.1, LRI B R T8 AR Y, ARHb ) - R P ) A 2 —4.86, /KA I - R P 5 25 B -
0.93, ML LR BB Z-0.2, Mt K3, Brth)E T84 AL. ) 2011 FF3) 2022 4F (1) 11 4F,
BEER T RE 0 LR NS FE 2 9.77, FEHbJE TSR AL, sk R FH B35 B 2573, d b
(1 Lt R FH B0 B 5.53, FRBEFH HURIK SR TS AR A, bkt () L R F 2 A5 FE 2 4.8, #f 1t
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