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Abstract

With the accelerating process of urbanization, rapid urban expansion and irrational development
activities seriously threaten the conservation and development of World Heritage properties near
cities. Against this background, this paper uses Sentinel-2A satellite remote sensing images as the
data source and GIS methods to extract the land use change information of the World Heritage
Angkor Heritage Site from December 31, 2015 and December 20, 2017, and analyzes the impact of
various land transfer changes and urban scale expansion on the conservation of the site based on
transfer matrix method and land use change mapping. The results show that the area of water,
cultivated land and construction land in the study area has increased; the area of forested land has
decreased and the decrease is mainly concentrated in the vicinity of settlements and monuments;
the construction land around the heritage site is mainly converted from cultivated land and some
of it has already posed a threat to the ecological environment around the heritage site. In 2017,
the intrusion rate of construction land in the 1 km buffer zone of the heritage site has reached
10.7%, which is mainly affected by the expansion of construction land in the north-south direc-
tion; the average annual rate of construction land intrusion is 2.3 km?/year; at this rate, the herit-
age site will be completely destroyed within 40 years. Therefore, Angkor needs to be planned and
protected in a timely manner.
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1. 5|8

BEE AL 2D AR, T A5k H AR, a3 A S ) A AR (e R AN E] ) R
[E B BB FERI I 2 — (1] [2] [3]. EARRT LA 5 i O TR D AR, 2 () R A O A Bk el 4
[, I FLBE TR P 7 5 2 s b e 0 LR I 5 A B A A I . 0 M AN L [4] [5] [6]. 20 tH404])
W, EPAIHRR T AT, 20 AT LA R AR 8L, (H2 20 L) TR
R IEAR 553, RO R FEREN T B B8 B, X [ A 25X A AR AL 2 1 AT 7T, 2
By M Y/ 7 e AR ik . R HARFI AR ER 7] [8][9] [10].

SRR IR B, A RO IR R AT E WAL, SRS 2 [11]. H 1993 LK, &
A 20 ZAEZAIAN T R ZEBUF A UNESCO AR E it Xt % arsht BT 2 R iRy, SlC i
B R BT R BSR4 AR s TR AR R, AT B A B A i B S, A AR BT PG
THFE, MRMED, ARSI BN, I — 25 o Bk A 12] [13].

2 E B 12 DU S BERE AN ZRAN B A 2 2508 18 3R FF L BUIR AN GR 57 A 0 B, DARB IR SC
PERS SR BT AR AP OL SO IR DR S5 5 T IR AT TT 145 AN 22 DL 140 FNow Bl o0t SR 28 SR R 38
AL R TR GRAFO6S SREEAT TR, b LS 52 B St s g OR 7 D SL A BUIR [ 8, 9 DL S HORT i
DRAPIEHE[15]. PEILVE SR T RS R XT AL 30 4 (V38 IR 500 52 =T I8 7 1 - 3t F) Y/ - 30 78 i AR A AT T
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IIMT[16]. MRE Je il H IS TN ARSI BEAT O A, B AR AL B FE A R AR R AR 3 ) 27 TR
AT G RN/ BN T (AR [17]0 PR HERERT SR B A S8 A M BT HEAT 12 T AR
PRI M R, ZRE T T SR BFIs ™ e S HL TR AS S I R KA B S5 S IR %

#[18],
PLERIRE R Z L TM S8 N E, B R B i b, X 58 R AR R A B 550 I
M A K. Sentinel-2A T EBHRA 42N 10 m, —IRIEEEHR 290 km, HEIN S K, HEm5

PR, KGR mEV BRSNS . A, DA ZEE A X LA RS £ 2A (Sentinel-2A) 5418 2dis 45 &
245 B B 20t R A AR AT ST R H RTS8 - R, ASCIET 2015~2017 4F Sentinel-2A
BEERGAREE, L ORI A 6 S A R P AR ST b . B TN SR B I R b
I A A 247 58 B AIE AR A Z 0, FF 534 HoRE 52 BRI R PR RO, 45 SR EFshE ) R AP SR R 2 1 2
B TP

2. WRXEER

SREFB R T AR A PE AL 310 ABAL, FEERERIT 6 AH. WX AL T RN ZE BRI R A
IEEILES, HBFEVEEA 13°36'N~13°57'N. 103°69'E~104°06'E, MIHAR 902.1 *F- 5 T KA 1 ). FE
BFE R I E005F . ek DL B IR SRR

XA TARER BE X, 2 SR PG AR X, SIRZ W, SFFEWEIZL 1800 mm, HIYSR
30°C. 11 H& 4 ARAZE, BRTE, ZRIEEREW, VPSRN 25°C~32°C; 5 2 10 HAEZE,
Bk A, 2 BIP R R RE, PRI 33°Cs Hop 12 A &R, PHRIEN 20°C~31°C, £4FH
BBk B 10 mme B 50 XA L R 2R 28 - B FE AR AR AR B AT K

SRR +

Figure 1. Map of the geographical location of the study area
E 1. ARXHIBAER
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3. fARA=E
3.1. BEKIR

AR Sentinel-2A [#1 2015 4F 12 A 31 HAI1 2017 4F 12 A 20 HFBEEAZR, R0 5P 5 h
10 m, ALhr RN WGS84. Hidh vl IEK 7S Jaifig £= 2 T2 & Wk (https:/scihub.copernicus.eu/dhus/#/home) i it
F B IREL, Sentinel-2 TR T 20154 6 H 23 HRHS, =& “AEHES 22N tHRIME —BEE. i
e 2A DR —MEZ MG, BT 13 MGIBIE . &R T W R 4 78 55 2 A 15 100

3.2. AR

RS AR AR AN I N X, a0 & 2 B, 48 ENVI KBS AL BT G 1 ArcGIS #FEE R A ST 4,
PL2015 4 12 H 31 HA1 2017 4 12 H 20 H i’ Sentinel-2A §445 AFEREEEIR, kI %€ 5 7F it ias e Ny wt
FX . 7E ENVIS.A1 BAFMSCRET, et il Gt r ma s, FEaFEES e, KARIE. BBE
BRI B o R D IR, o SR BRI BRI AT R A 2 88, 193 2015 4R 2017 SEELREAE R AN L bR
P IS o R 22 i X o A L OB RS 0 b, 45 6 AF DG BRI X 52 R 380 70 1 0 R ) FH 788 04 175 100 R0 3k T
Pk S B SCAE S M AT IR N AT, B e B SRR ST aE 7 DR AP
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Figure 2. Technical scheme

B 2. fAREL&E

3.3. HIEAE
ACAEH ENVIS.4.1 5F 5 87 X f B s k4T FAL FRERAE . T 0E I 2 B ik i, s 2A $dE 35
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LAE SNAP AT AN IHRAE, 5 HLHE 0 ENVI AR A RER S n8idt ENVI 800 i b A7 A1 B (1 Ab 2
ENVI5.3 AL BEFT T 2016 4 12 H Z AT SRHUKI A8 o 11 ENVIS.4 JigAS T BT IF R+ K S 2 Hodie
ENVI5.4.1 T 2017 4 8 A IEs kA, BT DMERIIFRR BRI 1 —Le8i Dhfe. =5 F& 2 5% BF kb vty
FNARX, FEZFHREBOREBRRE, AR T R NE 72 S0 L 308 UK B #1152
e, B DABTRAE B P IRAAR I A1 25 O & 201 12 A . EBHTHE 70280, O 1 S AME oot T % 285
BB, IR RRESE, B FMIREALA DT 20 4.

3.3.1. BHERR. KSKIE

Sentinel-2 L1C s2Zeid JUTRE AL I MR TR MBI 377 o UM IHRRASAZAE AR, F ENVI A1
Radiometric Calibration T iF 758 5 € bRl a2 AN IEF 1) . ENVIS.4 WA Sentinel-2 L1C 3859 2 0€ br
T H.. £ ToolBox H1, JiZl/Extensions/Radiance Sentinel-2 L1C T.H., Input Sentinel-2 XML: JN#L A% /iR
JE S5 . xml SCHE, RN B E 238 B S FirfE B AR I, RSO 44 B dn 44 Ja BRSO\ . A11E Output
Four 10m Bands. Scale Factor 45 i A%, ERIAME 0.1, Resample Method N RAE /1%, BRIAN Bilinear.
T8 P SO B AR AT A

5 F R AR IE LB (FLAASH Atmospheric Correction)yH Fi KA R0 I8 &5 B8 25 Hu W S S T sl J3 3
FLAASH Atmospheric Correctio ., 4548 51 72 hn 4l R . X & Single scale factor 4 1. Sensor Type:
1 F UNKNOW-MSI. Sentinel-2 (4 A BEEAT /K V5 R I8 (Water Retrieval), {H 2t A& 828 T DLBR 6 24T
KRR . Sensor Altitude /& 15 B 524 X I ~F- ¥ Hi il =i 7% . Water Retrieval {104 No. Aerosol Retrieval
DR AR RS, IR A IR A, AR SCIE R 2-Band (K-T). 28J5 1T 20615 (Multispectral
Settings) 5 B o UK PR EOCCIF R E TSk FOL G Bk . K-T RGN . 5 Aerosol Retrieval
N None, NIAFIELEZS$. Filter Function File: #r Water Retrieval THHR AL TG v ik %, At
Fzhik$E, [ Water Retrieval # Filter Function File —#EE/E LR, BT SHEHITAH.

3.3.2. EgEE
ASCUAAE SR 8 52 R AR E BT TEAL S T X, R ZELAL SR shp STAFS BGHEAT B 2>
B HEYEIRWE 3 s,

3.3.3. 5B

£ ENVIS.4.1 HHTIF EUSE BT S/ 21 2015 4EA1 2017 SR FCIX EG R S KA SRk AT B
rRIERAE . BB E A RO (AR, FEMIERN B2 @I gRiE A, @i B LA F A
ARV AS [E] (U S Fe SO AR B PEAR 5, IR K MRIE R AR AT I B 0 2K . 456 2 BF L X (1) 92 bR
50 D3 R MR ARG, 4 R SR B O 4 AS—Zeth2s . 3R K3, Mt BEURIE S . o
1R
3.4. BEITMH

Gy REEHG , LA H LA PEIR 1S 10 3R L S IEONR X IOR T SR VEHE B, o 3 S48 IR e EAT VRN o
2015 F5r 45 R (1) B AK 73 K5 E A Overall Accuracy = (9667/9952) 97.1363%. Kappa 2%04 0.9588. 7K
BHIIR A RZE N 2/2342 = 0.08%; Mt Ay 1/3298 = 0.03%; #HH N 61/3548 = 1.72%; & MR 221/674 =
32.79%; 2015 FE B AR 2 55 2 MR 80y, E A A E R i Lt 2R A b, 2017 450 2845 R0 E ik
435K A Overall Accuracy = (13105/13457) 97.3843%. Kappa REN 0.9624. /KIR IR 1R 2N 0/4927
=0; MHA 17/3474 =0.49; BN 134/4200 = 3.19%; EBEH N 201/856 = 23.48%.

DOI: 10.12677/ulu.2020.82008 74 W 52 i


https://doi.org/10.12677/ulu.2020.82008

o

A ERS R A P

2015

2017

(b) Oclnzz— km

Figure 3. Remote sensing image of Angkor region. (a): Angkor
region in 2015, (b): Angkor region in 2017

E 3. REFMXIBRZZEE. (a): 2015 F£EREFHX, (b): 2017
FREFMEX

Table 1. Cambodian Angkor image interpretation characteristic symbol
F 1. RERIFEERERE

LT Wi WARBEERETM S, 4, 2 B OAR) AT
K RIS ERIE s, SRR, TERFRIN, #55 STTAE !
Frs PR G, KRG, TEURRHIN, 5 el X Sl AR 2
B H RGN, TARIN, SOMARE, fE % ABEOm S 3
A ﬁa RIS, BN, TR, SRR 4

3.5. TiFIAIMRE

K73 FAEF 5 1 2015~2017 55U 28 5% 8HE BB E] ArcGIS10.2 12K 2 R VERT 5 ik Fev
—{E, ISR, e kR A E RGN, ERIBIATR LSRR, AR, W 4 PR,
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Figure 4. Land use status mapa: (a): Angkor area land use map
in 2015; (b): Angkor area land use map in 2017

4. THFIAICRE. (a): 2015 EREFHXTHFIRE;
(b): 2017 ERXFHX T HFIAE

3.6. TiuFI T EE

R hAT 20 K5 B R BRI OIS B, R IMFIC0N 10 m x 10 m, M IIETTHI ) Value {6847
B, MEAFR AR IS T 588, R EF 2015 450 2017 4R EUREEAT B, AR
St A AR AL 5k 35 i - R T P o PR R T AR 7 e NN, i DURT DAAS 38 1 5 JR13E
BRI IS B R B F2 I 2 3R 3, RN R P i) P B T VAR G 5 8 SR P AR X I, TR 2

B JE R, REEREE B, HAA5H R E 2015~2017 4 R A0 B

Table 2. Land-use change gain mapping unit representation table

2. IR A (IS R S TRR G 2R

R AR Pl 2p 70 Pl 5 T A 2K G Y
AAEX I 11, 22, 33, 44 1
BT K 21, 31, 41 2
B 12, 32, 42 3
W B 13, 23, 43 4
HTH T 14, 24, 34 5
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Table 3. Land use change loss mapping unit representation table

3. DRI R TR EE B TR R

A AR A A Rl T Pl 5 70 ) 2 G
ANAZ X 35 11, 22, 33, 44 1
IR I 12, 13, 14 2
Tl R 21, 23, 24 3
> B 31, 32, 34 4
I U F 41, 42, 43 5

3.7. ELER

ECV R T AR L R SR AR AT, R A B R R A ) R AR, R
fi FH R S I X 3 B 5 AR I 29846 [ 19] [20]

5, MRIEE XA 16 Mtk — T RZF X AR B . 2805, 17T ArcGIS10.2, F
MR g TRAPRFE RO TR, HEAAREERE UG BRI OB AN, R
B @M E L. HORBREN:

X =B (i) [T 1 =B (M) S g
Hb X'\ Y it EX O RE . S ¢ ATHEEG: x v RS IRE IR L& G
M IR URZ DX A5 e A FH T A
4. R
4.1. FTHRRFLHFIATHER

4.1.1. 27 2015~2017 LEL3bFI IR

b ) FH 5 46 S R T RPN & A M R AR S AR b T X e o A A X ) 3
AL, DL & MR R AV L. 35 4 R T7E 2015 A3 2017 423X B[R] Y6 P 52 B5F e X 1)+
R EE R R AT DA B, SREFHBIX DAL N 3, 7 2015 551 2017 SE50 51 &5 1 72.5%8173.2%,
Wt B, KSR AR IR AD o 0o EL A2 R 2R A, bRl A8t K, PR T8 /D T 18.3 km?,
HUGRERHM, 8T 7km®, AR5 RPHHIRAD T 6.3 km®, BE/NRKIE, T 5 km’.

Table 4. Angkor legacy group land use structure in 2015-2017
4. REBIEEE 2015~2017 FLFIALEE

2015 4F 2017 4
| A
TR (km?) 7 TR EE (%) THAH (km?) o TR EE (%)
KR 23.9 2.6 28.9 32
M 134.9 15.0 116.6 12.9
i 653.6 72.5 659.9 73.2
AL 89.7 9.9 96.7 10.7

4.1.2. TiFIATEHEBERES
H7e 5 FER R & I R R A kG, SR AE 2015 23] 2017 HE1% BT [A] Py 25N
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Eov T

Z IR B S A, P A B A BEBOR . M A AL RE R S 87% AT AAR AL,
AR AR P B R K — B a3 B A A T R B, BF A A A AR IR TR0y 84.7 km®, & TR THIFR
(¥ 9%; FEBHIHUH 56.9% TR K AR, A HAD MM TALI N 55 km®, KA 2 5 el
TR, (R @B AT AR N 15 AR IO B AR AR B TR, (5 16.7%:; AT
T12% M RR KA, FALRI IR, KA FAL I T, & 26.7%. SR, 2015 43 2017
B, REPDOKIMARNE 2, @i, MR, R B OB, BRI A 2, B
T AR 2 2R B TR B 3, Bt Bty i T

Table 5. Angkor legacy group land use transfer matrix in 2015-2017
% 5. RENEBE 2015~2017 L1 FI AT IERE

2015 4F 2017 4¢

2015 &
K3k i i e aathiil
K38 18.1 (75.6) 0.4 (1.5) 4.0 (16.7) 1.5(6.3) 23.9
b 0.2 (0.1) 96.1 (71.2) 36.1 (26.7) 2.6 (1.9) 134.9
P 6.9 (1.1) 19.0 2.9) 568.8 (87.0) 58.8 (9.0) 653.6
TR 3.7 (4.1) 1.2(1.3) 51.0 (56.9) 33.8(37.7) 89.7
2017 FEA it 28.9 116.6 659.9 96.7
gﬁiﬁ%ié%{ﬁﬁ 2015 FEHS LM 2017 4 RSB EAD LRI TR (km?), 755 WA %R B ARG %25 £ 2015 4
SIHAZ (%)

4.1.3. THF ATHEES

wE s fow, LR IS E RS, BROCH AR AR XA, B9 H 0 T A R R 1
b, S XU TR 10.1%F0 7.0%; BB A 8L, EBRAE S X 1 AR LA FI P X
HL o A e AR R 5 B AU PR TR e R R B U B o v, B R L X P, HAR TR
FETE AT LR PO o 7 189 7K 35K 3 T v 7 8 2 T U

2015-20174F5 A5 sp - MR F B 24 E

[ 4] 0 3 6
B s [ e I et - — K
I o

Figure 5. Land use gain map of Angkor Heritage Group, in 2015-2017
5.2015~2017 SR BRI R 1305 R IEEE
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MIE 6 TR 2015~2017 AEJRREE BRI, 79.5% N AAR X8, IR BN bkl A ik
Fd, 400 5 XA AR 4.3%, 9.4%F1 6.2%. o ApRHh 3 B> T 8 B S A sk i, PR AR
TSR 24 ) R R B R R T — R RS BRI D TR ST X . AR AR AL AL R S
HuAH B4 .

2015-20174F 5% B8 0 R T k28 1

N
A

1
B s [ woskn I sootn - — kI

[ TN Bl

Figure 6. Land use loss map of Angkor Heritage Group, in 2015-2017
[ 6.2015~2017 H R BRI E L0 AR E

4.2. TR R EF SR~ R MR

4.2.1. BigAMEE SR

BRI S BB SR A G A R IR AR BE , s 7 LR ARKERTR . #2015 4R 5 2017 4
T FH AT 3 A Xt L, 0 A 5 A 8 FH A e s 3 DA R i 1A P b 3 6F SCAE = R e o AATET 8 AT AL,
2015~2017 4F 52 BR800 B 3 B P e 18 P M T R AR AL IR AR o6 2, 38 2 107 2R DIRVE B0 T
Hls, T AR S S BK W I ST T R i R 11 S Yt T AR o P B A K . 1 A A T AR DA
il B I AR IT, Sy CEf2 i 7RO R 2, TR 7 ATy R ZR R 7 1 T T TR R
i o

B A T AR DAL 2 A B R AR, B AR T RIS, EEZ R T Iy A
JRFE T T R SR R o 3000 S 15 FH M AR S e AL AR I Ok, KSR AR AL T R B D . E
Rt % A DAy 7 A Y ML I TR R 3 O A R R 0, R B IR e R i 2%, T RS AU R R
[ B 7 RH Y FE A M AR AR BE IR . B A P TR R 32 B A A TR B R T DA B S AN R i, SRR A
TRV, VOIS DN, T s, SRR B RO SR thAE B 2 B, BETR &T
SR A B IR AR T o S BRI b g 1 P b 3 22 5 32 SR 1) i DR b e el PR R JE o B2 B 2 b 22 B RNBUR
(IsmR, JRIERE R I N S BN, O AR 0 A AR B T R AR
4.2.2. BigRAMERAESH

P 9 PR, £ AreGIS10.2 v RASE RRSERE 3 22 16 ANt s %G, R Hr TR X,
LMERALBEN 1K, JATIRRREERE | TREM X KRB G X RESFI3 55 2015 440
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Figure 7. Location of the angkor site group
E 7. REFETHMVEREE

2015-20174F S8 JA0AE L fth FH My 2 oAy 14 FH M ]
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Figure 8. Map of the conversion of other sites in the Angkor Legacy Cluster to construction. (a) cultivation land to construc-

tion land; (b) forest land to construction land; (c) watershed to construction land; (d) construction land conversion map in
2015-2017

8. REEMEHHMAEBARIEAE. (2) HitETRERAK; Ob) WETAERAL; oKkEETA
EIGHM; (d)2015~2017 Eig itk E

)

e

R X AT AN 103.8 km?, 2015 FEZE X P9 @M AL A 6.5 km?, 2015 SEE IR A
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R = 2015 FELE P X PN BB MU T AR/ 2% b XS THIAR. * 100% = 6.3%; 2017 SE b [X Py @ B AL N 11.1
km?, 2017 SEHEFHZ AR = 2017 FFELZRIX A 8B A/ Z i XS TR * 100% = 10.7%; i3
W Z AR = (2017 SRR X N 2 B HU T AR — 2015 G280 X Py @ HL T AR)/(2017 4E — 2015 4F)
=23 VP TK/AFE. 7 2015~2017 sEHE], RANKRE EFHEAH,

TSR T S A0 A P A i DL LA A IR I RS, TR R S B RS LN, T PG A AR
AR . EAHEBIHABF R WAL, B R DR 2.3 P75 T K R BE AR 16 125
BE L FAR 42 o, BRI AE 40 4F I RE AR 058t BRI, 5 B A = AR A A R 2%

2015-20174F S&FF i ARRE A FH Hu R AT I AT ]

C Ttk [ J1kmZE X 2015 a3 A

(b)
Itk [ ] 1km&ZE X I 201 74F B

Ogs QAT O FHF OLEEF OFEKNE ©M@ O EReHF
® FlgE  OmRSF  O Rzt OZ%F OHERY O EREY OFRY
BRTr OBEHY

Figure 9. Analysis of construction site incursions in the Angkor Monuments
Cluster, 2015-2017. (a) Construction site incursions in the buffer zone in
2015; (b) Construction site incursions in the buffer zone in 2017
9.2015~2017 £ R EHRIE IR E A BN IER DB (2) 2015 FLEH
XAZEAHERAER; (b) 2017 FEMXARZAFRANER

FERENL G I X B HEA b, 0B 4 ANTARBOR RS HE, X SBT3, BAAR. B 7. b, ARAE.
PEdb. ZREE . PR AT H TR G b XBEAT R 2y, 20 mlE SN X 2017 4E80 2015 42 N IR T
FAZR S B2 L, ££ Excel H5 28 hE AR R BEFLE (K 10).

1) POEsE: A7 TR A TEIL, AE SR BT I DU A B AR NG R B bR, B2 B T R AL TS R
BOHMY 5Ky, IERS 7T VBRI K, 9 0.4 P05 TR/, /R BRI, 75 N0k 40
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AN SEA R GBI, BRSO R G R
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Figure 10. Legacy invasion rate rose chart in 2015-2017
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Figure 11. Relocation of gravity map for site construction at the relic complex in
2015~2017
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