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Abstract

Background and Obijectives: Rapid urban expansion and infrastructure development along economic corridor
frameworks in Phitsanulok Province, which lies at the intersection of the East-West Economic Corridor (EWEC) and
the North-South Economic Corridor (NSEC), have continuously driven land-use and land-cover (LULC) changes in
the province. These ongoing changes directly affect habitat quality and ecosystem integrity. This study aimed to
(1) analyze the spatiotemporal dynamics of LULC change in Phitsanulok Province across three time points, namely
2007, 2014, and 2021; (2) forecast future LULC patterns to the year 2028 using the CA-Markov model; and (3)
assess the impacts of land-use change on habitat quality and habitat degradation using the INVEST Habitat Quality
module.

Methodology: Satellite imagery was analyzed using Landsat 5 TM data for 2007 and Landsat 8 OLI/TIRS data for
2014 and 2021, both at 30-meter spatial resolution, obtained from the USGS Earth Explorer archive. Dry-season
imagery was selected to minimize interference from cloud cover. Land use was classified into five categories—
agricultural land, forest land, urban and built-up area, miscellaneous land, and water body—using the Maximum
Likelihood Classification (MLC) technique. The CA-Markov model was then validated by using the 2007 and 2014
LULC data to simulate a land-use map for 2021, which was compared against the actual reference map from the

Land Development Department. Once validated, the 2014-2021 transition probability matrix was applied to forecast
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land use for 2028. In parallel, habitat quality and habitat degradation were assessed using the InVEST Habitat
Quality module, incorporating four threat factors—urban and built-up areas, agricultural land, major roads, and
railways—with parameters assigned following a literature-based approach drawn from the InVEST User's Guide
and relevant tropical-context studies.

Main Results: The CA-Markov model demonstrated satisfactory predictive performance for land-use forecasting,
achieving an Overall Accuracy of 0.87 and a Kappa coefficient of 0.79, indicating a high level of agreement between
the simulated and actual land-use maps. The 2028 projection showed that urban and built-up areas were expected
to increase from 6.08% to 6.42% of the provincial area, while agricultural land was projected to expand by 6.41%,
and forest land showed a slight recovery of 0.57%. In contrast, miscellaneous land was projected to decline sharply,
by as much as 40.51%, indicating that this land type functioned as the primary reservoir absorbing conversion into
both agricultural and urban built-up areas as the province continued to develop. Assessment using the INVEST
Habitat Quality model further showed that overall habitat quality declined from 0.544 in 2007 to 0.528 in 2028, while
the corresponding habitat degradation index rose from 0.137 to 0.154 over the same period. Spatially, areas
experiencing high habitat degradation expanded outward from the urban core toward peri-urban zones and the
surrounding agricultural areas, particularly along the major road network and the transitional zones bordering forest
edges. Notably, these areas of high degradation coincided closely with the same locations classified as having
very-low habitat quality, underscoring a consistent spatial pattern linking urban and infrastructure expansion to
ecological deterioration.

Conclusions: The coupled CA-Markov and InVEST Habitat Quality modeling framework effectively demonstrates the
land-use dynamics of Phitsanulok Province, showing that these changes are driven primarily by transportation
systems and continued urban expansion, both of which exert a direct and inverse effect on ecosystem quality.
Although the province's extensive forest cover helps to moderate the overall provincial-level rate of decline in habitat
quality, urban fringes, major roads, and the transition zones between urban areas and forest land remain at
considerable long-term risk of habitat fragmentation. The knowledge generated through this study can serve as a
foundation for supporting urban planning efforts, the delineation of ecological buffer zones, and the management
of urban expansion, all of which are necessary to achieve a sustainable balance between continued economic
development and the conservation of biodiversity in the province.

Keywords: land-use and land-cover change; CA-Markov Model; INVEST Model
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dnaauEuinn T RAWeT WA, 2564 (Simulated map) ANt uEuRs el B Faudauiuiuuauinas
sz lamfAuraensusimuniinud n.a. 2564 e diudeyaaiuayunisnmadeuniiugnifes (reference data)
LAINANIFAUBNNNAUANT] W.A. 2564 fanTUqARTIaaaLNIAAUINLAZNITHLANINAIN Google Earth uazld
LﬂuLLmuﬁﬁwﬁqﬁﬁuqmmﬂmummmﬁ@u%ﬁﬁ (Spatial agreement) ¥NLLLANABIN AN WHUEN WD U
Aaazsiunisannisallusunanselyl 1T w.e. 2571 Ielfmisndaanasinazidunnsulaeusnutl w.a. 2557-2564
fiiunnInsageuudn

4. n’riﬂmﬁu@mmwu@zma‘zﬁ@m?mmmﬁ'uﬁ@g/@m”ﬂ

IS

sl @H@ﬂﬁﬂ%ﬂiﬂmﬁﬁu%ﬂu@ﬁm@:ﬁmmﬂ’wmﬂf?uﬁq %umwifaiﬂ%ﬁﬁmiﬂi:Lﬁu@mmwﬁﬂg’mﬁﬂ
mm’m'?i (3)LL@:ﬂ’1iL?ﬁlfa3~leu mumiﬁ (4) AREILLULANARY INVEST (Integrated Valuation of Ecosystem Services and
Tradeoffs) Habitat Quality Lﬁﬂﬂmﬁu@mmwum:m'mL'E‘ﬁ'famimimmﬁuﬁfaqgﬁﬁﬂ IngenAudaduAnAINNINILAIN
fuAias s luntsAnenil ( Table 1 Wag Figure 2) Fatlsznaudas 4 Tasandn 14un ﬁuﬁqmuum?saﬂ@.ﬂ@%q
Thsetneauuanevan Rufnemsnssa wazmnesnlil nisdndenuuanandnuaznisugmnesnlngas findnanin
”Lumﬂ%miﬂLLammﬁunuﬂmﬁum\i %'\1Lﬂumin?xﬁummﬁu‘EmmﬁyuﬁLﬁmu,@xﬁ@nﬁwwLﬁmﬁﬁ@ﬂﬂ'ﬂamn
Lﬁ@ﬁuﬁ&mq anansndndeldineiy elanin llgnisaenasnaesguay sodusadundaundniivin s audauds
lunnsldfauuazideninsusesssuuinaluiuiianen nrsisuehuin (08 1) Auszduuanszny uazing
ﬁwumizﬂ:mqﬁﬁﬂizaw%mwzﬁmmL‘WlfaizqmﬂumﬁqﬁuﬁmmﬁmﬂmuLLﬁi@:ﬂizm‘w (Tang et al., 2024) Insifes
ﬁwﬁﬂﬁmmuu@‘qmﬂi N@ﬂi‘:‘ﬂ‘uﬁx‘muﬁi’a@meﬂ’m”ﬂ'ﬂ\ialuﬁﬂ%l:'mﬁﬂﬁéﬂﬁﬂ')’?N@HLLNN’]ﬂ%‘L&LVﬁ&‘LA lunisninuun
WML FANUIT L AINANTENUgagA (Maximum Distance) ﬁwﬁﬂquumq (Weight) Lngﬂl,mummwa'“umm
HANTTNU (Decay Function) §3AEAHUNIIANNLLININNIATIIUAINAFAILTEN1TNUNIUITIUNTIN (Literature-based
Approach) $19841A98519N 9 HIRaFUANAINANBLLLANAS INVEST (Sharp et al., 2020) WazdNU3 SefiAeadadly
WAFRL (Manna et al., 2025) équﬁumsﬂ%mﬁﬂummﬁLmﬂﬁmmﬂﬁmﬁuﬁwL%*ﬁuﬁLmzmmmfmmiﬂmmm
Uszinalng Ineiienidesainanssnuaeslaseinepunantiuszazusiumslugilensdssdunansenudaunnden

(EIA) 289813NUUIILN S LA L UNSNENNTEIINTF LA RIWInaaN (ONEP)

DZ;
Qxj = H; (1 - —1) (3)

z
DZ;+k”
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o o
a a 4 o a a

Taei Qx]mmummmwmuwmmﬁmmwnLsn@ H; ApATANIMNNZANITUT UNeg A (habitat suitability) Dy, An

iymummm@u‘immmmuﬁ@fgmﬁﬂ kZAadnpaii (half-saturation) was z ARANAINANIMLATAY INVEST (z = 2.5)

1
a

! = 4 ' o =< aa a A & dda o
AN HQ HTEINENLLER O (L@@NI‘V]?N'V]'&@) N1 (A ‘V]’éﬁﬂ) G]’]NNNNMEWHV]'J’]WHVW]N@’] HQ QQ@HU@HNVN’]N%@WHM@’]EV}’N

q

TGN (Sharp et al., 2020) szAuaudanIna Dy jAananiladtanauusiasiin

ij = 1y 123/ 1(ZR )rylrxyﬁx ir (4

e wy. Aevhwiindanindaesiadunnan 7 (threat weight) 13, Aarn raster vastladannany Y
Lryxy ROMsidUNI28878 (decay function) AMuszEEVAINUUAIANAIN B, AszALN12ANATEINIINYULNE

(accessibility) Waz Sir AaAnAaNN 1 (sensitivity)

Table 1 The threat variables and associated coefficients

Threat Data Source  MAX_DIST Weight Distance Reference Source
Factors (Year) (m) decay
function
Urban LDD land use 4,000 1.0 exponential Arunyawat & Shrestha (2016)
map (2021)
Agriculture  LDD land use 1,500 0.7 exponential Arunyawat & Shrestha (2016)
map (2021)
Major road  OpenStreetMap 2,000 0.6 linear Li et al. (2022)
(2021)
Railroad  OpenStreetMap 1,000 0.4 linear Li et al. (2022)
(2021)
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Figure 2 Threats factors for habitat quality assessment (a) Urban, (b) Major road ,

(c) Railroad and (d) Agriculture

dﬂm“um?ﬁwummmﬁme’mmmmmmmﬁu%gﬂimﬁﬁ (Habitat Suitability) kazAA1N lseilase
B

v
o 2 o

ANATN (Sensitivity to Threat Factors) Aiuanlu Table 2 1 gadalaUszensfldaanimunaunssunssugnsdedaniv

U

st fuiaudanui N sanAuL3uneniy (Context-specific calibration) Ingaawlunisaauainszsu tawd (1)

v '
o oA

ANAEN B ANARS INVEST (Sharp et al., 2020) (2) A unmaseudszandlutiunanfeusednauas
ninalnALALS (Arunyawat & Shrestha, 2016; Manna et al., 2025; Li et al., 2022) waz (3) nslfugauiieusces
HANIENUEIAA (Maximum Distance) 283lassdnaanuanliaanpdesiuszazuuifugunniuualugiie EIA 289

ONEP Wialdnanislszifiufinnuganndasiuidundaulausvesdssindlng
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LULC Habitat Urban Agriculture Major Railroad Reference Source
suitability road
Forest land 1.0 0.8 0.6 0.5 0.4 Manna et al. (2025)
Water body 0.6 0.7 0.5 0.4 0.3 Sharp et al. (2020)
Miscellaneous land 0.4 0.4 0.3 0.3 0.2 Sharp et al. (2020)
Agricultural land 0.3 0.4 0.2 0.2 0.2 Arunyawat & Shrestha
(2016)
Urban and build-up 0.0 0.0 0.0 0.0 0.0 Sharp et al. (2020)
area (non-habitat)
Table 3 LULC class area for 2007, 2014 and 2021
In 2007 In 2014 In 2021
LULC
Sg.km % Sg.km % Sg.km %
Agricultural land 4,666.52 45.19 4,754.36 46.04 4,487.97 43.46
Forest land 4,255.08 41.20 4,214.26 40.81 4,278.78 41.43
Miscellaneous land 869.55 8.42 755.70 7.32 851.33 8.24
Urban and build-up area 512.91 4.97 516.09 5 627.92 6.08
Water body 22.55 0.22 0.83 80.31 0.78
Overall Accuracy 0.84 0.85 0.88
Kappa Coefficient 0.74 0.75 0.80
Table 4 Confusion Matrix for LULC 2007
Agricultural Forest Miscellaneous Urban and build-up Water UA (%)
LULC
land land land area body
Agricultural land 102 3 " 0 1 87.18
Forest land 2 101 0 0 1 97.12
Miscellaneous land 17 2 6 0 3 21.43
Urban and build-up 1 0 0 13 0 92.86
area
Water body 0 0 0 0 2 100.00
PA (%) 83.61 95.28 35.29 100.00 28.57

932



B M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (onling|

Table 5 Confusion Matrix for LULC 2014

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026

Research Article

Agricultural Forest Miscellaneous Urban and build-up Water UA (%)
HoLe land land land area body
Agricultural land 103 1 11 0 3 87.29
Forest land 1 98 0 0 0 98.99
Miscellaneous land 15 5 7 0 0 25.93
Urban and build-up 1 0 0 12 0 92.31
area
Water body 3 1 0 0 4 50.00
PA (%) 83.74 93.33 38.89 100.00 57.14
Table 6 Confusion Matrix for LULC 2021
Agricultural Forest Miscellaneous Urban and build-up Water UA (%)
Hoke land land land area body
Agricultural land 116 6 4 5 2 87.22
Forest land 3 93 0 1 1 94.90
Miscellaneous land 5 2 3 0 0 30.00
Urban and build-up 0 0 0 14 0 100.00
area
Water body 2 0 0 1 7 70.00
PA (%) 92.06 92.08 42.86 66.67 70.00

5. n7:*mm@ﬁ@umwgnﬁ?’@mmuumﬁ@@d CA-Markov

TuN13A39948LAINYNABITBILLLANABY CA-Markov gadelilddaya LULC T w.A. 2550 uaz 2557

Wudayasssuinearaasununnigldnau

#19899391] W.A. 2564 UBINTNWEUIN

o o

a

ANNTU

AU NANTTE

T W.A. 2564 AaNNIUILTEUEUNANIIAN AT LLEWNNF TN AL

1= a 1 o a ¥
‘]Jiﬂ‘UL‘W?;I‘LIW‘]_I'J’]LL‘]_I‘LI’Q’]@@\?Nﬂ’]ﬁ')’]NQﬂﬁlﬂ\‘iIﬂﬂﬁ"}N (Overall

Accuracy) 1infu 0.87 uwazA1dulsz@nsuatamingu 0.79 %q@fﬂummfm’mwmmﬁmiw‘i"umnmwmmsvﬁjm

Fleiss et al. (2013) uazaanpdesiunnsguiaansulunisdngn CA-Markov luusuming

2020; Koko et al., 2020) @4ulFeuiisunnunnig s laaiiiAuen1989a1n NN W LN

CA-Markov T W.A. 2564 (Figure 4 Loz Table 7)

%

ANEAR

aa
NAU LLATLLHN Y

=
N

3114 (Fitawok et al.,

Aa1889970
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Figure 4 illustration of (a) LDD 2021 reference LULC map and (b) CA-Markov simulated 2021

934



BURAPHA SCIENCE JOURNAL

B M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article

ISSN 2985-0983 (onling|

Table 7 LULC class area of actual and simulated LULC maps in 2021

Actual data LDD 2021 Simulation 2021
LULC
Sg.km % Sg.km %
Agricultural land 5,391.82 52.21 4,778.06 46.27
Forest land 3,930.00 38.06 4,302.02 41.66
Miscellaneous land 204.35 1.98 524.61 5.08
Urban and build-up area 585.67 5.67 627.94 6.08
Water body 214.78 2.08 93.99 0.91
Overall Accuracy 0.87
Kappa Coefficient 0.79

Table 8 Confusion Matrix for simulated LULC maps in 2021

Agricultural Forest Miscellaneous Urban and build-up Water UA (%)
HoLe land land land area body
Agricultural land 112 6 10 3 0 85.50
Forest land 0 96 0 0 0 100.00
Miscellaneous land 6 5 5 0 0 31.25
Urban and build-up 0 0 0 14 0 100.00
area

Water body 4 0 1 0 ) 37.50

PA (%) 91.80 89.72 31.25 82.35 100.00

NANTTMIIRADLN LA waAS LTI wU L1889 CA-Markov AuRnemsnssntasivunU @ uaagiszinn

'
o o =

NANTIAINTARAINADAARBITUIENINIUNUNANABIUAZLEUNE1984 Overall Accuracy 0.87 uae Kappa Coefficient

0.79 §RdrAsinNsAan1ainsldnauT w.a. 2571 uazniaasuulasiifinau Asnadng luiadadall
6. nMsmanisaflailse lamiauuasnislaguila

HaansnsAansning ldUselaminaulu Table 9 wudn Wunguruuaz@stlgnadrediuvualiinvenssfeing

Aalilaaiindy 35.53 n199iilaiuns faaay 5.66 TusinnszanasagaiuiasiazauuudlaseinganuAN daunud

2 '
ad A

NHATNTINH UL NN A AN 287.86 A3 NAIALNAT Fasay 6.41 Tuanseniuntnlsidunsneannsassuanmiine

szinnipenneapsaNTuAcLa st LU ITuNuF N fasaz 0.5 Tun1ansaiudnu Aundiaman il liuanas
' = a v a4 a & v a o

8iN9guLIaTe 344.85 mrsanilams Saeay 40.51 uazunasninunanaaienianieas 2.63 aseilawns feaay

3.28 dxnaulhiiuinfuidisednduwrasessunisilasuan niulsanw iU ununinen snss i@ snn ol ey
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Figure 5 Predicted LULC classification 2028

Table 9 Predicted LULC distribution for the year 2028

In 2021 In 2028 Change
LULC
(km?) (%) (km?) (%) (km?) (%)

Agricultural land 4,487.97 43.46 4,775.83 46.25 +287.86 +6.41
Forest land 4,278.78 41.43 4,303.18 41.67 +24.4 +0.57
Miscellaneous land 851.33 8.24 506.48 4.90 -344.85 -40.51
Urban and build-up area 627.92 6.08 663.45 6.42 +35.53 +5.66
Water body 80.31 0.78 77.69 0.75 -2.63 -3.28

7. n7iles LJJ‘LM’?MI?’?‘VVLL@ ﬂ’?’?NLZV@JJZW?‘JJ?I@\?ﬂHW@EI@’?ﬁEI

Lﬁﬂ\‘i@ﬁﬂ’WM‘V]TN‘ﬂuLL@”@Qﬂ@ﬂ@?%‘i‘ﬂﬂ’mﬁn’rﬂﬂ’]\ﬁ‘qﬂLi") WAZLLLANA8IN1TANANNTdR AR IuLAER

° o
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Figure 6 Changes of habitat degradation in Phitsanulok in different time (a) 2007, (b) 2014,
(c) 2021 and (d) 2028
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Figure 7 Changes of habitat quality in Phitsanulok in different time (a) 2007, (b) 2014, (c) 2021 and (d) 2028

Table 10 Habitat quality level at different periods in Phitsanulok

Habitat condition 2007 2014 2021 2028
Habitat Quality 0.544 0.539 0.537 0.528
Habitat Degradation 0.137 0.141 0.146 0.154
Area of Habitat Quality

(km?) (%) (km?) (%) (km?) (%) (km?) (%)
Levels
Very Low 512.89 4.97 512.9 4.97 627.91 6.08 663.45 6.43
Low 5,647.26 53.72 5,639.52 53.65 5,367.24 51.98 5,313.69 51.46
Moderate 101.101 0.98 149.194 1.44 158.65 1.54 183.58 1.78
High 416.978 4.04 428.506 4.15 509.35 4.93 675.65 6.54
Very High 3,748.08 36.3 3,696.2 35.79 3,663.15 35.47 3,489.95 33.79
Area of Habitat Degradation

(km?) (%) (km?) (%) (km?) (%) (km?) (%)
Levels
Low 3,379.32 32.61 3,276.71 31.73 3,200.96 31.00 2,949.22 28.56
Moderate 6,062.11 58.50 6,020.11 58.30 5,989.70 58.00 6,171.03 59.76
High 920.88 8.89 1,029.49 9.97 1,135.65 11.00 1,206.06 11.68
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