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1. TOM TAT NOI DUNG LUAN AN

Dé tai luan an da dwoc tién hanh tir ndm 2021 dén nam 2024 nham (i) Phan
tich dwoc sw thay dbi thdm phi sir dung dat giai doan 2010 — 2023 st dung anh vé
tinh da thoi gian; (i) Phan tich twong quan khéng gian xac dinh duwoc cac diém néng
thay dbi thdm pht rirng tai khu vwe nghién ctru trong giai doan diéu tra; (iii) Phan tich
va xac dinh dwoc cac nhan té tw nhién — kinh té - xa hoi tadc dong thay déi thdm phu
rirng tai khu vwee nghién ctru; (iv) Dy bdo dwoc xu hwéng thay déi tham phi st dung
dat tai khu vwe nghién clru dén ndm 2035 dwéi tac dong clia cac nhan td da xac dinh
va v) Dé xuat cac gidi phap quan ly tai nguyén rirng trén co sé cac két quéa nghién ctru
da dat duwoc.

Két qua chinh dwoc thé hién nhw sau:

- Phén tich LULCC giai doan 2010 — 2023:

+ So sanh két qua phan loai thdm phu st dung dat ndm 2023 bang thuat toan
RF trén nén tdng Google earth engine, s dung i) t6 hop anh Landsat + NDVI va ii)
Landsat + t& hop cac chi sé (NDVI, NDWI, BSI) + DEM cho th4y: Phan loai dwa vao
anh Landsat két hop t6 hop cac chi sé dat dd chinh xac OA va K cao hon dang ké
(tang 8,64 va 0,11 don vi twong (rng) so v&i chi st dung td hop anh Landsat va chi sé
NDVI. Chinh vi vay phwong phap phan loai nay tiép tuc duwoc lwa chon cho phan loai
giai doan 2010 — 2022.

+ Phan loai tham phu str dung d4t giai doan 2010 — 2022: Két qua phan loai dat
chinh xac phan loai v&i OA dao ddng tir khoang trén 81% dén trén 89% va hé sb Kty
0,77 dén 0,87, diéu nay cho thay hiéu suat phan loai dat mirc kha dén cao.

+ T két qua phan loai, ban d6 tham phu st dung dat giai doan 2010-2023 cho
thdy sw bién dong rd rét gitka cac loai thdm phl: Rirng thwdng xanh va rirng ban
thwéng xanh gidm manh, 1an lwot 42.459 ha va 995 ha, rivng trong tdng hon 5 1an so
v&i nam 2010. Cac Iop dat khac va dan cw mé rong nhanh (~11.700 ha va ~6.500 ha),
con Cao su tang nhe nhwng bién déng theo tirng giai doan. Sy thay dbi clia dat nong
nghiép, dat khac va dan cw phan anh qua trinh chuyén dbi st dung déat thiéu én dinh,
dién ra tap trung & vung giap khu dan cw, doc tuyén giao théng va dia hinh bang
phang.

+ Phan tich thay d6 thdm phu st dung dat giai doan 2010-2023 cho thay qua
trinh chuyén ddi str dung dat tai khu vwc nghién ctvu dién ra manh mé, da chiéu va
phtrc tap. rirng thuéng xanh 13 I&p suy gidm manh nhét, véi hon 43.530 ha bi chuyén



ddi, chii yéu sang rirng trong, dat néng nghiép va dat khac. Cac I&p rirng ban thuwong
xanh va rirng khop cling gidm dang ké, chuyén chi yéu sang ndng nghiép va dan cu.
Nguworc lai, rirng tréng tang nhanh nhé chuyén dbi tir rirng thwdng xanh va dat néng
nghiép, song déng thdi ciing bi bién ddng nguoc & mét sb giai doan. néng nghiép va
dat khac la hai loai dat gia tang manh nhat do mé rong san xuét va chuyén déi tir rieng.
dan cv mé rong nhanh tir dat néng nghiép va dat khac, phan anh xu huwéng dé thi
hoa. Mat nwéc bién dong it, nhwng cé xu hwdng tang, chi yéu do chuyén dbi t rirng
tw nhién.

- X4ac dinh diém néng mét rirmng bang phén tich khéng gian: Két qua phan tich
diém néng cho thdy mét rivng tai hai huyén Dak Glong va Kréong Né giai doan 2010 —
2023 khéng phan bd ngau nhién ma co6 quy luat rd rét theo khéng gian — théi gian. Cu
thé, cum ndng chiém wu thé tuyét déi (90,67%), tap trung vao céac giai doan mét rixng
manh (2012—-2013 va dac biét giai doan 2017-2019), trong khi d6 cum lanh chi chiém
ty 1& nhd (9,33%) va chi yéu xuét hién giai doan 2014—-2016. Dang cha y, tr 2018—
2023 cac diém noéng gidm dang k&, dong thdi hau nhw khéng con cum lanh, qua dé
phan anh xu huwéng 6n dinh hon ctia FCC trong nhivng ndm gan day.

- Phan tich méi quan hé gitra thay déi thdm phd riing véi céc nhén té tw nhién
— kinh té - x4 hoi: Két qua nghién ctru chi ra rang yéu té kinh té - xa hdi co tac dong
tryc tiép manh nhét véi hé sb tac ddng 0,46, phan anh vai trd ndi bat cia sb lwong
dan cw (1,00) va sb lvong doanh nghiép chinh dang hoat dong (0,88) tac dong dén
chuyén déi dién tich rirng tw nhién. Kha nang tiép can ciing 1a mét yéu té dang ké, véi
hé sb tac dong trwc tiép —0,44, cho thay rirng cang gan khu dan cw, dat néng nghiép
va giao théng thi nguy co’ bj chuyén dbi cang cao. Trong khi d6, khi hau tuy c6 hé sbé
th4p hon (—-0,39) nhung van cé anh hwéng, dac biét khi nhiét d6 tdng va mwa giam
dan dén gia tdng mét rirng. Két qua nay cung cip co sé dinh lwong quan trong dé
thiét ké cac mé hinh dw bao thay dbi thdm phu rirng va dé xuét cac chinh sach quan
ly rieng thich tng bién dbi khi hau theo hwéng khoa hoc va dinh huwéng khoéng gian.

- D béo thay dbi thdm pha st dung déat dén ndm 2035: Két qua dy bao dén
nam 2035 cho thay xu huwéng suy gidm dién tich rirng 1a dic diém ndi bat nhét, tbng
dién tich rirng tw nhién dw bao nam 2035 gidm gan 5.600 ha va chi yéu chuyén sang
dat néng nghiép, rirng tréng va dat khac; rirng tréng gidm dén 5.708 ha. Bong thoi,
I&p dat khac ciing thu hep dang k&, trong khi dat néng nghiép va cao su tang lan luot
11.500 ha va 10.700 ha, phan anh déng lwc phat trién kinh t& nhwng gay strc ép 16n
lén hé sinh thai rirng. Dang chu y, phan tich diém néng dw bao giai doan 2023-2035
cho thdy cac cum néng mét rirng tap trung & nhirng khu vwc chuyén déi manh sang
dat néng nghiép va cao su, trong khi cum lanh xuét hién rai rac & cac vung cé chinh
sach bao vé hoac it bién ddng. Nghién ctru xay dwng ban dé du bao diém néng dén
ndm 2035 nham nhan dién khoéng gian rdi ro méat rirng, cung cip coéng cu khoa hoc
quan trong cho cac chién lwgc st dung dat cling nhw cac chinh sach quan ly va giam
séat bén virng tai nguyén rirng.



- Dé xuét hé thbng gidi phép quan ly tai nguyén rimg: Dwa trén cac két qua
nghién ctru, tdng hop phdng van va tham van y kién chuyén gia, nghién ctru da dé
xuét cac gidi phap mang tinh déng bo, kha thi, phu hop v&i diéu kién tw nhién — kinh
té - xa hoi cia DPak Glong va Krong N6. Cac nhém gidi phap bao gbém: (i) quan ly —
chinh sach nhw ra soat quy hoach, khoanh viing bao vé nghiém ngat, phdi hop da
nganh va thuc day dong quan ly cdng dong; (i) k§ thuat — cong nghé nhw (rng dung
RS-GIS giam sat rirng, dw bao chay rirng, xay dwng co sé& dir liéu tap trung; (iii) ky
thuat Iam sinh nhw khoanh nuéi tai sinh, tréng rixtng phong hd, cai thién rirng tréng san
xuét; (iv) phat trién sinh ké& cong déng théng qua mé hinh néng Iam két hop, phat trién
lam sa&n ngoai gd, co ché PFES va dao tao nang cao néng lwc va (v) Nhém giéi phap
theo viing trong diém diém néng cu thé. Viéc trién khai ddng bd cac gidi phap nay sé
gop phan gidm ap lwc mét rirng, bao tén da dang sinh hoc va thic day phat trién bén
virng & dia phuwong.

2. NHI’NG KET QUA MOl CUA LUAN AN

- Luan an tich hop déng thdi anh vé tinh da thoi gian, hé thdng théng tin dia ly,
mo hinh phwong trinh céu trac (SEM) va mé hinh Cellular Automata — Markov trong
cung mét khung phan tich. Sw két hop nay cho phép mé phdng qua trinh thay dbi tham
phi st dung dat duwi tac dong tdng hop clia cac yéu td tw nhién, kinh t& — xa hoi va
khodng cach tiép can véi do chinh xac mé hinh doan dat mdc vira dén cao (K giao
dong tir 0,74 dén 0,82). Pay la budc tién quan trong trong rng dung mé hinh hoa
khéng gian dé phan tich bién dong rivng & quy méd cap tinh.

- Nang cao dé chinh xac phan loai I6p phi dat nhé té hop chi sé phd va hoc may

Luan an st dung thuat toan Random Forest két hop cac chi s phd NDVI, BSI,
NDW!I cung DEM trong x& ly anh Landsat da th&i gian. Cach tiép can nay gidp tang
dd chinh xac phan loai OA va K cao hon dang ké (tang 8,64 va 0,11 don vi twong (ng)
so v&i chi str dung t& hop anh Landsat va chi s NDVI. Két qua phan loai 1a co s& dinh
lwong quan trong dé tinh toan ma tran chuyén dbi va phan tich thdm pha st dung dét
cho toan tinh D&k Nong.

- Lam ré ddc tinh khéng gian — thoi gian cta bién déng rirng théng qua phén tich
diém néng (Hotspot Analysis)

Két qua tinh toan chi sb Getis-Ord Gi* cho thay hién twong “dich chuyén cum
nong” dién ra ré rét theo hwéng Péng Nam — Tay Bac, tap trung tai cac xa Quang Son,
D&k Ha, D4k Som va Buén Choah. Céac khu vwc nay hinh thanh cac cum cé y nghia
thdng ké cao, phan anh xu thé lan tda mét rivng theo ha tang va khu dan cw. Phat hién
nay khang dinh tinh khéng gian héa theo thoi gian cla qua trinh mat rieng — mét bang
chirng khoa hoc méi gitp xac dinh thdi diém va khu vwe can wu tién giam sat, can
thiép quan ly bao vé rirng.

- Xé4c dinh va luong héa duoc vai tro, co ché tac dong ctia cac nhém nhéan tb
dén mét rirng tw nhién.



Két qua mé hinh SEM cho thdy céac yéu td khoang cach tiép can va kinh té — x&
hdi c6 &nh hwdng manh nhét dén bién déng dién tich rirng tw nhién, véi hé sé tac
dong trwe tiép B = —0,44 va B = 0,46 (p < 0,01). Trong nhém tiép can, khoadng cach t&i
khu dan cw |a bién cé tac dong Ién nhéat (1,15), tiép dén 1a khodng cach téi dat ndng
nghiép (1,00) va duwdng giao théng (0,92); con trong nhém kinh té - xa héi, sb lwong
dan sb va s6 lwong doanh nghiép chinh dang hoat déng Ia hai bién chi phéi chinh. Co
ché nay duwoc xac dinh 1a gia tdng kha nang tiép can dat rivng va mé rong san xuét
ndng nghiép khi dan cw, ha tang va dich vu phat trién.

- Thiét Iap m6 hinh dw béo bién déng rimg dén ndm 2035 dudi téc ddng cla cac
nhén t6 da duoc xéc dinh tr mé hinh SEM va nhan dién rdi ro khéng gian.

M6 hinh CA—Markov mé phéng s chuyén ddi I&p pha dwa trén ma tran 2010-
2023 cho thay dén ndm 2035, dién tich rirng tw nhién c6 thé gidm gidm thém gan 5.600
ha néu khéng cé bién phap quan ly thich tng. Mirc ting dién tich rirng tréng (RTG)
chi bu dap dwoc mot phan nhé vé khdng gian, nhwng khéng thay thé dwoc gia tri sinh
thai cia RTN.

Luan an da du bao ba vung trong diém dw bao méat rivng gdm: (i) Tay Bac Dak
Glong (Quang Son — Quéang Hoa), (ii) Dong Nam Kréng N6 (B&k Som — Budn Choah),
va (iii) vung giap ranh D&k Ha — D4k Plao, Ia nhirng khu vwc cé nguy co suy thoai cao
nhéat trong giai doan 2023 - 2035.

- D& xuét hé théng gidi phap quan ly rivng theo dac thu vung va loai rirng
Trén co s& két qua dinh lwong va ban dd hotspot dy bao, tham khéo y kién, luan an
dé xuét bo gidi phap quan ly da tang, gom:

Giai phap chinh sach — quan ly: Ra soat, diéu chinh quy hoach 3 loai rirng; ting
cwong kiém soat chuyén déi muc dich str dung dat va van dung chi trd PES hiéu qua.

Giai phap k¥ thuat — cong nghé: ng dung UAV, GIS va nén tang giam sat cong
ddng trong canh bao s&m mat rirng.

Giai phap sinh k& va ving trong diém: Mé hinh néng — |am két hop, déng quan
ly, va phuc hdi rixtng dau ngudn, tap trung tai ba khu vwc cé nguy co cao.
Hé théng giai phap nay gop phan dinh huwéng cho quan ly rivng bén virng, thich (ng
bién ddi khi hau va giam phat thai (REDD+) tai tinh D&k Nong.

Luan an da két néi phan tich dinh lwong — mé hinh héa khéng gian — dy bao
twong lai d& lam ré co ché va rui ro mét rirng & quy md dia phwong. Céac két qua khéng
chi mang gia tri hoc thuat trong viéc nang cap phwong phap nghién ctu thay dbi tham
phi st dung dat & Viet Nam ma con cung cip bang chirng khéng gian héa cu thé
phuc vu céng tac quy hoach, giam sat va ra quyét dinh quan ly rirng ctia cac co quan
chirc nang tinh D&k Nong.

3. KHA ’'NG DUNG TRONG THUC TIEN
3.1. Kha nang irng dung trong thwe tién
- Ung dung trong quy hoach va quén ly tai nguyén rimg cép tinh



Két qua nghién clru cung cip co s& khoa hoc va di¥ liéu khdng gian dang tin
cay dé phuc vu ra soat, diéu chinh quy hoach 3 loai rirng va s dung dat lam nghiép
tinh Dak Néng giai doan 2025-2035, dic biét trong xac dinh vung trong diém mét rirng,
vung dém sinh thai va khu vwec can phuc héi rivng dau nguén.

Ban dd LULC 2010-2023 va ban dd dw bao LULC 2035 c6é thé duoc tich hop
trc tiép vao hé thdng quan ly cia S& NN&PTNT, Chi cuc Kiém |am, hé tro cong tac
giam sat rirng dinh ky, canh bao sé&m va theo doéi cac chi tiéu bao vé rirng.

- Ung dung trong giém sét va cdnh bao mét rirng bang céng nghé sbé

Luan an da dé xuit mé hinh gidm sat rivng théng minh (Smart Forest
Monitoring) két hop anh vé tinh, UAV va GIS, c6 thé trién khai tai cac Ban quan ly rirng
phong ho va dic dung & Bak Nong.

Phwong phap phan tich diém néng (Hotspot Analysis) va mé hinh CA—Markov
c6 thé dwoc ap dung dé xay dwng hé thdng canh bao s&m mét rirvng cho cac tinh Tay
Nguyén khac (Pak Lak, Gia Lai, Kon Tum), giip wu tién nguén lwc bdo vé rirng theo
rdi ro thuc té.

- Ung dung trong xay dung sinh ké bén viitng va phéat trién kinh té 1am nghiép

Két qua xac dinh cac vung trong diém mét rivng da gidp dinh hwéng ré hon cac
mé hinh sinh k& néng — 1am két hop, ddng quan ly rivng va phat trién dwoc liéu dwdi
tan rieng.

Céc két qua nay co thé ap dung vao cac dy an REDD+, PES hoac chwong trinh
tréng rivng gb 1&n, phuc hoéi rixtng dadu ngudn, nham gidm phat thai va ting thu nhap
cho céng déng séng phu thudc vao rirng.

- Ung dung trong nghién ctru va dao tao Idm nghiép — GIS — vién tham

B& di¥ liéu anh Landsat da thdi gian, ban d6 LULC, ma tran bién dong va két
qué mé hinh SEM, CA-Markov c6 thé duwoc siv dung lam tai liéu giang day, thuc hanh
va nghién ctru cho sinh vién va hoc vién cao hoc nganh Lam hoc, Quan ly tai nguyén
thién nhién, GIS & Vién tham tai Trwdng Pai hoc Tay Nguyén va cac co s& dao tao
twong tw.

3.2. Nhikng van dé can tiép tuc nghién ciru

- M¢& réng mé hinh dw bao da kich ban

Can tich hop céac kich ban chinh sach, thj trwd'ng va khi hau vao mé hinh CA-
Markov dé& danh gia do nhay va dé bat dinh cla cac bién dong thdm phu st dung dat
trong diéu kién bién dbi khi hau.

- Phan tich tac déng cta chinh séch va thé ché quén ly

Can tiép tuc danh gia dinh lwong tac dong cla cac chwong trinh PES, Quy
hoach 3 loai rirng, Nghi dinh 156/2018/ND-CP, ciing nhw cac dw an phat trién kinh té
— x4 hoi viing Tay Nguyén dén xu huwéng mat rivng, nham dé xuat cac co ché quan ly
rirng dwa trén bang chirng khéng gian.



- Nghién ctru mé rong quy mé va lién vang

Khuyén nghi ap dung khung phan tich ca luan an cho céc tinh khac trong ving
Tay Nguyén dé so sanh xu hwéng bién ddng rirng lién ving, qua dé dé xuét giai phap
quan ly tdng hop cép vung sinh thai, phuc vu quy hoach Iam nghiép quéc gia dén nam
2050.

Ngwoi hwéng dan Nghién ctru sinh

Nguyén Thj Thanh Hwong Cao Thi Hoai

XAC NHAN CUA CcO SO bAO TAO
HIEU TRUONG



DISSERTATION INFORMATION PAGE

Dissertation Title: Analysis and prediction of forest cover change under the impact of
natural, economic, and social factors in Dak Nong Province.

Major: Silviculture — Code: 9620205.

PhD Candidate: Cao Thij Hoai

Supervisor: Assoc. Prof. Dr. Nguyén Thi Thanh Huwong

Training Institution: Tay Nguyen University

1. SUMMARY OF THE DISSERTATION CONTENT

The dissertation, conducted from 2021 to 2024, aimed to: (i) analyze land
use/land cover changes (LULCC) during 2010-2023 using multi-temporal satellite
imagery; (ii) perform spatial correlation analysis to identify forest cover change
hotspots in the study area; (iii) quantify the impacts of natural, economic, and social
factors on forest cover dynamics; (iv) predict land cover change trends to 2035 under
the influence of identified driving factors; and (v) propose forest resource management
solutions based on the research findings.

The main results are summarized as follows:

- Analysis of LULCC during 2010-2023:

+ Comparison of land use/land cover classification in 2023 using the Random
Forest (RF) algorithm on the Google Earth Engine platform indicated that the
combination of Landsat imagery with spectral indices (NDVI, NDWI, BSI) and DEM
achieved significantly higher accuracy (an increase of 8.64% in OA and 0.11 in Kappa)
compared with using Landsat + NDVI alone. Therefore, this classification approach
was applied consistently for all temporal datasets (2010-2022).

+The classification accuracy for the 2010-2022 period achieved OA values
ranging from 81% to 89% and Kappa coefficients between 0.77 and 0.87, reflecting
good to high classification performance.

+ The derived LULC maps revealed substantial spatial and temporal variations:
evergreen forest (-37.52%, 42,459 ha) and semi-evergreen forest (—25.52%, 995 ha)
declined sharply, while planted forests increased more than fivefold compared to 2010.
Agricultural land (+11,700 ha) and built-up areas (+6,500 ha) expanded rapidly,
whereas rubber plantations increased slightly but fluctuated by period. These changes
reflect unstable land-use transitions, concentrated in areas adjacent to settlements,
along transportation corridors, and on gentle topography.

+ The LULCC matrix (2010-2023) confirmed extensive, multidirectional, and
complex transitions. Evergreen forests experienced the most severe decline (—43,530
ha), mainly converted to planted forests, agricultural land, and other land uses. Semi-
evergreen and deciduous forests also decreased substantially, primarily transformed
into agricultural and residential areas. In contrast, planted forests increased notably,
mainly from conversions of evergreen and agricultural land. Agricultural and



miscellaneous land types expanded strongly, while water bodies fluctuated slightly but
tended to increase due to conversion from natural forest areas.

- Hotspot analysis of forest loss: Spatial hotspot analysis revealed that forest
loss in Dak Glong and Krong No districts from 2010-2023 was non-random and
exhibited distinct spatio-temporal clustering patterns. Hotspot clusters dominated
(90.67%), especially during periods of intense deforestation (2012-2013 and 2017-
2019), whereas cold spots represented only 9.33% and mainly appeared between
2014-2016. Notably, from 2018-2023, hotspots decreased considerably and cold
spots almost disappeared, indicating a more stable forest cover condition in recent
years.

- Relationship between forest cover change and driving factors: The structural
equation modeling (SEM) results indicated that socio-economic factors exerted the
strongest direct influence (8 = 0.46), highlighting the importance of population density
(loading = 1.00) and number of active enterprises (loading = 0.88) in driving natural
forest conversion. Accessibility factors also showed a significant negative relationship
(B = —0.44), suggesting that forests located closer to settlements, agricultural lands,
and roads faced higher conversion risks. Climatic factors had a moderate negative
effect (B = -0.39), implying that increasing temperature and decreasing rainfall
intensified forest loss. These findings provide a quantitative basis for spatially explicit
modeling and the design of climate-adaptive forest management policies.

- Land use land cover change prediction to 2035: The CA—Markov model
forecasted a continuing decline in forested areas. By 2035, natural forests are
projected to decrease by nearly 5,600 ha, mainly converted to agricultural land, planted
forests, and other uses. Planted forests may also decline (—5,708 ha), while agricultural
land and rubber plantations could increase by 11,500 ha and 10,700 ha, respectively.
These transitions reflect economic expansion but impose strong pressure on forest
ecosystems. The predicted hotspot map for 2023-2035 showed that deforestation
hotspots will concentrate in zones undergoing rapid conversion to agriculture and
rubber, while scattered cold spots appear in protected or low-disturbance areas. The
resulting spatial risk maps serve as a valuable scientific tool for sustainable land-use
planning and forest monitoring.

- Proposed forest resource management solutions: Based on analytical results,
expert consultation, and stakeholder feedback, the study proposed an integrated and
feasible management framework tailored to the biophysical and socio-economic
conditions of Dak Glong and Krong No. The main solution groups include: (i) Policy
and governance solutions — revising land-use and forest zoning plans, strengthening
cross-sectoral coordination, and promoting community-based forest management
(CBFM); (ii) Technical and technological solutions — applying RS-GIS for forest
monitoring, fire-risk forecasting, and developing centralized spatial databases; (iii)
Silvicultural measures — natural regeneration, watershed reforestation, and improving



production forests; (iv) Livelihood development solutions — expanding agroforestry
models, enhancing non-timber forest product (NTFP) value chains, implementing
payment for forest environmental services (PFES), and capacity-building for local
communities; (v) Region-specific interventions — focusing on identified deforestation
hotspots for targeted restoration and monitoring.
The coordinated implementation of these solutions is expected to reduce deforestation
pressure, conserve biodiversity, and promote sustainable forest management in the
study area.

2. NEW SCIENTIFIC FINDINGS OF THE DISSERTATION

- Integration of multi-temporal satellite imagery, GIS, SEM, and CA—Markov
models in a unified analytical framework: The dissertation integrates multi-temporal
satellite imagery, Geographic Information Systems (GIS), Structural Equation
Modeling (SEM), and the Cellular Automata—Markov (CA—Markov) model within a
single analytical framework. This combination enables the simulation of land use/land
cover change (LULCC) processes under the combined influence of natural, socio-
economic, and accessibility factors, with model performance ranging from moderate to
high (Kappa = 0.74-0.82). This represents an important methodological advancement
in spatial modeling of forest cover change at the provincial scale.

- Improvement of classification accuracy using spectral indices and machine
learning.

The study applied the Random Forest (RF) algorithm, combining spectral
indices (NDVI, BSI, NDWI) and Digital Elevation Model (DEM) data in multi-temporal
Landsat image processing. This approach improved overall accuracy (OA) and Kappa
by 8.64% and 0.11, respectively, compared with using NDVI and Landsat imagery
alone. The classified maps provided a robust quantitative basis for LULCC matrix
computation and spatial analysis across Dak Nong Province.

- Characterizing the spatio-temporal dynamics of forest change through Hotspot
Analysis.

The Getis-Ord Gi* statistic revealed distinct “hotspot migration” patterns moving
from Southeast to Northwest, concentrated in the communes of Quang Son, Dak Ha,
D&k Som, and Budén Choah. These statistically significant clusters (p < 0.05) reflect the
spatial diffusion of forest loss along infrastructure and settlement zones. This finding
confirms the spatio-temporal nature of deforestation processes—providing new
scientific evidence for identifying priority areas and time periods for forest protection
and management interventions.

- Quantifying the role and mechanism of key driving factors of natural forest loss

The SEM results indicated that accessibility and socio-economic factors exert
the strongest direct effects on natural forest loss, with standardized path coefficients 3
=-0.44 and B =-0.46 (p < 0.01), respectively. Within the accessibility group, proximity
to settlements (1.15) had the greatest influence, followed by distance to agricultural



land (1.00) and roads (0.92). Within the socio-economic group, population size and the
number of active enterprises were the dominant variables. The mechanism underlying
these relationships reflects the expansion of agricultural production and land
encroachment facilitated by population growth, infrastructure development, and
improved access to forest areas.

- Establishing a forest cover change prediction model to 2035 and identifying
spatial risk zones

The CA-Markov model, calibrated with the 2010-2023 transition matrix,
predicted that by 2035 natural forest area could decline by approximately 5,600 ha if
adaptive management measures are not implemented. Although the expansion of
planted forests partially compensates for spatial loss, it cannot replace the ecological
functions of natural forests. The model identified three major deforestation risk zones:
(i) Northwestern Dak Glong (Quang Son— Quang Hoa), (ii) Southeastern Krong No
(Dak Som — Buon Choah), and (iii) The Dak Ha — Dak Plao boundary area—
highlighting regions of the highest projected degradation risk for 2023—-2035.

- Proposing a multi-tiered forest management solution system tailored to forest
types and spatial risk levels.

Based on quantitative results, predicted hotspot maps, and expert
consultations, the dissertation proposes an integrated system of management
solutions, including:

Policy and governance: Revising and harmonizing the three-forest-type zoning
plan; strengthening land-use change control; and enhancing the effectiveness of
Payment for Forest Environmental Services (PFES).

Technical and technological: Applying UAV, GIS, and community-based
monitoring platforms for early-warning forest loss detection.

Livelihood and regional interventions: Promoting agroforestry, co-management,
and watershed forest restoration focused on the three identified high-risk zones.

This system of solutions provides a scientific basis for sustainable forest
management, climate change adaptation, and emission reduction (REDD+) in Dak
Nong Province.

- Integrating quantitative analysis, spatial modeling, and predictive simulation.

The dissertation links quantitative modeling, spatial analytics, and future
scenario forecasting to clarify mechanisms and spatial risks of forest loss at the local
scale. The findings contribute not only to advancing the methodological framework for
LULCC research in Vietnam but also provide spatially explicit evidence to support
forest planning, monitoring, and decision-making for provincial management
authorities in Dak Nong
3. APPLICATIONS AND PRACTICAL IMPLICATIONS
3.1. Practical Applications

- Application in provincial forest planning and management



The research provides a scientific and spatially reliable basis for reviewing and
adjusting the three-forest-type zoning plan and forest-land use planning of Dak Nong
Province for 2025-2035, particularly in identifying deforestation hotspots, ecological
buffer zones, and priority watershed restoration areas.

The LULC maps for 2010-2023 and LULC prediction map for 2035 can be
directly integrated into the management systems of the Department of Agriculture and
Rural Development (DARD) and the Forest Protection Sub-Department, supporting
routine forest monitoring, early-warning systems, and progress tracking of forest
protection indicators under the 2017 Forestry Law.

- Application in digital forest monitoring and early-warning systems

The dissertation proposes a Smart Forest Monitoring Model combining satellite
imagery, UAVs, and GIS technology, which can be deployed in protection and special-
use forest management boards across Dak Nong.

The Hotspot Analysis and CA—Markov simulation methods can be applied to
establish early-warning deforestation systems for other provinces in the Central
Highlands (Pak L&k, Gia Lai, Kon Tum), enabling spatial prioritization of forest
protection resources based on actual deforestation risk.

- Application in sustainable livelihoods and forest-based economic development

The identification of deforestation-risk zones provides a foundation for
developing agroforestry, co-management, and under-canopy medicinal plant
cultivation models suited to local conditions.

These results can be integrated into REDD+, PFES (Payment for Forest
Environmental Services), or large-timber reforestation and watershed restoration
programs, helping to reduce emissions while improving household income for forest-
dependent communities.

- Application in forestry, GIS, and Remote sensing education and research

The dataset of multi-temporal Landsat imagery, LULC maps, transition
matrices, and SEM and CA—Markov model outputs can serve as teaching and research
materials for students and graduate learners in Forestry, Natural Resource
Management, and GIS & Remote Sensing at Tay Nguyen University and similar
institutions.

3.2. Future Research Directions

- Expanding Multi - Scenario forecast models

Future studies should integrate policy, market, and climate scenarios into the
CA—-Markov framework to assess sensitivity and uncertainty of LULCC dynamics under
climate change conditions.

- Analyzing policy and institutional impacts

Quantitative assessment of the impacts of PFES programs, Three-Forest-Type
Zoning, Decree No. 156/2018/ND-CP, and regional socio-economic development



projects in the Central Highlands is needed to propose spatially evidence-based forest
governance mechanisms.

- Scaling-up and Cross-Regional Applications

Applying the dissertation’s analytical framework to other Central Highlands
provinces is recommended to compare inter-provincial forest change patterns and
formulate integrated ecosystem-level management strategies, supporting the national
forestry planning framework toward 2050.
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