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LOI CAM DOAN

To61 xin cam doan réng luan 4n Tién si nay dugc thuc hién trong khuon khé
Chuong trinh dao tao Tién si tai truong Pai hoc Tay Nguyén, khoa 20202024, 13 cong
trinh nghién ctru khoa hoc do chinh t6i thuc hién. Toan bo s6 liéu va két qua nghién ctru
dugc trinh bay trong luén an 1a trung thuec.

Trong qué trinh thyc hién luan an, t6i c6 ké thira mot phan dit liéu diém mau thyuc
dia va gid nong san tir cac cong trinh nghién ctru trude day. Trong cac cong trinh nay, toi
l1a mgt trong nhiing thanh vién nong ¢t tham gia thyc hién. Tét ca cac dit liu duoc ké
thira déu da dugc trich dan dy du va ghi rd nguén gdc trong ndi dung luan an.

T6i xin hoan toan chiju trach nhiém vé 16i cam doan nay

Pk Lik, ngay 05 thang 10 nam 2025

Tac gia

Cao Thi Hoai



LOI CAM ON

Luan an nay dugc hoan thanh trong qua trinh hoc tap va nghién clru tai
Truong Pai hoc Tay Nguyén, chuyén nganh Lam sinh.

Trudce hét, toi xin bay t6 10ng biét on sau sic toi C6 gido PGS.TS. Nguyén
Thi Thanh Huong — ngudi huéng dan khoa hoc , da tan tinh hudng dan, danh nhiéu
thoi gian, tim huyét va cong strc dé giup toi hoan thién ludn an nay.

T61 xin chan thanh cam on Ban Gidm hi¢u Truong Pai hoc Tay Nguyén,
Khoa Nong Lam nghiép, bd mén Lam nghiép, trung tim Ung dung va Tu véan k§
thuat Nong Lam nghiép, ciing cc giang vién tré trong khoa da ludn tao diéu kién va
hd tro t6i trong sudt qua trinh hoc tap va nghién ciru.

T6i ciing xin tran trong cam on S& Nong nghiép va Phaét trién nong thon tinh
bk Nong, Chi cuc Kiém lam tinh Bak Nong, Hat Kiém l1am va cac don vi chi rung
trén dia ban hai huyén Pak Glong va Krong N6 da hd tro toi trong cong tac thu thap
s6 liéu thuc dia va cung cap dir lidu thir cap can thiét. Toi ciing xin cam on su phdi
hop, chia s¢ thong tin tir cac dai 1y thu mua ndng san va nguodi dan dia phuong, nhiing
nguoi da gop phan khong nho vao viée hoan thién dir liéu phuc vu nghién ciru.

Tbi xin guri 161 cam on chan thanh dén cac ddng nghiép va cong su trong Du
an nghién ciru PEER va B¢ an cip tinh Pk Nong, da dong hanh va hd tro toi trong
qua trinh thu thap, xu 1y dir li¢u. Mot phén s6 liéu diém mau thuc dia va g1a nong san
duoc su dung trong luan an nay dugc ké thira tir cAc Dy an/Dé 4n noi trén.

T6i xin bay to su biét on sdu sic dén gia dinh, ban bé va ddng nghiép — nhimng
nguoi luon & bén dong vién, hd tro va tao dong luc dé t6i hoan thanh qué trinh hoc
tap, nghién ctru nay.

Tran trong cam on!

Dk Lik, ngdy 05 thdng 10 ndm 2025

Tac gia

Cao Thi Hoai
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DANH MUC CAC TU VIET TAT

Tir viét tit

Giai nghia tiéng Viét

Giai nghia tiéng Anh

ARD

Dit liéu d3 sin sang dé phan tich

Analysis Ready Data

AVE Phuong sai trich trung binh Average Variance Extracted

BPKH Bién d6i khi hau

BSI Chi sb dat tréng Bare Soil Index

CA-M M5 hinh té bao tu dong — Markov  Cellular Automata—Markov Model

CFI Chi s6 phu hop so sanh Comparative Fit Index

CR Do tin cay tong hop Composite Reliability

DC Dan cu

DEM Mo hinh s6 d6 cao Digital Elevation Model

DLKG Dt li¢u khong gian

EVI Chi s6 thuc vat nang cao Enhanced Vegetation Index

FAO T6 chtrc Nong Luong Lién Hop Food and Agriculture Organization
Quéc of the United Nations

FCC Bién dong tham phu riing Forest Cover Change

FSC Chtng nhan quéc té quan Iy rimg ~ Forest Stewardship Council
bén vitng do Hoi ddng Quan 1y certification
rimg cap

GCI Chi s6 diép luc xanh Green Chlorophyll Index

GDP Téng san pham qudc noi Gross Domestic Product

GEE Nén tang phan tich dir liéu dialy  Google Earth Engine
Google

GNS Gi14 ndng san

GIS Heé thong thong tin dia 1y Geographic Information System

GWR Hbi quy c6 trong so theo khong Geographically Weighted
gian Regression

K Hé s6 Kappa Kappa coefficient

KDC Khoang cach dén khu dén cu

KGT Khoang cach dén giao thong

KNN Khoang cach dén dat nong nghiép

KT-XH Kinh té — x4 hoi

KT-XH- Kinh té — xa hoi — méi truong

MT

LC Tham phu dat Land Cover

LM Luong mua

LS Anh Landsat

LSNG Lam san ngoai g

vil



LU St dung dit Land Use
LULC Tham phu/sir dung dat Land Use/Land Cover
LULCC Bién dong tham phu/sir dung dat Land Use/Land Cover Change
ML Hoc may Machine Learning
MLP Mang ludi No ron da 16p Multi-Layer Perceptron
MN Mat nudc Mat nudc
NBR Chi s6 ty 18 chay chuan hoa Normalized Burn Ratio
MDA Phén tich di liéu da bién Multivariate Data Analysis
NDMI Chi s6 4m thuc vat Normalized Difference Moisture
Index
NDVI Chi s6 thuc vat khac biét chuan Normalized Difference Vegetation
héa Index
NDWI Chi s6 nude khac biét chuan héa Normalized Difference Water
Index
ND Nhiét do
NGTK Nién giam thong ké
NIR Vung ph6 hong ngoai gan Near Infrared
NNI Chi sb lang giéng gan nhat Nearest Neighbor Index
OA Do chinh xac toan cuc Overall Accuracy
PA P chinh xac nguoi san xuat Producer’s Accuracy
PES Chi tra dich vu moi truong rung Payment for Environmental
Services
PLS Binh phurong nho timg phan Partial Least Squares
PTNT Phat trién nong thon
PRA Danh gia nong thon co sy tham gia Participatory Rural Appraisal
RBTX Rung ban thuong xanh
RF Thuat toan rimg ngau nhién Random Forest
RK Rung khop
RMSEA Sai s6 gan diing trung binh binh Root Mean Square Error of
phuong Approximation
RS Vién tham Remote Sensing
RTG Rung trong
RTN Rurng ty nhién
RTX Rung thudong xanh
SAVI Chi s6 tham thyc vat diéu chinh Soil Adjusted Vegetation Index
dat
SDN S6 doanh nghiép dang hoat dong
SR Phan xa bé mat Surface reflectance
SEM Mo hinh phuong trinh céu tric Structural Equation Modeling
SRMR Sai s6 can trung binh binh phuong ~ Standardized Root Mean Square

chuan hoa phan du

Residual
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SRTM Shuttle radar topography mission

SVM May vector hd tro Support Vector Machine

TIRS Bo cam bién hong ngoai nhiét Thermal Infrared Sensor

THCS Trung hoc co s&

TN-KT-XH Tu nhién — kinh té — x4 hoi

TP Thanh phé

UA DJ chinh xac nguoi stir dung User’s Accuracy

UBND Uy ban nhan dan

UTM Hé quy chiéu UTM Universal Transverse Mercator

USGS Cuc khao sat dia chat Hoa Ky United States Geological Survey

WGS 84 Hé toa do thé giéi xay dung nim  World Geodetic System 1984
1984

w2/df Ty 1¢ Chi-square trén bac tu do Chi-square per degree of freedom
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MO DAU

1. Sw cin thiét ciia ludn an

Rung 14 thanh phan thiét yéu cua hé sinh thai toan cu, dong vai trdo quan trong
trong bao ton da dang sinh hoc, diéu hoa khi hau va duy tri cac dich vu sinh thai cho
con ngudi (Ahmed & Lemessa, 2024; FAO, 2020). Tuy nhién, trong nhiéu thap ky qua,
tbc d6 mat ring & quy mo toan cau tiép tuc gia ting do ap luc kép tir phat trién kinh té,
bién d6i khi hau (BPKH) va cac yéu t6 chinh tri — xa hoi (Curtis et al., 2018; Hansen
et al., 2013).

Hién nay, mic du dién tich rimg dé c6 xu hudng phuc hdi mot phan nhd cac chinh
sach trong va bao vé rimg, tinh trang suy giam dién tich va chat luong rimg van dién ra,
dic biét & cac khu vuc c6 tiém nang phét trién nong 1am nghiép nhu Tay Nguyén (Hau
Nguyen-Quoc et al., 2025; Nguyén Thi Thanh Huong, 2022). Tinh Pak Néng 13 mot vi
du dién hinh véi dién tich rung tu nhién (RTN) 16n, nhung chiu &p lyc cao tir di cu tu do,
mo rong cy cong nghiép, xdy dung thuy dién va quan 1y dat dai con nhiéu bat cap. Cac
giai phap bao vé rimg hién nay chi yéu tip trung vao xur 1y vi pham va khoanh nuédi phuc
héi; trong khi thiéu cac cong cu giam sat — dy bao tich hop yéu t6 tuw nhién — kinh té - xa
hoi (TN — KT — XH) (Bui & Vu, 2023; Nguyen et al., 2020).

Trong bdi canh d6, ing dung cong nghé vién tham (Remote sensing - RS) va hé
thong thong tin dia 1y (Geographic Information System - GIS) di tr¢ thanh yéu cau tat
yéu trong phan tich va du bao bién dong tham phu rimg (Forest cover change — FCC).
Chudi dit liéu Landsat v6i d6 phan gidi 30 m, thoi gian quan sat dai han va kha ning
tich hop trén nén tang dién toan ddm may nhu Google Earth Engine (GEE) 1 nguén dit
liéu hiéu qua cho gidm sat va phan tich FCC (Zhu et al., 2024; Wulder et al., 2019;
Belgiu & Dragut, 2016). Cac thuat toan hoc may nhu Random Forest (RF) da chung
minh kha nang nang cao dg chinh xac phan loai (Breiman, 2001), trong khi m6 hinh
Cellular Automata — Markov (CA_M) cho phép du béo xu hudng bién dong khong gian
theo thoi gian (Wang & Maduako, 2018).



Tuy nhién, phan 1én cic nghién ctru FCC hién nay van tip trung chi yéu vao
yéu tb sinh thai hodc k¥ thudt RS, chwa tich hop diy du cac yéu td kinh té — xa hoi (KT
— XH) (nhu dan $6, co s& ha téng, gia nong san, khoang cach dén khu dan cu, chinh
sach dat dai...) — von c6 anh hudng truc tiép va gian tiép dén bién dong rimg (Zaman-
ul-Haq, 2024; Ahmadzai et al., 2023; Pham Thi Luan et al., 2022; Hasan, 2019). Dac
biét, cac nghién ctru Gng dung mé hinh phuong trinh ciu trac (Structural Equation
Modeling — SEM) nham lugng héa dong thoi tac dong truc tiép va gian tiép cua cac
nhan t6 TN — KT — XH dén FCC van con han ché tai Viét Nam, trong khi day 1a phuong
phap manh dé phan tich mbi quan hé nhan qué da chiéu (Schumacker et al., 2022; Lee,
2015). Viéc tich hgp SEM voi dit liéu RS—GIS s& gop phan lam 6 co ché tac dong,
dong thoi nang cao do tin cay trong dy bao va hoach dinh giai phap quan 1y (Zhu et al.,
2024).

Do d6, nghién cttu “Phdn tich va dw bdo thay déi tham phii rieng duwéi tac dong
ciia cdc nhdn té tw nhién — kinh té — xa héi tinh Dak Nong” dugc thuc hién nham bb
sung khoang trong hoc thuat quan trong noi trén. Nghién ctru khong chi dong gop vé
mit 1y thuyét — phuong phap (tich hgp RS—GIS, hoc may, mé hinh SEM va CA_ M) ma
con mang y nghia thyc tién trong viéc nhan dién diém nong mat rimg, xay dung kich
ban du bao bién dong LULC va dé xuat cac giai phap quan 1y rimg dua trén co so khoa
hoc. Pay 1a dong gop cap thiét cho tinh Pak Nong néi riéng va khu vuc Tay Nguyén
n6i chung trong bdi canh bién di khi hau va ap luc phat trién kinh té — xa hoi ngay
cang gia tang.

2. Muc tiéu nghién ciru
2.1. Muc tiéu tong quit

Ap dung phuong phap tiép can tong hop trong dénh gia tham phu stir dung dat

(Land use land cover — LULC) dudi tac dong ctia cac nhan t6 TN — KT — XH, tir d6

du bao LULC trong twong lai dudi tac dong cta da nhén t6, lam co so khoa hoc va

thuce tién dé dé xuit cac giai phap quan Iy bao vé rimg tai khu vuc nghién ciru.



2.2. Muc tiéu cu thé
Trén co s& muc ti€u téng quat da dugc xac dinh, muyc ti€u cu thé cla nghién ctru
bao gdm:
1) Phén tich bién dong tham phu st dung dat (Land use land cover change
— LULCC) giai doan 2010 — 2023 sur dung anh v¢ tinh da thoi gian;
i1) Phén tich twong quan khong gian x4c dinh dwgc cac diém nong FCC tai
khu vuc nghién ctru giai doan 2010 — 2023;
iii)  Phan tich va xac dinh cac nhan t6 TN — KT — XH tac dong dén FCC tai
khu vuc nghién ctru trong giai doan diéu tra;
iv) Dy bao xu huéng LULC dén nam 2035 dudi tac dong ciia cac nhéan to da
duoc xac dinh;
V) Pé xuét cac giai phap quan 1y tai nguyén rimg trén co so cac két qua
nghién ctru da dat duoc.
3. Pham vi nghién ciru

- Khu vwe nghién cieu: Huyén Pak Glong (nay 1a xd Ta Pung, xd Quang Khé,
x4 Quang Hoa, x4 Quang Son va mdt phan Phuong Bic Gia Nghia) va huyén Krong
N0 (nay 13 xd Nam P4, xd Nam Nung, xd Quang Phi, xa Krong N6 va mot phan x4
Pik Sik) - tinh Dk Nong (nay duogc goi 1a tinh Lam Dong).

- Gi6i han kiéu rirng chinh: Rung thuong xanh (RTX), Rung ban thuong
xanh (RBTX), rimg khop (RK) va rimg trong (RTG).

- Gidi han tham phii: RTX, RBTX, RK, RTG, Cao su (CAOSU), dat nong
nghiép (NN), dat khac (DKH), dan cu (DC) va mit nudc (MN).

- Gidi han cdc nhdn té TN - KT - XH: Trong khudn khd luan an thuc hién
trong giai doan 2010 — 2023, ciing nhu xét dén nhitng han ché vé dit liéu va kha ning
tiép can nguén thong tin chinh thirc, mot s6 nhén t6 dugc lua chon dai dién dé phan
tich trong nghién ciru nay bao gom: Nhiét d6 (ND); lugng mua (LM); Khoang cach
dén dat nong nghiép (KNN); Khoang cach dén khu dan cu (KDC); Khoang cach dén
duong giao thong (KGT); sb luong DC (bao gdm ca dan cu tai chd va di dan tu do);
Gi4 nong san chinh (GNS); S6 doanh nghiép dang hoat dong (SDN). Cac nhén t6 niy



phan anh ca diéu kién tu nhién (ND, LM) — anh hudng truc tiép dén ciu trac, phan
b rimg (Ahmed & Lemessa, 2024; Nguyen et al., 2020) va cac dong lyc KT — XH:
ap luc chuyén doi tir dat néng nghiép, dan cu va di cu, ha ting giao thong, bién dong
gia nong san va hoat dong doanh nghiép. Pay déu 1a nhimmg yéu t6 di duoc nhiéu
nghién ctru x4c dinh 14 tic nhin quan trong ciia bién dong rimg & cac ving nhiét d6i
(Pham Thi Luan et al., 2022; Hasan, 2019; Curtis et al., 2018).

- Gidi han thoi gian: Nghién ctru phan tich LULCC va tac dong cua cac nhan
t6 TN — KT — XH 1én FCC giai doan 2010 — 2023; duy bio LULCC dén nam 2035
duéi tac dong cta cac nhan té di xac dinh.

4. Y nghia khoa hoc va thuec tién
4.1. Y nghia khoa hoc

Luan an dé xuat mot phuong phap tiép can tich hop, két hop dit liéu anh vé
tinh quang hoc da pho, da thoi gian; GIS; mo hinh SEM va cac thuét toan hoc may
nham phan tich va du bdo LULCC dudi tac dong ctia cac yéu t6 TN — KT — XH. Viéc
két hop dong thoi cac cong cu phan tich hién dai va truyén thong cho phép danh gia
dinh luong tac dong cua nhiéu yéu t6, dong thoi 1am rd cac mbi quan hé nhan qua
tiém an va co ché thiic ddy mat rimg & quy mé khéng gian cu thé.

Ngoai ra, nghién ctru cling ng dung céc thudt todn hoc may (Machine
Learning - ML) nhu RF va mé hinh khong gian CA_ M nham nang cao d6 chinh xac
trong phan loai va xay dung kich ban dy bao LULC theo thoi gian.

Céc cach tiép can nay khong chi gop phan ddi méi phwong phap luan trong
nghién ctru FCC theo hudng dinh lugng, khong gian hoa va dy bao, ma con mo rong
huéng ing dung mé hinh SEM trong linh vuc phan tich st dung dat va tai nguyén
thién nhién — vbn con it duoc khai thac tai Viét Nam.

4.2. Y nghia thyec tién

Luan 4n khong chi gop phan lam sang t6 quy luat LULC theo thoi gian, ma
con xac dinh cac nhém yéu t6 tac dong chinh thong qua mo hinh SEM. Viéc nhan
dién va luong hoa vai tro cta ting yéu td giup lam rd nguyén nhan dan dén mét ring,

dong thoi dé xudt cac giai phap quan 1y bao vé rimg trén co s khoa hoc va thuc tién.



Két qua nghién ctru ¢ thé hd tro cac co quan quan 1y dia phuong trong viée ra quyét
dinh dwa trén nhitng bang chimg, hudng dén muyc tiéu phat trién bén vimg va thich
ung véi BDKH tai khu vuc nghién cuu.

Dac biét, bﬁng cach tich hop dir ligu chudi thoi gian v&1 mo hinh héa khong
gian, nghién ctru di xay dung duoc du bao xu huéng LULCC dén nim 2035 dudi tac
dong cua da nhan t6 da duoc xac dinh dya trén céac bﬁng ching khoa hoc. Cac két qua
nay mang lai gi4 tri tng dung 10 rét cho thyc tién:

- Cung cap dit liéu khong gian (DLKG) — thoi gian chi tiét, cap nhat va kha
ning dy bao, hd trg co quan quan 1y ra quyét dinh trén co sé khoa hoc, phu hop véi
bbi canh dia phuong.

- X4c dinh cac khu vuc bién dong cao (hotspots), gitp wu tién bé tri ngudn luc,
t6 chlrc gidm sat — tuan tra va trién khai cac bién phap bao vé rimg hiéu qua hon.

- Lam co sé dau vao gop phan cho cong tac quy hoach str dung dt, bao ton da
dang sinh hoc va phat trién KT - XH theo huéng bén viing.

- Pé xuit cac giai phap quan 1y rimg pht hop theo viing, c6 can nhic dén dic
thu KT - XH va cac dong luc tdc dong da dugc luong hoa.

5. Nhirng diém méi ciia ludn 4n

Lu4n an c6 nhitng doéng goép mdi ca vé ndi dung va phuong phap, cu thé bao
gom:

(1) Tich hop gitta RS—GIS, hoc may, md hinh SEM va CA_M tao nén mot hé
phuong phép lién nganh — da chiéu, pht hop véi yéu cau mé hinh héa FCC tai Viét
Nam;

(2) Lu4n an ap dung tiép cin hé théng va tich hop trong phan tich LULCC duéi
tac dong mot cach dinh luong ctia cac yéu t6 TN — KT - XH;

(3) Phan loai anh vé tinh Landsat da thoi gian bang thuat toan hoc may REF, st
dung t6 hop cac chi s6 phdo NDVI (Normalized Difference Vegetation Index — Chi s6
khéac biét chuan hoa thuc vat), BSI (Bare Soil Index — Chi s6 dat tréng), NDWI
(Normalized Difference Water Index — Chi s6 khac biét chuan héa nuée) va dir liéu

mo hinh sé d6 cao (Digital Elevation Model - DEM) dé nang cao do chinh xac phan



loai va phan tich diém néng (Hotspot) bang cac chi sé twong quan khéng gian nhu
Getis-Ord Gi* dé xac dinh ving c6 xu hudng mét rimg cao.
6. CAu tric cia luin an

Luan an c6 153 trang véi 20 Bang va 24 hinh. Gom c6: Phan Mo dau (06
trang), Chuong 1: Tong quan cic van dé nghién ctru (27 trang), Chuong 2: Di twong,
ndi dung va phuong phap nghién ctru (27 trang), Chwong 3: Két qua nghién ciru va
thao luén (72 trang), Két luan va kién nghi (04 trang), Danh muc cac cong trinh cong

b6 lién quan (01 trang), Tai liéu tham khao (16 trang) va phan Phu lyc.



CHUONG 1
TONG QUAN VAN PE NGHIEN CUU

1.1. Mot s6 khai niém sir dung trong luin 4n
1.1.1 Thim phii va sir dung dit

Tham phu (Land Cover — LC) 14 16p phu vat 1y, sinh hoc trén bé mat Trai Dat
nhu rimg, nudc, cong trinh nhan tao... — két qua clia qua trinh tu nhién va tac dong
con ngudi. Sir dung dat (Land Use — LU) phan anh muc dich con ngudi khai thac dat
dai nhu nong nghiép, 1am nghiép, d6 thi hay bao ton (Foley et al., 2005; Turner II et
al., 2007).

LC c6 thé quan sét tryc tiép tir anh RS, con LU can phén tich ngit canh va dit
liéu phu tro. Két hop LC va LU gitip hiéu 1 cdu triic — chtrc ning canh quan (Mashala
et al., 2023).

1.1.2. Bién dpng tham phii sir dung dit

LULCC la qua trinh thay dbi vé dién tich, co ciu hoidc chtic ning cua cac loai
hinh tham phu va sir dung dét theo thoi gian, bao gom ca chuyén doi (tir loai nay sang
loai khéc, vi du rimg sang néng nghiép) va stra ddi (thay doi trong cung loai do quan
1y hodc bién dong moi trudng) (Loures, 2019). Pay 1a hién tugng tat yéu trong moi
quan hé giita con ngudi va tu nhién, nhung khi dién ra vé6i tbe do nhanh va quy mo
16n s& tao ra nhitng hé qua nghiém trong d6i voi hé sinh thai va phat trién bén viing.

Trén pham vi toan cau, LULCC duoc xem 1 mot trong nhitng nguyén nhan
chinh gy suy thodi tai nguyén, mat da dang sinh hoc va lam trdm trong hon BDKH
(Rametsteiner, 2022). Su suy giam rung do mé rong ndng nghiép, khai thac khodng
san va d6 thi hoa da lam thay d6i manh mé& cau triic canh quan va chat lugng moi
truong song. Picu ndy dit ra yéu cau cap thiét vé quan 1y va st dung tai nguyén theo
huéng bén viing, dam bao dap tmg nhu cau cua thé hé hién tai ma khong anh huéng
dén cac thé hé twong lai (UNCCD, 2022).

1.1.3. Vién tham va GIS



RS la cong nghé thu nhan thong tin vé cac dbi tuong va hién tugng trén bé mat
Trai DAt ma khong can tiép xuc truc tiép, thong qua cam bién dat trén v¢ tinh, may
bay hoidc UAV. RS sir dung birc xa dién tir (4nh sang nhin thay, hong ngoai, vi song...)
dé ghi nhan dic tinh vat 1y ctia bé mit, tir d6 cung cap dir liéu dinh lwong, khach quan
va lién tuc phuc vu nghién clru va gidm sat tai nguyén thién nhién (Lillesand et al.,
2014; Campbell & Wynne, 2011).

GIS 1a tap hop cac cong cu va phuong phap cho phép thu thap, quan 1y, phan
tich va hién thi dir liéu khong gian cing dit liéu thudc tinh lién quan. GIS giup tich
hop nhiéu ngudn thong tin, mé hinh héa cac mdi quan hé khong gian va hd tro ra
quyét dinh trong quy hoach, quan 1y tai nguyén va méi truong (Longley et al., 2015).

Sy két hop RS va GIS tao nén nén tang quan trong trong nghién ciru LULCC,
cho phép vira cung cap dir liéu dau vao tir RS, vira phan tich — m6 hinh hoa trong
GIS, tir 6 nang cao hiéu qua giam sat, du bao va quan 1y tai nguyén rimg ¢ nhiéu
quy mo khong gian va thoi gian.

1.2. Ung dung cong nghé trong phan tich FCC
1.2.1. Vai tré ciia vién thdm trong gidm sdt tai nguyén rirng

Nho su phat trién cta cam bién, dit liéu mé va nén tang xir Iy 16n, RS ngay
nay cung cap ngudn anh da dang tir 46 phén giai thap dén siéu cao, dap tng nhu ciu
nghién ctru & nhiéu quy mé khong gian — thoi gian (Li & Wei, 2025; Aleissaee et al.,
2022; Wang et al., 2022; Li et al., 2018).

Trong 1am nghiép, vién tham da chirng minh hiéu qua trong theo ddi FCC,
danh gia da dang sinh hoc, dinh luong tai nguyén (trit lwong, sinh khéi, carbon), lap
ban dd 16p phu va hd trg quy hoach st dung dat vé6i chi phi thap, d6 bao phu rong va
cap nhat lién tuc (Wulder & Coops, 2014; Xie et al., 2008). Anh d6 phan giai cao hitu
ich cho nghién ctru cdu trac ring & quy mo nhoé; anh trung binh nhu Landsat thich
hop phan tich bién dong rimg va LULC & cap ving; anh thap nhu MODIS phu hop
giam sat FCC & quy mo quéc gia — toan cau (Roy et al., 2014).

Nhiéu nghién ctru gan déy tiép tuc khang dinh gia tri cia RS trong giam sat
LULCC tai nhirng khu vyc dia hinh phirc tap nhu Tay Nguyén, bao gdm tinh Pak



Nong (Chen et al., 2023; Nguyen et al., 2022; Pham Bao Son, 2021). Véi kha nang
cung cip thong tin nhanh, chinh xac va lién tuc, RS ngdy cang tré thanh cong cu
khong thé thiéu trong quan Iy va bao ton rirng hién dai.

1.2.2. Anh v¢ tinh Landsat va tién xir Iy anh

Véi chudi quan sat lién tuc trong hon 50 niim, d§ phan gidi khong gian 30m
va dai da ph6 rong (multispectral), anh vé tinh Landsat d3 tr& thanh ngudn dir liéu
quan trong trong cac nghién clru gidm sat tai nguyén rirng va phan tich LULCC trén
toan cau nhd kha ning quan sat lién tyc, d6 bao phil toan cau va do phan giai khong
gian — thoi gian phu hop. Céc vé tinh Landsat 5 TM, 7 ETM+ va 8 OLI/TIRS cung
cap chudi dit lidu dai han, thich hop cho phan tich dinh lwong va mé hinh héa 16p phi
(USGS, 2023). Tir Landsat 1 (1972) d&én Landsat 9, cac thé hé déu duy tri 46 phan
gidi 30 m, trong d6 Landsat 89 dat do chinh xéc phé cao hon nhd cam bién hién dai
(OLI, TIRS) va c4c dai bd sung nhu Coastal Aerosol, Cirrus (Wulder et al., 2019; Roy
et al., 2014).

Ttr nam 2017, USGS cung cap bd dit liéu Analysis Ready Data (ARD) cho
Landsat 4-8, da hiéu chinh hoan toan va sin sang cho phan tich khong gian-thoi gian,
phu hop vé1 moé hinh du bdo FCC (Dwyer et al., 2018). Trong nghién ctru rung, dir
liéu Landsat thuong sir dung muirc SR (Surface Reflectance) Tier 1 — da hi€u chinh
khi quyén, hinh hoc, dinh vi — dam béo chét lugng cho phéan tich da thoi gian (USGS,
2023). Anh Landsat ciing dugc tich hop trén nén tang GEE, cho phép xt 1y hang loat
ma khong can tai cuc bod (Gorelick et al., 2017).

Nho nhitng cai tién trong xir 1y anh va su hd trg tir nén tang nhu GEE, viéc sir
dung anh Landsat trong nghién ctru LULCC da tré nén linh hoat, hi¢u qua va phu hop
v6i cac nghién ciru voi dac diém dia hinh, thoi tiét va che phit may phirc tap nhu khu
vuc Tay Nguyén.

Nho cai tién xir Iy va hd tro tir GEE, viéc ung dung Landsat trong phan tich
LULCC tré nén linh hoat va phu hop véi khu vuc c6 dia hinh, khi hau va may phuc
tap nhu Tay Nguyén. Trong nghién ctru nay, dir liéu Landsat 5 TM, 7 ETM+, va 8
OLI/TIRS thudoc nhém SR Tier 1 dugc thu thap trén GEE, da duwgc USGS hi¢u chinh
bang thuat toan LEDAPS (cho TM/ETM+) va LaSRC (cho OLI/TIRS) dé d¢am bao



d6 chinh xac phd va hinh hoc (Dwyer et al., 2018; Roy et al., 2014). Anh SR Tier 1

dugc str dung tryc tiép cho phan tich LULCC, véi budc loc may va bong may xir Iy

béng QA bands va thuat toan masking trén GEE. Pac diém cac thé hé Landsat st

dung trong nghién ctru dugc trinh bay tai Bang 1.1-1.3.
Béang 1.1. Thong tin ciac kénh dnh Landsat 5 SR Tier 1

Buérc song

Kénh Tyl (um) Mo ta
B1 0.0001 0.45-0.52  Blue (xanh duong)
B2 00001  0.52-0.60 Green (xanh l4 ciy)
B3 00001  0.63-0.69 Red (do)
B4 00001  0.77-090 NIR (near infrared - Hong ngoai gan)
B5 | 0.0001 | 1.55-1.75 }SWIR 1 (shortwave infrared 1 - Hong ngoai song ngan 1) |
| | | Kénh nhiét. Kénh nay, trong khi ban dau duoc thu thap V('yil
01 tosraso ing omil Gl o Lrdst ) b
chap khoi (cubic convolution)
B7 00001  2.082.35 SWIR 2 (shortwave infrared 2 - Hong ngoai song ngén 2)
(Nguon: https://developers.google.com/earth-
engine/datasets/catalog/LANDSAT LT05_C0I_T1 _ANNUAL_RAW)
Bang 1.2. Thong tin ciac kénh dnh Landsat 7 SR Tier 1
Kénh Ty lé Buwéc séng (um) Mo ta
B1 }0.0001 | 0,45-0,52 IXanh duong
B2 0.0001 052-0,60 Xanhlyc
B3 0.0001 063-0,69 Do
B4 00001 0,77-0090 Can hdng ngoai
BS5 }0.0001‘ 1,55-1,75 IHéng ngoai séong ngan 1
| | IHéng ngoai nhiét do thap 1. Dai te‘in’néy c6 dai d(f)ngl
B6_VCID_I 00001 10401250 e o o o e i S5 k3 thust (D)
cao. Puoc lay mau lai tir 60 phut thanh 30 phut.
IHéng ngoai nhiét c¢6 d6 khuéch dai cao 1. Dai tﬁn néyl
B0 VEID_2 0001 040 1250 S5 8 G o i o e
thanh 30 phut
B7  0.0001 2,08-235 Hdng ngoai song ngén 2
BS 00001 0,552-090 Panchromatic
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https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LT05_C01_T1_ANNUAL_RAW
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LT05_C01_T1_ANNUAL_RAW

Kénh

Ty 1€ Buwéc séng (um) Mo ta

‘QA _pixel Khong c6  Landsat Collection 2 OLI/TIRS QA Bitmask
Nguon: https://developers.google.com/earth-
engine/datasets/catalog/LANDSAT LEOQ7 _C02 TI1?hl=vi
Bang 1.3. Thong tin cac kénh dnh Landsat 8 SR Tier 1
" . 1~ Buwdc song .
Kénh Tylé Mo ta
Y
B1 0.0001 0.435-0.451 Ultra blue (Cyc xanh)
B2  0.0001 0.452-0.512 Blue (Xanh duong)
B3 0.0001 0.533-0.590 Green (Xanh l4 cay)
B4  0.0001 0.636-0.673 Red (do)
B5 0.0001 0.851-0.879 NIR (Near infrared - Hong ngoai gan)
B6 0.0001 1.566-1.651 ?)WIR 1 (Shortwave infrared 1 - Hong ngoai song ngan
B7 0.0001 2.107-2.294 ;)WIR 2 (Shortwave infrared 2 - Hong ngoai song ngan
B8  0.0001 0,52—0,90 Bang thn 8 don sic
B9  0.0001 1,36-1,38 Cirrus
Kénh nhiét. Kénh nay, trong khi ban d'?l’u dugc thu thap
voi do phan giai 100m/pixel, da dugce lay mau lai thanh
BI0 0.1 10.60-11.19 30m st dung phuong phap tich chap khdi (cubic
convolution)
Kénh nhiét. Kénh nay, trong khi ban d'?l’u dugc thu thap
v6oi do phan giai 100m/pixel, da dugce lay mau lai thanh
BIT0.0001 11.50-12.51 30m st dung phuong phap tich chap khdi (cubic
convolution)
QA pixel Khong c6  Landsat Collection 2 OLI/TIRS QA Bitmask

Nguon: https://developers.google.com/earth-

engine/datasets/catalog/LANDSAT LCO8_CO02_T1?hl=vi
1.2.3. Phan loai RF va vai tro cua chi so pho

Su phat trién manh mé ctia cong nghé RS, dic biét 1a kha ning truy cap mién phi

dir liéu vé€ tinh nhu Landsat va Sentinel, da thuc déy vi¢c giam sat va cap nhat LULC

trén quy mé 16n. Tuy nhién, do chinh x4c phan loai phu thudc vao nhiéu yéu té bao gdm

diéu kién dia phuong va phuong phap xir 1y. Trong d6, nén tang dién toan dam may

Cirrus dugc xem 1a c6 kha nang tich hop mot cach hi¢u qua céc thuat toan ML trong

nghién clru tai nguyén rung (Gorelick et al., 2017).

11


https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LE07_C02_T1?hl=vi%20
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LE07_C02_T1?hl=vi%20

Cac thuat toan truyén théng nhu ISODATA, K-Means hay Maximum
Likelihood van dugc sir dung, nhung cac thuat toan ML nhu Random Forest (RF) va
Support Vector Machine (SVM) ngay cang chiém wu thé nhd kha ning xir 1y dit liéu
phi tuyén va 6n dinh trude nhidu phd (Belgiu & Drigut, 2016; Rodriguez-Galiano et
al., 2012). O Viét Nam, Huong N.T.T va cong sy (2020) ghi nhan SVM cho do chinh
xac cao hon RF nhung thoi gian xir 1y gip 5 lan, khién RF phu hop hon cho céc
nghién ctru quy mo 1én.

Thuat toan RF (Breiman, 2001) x4y dung nhiéu ciy quyét dinh bang k¥ thuat
“bagging”, chon ngau nhién tap bién tai mdi nut dé giam twong quan va tong hop két
qua bang bo phiéu da sd. RF khong yéu cau gia dinh phan phéi dit liéu, it bi overfitting
va cho phép danh gia tim quan trong cia bién (Belgiu & Dragut, 2016). Tai Viét
Nam, RF di chtirng minh hiéu qua vuot troi trong phan loai anh, udc luong sinh khbi
va giam sat ring (Cao Thi Hoai & Nguyén Thi Thanh Huong, 2024; Pham Béo Son,
2021; Huong N.T.T et al., 2022, 2021, 2020, 2018).

Hi¢u qua RF phu thudc 16m vao lya chon bién dau vao, trong do cac chi sb phé
nhu NDVI, NDWI, NDMI va BSI duoc dung phd bién dé phan biét 16p phu thuc vat,
d6 am va dat tréng (USGS, 2023; Gorelick et al., 2017). Viéc két hop cac chi s6 nay
v6i cac band gbe va dir liéu dia hinh giup ting dang ké d6 chinh xac (Cao et al., 2023;
Cai et al., 2022; Pham et al., 2020). Rodriguez-Galiano va cong su. (2012) cho thay
d6 chinh xéc ting tir 78% 1én 87% khi bd sung NDVI va SAVI; Belgiu & Drigut
(2016) xac dinh NDVI va NBR 1a chi s6 quan trong nhat; Pham va cong su (2020)
ghi nhan tich hgp NDVI, EVI va DEM gitp tang do chinh xac 1én trén 85%; Cao va
cong su (2023) chi ra GCI gitp phan biét 1o RTN va RTG; trong khi NBR va SAVI
thé hién hiéu qua & khu vuc chdy rimg hodc nén dat kho (Key & Benson, 2006);
NDMI hd tro tot trong phan bi¢t do Am bé mat (Nguyén Thé Hién et al., 2025; Gao,
1996).

Téng hop cac két qua cho thdy, viéc két hop RF véi tip bién phd phu hop gitp
nang cao d¢ chinh xac phan loai LULC, gidm anh hudng cua may va dia hinh — dac

biét hi¢u qua trong diéu kién khi hau nhiét d6i nhu Viét Nam. Trong luan an nay, RF
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duogc ap dung dé phan loai anh RS, két hop anh Landsat voi cac chi s NDVI, NDWI,
BSI va dir lieu DEM nham tdi uu hiéu qua phén loai.

Trong khuén khé luan 4n nay, thuit toan phan loai RF duoc st dung dé phan
tich dit liéu 4nh RS thanh 1ap ban d6 LULC. Dit liéu dau vao dung dé phan loai khong
chi bao gém anh vé tinh ma con duoc tich hop v6i mot sb chi sé thong dung nhu
NDVI, NDWI, BSI cung dit liéu DEM nham ning cao hiéu qua phan loai.

1.2.4. GIS va cdc cong cu phén tich khong gian hé tro FCC

GIS giit vai tro then chét trong xir 1y, phan tich va truc quan héa DLKG. Hé
thdng nay khong chi quan 1y dir lidu c6 cau triic ma con hd tro cac phan tich phirc tap
nhu chong 16p, phan ving, thong ké theo khu vuc va trich xuat thudc tinh theo khong
gian — thot gian.

Trong nghién ciru ring va canh quan, GIS d phat trién tir cong cu quan 1y ban
d6 nén thanh nén tang phan tich da chtic nang. Cu thé, GIS cho phép: (i) x4c dinh va
theo ddi bién dong LULC theo dia hinh va dic tinh dét; (ii) tich hop dir liéu moi
truong, kinh t& — xa hoi va chinh sach; (iii) mé hinh hoa cac chi s6 khong gian nhu
mat do, mirc d§ phan manh, tinh két ndi, hodc khoang cach dén ha téng; (1v) truc quan
hoa qua ban d6 2D, 3D, webGIS, nang cao kha niang chia sé thong tin; va (v) két n6i
v6i dir liéu thoi gian thue tir cam bién, UAV hodc dir liéu 16n dé canh bao sém chay
rimg, mat rimg. Nho d6, GIS ngay nay tro thanh cong cu khong thé thiéu trong phan
tich mdi quan hé giita bién dong tham phii vdi cac yéu to TN — KT — XH, dong thoi
cung cp co so khoa hoc va truc quan cho quan 1y tai nguyén, quy hoach sir dung dét
va ra quyét dinh phat trién bén viing (Pham Bao Son, 2021).

Céc phan mém phd bién nhu ArcGIS, QGIS, R (gdi raster, sf, spatialreg) va
Python (geopandas, rasterio) dugc ung dung rong rai trong phan tich FCC nho kha
nang tu dong hoa xur Iy, mod hinh héa va hién thi dit liéu theo thoi gian, nang cao hi¢u
qua va do chinh xac (Colven & Thomson, 2018). Khi tich hop véi dir liéu RS, GIS
tr& thanh cong cu manh mé trong phat hién bién dong, 1ap ban d6 phan loai va theo

ddi xu hudng thay doi khong gian — thoi gian trong hé sinh thai rirng nhiét doi.

13



Trong khuon khé luan 4n nay, ArcGIS va phin mém mé ngudn md R duoc sir
dung dé phan tich LULCC, xac dinh diém néng va dinh lwong cac yéu t6 anh huong dén
bién dong tham phu rimg.

1.2.5. Ung dung tich hop RS — GIS trong phaén tich va gidm sdt rirng

Viéc két hop giita cong nghé RS va GIS ngay cang déng vai trd trung tim
trong cac nghién ctru vé LULCC. Hai céng nghé ndy c6 tinh bd trg cao: RS cung cip
ngudn DLKG rong 16n, dugc cap nhat thuong xuyén va mang tinh khach quan; trong
khi d6, GIS dong vai tro 1a cong cu tich hop, xtr 1y, phan tich va tryc quan hoa dir li¢u
theo khong gian va thoi gian. Sy phdi hop chit ché giira RS va GIS di tao ra nén tang
manh mé& cho viéc gidm sat tai nguyén ring, 1ap ban d6 hién trang, cap nhat nhanh,
d6ng thoi phan tich cac xu huéng bién dong canh quan, rimg.

Ttr cubi nhitng nam 1980 cho dén nay, RS va GIS da duoc (mg dung ngay cang
nhiéu trong quan 1y tai nguyén rimg nham dap Gng nhu cau quan 1y, gidm sat trudc
cac thach thirc ngay cang cao nhu mat rirng, sa mac hoa va do thi hoa. Nho kha ning
cung cap thong tin chinh xéc, tiét kiém chi phi va dé mé rong quy mo, RS-GIS da
duogc tmg dung ca trong cac linh vuc ngoai 14m nghiép nhu khao ¢6 hoc, dan sd, giao
thong, y té cong dong, cac co quan chinh phu,...(Almalki et al., 2022; Laze, 2022;
Huong N.T.T. et al., 2021, 2020; Sandker, 2021; Xu et al., 2020; Pettorelli et al.,
2014).

Khong chi dimg lai ¢ viéc giam sat bé mat, RS va GIS con giup md rong pham
vi phan tich sang cic mdi quan hé da chiéu, bao gdm mdi lién hé gitra FCC véi cac yéu
t6 TN — KT — XH va chinh sach quan 1y tai nguyén. Li va cong su (2018), Wang va
cong su (2022) da ching minh rang RS—GIS con 13 nén tang cho mé hinh hoa céc
nguyén nhan va h¢ qua cua hién tugng suy thoai rirng. Pac biét, trong cac nghién ctru
tai vung nhiét doi, sy tich hop nay t6 ra dac biét hitru ich trong viéc phat hi¢n diém nong
suy thoai, danh gia hiéu qua bao ton, ciing nhu xac dinh cac khu vuc wu tién cho can
thiép quan 1y va phuc hoi.

Trong bdi canh cong nghé phat trién nhanh chéng, viéc tich hop RS—GIS ngay

cang mo rong pham vi ung dung tir gidm sat sang du bao LULCC, dac biét tai cac
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quéc gia dang phat trién — noi c6 hé sinh thai rimg nhay cam nhu ving nhiét doi
(Zhang et al., 2023; Xu et al., 2022; N.T.T. Huong et al., 2020). Fassnacht va cong sy
(2024) ciing nhin manh vai tro thiét yéu ctua RS trong kiém ké rirng, theo ddi da dang
sinh hoc, phan tich khi hau va dat cac muc tiéu phat trién bén viing. Krawczyk va
Wezyk (2023) da str dung RS dé tim hiéu phan b loai chim quy hiém; trong khi d6
Zhao va cong su (2023), Yang va cong su (2013) da ing dung RS trong phan tich khi
hau toan cau. Dic biét, Goetz va cong su (2015), Pettorelli va cong sy (2014) da
chting minh tiém ning két hop di liéu RS véi diéu tra thuc dia trong danh gia da dang
sinh hoc, hd trg chinh sach khi hau va theo ddi hiéu qua cac chuong trinh REDD+.

O cip do toan cau, viéc tng dung cong nghé vién tham va GIS da lam thay doi
can ban cach tiép can trong quan 1y tai nguyén rimg. FAO (2020) d3 st dung dit lidu
RS dé xdy dung ban d6 ring toan cau, cung cap thong tin cap nhat va déng tin cay
cho cac nha hoach dinh chinh sach. Tuong tu, Kumar (2011) khang dinh RS 1a cong
cu then chét trong xdy dung birc tranh toan canh vé bién dong tai nguyén, tir d6 dinh
hudng chinh sach dau tu hiéu qua hon cho cong tac bao ton.

Tai Viét Nam, RS—GIS di duoc tmg dung trong cac chu ky kiém ké rimg tir thap
nién 80 va ngay cang phat huy vai tro thiét yéu cia ching. O cp do khu vuc va dia
phuong, nhiéu nghién ctiru di chimg minh vai trd khong thé thiéu cua su phéi hop nay
trong cac nghién ciru lién quan dén tai nguyén ring (Cao Thi Hoai & Nguyén Thi
Thanh Huong (2024), Lé Quang Toan (2021), Nguyén Thi Thanh Huong et al., (2021,
2020, 2019, 2018), Nguyén Thi Thanh Huong & Ngo Thi Thity Phuong (2019), Tran
Quang Béo et al., (2017) & Vinh Ctru — Pong Nai, Nguyén Vin Thi et al., (2016) tai
Iwu vuc Huong Son). Pang chil y, cac nghién ctru ciia Nguyén T.T. Huong va cong su
(2022, 2018) d4 tién phong trong viéc dinh luong da dang loai cay gd bang cach lién
két cac chi sb da dang sinh hoc (Shannon, Simpson) véi dir liéu phd phan xa tir anh vé
tinh, md rong tiém ning ciia RS—GIS trong phan tich ciu triic quan xa thyc vat va dé
Xuat cac giai phap bao ton phu hop theo ving sinh thai. Nhitng nghién ctru nay da

ching minh hiéu qua ctia RS—GIS trong 14p ban d6 hién trang rimg, dinh luwong tai
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nguyén rung, da dang sinh hoc, chi trd dich vu méi truong rung (Payment for
Ecosystem Services - PES) va hd trg quy hoach phat trién KT - XH.

C6 thé thdy, trong bdi canh BDKH va nhu cau bao ton ngay cang cap thiét,
RS-GIS ngay cang khang dinh vai trd 1 cong cu trung tim trong quan tri tai nguyén
rimg bén viing va tng pho véi cac thach thirc toan ciu.

1.3. Cac mé hinh phan tich khong gian FCC va nhén td tic dong
1.3.1. Phén tich diém néng (Hotspot) va cdc ky thudt lién quan

Phan tich diém nong (Hotspot analysis) 1a mot trong nhitng phuong phap quan
trong trong nghién ctru khéng gian nham phat hién cac khu vuc c¢6 muc d6 thay ddi
hoic hoat dong cao bat thudng so véi cac khu vuc xung quanh. Vé ban chat, diém
nong dugc dinh nghia 1a nhitng khu vuc ma tai do6 sy xudt hién ciia mot hién tuong
vuot troi mot cach ¢ ¥ nghia thong ké so v4i phan bd ngdu nhién ky vong trong
khong gian (Anselin, 1995; Getis & Ord, 1992). Ky thuat nay cho phép nhéan dién cac
mo hinh phan bd khong gian khong ngiu nhién, tir d6 1am sang to mdi quan hé khong
gian va dic diém cu tric cua hién twong nghién ctru. Trong nghién ctru rimg va FCC,
k¥ thudt nay gitip xac dinh cac ving c6 téc d6 mat rirng nhanh, ving bi suy thoai sinh
thai nghiém trong hodc cac khu vuc ¢6 nguy co cao can wu tién phuc hoi va quan 1y.

Thong qua viéc so sdnh mat do hién tuong tai mot dia diém voi gia tri trung
binh ctia cac ving lan cn, phan tich diém nodng gitip xac dinh cac khu vuc ¢ mirc
d6 tap trung cao (hotspots — diém nong) hodc thap (coldspots — diém lanh). Két qua
phan tich cung cip nén tang dinh lugng quan trong dé nhan dién ving wu tién can can
thiép, danh gia dong lyc khong gian va hd tro ra quyét dinh trong quan 1y tai nguyén
va quy hoach phat trién.

C6 nhiéu phuong phép trong phéan tich diém noéng, co thé ké dén nhu phuong
phap NNI (Nearest Neighbor Index — Chi s6 lang giéng gan nhit), chi sb Getis-Ord
Gi*, chi s6 Moran’s I va Geary’s C (Global Spatial Autocorrelation),... mdi phuong
phap déu c6 nhitng wu nhugc diém riéng (Li et al., 2007; Karlstrém & Ceccato, 2002).
Tuy theo diéu kién thue t&, muc tiéu nghién ctru va dir li¢u thu thap duoc, nguoi dung

¢6 thé ap dung phuong phap pht hop. Véi muc tiéu va diéu kién cia nghién ctru nay,
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Iwra chon Gettis-Ord Gi * 1a phuong phap pht hop nhét béi 1&: Xac dinh duoc vi tri cu
thé cac diém néng bién dong rimg; Co kiém dinh y nghia thong ké 16 rang (Ord &
Getis, 1995) ; Két qua phu hop dé tich hop vao cc bude phan tich nguyén nhan va dy
bao sau ndy. Cac nghién ciru gan day ciing 4p dung thanh cong phuong phap nay dé
xac dinh diém néng mat rimg (Gebrehiwot et al., 2021; Singh & Yan, 2021).

Chi s6 Getis-Ord Gi*: 1a chi sé théng ké khong gian gitp xac dinh cac cum
diém noéng (hotspot) va diém lanh (coldspot), tirc cac ving c6 gia tri cao hodc thap
hon dang ké so voi gia tri trung binh ctia ving 1an cén. Khac vi Moran’s I mang tinh
toan cuc, Gi* c6 kha nang xac dinh cac vung c¢6 y nghia cuc bg, ddc biét hitru ich trong
phat hién diém néng vé mat rimg hodc chay rimng (Ord & Getis, 1995).

Céc ky thuat trén thudng duogc tich hop trong mai trudng GIS hodc cac phan
mém chuyén dung nhu ArcGIS, QGIS (véi cac plugin nhu Hotspot Analysis hozc
SAGA), ciing nhu cic g6i phan mém phan tich khong gian trong R (vi du nhu spdep,
spatstat).

1.3.2 Ung dung mé hinh khong gian phén tich moi lién hé giita FCC vdi cdc nhin
10 lién quan
1.3.2.1. Phan tich méi lién hé giita FCC véi cdc nhan t6 lién quan

Trong bdi canh nghién ctru hién dai, phan tich mdi quan hé gitra cac bién sb
dia 1y va dir liéu RS, nhu LULCC (bao gdm FCC), doi hoi su két hop cac phuong
phap thong ké va phan tich khong gian tién tién. Céch tiép can nay gitp lam rd tac
dong da chiéu cia cac yéu td TN — KT — XH, dong thoi nang cao kha ning du bao
bién dong tai nguyén. Cac k¥ thuat nhu tu tuong quan khong gian, hoi quy khong
gian, md hinh SEM va hoc may (RF, SVM,..) di cho thay hiéu qué rd rét trong viéc
giai thich va mo6 phong cac qua trinh phtrc tap trong quan ly tai nguyén — moi truong
(Belgiu & Dragut, 2016; Galiano et al., 2012). Dng thoi, viée tich hop cong nghé
RS, GIS vdi cac cong cu phan tich thong ké — khong gian da va dang trg thanh xu
hudng trong nghién ciru bién dong tai nguyén, dic biét 1a trong linh vuc phan tich va

du bao FCC. Trong luan an nay, cac cong cu chinh dugc lya chon bao gém: phﬁn
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mém R két hop v6i ArcGIS Pro version 10.6 dé thuc hién cac phan tich khong gian,
tu twong quan, md hinh cdu traic SEM va truc quan héa ban do.

R duoc uu tién nho kha nang xtr Iy dit liéu 16n, linh hoat trong phan tich mo
hinh thong ké da bién va hd trg hiéu qua cac phan tich khong gian phirc tap ma cac
phan mém nhu SAS, SPSS hay STATA con han ché. Trong khi ArcGIS dam nhiém
vai trd quan 1y va hién thi DLKG (nhu ban dd LULC, FCC), thi R thuc hién cac phan
tich chuyén siu nhu kiém dinh mé hinh SEM, hdi quy khong gian va do ludong tu
twong quan (Moran’s I, Getis-Ord Gi*). Viéc tich hop R vé&i GIS tao nén chudi xir Iy
dir liéu hiéu qua, gitp danh gia toan dién tic dong cua cac yéu td TN — KT — XH dén
FCC, dong thoi hd trg xay dung chinh sach st dung dat va quan 1y tai nguyén bén
vitng trong bdi canh BDKH.

Phuong phép phan tich da bién (MDA - Multivariate Data Analysis) 14 cong
cu thong ké quan trong cho phép danh gia dong thoi nhiéu bién s6, tir d6 cung cap
mot birc tranh toan dién vé mdi quan hé gifta cac yéu t6 tac dong dén FCC (Sarstedt,
2019). Tuy nhién, trong nhitng truong hop mbi quan hé giita cac yéu t6 khong chi
don thuan 1a tuyén tinh hodc quan sat truc tiép, thi SEM la phuong phap tién tién hon,
duogc str dung dé mé rong phan tich MDA (Sarstedt, 2019). SEM khong chi phan tich
cac mbi quan hé gitra cac bién quan sat ma con giita cac bién tiém an (latent variables),
cho phép mé hinh héa ciac quan hé nhan — qua phirc tap va tac dong gian tiép giita
cac yéu to TN — KT — XH dén FCC. Nho kha ning xir Iy dong thoi nhiéu mdi quan
hé tuyén tinh va phi tuyén, SEM di duoc Gmg dung rong rii trong cac nghién ctru lién
quan dén phan tich hé thong dat dai, sir dung tai nguyén va bién dong 16p phu
(Schumacker et al., 2022; Kline, 2015).

Trong nghién ctru tai nguyén rimg, viéc kham pha méi quan hé tiém an gitra
rimg va cac ap luc hién hanh ciing nhu xu thé twong lai 1 co s¢ quan trong dé xay
dung cac chién lugc quan 1y va bao vé rimg bén viing. Phan tich mé hinh khong gian
trong st dung dt rimg, két hop véi khao sat FCC va cac yéu té tic dong, 1a mot yéu
cau cap thiét nham hiéu rd dong luc thay d6i va dinh huéng quy hoach phu hop trong
bbi canh BPKH va phat trién KT-XH (Park& Lee, 2018).
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1.3.2.2. St dung méd hinh SEM trong phén tich méi lién hé giita FCC véi cac
nhan to lién quan

SEM duoc tng dung rong rai trong cac nghién ctru thudc linh vuc khoa hoc
x4 hoi do kha ning phan tich va so sanh mdi quan hé giita nhiéu yéu t6, cling nhu xac
dinh sy khac biét trong tac dong gitra chiing (Lee, 2015; Zhou, T., 2011). Cac nghién
ctru nhu Jang va Kim (2012) d3 tién hanh danh gia tac dong cua mat do phat trién déi
vO1 gia tri cia cac loai tham phu khac nhau, trong khi Asadi va cong sy (2014) kham
pha tac dong cua cac yéu t6 (kinh té, xa hoi va méi truong (KT — XH — MT) dbi véi
su bién ddi cua dat trong trot. Tuy nhién, phan 10n cac nghién ciru trudc day tap trung
sir dung dit liéu mat cat thay vi dit liéu chudi thoi gian va thiéu phan tich khong gian
toan dién.

Str dung SEM trong viéc phéan tich FCC giup xéac dinh cac yéu to anh huong
dén FCC. Cac nghién ciru trude cling chi ra SEM thé hién kha ning vuot troi trong
viéc udc luong mdi quan hé nhan - qua phirc tap giita nhiéu bién sb va giai thich ca
tac dong truc tiép 1an gian tiép giita cac bién quan sat va tiém an (Kline, 2015; Lee &
Lim, 2011). Bac biét, mbi lién hé gifra cac bién duoc minh hoa thong qua cac so dd
cAu trc (path diagrams) gitp 1am 1 cdu trac mo hinh va hd trg dién giai két qua phan
tich mot cach truc quan va dé hiéu hon (Lee et al., 2013).

Nghién ctru gan day cta Park va Lee (2018) da ap dung phan tich khong gian
va cac yéu t tic dong nham danh gia cdc muc tiéu phat trién rimg bén viing trong
vung Civilian Control Zone ¢ Han Quéc, qua do6 xac dinh dugc cac yéu td ¢6 anh
huong dén sy FCC theo khong gian. Trong khi d6, cac nghién ciru nhu ctia Lee (2015)
va Zhou (2011) d4 st dung mé hinh SEM dé phan tich cac mdi quan hé giira cac yéu
t6 KT - XH trong bdi canh phat trién khu vuc. Két qua tir cac nghién ctiru nay cho
thdy SEM c6 thé luong hoa cac mbi quan hé tiém 4n va truc tiép gitra cac bién, gitp
xéc dinh rd d6 manh — yéu cua timng tac nhan trong hé théng, voi R2 dao dong tir 0.53
dén 0.78, tiy thudc tig nhém yéu t6. Piéu nay cho thdy SEM la céng cu phi hop dé
phan tich cac hé thong c6 tinh da chiéu va twong tac phtrc hop, dic biét khi danh gia
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tac dong ddng thoi cua nhiéu yéu td dén FCC va sir dung dit — vén 1a van dé c6 tinh
lién nganh va khong gian r0 rét.

Trong cac nghién ctru gan ddy tai Dong Nam A, SEM — dic biét 1a PLS (Partial
Least Squares — Binh phuong timg phan nho nhét) - SEM da duoc 4p dung dé lam 16
cac dudng tac dong ngam giira hoat dong x4 hoi va ciu trac ring, v6i hé sé duong dian
1én dén 0,289 (Ma et al., 2023). Tai Viét Nam, Tran va cong su (2022) dd ap dung mod
hinh khong gian GWR (Geographically Weighted Regression — Hdi quy ¢6 trong s6
theo khong gian) dé danh gia bién dong FCC tai Tay Nguyén, dat kha ning giai thich
cao v6i R tir 0,729 dén 0,894. Ngoai ra, Zhang va cong su (2023) str dung SEM dé
xac dinh anh huong dac tinh dét 1én chi s6 canh tranh cta loai Pinus mongolica véi
hé s6 truc tiép 1a 0,30, va gian tiép 14 0,61. Nhitng két qua nay cho thdy SEM 1a cong
cu hiéu qua dé phan tich cac mdi quan hé nhan qua phiic tap giita TN — KT — XH va
FCC.

Tuy nhién, mot han ché phd bién trong cac nghién ctru trude day chu yéu sir
dung dit liéu mat cat thoi gian thay vi chudi thoi gian dai han, dong thoi thiéu phan
tich khong gian toan di¢n. Diéu nay dat ra mot hudng nghién ctru maéi, do la viée tich
hop DLKG — thoi gian vao cdc md hinh SEM nham phan tich dong thoi ca yéu to
khong gian va thoi gian, tir 46 phan anh day du hon ban chit cua cac tac dong da
chiéu dén FCC.

Trong bbi canh rimg ngdy cang chiu tac dong phtrc tap tir nhiéu chiéu — bao
gom yéu td TN — KT — XH thi viéc chi sir dung riéng 1é cic cong cu phén tich khong
gian hay thong ké da bién da khong con dap tmg du yéu cau nghién ctru hién dai. Két
hop gitta DLKG — thoi gian thu dugce tir GIS va RS v6i1 cac phuong phap phéan tich
da bién nhu SEM 1a mot huéng tiép can phi hop va can thiét. Cach tiép can tich hop
nay khong chi cho phép dinh lugng mirc dd anh huong ciia timg yéu té dén FCC, ma
con gitup kham pha cac mbi quan hé nhan qua tiém an giira cac yéu td, ké ca gian tiép,
tryc tiép va trung gian. Pay 1a co s& quan trong dé hiéu r6 hon dong luc gay mat rimg,
tir 46 xay dung cac chién lugc quan 1y, bao ton rimg hiéu qua va dinh hudng chinh

sach phat trién bén virng cho cac hé sinh thai rirng trong tuwong lai.
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1.3.2.3. Céc nghién ciru vé médi quan hé giira FCC v6i cac nhéan t6 TN - KT - XH

+ Tong quan s6 lwong bién sé6 TN — KT — XH tham gia mé hinh

Bén canh sy phat trién manh mé& cua céng nghé RS va GIS trong giam sat FCC,
nhiéu nghién ctru dd mé rong cach tiép can bang cach phan tich tac dong cia cac yéu
t6 KT-XH-MT dén FCC. Tuy nhién, phan 16n cac nghién ctru nay van tip trung &
quy mé khu vuc hodc xuyén qudc gia, nhu nghién ciru ciia Xu va cong su (2019) &
vung Himalaya; Temesgen va cong su (2021) tai khu vuc Ethiopia. Chi mot s it
nghién clru tap trung vao quy md qudc gia hodc dia phuong (Miettinen et al., 2017
tai Indonesia); bén canh d6, cac nghién ctru tai Tay Nguyén (Nguyén Thi Thanh
Huong et al., 2018, 2021; Tran et al., 2022) va Pong Bac An Po (Ningthoujam et al.,
2016) chu yéu xem xét mdi lién hé gitta FCC véi cac yéu té ty nhién nhu dia hinh,
khi hau, hodac murc do tiép can giao thong.

Trong khi d6, cac yéu té KT - XH nhu gia ting dan sd, phat trién nong nghiép,
muc do tiép can thi truong, hay GFNS lai mdéi chi dugce dé cap mot cach han ché (Lin
et al., 2024). Piéu nay phan anh khoang tréng 1 rét trong cic nghién ctru tich hop
dinh luong giira cac yéu t& TN — KT — XH dé du bao xu huéng bién dong FCC trong
bdi canh dia phuong, dac biét 1a tai cac khu vuc nhay cam véi bién dong sur dung dat
nhu Tay Nguyén (Tran et al., 2022).

Ké tir khi dir liéu Landsat duoc cung cap mién phi (2008) va su ra doi ciia nén
tang GEE, cac nghién ctru quy mo 16n vé FCC di gia ting manh m&. Céc nghién ctru
nhu Miettinen va cong su (2017) da chirg minh méi lién hé gitra bién dong gid nong
san va mat rimg & cip chau luc. Gan déy, Lasko & Becker (2025) sir dung dir liéu
Landsat-8, MODIS va Sentinel-2 trong giai doan 2001-2022 cho nim qudc gia
ASEAN, phat hién nhiéu dién tich mat ring tir phat trién KT-XH, dic biét 1a
Campuchia va ké dén 1 Viét Nam. Nghién ciru ctia Nyirarwasa va cong su (2024) tai
Nyungwe—Kibira (Rwanda—Burundi), Zhang va cong su (2023) tai khu vuc Tam gidc
Vang (Lao—Thai-Myanmar) da 1am rd hién twong pha rimg gan véi cac khu vuc giap
ranh va thiéu kiém soat lién quéc gia; tuy nhién, cac nghién ciru nay kho 1y giai su

khac biét ndi viung do thiéu dit liéu KT-XH quy mé thon/ban. O cép qudc gia, Li va
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cong su (2018) str dung chudi CCI-Land Cover (1992-2015) cho thiy Nam My mat
11,3 triéu ha rirng nhung chua tich hop bién quy hoach va thé ché vao mé hinh. Nhin
chung, cac nghién cru quy mé 16n nay chu yéu dya trén mdi quan hé gitra FCC véi
céc loai tham phu khac — 13 hé qua ctia phat trién KT-XH ma chua c6 tong hop nhimng
chi s6 nhu GDP binh quén hodc mat d6 dan sd, trong khi cac yéu t6 vi mé nhu quyén
str dung dét, tin dung nong thon hay GNS cu thé lai chwa duoc phan anh day di, mic
du nhitng nhan t6 ndy c6 thé 1a nhitng nguyén nhén truc tiép dan dén chuyén d6i muc
dich sir dung dat rimg. Ngoai ra s6 luong bién han ché ciing anh hudng dén kha ning
gidi thich cia mo hinh; dién hinh, tai Tay Nguyén - Viét Nam, Tran va cOng su (2022)
két hop GEE va GWR cho giai doan 2000-2020 cho thay khi bo sung cac bién dan
sd va GDP, hé s6 xac dinh chi cai thién kha khiém ton (R2 tir 0,52 1én 0,59), cho thiy
dir lieu KT-XH tong hop kho giai thich di biét vi md. Tuong tu, nghién ctru cua
Ningthoujam va cong sy (2016) sir dung ba bién KT—XH co ban (dan sd, mat d6 nong
ho, khoang cach duong) chi giai thich <40% bién thién FCC; trong khi két qua cua
Wang va cong sur (2023) da cai thién rd rét khi thém bién thé ché nhu chi s6 so hitu
dat, R? d3 tang 16n 0,58, va hé sé dudng dan (—0,42) vuot xa GDP (—0,27).

Céc nghién ciru tong quan gan day cho thay phan 16n mé hinh FCC sir dung
cac bién KT-XH don gian. Borda-Nifio va cong su (2019) ra soat 64 nghién ctru
(1990-2017) tai ving nhiét d6i cho thdy 58% chi dung hoi quy logistic va chi 26%
c6 trén 5 bién KT—XH. Phan tich cua Tandetzki va cong su (2022) dbi v6i 141 mod
hinh ciing cho thiy 67% chi kiém dinh duong cong Kuznets méi truong véi cac bién
gi6i han (cht yéu GDP va mat d6 dan sd), hiém khi c6 gid néng san hodc quyén sir
dung dat. Mot tong quan dang chi ¥ cia Ahmadzai va cong su (2023) cho thiy rang
mic du cac chién luoc va chinh sach phuc hoi rung tai Dong Nam A d3 dat duoc
nhirng két qua nhit dinh, song van ton tai nhiéu nguyén nhan sau xa din dén mat rimg
ma chua duoc giai quyét toan dién; cu thé, nghién ciru nay chi ra rang cac yéu t6 KT
- XH nhu gia luong thyc, mirc d§ ngheo doi, sy phu thudc sinh ké vao rung va chét
lwong quan tri dat dai 1 nhitng nguyén nhén gian tiép nhung déng vai trd quan trong

trong qué trinh suy thodi va mat ring; tuy nhién, cac yéu to nay chi xuat hién voi ty
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1¢ nho trong cac nghién ctru hién hanh, cho thdy mot khoang trong dang ké trong viée
tich hop céc yéu t6 phi sinh thai vao mé hinh phan tich va dy bao mat ring; nghién
ctru nhan manh rang néu khong c6 cach tiép cin da chiéu — bao gdm ca goc nhin KT
- XH thi cac chinh sach phuc héi ring kho c6 thé dat hiéu qua bén viing.

Vi vdy, cac nghién ciru gan day di bo sung bang chimg quan trong vé vai trd
ctia cac dong luc kinh té va thé ché trong viéc thiic diy FCC, dong thoi cho thiy viée
mo rong bo bién trong md hinh gitip nang cao dang ké kha nang giai thich hién tugng
mat ring. Tai Lao, nghién ctru cia Phompila va cong su (2017) da tich hop anh
Landsat ETM+ vé6i 12 bién KT - XH nhu mat d6 dan sd, mat do duong giao thong,
dién tich trong cao su, quy mo chin nudi,... Két qua cho thiy viéc dua cac bién KT-
XH vao gitp cai thién do phu hop cia mo hinh phé ring, khi hé sé xac dinh R? ting
tir 0,49 1én 0,71. O Campuchia, Ling va cong su (2022) chi ra rang chinh sach giao
dat 1am nghiép cho cac doanh nghiép 16n 1a nguyén nhan truc tiép dan dén 31% dién
tich rimg bi mat trong giai doan 20002018, nhdn manh vai trd chi phdi cta yéu t6
thé ché trong chuyén doi muc dich sir dung dat. Tai Nam My, Wu va cong sy (2023)
str dung mé hinh da bién véi cac yéu t6 kinh té vi mé nhu gia dau nanh, thit bo va ty
gia hbi doai dé giai thich bién dong pha rimg tai Amazon; két qua cho thay mé hinh
giai thich t&i 45% bién thién, cao hon 18% so vé6i khi chi dung bién khi hau, nhan
manh vai trd chi phéi cia dong luc kinh té. Vé ha ting, Baehr va cong su (2021) ghi
nhan tuyén Trans-Papua lam mat 37% ring lan can trong vong mot thap ky; trong
khi Bebbington (2018) phat hién viéc mé rong duong tai diy Andes khién nguy co
mat ring lan siu hon 6 km vao cac khu bao ton. Nhimng nghién ctru nay cung cb vai
trd ctia cac yéu t6 kinh té — thé ché va cho thiy nhu cau mé rong khong gian hoa cac
bién s trong mo hinh phan tich FCC.

Tai Viét Nam, ciling c6 mdt ) nghién ctru li€n quan xac dinh mot s6 nhén tb
lam suy giam dién tich rimg nhu nghién ctru ciru Dang Ngoc Hung & Hb Pac Thai
Hoang (2009) di phan tich LULCC doc qudc 16 HO Chi Minh khi x4y dung co s& ha
tang giao thong; hay & Nam DPong (Thira Thién-Hué), Pham Phuong Thao va Tran
Nam Théing (2022) cho thiy vai trd cua ha ting trong mat ring. Tai Tay Nguyén,
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nghién ctru ciia Nguyén Thi Thanh Huong va cdng sy (2022; 2018, 2011) ciing da
phan tich cac nhan t6 c6 thé gay anh hudng dén viéc suy giam dién tich ring. Tuy
vay cac nghién ctru chil yéu dé cip dén su bién dong vé khong gian tham phu, hoic
néu c6 sir dung bién xa hoi thi ciing chi han ché & mic phan tich khong gian nhu
KGT, KDC,... ; hau hét thiéu cac phén tich nhan qua trong nhitng nghién ctru nay. +
M6 hinh SEM trong phdn tich méi quan hé nhén - qud

Uu diém ndi bat cia SEM 1a kha ning mé hinh héa cac khai niém phic tap
khong thé do luong truc tiép (bién tiém an), thong qua cac bién quan sat c6 thé do duoc
tir dir liéu thue té. Nho d6, SEM ngay cang duoc Gmg dung rong rai trong nghién ciru
xa hoi hoc (Tarka, 2018), sinh thai hoc (Park & Lee, 2018; Lam & Maguire, 2012) va
nghién ctru méi truong — sir dung dat (Sanchez, 2005).

Mot s nghién ciru tién phong da bat dau img dung mé hinh ciu trac SEM
trong danh gia nguyén nhan — két qua cia LULC nhu Helming va cong su (2011)
phan tich tac dong chinh sach nong nghiép EU dén st dung dat bang SEM, nhung
khong tich hop DLKG thuc; Foster va cong su (2024) xay dung mé hinh lién két giira
BDKH, mat do huou va cdu trac ring tai Bac My bang SEM, song khong dua vao
yéu t6 KT-XH va bo qua ty twong quan khong gian; Amoah va cong su (2024) 1a
mot trong nhiing nghién ctru dau tién két hop SEM va anh Landsat dé danh gia suy
giam ring tai Ghana, nhung méi chi dung dir liéu mit cit (ndm 2020) va chua kiém
soat khong gian — mot yéu tb then chdt khi phén tich dit liéu anh vé tinh.

Du SEM la cong cu hitu ich trong phan tich mdi quan hé nhan qua giira cac
bién tiém an (Lee, 2015; Zhou, 2011), nhung viéc ing dung SEM trong nghién ctru
FCC con nhiéu han ché, dic biét trong tich hgp dir liéu RS, yéu to khong gian va bd
bién KT — XH chi tiét.

Tom lai, tong quan s6 luong bién s6 TN — KT — XH tham gia mé hinh SEM
trong phan tich mbi quan hé nhéan - quéa cho thay hai khoang tréng noi bat hién nay
la: (1) thiéu chudi thoi gian cua céac bién KT - XH c6 tinh vi m6 nhu GNS, tin dung,
quyén sir dung dét, nghéo doi va thé ché — nhiing yéu t6 truc tiép chi phbi hanh vi str
dung dat; va (2) thiéu cac mé hinh SEM khong gian—thdi gian, vira xac dinh méi quan
hé nhan qua, vira kiém soat anh hudng khong gian (tw twong quan, cum dong luc),

dong thoi cho phép dy bao xu hudng bién dong FCC trong twong lai. Viéc khic phuc
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hai khoang tréng nay thong qua mo hinh tich hop RS, GIS va phan tich SEM khong
gian — thoi gian s& gitp nang cao ning luc dy bao, hd tro 1ap ké hoach sir dung dat
phu hop thyc tién, dong gdp cho cong tic quan 1y tai nguyén rimg bén vitng trong bdi
canh BDKH va phat trién KT - XH.

Tir téng quan trén c6 thé thiy, viéc Gmg dung mé hinh SEM véi bd bién da
dang, bao gdm ca yéu t6 TN — KT — XH, khong chi khic phuc han ché ctia cac phuong
phap hdi quy truyén thong ma con nang cao ning luc du bao xu huéng LULCC trong
bbi canh BPKH va 4p luc phét trién KT - XH. Pay chinh 13 diém méi va gia tri noi
bat ctia nghién ctru, gop phan bd sung bang ching khoa hoc cho quan 1y, quy hoach
va phat trién rimg bén viing tai Ty Nguyén ciing nhu cac khu vuc c6 diéu kién twong
dong.

1.4. Du bao FCC
1.4.1. Co sé ly thuyét va phwong phdp mé hinh héa trong dw bdo bién dpng tham
phu rirng

Dy bao FCC déng vai trd quan trong trong quan 1y tai nguyén rimg, bao ton
da dang sinh hoc, giam nhe tdc dong mdi truong va hudng dén phat trién KT - XH
bén virng. Viéc phan tich va du bao xu hudng bién dong sir dung dat khong chi gitip
cac nha hoach dinh chinh sach nhéan di¢n sém céc nguy co mét rung ma con hd tro
thiét ké cac chién luoc thich tng va phuc hoi rimg hiéu qua trong bdi canh BDKH
ngay cang phtrc tap (FAO, 2020).

V& mit phuong phap, du bao FCC hién nay c6 thé chia thanh hai nhom chinh:
(1) cac phuong phap thdng ké truyén thong nhu hoi quy da bién, hoi quy logistic va
m6 hinh chudi thoi gian (Pontius et al., 2001); va (2) cac mo hinh dong khong gian —
thoi gian, bao gdbm Markov, Cellular Automata (CA), tich hop Cellular Automata
_Makov (CA_M) trén nén tang GIS, ciing nhu cac phuwong phap hoc méy hién dai
nhu RF, Gradient Boosting va Deep Learning (Li et al., 2023).

Trong s6 d6, mé hinh Markov duoc sir dung rong rdi nhd kha ning mé phong
qua trinh chuyén doi gitra cac 16p st dung dat hodc tham phu rimg duva trén ma tran

x4c suat chuyén tiép. Cu thé, chudi Markov mé ta xac suat chuyén doi tir 16p sir dung
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dat tai thoi diém ¢ sang mot trang thai khac tai thoi diém ¢+/, véi gia dinh rang qua
trinh nay chi phu thudc vao trang thai hién tai, khong phu thudc vao cac trang thai
trudc d6 (Nguyén Thi Thanh Huong & Ngo Thi Thuy Phuong, 2018). Tuy nhién,
diém han ché 16n nhat cua Markov 13 khong xem xét dén yéu t6 khong gian va sy
phan bd cuc bd cua cac qua trinh chuyén dbi (Houet & Hubert-Moy, 2006), dan dén
két qua mo phong khong phan anh diy du dic diém phan bé dia 1y thyc té.

Dé khic phuc han ché trén, Markov thuong duoc tich hop véi mé hinh CA —
mot mo hinh dong moé phong su thay ddi trang thai khong gian theo thoi gian dya trén
cac quy tic chuyén tiép cuc bd. CA hoat dong trén nguyén 1y “tir dudi 1én” (bottom-
up), trong d6 khong gian duoc chia thanh cac 6 ludi (cells), va trang thai cia mdi &
thay d6i dua trén trang thai cta cac 6 14n can (Arsanjani va cong su., 2013). M hinh
nay dic biét hiéu qua trong md phong cac qua trinh mang tinh lan truyén va tuong
tac cuc bo nhu mé rong do thi, chuyén d6i NN, hoic suy thoai rung (Singh, 2003;
Torrens & O'Sullivan, 2001).

Su tich hop ctia Makov va CA hinh thanh mo6 hinh CA_M, cho phép mo phdng
dong thoi ca yéu t6 thoi gian (thong qua xac sudt chuyén tiép cia Markov) va yéu to
khoéng gian (thong qua céc quy tic chuyén tiép cuc bd cua CA). Cach tiép can nay da
dugc chirmg minh 13 hiéu qua trong cac nghién ciru mé phong LULCC & nhiéu quy
mo khong gian khac nhau (Nguyén Thi Thanh Huong &Ngé Thi Thuy Phuong, 2018;
Behera et al., 2012; Nejadi et al., 2012; Houet & Hubert-Moy, 2006, White &
Engelen, 2000). Tuy vay, CA M van ton tai mot sd gid dinh don gian hoa — dac biét
1a tinh dong nhét ctia x4c suat chuyén tiép trong khong gian va su thiéu linh hoat trong
phan anh cac yéu té anh huéng da chiéu nhu dja hinh, ha tang hay diéu kién KT -
XH.

Mot hudng tiép cin khac dang duoc tmg dung ngay cang phd bién 1a mé hinh
tich hop Perceptron—-Markov (MLP-Markov), trong d6 mé hinh Markov duoc két
hop v&i mang no-ron nhan tao Perceptron da 16p (Multi Layer Perceptron — MLP).
Mo hinh nay dugc phat trién nham tin dung ddng thoi wu thé cua hai phwong phép:

Markov mé ta dong hoc chuyén ddi st dung dat theo thoi gian, con MLP hoc céc mbi
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quan hé phi tuyén giita cac bién dau vao khong gian (nhu dia hinh, khoang cach, nhan
t6 KT-XH) va sy phan bd khong gian cua céc trang thai sir dung dat (Nguyen Thi
Thanh Huong et al, 2021). MLP 1a mét dang mang no-ron nhan tao bao gdm céc ting
an va cac ham kich hoat phi tuyén, cho phép mé phong hiéu qua cac mdi quan hé
phtec tap trong khong gian ma cac mé hinh tuyén tinh khong xir Iy duge (Hornik et
al., 1989). Trong mé hinh MLP—Markov, MLP déng vai tro xac dinh anh huong
khong gian, con Markov dam nhiém xac suat chuyén tiép theo thoi gian, tir d6 tao ra
ban d6 du bao c6 do chinh xac cao hon so véi M hodc CA don I¢.

Uu diém ndi bat cia md hinh CA_M 1a kha ning tich hop dit liéu da chiéu, bao
gom dir liéu RS, dir liéu nhan sinh va diéu kién dia hinh, dong thoi khong yéu cau gia
dinh phan phdi chuan hay quan hé tuyén tinh nhu trong hdi quy. Tuy nhién, mé hinh
cling yéu cau qua trinh huan luyén k¥ ludng, déng thoi phu thudc vao chat luong dir
liéu dau vao va cu tric mang dugc lya chon. Trong nghién ctru cua Wang va Maduako
(2018), m6 hinh MLP-Markov duoc ap dung dé du bao LULC tai d6 thi Lagos
(Nigeria) da dat hé s6 K trén 0,83, cho thay tiém ning 16n ciia mé hinh tich hop nay
trong méi truong bién dong nhanh.

Song song voi cac phuong phap trén, trong nhitng nim gan day, cic mo hinh
hoc may nhu RE, SVM va céc kién trac hoc sau (Deep Learning) dd duoc tng dung
rong rai dé ting cuong kha ning dy bao khong gian.

Nhin chung cac nghién ciru hién nay cho thay sy két hop gitta mé hinh Makov,
CA, Perceptron va hoc may mang lai tiém ning 16n trong mé phong va du bao FCC.
M®bi mé hinh déng vai trd khac nhau trong hé thong tich hop: Makov hd tro xac dinh
dinh lugng xu huéng chuyén doi sir dung dat; CA mo phong logic phan bd khong gian;
MLP va hoc may ting cuong kha ning phat hién cic mdi quan hé an va phi tuyén giira
cac yéu tb tu nhién — nhan sinh. Céch tiép can tich hop nay khong chi nang cao do
chinh xac ctia két qua du bao ma con cung cap co sd khoa hoc vitng chic cho viéce thiét
ké cac chién luoc quan 1y khong gian lanh tho, phuc hoi rimg va thich img BDKH trong
b6i canh hién nay.

1.4.2. Mt s6 veng dung mé hinh Markov dé dw bdo LCLCC
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Nhiéu nghién ctru thuc tién da trién khai cac mé hinh du bao LULCC dua trén
phuong phap Markov va céc bién thé tich hgp nhu CA_M hoic Markov—hoc may.
Céc ung dung nay khong chi minh chirng tinh kha thi ctia phwong phap ma con cung
cAp bang chung thuc nghiém cho viéc mé phong va du bao xu thé FCC trong twong
lai. M6 hinh Markov 13 mot phuong phap du bao st dung ma tran xac suit chuyén
d6i giira cac 16p LULC dé mé phong xu hudng bién ddi trong twong lai. N6 ¢o thé
dugc két hop véi GIS va RS dé mo phong va phén tich FCC trén quy mé rong (Behera
et al., 2012).

Bang cach 1ap ban d6 LULC, sau d6 st dung chudi CA._ M dé du bao LULCC,
nghién ctru cua Quintero va cdng su (2016) st dung phuong phap phan loai c6 gidm
sat dé phan loai anh Landsat nam 1973, 1990 va 2014 tai khu vyc Pueblo Nuevo,
Durango, Mexico va quan tdm dén su thay d6i dién tich rimg. Két qua du bao bang
chudi CA_M dén 2028 cho thay dién tich rimg thong c6 xu hudng giam lién tuc. Mot
nghién ciru khac ciing sir dung phuong phap chudéi CA_M, nhung muc tiéu cua
Yirsaw va cong su (2017) huéng dén 1a van dé kiém soat viéc 1an chiém dat dai xay
dung trén NN, dat ngap nudc va cac ving nudc mit dé bao vé cic ngudn tai nguyén
sinh thai tai ving Su-Xi-Chang, Jiangsu, China; két qua cta cac nghién ctru nay
chtng t6 md hinh chudi CA_M c6 nhitng co s& nhat dinh dé c6 thé ap dung tai nhiéu
khu vuc. Cac nghién ctru trén déu str dung chudi CA M dé du béo su bién dong lién
tuc ctia 10p ph, tuy nhién chua cé su so sanh két qua du béo voi két qua tai thoi diém
tuong dong.

Pé du bao LULCC, mé hinh Markov khong chi duoc két hop cung chudi CA,
ma con duge két hop cung chudi Perceptron. Wang va Maduako (2018) di str dung
anh Landsat qua cac nam 1984, 2000 va 2015, tich hop v6i phuong phép phan tich
chudi Perceptron-Markov (MLP_MCA) véi nhiéu 16p thong tin @& mé hinh hoa va
dy doan LULCC trong tuong lai tai Lagos, vung d6 thi Nigeria. Nghién ctru da su
dung phan mém ERDAS Imagine V. 9.2 dé tao ra cac ban d6 LULC nam 1984, nim
2000 va 2015 va str dung két qua nay dé du doan LULC cho nim 2015 bang phuong
phap MLP_MCA. Két qua so sanh LULC dy bdo v6i ban d6 LULC dugc quan sat
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nim 2015 cho thiy: gia trj Kno 1a 0,7180, gia trj Klocation 1a 0,8352, gia tri
KlocationStrata la 0,8352 va gia tri Kst Chuén 14 0,6663. Cubi cung dya trén két qua,
du doan LULCC trong tuong lai cho nam 2038 va 2050.

Tai Viét Nam, mot sb nghién ctru da img dung mo hinh Markov va GIS dé
phan tich va du bao FCC va str dung dat. Tran Vi Khanh Linh (2016) 4p dung mé
hinh Markov két hop GIS dé danh gia dién bién ring tai huyén Dik Ha (Kon Tum),
cho thdy xu hudng giam dién tich rimg va gia ting cac loai hinh sir dung dat khac dén
niam 2022. Twong ty, Phan Hoang Vil va cong su (2017) str dung chudi Markov va
dir liéu GIS dé phan tich va du bao nhu cau st dung dat tai TP. Ca Mau, v6i d6 chinh
xac du bao dat 98,5% khi so sanh véi anh vé tinh nam 2015.

Mot huéng tiép can nang cao 1a tich hop mé hinh CA_ M véi cac yéu té anh
huong khéng gian. Nguyén Thi Thanh Huong va Ngd Thi Thuy Phuong (2018) sir
dung anh SPOT5 dé danh gia bién dong 16p phu tai huyén Tuy Puc (Pak Nong) va
du bao bang md hinh CA_M véi do chinh xac trén 80%. Gan day, Nguyén Thi Thanh
Huong va cong su (2021, 2021) két hop mé hinh MLP-Markov véi cac bién dia hinh
(do dbe, do cao, khoang cach dén song sudi, khu dén cu.. J) dé dyu bao FCC toan tinh
DPik Nong, voi do chinh xac dat 85%. Két qua cho théy dén nam 2025, dién tich RTN
udc dat gan 239 nghin ha, chiém khoang 31% dién tich toan tinh.

Mic du Markov ¢6 vu diém trong viéc mo phong qua trinh chuyén doi giira
cac 16p tham phu, nhung néd c6 mot s6 han ché: i) Khong cung cép thong tin vé phan
bb khong gian cta cac bién dong tham phu (Houet & Hubert-Moy, 2006); ii) Gia dinh
xac suat chuyén doi 1a dong nhat theo thoi gian, trong khi trén thuc té, xac suat nay
c6 thé thay d6i theo cac nhan té TN — KT — XH (Behera et al., 2012). Dé khic phuc
nhitng han ché nay, cac nghién ciru hién dai thuong két hop Markov véi CA hoic cac
phuong phap ML dé nang cao d6 chinh xac.

Téng quan cac phuong phap md hinh héa FCC cho thay mdi phuong phéap co
vu diém riéng. Trong d6, CA_M ndi bat nhd két hop dong luc thoi gian (Markov) va
lan truyén khong gian (CA), phii hgp dé mé phong truc quan qua trinh chuyén doi str

dung dat — dic biét trong bdi canh rimg nhiét ddi, noi bién dong thuong dién ra theo
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cum va chiu anh huong cua dia hinh, ha tﬁng va yéu t6 x4 hoi — sinh thai. So vdi cac
mo hinh hoc may, CA_M c¢6 ciu tric don gian, dé hiéu chinh va khong doi hoi dir
liéu huin luyén 16n, thuan lgi cho cac khu vuc thiéu dix liéu. M6 hinh nay ciing dé
tich hop vai1 dir 1iéu RS va GIS, hd tro hiéu qua trong lap ban dd hién trang, danh gia
xu huéng bién dong va xay dung kich ban quy hoach.

Trong nghién ctru ndy, mé hinh CA_M duoc lua chon béi tinh linh hoat, dé
giai thich va kha niang mé phong chinh xac qué trinh chuyén doi sir dung dét theo ca
khong gian va thoi gian. M6 hinh khong chi cho phép két hop dit lidu lich st vé bién
dong dat dai voi cac diéu kién khong gian dé xay dung ban d6 dy bao co do tin cdy
cao, ma con co thé tich hop cac yéu to thuc ddy khac nhau nhu gia ting dan so, phat
trién kinh té hay chinh sach quan 1y tai nguyén (Zhang et al., 2023; Hamad et al.,
2018). Vi nhitng vu diém nay, CA_M khong chi 1a cong cu manh dé phén tich dong
Iuc str dung dat, ma con dong vai trd nén tang trong viéc dé xuat cac chién luoc quan
Iy, str dung dat bén viing trong bdi canh BPKH va ap luc tai nguyén ngdy cang gia
tang.

Thao luian

Tir tong hop va phan tich cac tai liéu va cong trinh nghién ciru trude day, co
thé rt ra mot s6 nhan dinh sau:

Vé néi dung nghién civu:

Cong nghé RS va GIS da va dang dong vai tro then chét trong nghién ciu,
giam sat va phan tich LULC, FCC.

Su phat trién ctia cac ngudn dit liéu anh vé tinh nhu Landsat va Sentinel, cung
v6i kha nang xir Iy va phan tich khong gian — thoi gian ngdy cang manh ctia cac phan
mém GIS, dic biét nén tang GEE, phdn mém md R dd mé rong dang ké tiém ning
g dung trong nghién ctru bién dong canh quan, ring.

bac biét, cac mo hinh hoc may nhu RF khi két hop véi cac chi ) phé tr anh
vé tinh va dir liéu bién tac dong, da ching minh hiéu qua trong viéc phan loai, phat
hién va dy bdo LULCC. Ngoai ra, cac cong cu phan tich khong gian nhu phéan tich
diém néng (hotspot analysis), mé hinh SEM va chudi thoi gian (Markov, CA_M)
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cling di duoc 4p dung nhiam khong chi mé ta ma con du béo va 1y giai cac co ché
FCC dudi tac dong cua cac yéu to TN — KT — XH.

Vé phirong phdp nghién civu:

Mic du c¢6 nhiéu tién bo, nhung cac hudng tiép can hién nay van con ton tai
mot s6 khoang trdng can duoc khic phuc dé nang cao hiéu qua phan tich va quan Iy
LULCC.

- Phan 16n cac nghién ctru hién tai chu yéu tap trung vao cac nhom yéu té don
1é¢ — nhu yéu t6 tu nhién (do dbc, d6 cao, LM, ND, ...) hoac yéu t6 KT - XH (mat do
dén sb, thu nhap, KGT, ...) — ma chua thyc sy tich hop dﬁy du cac yéu td nay vao
cung mot khung phan tich nhan qua. Piéu nay dan dén han ché trong viéc hiéu o cac
moi quan hé da chiéu va co ché tac dong tong hop dén FCC hoic str dung dat khong
bén viing.

- Viéc 4p dung cac md hinh nhan qua khong gian — thoi gian, dac biét 1a mo
hinh SEM, con rat han ché tai Viét Nam. Nhiéu nghién ctru van sir dung cac phuong
phap hoi quy tuyén tinh hodc cac k¥ thuat thong ké truyén thong, von chua du kha
nang phan anh tinh phu thudc khong gian, quan hé nhan — qua gian tiép va cac twong
tac da bién trong moi truong rimg nhiét di phuc tap. Viéc tich hop DLKG véi céac
mo hinh SEM s& gifip nang cao nang lyc 1y giai cac mbi quan hé nhan qua, tir d6 lam
co s& gop phan cai thién cong tac ra quyét dinh dua trén nhiing bang ching.

- Dit liéu dau vao trong nhiéu nghién ctru van con ¢ mirc d6 téng hop (cap x4
hodc huyén), chua tiép can duoc dén cac cép do vi mo6 nhu cum DC, ho gia dinh, hodc
cap 16 rimg. Piéu ndy anh huéng déang ké dén do phan giai phan tich, do chinh xac
ctia mé hinh cling nhu kha ning dua ra cac giai phap quan Iy thich ung & cip dia
phuong.

N6i chung viéc thiéu cac nghién ctru tng dung mé hinh nhan qua khéng gian
— thoi gian (SEM), str dung dir liéu vi mé cap cong dong va tich hop cac yéu té TN —
KT — XH vao mé hinh phan tich 1a mot khoang tréng dang ké. Khoang trong nay can
dugc quan tim giai quyét trong bdi canh ngay cang gia ting nhu cau quan 1y rimg

bén ving va thich tng véi BDKH.
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Tir nhitng khoang trong dugc xac dinh & trén, ludn 4n dit ra huéng di méi
bang cach tich hop cac ngudn dit liéu RS, GIS va thong tin TN — KT — XH vao mdt
khung phén tich nhan qua khong gian — thoi gian dé danh gia da chiéu tac dong cua
cac yéu té dén FCC. Hudng tiép can ndy vira ¢ gia tri hoc thuat, vira ¢ tiém ning
mg dung trong quy hoach sir dung dit, giam sat rimg va gop phan trong chién lugc

quan 1y bén virng tai cac ving nhay cam nhu Tay Nguyén.
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CHUONG 2
POI TUQNG, NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. Pbi twong, dia diém, dic diém khu vure nghién ciru va dir liéu
2.1.1. Péi twong

+ Céc kiéu ring chinh cua huyén Dak Glong va huyén Krong N6 - tinh Dak
Nong: RTX, RBTX, RK, RTG.

+ Cac yéu t6 TN — KT — XH lién quan dén FCC huyén Dik Glong va huyén
Krong N6: ND; LM; KNN; KDC; KGT; DC; GNS; SDN.
2.1.2. Dia diém va dic diém khu viee nghién civu

Nghién ctru dugc thyc hién ¢ 02 huyén thude tinh bik Nong, bao gém huyén
bk Glong va huyén Krong N6. Vi tri khu vuc nghién ctru dugc thé hién ¢ ban d6
Hinh. 2.1 sau:

Hinh 2.1. Vi tri khu vue nghién ciru huyén Pik Glong va Krong Né — tinh Pik
) Nong , ‘
Huyén bak Glong va Krong N6 thudc tinh Bak Nong, nam ¢ khu vuc Tay

Nguyén cua Viét Nam. Hai huyén nay c6 tong dién tich khoang 1.880 km?, véi dia

33



hinh da dang, dic trung cia ving Ty Nguyén, gdm nui, thung ling va ving dit thap
doc theo céc con séng, dan dén sy khac biét dang ké vé khi hau va 16p phu dat.
£ Huyén Pik Glong:

Huyén Dak Glong nam ¢ phia Dong Nam tinh Dak Nong, c6 dién tich khoang
1.050 km?, dia hinh chu yéu 1 d6i nui va cao nguyén, do cao dao dong 500—1.200 m
so voi mue nudce bién. Day 1a dia ban ¢ dién tich rimg ty nhién (RTN) 16n, dong vai
tro quan trong trong bao tdn da dang sinh hoc, diéu tiét nguén nudc va hép thu carbon.

Khi hdu mang tinh nhi¢t d61 gi6 mua, phan héa roé hai mua: mua mua (thang
5-10) ¢6 lwong mua cao gitp duy tri d6 4m dat rirng; mua kho (thang 11-4) kho han,
dé xay ra chdy ring va thiéu nudc san xuat. Lop phil dat gdbm RTN, RTG, dat nong
nghiép (NN) va dét tréng, trong d6 RTN tip trung ¢ ving cao, con RTG chi yéu 1a
cao su, keo, thong. Tuy nhién, qué trinh chuyén dbi dat sang cay cong nghiép nhu ca
phé, ho tiéu da lam suy giam dién tich RTN trong nhitng nim gan day.

Pik Glong 1a mét trong nhitng huyén nghéo cua tinh, trén 70% dan s6 1a dong
bao dan tdc thiéu sd nhu M’ndéng, Ma, Dao, H’'mong... Sinh ké chu yéu dua vao san
xuét néng nghiép va tai nguyén rimg.

* Huyén Krong No:

Kréng N6 nam & phia bac tinh Dak Nong, véi dién tich khoang 830 km?.
Huyén c6 su két hop gitta NN, rirng va hé thong song sudi. Pia hinh bao gom cac diy
nui thap va ving dong bang ven sdng, tao ra cac ving sinh thai vi mo da dang. Séng
Krong N6 chay qua huyén, dong vai tro 1a ngudn nude quan trong cho san xuit nong
nghiép va h¢ sinh théi rung.

Krong N6 co6 khi hau gi6 mua nhiét do1, voi lugng mua cao vao mua mua va
kho han vao mua kho. Lép phu dat ciia huyén bao gdbm RTN, RTG, NN va khu DC.
RTN ¢ Krong N6 déng vai trd quan trong trong viée bao vé ngudn nude va can bang
sinh thai. Tuy nhién, qué trinh chuyén do6i rirng thanh ndng nghiép di 1am suy giam
dién tich RTN, dac biét 1a tréng lta, ngod va cay an qua.

Hai huyén Dak Glong va Krong N6 1a noi sinh séng ctia nhiéu cong dong dan

toc thiéu so, voi sinh ké phu thudc dang ké vao tai nguyén rirng va tai nguyén dat.
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bay ciing 1a khu vuc chiu d&nh hudng ro rét ctia tinh trang han han. Pac biét, huyén
Pik Glong dugc ghi nhan 1 dja ban c6 ty 18 nghéo doi twong ddi cao va 1a noi trién
khai nhiéu mé hinh néng 14m két hop, phan anh rd nét nhitng thach thire KT-XH
trong quan 1y va sir dung tai nguyén rimg (Thao et al., 2019). Bén canh dic diém
sinh thai dac thu, khu vuc nghién ctru con chiu tdc dong cua nhiéu yéu td tu nhién va
KT—XH da dang.

Chinh nhitng Iy do trén, luan 4n lya chon hai huyén nay dé phan tich méi quan
hé giita cic nhém FCC voéi cac yéu to anh hudng, dong thoi xay dung mo hinh du
bao xu huéng LULCC trong twong lai. Két qua nghién ctru s& gdp phan dé xuat cac
giai phap quan 1y tai nguyén rimg phu hop véi diéu kién dia phuong, trong bdi canh
BDKH va ap lyc phét trién hién nay.

2.1.3. Thu thap di ligu

Dit liéu st dung trong ludn an goém co:

+ Dir liéu anh RS: dir 1iéu anh Landsat 5, Landsat 7 va anh Landsat 8 tir nam
2010 dén 2023 dugc xir 1y va phan loai két hop céac chi sé NDVI, BSI, NDWI va cac
16p dir li¢u phu tro.

+ DLKG phu tro: DEM, ban dd dia hinh, ban d hién trang rung, thuy van, giao
thong, ranh gidi hanh chinh,...

+ Dir liéu thong ké thir cdp: Nién giam thong ké (NGTK) tinh Pak Nong tir nam
2010 dén nam 2023, bao cdo nganh noéng nghiép, dan s6, KT - XH cap huyén.

+ Dit liéu diéu tra thuce dia: BO diém mau ngﬁu nhién trén thuc dia, sd lugng
diém mau dugc thu thap twong Gmg vdi ti 18 cac kiéu rimg, tham phii; dong thoi, thu
thap thong tin tir ngudi din va cac co sé thu mua nong san vé cac thong tin lién quan
thong qua bang héi ban céu truc.

+ DiF liéu ké thira: Trong qua trinh thyc hién luin an, nghién ctru c6 ké thira mot
phan dir liéu diém mAu thuc dia va gia néng san tir cac cong trinh nghién ciru trude day
thudc du an PEER do USAID tai trg (mé s6 AID-OAA-11-00012), “Nghién citu phwong
phdp sir dung da dir liéu trong bdo ton da dang sinh hoc tai tinh Dk Nong, Tay Nguyén,
Viét Nam (2017-2021)” do PGS.TS. Nguyén Thi Thanh Huwong lam chu nhiém va Bé an

35



“Ung dung Vién tham va GIS dé phan tich tinh hinh sir dung dat néng lam nghiép trén
dia ban tinh Pak Néng” cia S& Nong nghiép va Phat trién nong thon tinh Pak Néng,
Trudng Dai hoc Ty Nguyén 1am don vi tr van va PGS.TS. Nguyén Thi Thanh Huong
lam chu nhiém.
2.2. NOi dung nghién ciru
2.2.1. Phéin tich LULCC giai doan 2010 — 2023 khu vwc nghién ciru

- Thu thap va tién xit Iy anh vé tinh Landsat giai doan 2010 — 2023;

- Béanh gia hi¢u qua phan loai LULC nam 2023 str dung thuat toan RF véi cac
t6 hop bién dau vao khac nhau;

- Phan loai anh Landsat tirng nam giai doan 2010 — 2022;

- X4y dyng ban ¢6 LULC trong giai doan diéu tra;

- Phan tich LULCC theo tirng cap nam trong giai doan 2010 —2023.
2.2.2. Xdc dinh diém néng FCC khu vwc nghién ciru

- Phan tich twong quan khéng gian va xac dinh diém néng;

- Xay dung ban d6 diém néng FCC timg cip nam trong giai doan diéu tra.
2.2.3. Phén tich moi quan hé giita cdc nhém FCC véi dic diém TN — KT — XH

- Théng ké dit liéu cac nhan t6 TN — KT — XH tac dong;

- Phan tich tic dong cua cac nhan t6 dén FCC.
2.2.4. Dw bao LULCC dén niim 2035 duwéi tic dpng ciia cdc nhén té TN — KT — XH.

- Xay dung ban d6 da nhan t anh hudng;

- Banh gia dg chinh xac md6 hinh dy doan;

- Dy bao LULCC dén ndm 2035.
2.2.5. Pé xudt cdc gidi phdp qudn Iy tai nguyén rieng khu viee nghién ciru.
2.3. Phuong phap nghién ciru
2.3.1. Phwong phap ludn nghién ciru

Nghién ctru nay duoc xay dung trén co so tiép can hé théng va lién nganh, coi
FCC 1a két qua cua sy tuong tac dong thoi gitta cac yéu td TN — KT — XH trong khong

gian va thoi gian. Dé phan anh khach quan qua trinh nay, dit liéu RS da thoi gian
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dugc tich hop véi thong tin thuc dia va s liéu ké thira, qua d6 vira phan tich LULCC,
vira cung cap dau vao cho phan tich diém néng FCC.

Moi quan hé nhan — qué gitta FCC va céc yéu t6 TN — KT — XH duoc 1am 15
thong qua viéc két hop thong ké da bién, phén tich khong gian va mé hinh SEM. Bén
canh dé, nghién ctru con dinh huéng du bao xu thé LULCC tuong lai bang mé hinh
CA_ M, véi dit liéu dau vao 1a LULCL nhiéu giai doan két hop cac yéu t6 TN — KT —
XH trong bbi canh phat trién va BDKH.

Song song véi phan tich dinh luong, phuong phap luan nghién ciru nhan manh
nguyén tic tham gia thong qua PRA (Participatory rural Appraisal — Panh gia nong
thon ¢ su tham gia) nham thu thap va d6i chiéu thong tin tir cong dong va cc co
quan quan ly. Piéu ndy vira phan anh trung thyc cac dong luc KT — XH tac dong dén
FCC, vira hd tro kiém chtng va hoan thién két qua mo hinh héa. Tong thé, tiép can
ctia phuong phap tao nén mot mach thong nhat tir nghién ciru thuc dia, giai thich dén
du bao, bdo dam tinh khoa hoc va gia tri ing dung ctia nghién ctru trong quan 1y va

quy hoach tai nguyén rung.
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2.3.2. Phwong phdp nghién civu cu thé
2.3.2.1. Phén logi anh dé thanh Idp ban @6 LULC giai doan 2010 - 2023 khu vuc
nghién curu

+ Thu thap va tién xir Iy dir liéu dnh vé tinh

Dit liéu anh RS str dung trong nghién ctru dugc thu thap tir nén tang GEE, véi
ba thé hé cam bién thudc chudi vé tinh Landsat: Landsat 5 TM, Landsat 7 ETM+ va
Landsat 8 OLI/TIRS (Code thu thap anh & Phu luc 1). Cac canh anh nay thuéc nhém
SR Tier 1, da duogc hiéu chinh hinh hoc va khi quyén san boi USGS, sir dung cac
thuat toan LEDAPS cho Landsat 5-7 va LaSRC cho Landsat 8, dam bao d6 chinh
xéac cao vé phan xa bé mat va hiéu chinh khong gian (Dwyer et al., 2018; Vermote et
al., 2016; Roy et al., 2014).

Viée két hop dir li¢u tir ba thé hé vé tinh giup x4y dung chudi anh lién tuc cho
giai doan 2010 — 2023 dé phu hop véi muc tiéu phan tich LULCC tai khu vuc trong
bdi canh gia ting ap luc KT - XH. Mic du ca ba loai anh déu c6 do phan giai khong
gian 30 m (1 pixel ~ 30mx30m) d6i v6i dai da phd (multispectral), Landsat 8 cho chat
luong pho cao hon nhd bo sung cac dai Coastal Aerosol va Cirrus, ciing nhu thiét ké
cam bién hién dai hon gitip cai thién do 6n dinh va giam nhiu xuyén thoi gian
(USGS, 2019; Roy et al., 2014; Irons et al., 2012).

Anh Landsat duoc chon loc theo tiéu chi may che phi thap v&i nhiéu canh anh
khac nhau va tiép tuc xir Iy bang thuat toan F-mask nham loai bo cac pixel bi anh
huong boi miy va bong may. Cac khoang trong do may gay ra duoc xtr 1y bang k¥
thuat dién gia tri trung binh cua céc pixel tuong tng tir cdc anh cing thoi ky nham
dam bao tinh lién tuc khong gian (Qiu et al., 2019). D6i voi anh Landsat 7, do anh
huong cua 16i Scan Line Corrector (SLC-off) sau nam 2003, thuat toan Gapfill theo
ctra s6 truot dugc ap dung dé phuc hoi phén dit liéu thiéu hut (Yin et al., 2016).

Quy trinh tién xir Iy anh Landsat trong phan tich LULC bao gom: (i) lya chon
canh khong may hodc it may trong mua kho va phu hop véi thoi gian khao sat thuc
dia; (ii) loc anh theo chét luong ddm may bang cong cu QA Band hoic Cloud Score;

(iii) tinh toan chi s6 phé (NDVI, BSI va NDWI) phuc vu phan tich tham phu; (iv)
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chuén hoéa dir liéu va tao anh tong hop (median composite hodc cloud-free mosaic);

va (v) cét 16p anh theo pham vi khu vuc nghién ctru. Cac bude nay nham dam bao di

liéu dau vao c6 chat luong tbt, ddng nhét va sin sang cho cac phan tich khong gian —

thot gian va mo hinh héa tiép theo (Chen et al., 2023; Pham Bao Son, 2021a).

Ngoai dir liéu quang hoc, nghién ctru cling tich hop dit liéu dia hinh trt DEM

thu thap tr dir licu SRTM (Shuttle radar topography mission) cua NASA véi d0 phan

gidi 30 m (resampled tur 1 arc-second). Dit liéu DEM dugc truy cap thong qua thu
vién ee.Image("USGS/SRTMGLI1 003") trén GEE nham bo sung céc bién dia hinh

(do cao, do ddc, hudng phoi) phuc vu phan tich khong gian va cai thién do chinh xac

phan loai anh.

Thong tin chung cta cac anh Landsat thu thap duoc thé hién ¢ Bang 2.1 phia

dudi va thong tin chi tiét cac canh anh sir dung thé hién ¢ Phu luc 2.

Bang 2.1. Bing thong tin thu thip dnh v¢ tinh Landsat

TT Nim Anh vé tinh Ngay bit  Ngay két thac Ty 1§ S6

dau may canh

Duwai anh

1 2010 LANDSAT/LT05/C02/T1_L2 01/01/2010 31/12/2010 25

2 2011 LANDSAT/LT05/C02/T1 L2 01/01/2011 31/12/2011 45 2
3 2012 LANDSAT/LE07/C02/T1_L2 01/01/2012 31/12/2012 50 14
4 2013 LANDSAT/LC08/C02/T1 L2 01/01/2013 31/12/2013 100 28
5 2014 LANDSAT/LC08/C02/T1 L2 01/01/2014 31/12/2014 50 24
6 2015 LANDSAT/LC08/C02/T1_L2 01/01/2015 31/12/2015 43 28
7 2016 LANDSAT/LC08/C02/T1 L2 01/01/2016 31/12/2016 35 17
8 2017 LANDSAT/LC08/C02/T1_L2 01/01/2017 31/12/2017 20 7
9 2018 LANDSAT/LC08/C02/T1_L2 01/01/2018 31/12/2018 32 13
10 2019 LANDSAT/LC08/C02/T1 L2 01/01/2019 31/12/2019 30 20
11 2020 LANDSAT/LC08/C02/T1 L2 01/01/2020 31/12/2020 10 7
12 2021 LANDSAT/LC08/C02/T1 L2 01/01/2021 31/12/2021 15 8
13 2022 LANDSAT/LC08/C02/T1 L2 01/01/2022 31/12/2022 35 17
14 2023 LANDSAT/LC08/C02/T1 L2 01/01/2023 31/12/2023 25 11

4 Tinh toan cac chi sd tir znh vé tinh

+ Tinh todn chi s6: Dé ting cuong kha ning phan biét 16p phil bé mit va cai

thién do chinh xéc cua két qua, nghién ctru nay da tién hanh tinh todn mdt s6 chi so6

RS pho bién tir dit liéu anh vé tinh Landsat. CAc chi s6 niy khai thac dac tinh phan
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xa khac nhau cua cac doi tuong dia ly trén bé mat Trai dat & cac dai phé cu thé,
gitp lam ndi bat cac dic trung riéng bi¢t cia tham thyc vét, nude, va cac khu vuc
khong co6 thuc vat. Cac chi s6 dugc st dung lam dau vao cho qué trinh phan loai
bao gdbm NDVI, BSI va NDWI. Cac chi s6 nay duoc tinh toan nén tang GEE theo
cac cong thtrc tinh toan ¢ Bang 2.2.

Béng 2.2. Céc chi s6 dwoec sir dung trong nghién ctru

TT Tén chi sb Cong thirc Tac gia dé cap
1 NDVI NIR — RED (Rouse va cong su., 1974) (2.1)
NIR 4+ RED
2  NDWI GREEN — NIR (McFeeters, 1996) (2.2)
GREEN + NIR
3 BsI (RED + SWIR) — (NIR + BLUE) (Rikimaru et al, 2002)  (2.3)

, (RED + SWIR) + (NIR + BLUE) , 7
Chi s6 NDVI 1a mdt trong nhitng chi s6 pho bién nhat dugc sir dung dé dinh

lugng mirc do xanh va tinh trang sinh trudng cia tham thuc vat. NDVI dua trén sy
chénh léch phan xa giita dai hong ngoai gan (NIR) va dai do (Red). Gia tri NDVI dao
dong tir -1 dén 1, trong d6 cac gia tri gan 1 cho thdy tham thyc vat phat trién manh va
day dic; gia tri gan 0 thuong phan anh dat tréng, thuc vat thua thét; con gia tri om chi
yéu lién quan dén cac bé mat nhu nude, tuyét hoic may (Rouse et al.,1974)

Bén canh d6, chi s6 NDWI duoc sir dung dé phan anh ham lwong nuée trong
tham thuc vat. Chi s6 nay dwa trén su twong phan giira phan xa cta dai hong ngoai gan
(NIR, 4 = 0.86 um) va hong ngoai séng ngian (SWIR, A ~ 1.24 um). NDWI cho gia tri
tir -1 dén 1, trong d6 gia tri cao hon biéu thi ham luong 4m 16n hon trong tan cAy.
NDWI dugc danh gia 13 it nhay cam hon NDVI d6i v6i cac yéu t6 nhiéu khi quyén, va
dac biét hiéu qua trong viéc phat hién cac hién tugng nhu khé han, chay ring hoac
thoai hoa sinh trudng cy trong (Gao, 1996).

Ngoai NDVI va NDWI, chi sb BSI ciing dugc st dung dé nhan biét sir hién
dién cua dit tréng va dét canh tac, gitip phan loai rd rang hon cac khu vuc khong co
tham thyc vat. BSI tan dung dac diém phé phan xa cao ctua dat & dai RED va SWIR,
gia tri dao dong tir -1 dén 1, gia tri BSI cang cao, kha ning hién dién dat trong cang
16n (Rikimaru et al, 2002).

+ Dir liéu miu dung dé phén loai

Dir liéu mau duoc thu thap bang viéc phdi hop nhiéu phuong phap khic nhau

nhu: dua vao cac diém GPS duoc thu thap tai thuc dia, ké thira dit liéu tir cac nghién

ctru trude, kinh nghiém gidi dodn anh RS, dir 1iéu ban do kiém ké rimg cua nam gan
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nhat (nim 2023) dugc chia sé boi chi cuc kiém 1am tinh Dik Nong va anh c¢6 d6 phan
giai cao, siéu cao nhu Google Earth. Viéc giai doan ving mau & cac thoi diém trong
qua khtr duoc thyc hién bang cach 1iy khong gian thay thé thoi gian. Trude tién, st
dung anh vé tinh hi¢n tai (Google Earth) va diéu tra thuc dja dé xac dinh dic diém
hién tai. Sau d6, so sanh v6i anh vé tinh va ban do rimg qua khr (Landsat) dé nhan
dién thay ddi. Cac diu hiéu thay d6i duoc ap dung dé suy luan trang thai 16p phu
trude day.

Dua vao mtrc d¢ phan biét trén anh da phé va dic diém cua vung nghién ctru,
9 16p phu duge xac dinh bao gom: (1) RTX, (2) RBTX, (3) RK, (4) RTG, (5) cao su
d3 truong thanh (CAOSU), (6) dét trong cdy ndng nghiép bao gdm ca cay cong nghiép
nhu diéu, ca phé, mic ca, ca cao... va cdy ngan ngay (NN), (7) DC, (8) MN, va (9)
céc loai dat khac bao gém cac loai hinh khac nhu trang cé, cay bui, dat tréng, dat
chua c6 quy hoach str dung, dat bo hoang hoa, di¢n tich chua thanh rirng, cao su hodc
ciy cong nghiép méi trong,...(DKH). Dua vao quan sat dbi twrong trén anh phdi hop
band mau gia RED (band 4), NIR (band 5), SWIR1 (band 4); dic diém cua céac loai
tham phu dugc mo ta va trinh bay trong Bang 2.3.

Bing 2.3. Bang mé ta miu khéa ciia tirng 16p phi

Lép phw/ . .
i A oz Anh v¢ tinh
TT 2
trz_ln‘g thai Mo ta Landsat Google earth
rirng
1 RTX Co mau cam darp va xen
lan nhitng mau t61
C6 mau xanh 14 cay hoti
2 RBTX dam va xen lan nhimg mau |~ 12 anll
cam nhat #t‘-’c‘i.}g i
fu’l L % "
3 RK Mau canEl, xam va xen lan
mau xanh luc
C6 mau dong déu, min voi
4 RTG nhau c6 d0 dam mau do

dam
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Google earth

Lép phw/ , .
‘s A n Anh v¢ tinh
TT trz.m‘g thai Mo ta Landsat
rirng
5 Rung cay Ma‘lg cam nhat, min va
CAOSU dong déu voi nhau
Mau camnhat xen 1an voi
6 NN cac mau to1 mau, khong

dong déu

7  Khu vuc DC

C6 mau trang, xanh lam,

xanh nhat
8 MN C6 mau den
Co6 mau xanh lam nhat va
9 DKH xen lan cac mau khong

dong déu

Trung binh c6 khoang trén 2000 diém mau duoc thu thap ting nim trong giai
doan diéu tra, sit dung cho qua trinh phan loai va kiém dinh chét lugng phén loai.
Ngoai diém mau dugc thu thap trén cac canh anh siéu cao, kinh nghiém giai doan, di
lidu c6 sén va dix liéu ké thira, 650 diém mau nim 2023 cling dugc thu thap trén thuc
dia béng GPS cam tay, dac bi¢t 1a nhiing ving khé phan bi¢t trén anh v¢ tinh. Bén
canh do6, luan an sur dung dir li¢u 80 diém mAu thuc dia ndm 2019 thudc mot sb 16p phu
(RTX, RTG, CAOSU) dugc thu thap trong khuon khé du an PEER (Nguyén Thi Thanh
Huong, 2021) va 50 diém mau niam 2020 gém 16p phu NN, DKH duoc thu thap trong
khuon kho dé an ciia S& Nong nghiép va Phat trién nong thon tinh Dak Nong (S NN &
PTNT Pik Nong, 2021). Sé lugng diém mau sir dung cho thanh 1ap ban d6 LULC cho
timg nam duoc thong ké & Bang 2.4 va cu thé & ma QR (Phu luc 3).

Bing 2.4. Bang s6 hrong diém miu cho tirmg 16p phii tirmg nim trong giai doan

Lop pha 2010 2011 2012 2013 2014 2015 2016 2017

2018

2019

2020

2021

2022 2023

RTX

590 645 558

517 520 790 887

527

726

679

491

546

625

607
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RBTX 89 106 111 43 38 89 129 133 43 48 57 57 70 82
RK 52 66 47 55 60 43 53 60 62 63 63 63 63 125
RTG 94 70 265 428 371 381 404 540 752 425 493 608 295 620
CAOSU 197 85 306 157 157 100 93 68 152 182 141 223 73 413
NN 426 269 456 324 375 291 275 322 215 288 232 244 242 275
DKH 464 243 422 605 668 277 437 275 415 435 427 503 238 414
DC 319 130 287 194 198 142 206 204 164 287 215 267 590 607
MN 70 119 158 41 45 44 45 45 45 45 40 40 40 40

Ig:gg 2301 1733 2610 2364 2432 2157 2529 2174 2574 2452 2159 2551 2236 3183

Bo dir liéu mau duoc chia ngﬁu nhién thanh 2 bo dir li¢u ddc 1ap, trong d6 70%
s6 diém mau duogc sir dung dé phan loai, 30% diém mau con lai sir dung dé kiém dinh
chét luong phan loai.

+ Phén loai anh bang thuit toan RF
Pau tién phan loai dugc thyc hién trong GEE véi by anh Landsat 8 OLI
nam 2023, st dung ham ee.Classifier.smileRandomForest voi s6 lugng cdy quyét
dinh (ntree) thay ddi tiy thudc vao dit liu cho timg niam dao dong tir 100 — 500
(Nguyén Thi Thanh Huong et al., 2025; Nguyen Thi Thanh Huong et al., 2018).

Bo dit liéu dau vao cho mo hinh RF bao gom hai phuong an:

+Anh t6 hop tir cac band phd Landsat két hop véi chi sb thuc vat NDVI (Code
phan loai ¢ Phu luc 4);

+Anh t6 hop ning cao gém céc chi s6 NDVI, NDWI, BSI cung véi dir liéu
DEM nham ting cuong kha ning phan biét giita cac 16p phii bé mit khac nhau (Code
phan loai & Phu luc 5).

Ca hai phuong an duoc st dung dé huin luyén mé hinh RF trén ciing mot tap
dir liéu mau. Sau khi huan luyén, mé hinh duoc ap dung dé phan loai toan bo anh
nam 2023. Bé danh gia khach quan, mot tap dir liéu doc 1ap khong tham gia huin
luyén duoc str dung lam mau kiém dinh. P9 chinh x4c phan loai dugc danh gia thong
qua céc chi s6 chuan nhu d6 chinh xac toan b (Overall Accuracy — OA), hé s6 Kappa
(K) va ma tréan sai $6. Phuong an c6 d§ chinh x4c cao hon sé duoc lya chon lam ciu
hinh chuan cho toan bo chudi phan loai cac nim con lai (tir 2010 dén 2022), nham

dam bao tinh nhat quan vé mit phuong phap va chit luong phén tich theo thoi gian.
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+ Danh gia két qua phan loai

Panh gia do chinh xac két qua phan loai di dugc tinh todn bang cach tao ra
mot ma tran sai sb giita cac pixels dd duoc phan loai va pixels trén thuc té. Két qua
danh gia (hé sb K) dugc tinh toan dya trén cac chi tieu OA, d¢ chinh xac ngudi san
xuit (Producer’s accurary - PA) va do chinh xac ngudi stt dung (User’s accurary -
UA) (Congalton & Green, 1999).

- OA: 1a ty sb giira tong s6 cua tat ca cac pixel duoc phan loai ding so voi tong
sO tat ca cac pixel dugc phan loai:

Yioq Xig

0A = x100 (2.4)

- UA: Ty s6 pixel duoc phéan loai chinh x4c so vdi tong sé pixel theo hang,
duoc hiéu 1a ti 1é sé mau phan loai dung cua 1 loai 16p phua so voi tong s6 miu

thuc dia (mau thuc té) cua loai 16p pha do.
Ug = =£x100 (2.5)

i+
- PA: s6 pixel duoc phan loai chinh xé4c so véi tong sb pixel theo cot goi 1a PA,
duoc hiéu 1a ti 18 s6 mau phan loai ding cua 1 loai 16p phi so voi tong sé mau két

qua phan loai (mau dy doan) cta loai 16p phu do.

P, =2 x100 2.6)

Xyi

Bang 2.5. Ma tréin sai s6 phén loai

Loai tham phu 1 2 K-1 K Tong hang
1 On On2 Oik-1 Ok Si+
2 021 O2 . O2k-1 Ok So+
K-1 Ok-11 Ok-12 ... Ok-1k-1 Ok-1k Sk-1+
K Ok Oxz .. OkK-1 Oxkk Sk+
Téng cot S+ S+2 ... S+k-1 Sk

K K
n:ZZOﬁ

j=l i=l

Ngoai ra, viéc danh gia mac do quan hé gitra thuc té va két qua phan loai con
dua vao hé sb K. Hé s6 K nam trong pham vi tur 0 dén 1 va biéu thi su giam theo ty
18 vé sai s6 duoc thyc hién bang mot yéu té phan loai hoan toan ngiu nhién; gia trj K

cang gan 1 thi mirc do phan biét cang chit ché (din theo Navulur, 2006, Bang 2.6).
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r r
NZxﬁ — Z (s )
= i=l i=1

K=

, (2.7)
N?— Z (x...x,;)
i=1
Trong d6: N: Tong sb pixel ldy miu;
r: S6 16p d6i twong phan loai;
Xii: Sb pixel dting trong 16p the i (i= 1, 2, ..., 1);
Xi+: Tong pixel 16p thir i cia mau (loai thuc té/tong gia tri theo hang);
X+i: Tong pixel ctia 16p thir i sau phan loai (loai giai doan/tdng gia tri theo cot).

Bang 2.6. Bang danh gia d9 chinh xac phan loai dua vao hé s6 K

TT Gia tri K Mikc d§ phén biét
1 <0 Rat thip
2 0-0,20 Thap
3 0,21 - 0,40 Trung binh
4 0,41 — 0,60 Vira
5 0,61 — 0,80 Cao
6 0,81 —1 Rét cao

(Ddn theo Navulur, 2006)
+ Xiy dung ban @6 LULC cAc nim trong giai doan diéu tra

Sau khi hoan tit phan loai, két qua raster dugc xur Iy loc nhidu bang coéng cu
"Majority Filter" trong trinh don Raster > Spatial Analyst Tools > Generalization trén
phan mém ArcGIS 10.6, nham loai bo cac diém phan loai rdi rac va ting tinh lién két
khong gian cho 16p phu.

Anh phan loai dugc chuyén sang dinh dang vector bang cong cu Raster to
Polygon, gitip thudn tién cho viéc bién tap ban do 16p pha va tinh toan dién tich ting
16p. Dién tich cac d6i tuwong 16p phu duoc tinh thong qua chic ning Calculate
Geometry, vdi don vi chuan hoa 14 hecta.
2.3.2.2. Phan tich LULCC giai doan 2010 — 2023 khu viec nghién cvru

Vi chirc nang phan tich khong gian, k¥ thuat GIS cho phép phan tich LULCC,
bao gdbm FCC theo nhiing khoang thoi gian khac nhau. Pong thoi k§ thuat nay c6 thé
lién két nhitng thong tin thay doi theo thdi gian vai cac dir liéu vé KT — XH, tir d6 ¢

thé xac dinh dugc cac yéu t6 tic dong dén sy thay doi dong thoi luong hoa duge mic
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d6 bién dong (Vu, 2007).

- Tao ma tran bién dong (change matrix) (Jensen, 1995)

+ Sau phan loai, thuc hién chong 16p (overlay) ban d6 LULC ctia hai ndm lién ké
dé xac dinh cac chuyén doi giita cac loai 16p phu nhu duge minh hoa ¢ Hinh 2.2.

+ Tinh toan dién tich chuyén dbi gita cic 16p bang cong cu
ee.Reducer.frequencyHistogram() bang phan mém AcrGIS.

+ Tao bang ma tran chuyén ddi thé hién hudng va mirc do bién dong gitra cac 16p
phu theo tirng cdp nam trong ca giai doan.

- Phan tich xu huéng bién dong

+ Tinh toan ty 18 thay doi (%) theo timg 16p phi1 va theo timg giai doan.

+ Xéc dinh cac xu huéng bién dong chinh.

+ Phan tich sy on dinh hay bién dong manh cia timg 16p trong khong gian va

thoi gian.

Anh Landsat 2010 / NIR
+ DEM + NDVI, < SWIR1

NDWI, BSI yd Red
In
PE— / Uv / Phan loai anh 2010
NIR
Anh Landsat £ S:Vl:;"
2023 + DEM + = e
NDVI, NDWI, o
o

BSI

/ Phan loai anh 2023
Bién déng
/ / 2010-2023

Hinh 2.2. Panh gia bién dong LULC sau phén loai
Két qua phan tich LULCC 1a mdt bang tom tat, thé hién su bién dong gilra cac

NININ

Lo

16p phii ting cdp ndm trong thoi gian thoi gian tir nim 2010 dén nam 2023.
2.3.2.3. Xdc dinh diém néng FCC
- Phadn tich tw twong quan khong gian Autocorrelation (phan tich Hotspot)
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Phén tich Hotspot nham xac dinh cac diém noéng FCC thanh cac loai hinh sir
dung dét khac nhau: Hotspot 1a mot cong cu phan tich trong phin mém ArcGIS,
hotspot duoc sir dung dé xac dinh cum khong gian c6 ¥ nghia théng ké cua cac gia tri
cao (diém néng) va cac gia tri thp (diém lanh). N6 tao ra mot 16p dau ra véi mire
1éch chuan (Z-core), xac xuit (p-value) va mic do tin ciy Getis-Ord Gi* dugc phat
trién bai Ord and Getis (1995) lam chi sb ty twong quan trong khong gian.

+ Céc gid tri z-code va p-value 13 bién phap co y nghia thong ké cho ta biét co
hay khong dé bac bo gia thuyét Hy, z-code dugc tinh toan dua trén gia thuyét ngiu
nhién. Trong cac cong cu phan tich mé hinh, p 14 x4c suat ma cdc moé hinh khong gian
quan sat dugc tao ra bai mot sb qua trinh ngau nhién. Khi cac gia tri p 13 rat nho, né
c6 nghia 13 diéu d6 rat kho xay ra (xac suat nho) ma cac mé hinh khong gian quan sat
1a két qua cua qua trinh ngiu nhién, do d6 c6 thé loai bo gia thuyét. Khi z-code cao
va p-value thap thi phan nhom khong gian cao. Khi z-code thap va p-value thap thi
phan nhom khong gian thap. Va khi z-code bang 0 thi khéng phan dugc nhom khong
gian.

+ Getis-Ord Gi* biéu thi cac cum khong gian c6 gia tri cao va thip tuong
tng 13 cac diém noéng va lanh. Cac Gi* bang +£3 phan anh y nghia thong ké voi
muc do tin ciy 99%; Gi* bang +2 phan anh y nghia thdng ké véi mirc d6 tin cdy
95%; Gi* bang +1 phan anh y nghia thong ké v&i mirc do tin cay 90%; khi céc
mau phan phdi dugc phan tan ngiu nhién (khong c¢6 cum) thi cac gia tri gin bang
khong. Gi* dugc tinh theo cong thirc sau:

* Yo wijxi—X Xioq wij

G. =

L S\/"Z?:1Wi2j_(zg'wij)2

(2.8)

Gi*: 36 tin cay;

Xij: gia tri mo ta cua i, j;

wij: trong s6 twong quan khong gian giita i va j (gia tri ma tran trong s tuong
quan khong gian)

s: d6 1éch chuén

n: tong s 16p

47



n .
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n

X= (2.9)

n 2
¢ = |2=Y

— = (X)? (2.10)
2.3.2.4. Phdn tich méi quan hé giita cdc nhém bién déng I6p phii rirng véi ddc diém
IN-KT-XH

+ Dir liéu st dung: Hai loai dit liéu dugc sur dung trong nghién ctru nay gém:

- Dit liéu bién phy thuéc: Bién phu thudc 12 mtc d6 bién dong dién tich RTN,
duoc xac dinh tir két qua phan tich LULCC dua trén anh v¢ tinh Landsat da tho1 gian.
Qua trinh xr 1y anh cho phép théng ké dién tich RTN chuyén ddi sang cac 16p phi
khac nhu RTG va CAOSU, NN, DC va DKH trong giai doan 2010 — 2023.

- Dit lidu bién déc Idp: bao gdom DLKG va phi khong gian, duoc tong hop tir nhiéu
nguén nhu NGTK, DLKG GIS, khao sét thuc dia, thong tin phong van va ké thira. Cy thé:

+ Dir lieu phi khong gian:

Thu thap thong tin vé cac yéu tb tyr nhién (ND trung binh, LM trung binh), kinh té
(GNS, SDN) va x4 hdi (DC). Cac dit liéu ndy duoc théng ké theo don vi hanh chinh tir
nam 2010 dén nam 2023, sir dung NGTK tinh Pak Nong, bao cao chuyén nganh, thong
tin thi trudng va ké thira két qua thu thap thong tin tir cac nghién ctiru trudc (So NN $
PTNT Dik Nong, 2020). Ngoai ra, khao sat phong van ban cau tric véi cac bén lién quan
tai khu vuc diém ndng mat rimg (hotspot) ciing dugc thuc hién theo bang héi ban cau trac
(Phu lyc 6).

Déi voi phuong phap phong van: Xay dung bang hoi véi cac ndi dung chinh can
thu thap thong tin va str dung dé tién hanh phong van linh hoat cac dbi twong phu
hop.

. B6i tuong phong van bao gdm: Cac co sé thu mua ndng san va ngudi dan san
xudt ndng nghiép cac loai cay trong chinh trén dia ban khu vyc nghién ctru.

. Dung lugng mau duogc tinh theo Céong thirc ctia Cochran (1977). Cong thire
nay la cong thirc duoc cong nhan chinh thirc trong thong ké hoc va thuong duoc ding
trong cac nghién ctiru khoa hoc, diéu tra xa hoi hoc, nong nghiép, mdi trudong, gido

duc,y té..... Cong thuc ctia Cochran c6 dang sau:
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no
n — ———
1+ n[}\?l (2.11)

Trong do,

n: C& mau di diéu chinh cho téng thé hitu han

N: Kich thudc tong thé

e: Sai sb cho phép, chon e =+ 0,05 (5%)

Theo két bao cdo s6 580/BC-PTNT ngay 16 thang 4 nim 2024 cua chi cuc phat
trién nong nghiép tinh Pak Nong nam 2024, huyén Pak Glong c6 35 co sé thu mua
néng san lién quan dén cac loai cy trong chinh cia tinh, trong khi d6 huyén Krong
N6 ¢6 17 co so. Theo NGTK nam 2023, huyén DPik Glong va huyén Krong N6 ¢6
19.543 va 30.803 ho canh tac cac loai cdy trong chinh cia tinh. Dya vao cong thic
trén, vo1 do tin cay 95%, két qua xac dinh dung lugng mau duoc diéu tra 13 804 mau.
S6 lugng va ddi tugng phong van duoc trinh bay trong Bang 2.7.

Bang 2.7. Dung lwgng miu thu thap dir liéu so cip bang phwong phap phéng

van ban dinh huéng

STT Poi twgng N n Ciach thirc
1  Huyén Pik Glong
Co s6 thu mua 35 32
S6 ho san xuat 19.543 377 Phong van tryc tiép
2 Huyén Krong No bang bang hoi
Co s6 thu mua 17 16
S6 hd san xuat 30.803 379
+ Dir liéu khong gian:

DLKG bao g6m khoang cach tr RTN dén cac yéu tb dia Iy nhu khu DC, NN,
dudng giao thong, duoc tinh toan bang cong cu GIS (ArcGIS). Céc diém noéng FCC dugc
xac dinh trudce do tir phan tich tuong quan khong gian (Moran’s 1, Getis-Ord Gi*). Day la
co s& dinh vi khong gian cho viée gan gié tri cho cac bién khong gian néu trén. Cac budc
tinh toan cu thé nhu sau:

Budc 1: Tao céac 16p dir liéu cho cac 16p phu tir ban do phén loai: RTN, NN,
khu DC, duong giao thong.
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Budc 2: Tinh khoang cach dén ting 16p phu: Dbi véi timg 16p pht muc tiéu
(NN, khu vuc DC va duong giao thong), 1ap lai thao tac sau: Arc Toolbox > Spatial
Analyst Tools > Distance > Path Distance. Két qua dau ra 1a cac raster chtra gia tri
khoang cach cho timg diém.

Buéc 3: Tinh toan khoang cach trung binh hodc gié tri cy thé: Sau khi ¢6
16p raster khoang céach, sir dung cac cong cu phan tich Zonal Statistics dé tinh
khoang cach trung binh tir ving RTN dén tirng 16p phu da x4c dinh.

+ Phuong phap phan tich bang mo hinh SEM

M6 hinh phuong trinh ciu trac SEM la mot cong cu phan tich théng ké manh,
cho phép kiém dinh dong thoi cac moéi quan hé nhan qué giita nhiéu bién, bao gdbm
ca bién quan sat va bién tiém an.

- X4c dinh cac bién trong mo hinh: Nghién ctru sir dung dit liéu tir nim 2010
dén 2023, v4i tong cong 12 bién quan sat, dugc chia thanh hai nhom:

+ Bién déc ldp (Observed Independent Variables) — gdm 8 bién c6 kha ning
anh huong truc tiép hodc gian tiép dén bién phu thudc: I-ND; 2-LM; 3- KNN; 4-
KDC; 5-KGT; 6-DC; 7-GNS, 8-SDN.

+ Bién phu thuéc (Observed Dependent Variables) — gdm 4 bién phan anh
muc d6 chuyén d6i RTN sang cac loai tham phi khac: I-Dién tich RTN chuyén
doi thanh RTG, CAOSU; 2-Dién tich RTN chuyén déi thanh NN; 3-Dién tich RTN
chuyén d@oi thanh khu DC va 4-Dién tich RTN chuyén déi thanh DKH.

- Xay dung bién tiém 4n va mé hinh SEM: T cac bién quan sat, ba bién tiém
an doc lap va mot bién tiém an phu thudc dugc xac dinh nhu sau:

+ Bién tiém an doc ldp 1a cac yéu to dau vao tiém an, anh huong dén bién tiém
an phu thudc 1a dién tich chuyén ddi dat rimg. Trong nghién ciru nay xéac dinh c6 3
bién tiém an doc 1ap bao gom: I-Piéu kién khi hdu: Puoc xay dung tir bién quan sat
nhu ND va LM; 2-Kha nang tié'p cdn: Puoc xac dinh tir cac bién quan sat vé khoang
cach dén NN, khu DC, va duong giao thong; 3-Piéu kién KT-XH: GOm céc bién quan
sat nhu DC, GNS va SDN.

+ Bién tiém dn phu thudc 1a cac yéu t6 bi anh huéng boi bién doc lap. Trong

nghién ctru nay str dung 01 bién tiém an phu thudc 1a: I-Dién tich chuyén @i RTN.
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Mobi quan hé giita cac bién trong mo hinh duoc thiét lap dua trén co s 1y
thuyét va thyc tién, mo ta chi tiét trong Hinh 2.3 va Bang 2.8. Trong d6, cac bién tiém
an doéng vai tro gitp khai quat hoa cac nhom yéu té anh huong, dong thoi giam thiéu
da cong tuyén giita cac bién quan sat.

Bang 2.8. Cac bién sir dung trong mé hinh SEM

STT Tén bién Ky hi¢u Pon vi Nhém
1 Dién tich RTN chuyén d6i thanh RTG, RT ha Bién quan sat

CAOSU

Dién tich RTN chuyén d6i thanh NN DNN ha Bién quan sat
3 Dién tich RTN chuyén d6i thanh dat DC DDC ha Bién quan sat
4 Dién tich RTN chuyén d6i thanh DKH DK ha Bién quan sat
5 ND ND °oC Bién quan sat
6 LM LM mm Bién quan sat
7 Khoang cach dén NN KNN m Bién quan sat
8 KDC KDC m Bién quan sat
9 KGT KGT m Bién quan sat
10 DC DC ngudi Bién quan sat
11 GNS GNS vnd Bién quan sat
12 SDN SDN - Bién quan sat
13 Dién tich chuyén d6i dat RTN DTR - Bién tiém an
14 Diéu kién khi hau KH - Bién tiém an
15 Kha nang tiép can TC - Bién tiém 4n
16 Diéu kién KT-XH XH - Bién tiém an

RT KNN

- %

pod
———»|DC

DK

Hinh 2.3. So' @6 thé hién méi lién hé giira cac bién trong mé hinh SEM
- Phuong phép phan tich dir li¢u:
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Viéc phan tich dir li¢u duoc thyuc hién trén phﬁn mém R véi hai g61 Iénh chinh
cho phan tich SEM gbm “lavaan” phat trién boi Rosseel (2012) cho viéc xay dung
mo hinh SEM va géi 1énh “semPlot” phat trién bai Epskamp (2022) cho viéc trinh
bay két qua phan tich mé hinh SEM. Dir liéu dau vao ciing dugce chuan hod bang
phuong phap quy ddi theo do 1éch chuan trude khi phan tich mé hinh. Chi tiét doan
ma chay phan tich trong R dugc trinh bay & Phu luc 7.

+ Danh gia do phu hop ciia m6 hinh

Pé dam bao mo hinh phu hop véi dir liéu, cac chi s6 nhu CMIN, GFI, va
SRMR duogc sir dung dé danh gia 6 phu hop tuyét dbi (tirc 1a danh gia mtc do phu
hop giita mo hinh dé xuét va dit liéu quan sat thyc té ma khong so sanh vdi bat ky mo
hinh nao khac) va dung chi sé6 NFI, CFI dé danh gia 6 phu hop gia ting ciia mé hinh
(tirc 1a danh gid mirc d§ cai thién cia mo hinh nghién ctru so vd1 mo hinh co sé - null
model). Bang 2.9 md ta cac chi s6 danh gia mirc d6 phi hop ctia mo hinh.

Bang 2.9. Cic chi s6 phi hop va tiéu chi dwoc sir dung dé danh gia SEM

TT Chi s6 phi hop véi mé hinh DPiém
1 Phu hop tuyét d6i X? (CMIN) P<0.05
Dinh mtc (CMIN/DF) <=3
Do t6t cta chi sé phu hop (GFI) >=(.9
Tiéu chuan du (SRMR) <=0.08
2 Phu hop gia ting Chi s6 phu hop dinh muc (NFI) >0.9
Chi s6 phii hgp so sanh (CFI) >0.9

(Hair et al., 1998, Baumgartner & Homburg, 1996)

Trong do,

- Chi s6 phu hop tuyét déi

+ Kiém dinh chi — binh phwong X? (CMIN): 14 kiém dinh thong ké cua su khac
nhau gitta cic ma tran trong SEM va dugc thé hién dudi dang toan hoc boi phuong
trinh sau: y2=(N-1)(S-2k)y2=(N-1)(S-Zk) véi N 1a c¢& mau.

Theo phuong trinh trén néu sy khac nhau giita cac ma tran duoc giit khong doi
thi y2 ting khi ¢& mau ting. Tuong tw, ma tran hiép phwong sai udc lugng bi dnh
huong boi s6 tham sb tu do trong md hinh (k rong Xk), vi vy, bac tu do cling anh

huong dén y2.
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Gié trj p < 0,05 cho thdy mo hinh c6 sy khac biét dang ké, tuy nhién, trong SEM,
gia tri p 16n hon 0,05 thuong duge mong doi dé chi ra md hinh phu hop tét véi dir liéu.

+ Bdc tu do (df - Degrees of Freedom).: Trong phan tich mé hinh, bac tu do
dugc tinh bang hiéu sb giita s6 lugng quan sat (1a cac phan tir trong ma tran hiép
phuong sai) va s luong tham sb can uéc lugng. Bac tw do cho mot mé hinh SEM
duoc xac dinh boi:

_ PP+
U = 2 = 2.12)

Véi p 12 tong s6 bién quan sat; & 1a tong sd bién udc luong

Trong SEM, mot gia tri chi — binh phuong nho (hay gié tri p 16n) cho thay
khong c6 sy khac nhau giita hai ma tran vé mat thong ké dé ciing c¢d y tuong rang ly
thuyét dé xuat phu hop véi thuc tién.

+ Ty 1é giita chi s6 Chi-square va bdc tw do ciia mé hinh (x%/df) dugc st dung
nhu mot chi s6 danh gia muc do phu hop téng thé. Thong thudng, gia tri y¥df < 3
duogc xem la phu hop tdt, dac biét trong cac mo hinh ¢ ¢ mau trung binh. Tuy nhién,
trong cac truong hop co ¢d mau 16n (trén 750) hoic mé hinh phirc tap voi nhiéu bac
tu do, chi s6 nay c6 thé bi anh hudng va can dugc xem xét cling voi cac chi sd phu
hop khéc (Hair et al., 1998).

+ Chi s6 phit hop GFI (Goodness-of-fit index)
Chi sb GFI ¢6 thé duoc tinh don gian theo cong thic:
GF1 =l—ﬂ 2.13)

(0]

Vi Fi 12 ham phu hop ti thiéu sau khi mé hinh SEM di dugc ude luong véi
k bac tu do (S-Yk) va Fy 1a ham pht hop ctia mé hinh khong gian véi tat ca cac tham
s6 gan bang 0 (moi thir déu khong twong quan véi nhau hay khong c6 mbi quan hé Iy
thuyét ndo).

Mdt mé hinh phit hop tdt s& c6 ti s6 (Fi/Fs) kha nho, nguoc lai md hinh khong
phtt hop s& ¢6 ty 18 nay twong ddi 16n boi Fi s& khong khac gi may so véi Fo. Y nghia
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ctia Fi va Fo+ trong cong thirc GFI ciing ¢6 ¥ nghia twong tu nhu SSE (tong binh
phuong ctia phan du) va SST (tong binh phuong cia sai s6) trong mo hinh hdi quy.

Khoang gia tri ciia GFI dao dong tir 0 dén 1, véi cc gia trj =1 duoc xem mé hinh
¢6 su phi hop t6t nhat; gia tri GFI 16n hon 0.90 dugc xem 13 phu hop tot.

+ Chi s6 RMR va SRMR

RMR (Root Mean Square Residual — cin bac 2 cua sai phan du trung phwong)
1a chi s6 duoc tinh tir can béc hai cia gi tri trung phuong cac phan du trong ma tran
hiép phuong sai. Tuy nhién, do cac bién quan sat ¢ thé c6 thang do khac nhau nén
phan du tho thuong khé so sanh va dién giai. Pé khic phuc, cic phan du chuin hoa
(Standardized Residuals — SRe) duoc sir dung, véi gia tri trung binh bang 0 va dao
dong quanh 0. Phan du chuan héa vuot qua +4.0 c6 thé chi ra van dé tiém an trong
mo hinh (Hair et al., 1998).

Tuy nhién, SRe chi phan 4nh sai léch & timg cdp bién, khong dai dién cho do
phu hop tong thé. Vi véy, hai chi s6 RMR va SRMR thuong duoc dung dé danh gia
muc do phu hop toan cuc. Trong d6, SRMR (Standardized Root Mean Square
Residual) 1a phién ban chuin héa cia RMR, giup loai bé anh huéng cua don vi do.
Céc gia tri RMR va SRMR cang nho thé hién d6 phu hop cao, gia tri SRMR cang nho
thé hién mé hinh cang phu hop, v6i ngudng < 0.08 thuong duoc coi 1a chip nhan
duoc (Hu & Bentler, 1999).

- Chi s phu hop gia ting

Chi s6 phu hop gia ting danh gia mirc d6 phu hop twong ddi ctia mot mé hinh
so voi mo hinh co so (thong thuong 1a mo hinh Null véi gia dinh khong c6 méi quan
hé ndo gitta cac bién). Nhom chi s nay phan dnh mirc do cai thién khi mé hinh dua
vao cac mdi quan hé giita bién quan sat va khai niém tiém an. Céc chi s6 nhu CFI va
NFI thudng duge bao cdo mic dinh trong cac phan mém SEM va duoc sir dung phd
bién dé danh gia muc d6 cai thién nay (Kline, 2016; Schumacker & Lomax, 2016).

+ Chi s6 NFI

NFI (Normed Fit Index) 12 mot trong nhitng chi sé phul hop gia ting dau tién,

dugc tinh dua trén ty 1€ gitra gia tri Chi-square cua mo hinh nghién ctru va mo hinh
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Null. Chi s6 nay dao dong trong khoang tir 0 dén 1, v6i gid tri cang cao cho thiy murc
do phu hop cang 16n.

+ Chi s6 CFI (Comparative Fit Index)

Chi s6 CFI 1a mot dang cai tién ctia NFI. Chi s6 ndy c6 gi tri trong khoang tir
0 dén 1, v6i gia tri cang cao cho thdy mé hinh cang phu hop. Thong thuong, CFI >
0.90 dugc coi 1a mirc phtt hop chip nhan duoc, va CFI> 0.95 1a muc phu hop tét (Hu
& Bentler, 1999).

Cong thuc tinh CFI:

x: —df, (2.14)

CFI =1—-25
XN — Ay

Trong d6, cac chi sb yk?, dfi thudc vé mo hinh nghién ctru (c6 bac ti do 13 k),
con a7, dfy thudc vé mé hinh Null (v6i bac ty do 1a N).
+ Dénh gia tac dong cua cac bién
Str dung mdc chuan kinh dién ciua Cohen — quy ddi tir twong quan » 1am mdc
tham chiéu cho gia tri tdc dong £: nho = 0,10; vira = 0,30; 16n = 0,50 (Cohen, 1988).
Tir d6, dé tai xac dinh céc yéu t anh hudng dén bién dong RTN 1a cac yéu t dat gia
tri tic dong > 0,5 dé str dung cho nodi dung du bao LULCC dudi tac dong ctia cac
nhén t6 TN — KT — XH.
2.3.2.5. Du bdo LULCC duoi tac dong cua cac nhan 16 TN — KT — XH
+ Xiy dung ban d6 da nhan t6 (Multi Criteria Evaluation MCE)

Céc nhan td xac dinh anh hudng s& duoc phan thanh cac cip khac nhau. Phan
mém ArcGIS duge st dung dé tao ra co sd dir liéu khong gian cho céc cdp nhén t6
nay.

Dua trén cac cép nhan t6, st dung cong cu DeccisionWizard trong phén mém
IDRISI Taiga dé xdy dung ban do da nhan td.

+ Du bdo LULCC
Mo hinh CA_M trong phan mém IDRISI Taiga duoc str dung dé du bao nhirng
LULCC trong tuong lai tai khu vuc nghién ctru.

- Dt li€u dau vao cua mo hinh bao gom:
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+ Ban d6 LULC nam 2010 va 2023 da duoc xdy dung trong phan trudc;

+ Tap hop cac 16p bién diéu kién (driver variables) c6 anh huong dén chuyén
d6i str dung dét di dugc xac dinh & mo hinh SEM.

+ L&p mit na rang budc: Bao gdm céac ving khong duoc phép chuyén doi nhu
rung dic dung, khu bao tdn, khu dan cu ¢b dinh,... duoc st dung dé han ché sai s6
mo hinh hoa.

- Cac buodc thuc hién du bao

+ Tinh toan ma tran dich chuyén Markov tir ban d6 LULC nam 2010 va 2023.

+ Tao ban d6 kha nang chuyén doi (suitability maps) cho timg 16p LULC.

+ Thiét 1ap mé hinh CA véi cdu trac 6 ludi (3x3 neighborhood) dé mé phong
qua trinh lan truyén str dung dat theo khong gian.

+ Kiém chting mé hinh: Thay vi mé phong tuong lai ngay, nghién ciru tién
hanh mé phong nguoc tirc 1a sir dung ban 6 LULC nam 2010 va md hinh Markov
dé du bao trang thai nam 2023.

So sanh két qua mo6 phong nam 2023 véi ban d6 da dwgc phan loai tir anh
Landsat ndm 2023. M6 hinh CA_M duoc xem 1a du d9 tin cay dé su dung cho du
bao tuong lai khi: Kstandard = 0,61-0,80 (Landis & Koch, 1977), khong c6 16p st
dung dat nao c6 sai s6 du bao vuot qua 25% dién tich 16p d6 (Mishra & Das, 2023;
Pontius & Malanson, 2005; Hagen, 2003).

Trudng hop két qua khong dat chuan, can diéu chinh lai: Ma tran chuyén
d6i Markov; Céc bién diéu kién trong mé hinh CA; Hoic bo sung thém 16p rang
budc khong gian (constraint layer). Trong nghién ciru ndy, cac chi sé danh gia K
déu dat mue tir kha dén rat tot va mé hinh dat chuan.

+ X4y ban d6 du bao LULC: Sau khi kiém tra mo hinh d6i chiing dap ung
duogc yéu cAu nhu d3 dé cap 0 trén, ban dd du bao LULC nam 2035 duoc xay dung
bang cong cu CA_M.

+ Phan tich tvong quan khong gian, xac dinh diém néng va xay dung ban d6
diém néng FCC dy bao nim 2035 nhu phuong phap phan 2.3.2.3.
2.3.2.6. DBé xudt cdc gidi phdp quan 1y tai nguyén rieng khu viee nghién civu

Téng hop ¥ kién dé xuét tir két qua phong van cac bén lién quan da thyc hién

& cac phan phuong phap phong van muc 2.3.2.4.
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Cin ctr vao két qua phan tich LULCC, FCC va két qua du béo xu thé LULCC
dén nam 2035, dé xac dinh cac khu vuc wu tién quan ly bao v¢ va tac nhan tac dong
can tap trung giai quyét.

Tham dinh so bd giai phap bang cach tham khao ¥ kién chuyén gia va co quan
quan 1y 1am nghiép tinh, qua dé diéu chinh, hoan thién giai phap truéc khi dwa vio
bao céo chinh thtrc.

Trén co s& cac ndi dung va phuong phap di trinh bay, tién trinh nghién ciru ciia
luan an duoc khai quat trong so d6 Hinh 2.4, d6ng thoi khung logic nghién ctru ciing

dugc tom tat trong Bang 2.10.
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Bang 2.10. Khung logic nghién ctru ciia ludn an

Muc tiéu

Noi dung

Phwong phap

Két qua nghién ciru

1. Phan tich
duoc LULCC
giai doan 2010 —
2023.

1.1. Thu thap va tién xtr Iy anh vé tinh
Landsat giai doan 2010 — 2023.

- Anh Landsat 5 7 8 2010-
2023 duoc thu thdp trén

GEE
- Xu ly may va bong may.

- Anh NDVI, NDWI, BSI va

DEM.

Thu thap va tién xu ly
anh

1.2. Banh gia hiéu qua phéan loai sur
dung dit nam 2023 sur dung thuat
toan RF vai cac td hop bién dau vao
khac nhau.

- Phan loai RF anh nam

2023 trén GEE.
+ LS + NDVI

+ LS + NDVI, NDWI, BSI

va DEM

Keét qué so sanh do
chinh xdc phén loai ndm
2023 voi 2 to hop.

1.3. Phan loai anh Landsat tirng
nam giai doan 2010 —2022.

- Phuong phap phan loai

co

d6 chinh xac cao hon duoc

xac dinh ¢ ndi dung 1.2

Két qua danh gia do
chinh xac phan loai
2010 — 2023.

1.4. Xay dung ban d6 LULC tung
nam cho ca giai doan diéu tra.

- Phan mém ArcGIS

Bin d6 LULC tung
nim, théng ké dién tich

16p phu

1.5. Phan tich LULCC tirng cap
nam giai doan 2010 — 2023.

- Phan mém ArcGIS, chong

16p

Ma tran LULCC tung
cdp nam.

2. Phan tich

duoc tuong

quan khong
gian xac dinh

2.1. Phén tich twong quan khong
gian va xac dinh diém nong.

- Phan mém ArcGIS,

su

dung cong cu Getis-Ord Gi*

Két qua Phan tich tuong
quan khong gian va xac
dinh diém noéng cho
tng cdp nam va giai
doan

dugc cac diém | 2.2. Xay dyng Ban do diém néng | - Phan mém ArcGIS Ban @6 di€ém nong FCC
nong FCC FCC tirng nam trong giai doan diéu ca giai doan
tra.
3.1 Thong ké dir li€u cac nhan to | - LULCC ) Két qua thong ké dir liéu
3 Phan tich va TN — KT — XH tac dong. - Nién gidm thong ké cac nhan to TN — KT —
an tich va - Théng tin thi thudng XH.
xac dinh duoc
- ArgGIS
cac nhéan t6 TN
- Ké thira
~ KT — XH tic - Phong vén béan céu trac
dong dén FCC

3.2. Phén tich tac dong cua cac nhan
t6 dén FCC

Phan mén R

Két qua phéan tich tac
dong cua cac nhan to.

4. Dy bao dugc
xu huéng FCC
dén 2035 dudi
tac dong cua
cac nhan to da
duogc xac dinh

4.1. Xay dung ban do da nhan t6 | Phan mém ArcGIS Ban d6 da nhan t6 anh
anh hudng hudng
4.2 Danh gia dg chinh x4c m6 hinh | Kiém chimg mo6 hinh: | Danh gid d¢ chinh xé4c

du doan;

Ktandard Va Dién tich sai s

mo hinh du doan;

4.3. Dy bao LULCC dén nam 2035

CA M

- Du bao LULCC dén
nam 2035

5. bé xuat duoc
cac giai phap
quan ly tai
nguyén  rung
trén co s¢ cac
két qua nghién
curu trén.

bé xuat cac giai phap quan 1y tai
nguyén rung khu vuc nghién ctru.

Tong hop dé xuat tir phong

van.

Cin ctr két qué phén tich

LULCC, FCC va du bao.

Tham dmh so bd g1a1 phap
béang cach tham khao ¥ kién
chuyén gia va co quan quan

1y 1am nghiép tinh.

- Céc giai phap quan ly
tai nguyén rung khu vuc
nghién curu.
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CHUONG 3
KET QUA NGHIEN CUU VA THAO LUAN

3.1. Phén tich LULCC giai doan 2010 — 2023
3.1.1. Thu thép va tién xir Iy dnh Landsat giai doan 2010 — 2023

St dung cac ky thuat hiéu chinh anh va sira 15i dé nang cao chét luong tir anh
gbc ban dau dé tién xir Iy anh cac thé hé vé tinh 5/7/8 di loai bo cac hinh anh chat
luong kém do khi quyén va 18i thiét bi. Hinh 3.1 bén duéi cho thay chat luong anh da
dugc cai thién 1o rét, cac vung may che, 151 thiét bi cling nhu anh huong khi quyén
dd duogc hiéu chinh. Cac anh sau khi tién xtr Iy dugc str dung dé phan loai tao 1ap ban
dd tham phu cho khu vuc nghién ciru.

QL27

Buon Tria

cT02

Gia Nghta
Gia Nghia

QL27

Q128 |
=0

Landsat 5 trudce khi loai bo may Landsat 5 sau khi loai bo méy
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AHTZ =
L——L_: s QL2:

jc |
Buon Tri Buon Tri
Gia Nghia Gia Nghta
QL28 Im
Landsat 7 trudc khi loai bo may Landsat 7 sau khi loai bo may
C. | -
AH17] Buon Trl BLon T“
Gia Nghia Gia Nghia
Landsat 8 trudc khi loai bo may Landsat 8 sau khi loai bo méy

Hinh 3.1. Anh Landsat truéc va sau loc may
bé tang cuong kha nang phan loai LULC va cai thién do chinh xéc, nghién

curu nay da tién hanh tinh toAn mét sb chi sb phé bién tr dit liéu anh vé tinh Landsat.
Céc chi s6 duoc sir dung lam dau vao cho qua trinh phan loai bao gdm NDVI, BSI va
NDWI. Ngoai dit liéu quang hoc va cac anh ty s6, DEM ciing duoc tich hop trong bo
dir liéu dé phan loai. Céc chi s6 anh va DEM duogc thé hién ¢ Hinh 3.2.

61



> Sl PR ,r
¥ L
=
o 3 e
- &,

BSI

0.161359

"

-0.342831 w63 ot
6 Wi s

KA o il
ﬁ 7
17
5 0 5 10 15 km >

?,
e ¥ 3 \

Mb hinh s8 d6 cao

05

M8 hinh 5 d cao

1,973
a5
5 315
L
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3.1.2. Ddanh gia hiéu qua phan logi LULC nam 2023 sw dung thudt toan RF voi
cdc té hop bién ddu vao khdc nhau.

Nhim xac dinh tap hop bién ddu vao t6i wu cho mé hinh phan loai, nghién ctru
da tién hanh thr nghiém phan loai v&i thuét toan RF trén hai bd dir li¢u khac nhau tu
anh Landsat 8 OLI/TIRS nam 2023. Cu thé, hai t6 hop dir liéu dugc st dung bao gém:
(i) cac dai phd (band) ctia anh Landsat két hop véi chi s6 NDVL; va (ii) cac dai phd
ctia anh Landsat két hop voi chi s6 NDVI, NDWI, BSI va dit liéu DEM.

Pé dam bao tinh khach quan va dong nhat trong qua trinh danh gia, cing mot
tap dir litu mau huan luyén va kiém dinh duoc sir dung cho ca hai kich ban phan loai
(Maxwell et al., 2021). Ma tran sai s twong tng v6i hai t6 hop dit liéu dugc trinh
bay trong Bang 3.1 va Bang 3.2, trong khi két qua so sanh téng hop giita hai phuong
an duoc thé hién ¢ Bang 3.3, qua d6 xac dinh duogc tap hop bién dau vao mang lai
hiéu qua phan loai cao hon. Tap bién c6 d6 chinh xac vuot troi sé duoc lua chon dé
ap dung cho cac nam con lai trong chudi thoi gian tir ndm 2010 dén 2022.

Bing 3.1. Ma trén sai s6 phén loai ciia dir liéu anh Landsat + NDVI niam 2023

2023 RTX RBTX RK RTG CAOSU NN DK DC MN UA (%)

RTX 147 0 0 30 32 1 0 0 0 70,00
RBTX 0 6 8 0 0 5 0 0 0 31,58
RK 0 6 23 0 0 2 0 4 0 65,71
RTG 35 1 0 129 2 2 1 0 0 75,88
CAOSU 13 0 0 0 103 4 0 0 0 85,83
NN 2 6 5 3 10 46 15 5 0 50
DK 1 2 1 1 2 9 103 14 1 76,86
DC 0 2 2 0 0 4 9 149 1 89,22
MN 0 0 0 0 0 0 0 0 14 100
PA (%) 74,24 26,09 58,97 79,14 69,13 63,01 80,47 86,63 87,75 EA; ;4’92

Trong do: (RTX) rung 20 tw nhién la rong thuong xanh; (RBTX) rung 26 tw nhién la rong ban thuwong xanh;
(RK) rirng g6 ti nhién lé réng rung la; (RTG) rimg trong; (CAOSU) Cao su; (NN) ddt nong nghiép; (DC)
Dan cu, (MN) mdt nuée, (DKH) ddt khdc

Bang 3.2. Ma trn sai s6 phan loai ciia dit liéu dnh Landsat + NDVIL, BSI,

NDWI 2023
2023 RTX RBTX RK RTG CAOSU NN DK DC MN UA (%)
RTX 180 0 0 11 17 2 0 0 85,71
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2023 RTX RBTX RK RTG CAOSU NN DK DC MN UA (%)

RBTX 0 14 4 0 0 1

0 0 0 73,68
RK 0 6 23 0 0 2 0 4 0 65.71
RTG 0 0 160 2 3 0 0 0 94,12
CAOSU 14 0 0 1 100 5 0 0 0 83.33
NN 5 5 7 2 7. 5 10 6 0 54.35
DK 2 0 0 0 2 6 107 16 0 80.45
DC 0 0 0 0 0 2 9 | 155 0 9337
MN 0 0 0 0 0 0 0 0 16 100,00
PA (%) 87,38 56,00 27’6 21’9 78,13 ;0’4 24’9 25’6 100,00 g‘: 3,8831’77

Bang 3.3. So sanh d) chinh xac phan loai cia dir liéu 4nh Landsat + NDVI va
Landsat+NDVI, DEM, BSI va NDWI nam 2023

Trang thai NDVI NDVI, BSI, NDWI Chénh léch
UA (%) PA (%) UA (%) PA (%) UA (%) PA (%)

RTX 70,00 74,24 85,71 87,38 15,71 13,14
RBTX 31,58 26,09 73,68 56,00 42,1 29,91
RK 65,71 58,97 65,71 67,65 0 8,68
RTG 75,88 79,14 94,12 91,95 18,24 12,81
CAOSU 85,83 69,13 83,33 78,13 2,5 9
NN 50,00 63,01 5435 70,42 435 7,41
DKH 76,86 80,47 80,45 84,92 3,59 4,45
DC 89,22 86,63 93,37 85,64 4,15 -0,99
MN 100 87,75 100,00 100 0 12,25
0A% 74,92 83,77 8,64

K 0,70 0,81 0,11

Két qua so sanh giira hai to hop bién dau vao nhu da dé cap cho thay viéc bd
sung cac chi s6 phu trg nhuw DEM, BSI, NDWI va NDVI di giup cai thién dang ké do
chinh x4c phan loai ¢ hau hét cac loai 16p phu. Pac biét, cac 16p rung nhu RTX,
RBTX, RTG va DKH déu ghi nhin mirc ting manh ca vé UA va PA. OA ting 8,64%
va K tang 0,11 don vi. Diéu nay ciing tvong déng vdi cac nghién ciru trude d6 nhu
Ur Rehman va cong su (2021) khi cac tac gia da sir dung Landsat 8 két hop cac
chi s6 nhu NDVI, NDWI va NDSI vdi cac band phd gbc, d6 chinh xac tong thé
OA di tang tir 72,8 % 1én 81,5 %, va hé s6 K tir 0,62 1én 0,74, khi thém dit lidu dia
hinh DEM tiép tuc cai thién do chinh xac lén 87,5 % va K=0,83; O mot nghién
ctru khac & Banda Aceh, Indonesia, Mulkal (2024) da sir dung anh Sentinel-2 cung
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véi 12 chi s6 vat ly ké ca NDVI, NDWI, BSI dé phan loai LULC v6i thuat toan
RF, két qua cho thay do chinh xac ting tir 87 % 1én 91 %. Nhiéu nghién ciru khac
ciing khang dinh viéc két hop nhiéu chi sb gitip ting d6 chinh xac cta phan loai
LULC (Arfa & Minaei, 2024; Belgiu & Dragut, 2016).

Mic du két qua duge ghi nhan do chinh x4c thanh phan cia timg 16p phu da
phan tang 16n khi st dung b dit liéu két hop nhiéu bién sd, tuy nhién mirc do chénh
1€ch 1a khac nhau tuy thudc vao dac diém cua tham phu va diéu kién sinh thai va su
tham gia ctia cic bién thanh phan.

- Su cai thién rd rét nhéat dugc ghi nhan 6 RBTX, day von 1a 16p phu co6 do
chinh xéc thap khi chi dung NDVI (UA=31,58%; PA=26,09%), nhung khi bo sung
thém cac chi sd khac, d6 chinh xac da tang manh lén UA=73,68% va PA=56% (tang
1an luot 42,1% va 29,91%); Picu nay cho thiy su tham gia cta chi s6 NDWI va BSI
¢6 kha nang 1am ting hiéu qua phan loai 16p phu dé bi 1an nhu RBTX — vén thudng
bi nhdm v&i RTX bi suy thoai hodc RK (Huong et al., 2020; Connette et al., 2016).

- Céac 16p phu RTX va RTG ciing c6 c6 su ghi nhan tang kha cao cad UA va PA;
viéc két hop nhiéu chi sb tao ra thong tin bod sung vé sinh khdi, 4m tan, nén dit, cAu
tric va bdi canh dia hinh, hién tuong theo mua; nho vay, hai 16p phu RTX va RTG
tach nhau rd hon; két qua nay ciing twong ddng véi cac nghién ciru trude diy nhu
Abramowitz et al., 2023; Spracklen & Spracklen, 2021; Zeferino et al, 2020; Yu et al,
2020).

- L6p RK duy tri mirc UA khong d6i (65,71%) nhung PA cai thién thém 8,68%,
cho thay bo chi s6 c6 vai trd nhat dinh trong viéc nang cao do chinh xac PA. Trong
khi do, 16p CAOSU lai c6 su sut giam nhe & UA (-2,5%) mac du PA tang 9%. Su
chénh léch nay nhiéu kha nang xuat phat tir dic tinh rung 14 theo mua, khién pho phan
xa d& nham 13n v6i RTG non hodc ving dat trdng méi khai thac (Wang et al., 2024;
Kou et al., 2015).

- Pang chu y, 16p DKH c6 UA va PA ting dén 3,59% va 4,45% don vi, cho
thiy c6 kha ning chi sb bé mat dat BSI dong vai tro quan trong trong viée tach biét

cac vung dat trong, dat xay dung khoi cac 16p ¢ tham phu thuc vat. Két qua nay ciling
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ddng nhét véi mot sé cong bd nhu Nguyén Thé Hién va cong su (2025, Can va cong
sy (2021), Trinh Lé Hung va Mai Pinh Sinh (2019), Lé Lan Lam va Vi Kim Chi,
2017.

- Déi voi 16p MN, d6 chinh xac PA da tang tir 87,75% 1én 100 %. Diéu nay
cho thiy kha ning bién ddu vao NDWI di c6 anh huéng ¥ nghia dé phan biét MN.
Két qua nay ciing pht hop véi cac nghién ciru trude nhu McFeeters (1996) - ngudi
dau tién dé xuat NDWI va chimg minh tinh hiéu qua cua chi sb nay trong viéc phan
biét mit nude khoi cac bé mat dat co phan xa cao. Sau d6, Xu (2006) tiép tuc cai tién
thanh MNDWI (Chi s nuéc binh thuong héa cdi tién - Modified Normalized
Difference Water Index), nang cao kha ning loai nhiéu tir khu vuc d6 thi va dat trong.
Nhirng nghién cru gan day hon nhu Nguyén Thé Hién va cong su (2025), Buma va
cong su (2018) ciing khang dinh NDWI da nang cao dang ké do chinh xac phéan loai
va dic biét hidu qua trong cac moi truong cd dic diém quang phd phirc tap nhu ving
dam lay hodc khu vuc ndng nghiép pha tron mit nude. Didu ndy cho thiy viée st
dung NDWI khong chi nang cao hiéu quéa phén loai 16p mat nuwdc ma con phi hop dé
ung dung trong cac nghién ctru gidm sat tai nguyén nudc, danh gid han han, va quan
1y viing ven hd, séng ngoi.

- Riéng DC giam nhe PA (-0,99%) nhung mirc chénh léch nay khong dang ké.

Mic du, do chinh x4c thanh phan ciia mot sé 16p phu 4p dung phén loai sir
dung dit liéu anh Landsat+ DEM + NDVI, BSI va NDWI thap hon so véi phan loai
sir dung Landsat + NDVI, nhung gia tri khong dang ké. Nhin chung, d6 chinh xac
OA tang dang ké tir 74,92% 1én 83,77% va hé s6 K ciing cai thién tir 0,7 1én 0,81 khi
so sanh gitta 2 kich ban phan loai. Piéu nay cho thay mé hinh RF khi dugc hd trg boi
t6 hop bién NDVI + BSI + NDWI, DEM két hop véi cac band dnh Landsat di nang
cao dg tin cay va tinh 6n dinh cua phan loai. Chinh vi vay, to hop bién nay duoc lya
chon dé ap dung cho toan bo chudi anh giai doan 2010 — 2022, nham dam béao két
qua phan loai c6 tinh nhét quan, phan anh dting thuc trang sir dung dat va tham phu
theo thoi gian.

3.1.3 Phén logi anh Landsat tirng nam giai doan 2010 — 2022
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Dua trén to hop bién dau vao tdi wu di duoc xac dinh tir két qua so sanh &
phan 3.1.2, nghién ciru tién hanh 4p dung mé hinh RF dé phan loai 16p phii dat cho
chudi anh Landsat tir ndm 2010 dén 2022. Do chinh xac UA, PA va ma tran sai sb
danh gid do chinh xa&c phan loai cho ting nam dugc trinh bay trong Phu luc 8. Trong
khi 6, cac chi sb danh gia tong hop nhu d6 chinh xac OA va hé sé K duogc tong hop
va thé hién trong Bang 3.4.

Bang 3.4. P chinh xic toan bd va hé s6 K ciia cac két qua phan loai

TT Nam OA% K
1 2010 85,90 0,83
2 2011 87,74 0,84
3 2012 86,32 0,84
4 2013 84,34 0,81
5 2014 89,52 0,87
6 2015 84,68 0,80
7 2016 87,02 0,84
8 2017 86,44 0,84
9 2018 81,54 0,77
10 2019 81,42 0,78
11 2020 82,13 0,78
12 2021 81,88 0,78
13 2022 81,41 0,77
14 2023 83,77 0,81

Trong do: (OA%) P¢ chinh xdc tong thé,; (K) Hé sé Kappa

Két qua danh gia d6 chinh xac phan loai stir dung thuat toan RF cho chudi anh
Landsat tir nam 2010 dén 2023 cho théy OA déu dat trén 80%, dao dong tur 81,41%
dén 89,52% va hé s6 K dao dong tir 0,77 dén 0,87. Do chinh x4c cao nhat dugc ghi
nhan vao nam 2014 (OA = 89,52%; K = 0,87), trong khi thip nhit 12 nim 2022 (OA
=81,41%; K=0,77).

Mirc do bién dong trong d6 chinh xac c6 thé lién quan dén chat luong anh vé
tinh, murc d6 che phii may, su phan biét phd giita cac 10p str dung dit trong timg nim,
cling nhu cic yéu to bén ngoai nhu thay d6i muia vu hodc canh tac. Vi dy, cic nim co
chét lugng anh tét, 6 nhifu thip (nhu 2014 va 2016), cho két qua phan loai cao;

nguoc lai, nhitng nam bi &nh hudng bdi may hodc hién tugng El Nifio — La Nifa (nhu

67



2020 —2022) c6 thé 1am giam kha ning phéan biét cac 16p, ddn dén OA va K thap hon.

Két qua nay phu hop véi cac nghién ciru trude day nhu Le va cong su (2022),
khi ap dung RF két hop chudi NDVI va dit liéu dia hinh tai Thanh Hoa da ghi nhan
do chinh xac téng thé tir 86-91% va hé sd K dat 0,89, tuong duong véi cadc ndm co
OA cao trong nghién ctru nay. Tuong tu, nghién ctru cia Nguyen Thi Thanh Huong
va cong su (2020) tai tinh Dak Nong sir dung anh Sentinel-2 va mé hinh RF ciing dat
OA =80,3%, K = 0,81, trong duong v41 mirc trung binh giai doan 2017-2023 trong
nghién ctru nay.

Két qua danh gia do chinh xac phan loai véi OA dao dong tir khoang trén 81%
dén trén 89% va hé s K tir 0,77 dén 0,87 cho théy hiéu suat phan loai dat muc kha
dén cao. Tuy nhién, cin luu ¥ rang mot s6 16p phu nhu RK hodc CAOSU,...van tiém
an sai s6 nhat dinh, dic biét trong cac giai doan mua khé — khi dac diém quang hoc
ctia tham thuc vat thay doi dang ké. Vi dy, cac tham pha nhu RK, CAOSU déu c6
dic diém rung 14 vao mua kho, 1am giam gia tri NDVI va dé bi nhdm 14n v6i DKH.
Piéu nay da dugc khang dinh trong nghién ciru ctia Liu va cong su (2025) khi chi ra
anh huong 16 rét ctia hién twong rung 14 mua kho dén do chinh xac phan loai rimg
rung 14 & khu vuc Pong Nam A. Tuong tu, Hesketh va Sanchez-Azofeifa (2012) hay
Myers va cong su (2024) cling nhdn manh ring su bién dong mua vy cia tan 14 co thé
anh huong déng ké dén gia tri cac chi s6 phd, tir d6 1am sai 1éch két qua phan loai néu
khoéng c6 diéu chinh theo mua sinh thai.

Ngoai ra, nghién ctru ctia Jaxa (2021) khi xay dung chudi ban db 16p phu toan
Viét Nam bang anh ALOS va Landsat d3 ghi nhan OA dao dong trong khoang 86—
92% dbi v6i phan loai cip 1, khang dinh rang két qua hién tai dat d6 tin cdy tuong
duong véi cac nghién ctru va san pham ban d6 di duoc kiém chung. Piéu nay cho
thdy mé hinh RF c6 kha ning 6n dinh va hiéu qua trong viéc phan loai 16p phu dat
rimg theo chudi thoi gian, dic biét khi duge hd trg boi to hop cac bién dau vao nhu
NDVI, NDWI, BSI va DEM.

Tom lai, két qua phan loai RF trong nghién ctru nay dat do tin ciy kha tbt, thé

hién kha ning tmg dung hiéu qua cta to hop bién da dang trong bbi canh phan loai
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16p phu rung ving Ty Nguyén. Su 6n dinh cua cac chi sé OA va K qua cac nim
cing cd luan diém rang RF 13 céng cy manh cho gidm st rimg dai han, ddc biét khi
dugc t6i ru héa boi cac chi s6 phd va yéu té dia hinh — méi trudng.

3.1.4. Xdy dung bin do LULC tirng nim cho cd giai doan diéu tra.

Anh phan loai sau d6 duoc loc nhiéu va vector hoa dé thanh 1ap ban dd chuyén
dé LULC ting nim trong giai doan nghién ctru. Két qua duoc thé hién tir Hinh 3.3
dén Hinh 3.6 va Phu luc 9. Nhin vao cac ban d6 ta thiy RTN phan bb rai rac va co xu
huéng suy giam rd rét tir nim 2010 dén nam 2023. Tinh dén thoi diém gan day, dién
tich RTN chu yéu chi con tap trung tai Khu Bao t6n Thién nhién Nam Nung va Vuon
quéc gia Ta Pung.

RK chu yéu tap trung tai huyén Krong No, trong khi RBTX thuong xuat hién
dan xen voi cac dang RTX va RK, phan 4nh dic diém chuyén tiép sinh thai ving.
RTG phan b6 chu yéu & cac khu vuc doi nai thap, ving go, gan khu DC hodc xen ké&
trong cac khoang tréng cuia RTN, thé hién sy mé rong rimg san xuat dudi tac dong
ctia chinh sach phat trién kinh té 1am nghiép.

Céc loai hinh st dung dat khong phai 14 rimg, bao gdm NN, DKH, DC va MN,
cht yéu phan bd tai cac khu vuc c6 dia hinh thap va bang phang. Céac khu vuc nay
thudng c6 mirc d6 phan manh cao, cdu trac khong dong nhit, voi su dan xen phtc
tap gitta cac loai hinh str dung dt, phan anh thuc trang thiéu quy hoach khong gian

st dung dat ro rang va bén virng.
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TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG

Ty Ié 1: 300.000

780000E 800000E 820000E 840000E
IL“Y\-»)“\\\
N
W E
. & .
fe=l f=1
S =
S S 2
& &
£ £
(=3 (=2
f=4 (=3
(= (=
o o
2 =
{
N
2| \ z
gl g
S % S
={ Y g
@ L o
"
(7
)
z £
[=3 (=
f=3 (=4
(= (=
o ol
& &
CHU GIAI
Z| -~ Ranh gi6i tinh @ Ring tréng z
S| Ranh gi¢i huyén o Trdng cdy cao su =
(=3 o N A . S
2| Hign trang rirng S Datkhac 2
~[ =@ Rung thuong xanh w Dat ndng nghiép -
E® Ring ban thuong xanh Krl” dar] cw 0 7.5 15 22.5 km
! Rirng khop B Mat nwoc [ eaeeees |
780000E 800000E 820000E 840000E

Hinh 3.5. Ban @6 LULC huyén Piak Glong va huyén Krong N6 nim 2020

72
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Bang 3.5. Két qua thong ké dién tich ciia céac loai 16p phit huyén Pik Glong va huyén Krong No giai doan 2010 — 2023

Don vi tinh: ha

Tén lop phi RTX RBTX RK RTG CAOSU NN DKH DC MN Téne con

Gia tri 16p pha (@) 2) 3) 4) ) (6) () (8) © 8 tons
2010 113.153,30 3.897,27 4.972,41 3.600,09 13.234,73 64.293,93 17.171,06 3.185,99 3.050,11 226.558,89
(%) 49,94 1,72 2,19 1,59 5,84 28,38 7,58 1,41 1,35 100
2011 106.907,10 3.140,73 4.502,88 4.887,81 20.416,05 64.251,18 14.678,94 3.210,39 4.563,81 226.558,89
(%) 47,19 1,39 1,99 2,16 9,01 28,36 6,48 1,42 2,01 100
2012 101.945,30 4.387,47 3.331,27 4.963,23 10.611,11 78.108,57 13.018,63 4.191,39 6.001,92 226.558,89
(%) 45,00 1,94 1,47 2,19 4,68 34,48 5,75 1,85 2,65 100
2013 97.902,81 3.805,57 4.451,49 8.898,66 6.737,04 65.575,46 28.425,93 5.115,69 5.646,24 226.558,89
(%) 43,21 1,68 1,96 3,93 2,97 28,94 12,55 2,26 2,49 100
2014 88.160,67 3.200,04 4.706,54 9.566,02 8.832,69 69.260,67 31.626,18 5.502,24 5.703,84 226.558,89
(%) 38,91 1,41 2,08 4,22 3,90 30,57 13,96 2,43 2,52 100
2015 83.391,03 4.097,17 4.629,05 12.956,75 5.548,06 71.312,69 33.721,27 5.273,46 5.629,41 226.558,89
(%) 36,81 1,81 2,04 3,72 2,45 31,48 14,88 2,33 2,48 100
2016 80.324,91 3.856,41 4.963,58 6.511,70 4.327,92 77.298,74 37.611,00 5.993,73 5.670,90 226.558,89
(%) 35,45 1,7 2,19 2,87 1,92 34,12 16,6 2,65 2,5 100
2017 80.773,11 4.211,46 4.370,13 10.002,05 14.400,97 84.692,50 14.700,16 7.056,04 6.352,47 226.558,89
(%) 35,65 1,86 1,93 4,42 6,36 37,38 6,49 3,11 2,8 100
2018 74.846,07 3.765,43 4.607,19 20.974,14 19.592,64 71.950,79 16.363,95 8.208,63 6.250,05 226.558,89
(%) 33,04 1,22 2,03 13,23 8,65 22,93 12,52 3,62 2,76 100
2019 74.128,59 2.955,34 3.982,05 18.093,96 21.354,93 67.345,83 23.517,98 9.192,87 5.987,34 226.558,89
(%) 32,72 1,30 1,76 7,99 9,43 29,73 10,38 4,06 2,64 100
2020 73.709,37 2.833,47 3.064,86 24.695,68 21.309,73 57.965,01 27.630,89 9.603,74 5.746,14 226.558,89
(%) 32,53 1,25 1,35 10,90 9,41 25,58 12,20 4,24 2,54 100
2021 74.263,23 2.583,00 3.638,70 18.075,24 18.262,89 60.042,24 34.413,92 9.326,71 5.952,96 226.558,89
(%) 32,78 1,14 1,61 7,98 8,06 26,5 15,63 3,68 2,63 100
2022 73.819,98 2.395,43 3.575,42 22.975,10 12.516,48 63.198,27 32.467,59 9.699,78 5.910,84 226.558,89
(%) 32,78 1,14 1,61 7,98 8,06 26,50 15,19 4,12 2,63 100
2023 70.693,83 2.902,50 4.347,18 22.639,86 15.238,15 65.963,52 28.858,38 9.705,92 6.209,55 226.558,89
(%) 31,20 1,28 1,92 9,99 6,73 29,12 12,74 4,28 2,74 100,00
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Hinh 3.7. Biéu d6 bién dong RTN huyén Pik Glong va huyén Krong N6 qua cic nim
trong giai doan 2010 — 2023

Két qua thong ké LULC tir nam 2010 dén 2023 duoc trinh bay trong Bang 3.5
va Hinh 3.7, cho thiy sy thay d6i dang ké vé khong gian va ty trong gitra cac loai
rimg va nhém sir dung dat. Dién tich RTN (bao gom RTX, RBTX, RK) — von giit vai
tro sinh thai quan trong — giam tir 122.023 ha nam 2010 (chiém 53,86%) xudng con
77.943 ha nam 2023 (34,4%), tirc mét khoang 44.000 ha sau 13 nim. So sanh voi két
qua dién tich rimg duya trén bao cao hang nim cua UBND tinh dugc thong ké trong
Phuong an phat trién RTN cua Tinh Pak Nong (Nguyén Thi Thanh Huong va cong
su, 2021), dién tich RTN thong ké cho huyén Pak Glong va Krong N6 giai doan 2010
— 2021 giam 33.129 ha; v6i két qua phén loai giai doan 2010 — 2021 ctia nghién ciru
nay thi RTN mat 41.538 ha; 1éch khoang 8.400 ha. Xu huéng giam nay ciing phi hop
v6i danh gia toan cau cia Hansen va cong sur (2013), theo nghién ctru nan phé rimg
nhiét d6i chu yéu xuét phat tir cac hoat dong khai thac gd, chuyén d6i sang NN va
phat trién co so ha tang; nghién ciru chi r6 RTN ¢ khu vuc Pong Nam A di giam
manh trong giai doan 2000 — 2012, dic biét tai cac qudc gia co ap luc dan sb va san

xuét ndng nghiép cao nhu Viét Nam, Indonesia, Malaysia. Bén canh do, FAO (2020)
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cling ghi nhan rang RTN trén toan cau tiép tuc suy giam, chiém phan 16n trong téng
s6 dién tich rimg bi mat mdi nam.

Trong giai doan 2010 — 2023, 16p phit RTN suy giam theo nhip khong dong
déu. Cuy thé, giai doan 2010 — 2011 ching kién muc suy giam kha manh ciia RTN
(giam hon 7.400 ha, twong dwong giam 3,28%); tir nam 2011-2013, téc do suy giam
c6 phan giam dang ké; sau do giai doan 2013 — 2014, dién tich RTN giam nhiéu nhat
trong ca giai doan diéu tra (khoang 10.000 ha, trong duong giam 4,45%); sau mdc
nay, mic suy giam nhin chung c6 chiéu hudng it lai; tuy nhién dén giai doan 2017 —
2018 lai xuét hién mot dot giam dang ké (giam hon 6.100 ha, twong duong giam
3,15%); giai doan tir 2018-2023, mirc do suy giam 16p phit RTN khé thap va tuong
d6i 6n dinh. Murc d6 suy giam xen k& nhiing giai doan 6n dinh nay c6 thé lién quan
dén cac yéu td mé rong dat canh tac, phat trién cay cong nghiép hodc thay doi chinh
sach quan 1y ring theo ting thoi ky. Pbi chiéu véi bao cdo thudng nién cia UBND
tinh dugc thong ké trong Phuong 4n phat trién RTN tinh Dak Nong ciing cho thay
cac dinh mat RTN tap trung & hai giai doan 2013-2014 va 2017-2018, phu hop voi
két qua phan tich trén (Nguyén Thi Thanh Huong et al., 2021).

Trong khi 6, RTG ting manh va ciing c6 su bién dong ting giam khong dong
déu trong giai doan 2010 — 2023, 16p phu nay ting dang ké vé dai han, tir khoang
3.600 ha (chiém 1,59% tong dién tich) nam 2010 1én dén hon 22.600 ha (chiém
khoang 9,99%) nam 2023, tirc ting hon 19.000 ha (gan 6 1an). Dién bién theo nam co
tinh chu ky, thé hién rd nim giai doan bién dong phirc tap: (i) giai doan 2010 — 2015
tang lién tuc, ndi bat 1a giai doan 2012 — 2013 va 2014 — 2015 déu tang hon 3.900 ha;
(ii) giai doan 2015 — 2016 diéu chinh giam manh nhét toan chudi (giam khoang gan
6.500 ha); (ii1) giai doan 2016 — 2018 phuc hoi manh, riéng giai doan 2017 — 2018
ting gan 11.000 ha; (iv) giai doan 2018 — 2020 dao dong ting giam, giai doan 2018
—2 019 giam hon 2.880 ha nhung giai doan 2019 — 2020 lai tang khoang 6.600 ha,
dua dién tich RTG dat dinh (x4p xi 24.700 ha vao nam 2020; (v) giai doan 2020 —
2023 giam manh (giam khoang 6.600 ha nim 2021), sau d6 phuc hdi (ting gan 4.900
ha nam 2022) va giam nhe dén nam 2023, song van thap hon dinh 2020. Nhu vay,
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RTG mé rong 1 rét va ngay cang chiém ty trong 1én trong co cu sir dung dat, du
kém céc bién dong ngan han theo chu ky dau tu—khai thac. Xu huéng nay phan anh
két qua tich cuc tir cac chuong trinh trdng rimg quy mé 16n va chuyén doi sinh ké
trong 1am nghiép — mot xu hudng da dugce khuyén nghi trong cac chinh sach ctia Bo
NN&PTNT Viét Nam (MARD, 2022) va dugc xac nhan trong nghién ctru cia Dang
(2022), khi phan tich vai trd ctia chinh sach trong tai tréng rimg va duy tri d6 che phu.
Tuy nhién, do dic diém sinh thai va ciu tric tang tan don gian hon, RTG khong thé
thay thé toan dién chtrc nang sinh thai va da dang sinh hoc cta cac khu RTN, dac bié¢t
vé da dang sinh hoc va luu trit carbon (Pirard et al., 2016). Sy gia ting nay phan anh
cac chuong trinh trong rimg hodc chuyén doi tir RTN sang RTG ¢ quy md 16n, tinh
Pik Nong ban hanh nhiéu quyét dinh va phé duyét cac ké hoach tréng ring (UBND
tinh Pak Nong, 2017a, 2017b; 2021); theo cac thong tin trén Bao dién tir Dak Nong
va Vietnamplus, tinh Pdk Nong nhitng nim 2018, 2020, 2022 luén vuot ké hoach
trong rimg, trong d6 luén dan dau 1a 2 huyén Dik Glong va Krong No.

Déi véi 16p pha CAOSU dién tich dat dinh nam 2011 (20.416 ha, chiém 9,01%
tong dién tich) nhung giam xudng con 15.238 ha (chiém 6,73%) vao nim 2023. Gitz
va cong su (2023) cho rang bién dong nay co thé do gia CAOSU thé gidi giam sau,
dan dén néng dan giam trong cao su hodc chuyén sang cdy trong khac ¢ loi nhuin
cao hon.

Bén canh do, viéc phan loai anh dua trén dir liéu Landsat cling co thé bi anh
hudng bai dd phan giai khong gian (30 m), khién viéc phan biét cac 16p dat c6 cau
tric dang dan xen (nhu nong nghi¢p xen cdy lau ndm hoac rung ngheo xen RTG) gap
kho khin. Do vdy, cac sai s6 phan loai c6 thé anh huéng dén d6 chinh xéc trong thong
ké dién tich, nhit 1a & cac 16p c6 dién tich nho, phan bd phan manh hodc ¢6 tin hi¢u
phd tuong dong.

Su thay d6i nay khong chi dan dén mat mét dién tich RTN c6 gié tri da dang
sinh hoc cao ma con tiém an rui ro vé suy giam dich vu h¢ sinh thai, dac biét 1a chuc
ning diéu tiét ngudn nude, chong x6i mon va bao ton sinh canh. Mic du RTG va

CAOSU c6 thé gbp phan tang do che phu dat, song cau triic don loai, ting tan don
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gian va gia tri sinh thai thap khién chung kho c6 thé thay thé hoan toan vai tro cia
RTN trong h¢ sinh thai nhiét déi.
3.1.5. Phan tich LULCC trong giai doan 2010 — 2023.

Dua trén két qua phan loai anh v¢ tinh chudi thoi gian, cac ma tran chuyén
d6i dat (LULC transition matrix) dd dugc xay dung va phan tich cho timg giai doan

nghién ctru.
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Bang 3.6. Ma tran bién dong giai doan 2010 - 2011

Pon vi tinh: ha

2011
2010 RTX RBTX RK RTG CAOSU DNN DKH DC MN Téng
RTX 105.142,44 4437 25,11 1.404,17 1.107,70 2.128,25 2.628,90 16,56 655,8 113.153,31
RBTX 19,71 1.897,29 485,1 15,3 134,01 1.289,43 13,59 23,94 18,9 3.897,27
RK 22,08 61,73 2.086,58 22,32 388,26 2.203,97 51,48 58,59 77,4 4.972,41
RTG 300,76 1,98 4,05 2.544,77 104,13 243,54 305,82 0,72 94,32 3.600,09
CAOSU 343,22 73,53 126,63 153,27 7.843,01 4.052,00 397,36 13,14 232,57 8.234,73
NN 286,40 835,92 1.351,77 652,28 8.152,64 46.968,53 4.605,41 863,13 577,85 64.293,93
DKH 749,95 149,49 369,83 68,58 2.531,88 6.464,05 6.250,13 413,09 174,06 22.171,05
DC 14,4 54,44 43,54 9,11 144,33 823,79 325,8 1.750,24 20,34 4.185,99
MN 28,14 21,98 10,27 18,01 10,09 77,62 100,45 70,98 2.712,57 2.050,11
Téng 106.907,13 3.140,73 4.502,88 4.887,81 20.416,05 64.251,18 14.678,91 3.210,39 4.563,81 226.558,89
Bang 3.7. Ma tran bién dong giai doan 2010 — 2023
Pon vi tinh: ha
2023
2010 RTX RBTX RK RTG CAOSU DNN DKH DC MN Téng
RTX 69.623,42 48,6 93,96 14.050,75 2.977,73 13.816,62 9.695,70 823,59 2.022,93 113.153,30
RBTX 23,58 1.466,82 829,08 19,71 46,8 1.000,89 162,27 313,2 34,92 3.897,27
RK 47,61 155,52 1.731,69 21,51 128,52 1.168,29 223,56 1.414,35 81,36 4.972,41
RTG 79,28 3,06 7,2 1.957,24 239,22 877,05 243,09 79,92 114,03 3.600,09
CAOSU 97,76 66,24 117,36 278,55 7.709,52 3.235,95 1.192,23 202,68 334,44 13.234,73
NN 559,02 839,07 1.068,57 5.626,20 1.345,22 40.312,35 10.064,34 4.136,63 342,53 64.293,93
DKH 181,98 199,62 243,18 639,82 2.573,80 4.765,14 6.680,22 1.622,16 265,14 17.171,06
DC 78,66 116,1 240,21 37,26 215,27 736,02 586,89 1.081,53 94,05 3.185,99
MN 2,52 7,47 15,93 8,82 2,07 51,21 10,08 31,86 2.920,15 3.050,11
Téng 70.693,83 2.902,50 4.347,18 22.639,86 15.238,15 65.963,52 28.858,38 9.705,92 6.209,55 226.558,89
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Hinh 3.8. Bién dong LULC giai doan 2010 — 2023

Két qua phan tich cac ma tran LULCC dugc tong hop cho tirmg cip nam va ca
giai doan, thé hién ¢ Bang 3.6, Bang 3.7 va Phuy luc 10 cho théy 1d dong chuyén dich
giita cac 16p sir dung dat timg nam. Nhitng 6 mau vang trong bang thé hién 1a dién
tich 16p phii dugc giir nguyén, con cac 6 bén canh 1a dién tich 16p phu chuyén sang
cac loai 16p phu khac, dién hinh 12 mot s6 16n dién tich RTX chuyén sang RTG,
CAOSU, NN va DKH, cho thiy cic qua trinh khai thac — chuyén d6i muc dich st
dung dat di va dang dién ra manh mé trong giai doan nay. Pay 1a bang ching cu thé
cho thiy su mét ring khong chi don thuan 13 giam dién tich tong thé ma con 1a két
qua cua nhitng chuyén ddi st dung dat cu thé va dinh hudng chinh sach tai dia
phuong. Dé thiy rd hon mtc d6 ting/giam cua cac loai hinh LULC, biéu dd minh

hoa Hinh 3.8 ciing duoc trinh bay dé truc quan két qua nay; trong biéu do phan dudi
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truc hoanh 1a dién tich suy giam, trong khi phan phia trén 1a dién tich ting thém do
chuyén tir loai LULC nay sang loai/cac loai LULC khéc.

- RTX 14 16p phu bi suy giam manh nhat trong giai doan diéu tra; trong ca giai
doan dién tich khong thay ddi 1a 69.623,42 ha twong dwong hon 66%; trong khi co
43.530 ha (trong ing gan 34% tong dién tich) da chuyén ddi sang cac loai LULC khac.
Phan 16n dién tich RTX chuyén sang RTG (14.050,75 ha), NN (13.816,62 ha) va DKH
(9.695,7 ha). Piéu nay ciing twong dong vé6i cac phat hién trén pham vi toan cau.
Hansen va cong su (2013) ghi nhan qua trinh mat rimg nhiét d6i manh mé tai cac khu
vuc nhu Amazon, Pong Nam A va Trung Phi, cht yéu do chuyén thanh viing trong trot
va cdy cong nghiép (Liu et al, 2025). Sy twong dong ty 1¢ chuyén d6i tai khu virc nghién
ctru ciing phan 4nh xu hudng mo rong canh tac tai cac ving nhiét déi dang phat trién
trong nghién ctru cia Winkler va cong sy (2021). Su chuyén doi RTX sang CAOSU,
DKH va NN c6 thé 1a hé qua tit yéu cta ap luc phat trién — nhung ciing phan anh
khoang tréng trong chinh sach kiém soat chuyén dbi muc dich sir dung dat. Thuc té
nay goi mo nhu cau can thiét phai giam sat chit ché viéc thyuc hién cac chinh sach ciing
nhu cac diém noéng FCC.

- Dién tich RBTX va RK ciing bi chuyén d6i dang ké. Trong ca giai doan, 2
16p phui nay bi chuyén d6i 5.700 ha (twong tng véi 64 %); dién tich khong thay do6i
chi khoang 3.200 ha (36%). Dién tich nay chu yéu chuyén sang NN va DC (twong
duong gan 4.000 ha, chiém gan 69% tong dién tich chuyén doi).

- L6p pht RTG c¢6 sy bién dong tang/giam phirc tap trong ca giai doan diéu tra
(ting 19.039,77 ha). Tuy nhién, da phan dién tich 16p phu nay duoc giit nguyén, dién
tich RTG tang 1én 1a do cac 16p phu khac chuyén do6i qua, trong ¢6 RTN 1a 14.091,97
ha (cht yéu 1a dién tich RTX chuyén dbi), chiém 74% tong dién tich ting cua 16p
RTG:; tiép dén 1a dién tich NN (ca giai doan c6 5.626,2 ha chuyén dbi sang RTG).
Tuong tu nhu 16p pha RTG, dién tich CAOSU ting ciing chi yéu tir cac 16p phu RTX,
DKH va NN.

- Dién tich NN khong thay doi 1a 40.312,35 ha (chiém gan 63% tong dién tich
16p phit NN nidm 2010 duge giit nguyén). Trong khi dién tich NN ting 1én chu yéu
chuyén doi tir RTX véi 13.816,62 ha, DKH véi 4.765,14 ha va CAOSU véi 3.253,95
ha; tiép dén 1a dién tich RBTX va RK va mét dién tich nhé tir RTG chuyén qua. O
chiéu nguoc lai, di¢n tich NN chuyén dang ké sang DKH 1a 10.064,34 ha, RTG vé1
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5.626,20 ha va DC 1a 4.136,63 ha. Su chuyén dbi phirc tap nay da phan anh chu ky
chuyén ddi qua lai giira cac 16p NN, DKH, RTG.

- DKH 14 16p phu c6 bién dong chuyén doi 16n nhat: ty 1¢ gitr nguyén chiém
gan 39% (6.680,22 ha) so v&i dién tich ban dau (ndm 2010). Dién tich DKH ting 1én
chu yéu tir ¢t NN véi 10.064,34 ha (ting 25 % so v6i dién tich DKH ban dau);
chuyén tir RTX 14 9.695,70 ha; trong khi d6 dién tich DKH chuyén sang NN 1a
4.765,14 ha, CAOSU 2.573,80 ha, DC 1.622,16 ha va RTG 639,82 ha. Tinh trong ca
giai doan, dién tich DKH tang rong la 11.678,32 ha.

- Dién tich DC ting 1 rét so v6i dau giai doan 13 ting 6.519,93 ha (twong
duong ting gip 3 1an so v4i nam 2010). Trong d6, dién tich DC giita nguyén chi
1.081,53 ha, DC tang tir cac LULC khac chuyén qua 1a 5.438.4 ha, dong gop 16n nhat
1a tir dat NN chuyén qua véi 4.136,63 ha (chiém trén 76% dién tich cac LULC khac
chuyén sang DC), tiép dén DKH 1.622,16 ha (chiém 29,8%), RK 1.414,35 ha (chiém
26%) va tir RTX 823,59 ha. O chiéu nguoc lai dién tich DC chuyén sang cac loai hinh
khac, chi1 yéu 1a NN va DKH véi dién tich khong nhiéu.

- Trong subt giai doan, hon 95% tham phit MN 1a khong thay doi, trong khi d6
dién tich ting thém 1a 3.159,44ha. Dién tich MN tang cha yéu dugc chuyén doi tir
RTX v6i 2.022,93 ha, tir NN v6i 342,53 ha va tir CAOSU 334,44 ha. D6i chiéu véi
ban d6 LULC céc nim ta thay dién tich MN ting 1én cha yéu tai khu vuc huyén Dak
Glong. Piéu nay 1a phu hop véi thuc té md rong cac cong trinh thuy dién tai khu vuc

vuc ndy (Thuy dién Pong Nai 3 va 4).

82



Nhin chung:

- Su chuyén d6i RTX sang cac 16p phu khéc, dic biét 1a NN, DKH, DC va
RTG, phan anh rd tdc ddng manh m¢& cua qua trinh phat trién KT — XH va do6 thi
héa. Viéc mé rong NN dé trong trot va khai thac 1am san 1a nguyén nhén chinh
gdy suy giam dién tich RTN. Pong thoi, dién tich RTG tang 1én cho thdy nd luc
trong viéc phuc hodi canh quan rimg, dit RTG thudng khong ¢ chirc nang sinh thai
da dang nhu RTN.

- RTG da déng vai trd quan trong trong qua trinh chuyén d6i 16p phu, tir
vi¢c mé rong dién tich dé bu dép cho su suy giam cua RTN, dén viéc chuyén doi
linh hoat gitra cdc muc dich str dung dat khac nhu NN hoic phat trién ha tﬁng.

- NN va DKH 12 hai loai 16p phu chinh dugc mé rong tir viéc chuyén doi RTN va
RTG. Su bién dong giita cac LULC nay thé hién 1 anh huong cta phat trién kinh té va
chinh sach str dung dat trong khu vuc.

Toém lai, LULCC giai doan 2010-2023 tai khu vuc nghién ctru thé hién su
chuyén ddi phtic tap gitra cac loai hinh str dung dét, phan anh rd nét tac dong tong hop
ctia cac yéu t6 kinh té, chinh sach va nhu cau phat trién x3 hoi. Dac biét, dién tich RTN
(RTX, RBTX, RK) giam manh hon 43.530 ha, chi yéu chuyén d6i sang NN va DKH.
Mitc bién dong nay tuong dong voi két qua nghién ciru cia Nguyén Thi Thanh Huong
(2022) tai tinh Pik Lik, ghi nhin toc do mat rimg ty nhién trung binh 1,1%/nam giai
doan 2010-2020, cha yéu do chuyén déi sang NN va RTG. So sanh v4i nghién ctru ctia
Duong Thi Mai Duong va cong su (2016) tai Dak Nong, toc d6 chuyén doi tir dat rimg
sang dat nong nghiép tai Dak Glong — Krong N6 cao hon so véi toan tinh, cho thiy tac
dong manh mé tir di cu ty do va mé rong ciy cong nghiép dai ngay (ca phé, ho tiéu).
Két qua nay cling phu hop véi quan sat cia Hansen et al. (2013) vé xu huéng mét rimg
nhanh tai cac viing cao nguyén Dong Duong, nhung khic biét & chd khu virc nghién
ctru ghi nhén sy gia ting song song dién tich RTG — yéu t4 it thiy & cac khu vuc rimg
khop Campuchia hay Lao (Curtis et al., 2018).

Béang ma tran bién dong dién tich tir nam 2010 dén 2023 cho thay sy thay doi
dang ké giita cac loai 16p phu, trong d6 bién dong dién tich RTN 1a diém dang quan

tam, khong chi phan anh cac tdc dong nhan sinh ma con chiu anh hudng tir cac yéu to
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moi trudng, khi hiu va ky thuét canh tac. Mic du c¢6 nhiéu nd luc tréng rimg trén toan
qudc — bao gdm chuong trinh trong rimg san xuat va phuc hoi ring tai Pak Nong —
nhung dién tich RTN van tiép tuc suy giam nghiém trong ¢ nhiéu khu vyuc cua Tay
Nguyén (Kissinger, 2020). Su gia ting dién tich RTG tuy gop phan cai thién do che
pht rirng toan tinh, song khong thé bu ddp hoan toan gia tri sinh thai, da dang sinh hoc
va kha ning diéu hoa méi trudng cla cac hé rimg thuong xanh nguyén sinh d mét.
Céc nghién ctru ctia Bremer & Farley (2010) va Hua et al. (2018) ciing chi ra rang rimg
tréng, dac biét 1a rirng don loai, chi tai tao dugc mot phﬁn nho cac chirc nang sinh thai
so vOi rung tu nhién.

Nhin chung, xu thé LULCC tai Pak Nong mang tinh dién hinh cho ving Tay
Nguyén: RTN suy giam, RTG ting, NN mé rong nhanh va chiu chi ph6i manh béi cac
bién dong KT-XH. Nhitng két qua nay khong chi ciing c6 tinh khai quat ctia mo hinh
phan tich ma con nhan manh nhu cau cap thiét phai quan 1y va quy hoach str dung dat
mot cach hidu qua, két hop gitra phat trién kinh t& — x3 hoi va bao ton gia tri sinh thai,
nham dam bao su phat trién bén vitng cta cac hé sinh thai rimg trong bbi canh bién doi
khi hau hién nay.

3.2. X4c dinh diém néng FCC khu vire nghién ciru
3.2.1. Phén tich twong quan khéng gian va xdc dinh diém néng

Dé phan tich vi tri khong gian trong LULCC, nghién ctru di ap dung phuong
phap phan tich diém nong (Hotspot Analysis) st dung chi s6 Getis-Ord Gi* — mot
cong cu manh trong vi¢c phat hién cac cum gia tri cao hodc thép co y nghia théng ké
trong khong gian. Chi s6 nay cho phép xac dinh cac ving c6 xu hudng tap trung cao
d6 vé bién dong tham phu dit, thay vi phan bd ngiu nhién, qua d6 1am sang to cac
viing ¢6 nguy co mat rimg cao (hotspots) hodc ving on dinh bén viing (coldspots)
trong khong gian dia 1y (Ord & Getis, 1992; Anselin, 1995).

Két qua phan tich cum khong gian (Hot Spot Analysis) cia FCC giai doan 2010
— 2023 dugc thé hién trong Bang 3.8 cho thdy cac mirc d6 hinh thanh cum diém nong

va lanh theo ting cdp nam cu thé.
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Trong toan b giai doan 2010 — 2023, téng dién tich RTN c¢6 biéu hién hinh
thanh cum khong gian c6 y nghia thong ké (tic gia tri Gi* khac 0) chiém 47.967,79
ha, trong s6 d6 cum ndng chiém gan 90,67% (twong tng 43.490,2 ha) & muc ¥ nghia
thng ké 90% va 95%, cum lanh chiém 9,33% (twong tng v6i 4.477,59 ha) & mic
nghia thong ké 95%. Khong c6 cum néng/lanh RTN nao dat ¥ nghia théng ké véi do
chinh x4c 99%. Bén canh dé, chi c6 mot dién tich rat nho véi 34,92 ha (chiém chua
dén 0,1%) 1a khong thudc nhom hinh thanh cum (Gi_Bin = 0). Piéu nay cho thiy da
phan cac FCC dién ra tap trung theo cac cum khong gian nhat dinh.

Phén tich trén timg cip nam trong giai doan nghién ctru, c6 thé thiy dién tich
khong thudc nhém hinh thanh cum (tirc 1a Gi_Bin = 0) thay doi trong tirng thoi diém.
Tuong ty vay, cdc cum néng/ lanh xuét hién trong tung cdp ndm cling khac nhau (voi
murc ¥ nghia thong ké trén 90%). Trong d6 co thé thiy cic cum ndng xuat hién kha
nhiéu trong giai doan trude 2018; sau giai doan nay, mic du van c6 mit nhitng cum
néng tuy vay voi dién tich 1a khong dang ké. Su bién dong RTN (cum néng/cum
lanh) trong giai doan phan tich v&i cac mitc ¥ nghia thong ké dugc tom tit nhu sau:

- O mtic 99% (Gi_Bin = 3): Cac cum néng xuét hién véi dién tich nhiéu nhat 13
trong giai doan 2012 - 2013, 2017 — 2018 — 2019 , dac biét 1a giai doan 2017 — 2018
dat 11.614,6 ha, chiém trén 62% cum néng; tiép theo 14 giai doan 2018 — 2019 chiém
29,44%, giai doan 2012 — 2013 chiém 7.2 %. Day la cac giai doan c6 mutc do bién
dong manh mé& nhat, cho thdy kha niang c6 su mé rong dat san xuat, khai thac rimng
hoic sy thay d6i trong hanh vi sit dung dat tai dia phuong. Diéu nay ciing twong dong
khi so sanh véi bang thong ké dién tich rimg ¢ Bang 3.5 phan 3.1.4 (tirc 1a khi xuat
hién cum néng thi ngay sau thoi gian c6 sy suy giam manh di¢n tich RTN). Xu hudng
nay ciing dugc Meyfroidt va cong su (2013) chi ra, cac ving ¢ sy chuyén tiép tir
rimg sang NN tai mién ni Viét Nam thuong 13 noi ¢6 xu huéng mat rimg nhanh.
Theo céc tac gia, cic nguyén nhan matt rimg thong thuong dén tir sy tic dong dong
thoi cua chinh sach, tang dan s6, xay dung ha tang, ... Trong nghién ciru nay, ngoai

nhirng dé€ cap ¢ trén, cé thé thay cac giai doan khac c6 su xuat hién cum nong rai rac
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v6i dién tich khong dang ké (146,87 ha nim 2015 — 2016; 1.146,87 ha nam 2020 —
2021; 94,23 ha giai doan 2022 - 2023).

- O mirc 95% (Gi_Bin =2): Cum diém nong rai ric & hau hét cac giai doan,
trong d6 tap trung nhiéu nhat 1a giai doan 2014 — 2015 (chiém gan 42,45% tong cac
giai doan), 2015 — 2016 (chiém xap xi 16,13%), 2012 — 2013 (chiém trén 15,63%).

- O mirc 90% (Gi_Bin = 1), cum ndng xuét hién & hau hét cac nam véi dién tich
kha 16m, dao dong tur trén 2.000 ha dén 9.000 ha, cao nhit 1a giai doan 2013 — 2014
(chiém trén 24,3% tong cac giai doan), thap nhat 1a giai doan 2015 —2016 (chiém gan
7,2%).

- O chiéu nguoc lai, cum lanh (coldspots) khong c¢6 cum nao dat mirc ¥ nghia
thng ké 99% (Gi_Bin = -3). Giai doan 2017 — 2018 1a giai doan ndi bat nhat ctia cum
diém lanh (Gi_Bin = -2), v6i 4.427,73 ha (chiém gan 56,5%% tong céc giai doan c6
diém lanh ¢ muc y nghia nay). Giai doan 2014 — 2016 c6 cum diém lanh dat trén dudi
1.500 ha véi murc y nghia 95%; & mac Gi_Bin = -1 xuat hién véi dién tich khong
nhiéu, tap trung & mot sd giai doan 2012 — 2013 va 2014 — 2016. Céc giai doan con
lai hau nhu khong c6 diém lanh & muc y nghia nay.

Tém lai, két qua Gi* chi ra cdc cum nong/ lanh xuét hién tung dot, xen k&
nhiing giai doan khong c6 cum rd. Céc dinh hotspot ndi bat tap trung & 2013-2018.
Nguoc lai trong giai doan 2019-2023, khong c6 su xudt hién cum diém lanh & cac
muc y nghia théng ké khac nhau; déng thoi cum diém nong cling it xuét hién, mot
dién tich nho cum diém néng & muc ¥ nghia 90%. Diéu nay cho thdy sy 6n dinh vé
FCC trong nhimg nim gan day.

Két qua cho thdy FCC mang tinh khong gian theo thoi gian, khong phai ngiu
nhién. Sy xuat hién cum néng (hotspot) cho thay rai ro mat rimng hodc suy thoai ngay
sau d6, do d6 can duoc uvu tién giam sat va quan 1y kip thoi. Hién tuong “dich chuyén
cum noéng” 1a du hiéu quan trong trong quy hoach sir dung dat, phan anh rang
LULCC chiu tic dong khong chi tir tw nhién ma con tir cac yéu té KT—XH theo ting
giai doan, trong dong véi két qua cia Precinoto et al. (2022), Singh & Yan (2021)

va Beuchle et al. (2015) tai cac vung rimg nhiét déi Nam M¥ va chau A..
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Bang 3.8. Két qua phan tich cum khéng gian (Hot Spot Analysis) cia LULCC (Giai doan 2010 — 2023)

TT Giai doan Phin loai GiBin theo thuit toan Hot Spot Analysis (Getis-Ord Gi)* Dién tich
(ha)
3 22 -1 0 1 2 3
1 2010-2023 - 4.477,59 - 34,92 2.022,93 41.467,27 - 48.002,71
2 2010-2011 - 18,90 439,74 5.602,05 4.049,63 2.128,25 - 12.238,57
3 2011-2012 - - - 10.440,21 - - - 10.440,21
4 2012-2013 - 379,00 2.594,15 2.086,20 - 2.685,28 1.347,15 9.091,78
5 2013-2014 - - - 6.771,16 9.799,09 - - 16.570,25
6  2014-2015 - 1.456,83 2.587,49 1.044,08 - 8.461,05 - 13.549,45
7 2015-2016 - 1.554,48 1.093,87 624,33 2.882,11 3.212,32 - 9.367,11
8  2016-2017 - - - 10.892,37 - - - 10.892,37
9 2017-2018 - 442773 21,15 279,81 11.614,60 16.343,29
10 2018-2019 - - - 5.052,40 - - 5.509,48 10.561,88
11 2019-2020 - - 90,90 3.065,28 6.056,69 - - 9.212,87
12 2020-2021 - - - 7.040,15 4073,94 - 146,87 11.260,96
13 2021-2022 - - 20,97 4.247,27 6.892,67 3.114,17 - 14.275,08
14 2022-2023 - - 10.923,06 6.526,99 37,26 94,23 17.581,54

Ghi chu: [-3] - (99% confidence cold spot), [-2] - (95% confidence cold spot); [-1] - (90% confidence cold spot); 0 - (no significant cluster); [1] -

(Két qua phan tich hotspot chi tiét tirng cap nam duoc thong ké & Phy lyc 11)
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Téng thé, két qua phan tich diém ndng cung cb nhan dinh rang: FCC tai huyén
Pik Glong va Krong N6 — tinh Pak Nong khong dién ra ngiu nhién ma chiu anh
huoéng béi nhiéu yéu td TN — KT — XH, tao nén cac cum néng — lanh c6 ¥ nghia
khong gian rd rét. Piéu nay phan 4nh tinh “khong gian hoa” cia FCC — vén 1a dic
diém quan trong can duoc dic biét luu ¥ trong quan 1y tai nguyén rimg va quy hoach
stt dung dat bén virng.

Két qua tir phan tich Getis-Ord Gi* khong chi ¢6 ¥ nghia khoa hoc ma con
mang gia tri thuc tién cao. Viéc xac dinh cac diém nong co thé gitp dia phuong wu
tién nguodn lyc giam sat, ting cudng tuan tra va kiém soat tai cdc ving c6 nguy co
mat rimg cao, dong thoi bao vé va phat trién cac ving coldspot — noi c6 kha ning duy
tri 6n dinh sinh thi 1au dai.

Gia tri cac cum nong — lanh cu thé theo ting cap nam da duoc xay dung va
trinh bay trong Phu luc 11, hd trg tryc quan va nang cao kha ning Gmg dung trong
cong tac quy hoach, gidm sat va quan 1y rung theo khong gian.

3.2.2. Xdy dung ban do diém néng FCC tirng ciip nam trong giai doan diéu tra.

Viéc xdy dung ban d6 diém néng FCC theo timg cip nim d3 1am rd hon xu
huéng bién dong co tinh khong gian — thoi gian tai hai huyén Pak Glong va Krong
N6 trong giai doan 2010 — 2023. Thay vi phan tich gdp cho toan ky, cach tiép cin
theo ting giai doan ngan (2 nam) giap 1am ndi bat cac thoi diém bién dong cuc bo,
thuong lién quan dén cac van dé& nhu han han, thay ddi chinh sach, hodc bién dong
KT-XH, tir d6 dinh vi thoi diém va dia diém can can thiép (FAO, 2020).

Cac két qua ban do diém nong FCC tai khu vuc nghién ctru duoc thé hién tir
Hinh 3.9 dén Hinh 3.13 va Phu luc 12 theo tung cdp giai doan va ca giai doan diéu
tra, trong khi d6 Hinh 3.14 mo ta truc quan nhu mot vi du vé su thay ddi chi tiét cua
mot ving. Quan sat cac ban dd diém ndng so v6i anh Planet va Google Earth pro, cho
thdy cac diém nong FCC xuat hién rai rac trong ting cip nim cia ca giai doan, chu
yéu tip trung & ving ria ring, khu vuc giap ranh giita dat 1am nghiép va dét san xuat

néng nghiép nho 1¢. Pay 1a thoi ky bién dong nhe, thé hién bang cac cum diém nong
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c6 dién tich nho, phan bd thwa thdt, phu hop voi bdi canh giai doan dau thyc hién
giao dat giao rung con han ché va cac hoat dong canh tac chua mo rong rd rét.

Tir nam 2012 tré di, mat do va quy mo diém néng c6 xu hudng gia ting, dic
biét trong giai doan 2013-2015 va 2017-2018. Trong ban d6 timg cip niam, cac diém
néng xuit hién véi tan suit cao hon, tip trung & ving c6 do doc thap, gan tuyén giao
thong chinh, khu dén cu va cac ving c6 diéu kién thun loi dé chuyén ddi sang dat
canh tac. Pay 1a giai doan ghi nhan cudng d6 mét rimg cao, nhiéu khu vuc hinh thanh
cum néng lién tuc — phan anh ap lyc sir dung dat ting manh. Xu huéng nay phu hop
v6i1 cac nghién ctru tai khu vye nhiét do1 nhu cua Sandker va cong sy (2019), Phillips
va cong sy (2018), cho rang cac khu vuc ven ring, giap ranh véi dat canh tac hoic
khu dinh cu 12 noi dé phat sinh mét rimg do tac dong cta hoat dong néng nghiép mo
rong.

Péng chua y, ban d6 cip nam 2017 - 2018 cho thdy cac cum diém noéng xuat
hién rd nét & mirc tip trung cao & ca phia déng huyén Pk Glong va vung giap Krong
NGO, v6i hinh thai lan rdng hon, mat dd cao hon, phan &nh muc dd suy gidm tham phu
c6 tinh hé théng va lan téa khong gian manh.

Tt ndm 2019 dén 2023, mic du dién tich diém néng van con xuat hién song
mat d6 cum ndng dudng nhu c6 xu huéng giam. Piéu nay co thé cho thdy hiéu qua
budc dau cia cac bién phap bao vé rimg, kiém soat chuyén d6i dat va cac chuong
trinh tréng rung. Tuy vay, cac diém néng van tiép tuc hién dién tai cac khu vuc nhay
cam vé TN — KT — XH nhu ving phia dong Pak Glong, ria phia nam Krong N6 — noi
c6 d6 dc thap, dit dai mau md va diéu kién tiép can thuan loi.

Xét tong thé, ban d6 diém nong FCC 1a cong cu truc quan hiru hiéu giup luong
héa mirc do va xu huéng bién dong rimg trong khong gian — thoi gian. Viéc két hop
anh vién tham Landsat da thoi gian voi phan tich GIS khong chi cung cip thong tin
dinh luong vé tinh trang mat rig, ma con gop phan phan nh tac dong tong hop ciia
céc yéu tb ty nhién va nhan sinh. Day 1a co s¢ dé xay dung cac chién luoc giam sat

va quan 1y rung c6 dinh hudng, hi¢u qua va thich tng hon.
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Ngoai ra, két qua ban dd diém néng con c6 gia tri dinh hudng cho thiét ké khao
sat thuc dia va lya chon céac diém tiéu biéu phuc vu phong van sau. Tl cac vung co
diém nong ro rét, luan an da xac dinh duoc cac vi tri vu tién dé diéu tra, gop phé,l’l
tang cuong do tin cdy va tinh dai dién cta két qua nghién ctru. Pong thoi, két qua nay
cling 13 tién dé cho viéc tich hop vao mé hinh SEM nhim x4c dinh va luong hoa mirc
d6 anh hudng cua cac nhom nhan t6 TN — KT — XH dén qua trinh suy thodi rimg mot

céch khoa hoc va hé thong hon.
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BAN DO DIEM NONG NAM 2010-2011 o
TAI KHU VUC HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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Hinh 3.9. Bin d6 diém néng mit rirng huyén Pik Glong va Krong No giai
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BAN DO DIEM NONG NAM 2012-2013 o
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BAN DO DIEM NONG NAM 2017-2018 o
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Hinh 3.11. Ban do diém néng mit rirng huyén Pik Glong va Krong No giai

doan 2017 - 2018
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BAN DO DIEM NONG NAM 2022-2023 o
TAI KHU VU’'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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Hinh 3.12. Ban d6 diém néng mit rirg huyén Pik Glong va Krong Né giai
doan 2022 — 2023
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BAN DO DIEM NONG NAM 2010-2023 o
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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Hinh 3.13. Ban do diém néng mit rirng huyén Pik Glong va Krong No giai
doan 2010 — 2023
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2023

RTX -> DNN

RTX ->DKH

Hinh 3.14. Hinh ving miu diém néng phéng dai
3.3. Phén tich moi quan h¢ gitra cac nhém bién dong 16p phi rirng véi dac

diém TN - KT - XH
3.3.1. Théng ké dit liéu cdc nhan té TN — KT — XH tic dong

Thong qua két qua phan tich LULCC & phén 3.1.5, tinh toan gia tri cac bién
phu thudc bao gdm: Dién tich RTN chuyén sang cic loai 16p phii khac (RTG,
CAOSU; NN, DC, DKH) dugc thong ké & Bang 3.9.
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Hinh 3.15. Hinh minh hoa ban d6 tham phii khu vire nghién ciru giai doan 2010 —
2023

Bang 3.9. Thong ké gia tri cac bién phu thudc

Bién Phu RTN chuyén sang RTN chuyén sang RTNchuyén RTN chuyén sang
thufc RTG, CAOSU (ha) Nong nghiép (ha) sang DC (ha) DKH (ha)
Niam RT DNN DDC DK
2010
2011 3.071,76 5.621,65 2.693,97 99,09
2012 649,02 8.276,86 877,50 325,35
2013 6.022,15 3.029,56 2.817,14 201,69
2014 5.434,45 6.357,06 4.465,90 255,60
2015 3.241,81 5.437,20 1.256,72 804,33
2016 2.420,89 3.986,87 2.252,40 657,45
2017 4.048,43 4.966,45 467,28 1.176,57
2018 7.442,83 5.826,42 1.247,39 801,81
2019 5.688,58 3.308,47 1.046,52 485,91
2020 3.653,38 4.583,26 592,29 367,38
2021 8.315,17 2.348,60 351,62 219,29
2022 5.461,99 5.491,43 2.821,89 487,08
2023 8.253,50 7.185,95 1.111,14 1.004,31

Thong qua nién giam thong ké dé théng ké cac bién: ND, LM, SDN, DC. Két

qua thé hién chi tiét & Bang 3.10 nhu sau:
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Bang 3.10. Gia tri cac bién ddc 1ap dwa vao nién giam théng ké

Bién ND LM DC SDN
doc lap 00) (mm) (ngwoi) dang hoat dong
kinh doanh
2010 24 1.760 105.359 60
2011 23 2.272 107.839 73
2012 24 2.656 111.121 94
2013 23 2.174 116.769 116
2014 23 2.232 119.281 126
2015 24 2.025 126.125 159
2016 24 1.994 132.797 175
2017 23 2.723 138.319 180
2018 23 2.019 140.043 158
2019 24 2.240 143.217 205
2020 24 1.966 146.176 240
2021 24 2.766 155.219 247
2022 23 2.235 154.861 253
2023 23 2.513 158.898 258

Thong qua nién giam thong ké, san luong cua cac ciy trong chinh (bao gom:
Ca phé, tiéu, diéu, cao su timg nim ciing dugc tong hop; dong thoi két hop voi thong
tin thi truong, ké thira s6 liu B¢ an va phong van dé xac dinh gia nong san cua céc
loi cdy nay cho tig nim, tir d6 tinh dugc gia tri bién GNS trung binh nhu duoc thé
hién & Bang 3.11. sau day:
Bang 3.11. Gia tri bién gia nong san dua vao nién giam thong ké két hop voi

thong tin thi treong va phong vin

Nim  San lugng néng sin chinh (Tén) Gi nong sin chinh (VND) Téng thu Dién Gia
nong san tich néng san
Caphé Tiéu Diéu Cao Ca Tiéu biéu Cao su chinh nong tl'}l ng
su phé sz}n binh
chinh (VND) -
GNS

2010 28.890 1.136 4.073 73 35.000 100.000  30.000 38.000  1.249.714.000 34.172 36.571
2011 35335 1.122  4.359 207 50.000  130.000 40.000 32.000  2.093.594.000 41.023 51.035
2012 40.242  1.022 3.981 264 39.000  160.000  25.000 40.000  1.843.043.000 45.509 40.498
2013 42.944 963  5.198 714 40.000  200.000 30.000 30.000  2.087.720.000 49.819 41.906
2014 51.631 1250 3.798 1.184 41.000  220.000  29.000 15.000  2.519.773.000 57.863 43.547
2015 51.072 1290 3.823 2.281 37.000  230.000 34.000 11.000  2.341.437.000 58.466 40.048
2016 52.785 1.777 3.499 2.370  40.000 130000  38.000 10.000  2.499.072.000 60.431 41.354
2017 64.610 2401 3.700 1.873 43.000 80.000  34.000 8.000  3.111.094.000 72.584 42.862
2018 66.509 2214 4286 1.003 33.000 42.000  32.000 9.000  2.433.964.000 74.012 32.886
2019 73.337 3.248 4.300 900  30.000 43.000  31.000 12.000  2.483.874.000 81.785 30.371
2020 77.920 3394 4236 1.000 33.000 36.000  35.000 11.000  2.852.804.000 86.550 32.961
2021 86.006 4.362 3.892 676  40.000 64.000  33.000 16.000  3.858.660.000 94.936 40.645
2022 101.946  5.720 3.180 771  41.000 78.000  35.000 18.000  4.751.124.000 111.617 42.566
2023 106.354 6.231 3.082 695  67.000 68.000  28.000 20.000  7.649.622.000 116.362 65.740

Thong qua cac chirc nang phan tich trong ArcGIS, gié tri bién KDC, KNN va

KGT da duoc xac dinh. Két qua dugc thé hién trong Bang 3.12 sau day:
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Bang 3.12. Gia tri cic bién dwa vao tinh toan

Bién tiém 4n Khodang ciach dén NN KDC (m) KGT (m)
(m)
Niam KNN KDC KGT
2010 3.594 4.905 3.822
2011 3.585 4.632 3.510
2012 3.291 4.669 3.502
2013 3.037 4.009 3.500
2014 2.667 3.958 3.312
2015 2.381 3.538 3.067
2016 2.232 3471 3.033
2017 2.341 2.869 3.004
2018 2.173 2.664 2.922
2019 2.187 2.344 2.523
2020 2.065 2.325 2.511
2021 2.081 2.312 1.664
2022 2.020 2.304 1.634
2023 2.008 2.291 1.156

Céc bang so liéu trén cho thay xu hudng chuyén d6i RTN tai khu vuc nghién
ctru dién ra kha phirc tap trong giai doan 2010 — 2023. Cu thé, RTN bi chuyén d6i
nhiéu nhit sang NN, CAOSU va RTG. Xu huéng nay phan anh ap luc rd rét tir phat
trién dan s6 va kinh té dia phuong. Két qua so sanh vdi cac bién KT - XH cho thay
sO lwong DC tang lién tyc tir hon 105 nghin (nim 2010) 1én gan 159 nghin (nim
2023), trong khi SDN ting hon 4 lan, tir 60 1én 258 doanh nghiép. Trong khi d6, LM
dao dong nhung khong c6 xu hudng rd rét, cho thay cac bién khi hau it anh huong
hon so v&i nhan t6 KT - XH. Pang cha ¥, GNS ¢ xu huéng ting lién tuc, dic biét
sau nam 2021 (Bang 3.11), khién NN tr¢ nén hap dan hon vé mat kinh té. Pay c6 thé
13 mot dong luc quan trong dan dén gia ting chuyén ddi cac loai LULC sang NN,
nhat 1a d6i véi cay cong nghiép nhu ca phé, tiéu.

Xét vé miat khong gian (Bang 3.12), cac khoang cach nhu KNN, KDC va KGT
déu giam dan qua cac nam. Piéu nay cho thay bién d6 mo rong cua san xuat va ha
tang ngay cang lan siu vao ving rimg, 1am suy giam ving dém sinh thai va gia ting
rii ro mat ring & cac khu vuc dé tiép can.

Nhu vay, tir cac bang sb liéu da cho thiy c6 kha niang c6 méi lién hé giira cac
nhan t6 véi cac xu huéng khong gian — thoi gian cua mat rimg. Dong thoi cung cip

co s¢ thuc nghiém dé thiét 1ap md hinh nhan qua SEM, tr d6 x4c dinh mirc do tac
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dong cua tirng nhom nhan té va dé xuét cac giai phap quan 1y rimg thich ung, hiéu
qua.
3.3.2. Phan tich tic djng ciia cdc nhin té TN — KT — XH dén FCC

Phan tich tac dong giita cac nhan t6 bang moé hinh SEM cho thay cac chiéu
huéng va muc d6 tic dong gitta cac nhan té KH, TC, KT — XH dén DTR.
3.3.2.1. Tdc dong ciia cdc yéu té khi hdu

Két qua kiém tra su phit hop ctia mé hinh tac dong cua yéu t6 KH dén DTR
duoc trinh bay trong Bang 3.13, Phu luc 13; két qua tac dong dugc chi ra tai Hinh
3.16. md ta chiéu hudng va dinh luong cac nhan td tac dong nhom KH. Két qua cho
théy nhom yéu t6 khi hau c6 tac dong tiéu cuc dén su suy giam dién tich RTN v&i hé
s6 anh hudng truc tiép B = —0,39. Piéu nay c6 nghia 1a khi nhiét do ting va luong
mua gidm, dién tich RTN c6 xu hudng thu hep 10 rét. Mac du gia tri P = 0,07 (> 0,05)
chua dat mirc y nghia thong ké cao nhat, song cac chi s6 danh gia mac d6 phu hop
ctia mo hinh déu nam trong ngudng chip nhin duoc (CMIN/df = 1,6; CFI1 = 1) (Bang
3.13), dong thdi NNFI, RMSEA va IFI ciing dat mitc chap nhan duoc theo danh gia
tir gi 1énh effectsize trong R (Phu luc 13). Diéu nay chimg to mé hinh du do tin cay
dé dién giai tac dong ctia bién khi hau dén bién dong tham phu rimg.

- Tac dong truc tiép: Hé s6 anh huong truc tiép -0,39. Nghia 1a, khi nhiét do
tang va lugng mua giam, di¢n tich RTN ¢6 xu hudng thu hep; nhi¢t 6 tang lam tang
tbe qua trinh bdc hoi dit, giam am do tﬁng mit va han ché sy tai sinh tu nhién cua
cac loai cdy wa Am; luong mua giam dic biét trong mua kho (tir thang 11 dén thang
4), da dan dén kéo dai thoi gian kho han va gia ting nguy co chay rimg & cac khu vuc
ring kin thuong xanh va rig hon giao ciy 14 rong; cac dot han nim 2016 va 2020
dugc ghi nhan 14 nhitng thoi diém dién tich suy giam RTN 16n nhat trong chudi thoi
gian Landsat. Phat hién nay phu hop voi cadc nghién ctru trudce tai Ethiopia va céac
vung nhiét déi, noi han han kéo dai thuong di kém véi mat rung (Bolla et al., 2024;
Debebe et al., 2023; Wolf & Paul-Limoges, 2023).

- Tac dong gian tiép: thé hién qua viéc bién doi khi hau lam thay d6i diéu kién

sinh thai ctia dat, din dén giam ning suat va hiéu qua sinh truéng cia cay ring, tir d6
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khuyén khich nguoi dan chuyén doi rimg nghéo sang NN va DKH. Két qua mé hinh
SEM cho thay khi hau c6 anh hudng gian tiép manh dén qua trinh chuyén do RTN
sang DC 1a manh nhat (hé s6 1,08), tiép dén 1a DK (0,54) va DNN (0,28). Trong do,
bién ND c6 gia tri tic dong S = 1.0 thé hién anh hudong manh, phan anh rd tac dong
cta xu thé nong 1én tai Tay Nguyén, la nhan td tac dong duogc lya chon dé du bao
LULCC.

Nhin chung, khi hau khong chi anh huéng sinh thai ma con co thé kich hoat
cac chudi thay d6i KT—XH, 1a nhan t6 nén ting can duoc vu tién trong quan 1y rimg
thich tng v61 BDKH.

Bang 3.13. Cac chi s6 kiém tra sy phit hop ciia mé hinh tic dong ciia cic yéu to

khi hau
STT Chi s6 phit hop véi mé hinh Piém M4 hinh
cat
1 Phu hop tuyét d6i X? (CMIN) P<0.05 23,6 (P=0,07)
Dinh mirc (CMIN/DF) <=3 23,6/15=1,6
Do tot cua chi s6 phu hop (GFI)  >=0.,9 0,89
Tiéu chuan du (SRMR) <=0,08 0,2
2 Phu hop tang cuong  Chi s6 phu hop dinh mirc (NFI) >0,9 0,73
Chi s6 phu hop so sanh (CFI) > 0,9 1

So dd lién hé gitra cac bién DTR va KH dugc trinh bay trong Hinh 3.16

RT ND

1,00

DNN

pDg

/ AN

DK LM

Hinh 3.16. So d6 thé hién sy tic dong ciia yéu to khi hau Ién sy bién dong RTN

3.3.2.2. Tac dong ciia yéu t6 khodang cdch tiép cdn
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Két qua kiém tra su phu hop ciia mé hinh tac dong cia yéu t6 TC (bao gém
KDC, KNN, KGT) dén DTR duoc trinh bay trong Bang 3.14, Phu luc 14; két qua tac
dong duoc chi ra tai Hinh 3.17 mo ta chiéu hudng va dinh lugng cac nhan td tac dong
nhoém khoang cach tiép can; Két qua mo hinh SEM cho thdy nhom yéu t6 TC cho
thiy TC 12 mot trong nhitng yéu t6 c6 tic dong dang ké dén bién dong dién tich RTN,
v6i hé sb anh hudng truc tiép p = —0,44 (p < 0,01). Diéu nay chimg to rang khi cac
khu vuc rimg nam gan hon véi dudng giao thong, khu dan cu hodc ving san xuat
noéng nghiép, kha niang bi chuyén doi muc dich sir dung dt s& tang 1én o rét.

Vé mit mo hinh, két qua kiém dinh (Bang 3.14) cho thiy mé hinh twong ddi
phtt hop véi dit liéu khao sat. Mic du chi s6 CMIN/DF (3,5) va GFI (0,79) chua dat
ngudng téi wu, nhung cac chi sé gia taing nhu CFI = 0,99 va cac kiém dinh khac
(NNFI, IFI, RMSEA) déu nam trong ngudng chap nhan dugc, cu thé & Phu lyc 14.
Diéu nay xac nhan rang mo hinh c6 thé duoc st dung dé dién giai vé vai tro cia yéu
t6 TC trong mat ring.

Vé co ché tac dong, cac khu rimg nam gan khu dan cu hodc truc giao thong
thudng c6 mirc do tiép can cao hon, 1am gia ting cac hoat dong khai thac gd, 13y cui,
sin bat, va mo rong dat canh tac; dong thoi, chi phi tiép can va van chuyén thap hon
khién viéc khai thac tai nguyén rimg trd nén kinh té hon. Ngoai ra, su phat trién ha
tang (dudng lién xa, dudng phuc vu thay dién va nong nghiép) lam pha v& tinh lién
tuc cua rung, dan dén phan manh canh quan va tao diéu kién cho céc hoat dong lan
chiém dat. Tac dong cong hudng giita yéu t6 kinh té (hiéu qua khai thac) va khong
gian (mirc do tiép can) nay dugc xem 14 co ché chu dao thuc ddy qué trinh mét rig
cuc bd, dac biét tai cac xa Quang Khé, bik Ha va Quang Son — noi rung gidp ranh
tryc tiép v6i dat nong nghiép va khu tai dinh cu.

.- Tac dong truc tiép: Hé sd tac dong truc tiép 1a -0,44, diéu nay phan anh mdi
quan hé nghich chiéu: khi rirng nam gan hon véi cac khu DC, NN hodc duong giao
thong, thi nguy co chuyén d6i rimg sang muc dich khac cang ting. Két qua nay phu
hop véi ly thuyét va thue tién tai nhiéu khu vuce c6 rung bi de doa trén thé gioi. Tuong

ty nhu vay, Singh va Yan (2021), nhan dinh rang cic diém néng mat rimg tai
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Indonesia chu yéu tap trung bén ngoai khu bao ton, gan cac khu dan cu va doc theo
tuyén giao thong — noi d& tiép can hon. O Viét Nam, Tran va cong su (2022), Nguyén
Thi Thanh Huong va cong su (2021); Nguyén Thi Thanh Huong (2011) ciing chi ra
rang nhimng ving rimg dé tiép can thuong c6 mirc suy giam manh hon do céc ap luc
tir khai thac gd, mé rong san xuit va chuyén muc dich sir dung dat.

- Tac dong gian tiép: Phan tich sau hon cho thiy tac dong gian tiép cua yéu tb
khoang cach 1a rat dang ké, dic biét trong qua trinh chuyén doi tir dat rimg sang NN
(hé s6 -2,12), chting to tinh dé tiép can dong vai trd nhu mot "cau nbi" thuc day nhanh
hon qua trinh chuyén ddi rimg. Piéu nay dic biét quan trong trong bdi canh nhiéu
ving RTN ¢ Tay Nguyén noi chung va Bak Nong néi riéng dang bi chia cat bdi ha
tang va dan cu phat trién nhanh.

Trong ba thanh phan cua yéu to khoang cach, KDC (1,15) cho thidy muc dnh
huong 16n nhat, tiép dén 1a KNN (1,00) va KGT (0,92); ca 3 bién nay déu co anh
huéng & mirc manh dén FCC (8 déu 16n hon 0,5) va mé hinh dy bao LULCC sé st
dung tac dong cua ca 3 yéu t6 nay. Két qua nay phan anh dic diém sir dung dat & khu
vuc nghién ctru, noi cac khu rirng nam gan cac khu tai dinh cu hodc cc ving dan cu
dang mo rong, dé bi xam 1an dé phat trién nong nghiép hodc xay dung ha tang.

Két qua cho thay khoang cach tiép can 1a mot nhan t6 khong gian — x3 hoi quan
trong, tac dong manh dén xu huéng chuyén do6i rimg. Két qua nay cing c¢d luan diém
rang quan 1y ving dém, han ché mé rong giao thong va khu dan cu gan rimg 13 cac
giai phap can thiét dé giam thiéu ap luc mat rimg trong cac chinh sach phat trién nong

thon va bao ton sinh thai.
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Bang 3.14. Cac chi s6 kiém tra sy phit hop ciia mé hinh tic dong cia cac yéu t6

khoang cach tiép cin

STT Chi s6 phut hop véi mé hinh Piém cat M6 hinh
1  Phuhoptuyét X2 (CMIN) P <0.05 75 (P=0,00)
d6i Dinh mirc (CMIN/DF) <=3 75/21=3,5
Do t6t cua chi sé phu hop >=(,9 0,79
(GFI)
Tiéu chuin du (SRMR) <=0,08 0,13
2 Phu hop ting  Chi sé phu hop dinh mirc >0,9 0,82
cuong (NFI)
Chi s6 phu hop so sinh >0,9 0,99
(CFI)

So d6 lién hé gitta cac bién DTR va khoang cach tiép can dugc trinh bay trong

Hinh 3.17.

RT KNN

DNN

KDC

DDC

/.52 0.92
, \.\

DK KGT

Hinh 3.17. So @6 thé hién sw tic dong ciia yéu té khoang cach tiép cin dén bién
dong RTN

3.3.2.3. Tac dong ciia cdc yéu t6 KT-XH

Két qua m6 hinh SEM (Bang 3.15, Hinh 3.18) cho thiy cac yéu td KT-XH c6
tac dong truc tiép ty 1€ nghich dén su bién dong dién tich RTN, voi hé s6 ude tinh 1a
0,46. Diéu nay cho thiy su gia ting DC, SDN va GNS ¢6 lién hé voi viée gia ting
chuyén doi dat rimng sang cac loai str dung khéc. Trong d6, DC 1a yéu t6 c¢6 anh huong
manh nhat (1,00), theo sau 1a SDN (0,88), con GNS ¢6 vai tro thap hon va gan nhu
khong dang ké (-0,01). Diéu nay phu hop véi thuc té tai cac khu vuc ¢ Tdy Nguyén,
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noi gia ting dan s va phat trién san xuit — dich vu tao 4p luc 16n 1én tai nguyén rimg
thong qua nhu ciu dat ¢, dat san xuat va khai thac tai nguyén trong céc thap ky gan
day. Nhu vay, cac bién DC va SDN s& la cdc nhan t6 duoc lya chon dé phan tich du
bao LULCC.

Tac dong gian tiép cuia nhom KT-XH 1én bién dong st dung dt ciing rat dang
cht y: manh nhét 13 rimg chuyén sang dat NN (-1,50) va thap nhat 1a ring chuyén
sang dat ¢ (0,86). Piéu nay cho thay su gia ting KT-XH thudng kéo theo qua trinh
chuyén doi rimg phuc vu canh tac, phan anh xu thé mé rong san xuat nong nghiép
theo gia thi truong va nhu cau sinh ké. Cac két qua nay tuong dong véi nhitng nghién
ctru trude day nhu Ullah va cOng su (2023) & Pakistan. Trong nghién ctru ndy céc tac
gia cling bdo cdo rang su gia ting dan s6 va phu thudc vao nhién lidu sinh khéi 1a
nguyén nhan chinh suy giam rimg; Ferrer va cong su (2020) ciing khang dinh céc
yéu t6 nhu ap luc dan s6, kha ning canh tac va sinh ké 14 nguyén nhan thuc diy mat
rung nhiét doi.

Mic di mét s6 chi sé kiém dinh nhu GFI (0,79) hay SRMR (0,14) chua dat
ngudng tdi wu, nhung cac chi s6 chinh nhu CMIN/Af = 3,8 va CFI = 0,92 cho thiy
m6 hinh c6 muc do phu hop tuwong dbi tot dé giai thich tac dong cua nhom yéu to nay.
Ngoai ra, két qua tir gbi effectsize ciing cung ¢b d6 tin cdy cia mé hinh (Phy lyc 15).

Bang 3.15. Cac chi so kiém tra sy phit hop ciia mé hinh tic dong ciia cic yéu td

KT-XH
STT Chi s6 phut hop véi mé hinh Piém cat Mo hinh
1 Phu hop tuyét X (CMIN) P<0.05 81 (P=0,00)
d6i Dinh mirc (CMIN/DF) <=3 81/21=3,8
Do t6t cua chi sé phu hop >=(,9 0,79
(GFI)
Tiéu chuin du (SRMR) <=0,08 0,14
2 Phu hop ting  Chi s phu hop dinh muc >0,9 0,78
cuong (NFI)
Chi s6 phu hop so sanh (CFI) >0,9 0,92

So d6 lién hé gitta cac DTR va KT-XH duoc trinh bay trong Hinh 3.18.
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RT DC

1.00 1.00

DNN

s 0.46
-~ XH -0.0—>GNS

0.86

DDg*
-1.15 0.88

DK SDN

Hinh 3.18. So' d6 thé hién sy tac dong ciia yéu té6 KT-XH Ién sy bién dong dat
RTN ,
D61 voi nhom yéu t6 KT — XH, luén an chi giéi han 3 yéu t6 DC, GNC va

SDN; trong khi d6, tai khu vuc nghién ctru c6 sy anh hudng cua cac yéu td chinh
sach; tuy nhién, do gidi han vé dir liéu dinh luong va pham vi phan tich, luan an chua
danh gia siu muc do va hudng tac dong cu thé cua timg chinh sach quan Iy rimg, quy
hoach phat trién KT-XH va cong cu PES dén xu thé bién dong 16p phu rimg tu nhién.
Pay 12 mot han ché can duoc khic phuc trong cac nghién ctru tiép theo, dic biét bang
cach tich hop thém dir liéu dinh luong vé ngan sach chi tra PES, tién do quy hoach 3
loai rimg, va céc chi tiéu phat trién KT-XH cip huyén.

Két qua phan tich mé hinh SEM tac dong cia cac yéu to TN — KT — XH duoc
tong hop ¢ Bang 3.16 sau day:

Bang 3.16. M ta tac dong ciia cac yéu t6 TN - KT - XH dén FCC

Yéutd  Bién phuthugc Tacdong Tacdong Tong tac Ghi cha
(Dién tich chuyén truc tiép  gian tiép dong
dbi)
Khi hdu Dién tich RTN -0,39 -0,39 Tac dong ti 1€ nghich véi dién tich
RTN
RTG, CAOSU 1,0
DNN 0,28 Anh huéng gian tiép nho nhat dbi
voi NN
DDC 1,08 Anh huong gian tiép 16n nhat khi
chuyén dbi dat ring sang dit DC
DK 0,84
ND 1 Anh huéng 16n nhat trong cac nhan

t6 khi hau.
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LM -0,27 Anh huéng thap

Kha Dién tich RTN -0,44 -0,44 Khoang cach tiép can thuan loi hon
ning lam ting viéc chuyén d6i dét rimg
tiép cAn  DNN 2,12 Tac dong gian tiép 16n nhét cua yéu
t6 khoang cach tiép can
DDC 0,14 Tac dong gian tiép thap nhat khi
chuyén d6i sang dat DC
KNN 1 Anh hudng trung binh tir yéu t6 tiép
can dén NN
KDC 1,15 Anh huong 16n nhat trong cac yéu
t6 tiép can
KGT 0,92
Kinh té Dién tich RTN 0,46 0,46 Tac dong truc tiép manh nhét trong
- xa hoi cac yéu t6, anh huong dén sy bién
dong dién tich ring.
DNN -1,5 Anh huéng gian tiép manh nhat khi
chuyén ddi sang NN
DDC 0,86 Tac dong gian tiép thap nhat khi
chuyén d6i thanh dat &
DC 1 Tac dong 16n nhét trong cac yéu to
nho cua KT-XH
GNS -0,01 Tac dong nho nhét trong cac yéu t6
KT-XH
SDN 0,88
Nhdn xét chung:

Két qua phan tich SEM da lugng hoa dugc muc dg tdc dong ctia ba nhom yéu
t6 TN — KT — XH va kha nang tiép can dén qua trinh chuyén doi RTN thanh céc loai
d4t khac. Trong do, yéu t6 KT—XH c6 tac dong truc tiép manh nhét (hé $6 0,46), thé
hién rang su gia ting DS, SDN va GNS 1a nhitng dong luc thuc day qua trinh chuyén
d6i dat rimg sang cac muc dich sir dung khac. Tiép theo 1a kha ning tiép can véi tac
dong am (-0,44), cho thiy cac khu ring gan khu dan cu, nong nghiép hodc dudng
giao thong d& bi chuyén doi hon. Yéu t6 khi hau co tac dong thap nhat (-0,39), tuy
nhién van dong vai tro nhat dinh, dic biét trong bdi canh BDKH.

Vé tac dong gian tiép, chuyén doi tir rimg sang dat NN 14 pho bién nhat duéi
anh huong cta ca ba yéu td, trong do:

Kha nang tiép can giy tac dong gian tiép manh nhat dén chuyén doi sang dét
NN (-2,12), KT-XH tac dong (-1,5), va khi hau véi tac dong thap hon (0,28).

Trong timg nhom nhan t6, bién ND thé hién anh hudng 16n hon LM trong
nhém khi hau; KDC c6 anh hudng cao nhét trong nhém khoang cach tiép can; va dan
s6 chiém vai trd chi phdi trong nhom KT—XH. Nhitng két qua nay phi hop v6i nhan

dinh trudc day cho rang mat rung thuong xay ra tai cac khu vuc cé dicu kién ti€p can
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thuan loi, gia tang ap lyc dan s6 va sinh ké, dic biét dudi tac dong cua diéu kién thoi
tiét khic nghiét hodc thi trudng ndng san bién dong.

Két qua phan tich SEM cung cip bang ching dinh lurgng quan trong vé mdi
lién hé nhan qua gitra cac yéu tb diéu kién nén va FCC, 1am co so cho céc chién luge
quan 1y ring dua trén bang chtng khoa hoc.

Tu két qua téng hop trén, cac nhan t6 ND, KNN, KDC, KGT, DC va SDN déu
dat f > 0,5 va duogc lya chon la cac nhan td tac dong c6 y nghia cao.

3.4. Dy bao LULCC dén nim 2035 dwéi tac dong ciia cac nhan t6 TN — KT -
XH

Tong quan cac nghién ciu da co (Tran et al, 2022; Lu et al, 2022; Lu et al,
2020; Park, 2018; Nguyén Thi Thanh Huong et al., 2021 va 2022; Nguyén T.T.
Huong, 2011) cho thdy d6 cao va do doc 1a 2 nhan t6 ¢6 mdi quan hé cao voi LULCC;
d6ng thoi mo hinh SEM trong nghién ctru nay ciing 1am sang to nhimg yéu té khac
lién quan dén LULCC. Duya trén cic co s& nay, luan an da lya chon cac nhom bién
dau vao cho mé hinh dy bao LULCC dén nam 2035. Nhém bién ndy vira bao gdm
yéu td sinh thai (do cao, do ddc, ND), vtra dai dién cho cac ap luc tir hoat dong con
nguoi nhu KNN, KDC, KGT, bién dong DC, SDN. Viéc tich hop cac nhan t6 TN —
KT — XH trong m6 hinh dy bao thé hién cach tiép can tich hgp va dinh hudng thuc
tién trong quan 1y tai nguyén dat va rimg bén viing.

3.4.1. Bin do da nhan t6 anh hwéng (Multi criteria evaluation — MCE)
Gia tri ting nhén t6 tic dong dugc phan thanh cac cap khac nhau va st dung
phan mém ArcGIS dé tao ra co so dit liéu khong gian cho céc cap nhan t6 nay. Két

qua thé hién ¢ Hinh 3.19.
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Hinh 3.19: Ban d6 phén cip cic nhan t6 dnh hwéng
bé xay dung ban d6 da nhan t6 nghién ctru st dung cong cu Decision Wizard

trong phan mém IDRISI véi cac nhom bién tac dong da dugc xac dinh. Két qua thé

hién ¢ Hinh 3.20.

Két qua ban do phan cap cac nhan t6 anh huong (Hinh 3.20) cho thiy thé hién
murc do tac dong cua md hinh phan tich da nhan td dua trén cac bién sb anh huodng.
Céc nhan to nay da dugc chuan héa theo pham vi tir 0 dén 190, theo d6 gia tri cao dai
dién cho murc dd nhay cam hoac ton thuong 16n. Gia tri anh cang tang thi khu vyc do
cang quan trong can duge bao vé khoi sy mé rong do thi, cac ké hoach cung cép dich

vu hé sinh thai rimg va cac quy hoach st dung dat (Lopez-Marrero et. al, 2011).
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Hinh 3.20. Anh MCE ciia cic nhén t6 4nh huéng

3.4.2. Danh gia do chinh xdac mo hinh dw dodn

Dé kiém dinh hiéu qua cia mé hinh dy bao LULCC, nghién ciru da thuc hién
d6i chiéu giita két qua LULC dy bdo nam 2023 (dya trén chudi LULC qua khtr va
cac yéu td tac dong da lua chon) va LULC phdn logi thuc té dya vao anh vé tinh nam
2023 (két qud tai Bang 3.5 phdn 3.14). Két qua so sanh duoc thé hién trong Hinh 3.21
bén dudi, biéu thi mic do twong ddng giira anh du bao LULC (két qua mo phong)
nam 2023 va anh LULC phén loai nim 2023. C4c tham s6 duoc sir dung dé dénh gia
su tuong dong bao gdm Kno (Kappa with no ability), Kiocation (Kappa cho vi trf) va
Kstandara (chi s6 Kappa chuan). Trong d0, Kuo chi ra ty 18 kha ning phan loai chinh xac
so v6i du bao bang mot mo phong khong co kha nang xac dinh chinh xac sé luong
hodc vi tri; Kiocation cho biét do chinh xéac vi tri cac pixel trong mo hinh; va Kstandard

(chi s6 Kappa) so sanh ty 1¢ thuc té twong g véi ty 1& du bao (Pontius, 2000).
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Céc két qua trong Hinh 3.21 cho thdy m6 hinh CA_M dat hiéu suit kh4 cao, gia
tri K giao dong tir 0,74 dén 0,82, twong tng mirc do twong dong tir vira dén cao theo
thang do dan theo ctia Navulur (2006). Pang chi ¥, chi s Kno vuot ngudng 70%,
mot minh ching quan trong cho sy thanh céng ctia mé hinh va 1a co so dé tiép tuc
trién khai du bao cho nim 2033 (Pontius, 2000). Bén canh d6, gia tri DisagreeGridcell
16n hon DisagreeQuantity, diéu ndy c6 nghia 1a mé hinh c6 kha ning du doan sy
LULCC vé s6 lugng cao hon so véi vi tri trong khu vire nghién ctru (Pickard et al.,

2017).

Dé danh gia sai s chi tiét, Bang 3.17 so sanh dién tich LULC mé phong va
phan loai LULC nidm 2023. Két qua cho thay sai s6 tuyét ddi trung binh toan mé hinh
13 12%, nam trong gi6i han chip nhan duoc cho cac nghién ciru du bao LULC & ving
¢ tham phu phitrc tap nhu Tay Nguyén (Hagen, 2003; Mishra & Das, 2023). M6t s6
16p c6 sai s6 thap, dién hinh nhu: RBTX (chénh léch 0,2%), RTX (chénh 1éch 4,4%),
RTG (chénh 1éch 6,1%), CAOSU (chénh 1éch 8,6%). Piéu nay cho thdy mé hinh thé
hién kha t6t ddi véi cac 16p co dic trung quang phd on dinh va it bi tic dong boi cac
yéu td ngﬁu nhién. Nguoc lai, mot $6 16p co ty 1€ sai s6 cao hon nhu: DKH (23,4%),
DC (20,4%); NN (17,7%); nguyén nhan c6 thé dén tir dic diém chuyén tiép, pha tron
phé hodc su bién dong manh vé dién tich do tac dong nhan sinh khé du bdo chinh
xac. Tuy nhién, khong c6 16p nao vuot qué sai s6 25%. Diéu nay cho thay do tin cay
cia mo hinh & mirc tong thé 1a kha tot (Mishra & Das, 2023). Do vay tiép tuc sir dung
m6 hinh dé du bao LULCC dén nam 2035 nham déng gdp co s& phuc vu quy hoach
sir dung dét, quan ly ring va thich img véi bién dong TN — KT — XH tai khu vuc

nghién curu.
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@ Validate: [Simulation_2023_cr] Y.5. [2023] stratified by [elevation]
] Wigw az T et ]

(o] O el

Muiltiples of Base Resolution (MBR): ™1 Information of Ouantiy
[ nfarmation of Location Maln] bl ediam[m] Perfectp]
Pertect{P[x]] 0R047 m3342 1.0000
Perte cttratum{k(x]] 06045 08021 09635
MediumbGnd[M[x]] 0.4303 0La002 0.7787
M ediumStraturaH(<]] 0.2546 03148 01.3506
oM (1] o 2235 02167
. agreerideel = 04854 . Dizagrezfuantity = 00858 § Kstandard = 07427
. AoreeStrata = 00913 |:| DizagresStraka =00312 f Krmo = [ 77R2
[ dgeeQuantty = 01124 [_] DisagreeGridesl =01029 f Klocation = 0.8114
. dgeeChance = 01111 klocationShiata = 08251

[MBR: 1 1 - joljol
Hinh 3.21. Két qua so sanh d9 chinh xdc anh phan loai 2023 va inh du bio
nam 2023

Saveas...‘ Frint... ‘ Cloge | 4 Lesse ‘

Bang 3.17. P6i chiéu dién tich phan loai va dién tich md hinh wéc tinh

DPon vi tinh: ha

TT Lép phu Nam 2023 Chénh léch % chénh
Dién tich woc  Dién tich thyc ¢&  t0Yét doi Igch
tinh m6 hinh

1 RTX 70.693,83 67.577,50 3.116,33 4.4
2 RBTX 2.902,50 2.895,66 6,84 0,2
3 RK 4.347,18 5.067,60 -720,42 16,6
4 RTG 22.639,86 24.021,30 -1.381,44 6,1
5 CAOSU 15.238,15 13.921,50 1.316,65 8,6
6 NN 65.963,52 77.662,20 -11.698,68 17,7
7 DK 28.858,38 22.109,20 6.749,18 23,4
8 DC 9.705,92 7.721,95 1.983,97 20,4
9 MN 6.209,55 5.581,98 627,57 10,1
Téng cong 226.557,36 226.558,89 226.558,89
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Biéu d6 dbi chimg dién tich gitra mé hinh du bao va két qua phén loai
LULC nam 2023
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Hinh 3.22. Bi€u do danh gia dién tich mo hinh du bao va két qua phan loai
LULC nam 2023

3.4.3. Duw bdo LULCC dén nim 2035
3.4.3.1. Két qua dw bdo LULCC dén ndm 2035

Dé danh gia xu hudng bién dong sir dung dét trong twong lai dudi chiéu huéng
tac dong cua cac nhan t6 TN — KT — XH nhu hién tai, nghién ctru da tién hanh dy bao
LULCC dén ndm 2035 dya trén két qua phén loai va mo hinh hoa khong gian. Bang
3.18 dudi day thé hién su bién dong dién tich cua timg loai 16p phu giita nim 2023
va nam 2035, qua d6 phan anh 5 nét cic xu hudéng chuyén do6i dat dai dang dién ra
va tiém nang rui ro hodc co hoi trong cong tac quy hoach va quan Iy LULC.

Bang 3.18. Két qua dw bao LULCC tir nim 2023 — 2035
DPon vi tinh: ha

TT Tén 16p phi Nim 2023 Nim 2035 tang;g?ﬁic?ha)

1 RTX 70.693.83 67.587.60 3.106,23
2 RBTX 2.902.50 1.500,98 11.401.52
3 RK 434718 3.255.08 2109210
4 RTG 22.639.86 16.931,60 -5.708.26
5 CAOSU 15.238.15 25.993.30 10.755.15
6 NN 65.963.52 77.502.80 11.539.28
7 DKH 28.858.38 17.466.95 211.391,43
8 DC 9.705.92 10.730.41 1.024,49
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Dién tich

TT Tén lop phu Nam 2023 Nam 2035 ting/giam (ha)
9 MN 6.209,55 5.590,17 -619,38
Tong cong 226.558,89 226.558,89

Dua trén két qua mo hinh dy bdo LULC nam 2035 Bang 3.18, co thé nhan
thiy xu hudng chuyén dich trong sir dung dét tai khu vuc nghién ctru, phan 4nh cac
TN — KT — XH c6 thé tac dong dén LULCC trong thoi gian t6i nhu sau:

- Xu hudng suy giam dién tich rimg 1a dic diém noi bat nhat, bao gom ca RTN
va RTG: Trong giai doan 2023 — 2035, hau hét dién tich cac loai rimg c6 kha ning s&
tiép tuc giam voi cac diéu kién TN - KT - XH bién dong nhu hién tai. Téng dién tich
RTN dy bao ndm 2035 giam gan 5.600 ha (ty 18 giam gan 7,2% tong dién tich RTN so
v6oi nam 2023). Bén canh do, 16p phtt RTG ciing cé xu hudng gidm, voi mirc gidm 1én
dén 5.708 ha, chi ra sy suy giam manh mé& khong chi & RTN ma ca RTG. Piéu nay cho
thy, khu vuc nghién ctru ¢6 thé phai ddi dién véi su thu hep dién tich rimg trén dién
rong, phan anh qua trinh khai thac, chuyén doi muc dich sir dung dat va ap lyc phat
trién KT — XH.

- Sy gia tang manh m€ cia NN va cay cong nghi¢p: Trong khi dién tich rung
suy giam, NN ¢6 xu hudng mo rong dang ké, ting hon 11.539 ha theo mé hinh du
bao. Cung voi d6, dién tich CAOSU tiang thém 10.755 ha, dtng thir hai vé mirc tang.
Pay 1a minh chimg cho xu thé chuyén d6i dat rimg sang san xuat nong nghiép va ciy
cong nghiép 1au nam, phu hop v6i nhu cau phat trién kinh té dia phuong, nhung dong
thoi gdy stc ép 16n 1én hé sinh thai rimg. Xu hudng nay ciing cho thay chinh sach
phat trién ciy cong nghiép van 1a dong luc chu yéu trong sir dung dét caa khu vurc.

- Bién dong cac 16p phi DKH, DC va MN: DKH c¢6 xu huéng giam kha manh,
mat dén 11.391 ha, phan anh sy chuyén dich mét phan dién tich sang NN va CAOSU.
Nguoc lai, DC ¢6 xu huéng gia ting nhe, ting khoang 1.024 ha, thé hién qua trinh d6
thi hoa va mé rong khong gian dinh cu cho dan sé. Pang luu ¥, dién tich MN giam
619 ha, c6 thé lién quan dén viéc san 1ap phuc vu san xuit nong nghiép hodc cac hoat

dong phat trién ha tang.
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Tom lai, két qua du bao LULCC nim 2035 cho thiy ciu truc sir dung dét co
xu huéng chuyén dich dang ké; xu thé chung 13 giam rimg va MN, trong khi NN, cdy
cong nghiép (CAOSU) va DC gia ting. Diéu nay phan anh su danh di giira muc tiéu
bao ton tai nguyén thién nhién va nhu ciu md rong san xuat, phat trién KT — XH.
Dung trude rai ro ndy, néu dia phuwong khong c6 cac bién phap quan 1y hop 1y, tinh
trang ndy c6 thé dan dén mat rimg, suy thoai méi trudng, giam da dang sinh hoc va
gia tang rui ro thién tai. Tuy nhién, sy gia tang NN va CAOSU ciing phan anh nhiing
loi ich kinh té ngén han, tao dong luc phat trién cho dia phuong. Vi vay, két qua trén
dit ra yéu cau cap thiét vé viéc xay dung chién lugc phat trién bén viing, can bang
giita bao ton tai nguyén rimg va phat trién KT — XH.

Pay 1a co s¢ khoa hoc quan trong cho viéc 14p quy hoach khong gian, thiét ké
giai phap st dung dét thich ing BPKH, va dinh huéng chinh sach 1am nghiép — nong
nghiép — d6 thi hoa bén viing trong twong lai. Tuy nhién, md hinh CA_M chu yéu dya
vao xu hudng chuyén doi 16p phu tir qua khtr &é dy bao cho tuong lai, néu c6 nhimng
su kién dot pha, nhiitng chinh sach moéi hoan toan hoac BPKH cuc doan khong cé
tién 16 trong giai doan lich str, kha ndng du bado ctia mo hinh c6 thé bi han ché.
3.4.3.2. Thanh lgp ban d6 dw bdo LULC ndm 2035

Duya trén mo hinh phan tich khong gian ban 6 LULC niam 2035 da dugc xay
dung nham truc quan hoa cac xu huéng LULCC trong tuong lai. Hinh 3.23 thé hién
phan b khong gian cta cac LULC va Bang 3.19 thé hién ma tran chuyén doi cac 16p
phu dén nam 2035,
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BAN DO THAM PHU SU’ DUNG DAT NAM 2035 i
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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Bang 3.19. Ma trin bién dong giai doan 2023 - 2035

Don vi tinh: ha

2035 2023
RTX RBTX RK RTG CAOSU DNN DKH DC MN Tong

RTX 64.685,68 56,46 118,44 1.027,18 620,15 996,08 64,26 14,40 4,95 67.587,60
RBTX 51,98 1.194,50 100,10 25,00 100,36 24,99 0,09 2,52 1,44 1.500,98
RK 70,41 41,59 2.919,75 10,17 25,29 57,28 20,07 100,08 10,44 3.255,08
RTG 266,45 1,26 2,79 12.293,22 788,76 2.644,74 839,70 35,46 59,22 16.931,60
CAOSU 1.935,43 1.531,95 716,87 6.443,65 11.449,10 1.989,81 1.517,49 86,04 322,96 25.993,30
DNN 1.432,18 46,89 75,33 2.142,72 1.849,71 57.033,90 10.382,28 3.257,02 1.282,77 77.502,80
DKH 1.501,21 0,72 3,33 622,44 27,19 236,59 13.989,67 724,00 361,80 17.466,95
DC 240,50 28,89 409,94 55,07 243,90 2.719,55 1.505,81 5.347,98 178,77 10.730,41
MN 509,99 0,24 0,63 20,41 133,69 260,58 539,01 138,42 3.987,20 5.590,17
Tong 70.693,83 2.902,50 4.347,18 22.639,86 15.238,15 65.963,52 28.858,38 9.705,92 6.209,55 226.558,89

Bang 3.19 cho thdy mat rimg van 13 xu hudng dang lo ngai trong giai doan 2023-2035. Dién tich RTX du bao mat chu

yéu chuyén sang RTG va NN, trong khi RBTX va RK ciing tiép tuc suy giam véi ty 16 mat 1an luot 1a 48% va 25%. Xu hudng

nay phan anh ap luc chuyén doi dat rimg sang muc dich kinh té, dic biét RTG, CAOSU va NN. Pay 14 co sé quan trong dé xay

dung céc giai phap bao vé rimg, nhu wu tién bao ton ving 16i RTX, kiém soat mo rong cay cong nghiép va quy hoach sir dung

dat theo hudng bén viing.

118



3.4.3.3. Thanh ldp ban d@o diém néng dw bdo FCC nim 2035

Trén co so hiéu qua phan tich diém néng so sanh voi nhimg thay d6i twong
mg, nghién ctru tiép tuc xay dung cac diém néng nhu 1a co s¢ du bao dua trén kich
ban FCC nam 2035; tir d6 lam co s& dé cung cép co s& khoa hoc du bdo cho dia
phuong chu dong trogn cong tac quan 1y va phat trién KT — XH — MT mot cach hai
hoa va bén viing. Theo d6 két qua phan tich diém nong trong giai doan 2023-2035
dugc trinh bay trong Bang 3.20 va vi tri khong gian cac diém ndng theo cac tiéu khu
duoc thé hién trong Hinh 3.24.

Bang 3.20. Két qua phén tich hotspot giai doan 2023 - 2035

TT 2023-2035 Z code P Value Gi_Bin Dién tich (ha)
1 RTX-RTG 2,1119 0,0347 2 266,45
2 RTX-CAOSU 2,5975 0,0094 3 1.935,43
3 RTX-NN 2,5975 0,0094 3 1.432,18
4 RTX-DKH 2,9867 0,0028 3 1.501,21
5 RTX-DC -0,2486 0,8037 0 240,50
6 RTX-MN 2,5766 0,0100 3 509,99
7 RBTX-RTG -1,1438 0,2527 0 1,26
8 RBTX-CAOSU -1,4677 0,1422 0 1.531,95
9 RBTX-NN -0,6181 0,5365 0 46,89
10 RBTX-DKH -0,8192 0,4127 0 0,72
11 RBTX-DC -0,9544 0,3399 0 28,89
12 RBTX-MN -0,9544 0,3399 0 0,24
13 RK-RTG -1,3631 0,1729 0 2,79
14 RK-CAOSU -0,8192 0,4127 0 716,87
15 RK-NN -1,4677 0,1422 0 75,33
16 RK-DKH -1,1024 0,2703 0 3,33
17 RK-DC -1,4677 0,1422 0 409,94
18 RK-MN -0,8192 0,4127 0 0,63

Téng dién tich 8.704,6

Két qua phén tich cum khong gian (Hot Spot Analysis) ctia LULCC du bao
giai doan 2023 — 2035 dugc thé hién trong Bang 3.21, chi ra rang: Trong toan bo giai
doan 2023 — 2035, tong dién tich RTN c6 biéu hién hinh thanh cum khong gian c6 ¥
nghia théng ké (tirc gia tri Gi* khac 0) chiém 5.645,26 ha, trong d6 100% la cum c6
¥ nghia théng ké mirc chic chin vé sy tap trung khong gian 1a 99% va 95%), khong
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¢6 cum néng RTN nao dat y nghia thong ké véi do chinh xac 90% va 99%. Diéu nay
cho thdy da phan cac FCC dién ra tap trung theo cac cum khong gian nhat dinh.
Ban d6 diém néng du bao nam 2035 ciing duge xay dung (Hinh 3.24) lam co

s¢ xac dinh cac giai phap tuong tng vdi khu vyc cu thé.
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TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH PAK NONG
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3.5. D@ xuit cac giai phap quan 1y tai nguyén rirng khu viee nghién ciru

Trén co so két qua phan tich diém noéng mat rimg, xac dinh nhan té tac dong
va dy bao bién dong dién tich rimg dén nam 2035, két hop véi tham van cac bén lién
quan, nghién ciru dé xuat hé thong giai phap quan 1y tai nguyén rimg phi hop véi
diéu kién tu nhién, kinh t& — x4 hoi cua hai huyén Dak Glong va Krong N6. Cac giai
phap duoc xay dung theo hudng dong bd — kha thi — dwa trén bang chtng khoa hoc,
nham giam 4p lyc mat rimg, ting cudng bao ton va thiic day phat trién bén vimng.
3.5.1. Nhom gidi phap qudn ly - chinh sdach
- Ra sodt va diéu chinh quy hoach khéng gian sit dung ddt lam nghiép

Két qua phan tich diém nong va du bao LULCC cho thay nhiéu khu vuc RTN,
dic biét & ving giap ranh vi RTG, NN va cac tuyén giao thong chinh, dang chiu ap
luc mat rimg cao va c6 nguy co tiép tuc suy giam manh dén nim 2035 néu khong c6
bién phap diéu chinh kip thoi. Do d6, can tién hanh ra soat tong thé quy hoach khong
gian sir dung dat 1am nghiép, d6i chiéu chit ché véi hién trang LULC va ban d6 phan
bd cac diém néng mét rung dy bdo nam 2035 dé nhan dién chinh xé4c cac bat cap vé
phan b6 loai ring, ranh gidi quan 1y va ving trong diém bao vé.

Viéc diéu chinh can dam bao hai hoa véi quy hoach phat trién KT-XH cua dia
phuong, dong thoi tudn thi nghiém cac chi tiéu dién tich rimg phong hd, rimg dic dung
va ring san xut theo quy dinh ctia Luat Lim nghiép. Trong qua trinh ra soat, ing dung
cong nghé RS va GIS sé giup 1ap ban do phan ving chirc ning rimg v6i do chinh xac
cao, tich hop cac thong tin vé dia hinh, nhan t6 tac dong va xu hudng bién dong rimng,
phuc vu hiéu qua cho quan Iy & cap xa.

Trén co sé d6, can cu thé hoa cac giai phap quan 1y phu hop theo ting loai
rung:

+ Rimg dic dung: Uu tién cac bién phap bao t6n canh quan va da dang sinh
hoc, tang cuong kiém soat ving dém bang cong nghé GIS, UAV va hé thong giam sat
thot gian thuc. Dé xuét trién khai “Tram canh bdo sém mét rung tu dong” tai Khu
bao ton thién nhién Nam Nung, noi dugc xac dinh 1a ving c6 nguy co xam lan cao

theo ban dd hotspot.
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+ Rurng phong ho: Tép trung trong phuc hoi ring dau ngudn tai xa Quang Son
va Pak Ha, két hop voi mo hinh sinh ké xanh nhu trong xen dugc liéu, mic ca hodc
cac cdy 1am san ngoai gd nham giam ap lyc 1én tai nguyén rimg, dong thoi nang cao
thu nhap bén virng cho cong ddng dia phuong.

+ Rung san xuat: Khuyén khich doanh nghiép va ho gia dinh ap dung chung
chi FSC (Forest Stewardship Council) trong quan 1y rimg trong, két hop véi chinh
sach chi tra dich vu mdi trudong rimg (PES) dé ting ngudn thu hop phap, dong thoi
nang cao trach nhiém trong bao vé va phat trién rimg.

Nhitng giai phap phan héa nay khong chi gitp diéu chinh quy hoach 1am
nghiép theo thyc tién khong gian — sinh théi cila timg loai rirng, ma con gop phan lién
két két qua du bao mat rimg voi cong tac hoach dinh chinh sach bao ton va sinh ké
tai cAp co s, huéng dén muc tiéu quan 1y tai nguyén rimg bén vitng dén nam 2035.
- Xdc dinh va khoanh béo vé nghiém ngdt cdc viing trong yéu

Nhiing khu vuc rirng phong ho va ving dém tai cac xa Quang Son, Quang Hoa
(huyén Pik Glong) va Budn Choah, Pk Dr6 (huyén Krong No) thudng xuyén xuét
hién cum néng mat riung, dic biét 1a giai doan 2016-2017 va van duy tri ap luc cao
sau d6. Pay la nhing ving c6 chitc ning sinh thai quan trong, bao vé dau ngudn va
chdng x6i mon. Do dé, can khoanh dinh ranh gidi rd rang va cim méc ngoai thuc dia
cho cac ving trong yéu nhu rirng phong hd, rirng dic dung, ving phuc héi sinh thai.

Can ctr ban d6 du bao diém néng FCC nam 2035, nhitng diém dy bao diém
néng mat rimg (G_Bin =2 — 3) ven cac don vi chu rimng, dic biét cac manh ring dién
tich nho rai rac & cac tiéu khu, can khoanh vung bao v€ nghiém ngat, bd tri luc lugng
kiém 1am chuyén trach, tuan tra thuong xuyén, sir dung cong nghé vién thim & UAV
dé giam sat bién dong.

Bén canh viéc tang cuong tudn tra, kiém sodt tai cac diém nong, can ung dung
hé thong giam sat rimg bang anh vé tinh (vi du: NICFI, Sentinel-2) dé phat hién nhanh
cac bién dong bat thuong. Co ché xir Iy vi pham phai kip thdi, minh bach, dong thoi
gin vé6i ché tai da stre ran de theo quy dinh phap luit.

- Thiét lgp co ché phdi hop da nganh trong gidm sdt va quan 1y rirng
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Phén tich SEM chi ra rang ap luc mét rimg chiu tac dong dong thdi tir cac yéu
t6 TN — KT — XH. Chinh vi vy, cong tac quan 1y bao vé rimg doi hoi co ché phdi
hop da nganh gifta kiém 1am, chinh quyén dia phwong, co quan quy hoach, doanh
nghiép 14m nghiép va cong dong dan cu.

Trién khai xay dung quy trinh phéi hop 16 rang, phan dinh trach nhiém cu thé
cho timg bén trong giam sat dién bién ring, xir Iy vi pham va giai quyét tranh chap
dat ring. Viéc chia sé dir liéu GIS, ban dd diém néng va thong tin canh bao tir hé
théng giam sat rimg nén duoc thuc hién thuong xuyén dé cac bén co cin cir hanh
dong kip thoi. Ngoai ra, uu tién to chic cac cude hop lién nganh dinh ky dé ra soat
tinh hinh va diéu chinh giai phap quan 1y khi can thiét.

- Thiic ddy mé hinh dong quan 1y rimg céng dong dia phwong

Két qua phong van cho thiy cong dong dan cu tai chd, dic biét 1a cac nhom
dan toc thiéu sb, vira 1a dbi twong chiu anh huéng truc tiép tir chinh sach quan 1y
riing, vira c6 vai trd quan trong trong bao vé tai nguyén rimg. Mo hinh déng quan 1y
rimg — trong d6 Ban quan 1y rimg va cong dong cung tham gia 1ap ké hoach, tuan tra,
chia sé loi ich tir 1am san ngoai gd (LSNG) — da dugc ap dung thanh cong & mot sd
dia phuong va c6 thé nhan rong.

Viéc trién khai mé hinh nay phai gan véi cac két qua nghién ctru vé diém nong
va nhén té tic dong: wu tién ap dung tai cac ving c6 ap luc mét rimg cao nhung van
con tiém nang phuc hoi, ddng thoi két hop cac giai phap ki thuat 1am sinh nhu khoanh
nudi tai sinh, tréng bo sung cdy ban dia, cai tao dat sau nwong riy. Bén canh do, phai
dam bao co ché chia sé loi ich minh bach, cong béng dé tao dong lyc cho nguoi dan
tham gia bao v¢ rung lau dai.

3.5.2. Nhom gidi phap ky thudt - cong nghé
- Ung dung RS-GIS va hé thong canh bdo sém dé giam sat dién tich rirng theo thoi
gian thuc

Trién khai hé théng giam sat rimg dua trén cong nghé RS va GIS cho phép
theo d6i LULCC gan nhu tirc thoi. Stir dung cac ngudn anh vé tinh d6 phén giai trung
binh va cao (nhu Sentinel-2, PlanetScope, Landsat va bo sung dit liéu UAV trong diéu

kién cho phép) dé phat hién cac thay doi bat thuong vé dién tich rimg.
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Can wu tién theo ddi cac khu vuc di duge x4c dinh 1a “diém néng” mét rung,
két hop céac thuat toan phat hién bién dong tu dong (nhu BFAST Monitor,
LandTrendr) dé rat ngin thoi gian xtr 1y va ning cao do chinh xac. Két qua giam sat
duoc tich hop vao hé théng canh bao sém, lién két truc tiép voi luc lugng kiém lam,
chinh quyén xa/huyén va cac ban quan 1y rimg dé kip thoi trién khai kiém tra hién
truong, xtr 1y vi pham va ngin chan mat rimg.

- Dur bdo nguy co chdy rieng bang tich hop dit liéu da nguon

Xay dung mo6 hinh du bdo nguy co chay rung theo thoi gian va khong gian
bang cach két hop dir liéu khi twong (nhiét do, luong mua, d6 am khong khi, toc do
gi0), dir liéu RS (chi s6 NDVI, NBR, NDWI) va dic diém dia hinh (d9 cao, d6 déc,
huéng dbc).

Ban d6 nguy co chay rimg can duoc cap nhat thudng xuyén va phén loai theo
cap do rui ro (thap, trung binh, cao, rat cao) dé phuc vu b tri luc luong va phuong
tién PCCC rung mét cach t61 wu. Cac vung trong diém chay trong lich str, dac bi¢t &
khu vuc RK, RTG gan duong giao théng hodc khu dan cu, can duoc gan thiét bi giam
sat nhiét do va d6 Am tir xa nham nang cao hiéu qua canh bao. Ngoai ra, can dao tao
can bo quan 1y va cong dong dan cu vé cach st dung dir liéu du bao dé chu dong
phong ngtra chay rung.

- Xay dung va van hanh co so dir liéu rung tdp trung

Phat trién co sé dit lidu rimng thong nhat trén nén tang GIS, bao gém cac thong
tin vé loai ring, dién tich, trir lwong, chu quan 1y, tinh trang phap 1y, dit liéu diéu tra
rimg, két qua giam sat tir RS, ban d6 diém néng mat rimg va ban do nguy co chay
rung.

Co so dit lidu nay can duoc két ndi lién thong giita S& Nong nghiép va Moi
treong, Chi cuc Kiém 1am, UBND céc x4 va cac Ban quan 1y rirng. Viéc cip nhat can
thuc hién dinh ky (it nhét 1 1an/nam ddi voi diéu tra hién truong va 1-3 thang/lan doi
v6i dit liéu RS), dong thoi tich hop cac cong cu phan tich truc tuyén dé hd tro viée

1ap ké hoach, ra quyét dinh va bao cao.
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Hé théng phai dugc thiét ké ma, cho phép chia sé dir 1i€u c6 chon loc cho céac
d6i twong lién quan (doanh nghiép, nha khoa hoc, t6 chire xa hoi) dé phuc vu quan Iy
bén viing va thiic day minh bach thong tin trong linh vic 1am nghiép.

3.5.3. Nhom gidi phap ky thudt lam sinh
- Khoanh nuéi va xiic tién tdi sinh RTN

Tai cac khu vue di dugc xac dinh 1a diém néng mat rimg va ving rimg bi suy
thoai, can uu tién thuc hién khoanh nudi tai sinh ty nhién két hop xuc tién tai sinh c6
tac dong (1am co, phat quang ddy leo, tia b6t ciy bui, bd sung gidng cay ban dia).

bbi vé6i cac khu vue rung c6 mat dJ cay tai sinh thép hodc chét lugng cay tai
sinh kém (khu vuc dat khac ¢ cay tai sinh), can tién hanh trong bo sung céc loai cay
b ban dia c6 gia tri cao (nhu sao den (Hopea odorata), bang lang (Lagerstroemia
calyculata), giang huong (Pterocarpus macrocarpus), cho chi (Parashorea
chinensis)) nham phuc hoi cau triic va chirc nang sinh thai ciia rimg. Cong tac khoanh
nudi nén gin véi co ché bao vé rimg cong dong dé giam nguy co tai 1an chiém.

- Trong rieng phong ho va ring ven song, sudi

Nhitng khu vuc ¢6 dia hinh dbc (>25°), d4at bi x6i mon manh, hodc ven song,
sudi, hd chira — dic biét & luu vuc song Krong No, khu vuc ven hd thuy dién Déng
Nai 4 — can duoc vu tién trong ring phong ho voi cac yéu cau:

+ Chon loai pht hop: st dung cdy ban dia chiu han, 1& coc hoic r& chéng x6i
mon nhu lim xanh (Erythrophleum fordii), sao den, 1at hoa (Chukrasia tabularis), dau
song nang (Dipterocarpus dyeri).

+ Két hop cay gb va LSNG (may, tre, song, cdy dugc lidu) dé vira bao vé dat,
ngudn nudce, vira tao sinh ké bd sung.

+ Quy hoach tréng cdy phan tan, cdy xanh canh quan va cdy 4n qua lau nim
tai cac ving ven song sudi & Quang Hoa, Quang Son va Dik Dro nhim ting d6 che
phil, gidam sat 16 va boi lap long song.

+ Xay dyung dai cdy xanh cach ly doc theo cac tuyén dudng giao thong gan
rimg dé giam tac dong cua hoat dong khai thac va van chuyén gd trai phép.

- Cdi thién chdt lwong RTG san xudt
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Phén tich nhén t6 tic dong cho thiy ap luc kinh té va nhu ciu nguyén liéu gd
dang lam gia tang dién tich rimg trong chu ky ngan, nang suat thap. Dé nang cao hiéu
qua kinh té va kha ning phong ho:

+ Ap dung k¥ thuat tham canh: chon gidng keo lai (4cacia hybrid), keo tai
tuong (Acacia mangium), bach dan (Eucalyptus urophylla) da qua kiém dinh ning
suét; bon phan can d6i NPK va phan hitu co; tia thua dinh ky dé giam canh tranh dinh
dudng; ap dung quan 1y dich hai téng hop.

+ Luén canh véi cdy ho ddu (mudng den, dau tridu) dé cai tao dét, ting kha
nang ¢ dinh dam va duy tri d6 phi nhiéu.

+ Chuyén d6i mot phan dién tich tir ring trong chu ky ngan (57 nim) sang
m6 hinh gd 16n (chu ky 10—12 ndm) hoic rimg hdn giao nhiéu tang tan dé ting gia tri
thuong pham, giam rui ro gia thi trudng, dong thoi nang cao kha ning hap thu va luu
giit carbon, gop phan dap ung tiéu chi thi truong tin chi carbon.

+ Khuyén khich ap dung chung chi FSC d6i v6i ring trong dé md rong thi
truong xuat khau gd hop phap, ning cao gia trj kinh té va tinh bén viing.

3.5.4. Nhém gidi phdp phat trién sinh ké cong dong
- Phdt trién mé hinh néng lam két hop

Trén co s& diéu kién sinh thai, hién trang st dung d4t va nhu cau cua nguoi
dan, can khuyén khich 4p dung rong rdi mé hinh nong — 1am két hop tai cac ving dém
va khu vyc gidp ranh rimg san xuat — dat nong nghiép. Cu thé:

+ Khu vuc rimg tréng san xuit: trong xen cdy néng nghiép dai ngay nhu ca
phé, hd tiéu, ca cao, hodc cy an qua (bo, siu riéng, xoai) giita cic hang cay gd, duy
tri mat do tan che 0,4—0,6 dé vira dam bao quang hop, vira han ché co dai, x6i mon.

+ Khu vyc viung dém rung phong hd va dic dung: uvu ti€én mo hinh cay dugc
liéu dudi tdn nhu sdm day, ba kich, dinh lang, ha tha 6 do, két hop tham cé tu nhién
dé gitr am dét va han ché thoai hoa.

+ Két hop du lich sinh thai: phat trién cac diém tham quan trai nghiém mo hinh
néng — 1am két hop, gan voi san pham dic trung dia phuong, tir d6 gia ting gia tri

kinh té va quang ba thuong hiéu ving.
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Viéc trién khai mo hinh can dya vao ban do phan bd diém néng mat rimg va
phan tich nhan tb tac dong, nham chon vi tri phu hop, gidm xung dot dét dai va tdi uu
hiéu qua str dung dit.

- Phat trién LSNG

Két qua khao sat thuc dia cho thdy nhiéu loai LSNG ban dia tai khu vuc nghién
ctru c6 gia tri kinh té cao nhung chua dugce khai thac hiéu qua. Do do, can:

+ Bao ton va phat trién nguén giéng LSNG: may, tre, ntra, song, nhya thong,
mat ong rung, hat voi, mac ca, tinh dau hdi — qué.

+ T chtrc khai thac hop 1y: xay dung quy dinh vé mua vu, san luong khai thac
dé tranh can kiét ngudn tai nguyén.

+ Xay dung chudi gia tri LSNG: hinh thanh hop tac xi hoic t6 hop tac dé thu
gom, so ché, ché bién va tiéu thu san pham; ap dung tiéu chuan ching nhan (OCOP,
hitu co, FSC) dé nang cao gia tri va md rong thi truong.

+ Két hop LSNG véi phuc hoi rimg: trong xen cac loai LSNG trong khoanh
nudi xc tién tai sinh, vira ting thu nhap vira nang cao do che phu.

- Tang cuong co ché chi tra dich vu méi truong rimg (PFES) va khai thdc co héi thi
trwong carbon, lién két véi doanh nghiép/té chire quoc té dé tang dau ra tin chi,

+ Péi voi PFES: dam bao cac hd dan, dic biét 1a nhom gilr rung & khu vuc
diém nong, dugc tiép can day du nguodn chi tra va nhn tién ding thoi han. HS tro mo
tai khoan ngan hang hodc vi dién tir ¢ minh bach dong tién va giam thit thoat.

+ Pdi v6i thi trudng carbon: khao sat, danh gia tiém ning hap thy CO: cua céc
khu rirng trong g6 16n va RTN phuc hdi; 1ap ho so dang ky tham gia cac chuong trinh
tin chi carbon (REDD+, VCS).

+ Sir dung ngudn thu: vu tién dau tu vao mo hinh sinh ké bén viing (néng —
1am két hop, LSNG), mua sdm thiét bi bao vé rimg (may cua tay, GPS, thiét bi chira
chay rimg), va hoat dong gido duc moéi trudng tai cong dong.

- Pado tao, ndng cao nang lwc cong dong

+ Noi dung dao tao: k¥ thuat canh tac bén viing trén dat doc, quan 1y ring

cong dong, trong va ché bién LSNG, tiép can thi trudng, tmg dung GIS don gian trong

quan ly dién tich rung.
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+ Pbi tuong uu tién: hd ngheo, déng bao déan tdc thiéu sb, phu nit, thanh nién tai
dia phuong — nhitng nhom dé bj t6n thuong trude bién dong tai nguyén rimg.

+ Hinh thure: két hop tap huin tai chd véi tham quan hoc tip cac mé hinh thanh
cong & dia phuong khéac; hd tro tai liéu hudng dan bing tiéng dan toc dé nang cao
kha ning tiép can.

+ Két qua ky vong: hinh thanh doi ngii nong cdt tai cong dong c6 k¥ ning quan
1y rirng va san xuét bén viing, déng vai trd lan toa kinh nghiém cho cac ho khac.
3.5.5. Nhom gidi phdp theo viing trong diém mdt rieng

Dua trén két qua phan tich diém nong mat ring (Hotspot Analysis) giai doan
20102023 va dy bao nguy co mat rimg giai doan 2030-2035 (Hinh 3.19), c6 thé xac
dinh ba ving trong diém can duoc wu tién quan 1y, phuc hoi va kiém soét chit chg.
Céc vung nay khong chi c6 mtc d6 mat rimg cao nhit trong qua khir, ma con duoc
mo hinh CA—Markov dy béo 1a nhitng khu vuc ¢6 kha ning tiép tuc suy giam dién
tich RTN manh nhét trong twong lai néu khong co bién phéap can thiép kip thoi.

- Ving Tay Bac huyén Pdk Glong (xd Qudng Son — Qudng Hoa)

Pay 13 ving mat rimg nghiém trong nhét trong giai doan 2015-2023, tap trung
doc tuyén duong QL28 va khu vuc giap ranh rimg phong hd Nam Nung. Phan tich
hotspot cho thdy khu vuc ndy c6 cudng do mat rimg cao (GiZ > 2,5) va mo rong
nhanh theo huéng Tay Nam — noi dan cu di cu ty do va canh tdc nong nghi¢p ngay
cang tang.

Céc giai phap vu tién gdm: Trién khai mé hinh nong — 1am két hop c6 kiém
soat (Agroforestry), v6i cdy chu luc 13 méc ca, sim day, nghé den, va keo lai nham
tai tao do che phu sinh thai va mang lai thu nhap cho nguoi dan dia phuong; Phuc hoi
rimg dau ngudn sudi Pak Plao — Quang Son, két hop véi chuong trinh trong rimg
thay thé cta cac dy an thuy dién nho; Tang cudng giam sat cong dong (Community-
based Monitoring): thanh 1ap céc t6 bao vé rimg thon — bon; Thi diém hé thdng canh
bao sém UAV (Drone-based Forest Alert) do Chi cuc Kiém lam tinh Pak Nong van

hanh, nham giam sat 24/7 khu vuc giap ranh Nam Nung. Cac bién phap nay vira co y
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nghia phuc héi sinh thai, vira gitip 6n dinh sinh ké dan cu, han ché di cu ty do — yéu
t6 dugc xac dinh 1a nguyén nhan chi yéu gy mat ring ¢ khu vuc nay.
- Viing Déng Nam huyén Kréng N6 (xd Pk Som — Buén Chodh)

Khu vuce ndy 13 viing ¢6 nguy co mat rimg cao tht hai, chu yéu do mé rong
d4t nong nghiép va ring tréng quy mo nhé. Ban d hotspot cho thiy diém néng phan
bd doc cac tuyén dan cu va dit san xuit nong nghiép ven séng Krong No, noi dién ra
su chuyén d6i manh tir rimg tu nhién sang dat canh tac ca phé va ho tiéu.

Céc giai phap quan 1y dugc dé xuét: Thi diém mo hinh dong quan 1y rimg (Co-
management) giita Ban Quan 1y ring phong hd Krong N6, chinh quyén x3 va cong
d6ng thon budn, dam bao phan chia rd trach nhiém bao vé va hudng loi tir rimg; Tang
cuong chi trd dich vu moi truong rung (PES) theo Nghi dinh 156/2018/ND-CP, dic
biét cho cac ho sinh séng ven song Krong N6 — noi ring ¢6 chirc nang phong ho
ngudn nudc; Phat trién sinh ké duéi tan rimg (trong duoc lidu ban dia, chan nudi ong,
thu hai 1am san ngoai gd), két hop dao tao k¥ thuat canh tac hitu co va quan 1y rimg
bén viing; Xay dung tuyén rig dém bao vé ven song Krong No, vira phong chong
X6i mon vira giam nguy co mat ring do mé rong néng nghiép ven long ho thuy dién
Budn Tua Srah. Viéc gan két giita PES — sinh ké — d6ng quan 1y dugc xem 1a hudng
di kha thi gitp chuyén tir co ché “bao vé thu dong” sang “quan 1y c6 su tham gia”,
nang cao trach nhiém va loi ich cta cong doéng d6i voi tai nguyén ring.

- Viing gidp ranh Bak Ha — Pak Plao

Khu vuc nay la vanh dai trung gian gitra rung tu nhién va khu dan cu méi, noi
tap trung nhiéu tuyén giao thong 1am nghiép va hoat dong van chuyén 1am san nho
1¢. Mic di mirc d6 mat rimg thip hon hai ving trén, nhung rii ro gia ting manh trong
giai doan 2030-2035 do mo rdng ha tﬁng, thuy dién va khu dinh cu moi.

Giai phép trong tim gdm: Tang cudng kiém soat van chuyén 1am san, phdi
hop lién nganh giita Kiém 1am — Cong an — UBND x4 dé xir 1y vi pham vén chuyén
g trai phép; Thiét 1ap vung gidm sat UAV ¢ dinh, dit tai Tram Kiém 1am Dék Ha
va Dik Plao, hoat dong theo mé hinh “ban tir dong” tich hop ban dd nguy co mat

rumg (forest-risk map); Phbi hop tuyén truyén va tap huan cong dong vé quan 1y rimg
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va phap luat 1am nghiép; dong thoi thi diém mo hinh “rimg hoc dudng” tai cac trudng
tiéu hoc va THCS trén dia ban nham ning cao y thire thé hé tré. Khu vuc niy duoc
xem la vung dém chién lugc, c6 thé kiém soat hiéu qua su lan téa ctua mét rung tu
trung tam Pak Glong sang phia Bic Krong N6 néu duoc gidm sat va quan ly dong
bo.

Céc giai phap trén, khi dugc trién khai dong bd, khong chi gitip giam thiéu
mat rimg ma con tao diéu kién cho viéc phat trién KT - XH hai hoa véi bao ton da
dang sinh hoc va tai nguyén thién nhién. Qua do, co s khoa hoc dua trén dir li¢u RS,
GIS va m6 hinh du béo s& trd thanh cong cu then chdt dé dua ra cac quyét dinh quan
1y rimg hiéu qua, gop phan vao viéc xay dung hé thong quan 1y tai nguyén rimg bén

virng & tinh Dak Néng.

131



KET LUAN, TON TAI VA KIEN NGHI
Két luan

Luan an “Phén tich va du bao thay doi tham phu rimg dudi tac dong cla cac
nhan t6 TN — KT — XH tinh Dak Nong” da tiép can mot cach hé thng va tich hop
nhiéu phwong phap hién dai trong linh vuc RS, GIS, hoc may va phan tich khong gian
dé 1am rd quy luat FCC trong giai doan 2010 —2023va dy bao xu hudng dén nam 2035.
Trén co s do, cac két qua chinh duoc két luan nhu sau:

- Phan tich LULCC giai doan 2010 — 2023:

+ So sanh két qua phan loai tham phit LULC nam 2023 bang thuat toan RF sir
dung i) t6 hop anh Landsat + NDVI va ii) Landsat + t6 hop céc chi s6 (NDVI, NDWI,
BSI) + DEM cho thiy: Phan loai dua vao anh Landsat két hop t6 hop céc chi sb dat
d6 chinh xac OA va K cao hon dang ké (ting 8,64 va 0,11 don vi twong tng) so véi
chi str dung t6 hop anh Landsat va chi s6 NDVI. Chinh vi vy phuong phap phan loai
nay tiép tuc duoc lua chon cho phan loai giai doan 2010 —2022.

+ Phan loai LULC giai doan 2010 — 2022: Két qua phan loai dat chinh xé4c
phan loai v&i OA dao dong tir khoang trén 81% dén trén 89% va hé s6 K tir 0,77 dén
0,87, diéu nay cho théy hiéu suét phan loai dat muc kha dén cao.

+ Tur két qua phan loai, ban d6 LULC giai doan 2010-2023 cho théy su bién
dong ro rét gitra cac loai LC: RTX va RBTX gidm manh, lan luot 42.459 ha (-
37,52%) va 995 ha (—25,52%), RTG ting hon 5 1an so v&i nam 2010. Cac 16p DKH
va DC mo rong nhanh (~11.700 ha va ~6.500 ha), con CAOSU ting nhe nhung bién
dong theo ting giai doan. Su thay d6i cia NN, DKH va DC phan 4nh qua trinh chuyén
d6i sir dung dat thiéu 6n dinh, dién ra tap trung & ving giap khu dan cu, doc tuyén
giao thong va dia hinh bang phing.

+ Phan tich LULCC giai doan 2010-2023 cho thiy qua trinh chuyén ddi sir
dung dat tai khu vuc nghién cuu dién ra manh mé, da chiéu va phuc tap. RTX 1a 16p
suy giam manh nhét, voi hon 43.530 ha bi chuyén déi, chi yéu sang RTG, NN va
DKH. Cac 16p RBTX va RK ciing giam déng ké, chuyén chu yéu sang NN va DC.
Nguoc lai, RTG ting nhanh nhd chuyén doi tir RTX va NN, song dong thoi ciing bi
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bién dong nguoc & mot ) giai doan. NN va DKH la hai loai dat gia tdng manh nhét
do mé rong san xuét va chuyén doi tir rimg. DC mé rong nhanh tir NN va DKH, phan
anh xu hudéng d6 thi hoa. MN bién dong it, nhung c6 xu hudng ting, chu yéu do
chuyén dbi tir RTN,

- Xdc dinh diém néng mat rirng bang phan tich khéng gian: Két qua phan tich
diém nong cho thiy mét rimg tai hai huyén Dik Glong va Krong N6 giai doan 2010
— 2023 khong phan bd ngiu nhién ma c6 quy ludt rd rét theo khong gian — thoi gian.
Cu thé, cum nong chiém wu thé tuyét dbi (90,67%), tap trung vao cac giai doan mét
rung manh (2012-2013 va dac biét giai doan 2017-2019), trong khi d6 cum lanh chi
chiém ty 1& nhé (9,33%) va chu yéu xuat hién giai doan 2014-2016. Pang chu y, tir
2018-2023 cac diém néng giam dang ké, dong thoi hau nhu khong con cum lanh,
qua d6 phan anh xu huéng 6n dinh hon cia FCC trong nhiing nim gan day.

- Phén tich méi quan hé giita FCC véi cdc nhdn té TN — KT — XH: Két qua
nghién ctru chi ra ré“mg yéu 6 KT - XH ¢6 tac dong truc tiép manh nhét véi hé sd tac
dong 0,46, phan anh vai tro noi bat cia DC (1,00) va SDN (0,88) tac dong dén chuyén
d6i RTN. Kha ning tiép can ciing 1a mot yéu té dang ké, véi hé s tac dong truc tiép
—0,44, cho thay ring cang gan khu DC, NN va giao théng thi nguy co bi chuyén do6i
cang cao. Trong khi d6, khi hau tuy c6 hé sd thap hon (-0,39) nhung van c6 anh
huong, dic biét khi nhiét d6 ting va mua giam dan dén gia ting mat rimg. Két qua
nay cung cip co s¢ dinh luong quan trong dé thiét ké cac mo hinh du bao FCC va dé
xudt cic chinh sach quan 1y rung thich tng BPKH theo hudng khoa hoc va dinh
hudng khong gian.

- Dy bdo LULCC dén nam 2035: Két qua du bao dén nim 2035 cho thy xu
hudng suy giam dién tich rimg 1a ddc diém ndi bat nhat, tong dién tich RTN du bao
niam 2035 giam gan 5.600 ha va chil yéu chuyén sang NN, RTG va DKH; RTG giam
dén 5.708 ha. Dong thoi, 16p DKH ciing thu hep dang ké, trong khi NN va CAOSU
tang 1an lwot 11.500 ha va 10.700 ha, phan anh dong luc phat trién kinh t& nhung gay
strc ép 16n 1én hé sinh thai rimg. Pang chu y, phan tich diém néng dy bao giai doan
2023-2035 cho thdy cic cum ndng mat rimg tip trung ¢ nhitng khu vuc chuyén doi
manh sang NN va CAOSU, trong khi cum lanh xuat hién rai rac & cac vung c6 chinh

sach bao vé hoic it bién dong. Nghién ciru xay dung ban do du bao diém néng dén
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nim 2035 nhim nhan dién khong gian rii ro mat rimg, cung cip cong cu khoa hoc
quan trong cho céac chién luge sir dung dt ciing nhu cac chinh sach quan 1y va giam
sat bén virng tai nguyén ring.

- Dé xudt hé thong gidi phdp quan Iy tai nguyén rimg: Dua trén cac két qua
nghién ctru, tong hop phong van va tham van ¥ kién chuyén gia, nghién ctru da dé
Xudt cac giai phap mang tinh ddng bo, kha thi, phit hop véi diéu kién TN — KT — XH
ctiia Bk Glong va Krong No. Cac nhom giai phap bao gdm: (i) quan 1y — chinh sach
nhu ra soat quy hoach, khoanh viing bao vé nghiém ngit, phdi hop da nganh va thuc
day dong quan 1y cong dong; (ii) k¥ thuat — cong nghé nhu tmg dung RS—GIS giam
sat rung, dy bao chay rung, xay dung co sé dir liéu tap trung; (ii1) k¥ thuat 1am sinh
nhu khoanh nuéi tai sinh, trong rimg phong ho, cai thién rimg trong san xuat; (iv)
phat trién sinh ké cong dong thong qua mo hinh nong 1am két hop, phat trién LSNG,
co ché PFES va ddo tao ning cao ning lyc va (v) Nhom giai phap theo ving trong
diém diém nong cu thé. Viéc trién khai dong bo cac giai phap nay sé& gop phan giam
ap luc mét rimg, bao tdn da dang sinh hoc va thiic ddy phat trién bén vimg & dia
phuong.

Ton tai

Mic du két qua nghién ctru da phan anh rd quy luat bién dong LULCC, xéc
dinh duoc cac yéu td tac dong chu yéu va du bao xu thé tuong lai, song do gidi han
vé thoi gian va ngu@)n luc, ludn 4n van con mét sb ton tai nhat dinh, chu yéu O hai
khia canh:

- Vé chdt hwong phdn logi: DB chinh xac LULC chiu anh huong boi chat lugng dnh
vé tinh, phuong phap va sé 16p phan loai. Trong nghién ciru nay, viéc s dung
anh Landsat do phan giai trung binh (30 m x 30 m) phan nao han ché kha ning
phan biét cac loai 16p phii. Mic du da cai thién bang cach bo sung cac chi s6 phd
va dia hinh (NDVIL, BSI, NDWI), song két qua van c6 sai s6 nhat dinh. Bén canh
d6, can c6 thém nghién ctru so sdnh véi cac thudt toan khac (SVM, KNN,
Decision Tree) dé dénh gia toan dién hon.

- Dit liéu TN — KT — XH tham gia trong mé minh SEM: Ngudn dit liéu TN-KT—
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XH con han ché vé pham vi va sb luong bién, dic biét 1a cac yéu td vé thé ché,
quyén st dung dit, quan tri cong ddng, ty 1& giau nghéo..., vi thé mot s6 mbi
quan hé chua dugc phan anh day du; thoi gian chudi sé liéu ngan cling anh hudng
dén do tin cay va mtrc d6 phit hop cua cac chi s6 kiém dinh mé hinh.

Kién nghi

Trén co s& nhitng han ché trong phan tich LULCC, mot sé dé xudt cai thién

cling nhu mé rong trong cac nghién ctru sau can duoc quan tAim nhu:

- St dung va thir nghiém dit li¢u anh v¢ tinh c6 do phan giai khong gian cao
hon nhu Sentinel-1,2, PlanetScope, ... cling nhu bo sung thém cac anh chi sé nham
cai thién dg chinh xac cua phan loai.

- Str dung anh UAV (mdy bay khong nguoi 14i) dé thu thap dit lidu chi tiét &
cac khu vuc cu thé nhu 1a tap dir liéu mau phan loai, dic biét 1a cac khu vyuc khé phan
biét va kho tiép can.

- C4c thuat toan phan loai khéc ciing can dugc quan tam thir nghiém dé so sanh,
tim ra bién phap phan loai t6i vu nham nang cao do chinh xac phén loai.

- Tang thém cac bién TN — KT — XH trong xay dung mé hinh SEM nhu khoang
cach dén song subi, loai dat, thu nhap binh quan dau nguoi, ty 1¢ nghéo/dan toc thiéu
s6, di cu va nhap cu, muc do tiép can ha téng, muc d6 chi tra PFES va s6 ho tham
gia, ...nham bao quét cac bién lién quan anh huong dén FCC.

- Phan tich véi thoi gian dai hon dé phat hién cac van d& mot cach c6 quy luat
va tong quan hon.

- Str dung thém céc chi s6 khac nhu Cronbach’s Alpha dé kiém tra tac dong
clia cac nhén to.

- Pé xuit huéng nghién ctru tiép theo du bao LULCC dua trén céc kich ban

bién doi khac nhau.
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PHU LUC

Phu luc 1: Code thu thap anh v¢ tinh Landsat giai doan ty dong thong qua
phuong phap phan loai Random Forests

// Dinh nghia ti 1€ may cho tung ndm

var cloudCoverThresholds = {
2010: 25, 2011: 45,2012: 50, 2013: 100, 2014: 50, 2015: 43, 2016: 35,
2017: 20, 2018: 32,2019: 30, 2020: 10, 2021: 15, 2022: 35, 2023: 25

b

/I Load Landsat Collections
var 15sr = ee.ImageCollection("LANDSAT/LT05/C02/T1_L2")
filterBounds(StudyArea)
.select(
['SR_B3','SR B2','SR BI','SR B4','SR BS5','QA PIXEL'],
[Red', 'Green', 'Blue’, 'NIR', 'SWIR1', 'QA_ PIXEL]

)
.map(function(image) { return image.set('SATELLITE', 'Landsat 5'); });

var 17sr = ee.ImageCollection("LANDSAT/LE07/C02/T1_L2")
filterBounds(StudyArea)
.select(
['SR_B3','SR B2','SR BI','SR B4','SR BS5','QA PIXEL'],
[Red', 'Green 'Blue’ 'NIR', 'SWIRI’ 'QA_ PIXEL‘]

)
.map(function(image) { return image.set('SATELLITE', 'Landsat 7'); });

var 18sr = ee.ImageCollection("LANDSAT/LCO08/C02/T1_L2")
filterBounds(StudyArea)
.select(
['SR B4','SR B3','SR B2','SR BS5','SR B6','QA PIXEL'],
[Red’, 'Green 'Blue’ 'NIR', 'SWIRI’ 'QA_ PIXEL‘]

)
.map(function(image) { return image.set('SATELLITE', 'Landsat 8'); });

// Load DEM data

var dem = ee.Image("USGS/SRTMGL1 _003");
var elevation = dem.select('elevation').toFloat();
var slope = ee.Terrain.slope(elevation).toFloat();

// Ham ap dung mat na may cho anh Landsat

function maskLandsatSR(image) {
var cloudShadowBitMask = ee.Number(2).pow(3).int();
var cloudsBitMask = ee.Number(2).pow(5).int();
var qa = image.select('QA_PIXEL");
var mask = qa.bitwiseAnd(cloudShadowBitMask).eq(0)

.and(qa.bitwiseAnd(cloudsBitMask).eq(0));

return image.updateMask(mask).divide(10000);

}

// Ham loc anh theo ti 1€ may
function filterByCloudCover(collection, maxCloudCover) {
return collection.filter(ee.Filter.Ite(CLOUD COVER', maxCloudCover));

// Ham ly danh sach cac bang ph dua trén vé tinh
function getBands(selectedSatellite) {
return ['Red', 'Green', '‘Blue’, 'NIR', 'SWIR1', 'QA_PIXEL'];

// Ham thém céc chi s6 vao anh
function addIndices(image) {
var ndvi = image.normalizedDifference(['NIR', 'Red']).rename('NDVI");
var BSI = image.expression(
'((RED + SWIR1) - (NIR + BLUE)) / (RED + SWIRI) + (NIR + BLUE)), {
'RED': image.select('Red"),
'SWIR1": image.select('SWIR1"),
'NIR": image.select('NIR"),
'BLUE'": image.select('Blue')

}
).rename('BSI');
var ndwi = image.normalizedDifference(['Green', 'NIR']).rename('NDWT');
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return image.addBands([ndvi, BSI, ndwi]);

// Ham 13y bo suru tap Landsat dya trén nam va vé tinh
function getLandsatCollection(year, selectedSatellite) {
if (selectedSatellite === "Landsat 5') {

return 15sr;

} else if (selectedSatellite === 'Landsat 7") {
return 17sr;

} else if (selectedSatellite === 'Landsat 8'") {
return 18sr;

H
H

// Ham xéc dinh vé tinh dua trén nam

function getSatellite(year) {

if (year >= 2010 && year <=2011) {
return 'Landsat 5';

} else if (year

return 'Landsat 7';
} else if (year >= 2013 && year <=2023) {
return 'Landsat 8';

} else {

return null;

H
}

2012) {

// Ham tao anh composite san sang cho phén tich
function createCompositelmage(year, StudyArea) {
var selectedSatellite = getSatellite(year);
if (!selectedSatellite) return null;
var maxCloudCover = cloudCoverThresholds[year];
var startDate = ee.Date.fromYMD(year, 1, 1);
var endDate = ee.Date.fromYMD(year, 12, 31);

var collection = getLandsatCollection(year, selectedSatellite)
filterDate(startDate, endDate);
collection = filterByCloudCover(collection, maxCloudCover).map(maskLandsatSR);

var composite = collection.median().clip(StudyArea);
composite = addIndices(composite).addBands([elevation, slope]);
return composite.toFloat();

}

Phuy luc 2: Thong tin canh anh Landsat sir dung trong giai doan 2010 - 2023

STT | Nam

S0 cianh
anh

Céc canh anh sir dung

1 2010

9

LTO05 124051 20100204, LT0S5 124051 20100324, LT05 124051 20100511,
LTO05 124052 20100204, LT0S5 124052 20100324, LT05 124052 20100511,
LTO05 124052 20100714, LT0S 124052 20101018, LTO5 124052 20101221

2 2011

2

LTO05 124051 20110207, LTOS 124052 20110207

3 2012

14

LEO7 124051 20120406, LEO7 124051 20120422, LEO7 124051 20120508,
LEO07 124051 20121015, LEO7 124051 20121031, LEO7 124051 20121202,
LEO07 124052 20120305, LEO7 124052 20120406, LE07 124052 20120422,
LEO07_124052 20120508, LE07 124052 20120625, LE07 124052 20121015,
LE07 124052 20121031, LEO7 124052 20121218

4 2013

28

LC08 124051 20130405, LC08 124051 20130417, LC08 124051 20130503,
LC08 124051 20130519, LC08 124051 20130604, LC08 124051 20130620,
LC08 124051 20130706, LC08 124051 20130908, LC08 124051 20130924,
LCO08_124051_ 20131010, LC08 124051 20131026, LC08_124051_ 20131213,
LCO08_124051_20131229, LC08 124052 20130405, LC08_124052_20130417,
LCO08_124052 20130503, LC08 124052 20130519, LC08_124052_20130604,
LCO08_124052 20130620, LC08 124052 20130706, LC08_124052_ 20130823,
LCO08_124052_20130908, LC08 124052 20130924, LC08_124052_ 20131010,
LCO08_124052 20131026, LC08 124052 20131127, LC08_124052 20131213,
LC08 124052 20131229

5 2014

24

LC08 124051 20140130, LC08 124051 20140215, LC08 124051 20140303,
LC08 124051 20140319, LC08 124051 20140420, LC08 124051 20140506,
LC08 124051 20140522, LC08 124051 20140607, LC08 124051 20140810,
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LCO8_124051 20140927, LCO8_124051 20141029, LCO8_124051 20141114,
LCO8_124052_ 20140130, LCO8_124052_20140215, LCO8_124052 20140303,
LCO8_124052_ 20140319, LCO8_124052_20140420, LCO8_124052_20140506,
LCO8_124052_ 20140522, LCO8_124052_20140607, LCO8_124052 20140810,
LCO8 124052 20140927, LCO8 124052 20141013, LCO8_ 124052 20141114

LCO8 124051 20150218, LCO8 124051 20150306, LCO8 124051 20150322,
LCO8_ 124051 20150407, LCO8_124051 20150423, LCO8 124051 20150509,
LCO8 124051 20150525, LCO8_124051 20150610, LCO8 124051 20150813,
LCO8_124051 20150930, LCO8_124051 20151117, LCO8_124051 20151203,
LCO8_124052_ 20150117, LCO8_124052 20150202, LCO8_124052 20150218,
LCO8_124052_ 20150306, LCO8_124052 20150322, LCO8_124052 20150407,
LCO8_124052_ 20150423, LCO8_124052 20150509, LCO8_124052 20150525,
LCO8_124052_ 20150610, LCO8_124052 20150813, LCO8_124052 20150829,
LCO8_ 124052 20150930, LCO8_124052 20151016, LCO8_124052 20151117,
LCO8 124052 20151203

6 2015 28

LCO08_124051_20160104, LC08_124051_20160120, LC08_124051_20160308,
LCO08_124051_20160409, LC08 124051 20160425, LC08_124051_20160831,
LCO08_124052_20160104, LC08_124052_ 20160120, LC08_124052_20160221,
LCO08_124052_20160308, LC08 124052 20160324, LC08_124052_20160409,
LCO08_124052_20160425, LC08 124052 20160612, LC08_124052_20160730,
LCO08 124052 20160831, LC0O8 124052 20161119

7 2016 17

LC08 124051 20170207, LC08 124051 20170223, LC08 124051 20170311,
8 2017 7 LC08 124052 20170106, LC08 124052 20170207, LC08 124052 20170223,
LC08 124052 20170311

LC08 124051 20180210, LC08 124051 20180314, LC08 124051 20180415,
LC08 124051 20180501, LC08 124051 20181008, LC08 124052 20180109,
9 2018 13 LC08 124052 20180125, LC08 124052 20180210, LC08 124052 20180226,
LC08 124052 20180314, LC08 124052 20180415, LCO8 124052 20180501,
LCO08 124052 20181008

LCO08_124051_20190128, LC08_124051_20190213, LC08_124051_20190301,
LCO08_124051_20190317, LC08_124051_20190402, LC08_124051_20190520,
LCO08_124051_20191011, LC08_124051_20191112, LC08_124052_20190128,
10 | 2019 20 LCO08_124052_20190213, LC08_124052_20190301, LC08_124052_20190317,
LCO08_124052_20190402, LC08_124052_20190418, LC08_124052_20190925,
LC08 124052 20191011, LC08 124052 20191027, LC08 124052 20191112,
LC08 124052 20191214, LC08 124052 20191230

LC08 124051 20200115, LC08 124051 20200216, LC08 124051 20200319,
11 2020 7 LC08 124052 20200115, LC08 124052 20200216, LC08 124052 20200303,
LC08 124052 20200319

LC08 124051 20210306, LC08 124051 20210407, LC08 124052 20210117,
12 | 2021 8 LC08 124052 20210202, LC08 124052 20210218, LC08 124052 20210306,
LC08 124052 20210322, LC08 124052 20210407

LC08 124051 20220120, LC08 124051 20220309, LC08 124051 20220410,
LCO08_124051_20220613, LC08 124051 20220901, LC08_124051 20221019,
LC08 124052 20220120, LC08 124052 20220205, LC08 124052 20220221,
LCO08_124052 20220309, LC08 124052 20220325, LC08_124052_ 20220410,
LCO08_124052 20220613, LC08 124052 20220816, LC08_124052_20220901,
LC08 124052 20221206, LC0O8 124052 20221222

13 2022 17

LCO08_124051_20230224, LC08 124051 20230312, LC08_124051_20230429,
LCO08_124051_20230920, LC08 124052 20230208, LC08_124052 20230224,
LC08 124052 20230312, LC08 124052 20230515, LC08 124052 20231022,
LC08 124052 20231209, LC08 124052 20231225

14 | 2023 11

Phu luc 3: C4c vi tri mau huan luyén (Vi s6 lvgng mau kha 1én nén bang s& hién

thi cac s6 luong miu nhét dinh). Mau day du trong ma QR
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Phu luc 4: Code phan loai &nh Landsat +NDVI, st dung thuat toan Random Forest

// Ham chia dir li¢u thanh tap huan luyén va kiém tra

function splitData(featureCollection, trainingFraction) {
var withRandom = featureCollection.randomColumn('random');
var training = withRandom.filter(ee.Filter.lt('random’, trainingFraction));
var testing = withRandom.filter(ee.Filter.gte('random’, trainingFraction));
return { training: training, testing: testing };

// Ham chay phéan loai va danh gia
function runClassification(compositelmage, year, method, StudyArea) {
var trainingDataPath = 'projects/cobalt-aria-466102-g1/assets/Trainning_' + year;
var trainingData = ee.FeatureCollection(trainingDataPath)
.map(function (feature) {
return feature.set('class', ee.Number.parse(feature.get('Classvalue')));

1

// Chia dir li¢u

var split = splitData(trainingData, 0.7);
var trainingSet = sll)lit.training;

var testingSet = split.testing;

// Xac dinh cac bang tan st dung

var bands;
if (method === "NDVT')

bands = ['Red', 'Green', 'Blue', 'NIR', 'SWIR1', 'NDVI'];
} else {

bands = ['Red', 'Green', 'Blue', 'NIR', 'SWIR1', ' NDVTI',
'BSI', 'NDWT', 'elevation', 'slope'];

// Lay mau dir li¢u huan luyén

var training = compositeImage.select(bands).sampleRegions({
collection: trainingSet,
properties: ['class'],

scale: 30

1

// Huan luyén mé hinh
var classifier = ee.Classifier.smileRandomForest({
numberOfTrees: 10,
seed: 0
}).train({
features: training,
classProperty: 'class',
inputProperties: bands

>

// Phan loai anh
var classifiedlmage = compositelmage.classify(classifier);

// Danh gid d6 chinh xac

var validation = compositeImage.select(bands).sampleRegions({
collection: testingSet,
properties: ['class'],
scale: 30
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1)
var validated = validation.classify(classifier);
var testAccuracy = validated.errorMatrix('class', 'classification");

// Tinh dién tich

var pixelCount = classifiedlmage.addBands(ee.Image.pixelArea()).reduceRegion({
reducer: ee.Reducer.count().group({ groupField: 0, groupName: 'class' }),
geometry: StudyArea,
scale: 30,
crs: 'EPSG:32648',
maxPixels: 1el3

s

var classArea = ee.List(pixelCount.get('groups')).map(function (feature) {
var f = ee.Dictionary(feature);
var count = ee.Number(f.get('count'));
var area_ha = count.multiply(30).multiply(30).divide(10000);
return ee.Feature(null, {
‘class': f.get('class"),
‘area (ha)': area_ha

>

var areaFC = ee.FeatureCollection(classArea);

return {
classifiedlmage: classifiedlmage,
confusionMatrix: testAccuracy,
overallAccuracy: testAccuracy.accuracy(),
kappa: testAccuracy.kappa(),
area: areaFC

35
}

Phu luc 5: Code phan loai anh Landsat +NDVI, NDWI, BSI va DEM, st dung

thuat toan Random Forest

var cloudCoverThresholds = {
2010: 25,

2011: 45,

2012: 50,

2013: 100,

2014: 50,

2015: 43,

2016: 35,

2017: 20,

2018: 32,

2019: 30,

2020: 10,

2021: 15,

2022: 35,

2023: 25

15

var 15sr = ee.ImageCollection("LANDSAT/LT05/C02/T1_L2")
filterBounds(StudyArea)
.select(
['SR_B3','SR _B2', 'SR _BI','SR_B4','SR_B5','QA_PIXEL'],
[Red', 'Green', 'Blue', NIR', 'SWIR1', 'QA_PIXEL']
)
.map(function(image) { return image.set('SATELLITE', 'Landsat 5'); });

var 17sr = ee.ImageCollection("LANDSAT/LE07/C02/T1_L2")
filterBounds(StudyArea)
.select(
['SR_B3','SR_B2','SR_B1','SR_B4','SR_BS5',"QA PIXEL'],
[Red', 'Green', 'Blue’, NIR', 'SWIR1', '\QA_PIXEL']

159



)
.map(function(image) { return image.set('SATELLITE', 'Landsat 7'); });

var 18sr = ee.ImageCollection("LANDSAT/LC08/C02/T1_L2")
filterBounds(StudyArea)
.select(
['SR_B4','SR B3','SR _B2','SR_BS5','SR_B6','QA_PIXEL'],
['Red', 'Green', 'Blue', NIR', 'SWIR1', "QA_PIXEL']
)
.map(function(image) { return image.set('SATELLITE', 'Landsat 8'); });

var dem = ee.Image("USGS/SRTMGL1_003");
var elevation = dem.select('elevation').toFloat();
var slope = ee.Terrain.slope(elevation).toFloat();

function maskLandsatSR(image) {
var cloudShadowBitMask = ee.Number(2).pow(3).int();
var cloudsBitMask = ee.Number(2).pow(5).int();
var qa = image.select('QA_PIXEL);
var mask = qa.bitwiseAnd(cloudShadowBitMask).eq(0)
.and(qa.bitwiseAnd(cloudsBitMask).eq(0));
return image.updateMask(mask).divide(10000);

}

function filterByCloudCover(collection, maxCloudCover) {
return collection.filter(ee.Filter.lte(CLOUD_COVER', maxCloudCover));

}

function getBands(selectedSatellite) {
return ['Red', 'Green', 'Blue’, NIR', 'SWIR1', 'QA_PIXEL'];
H

function addIndices(image) {
var ndvi = image.normalizedDifference(['NIR', 'Red']).rename('NDVT');
var BSI = image.expression(
'((RED + SWIR1) - (NIR + BLUE)) / ((RED + SWIR1) + (NIR + BLUE)),, {

'RED": image.select('Red"),
'SWIR1": image.select('SWIR1"),
'NIR'": image.select('NIR'"),
'BLUE': image.select('Blue")

H
).rename('BST');
var ndwi = image.normalizedDifference(['Green', 'NIR']).rename('NDWTI');
return image.addBands([ndvi, BSI, ndwi]);

}

function getLandsatCollection(year, selectedSatellite) {
if (selectedSatellite === "Landsat 5') {

return 15sr;

} else if (selectedSatellite === 'Landsat 7") {
return 17sr;

} else if (selectedSatellite === 'Landsat 8') {
return 18sr;

H
H

var compositelmage;
var classifiedlmage;

var mainPanel = ui.Panel({ layout: ui.Panel.Layout.flow(‘horizontal'), style: { stretch: 'both' } });
var controlPanel = ui.Panel({ style: { width: '300px', padding: '8px' } });

160



var mapPanel = ui.Map();
mapPanel.style().set('stretch’, 'both’);
var infoPanel = ui.Panel({ style: { width: '300px’, padding: '8px' } });

controlPanel.add(ui.Label({ value: 'PHAN LOAI THAM PHU', style: { fontWeight: 'bold', fontSize: '19px/,
textAlign: 'center' } }));

controlPanel.add(ui.Label({ value: 'TAC GIA: CAO THI HOALI, style: { fontSize: '15px', textAlign: 'center' } }));
controlPanel.add(ui.Label({ value: 'Truong Pai hoc Tay Nguyén', style: { fontSize: '15px’, textAlign: 'center' }
)

controlPanel.add(ui.Label({ value: 'cthoai@ttn.edu.vn', style: { fontSize: '15px’, textAlign: 'center' } }));
controlPanel.add(ui.Label({ value: 'SDT: 0984486838, style: { fontSize: '15px’, textAlign: 'center' } }));

controlPanel.add(ui.Label('Chon nam:', { fontWeight: 'bold' }));
var yearSlider = ui.Slider({ min: 2010, max: 2023, step: 1, value: 2023, style: { width: '100%' } });
controlPanel.add(yearSlider);

controlPanel.add(ui.Label('"Chon phuong phap phan loai:', { fontWeight: 'bold' }));
var methodSelect = ui.Select({

items: ['NDVT', NDVI + DEM, Water, Soil'],

value: 'NDVI + DEM, Water, Soil',

style: { width: '100%" }
1

controlPanel.add(methodSelect);

var searchButton = ui.Button({
label: 'Tim',
onClick: updateMap,
style: { width: '100%" }

1)s

controlPanel.add(searchButton);

var classificationButton = ui.Button({
label: 'Chay phéan loai',
onClick: runClassification,
style: { width: '100%' }

1)

controlPanel.add(classificationButton);

var showTrainingPointsCheckbox = ui.Checkbox({
label: 'Hién thi cac diém huin luyén',
value: false,
onChange: function(value) {
if (value) {
visualizeTrainingPoints();
} else {
removeTrainingPointsLayer();
H
}s
style: { width: '100%' }
1)s

controlPanel.add(showTrainingPointsCheckbox);

var trainingPointsCountLabel = ui.Label(");
controlPanel.add(trainingPointsCountLabel);

infoPanel.add(ui.Label('Bang thong tin', { fontWeight: 'bold', fontSize: '16px', margin: '0 0 4px 0' }));
var scenelnfoPanel = ui.Panel();

scenelnfoPanel.add(ui.Label("Thong tin canh:', { fontWeight: 'bold’, margin: '8px 0 4px 0' }));
var scenelnfoOutput = ui.Label(", { margin: '0 0 8px 0' });
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scenelnfoPanel.add(scenelnfoOutput);

var exportScenelnfoButton = ui.Button({
label: 'Xuat thong tin canh',
onClick: exportScenelnfo

s

scenelnfoPanel.add(exportScenelnfoButton);
infoPanel.add(scenelnfoPanel);

var statsPanel = ui.Panel();

statsPanel.add(ui.Label('Thdng ké chi s thyc vat:', { fontWeight: 'bold', margin: '8px 0 4px 0' }));
var statsOutput = ui.Label(", { margin: '0 0 8px 0' });

statsPanel.add(statsOutput);

infoPanel.add(statsPanel);

var exportButton = ui.Button({
label: ",
onClick: exportSelectedData
1

infoPanel.add(exportButton);

function updateExportButtonLabel() {
var year = yearSlider.getValue();
exportButton.setLabel('Xuat dir li¢u (' + year + ') da chon');

}

updateExportButtonLabel();

mainPanel.add(controlPanel);
mainPanel.add(mapPanel);
mainPanel.add(infoPanel);

ui.root.clear();
ui.root.add(mainPanel);

function getSatellite(year) {
if (year >= 2010 && year <=2011) {
return 'Landsat 5';
} else if (year === 2012) {
return 'Landsat 7';
} else if (year >= 2013 && year <=2023) {
return 'Landsat 8';
} else {
ui.alert('Khong cé dir liéu cho nam da chon.');
return null;
H
H

function updateMap() {
var year = yearSlider.getValue();
var selectedSatellite = getSatellite(year);
if (!selectedSatellite) return;
var maxCloudCover = cloudCoverThresholds[year];
var method = methodSelect.getValue();
mapPanel.centerObject(StudyArea, 9);

mapPanel.layers().reset();

var startDate = ee.Date.fromYMD(year, 1, 1);
var endDate = ee.Date.fromYMD(year, 12, 31);
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var composites = [];
var scenes = [];

var bands = getBands(selectedSatellite);

var collection = getLandsatCollection(year, selectedSatellite)
filterDate(startDate, endDate);
collection = filterByCloudCover(collection, maxCloudCover).map(maskLandsatSR);

var count = collection.size().getInfo();
if (count > 0) {

composites.push(collection.median());

scenes = scenes.concat(collection.aggregate array('system:index').getInfo());
} else {

ui.alert("Khong c6 hinh énh nao phu hop véi cac tiéu chi da chon.");

return;

}

var composite = ee.ImageCollection(composites).mosaic().clip(StudyArea);
composite = addIndices(composite).addBands([elevation, slope]);
composite = composite.toFloat();

compositelmage = composite;

var visParamsRGB = { min: 0.8, max: 1.4, bands: ['Red', 'Green', 'Blue'] };
mapPanel.addLayer(composite, visParamsRGB, 'RGB Composite ' + year);

if (method ==="'NDVTI') {
mapPanel.addLayer(composite.select(['NDVI']), {min: -1, max: 1, palette: ['blue’, 'white', 'green']}, 'NDVT');
} else if (method ==='NDVI + DEM, Water, Soil') {
mapPanel.addLayer(composite.select(['NDVI']), {min: -1, max: 1, palette: ['blue’, 'white', 'green']}, NDVT');
mapPanel.addLayer(composite.select(['NDSI']), {min: -1, max: 1, palette: ['brown', 'white', 'green']}, NDSI'");
mapPanel.addLayer(composite.select([NDWI']), {min: -1, max: 1, palette: ['white', 'blue']}, ' NDWTI'");
mapPanel.addLayer(composite.select(['elevation']), {min: 0, max: 3000}, 'Elevation");
mapPanel.addLayer(composite.select(['slope']), {min: 0, max: 60}, 'Slope");

}

var outline = ee.Image().byte().paint({
featureCollection: StudyArea,
color: 1,
width: 2
1)
mapPanel.addLayer(outline, { palette: ['red'] }, 'Ranh gigi khu vuc');

composite.reduceRegion( {
reducer: ee.Reducer.mean().combine({
reducer2: ee.Reducer.minMax(),
sharedInputs: true
}).combine({
reducer2: ee.Reducer.stdDev(),
sharedInputs: true
})5
geometry: StudyArea,
scale: 30,
bestEffort: true
}).evaluate(function (result) {
if (result) {
statsOutput.setValue('NDVI - Min: ' + (result{'NDVI_min'] !=null ? result{'NDVI_min'].toFixed(2) : 'N/A")

', Max: ' + (result{'NDVI_max'] !=null ? result{'NDVI_max'].toFixed(2) : 'N/A") +
', Mean: ' + (result{'NDVI_mean'] !=null ? result'NDVI mean'].toFixed(2) : 'N/A") +
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', Std Dev: ' + (result['NDVI_stdDev'] !=null ? result['NDVI_stdDev'].toFixed(2) : 'N/A"));
} else {
statsOutput.setValue('Khong cé dir li¢u cho khu vyc va nam da chon.'");
§
1)

scenelnfoOutput.setValue('S6 lugng canh da sir dung: ' + count + \nCanh: ' + scenes.join(, '));

}

function exportSelectedData() {
var year = yearSlider.getValue();
if (lcompositelmage || !classifiedImage) {
ui.alert('Vui 1ong chay phan loai truéc khi xuét dir liéu.");
return;

}

var exportlmage = compositelmage.addBands(classifiedimage.rename('LULC"));
exportlmage = exportlmage.toFloat();

Export.image.toDrive({
image: exportlmage,
description: 'Combined Image '+ year,
scale: 30,
region: StudyArea.geometry().bounds(),
folder: 'hoai_test',
crs: 'EPSG:32648',
fileFormat: 'GeoTIFF'

1)s

H

function exportScenelnfo() {
var year = yearSlider.getValue();
var selectedSatellite = getSatellite(year);
if (!selectedSatellite) return;
var maxCloudCover = cloudCoverThresholds[year];

var collection = filterByCloudCover(getLandsatCollection(year, selectedSatellite)
filterDate(year + '-01-01', year + '-12-31"), maxCloudCover).map(maskLandsatSR);

var collectionWithIndex = collection.map(function (image) {
return computeIndex(image).addBands(image);

Hs

var indexedCollection = collectionWithIndex.toList(collectionWithIndex.size())
.zip(ee.List.sequence(1, collectionWithIndex.size())).map(function (item) {
var image = ee.Image(ee.List(item).get(0));
var index = ee.Number(ee.List(item).get(1));
return image.set('scenelndex’, index);

s

var scenelnfoList = ee.FeatureCollection(indexedCollection).map(function (image) {
var stats = ee.Image(image).select(NDVT').reduceRegion({
reducer: ee.Reducer.mean().combine({
reducer2: ee.Reducer.minMax(),
sharedInputs: true
}).combine({
reducer2: ee.Reducer.stdDev(),
sharedInputs: true
1)s
geometry: StudyArea,
scale: 30,
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}

bestEffort: true

1

return ee.Feature(null, {
'l_No': ee.Image(image).get('scenelndex"),
'2 Scene Name'": ee.Image(image).get('system:index’),
'3 _Cloud_Cover": ee.Image(image).get('CLOUD_COVER"),
'4 Select Vegetation Index': 'NDVT,,
'S _Min'": stats.get('NDVI_min'"),
'6_Max": stats.get('NDVI_max"),
'"7_Mean': stats.get('NDVI_mean'),
'8 _Std_Dev'": stats.get('NDVI_stdDev")

1

1

var scenelnfoCollection = ee.FeatureCollection(scenelnfoList);

Export.table.toDrive({
collection: scenelnfoCollection,
description: 'Scenelnfo '+ year,
folder: 'Data_image/Scenelnfo',
crs: 'EPSG:32648',
fileFormat: 'CSV'

s

function computelndex(image) {

}

return image.normalizedDifference(['NIR', 'Red']).rename('NDVI');

function splitData(featureCollection, trainingFraction) {

}

var withRandom = featureCollection.randomColumn('random');

var training = withRandom.filter(ee.Filter.lt('random’, trainingFraction));
var testing = withRandom.filter(ee.Filter.gte('random’, trainingFraction));
return { training: training, testing: testing };

function runClassification() {

var year = yearSlider.getValue();
var selectedSatellite = getSatellite(year);
if (!selectedSatellite) return;

var trainingData = ee.FeatureCollection(trainingDataPath);

trainingData = trainingData.map(function (feature) {
return feature.set('class', ee.Number.parse(feature.get('Classvalue')));

s

var split = splitData(trainingData, 0.7);
var trainingSet = split.training;
var testingSet = split.testing;

var maxCloudCover = cloudCoverThresholds[year];

var method = methodSelect.getValue();

var collection = filterByCloudCover(getLandsatCollection(year, selectedSatellite)
filterDate(year +'-01-01', year + '-12-31"), maxCloudCover).map(maskLandsatSR);

var composite = collection.median().clip(StudyArea);

composite = addIndices(composite).addBands([elevation, slope]);
composite = composite.toFloat();
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compositelmage = composite;

var bands;
if (method ==="'NDVTI') {
bands = ['Red', 'Green', 'Blue', 'NIR', 'SWIR1', NDVI'];
} else {
bands = ['Red', 'Green', 'Blue', 'NIR', 'SWIR1', NDVT',
'NDST', NDWT, 'elevation', 'slope'];
}

var training = composite.select(bands).sampleRegions({
collection: trainingSet,
properties: ['class'],
scale: 30

s

var classifier = ee.Classifier.smileRandomForest({
numberOfTrees: 10,
variablesPerSplit: null,
minLeafPopulation: 1,
bagFraction: 0.5,
maxNodes: null,
seed: 0

})-train({
features: training,
classProperty: 'class',
inputProperties: bands

s

var importance = ee.Dictionary(classifier.explain().get('importance'));

var importanceFeatureCollection = ee.FeatureCollection(importance.keys().map(function(key) {
return ee.Feature(null, {
'variable': key,
'importance': importance.get(key)
1)
1);

var classified = composite.classify(classifier);
classified = classified.toFloat();

classifiedlmage = classified;

var classPalette = [
'#228B22',
'#32CD32/,
'#8B4513',
'‘#FFD700',
'#FF4500',
'#7CFCO00',
'#A9AIAY',
'#8B0000',
'#0000FF'

15

var visParams = {
min: 1,
max: 9,
palette: classPalette

}!

166



mapPanel.layers().reset();
mapPanel.addLayer(classified, visParams, 'Phan loai ' + year +'"' + selectedSatellite);

var outline = ee.Image().byte().paint({
featureCollection: StudyArea,
color: 1,
width: 2
1)
mapPanel.addLayer(outline, { palette: ['red'] }, "Ranh gi¢i khu vuc');

if (method === "NDVT') {
mapPanel.addLayer(composite.select(['Green', 'Red', 'NIR', 'NDVI']),
{min: 0.8, max: 1.4}, 'Anh RGB + NDVI');
} else if (method === 'NDVI + DEM, Water, Soil") {
mapPanel.addLayer(composite.select(['Green', 'Red', 'NIR', 'NDVT',
‘elevation', 'NDSI', 'NDWI')),
{min: 0.8, max: 1.4}, 'Anh RGB + NDVI + DEM, Water, Soil');

}

var arealmage = ee.Image.pixelArea().divide(10000).addBands(classified);
var area = arealmage.reduceRegion({
reducer: ee.Reducer.sum().group({
groupField: 1,
groupName: 'class'
1)
geometry: StudyArea,
scale: 30,
crs: 'EPSG:32648',
maxPixels: 1el3

Hs

var classArea = ee.List(area.get('groups')).map(function (feature) {
var f = ee.Dictionary(feature);
return ee.Feature(null, {
‘class': f.get('class"),
‘area (ha)': f.get('sum')
1)
1)s

var areaFC = ee.FeatureCollection(classArea);
print('Dién tich moi 16p (ha)', areaFC);

var validation = composite.select(bands).sampleRegions({
collection: testingSet,
properties: ['class'],
scale: 30

s

var validated = validation.classify(classifier);

var testAccuracy = validated.errorMatrix('class', 'classification');
print('Ma trdn nham 1an:', testAccuracy);

print("Do chinh xac tong thé:', testAccuracy.accuracy());
print('Kappa:', testAccuracy.kappa());

var producersAccuracy = testAccuracy.producersAccuracy().toList();
var usersAccuracy = testAccuracy.consumersAccuracy().toList();
var classes = testAccuracy.order();

var accuracyMetrics = ee.FeatureCollection(

ee.List.sequence(0, classes.size().subtract(1)).map(function (i) {
i = ee.Number(i).toInt();
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return ee.Feature(null, {
'class": classes.get(i),
'P6 chinh xéc clia nguoi san xuat': producersAccuracy.get(i),
‘B0 chinh xac ctia nguoi dung': usersAccuracy.get(i)
1
b))
);

print('"D¢ chinh xac ciia ngudi san xuat va ngudi dung:', accuracyMetrics);

var exportMetricsButton = ui.Button({
label: 'Xuét dién tich va do chinh x4c',
onClick: function () {
Export.table.toDrive({
collection: areaFC,
description: 'Class_Area '+ year,
fileFormat: 'CSV',
folder: 'hoai_test'

1s

Export.table.toDrive({
collection: accuracyMetrics,
description: 'Accuracy Metrics '+ year,
fileFormat: 'CSV',
folder: 'hoai_test'
1)
H
1)
infoPanel.add(exportMetricsButton);

var variableImportancePanel = ui.Panel({
layout: ui.Panel.Layout.flow('vertical'),
style: {margin: '8px 0 0 0'}
1)s
variableImportancePanel.add(ui.Label('Tam quan trong cua cac bién:', {fontWeight: 'bold', fontSize: '16px'}));

importanceFeatureCollection.evaluate(function(fc) {
var features = fc.features;
features.sort(function(a, b) {
return b.properties.importance - a.properties.importance;
1;
var variableImportanceTable = ui.Panel({
widgets: features.map(function(f) {
return ui.Label(f.properties.variable + ": ' + f.properties.importance.toFixed(4));
H
style: {margin: '0 0 8px 0'}
1;
variableImportancePanel.add(variableImportanceTable);

s

var exportImportanceButton = ui.Button({
label: 'Xuat tAm quan trong cia bién',
onClick: function () {
Export.table.toDrive({
collection: importanceFeatureCollection,
description: 'Variable Importance '+ year,
fileFormat: 'CSV',
folder: 'hoai_test'
1)
H
1)s
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variablelmportancePanel.add(exportlmportanceButton);

infoPanel.add(variableImportancePanel);

}

var trainingPointsLayer;
function visualizeTrainingPoints() {
var year = yearSlider.getValue();
var trainingData = ee.FeatureCollection(trainingDataPath);
trainingPointsLayer = ui.Map.Layer(trainingData, {color: 'red'}, 'Training Points');
mapPanel.layers().add(trainingPointsLayer);

}

function removeTrainingPointsLayer() {
if (trainingPointsLayer) {
mapPanel.layers().remove(trainingPointsLayer);
trainingPointsLayer = null;
H
H

function updateTrainingPointsCount() {
var year = yearSlider.getValue();
var trainingData = ee.FeatureCollection(trainingDataPath);
trainingData.size().evaluate(function(count) {
trainingPointsCountLabel.setValue('Téng s6 diém huén luyén: ' + count);

s
}

updateTrainingPointsCount();

yearSlider.onChange(function(value) {
updateExportButtonLabel();
updateTrainingPointsCount();

1)
updateMap(); )
Phu luc 6. Bang phdéng van

~ PHIEU PHONG VAN )
(Phuc vu nghién ciru: Danh gia bién dong sir dung dat va dnh huéng cia phat trién nong nghiép
dén mat rirng tai Pak Nong, giai doan 2010-2024)

I. THONG TIN CHUNG

Ho va tén:
Gioi tinh: 1 Nam O Na
DA ChI: oottt ettt e e b e e e tae e ebe e ete e taeeetaeenareens
Nghé nghiép chinh: [ Nong dan U] Thuong lai

[ Can bd O Ho trong rimg

O Kinh doanh nong san [ Hop tac xa

O Khac: ..oovveeeeee
Thoi gian sinh song tai dia phuong: .................. nam
Dién tich canh tac hién co: ............ ha
Loai dat dang sir dung: [0 Pat néng nghiép O it rdy

[0 Pét rimg san xut O Khac: ........

II. THONG TIN VE GIA NONG SAN VA XU HUONG CANH TAC

1. Gia noéng sdn: VND

Nam Ca phé Tiéu Piéu Cao Su
2010
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2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2. Nguon thong ké gia

U Ghi chép ca nhan U Nhé theo mua vu

O Thuong 1ai O HTX/Pai ly

O Bao dai O KhaC: v
3. Ong/ba hoic cong dong dia phuong cé timg mé rong dién tich canh tac vao rimg trong giai doan
2010-2024 khong?

O Co 0 Khong U Khéng ro
Néu ¢, dién tich ude tinh la: T ha Nam: .........
4. Sau khi m¢ rong, loai cay trong chinh la gi?

[0 Ca phé [0 H6 tiéu O biéu

O Cao su O Khac: ..ooovenenenn.

5. Pong lyc chinh ddn dén mé rong vao dat rimg 1a gi?
O Thiéu dat san xuat
[0 Gia ndng san cao thuc ddy mé rong
[ Di dan — tai dinh cu
0 Khéng c6 ranh gidi riung rd rang
O Do pha rimg 14y g sau d6 trdng cay
O KhaC: e

I11. BIEN PONG SU DUNG PAT VA RUNG ,
1. Trong 14 ndm qua (2010-2024), 6ng/ba c6 mo rong dién tich san xuat nong nghi€p khong?

) 0 Co 0 Khong
Néu ¢, mo rong bao nhiéu ha: ............... Tu ndm: ...........
2. Nguon goc dat mo rong:
O Pit tréng/doi troc O Pat RTN
[0 Pét rimg trong cii [0 Pat mua tir nguoi khac
O Khac:
3. Trong 14 nim qua, gia dinh 6ng/ba da chuyén ddi bao nhiéu lan muc dich sir dung dat?”
[0 Khéng chuyén déi 1 lan
[0 2-3 lan O Trén 3 lan
4. Viéc mé rong dién tich néng nghiép c6 lién quan dén mét ring hay khong?
o 0 Co 0 Khong O Khong ro
Néu CO, xin cho bict nguyén nhan:
0 Gia nong san ting [ Thiéu dat canh tac
LI KhAC: et

Néu KHONG, 6ng/ba nghi nguyén nhan mét rimg do dau:
O Thiéu d4t san xuit do dan sb tang hoac d4t bac mau
O Thiéu viéc 1am nén ngudi dan ty mé dét rimg dé canh tac
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[0 Chinh sach giao dét chua rd rang hodc quan ly dat rimg 16ng 1éo
[0 Di cu tu do/di dan kinh té dn dén pha ring
[0 Chuyén muc dich sir dung dat (trong cao su, cdy cong nghiép...)
O Thiéu giam sat, kiém tra tir chinh quyén hodc luc lugng kiém lam
B0 KRNAC: ottt
5. Trong khu vuc sinh séng, ong/ba c6 nhan thay hién twong mét rimg khong?
o 0 Co ~ LKhong ) [ Khong rd
Néu CO, khoang thoi gian manh nhat: Tu nam .......... dén nam ............
6. Theo 6ng/ba, nguyén nhan mat rirng tai dia phuong la gi? (Chon toi da 3 nguyén nhdn chinh)
0 Mo rong nong nghiép 00 Khai thac gb trai phép
[0 Xay dung cong trinh/ha ting [1 Pha rimg lam ry
O Di cu tu do [0 Chinh sach quéan 1y yéu kém
L0 KRAC: ottt b ettt b ettt ebe s
7. Nhan dinh ctia 6ng/ba vé mdi lién hé giita gid nong san va tinh trang mét ring tai dia phuong:
O Gi4 ting cao thuc ddy pha rimg dé trong méi
O Khong lién quan

L0 KRAC: ottt ettt ettt eae
8. Theo 6ng/ba, bién phap nao 1a quan trong nhat dé han ché mat rimg?

] Nang cao nhan thirc nguoi dan [ Kiém soat pha rimg

[0 On dinh gia néng san [0 Giao dét giao rimg rd rang

[0 HJ tro canh tac bén viing O Khac: oo,

IV. VI TRI CANH TAC VA NHUNG KHO KHAN TRONG SAN XUAT
1. Vi tri dat canh tac cua hd so v6i khu vuc rung (chon mot):
[0 Gan ring (tiép giap hodc cach dudi 500m) [ Céach rimg tir 500m dén 1km

O Xa rung (Tu 1 -2 km) 0 Xa rung (Tu 2 — 3 km)
[ Xa rung (trén 3 km) [0 Khong xac dinh

2. Vi tri dat canh tac ciia ho so voi khu dan cu:
[J Gan trung tim xd/thon [J Xa khu dan cu (>2km)

U Trong khu vuc dinh cu méi/tai dinh cu
3. Trong qué trinh canh tac, 6ng/ba thudong gip nhiing khé khan nao?

[ Thiéu dat san xudt [ Thiéu vén dau tu
[0 Thiéu nudc tudi, han han [ Thiéu gidng chét lugng
[ Dich bénh céy trong O Pau ra khong 6n dinh
O] Giao thong di lai khé khan O Bi thii rimg/pha hoai tir rimg gan do6
O Thiéu h tro k¥ thuat [ KNAC! covoeeeeeeeeeeeeeee e
4. Theo 6ng/ba, cac kho khan nay c¢6 lam nguoi dan pha rirng/mo rong canh tac vao rirng khong?
mel [0 Khong [0 Mot phan

Néu CO, xin néu rd:

VII. CHINH SACH, HO TRQ VA NHAN THUC q

1. Ong/ba c6 tirng nhan dugc ho tro nao tir nha nude, du an hodc to chire trong san xuat ndng nghiép
khong?

ey } 00 Khong
Neéu CO, xin liét ké loai ho trg:
[0 Hb tro gidng 0 KV thuét
O Vén O Tap huin
. U Hop tac xa Il Giao dat, giao rimg
2. Ong/ba c6 biet dia phuong tirng bi kiém 1am xir 1y hanh vi pha rung khong?
me 00 Khong [0 Khong biét

171



3. Ong/ba c6 ting duoc phd bién chinh sach bao vé rimg hodc Luat Lim nghiép chwa?

0 Co O Khong 0 Khéng nhé
4. Vigc giao khodn rirng hodc tham gia gitr rung c6 gitp 6n dinh sinh ké va giam phé rung khong?
Oce 0 Khong [0 Mot phan
Xin néu thém y Ki€n: .......ccccevevvvcvvnriienieennn, PR .
5. Theo 6ng/ba, vai trd cla rung trong doi song cua gia dinh va cong dong la gi?
O Giir dat, gitr nude [0 Cung cap gb, cui
0] Thu nhép tir dich vu bao vé rung 00 Khéng anh huong nhiéu
O Khac: ..o,

VIIL GIAI PHAP & CAM KET BAO VE RUNG 9
1. Theo 6ng/ba, nhiing giadi phap nao 1a phu hop dé vua phat trien ndong nghiép vira bdo vé rung?
[0 HO tro k¥ thuat canh tac bén vimg (giéng, phan bon hiru co...)
[0 HO tro sinh ké thay thé (nuéi ong, trong duoc liéu...)
[0 Giao dét giao rimg rd rang, co sy giam sat
[0 H6 tro xay dung md hinh nong 1am két hop
[ Trong rimg thay thé c6 hd trg chi phi
[0 Cung cap thong tin thi trudng, gia ca
[0 Pao tao ning cao nhan thirc ngudi dan vé bao vé rimg
[ Phat trién du lich sinh thai két hop nong nghiép
O KhaC: e
2. Néu duogc hd trg ky thuat va von, 6ng/ba co sin sang chuyén d6i sang mo hinh canh tac gan voi bao
v¢é rung khong?

mel [0 Khong O Tuy diéu kién
Gidi thich thém: ...
3. Ong/ba c6 sin sang cam két khong pha rimg néu duoc hd trg mo hinh sinh ké thay thé?

O Sin sang [0 Con can nhic [0 Khong sin sang

Ly do: o
14. Ong/ba c6 dé xuit cu thé nao dé bao vé rimg tai dia phuong khong?

Phuy lyc 7. Chi tiét ma 1énh R sir dung dé xay dung va kiém tra mo6 hinh SEM

### GOl PACKAGES ====
library(lavaan) # Dung phan tich SEM
library(semPlot) # Dung ve ket qua SEM
library(openxlsx) # Dung de doc file excel
library(dplyr) # xt Iy dir liéu
library(effectsize)

library(clipr)

### KHAI BAO HAM ====

# ham dung de ve so do

bplotsem <- function(fit) {

semPaths(fit,what="path", whatLabels="est",curve = 2,style = "lisrel",
color = list(lat = rgb(245, 253, 118, maxColorValue = 255),
man = rgb(155, 253, 175, maxColorValue = 255)),

rotation = 4, layoutSplit = FALSE, normalize = F,
edge.label.cex=1, residScale = 10, label.cex=1.5)

H

### CHUAN BI DU LIEU ===========
# doc du lieu tu excel
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SEMDATA <- read.xIsx("SemData.xIsx", sheet="Sheet1", startRow = 3)

# bo cot year
X <- SEMDATA[,-1]

# chuyen doi du lieu ve cung scale
X.scaled = data.frame(scale(X, center= FALSE , scale=apply(X, 2, sd, na.rm = TRUE)))

### PHAN TICH SEM =======
## Phan tich yeu to khi hau ====
# khai bao mo hinh
model <-'
# measurement model
DTR =~ RT + DNN + DDC + DK
KH=~ND + LM

# regressions
DTR ~ KH

# fit model
fit <- sem(model, data=X.scaled)
# tom tat ket qua
summary(fit,fit. measures = TRUE)
# danh gia mo hinh
interpret(fit)
# Ve so do
bplotsem(fit)

## Phan tich ve Khoang cach tiep can ====
# khai bao mo hinh
model <-'
# measurement model
DTR =~ RT + DNN + DDC + DK
TC =~ KNN + KDC + KGT

# regressions
DTR ~TC
# fit model
fit <- sem(model, data=X.scaled)
# tom tat ket qua
summary(fit, fit. measures = T)
# danh gia mo hinh

interpret(fit)
# Ve so do
bplotsem(fit)

## Phan tich yeu to kinh te xa hoi ====
# khai bao mo hinh
model <-'
# measurement model
DTR =~ RT + DNN + DDC + DK
XH =~ DC + GNS+ SDN

# regressions
DTR ~ XH

# fit model
fit <- sem(model, data=X.scaled)
# tom tat ket qua
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summary(fit, fit. measures = TRUE)
# danh gia mo hinh

interpret(fit)

# Ve so do

bplotsem(fit)

## Ve so do cac bien chung ====
# khai bao mo hinh
model <-'
# measurement model
DTR =~ RT + DNN + DDC + DK
TC =~ KNN + KDC + KGT
KH =~ ND + LM
XH =~ DC + GNS+ SDN

# regressions
DTR ~KH + TC + XH
# fit model
fit <- sem(model, data=X.scaled)
summary(fit)
# ve so do

semPaths(fit,what="path", whatLabels="name",curve = 2 style = "lisrel",

color = list(lat = rgb(245, 253, 118, maxColorValue = 255),

man = rgb(155, 253, 175, maxColorValue = 255)),
rotation = 4, layoutSplit = FALSE, normalize = T, label.cex=1.5)

Phuy lyc 8: Bang Ma tran sai s6 phan loai ciia cac loai LULC cac nam trong giai

doan dicu tra

Ma trén sai s6 phin loai ciia cac loai LULC 2010

2010 RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 176 0 0 1 2 3 0 0 0 96,70
RBTX 1 20 2 0 0 1 0 0 0 83,33
RK 0 4 10 0 0 1 0 1 0 62,50
RTG 5 0 0 18 0 0 0 0 0 78,26
CAOSU 2 0 0 0 43 4 0 0 0 87,76
NN 2 0 1 1 2 126 2 1 0 93,33
DKH 0 0 0 0 0 12 113 20 0 77,93
DC 0 0 0 0 0 9 20 68 0 70,10
MN 0 0 0 0 0 0 0 0 17 100,00
PA (%) 94,62 83,33 76,92 90,00 91,49 80,77 83,70 75,56 100,00
Ma trén sai s6 phén loai ciia cac loai LULC 2011
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 215 0 0 2 0 3 3 0 0 96,41
RBTX 0 27 0 0 0 1 1 0 0 93,10
RK 0 0 22 0 0 4 0 0 0 84,62
RTG 4 0 0 11 0 0 6 0 0 52,38
CAOSU 0 0 0 0 23 1 0 0 0 95,83
NN 3 0 4 2 2 71 0 1 0 85,54
DKH 7 1 0 6 1 6 53 4 0 67,95
DC 0 0 0 0 0 5 3 39 0 82,98
MN 0 0 0 0 0 0 0 0 40 100,00
PA (%) 93,89 96,43 84,62 52,38 88,46 78,02 80,30 88,64 108’0
Ma trén sai s6 phin loai ciia cac loai LULC 2012
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 169 0 0 8 4 4 0 0 0 91,35
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RBTX 1 32 2 0 0 0 0 0 0 91,43
RK 0 0 7 0 0 8 0 0 0 46,67
RTG 16 0 0 64 0 0 0 0 0 80,00
CAOSU 6 0 0 0 101 2 0 0 0 92,66
NN 5 5 2 0 3 103 3 10 0 78,63
DKH 0 1 0 0 0 5 108 2 2 91,53
DC 0 0 0 0 0 12 8 67 0 77,01
MN 0 0 0 0 0 0 0 0 37 100,00
PA (%) 85,79 84,21 63,64 88,89 93,52 76,87 90,76 84,81 94,87
Ma trin sai s6 phén loai ciia cic loai LULC 2013
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 145 0 0 4 3 1 0 0 0 94,77
RBTX 1 9 0 0 0 6 0 0 0 56,25
RK 0 0 6 0 0 8 2 0 0 37,50
RTG 12 0 0 132 1 0 0 0 0 91,03
CAOSU 5 1 0 1 41 0 0 0 0 85,42
NN 12 0 3 0 0 70 8 5 0 71,43
DKH 1 0 0 0 1 5 161 7 0 92,00
DC 1 0 0 0 0 12 14 41 0 60,29
MN 0 0 0 0 0 0 0 0 9 100,00
PA (%) 81,92 920,00 66,67 96,35 89,13 68,63 87,03 77,36 10(? 0
Ma trén sai s phan loai ciia cac loai LULC 2014
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 160 0 0 4 1 1 0 0 0 96,39
RBTX 1 10 0 0 0 1 0 0 0 83,33
RK 0 2 8 0 0 1 0 0 0 72,73
RTG 13 0 0 98 0 1 0 0 0 87,50
CAOSU 4 0 0 0 52 1 0 0 0 91,23
NN 2 0 6 0 0 108 5 4 0 86,40
DKH 3 0 0 0 0 12 195 5 0 90,70
DC 0 0 0 0 0 10 4 49 0 77,78
MN 0 0 0 0 0 0 0 0 12 100,00
PA (%) 87,43 83,33 57,14 96,08 98,11 80,00 95,59 84,48 100,00
Ma trin sai s6 phén loai ciia cic loai LULC 2015
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 222 0 0 3 1 1 0 0 0 97,80
RBTX 0 22 1 0 0 0 0 0 0 95,65
RK 0 0 8 0 0 6 0 0 0 57,14
RTG 19 0 0 86 0 3 0 0 0 79,63
CAOSU 6 0 0 0 23 0 0 0 0 79,31
NN 7 0 2 3 1 57 6 2 0 73,08
DKH 3 0 0 1 0 12 74 6 0 77,08
DC 2 0 0 1 0 4 6 28 0 68,29
MN 0 0 0 1 0 0 0 0 16 94,12
PA (%) 85,71 100,00 72,73 90,53 92,00 68,67 86,05 77,78 10(? 0
Ma trén sai s6 phin loai ciia cac loai LULC 2016
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 260 0 0 3 3 5 3 0 0 94,89
RBTX 0 38 0 0 0 0 0 0 0 100,00
RK 0 1 18 0 0 3 0 0 0 81,82
RTG 13 0 0 129 0 0 0 0 0 90,85
CAOSU 6 0 0 0 25 0 1 0 0 78,13
NN 4 2 9 0 0 50 9 6 0 62,50
DKH 2 0 0 0 0 7 121 6 0 88,97
DC 2 0 1 0 0 10 9 47 0 68,12




MN 0 0 0 0 0 0 0 0 16 100,00
PA (%) 90,59 92,68 64,29 97,73 89,29 66,67 84,62 79,66 100,00
Ma trén sai s6 phan loai ciia cac loai LULC 2017
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 158 0 0 3 1 2 0 0 0 96,34
RBTX 0 37 0 0 0 0 0 0 0 100,00
RK 0 2 13 0 0 5 0 1 0 61,90
RTG 15 0 0 152 0 3 0 0 0 89,41
CAOSU 0 0 0 0 11 8 0 0 0 57,89
NN 8 1 5 2 8 64 1 6 0 67,37
DKH 0 0 0 0 0 5 84 6 0 88,42
DC 0 0 1 0 1 3 4 49 0 84,48
MN 0 0 0 0 0 0 0 0 12 100,00
PA (%) 87,29 92,50 68,42 96,82 52,38 71,11 94,38 79,03 100,00
Ma trén sai s6 phan loai ciia cac loai LULC 2018
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 191 0 0 14 4 0 0 0 0 91,39
RBTX 0 11 4 0 0 0 0 0 0 73,33
RK 0 1 16 0 0 1 0 1 0 84,21
RTG 21 0 0 175 1 7 3 0 0 84,54
CAOSU 12 0 0 0 32 4 0 0 0 66,67
NN 5 1 4 5 7 33 9 3 0 49,25
DKH 1 0 0 1 1 15 115 2 0 85,19
DC 0 0 0 1 0 4 9 36 0 72,00
MN 0 0 0 0 0 0 0 0 14 100,00
PA (%) 83,04 84,62 66,67 89,29 71,11 51,56 84,56 85,71 100,00
Ma trin sai s6 phén loai ciia cic loai LULC 2019
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 189 1 0 0 15 1 0 0 0 91,75
RBTX 0 12 5 0 0 1 0 0 0 66,67
RK 0 2 13 0 0 3 0 0 0 72,22
RTG 12 0 0 93 4 5 3 0 0 79,49
CAOSU 9 0 0 0 31 2 0 0 0 73,81
NN 1 0 3 6 12 48 6 6 0 58,54
DKH 0 0 0 0 0 4 99 10 0 87,61
DC 1 0 0 0 0 3 16 69 0 77,53
MN 0 0 0 0 0 0 0 0 20 100,00
PA (%) 89,15 80,00 61,90 93,94 50,00 71,64 79,84 81,18 100,00
Ma trn sai s6 phén loai ciia cac loai LULC 2020
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 155 0 0 10 2 1 0 0 0 92,26
RBTX 0 13 2 1 0 1 0 0 0 76,47
RK 0 3 19 0 0 0 0 1 0 82,61
RTG 8 0 0 124 0 1 3 0 0 91,18
CAOSU 6 0 0 0 30 3 1 0 0 75,00
NN 7 1 4 7 13 41 8 2 0 49,40
DKH 0 0 0 2 0 5 114 7 0 89,06
DC 0 0 1 0 0 1 18 42 0 67,74
MN 0 0 0 0 0 0 0 0 9 100,00
PA (%) 88,07 76,47 73,08 86,11 66,67 77,36 79,17 80,77 100,00
Ma trin sai s6 phén loai ciia cic loai LULC 2021
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 137 0 0 6 15 2 0 0 0 85,63
RBTX 0 13 2 1 0 0 0 0 0 81,25
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RK 0 6 7 0 0 1 0 0 0 50,00
RTG 15 0 0 149 0 5 2 0 0 87,13
CAOSU 16 0 0 0 50 3 3 0 0 69,44
NN 4 0 5 0 8 48 5 1 0 67,61
DKH 2 0 0 2 1 10 157 8 0 87,22
DC 0 0 0 1 1 5 11 66 0 78,57
MN 0 0 0 0 0 0 0 0 10 100,00
PA (%) 78,74 68,42 50,00 93,71 66,67 64,86 88,20 88,00 100,00
Ma trén sai s6 phan loai ciia cac loai LULC 2022
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 178 0 0 5 3 4 6 0 0 90,82
RBTX 0 17 0 0 1 1 0 0 0 89,47
RK 0 1 11 0 0 8 0 0 0 55,00
RTG 12 0 0 76 1 3 7 0 0 76,77
CAOSU 1 0 0 0 15 7 2 0 0 60,00
NN 10 3 4 0 2 50 8 6 0 60,24
DKH 0 0 0 2 2 8 45 10 0 67,16
DC 0 0 1 0 0 2 7 149 0 93,71
MN 0 0 0 0 0 0 0 0 15 100,00
PA (%) 88,56 80,95 68,75 91,57 62,50 60,24 60,00 90,30 100,00
Ma tran sai s6 phén loai ciia cac loai LULC 2023
RTX RBTX RK RTG CAOSU NN DKH DC MN UA (%)
RTX 180 0 0 11 17 2 0 0 0 85,71
RBTX 0 14 4 0 0 1 0 0 0 73,68
RK 0 6 23 0 0 2 0 4 0 65,71
RTG 5 0 0 160 2 3 0 0 0 94,12
CAOSU 14 0 0 1 100 5 0 0 0 83,33
NN 5 5 7 2 7 50 10 6 0 54,35
DKH 2 0 0 0 2 6 107 16 0 80,45
DC 0 0 0 0 0 2 9 155 0 93,37
MN 0 0 0 0 0 0 0 0 16 100,00

PA (%) 87,38 56,00 67,65 91,95 78,13 70,42 84,92 85,64 100,00
Trong d6: (RTX) ring g6 tw nhién ld rong thuwong xanh,; (RBTX) rimng go tw nhién li rong ban thirong xanh, (RK) rirng g6 tw
nhién la rong rung la; (RTG) ring trong; (CAOSU) Bit trong cao su; (NN) dit néng nghiép; (DC) khu viee déan cu, (MN) mdt
nieée, (DKH) dat khéc

Phu luc 9. Ban d6 LULC timg nam trong giai doan diéu tra
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BAN DO HIEN THAM PHU SU’ DUNG DAT NAM 2011 )
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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BAN PO THAM PHU SU’ DUNG PAT NAM 2012

TAI KHU VU'C HUYEN PAK GLONG VA HUYEN KRONG NO - TINH PAK NONG
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TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH PAK NONG

BAN PO THAM PHU SU’ DUNG PAT NAM 2013

Ty 1& 1: 300.000
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TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH PAK NONG

BAN bO THAM PHU SU* DUNG DAT NAM 2014
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BAN PO THAM PHU SU’ DUNG PAT NAM 2016

TAI KHU VU'C HUYEN PAK GLONG VA HUYEN KRONG NO - TINH PAK NONG

Ty 1& 1: 300.000
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BAN PO THAM PHU SU’ DUNG PAT NAM 2017

TAI KHU VU'C HUYEN PAK GLONG VA HUYEN KRONG NO - TINH PAK NONG

Ty 1& 1: 300.000
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BAN PO THAM PHU SU’ DUNG PAT NAM 2018

TAI KHU VU'C HUYEN PAK GLONG VA HUYEN KRONG NO - TINH PAK NONG

Ty 1& 1: 300.000
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BAN PO THAM PHU SU’ DUNG PAT NAM 2019
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BAN DO THAM PHU SU’ DUNG PAT NAM 2021
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BAN PO THAM PHU SU’ DUNG PAT NAM 2022
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Phu luc 10: Ma tran chuyén d6i LULC timg cdp niam trong giai doan diéu tra ®on vi sink: ha)

Ma tran bién dong giai doan 2011 — 2012

2012

201 RTX RBTX RK RTG CAOSU NN DKH DC MN Téng
RTX 99.856,13 11,52 98,07 340,80 179,70 5.328,20 631,25 81,54 379,89 106.907,10
RBTX 44,73 2.734,29 18,9 1,44 25,83 160,28 113,05 33,39 8,82 3.140,73
RK 91,89 186,17 974,83 2,88 98,37 2.788,38 133,2 210,42 16,74 4.502,88
RTG 14,29 41,67 7,74 3189,95 126,27 957,18 61,38 13,5 475,83 4.887,81
CAOSU 97,87 44,22 57,85 123,03 8.679,57 8.211,07 1.901,43 944,88 356,13 20.416,05
NN 939,12 1.198,24 2.085,86 690,07 1.300,98 56.928,16 348,99 195,10 564,66 64.251,18
DKH 835,12 106,11 61,56 602,64 184,19 2.692,66 9.345,22 781,6 69,84 14.678,94
DC 19,44 52,2 25,38 0,18 13,41 786,50 418,68 1.838,26 56,34 3.210,39
MN 46,71 13,05 1,08 12,24 2,79 256,14 65,43 92,7 4.073,67 4.563,81
Téng 101.945,30 4.387,47 3.331,27 4.963,23 10.611,11 78.108,57 13.018,63 4.191,39 6.001,92 226.558,89

Ma tran bién déng giai doan 2012 — 2013
2013

2012 RTX RBTX RK RTG CAOSU NN DKH DC MN Tong
RTX 92.478,37 122,67 236,61 3.548,95 2.064,96 798,20 2.494,57 190,71 10,26 101.945,30
RBTX 418,68 2.085,47 538,56 55,08 300,15 910,95 69,04 5,76 3,78 4.387,47
RK 74,25 131,04 1.493 7,56 45,45 1.320,41 253,53 5,22 0,81 3.331,27
RTG 266,74 9,54 14,58 4.200,95 35,1 340,29 78,21 11,7 6,12 4.963,23
CAOSU 1.973,52 96,57 184,86 219,06 2.569,50 4.170,44 1.295,28 95,04 6,84 10.611,11
NN 1.666,60 1285,54 1.731,70 767,52 1.571,85 53.594,75 13.639,15 3.719,34 132,12 78.108,57
DKH 861,39 22,9 101,25 27,09 121,5 2.441,97 9.022,05 386,91 33,57 13.018,63
DC 57,69 32,31 144,36 6,3 27,72 1.758,87 1.489,41 661,68 13,05 4.191,39
MN 105,57 19,53 6,57 66,15 0,81 239,58 84,69 39,33 5.439,69 6.001,92
Téng 97.902,81 3.805,57 4.451,49 8.898,66 6.737,04 65.575,46 28.425,93 5.115,69 5.646,24 226.558,89
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Ma trin bién dong giai doan 2013 — 2014

2014

2013 RTX RBTX RK RTG CAOSU NN DKH DC MN Téng
RTX 85.369,70 350,19 82,08 2.759,74 2.289,15 3.711,60 3.137,13 170,73 32,49 97.902,81
RBTX 161,55 1.167,48 307,89 45,09 108,27 935,82 1045,72 13,86 19,89 3.805,57
RK 93,51 192,96 1.864,26 15,93 216,27 1.709,64 283,05 71,01 4,86 4.451,49
RTG 625,65 42,57 18,9 6.436,20 64,98 1.464,93 196,02 16,65 32,76 8.898,66
CAOSU 307,87 177,3 18,36 46,53 4.536,74 1.216,26 396,09 37,89 6.737,04
NN 944,32 1.224,54 1.841,93 240,66 901,78 49.208,58 8.860,51 2.189,88 163,26 65.575,46
DKH 553,85 39,15 486,99 7,83 677,79 7.915,77 16.838,98 1.842,75 62,82 28.425,93
DC 100,08 3,42 79,2 5,58 37,53 2.891,16 816,66 1.155,60 26,46 5.115,69
MN 4,14 2,43 6,93 8,46 0,18 206,91 52,02 3,87 5.361,30 5.646,24
Tong 88.160,67 3.200,04 4.706,54 9.566,02 8.832,69 69.260,67 31.626,18 5.502,24 5.703,84 226.558,89

Ma tran bién déng giai doan 2014 — 2015
2014 2015 Z

RTX RBTX RK RTG CAOSU NN DKH DC MN Tong
RTX 80.764,85 52,89 41,13 2.011,97 1.034,63 3.022,96 1.032,71 193,41 6,12 88.160,67
RBTX 184,41 1.608,21 152,82 94,32 55,35 1.026,63 63,99 10,98 3,33 3.200,04
RK 18,18 458,01 2.023,29 37,35 8,19 1.387,61 160,02 599,94 13,95 4.706,54
RTG 810,96 31,05 8,37 6.354,24 1105,22 1139,54 83,52 23,67 9,45 9.566,02
CAOSU 185,17 72,98 901,34 234,54 2.164,95 3.741,98 1.486,82 4491 8.832,69
NN 1.322,90 1.733,81 1.376,37 3.298,14 676,8 48.820,73 9.847,17 2.013,93 170,82 69.260,67
DKH 55,69 123,57 74,61 801,27 487,17 9.713,00 19.356,48 972,99 41,4 31.626,18
DC 23,85 9,81 38,7 51,66 15,75 2.283,57 1.681,56 1.395,72 1,62 5.502,24
MN 25,02 6,84 12,42 73,26 176,67 9 17,91 5.382,72 5.703,84
Téng 83.391,03 4.097,17 4.629,05 12.956,75 5.548,06 71.312,69 33.721,27 5.273,46 5.629,41 226.558,89
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Ma tréin bién dong giai doan 2015 — 2016

2016

2015 RTX RBTX RK RTG CAOSU NN DKH DC MN Téng
RTX 76.913,92 70,65 312,03 1.188,70 1.173,24 2.039,08 1.530,87 133,02 29,52 83.391,03
RBTX 192,78 2.363,94 158,76 30,42 18,18 714,34 400,5 211,05 7,2 4.097,17
RK 30,33 366,84 2.340,89 2,61 7,74 1.233,45 321,03 313,38 12,78 4.629,05
RTG 1.235,39 90,27 149,94 4.618,73 67,05 5.407,84 1.273,95 56,34 57,24 12.956,75
CAOSU 1.486,17 12,51 14,31 212,15 1.715,40 1187,13 905,45 14,94 - 5.548,06
NN 134,24 777,6 1.098,18 362,52 761,04 54.578,15 11.478,13 2.005,56 117,27 71.312,69
DKH 261,34 151,02 205,74 41,76 581,94 10.727,10 20.212,92 1.531,08 8,37 33.721,27
DC 39,87 21,69 661,68 3,24 3,33 1.357,11 1.448,82 1.715,58 22,14 5.273,46
MN 30,87 1,89 22,05 51,57 - 54,54 39,33 12,78 5.416,38 5.629,41
Tong 80.324,91 3.856,41 4.963,58 6.511,70 4.327,92 77.298,74 37.611,00 5.993,73 5.670,90 226.558,89

Ma tran bién dong giai doan 2016 — 2017
2016 2017 Z

RTX RBTX RK RTG CAOSU NN DKH DC MN Tong
RTX 72.987,93 66,24 14,4 3.199,83 629,90 2.958,16 272,88 143,91 51,66 80.324,91
RBTX 587,03 1.800,49 288 45,72 11,16 987,66 31,95 83,97 20,43 3.856,41
RK 606,47 163,35 1.738,62 35,01 126,81 1.020,63 162,45 948,69 161,55 4.963,58
RTG 346,04 212,42 4,32 4.371,41 49,14 611,19 821,24 13,23 82,71 6.511,70
CAOSU 1.263,24 310,89 7,65 130,86 1.343,16 1.167,81 81,72 21,78 0,81 4.327,92
NN 2.418,66 1.116,27 1.478,61 1.406,79 7.372,89 56.244,06 4.629,41 2.320,74 311,31 77.298,74
DKH 2.492,19 355,86 406,62 778,59 4.623,20 19.241,13 8.258,61 1.323,22 131,58 37.611,00
DC 54,81 185,4 430,83 13,05 244,17 2.376,45 441,72 2.192,94 54,36 5.993,73
MN 16,74 0,54 1,08 20,79 0,54 85,41 0,18 7,56 5.538,06 5.670,90
Téng 80.773,11 4.211,46 4.370,13 10.002,05 14.400,97 84.692,50 14.700,16 7.056,04 6.352,47 226.558,89
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Ma tréin bién dong giai doan 2017 — 2018

2018

2017 RTX RBTX RK RTG CAOSU NN DKH DC MN Téng
RTX 69.751,35 16,47 89,73 3.698,44 3.489,96 2.859,12 567,08 279,81 21,15 80.773,11
RBTX 32,13 1.744,20 181,44 124,92 34,56 1.785,24 246,69 61,65 0,63 4.211,46
RK 3,6 326,43 1.866,06 73,44 21,51 1.182,06 433,62 460,35 3,06 4.370,13
RTG 1.827,43 409 16,29 5.367,20 514,71 1379,89 412,47 40,32 34,74 10.002,05
CAOSU 909,16 28,26 138,33 184,35 5.701,83 6.076,17 1.039,41 323,01 0,45 14.400,97
NN 1.796,96 1147,92 1.876,68 10.537,86 9.154,26 50.642,80 5.167,15 4.235,58 133,29 84.692,50
DKH 384,05 11,61 62,37 690,57 606,15 6.319,25 6.258,06 367,02 1,08 14.700,16
DC 82,71 75,78 345,69 280,26 69,21 1.597,81 2.202,48 2.385,36 16,74 7.056,04
MN 58,68 5,76 30,6 17,1 0,45 108,45 36,99 55,53 6.038,91 6.352,47
Tong 74.846,07 3.765,43 4.607,19 20.974,14 19.592,64 71.950,79 16.363,95 8.208,63 6.250,05 226.558,89

Ma tran bién dong giai doan 2018 — 2019
2018 2019 Z

RTX RBTX RK RTG CAOSU NN DKH DC MN Tong
RTX 67.784,94 19,62 252 1.829,41 3.680,07 576,77 829,08 77,85 23,13 74.846,07
RBTX 83,24 2.065,34 342,63 19,44 17,73 1.110,96 34,29 90,81 0,99 3.765,43
RK 93,85 326,97 1.915,02 110,7 31,23 1.620,74 183,15 317,25 8,28 4.607,19
RTG 1.520,93 39,69 79,38 8.746,38 1.842,30 6.052,39 2.324,34 362,97 5,76 20.974,14
CAOSU 1.577,81 84,41 10,98 680,31 8.358,66 7.145,81 1.522,44 212,13 0,09 19.592,64
NN 1.678,14 327,06 755,82 4.867,58 7.249,53 47.528,71 6.787,61 2.698,11 58,23 71.950,79
DKH 994,82 47,43 152,91 1.312,20 27,45 430,03 10.554,21 2.837,07 7,83 16.363,95
DC 261,92 27,54 692,19 470,61 147,87 2.792,95 1.227,78 2.578,95 8,82 8.208,63
MN 132,94 17,28 7,92 57,33 0,09 87,47 55,08 17,73 5.874,21 6.250,05
Téng 74.128,59 2.955,34 3.982,05 18.093,96 21.354,93 67.345,83 23.517,98 9.192,87 5.987,34 226.558,89
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Ma trin bién dong giai doan 2019 — 2020

2020

2019 RTX RBTX RK RTG CAOSU NN DKH DC MN Téng
RTX 66.999,66 5,31 3,33 2.499,43 1.026,07 3.116,98 437,49 34,29 6,03 74.128,59
RBTX 539,51 1.376,64 194,31 36,9 6,57 701,51 70,47 21,69 7,74 2.955,34
RK 514,95 555,12 1.664,28 66,95 17,46 764,77 84,33 311,4 2,79 3.982,05
RTG 1.717,51 17,28 13,14 8.739,90 915,48 4.378,41 2039,09 255,69 17,46 18.093,96
CAOSU 1.913,74 16,11 6,39 2.671,20 6.901,02 7.046,15 682,42 2117,63 0,27 21.354,93
NN 753,30 780,21 792 8.503,83 9.878,67 36.997,29 6.994,71 2.589,12 56,7 67.345,83
DKH 995,06 37,08 69,39 1.666,98 2.000,79 3.033,00 14.497,80 1.200,69 17,19 23.517,98
DC 194,65 40,14 317,16 471,51 563,58 1.863,63 2.734,58 3.005,46 2,16 9.192,87
MN 80,99 5,58 4,86 38,98 0,09 63,27 90 67,77 5.635,80 5.987,34
Tong 73.709,37 2.833,47 3.064,86 24.695,68 21.309,73 57.965,01 27.630,89 9.603,74 5.746,14 226.558,89

Ma tran bién déng giai doan 2020 — 2021
2020 2021 Z

RTX RBTX RK RTG CAOSU NN DKH DC MN Tong
RTX 63.783,67 35,01 27,54 4.073,94 4.165,63 1.427,66 146,87 45,99 3,06 73.709,37
RBTX 16,38 1.659,06 411,3 39,51 17,01 518,22 89,64 67,05 15,3 2.833,47
RK 704,23 265,68 1.443,87 14,94 4,14 402,72 115,11 106,25 7,92 3.064,86
RTG 1.920,19 25,65 146,16 9.184,50 2.030,94 7.910,46 3.028,41 337,68 111,69 24.695,68
CAOSU 2.742,28 70,56 74,25 610,65 4.934,70 7.724,34 4.923,90 226,89 2,16 21.309,73
NN 2.956,75 424,44 1.164,06 3.230,73 5.759,57 34.573,00 6.046,08 3.734,33 76,05 57.965,01
DKH 1510,84 84,33 158,76 652,77 1.262,88 5.155,11 16.655,09 1.871,73 279,38 27.630,89
DC 4279 16,47 210,78 203,13 87,84 2.290,68 3.389,47 2.930,40 47,07 9.603,74
MN 200,99 1,8 1,98 65,07 0,18 40,05 19,35 6,39 5.410,33 5.746,14
Téng 74.263,23 2.583,00 3.638,70 18.075,24 18.262,89 60.042,24 34.413,92 9.326,71 5.952,96 226.558,89
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Ma trin bién dong giai doan 2021 — 2022

2022

2021 RTX RBTX RK RTG CAOSU NN DKH DC MN Téng
RTX 61.956,00 121,05 82,26 3.114,17 2.188,52 4.134,05 2.588,88 77,22 1,08 74.263,23
RBTX 506,84 1.384,65 337,23 20,97 9,54 270,22 13,59 35,1 4,86 2.583,00
RK 417,91 138,87 1.266,21 91,44 37,35 1.087,16 219,42 374,76 5,58 3.638,70
RTG 2.849,83 103,77 153 8.189,91 282,6 2.916,63 1.860,08 1657,23 62,19 18.075,24
CAOSU 2.755,95 122,67 78,03 793,89 3.994,21 7.366,24 3.019,78 130,41 1,71 18.262,89
NN 2.913,54 273,50 369,71 5.493,78 5.135,58 36.256,72 7.345,44 2.184,76 69,21 60.042,24
DKH 1884,18 212,58 537,39 4.957,74 817,74 7.550,10 16.021,53 2.324,30 108,36 34.413,92
DC 427 37,8 746,19 286,74 50,94 3.522,03 1.369,62 2.876,04 10,35 9.326,71
MN 108,73 0,54 5,4 26,46 95,12 29,25 39,96 5.647,50 5.952,96
Tong 73.819,98 2.395,43 3.575,42 22.975,10 12.516,48 63.198,27 32.467,59 9.699,78 5.910,84 226.558,89

Ma tran bién déng giai doan 2022 — 2023
2022 2023 Z

RTX RBTX RK RTG CAOSU NN DKH DC MN Tong
RTX 58.558,08 16,11 5,22 3.349,61 4.578,54 6.526,99 677,52 94,23 13,68 73.819,98
RBTX 92,43 1.437,39 355,05 34,92 168,39 214,82 55,44 36,45 0,54 2.395,43
RK 63,09 265,59 1.418,67 37,26 84,78 444,14 378,18 873,63 10,08 3.575,42
RTG 1.568,94 39,33 48,51 14.701,85 1.741,41 1.479,99 3.076,74 274,14 44,19 22.975,10
CAOSU 1.698,39 20,16 27,81 274,95 5.307,66 4.773,87 358,38 55,08 0,18 12.516,48
NN 5.496,93 1.091,34 1.957,77 3.356,84 1.451,55 39.947,35 6.819,66 2.809,80 267,03 63.198,27
DKH 3.207,87 8,73 138,15 875,43 1.861,18 10.616,60 14.330,07 1.361,52 68,04 32.467,59
DC 7,56 21,78 385,56 7,11 44,19 1931,32 3.144,66 4.100,54 57,06 9.699,78
MN 0,54 2,07 10,44 1,89 0,45 28,44 17,73 100,53 5.748,75 5.910,84
Téng 70.693,83 2.902,50 4.347,18 22.639,86 15.238,15 65.963,52 28.858,38 9.705,92 6.209,55 226.558,89
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Phu lyc 11: Chi tiét cac mau Hotpost suy thoai rimg qua timg giai doan

*2010 — 2023
TT 2010-2023 Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -1,966 0,049 2 1.000,89
2 RBTX-DKH -1,966 0,049 2 162,27
3 RBTX-DC -1,966 0,049 2 313,20
4 RBTX-CAOSU -2,245 0,025 2 46,80
5 RTX-DKH 2,044 0,041 2 9.695,70
6 RK-NN -2,245 0,025 2 1.168,29
7 RK-DC -1,966 0,049 2 1.414,35
8 RTX-NN 2,044 0,041 2 13.816,62
9 RBTX-RTG -1,966 0,049 2 19,71
10 RK-DKH 2,245 0,025 2 223,56
11 RTX-DC 2,044 0,041 2 823,59
12 RK-CAOSU 2,245 0,025 2 128,52
13 RK-RTG 2,044 0,041 2 21,51
14 RTX-CAOSU 2,044 0,041 2 2.977.73
15 RTX-RTG 2,245 0,025 2 14.050,76
16 RBTX-MN 0,743 0,458 0 34,92
17 RTX-MN 0,644 0,519 0 2.022,93
18 RK-MN 2213 0,027 2 81,36
#2010 — 2011
TT 2010-2011 Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -1,028 0,304 0 1289.43
2 RBTX-CAOSU -1,387 0,165 0 134,01
3 RTX-NN 2,171 0,030 2 212825
4 RK-NN -1,387 0,165 0 2203,97
5 RBTX-DC -1,387 0,165 0 23,94
6 RK-DC -1,387 0,165 0 58,59
7 RBTX-DKH -1,387 0,165 0 13,59
8 RK-DKH -1,772 0,076 -1 51,48
9 RTX-DKH 1,815 0,070 1 2628.9
10 RTX-RTG 1,815 0,070 1404,17
11 RBTX-RTG -1,387 0,165 0 15,3
12 RK-CAOSU -1,772 0,076 -1 388,26
13 RTX-CAOSU 1,427 0,154 0 1107,7
14 RBTX-MN -2,430 0,015 2 18,9
15 RK-RTG -0,214 0,831 0 22,32
16 RTX-DC 1,815 0,070 16,56
17 RK-MN -0,952 0,341 0 77.4
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RTX-MN 1,201 0,230 0 655.8
#2011 — 2012
TT 2011-2012 Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -0,610 0,542 0 160,28
2 RBTX-DC -0,477 0,633 0 33,39
3 RK-NN -0,610 0,542 0 278838
4 RK-DC -0,610 0,542 0 210,42
5 RBTX-CAOSU -0,610 0,542 0 25,83
6 RBTX-RTG -0,610 0,542 0 1,44
7 RBTX-DKH -0,610 0,542 0 13,05
8 RK-DKH -0,620 0,535 0 133,2
9 RTX-DC 1,300 0,193 0 81,54
10 RTX-NN 1,584 0,113 0 53282
11 RTX-CAOSU 1,300 0,193 0 179,7
12 RTX-DKH 1,300 0,193 0 631,25
13 RTX-RTG 1,584 0,113 0 340,8
14 RK-CAOSU -0,610 0,542 0 98,37
15 RK-RTG -0,634 0,526 0 2,88
16 RBTX-MN -0,589 0,556 0 8,82
17 RK-MN -0,589 0,556 0 16,74
18 RTX-MN -0,381 0,703 0 379,89
19 RBTX-NN -0,610 0,542 0 160,28
20 RBTX-DC 0,477 0,633 0 33,39
#2012 — 2013
TT 2012-2013 Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -1,777 0,076 -1 910,95
2 RK-NN -1,777 0,076 -1 1320,41
3 RBTX-DC 2,159 0,031 2 5,76
4 RBTX-CAOSU -1,777 0,076 -1 300,15
5 RTX-CAOSU 1,432 0,152 0 2064,96
6 RTX-NN 2,609 0,009 3 7982
7 RBTX-RTG -1,777 0,076 -1 55,08
8 RBTX-DKH 2,159 0,031 2 69,04
9 RTX-DKH 2,157 0,031 2 249457
10 RK-DKH 2,159 0,031 2 253,53
1 RK-CAOSU -2,159 0,031 2 45.45
12 RBTX-MN -1,162 0,245 0 3,78
13 RK-RTG -1,777 0,076 -1 7,56
14 RTX-RTG 2,609 0,009 3 548,95
15 RK-DC 2,159 0,031 2 522
16 RK-MN -1,162 0,245 0 0,81
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17 RTX-DC 2,159 0,031 2 190,71
18 RTX-MN -0,764 0,445 0 10,26
19 RBTX-NN -1,777 0,076 -1 910,95
#2013-2014
TT 2013-2014 Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -0,926 0,355 0 935,82
2 RTX-NN 1,715 0,086 1 3711,6
3 RK-NN -1,435 0,151 0 1709,64
4 RTX-DKH 1,718 0,086 1 3137,13
5 RTX-CAOSU -1,597 0,110 0 2289,15
6 RBTX-CAOSU -1313 0,189 0 108,27
7 RK-DKH -1,435 0,151 0 283,05
8 RK-DC -1,184 0,236 0 71,01
9 RBTX-DKH -1,184 0,236 0 1045,72
10 RBTX-RTG -1,435 0,151 0 45,09
1 RBTX-DC -1,331 0,183 0 13,86
12 RBTX-MN 1,798 0,072 1 19,89
13 RTX-RTG 1,715 0,086 1 2759,74
14 RK-CAOSU -1,331 0,183 0 216,27
15 RK-RTG 1,294 0,196 0 15,93
16 RTX-DC 1,715 0,086 1 170,73
17 RK-MN -1,073 0,283 0 4,86
18 RTX-MN 0,082 0,935 0 32,49
#2014-2015
TT 2014-2015 Z Score P _Value Gi_Bin Dién tich
1 RBTX-NN -1,975 0,048 2 1026,63
2 RBTX-DKH -2,403 0,016 -2 63,99
3 RBTX-RTG -2,386 0,017 -2 94,32
4 RK-DKH -1,975 0,048 2 160,02
5 RTX-RTG 2,402 0,016 2 2011,97
6 RBTX-DC 2,386 0,017 2 10,98
7 RK-DC -1,867 0,062 -1 599,94
8 RK-NN -1,867 0,062 -1 1387,61
9 RTX-NN 1,975 0,048 2 3022,96
10 RTX-DKH 2,251 0,024 3232,71
1 RTX-DC 2,251 0,024 193,41
12 RK-RTG -2,386 0,017 2 37,35
13 RBTX-CAOSU -1,975 0,048 2 55,35
14 RTX-CAOSU 1,241 0,215 0 1034,63
15 RK-CAOSU -2,403 0,016 2 8,19
16 RBTX-MN 0,617 0,537 0 3,33
17 RK-MN -1,656 0,098 -1 599,94
18 RTX-MN 1,102 0,271 0 6,12
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*2015-2016

TT LULCC Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -1,874 0,061 -1 714,34
2 RBTX-DC 1,473 0,141 0 211,05
3 RBTX-DKH 1,473 0,141 0 400,5
4 RK-NN 2,337 0,019 2 123345
S RBTX-MN 11,874 0,061 B 7.2
6 RK-DKH 2,337 0.019 2 321,03
7 RK-DC 11,874 0,061 1 313,38
8 RTX-DC 1,919 0,055 ! 133,02
? RTX-RTG 1.919 0,055 1 11887
10 RBTX-RTG 11,897 0.058 1 30,42
1 RBTX-CAOSU 11,874 0,061 1 18,18
12 RTX-NN 2337 0,019 2 2039,08
13 RTX-CAOSU 2,561 0.010 2 117324
14 RK-CAOSU 11,874 0,061 B 7,74
15 RTX-DKH 1,919 0.055 1 1530,87
16 RK-MN 0,431 0,666 0 12,78
17 RK-RTG 11,874 0,061 B 2,61
18 RTX-MN 1,919 0.055 1 29,52
* .
2016’[2"%17 2016-2017 Z Score P_Value Gi_Bin Dién tich
1 RBTX-NN 20,995 0.320 0 987,66
2 RBTX-DC -0,995 0,320 0 83,97
3 RK-NN 0,054 0.957 0 1020,63
4 RBTX-RTG 0,999 0318 0 45,72
S RBTX-DKH 1211 0.226 0 31,95
6 RBTX-MN 11,294 0,196 0 2043
7 RK-MN 1,470 0.142 0 161,55
8 RK-DC 11,294 0,196 0 948,69
? RTX-NN 1,473 0,141 0 2958,16
10 RTX-MN 0,872 0,383 0 51,66
1 RTX-DC 1,291 0,197 0 143,91
12 RTX-DKH 1,291 0,197 0 272,88
13 RTX-RTG 1,291 0,197 0 3199.83
14 RK-DKH 11,294 0,196 0 162,45
15 RBTX-CAOSU 11,294 0,196 0 11,16
16 RTX-CAOSU 0,170 0.865 0 629.9
17 RK-CAOSU 11,294 0,196 0 126,81
18 RK-RTG 1,294 0,196 0 35,01
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*2017-2018

TT 20172018 Z_Score P Value Gi Bin  Din tich
! RBTX-NN 2,576 0,010 2 1785,24
2 RBTX-DKH 2,576 0,010 2 246,69
3 RK-NN 2,576 0,010 2 1182,06
4 RBTX-RTG 2,576 0,010 2 124,92
S RBTX-DC 2,576 0,010 2 61,65
6 RTX-NN 3,082 0,002 3 2859,12
7 RTX-RTG 3,082 0,002 3 3698,44
8 RBTX-CAOSU 2,576 0,010 2 34,56
? RK-DC 2,576 0,010 2 460,35
10 RK-DKH 2,576 0,010 2 433,62
1 RK-RTG 2,576 0,010 2 73,44
12 RTX-CAOSU 3,082 0,002 3 3489,96
13 RTX-DKH 3,082 0,002 3 1567,08
14 RK-CAOSU 2,576 0,010 2 21,51
15 RTX-DC 2,576 0,010 2 279.81
16 RK-MN 2,576 0,010 2 3,06
17 RBTX-MN 2,576 0,010 2 0,63
18 RTX-MN 20,905 0,365 0 21,15

* .
2018’[2"2‘19 2018-2019 Z Score P_Value Gi_Bin Dién tich
1 RBTX-NN L0,46773 0,639977 0 1110,96
2 RBTX-RTG 0,363745 0,716048 0 19,44
3 RTX-NN 0,004324 0,024852 0 576,77
4 RBTX-DC 20,3461 0,730388 0 90,81
S RK-DKH 11,0242 0,305638 0 183,15
6 RK-DC 20,19576 0,844796 0 317,25
7 RBTX-DKH L0,46773 0,639977 0 3429
8 RK-NN -0,40122 0,688261 0 1620,74
i RTX-RTG 2,843587 0,004461 3 182941
10 RTX-CAOSU 3,379875 0,000725 3 3680,07
1 RBTX-CAOSU 20,60325 0,546342 0 17,73
12 RTX-DKH 20,25048 0,802217 0 829,08
13 RK-RTG -0,80414 0421314 0 110,7
14 RK-CAOSU L0,80414 0421314 0 31,23
15 RK-MN -0,07465 0,940494 0 8,28
16 RBTX-MN 11,0242 0,305638 0 0,99
17 RTX-MN -02178 0,827587 0 23,13
18 RTX-DC 20,4045 0,685844 0 77,85
%2019-2020
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TT 2019-2020 Z_Score P Value Gi_Bin Dién tich
! RBTX-NN -1,367 0,172 0 701,51
2 RBTX-DKH -1,367 0,172 0 70,47
3 RBTX-MN -1,367 0,172 0 7,74
4 RBTX-DC -1,610 0,107 0 21,69
S RK-DKH -1,686 0,092 -1 84,33
6 RK-DC -1,610 0,107 0 3114
7 RK-NN -1,367 0,172 764,77
8 RBTX-CAOSU -1,686 0,092 -1 6,57
? RTX-RTG 1,914 0,056 1 2499 43
10 RBTX-RTG -1,364 0,172 0 36,9
1 RTX-NN 1,914 0,056 1 3116,98
12 RTX-CAOSU 0,916 0,360 0 1026,07
13 RTX-DKH 1,914 0,056 1 437,49
14 RK-CAOSU 1,149 0,250 0 17,46
15 RK-RTG -1,334 0,182 0 66,95
16 RTX-MN -0,822 0,411 0 6,03
17 RK-MN 1,914 0,056 1 2,79
18 RTX-DC 1,610 0,107 0 34,29
#2020-2021
TT 2020-2021 Z_Score P_Value Gi_Bin Dién tich
1 RBTX-NN -1,126 0,260 0 518,22
2 RBTX-DKH -1,324 0,185 0 89,64
3 RK-NN -1,324 0,185 0 402,72
4 RBTX-DC -0,933 0,351 0 67,05
5 RTX-DKH 2,692 0,007 3 146,87
6 RTX-NN 1,415 0,157 0 142766
7 RTX-CAOSU 1,415 0,157 0 4165,63
8 RK-DC -1,126 0,260 0 106,25
9 RK-DKH -1,539 0,124 0 115,11
10 RTX-RTG 1,693 0,091 1 4073,94
1 RBTX-RTG -0,874 0,382 0 39,51
12 RBTX-CAOSU -1,347 0,178 0 17,01
13 RK-RTG -1,358 0,174 0 14,94
14 RK-MN -0,889 0,374 0 7,92
15 RBTX-MN -0,889 0,374 0 15,3
16 RK-CAOSU -1,175 0,240 0 4,14
17 RTX-DC 1,415 0,157 0 45,99
18 RTX-MN -0,889 0,374 0 3,06
#2021-2022
TT 2021-2022 Z_Score P Value Gi_Bin Dién tich
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! RBTX-NN -1,295 0,195 0 270,22
2 RK-NN -1,538 0,124 0 1087,16
3 RBTX-DKH 0,937 0,349 0 13,59
4 RBTX-DC -1,538 0,124 0 35,1
S RK-DC -1,295 0,195 0 374,76
6 RK-RTG 1,792 0,073 1 91,44
7 RK-DKH 0,937 0,349 0 219,42
8 RTX-NN 1,792 0,073 1 4134,05
? RBTX-CAOSU -1,295 0,195 0 9,54
10 RBTX-RTG -1,779 0,075 -1 20,97
1 RTX-CAOSU 0,400 0,689 0 2188,52
12 RTX-RTG 2,138 0,033 2 3114,17
13 RK-CAOSU 0,408 0,684 0 37,35
14 RTX-DKH 1,792 0,073 1 2588,88
15 RBTX-MN -1,538 0,124 0 4,86
16 RTX-DC 1,792 0,073 1 77,22
17 RTX-MN 1,792 0,073 1 1,08
18 RK-MN -0,704 0,481 0 5,58
19 RTX-0 0,405 0,686 0 1,17
¥
2022:1"2{“)23 2022-2023 7 Score P Value Gi_Bin Dién tich
! RBTX-NN -0,996 0,319 0 214,82
2 RK-DKH -1,247 0,213 0 378,18
3 RK-DC -1,107 0,268 0 873,63
4 RBTX-DKH -0,996 0,319 0 55,44
5 RBTX-DC -1,107 0,268 0 36,45
6 RK-NN -0,900 0,368 0 444,14
7 RBTX-CAOSU -1,107 0,268 0 168,39
8 RTX-NN 1,852 0,064 1 6526,99
? RBTX-RTG -0,900 0,368 0 37,26
10 RTX-RTG 1,003 0,316 0 3349,61
1 RTX-DC 2,735 0,006 3 94,23
12 RK-CAOSU -0,900 0,368 0 84,78
13 RTX-CAOSU 0,244 0,807 0 4578,54
14 RTX-DKH -0,224 0,823 0 677,52
15 RK-RTG 2,185 0,029 2 37,26
16 RBTX-MN 1,055 0,292 0 0,54
17 RK-MN 0,051 0,959 0 10,08
18 RTX-MN 0,376 0,707 0 13,68
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Phu lyc 12. Ban d6 diém néng timg cip nim trong giai doan diéu tra

BAN DO DIEM NONG NAM 2011-2012 o
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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BAN PO DIEM NONG NAM

TAI KHU VU'C HUYEN PAK GLONG VA HUYEN KRONG NO - TINH PAK NONG
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BAN DO DIEM NONG NAM 2014-2015
TAI KHU VUC HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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BAN DO DIEM NONG NAM 2015-2016 L
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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BAN DO DIEM NONG NAM 2016-2017 L
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG

Ty Ié 1: 300.000
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BAN DO DIEM NONG NAM 2018-2019 L
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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BAN DO PIEM NONG NAM 2019-2020

TAI KHU VU'C HUYEN PAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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BAN DO DIEM NONG NAM 2020-2021 L
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG

Ty Ié 1: 300.000
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BAN DO DIEM NONG NAM 2021-2022 L
TAI KHU VU'C HUYEN DAK GLONG VA HUYEN KRONG NO - TINH DAK NONG
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Phu lyc 13. Két qua phan tich SEM vé tac dong yéu t6 khi hau

Két qua lavaan:
lavaan 0.6-18 ended normally after 48 iterations
Estimator ML
Optimization method NLMINB
Number of model parameters 13
Used  Total
Number of observations 13 14

Model Test User Model:
Test statistic 6.309
Degrees of freedom 8
P-value (Chi-square) 0.613
Model Test Baseline Model:
Test statistic 23.625
Degrees of freedom 15
P-value 0.072
User Model versus Baseline Model:
Comparative Fit Index (CFI) 1.000
Tucker-Lewis Index (TLI) 1.368
Loglikelihood and Information Criteria:
Loglikelihood user model (HO) -97.963
Loglikelihood unrestricted model (H1) -94.808
Akaike (AIC) 221.926
Bayesian (BIC) 229.270
Sample-size adjusted Bayesian (SABIC) 189.816
Root Mean Square Error of Approximation:

RMSEA 0.000

90 Percent confidence interval - lower 0.000
90 Percent confidence interval - upper 0.277
P-value H 0: RMSEA <= 0.050 0.635
P-value H 0: RMSEA >= 0.080 0.332

Standardized Root Mean Square Residual:

SRMR 0.190
Parameter Estimates:

Standard errors Standard
Information Expected
Information saturated (h1) model Structured
Latent Variables:

Estimate Std.Err z-value P(>|z|)

DTR =~

RT 1.000

DNN 0.281 0.321 0.873 0.383

DDC 1.083 0.833 1.301 0.193

DK 0.844 0.656 1.287 0.198
KH =~

ND 1.000

LM -0.266 0.287 -0.925 0.355
Regressions:

Estimate Std.Err z-value P(>|z|)

DTR ~

KH -0.392 0303 -1.295 0.195
Variances:
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Estimate Std.Err z-value P(>|z|)

.RT 1.015 0.460 2.208 0.027

.DNN 0.930 0.368 2.527 0.011

.DDC 1.031 0.482 2.139 0.032

.DK 0.989 0.427 2.318 0.020

.ND -0.089 0.620 -0.144 0.886

LM 0.710 0.282 2.519 0.012

.DTR -0.251 0.262 -0.957 0.339

KH 1.031 0.720 1.432 0.152

Két qua danh gid mo hinh véi goi 1énh “effectsize’:
Name Value Threshold Interpretation
GFI 0.85430632 | 0.95 poor
AGFI 0.61755409 0.9 poor
NFI 0.73295518 | 0.9 poor
NNFI 1.36764492 0.9 satisfactory
CFI 1 0.9 satisfactory
RMSEA 0 0.05 satisfactory
SRMR 0.18960324 | 0.08 poor
RFI 0.49929097 | 0.9 poor
PNFI 0.39090943 0.5 poor
IFI 1.10823345 0.9 satisfactory

Phu lyc 14. Két qua phan tich SEM vé tac dong yéu t6 khoang cach tiép can

Két qua lavaan:
lavaan 0.6-18 ended normally after 52 iterations

Estimator ML

Optimization method NLMINB

Number of model parameters 15

Used  Total

Number of observations 13 14
Model Test User Model:

Test statistic 13.381

Degrees of freedom 13

P-value (Chi-square) 0.419

Model Test Baseline Model:

Test statistic 75.057
Degrees of freedom 21
P-value 0.000

User Model versus Baseline Model:

Comparative Fit Index (CFI) 0.993
Tucker-Lewis Index (TLI) 0.989
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Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -91.677

Loglikelihood unrestricted model (H1) -84.987

Akaike (AIC) 213.354
Bayesian (BIC) 221.829

Sample-size adjusted Bayesian (SABIC) 176.304

Root Mean Square Error of Approximation:

RMSEA 0.048

90 Percent confidence interval - lower 0.000
90 Percent confidence interval - upper 0.281
P-value H 0: RMSEA <= 0.050 0.451
P-value H 0: RMSEA >=0.080 0.501

Standardized Root Mean Square Residual:
SRMR 0.137

Parameter Estimates:

Standard errors Standard
Information Expected
Information saturated (h1) model Structured
Latent Variables:
Estimate Std.Err z-value P(>|z|)
DTR =~
RT 1.000
DNN -2.123 1.503 -1.412 0.158
DDC 0.145 0.643 0.225 0.822
DK -1.520 1.155 -1.316 0.188
TC =~
KNN 1.000
KDC 1.152 0.133 8.687 0.000
KGT 0.919 0.230 4.001 0.000
Regressions:
Estimate Std.Err z-value P(>|z|)
DTR ~
TC -0.440 0.288 -1.528 0.127
Variances:
Estimate Std.Err z-value P(>|z|)
.RT 0.838 0.320 2.618 0.009
.DNN 0.539 0.253 2.131 0.033
.DDC 0.921 0.361 2.552 0.011
.DK 0.726 0.286 2.539 0.011
KNN 0.118 0.050 2.362 0.018
KDC -0.035 0.034 -1.025 0.306
KGT 0.346 0.131 2.651 0.008
.DTR -0.034 0.049 -0.700 0.484
TC 0.616 0.285 2.164 0.030

Két qua danh gid mo hinh voi goi 1énh ‘effectsize’:
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Name Value Threshold Interpretation
GFI 0.79149234 0.95 poor

AGFI 0.55090658 0.9 poor

NFI 0.82171803 0.9 poor
NNFI 0.98860342 0.9 satisfactory
CFI 0.99294497 0.9 satisfactory
RMSEA 0.04750436 0.05 satisfactory
SRMR 0.13738683 0.08 poor

RFI 0.71200605 0.9 poor

PNFI 0.50868259 0.5 satisfactory
IF1 0.99385446 0.9 satisfactory

Phu lyc 15. Két qua phan tich SEM vé tac dong yéu t6 kinh té xa hoi

Két qua lavaan:
lavaan 0.6-18 ended normally after 47 iterations

Estimator ML

Optimization method NLMINB

Number of model parameters 15

Used Total

Number of observations 13 14
Model Test User Model:

Test statistic 18.032

Degrees of freedom 13

P-value (Chi-square) 0.156

Model Test Baseline Model:

Test statistic 81.819
Degrees of freedom 21
P-value 0.000

User Model versus Baseline Model:

Comparative Fit Index (CFI) 0.917
Tucker-Lewis Index (TLI) 0.866

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -92.120
Loglikelihood unrestricted model (H1) -83.104

Akaike (AIC) 214.240
Bayesian (BIC) 222.714
Sample-size adjusted Bayesian (SABIC) 177.190

Root Mean Square Error of Approximation:

RMSEA 0.173
90 Percent confidence interval - lower 0.000
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90 Percent confidence interval - upper 0.347
P-value H 0: RMSEA <= 0.050 0.179
P-value H 0: RMSEA >= 0.080 0.784
Standardized Root Mean Square Residual:
SRMR 0.143
Parameter Estimates:
Standard errors Standard
Information Expected
Information saturated (h1) model Structured
Latent Variables:
Estimate Std.Err z-value P(>|z|)
DTR =~
RT 1.000
DNN -1.497 0.821 -1.824 0.068
DDC 0.856 0.613 1.396 0.163
DK -1.152  0.702 -1.641 0.101
XH =~
DC 1.000
GNS -0.008 0.246 -0.032 0.975
SDN 0.881 0.076 11.531 0.000
Regressions:
Estimate Std.Err z-value P(>|z|)
DTR ~
XH 0462 0.218 2.121 0.034
Variances:
Estimate Std.Err z-value P(>|z|)
.RT 0.758 0.284 2.669 0.008
.DNN 0.553 0.221 2.499 0.012
.DDC 0.802 0.302 2.659 0.008
.DK 0.704 0.265 2.658 0.008
.DC -0.072 0.046 -1.569 0.117
.GNS 0.972 0.381 2.550 0.011
.SDN 0.100 0.048 2.077 0.038
.DTR -0.025 0.054 -0.466 0.641
XH 0.889 0.321 2.767 0.006
Keét qua danh gia mo hinh véi géi 1énh ‘effectsize’:
Name Value Threshold Interpretation
GFI 0.79919126 | 0.95 poor
AGFI 0.56748888 | 0.9 poor
NFI 0.77960435 0.9 poor
NNFI 0.86633403 | 0.9 poor
CFI 0.9172544 0.9 satisfactory
RMSEA 0.17256294 | 0.05 poor
SRMR 0.14268094 | 0.08 poor
RFI 0.64397627 0.9 poor
PNFI 0.48261222 | 0.5 poor
IFI 0.92687337 0.9 satisfactory
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Phu luc 16. Danh sach cén bo tham gia léy mau thuc dia

STT Ho tén Don vi

1 L& Pbtrc Bao KBTTN Nam Nung, huyén Kréng N6
2 Pham Thé Min KBTTN Nam Nung, huyén Kréng N6
3 Pham Trong Thuay KBTTN Nam Nung, huyén Krong N6
4 Mai Xuan Bao Hat kiém 1am huyén Krong No
5 Lé Pinh Hitu Hat kiém 1am huyén Krong No
6 Vi Y Pinh Cong ty Lam nghiép Nam Nung, huyén Krong N6
7 Nguyén Viét Ngoc VQG Ta Pung, Pik Glong
8 K'Mong VQG Ta Pung, Pik Glong
9 K'Minh VQG Ta Pung, Pik Glong

10 Truong Xuan Hung Hat kiém 1am huyén Pik Glong

11 Hoang Vin Quy Cong ty LN Pik R 'Ming

Phy lyc 17. Danh sach cac ca nhan/don vi tham gia phong van

STT Pon vi/ ho tén Pia chi

1 Cty TNHH MTV TM Béo Loc Thon Nam Cuodng, xd Nam Pa, huyén Krong N6
2 Coéng ty TNHH MTV Quang Vi Thén Nam Thing, x3 Nam D4, huyén Krong N6
3 Cong ty TNHH MTV TM Trang Kim Son | Thon Nam Hiép, x38 Nam Pa, huyén Krong N6

4 Cty TNHH MTV Nghi Huong Dak Nong | Thon Quang Pa, xi Pik Sér, huyén Krong No

5 Cty TNHH MTV Phu Hiéu Pik Nong Thon Pik Thanh, xi Pik Sér, huyén Krong No
6 DNTN Ngoc Nguyén Pik Nong Thon Nam Tan, xa Nam N'Bir, huyén Krong N6
7 DNTN Cao Tri Nhat Thén Nam Tién, x4 Nam Nung, huyén Krong N6
8 Cty TNHH MTV Hiép }?hét PT Thén Dbc Du, x3 Nam Nung, huyén Krong N6

9 (Cc(l)lllli E;IE\I g;( II\\I/[(;FH\;)I_I ong Hoang Cur Jut Thon Nam Tién, x4 Nam Nung, huyén Krong N6
10 ggﬁf‘%tgnTgNHH MTVIM va DV Hai An | 15 54k Hop, xa Dék Dro, huyén Krong N6

11 Cong ty TNHH Lang Tt Thén Pak Thanh, xi Nam Xuan, huyén Krong No
12 1(\:12?12 ty TNHH MTV Hung Tham bak Té 6, TT Dk Mam, huyén Krong No

13 Cong ty TNHH MTV TM Hién Hoa T6 5, TT Pak Mam, huyén Krong N6

14 I(\:I‘;‘r‘é ty TNHH MTV Giang Nhanh Bak | 1y s 540 1 1n xa Tan Thanh, huyén Krong No
15 Cong ty TNHH MTV Hung Thinh TV Thon Pak Hoa, xa Tan Thanh, huyén Krong No
16 Cty TNHH MTV nong san Minh Diing Sb 41, théon Phit Hung, xa Quang Phu, huyén Krong N6
17 HTX NN Thanh Thai x4 Nam Nung, huyén Krong N6

18 HTX NN Krong No xa Tan Thanh, huyén Kréng N6

19 Nguyén Tién Phuong x4 Quéang Phu, huyén Krong N6

20 Nguyén Vin Puong xd Quang Phu, huyén Krong N6

21 Phan Vian Minh xa Nam Pa, huyén Krong N6

22 Lé Lai xa Puc Xuyén, huyén Krong No

23 Luong Tan Nam xa Puc Xuyén, huyén Krong No

24 Ha Vian Cuong xa Nam Ndir, huyén Krong No

25 HTX Tin True Coffee TT Dik Mam, huyén Krong N6

26 Ngb Vin Tuin Phu Son, x4 Quang Phu, huyén Krong N6

27 Phi Van Thu Phu Son, x4 Quang Phu, huyén Krong N6

28 Nguyén Kién Tao Phu Son, x4 Quang Phu, huyén Krong N6

29 Vii Qubc Huy Dik Luu, xa Tan Thanh, huyén Krong N6

30 Cong ty TNHH MTV Coffee Thanh Cong | Thén 2, xa Quang Khé, huyén Dik Glong

31 Cong ty TNHH MTV Coffee Hoa Phat Thoén 3, xd Quang Khé, huyén Pak Glong

32 Cong ty TNHH MTV Tuoi Thao Thon 4, xd Quang Khé, huyén Pak Glong

33 DNTN Quan Tién Quang Khé Thén 3, xi Quang Khé, huyén Dik Glong
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34

Cong ty TNHH MTV TM va DV Tam
Dieém

Thon 4, x4 Quang Khé, huyén Dik Glong

35 Cty TNHH MTV TM Théng Tho Thén 6, x3 Quang Khé, huyén Pik Glong
36 Cty TNHH MTV Hung Long COFFE Thoén 6, x3 Quang Khé, huyén Pak Glong
37 Cty TNHH MTV Long Ngan Dik Néng . A A g
(Anh Quéng cii) Thon 10, xa Quang Khé, huyén Pak Glong
38 | Cong ty TNHH MTV Truomg Tan (Son | 15 1«5 Quang Khé, huyén Dk Glong
Trang cii)
39 g(())ri?gFEg TNHH MTV' Thanh Long Thon Pik Lang, xa Quang Khé, huyén Dik Glong
40 Cty TNHH TM NS Quén Thing Thon Pik Lang, xi Quang Khé, huyén Pik Glong
41 Cong ty TNHH MTV TM Phuong Tuyén | Thén Tan Tién, x Quang Khé, huyén Pik Glong
42 Cong ty TNHH MTV Ngoc Tung Phat Thén 1, xi Pik Som, huyén Pik Glong
43 Cty TNHH MTV Trung Toan Pak Néng | Thén 3, xi Pak Som, huyén Pak Glong
44 Iigzi ty TNHH MTV Hung Nguyén Bak Thén 2, xa Pk R'Ming, huyén Pik Glong
4 }C)‘L?r‘;g ty TNHH MTV Nong san Nguyen | 50 7 5 ik R'Mang, huyén Dik Glong
46 Cty TNHH néng san Thai Nga DN Thén 1 B, xd Quang Son, huyén Dik Glong
47 Cty TNHH MTV ca phé Téan Tiém Thoén 1 B, x8 Quang Son, huyén Pak Glong
48 Céng ty TNHH MTV TM va DV Noéng | . . L . g
sin Thanh Cong Thon 3A, xa Quang Son, huyén Dak Glong
49 Cty TNHH MTYV Hoa Thang Pak Nong Bon RBut, xa Quang Son, huyén Pak Glong
>0 Iigzi ty TNHH MTV Diing Phic bak Bon RBut, xd Quang Son, huyén Pik Glong
51 Cong ty TNHH NS Kim Hang Bon Sa nar, xi Quang Son, huyén Dik Glong
52 Cong ty TNHH MTV Lam Lyu Thoén Quang Tién, xa Quang Son, huyén Pak Glong
53 Cong ty TNHH MTV TM va DV Tuan A . < o .
Van (Long Tho cii) Thon Quang Hop, xa Quang Son, huyén bBak Glong
54 Cty TNHH MTV Tan Tam Pak Nong Thoén 1, xi Pik Ha, huyén Pik Glong
55 Cty TNHH MTV Thanh Minh Coffee Thoén 1, xi Pik Ha, huyén Pik Glong
56 Cty TNHH MTV Duong Thao Pak Nong | Thon 3A, xa DPak Ha, huyén Pak Glong
57 Cty TNHH MTV Luc Thao Thon 3A, x4 Pak Ha, huyén Pak Glong
>8 C(jng tAy TNHH MTV ca phé Kiéu Nhan Thén 6, xd Dik Ha, huyén Dik Glong
bik Nong
59 Cong ty TNHH MTV Nong san Hoang N o N~
Chuong Pik Nong Thon 6, xa Bak Ha, huyén Dak Glong
60 Copg ty TNHH MTV ndng san - phan bon Thén 7, xa Dék Ha, huyén Dék Glong
Toan Phat
61 Cong ty TNHH MTV Son Hao Pak Nong | Thon 7, xa Dak Ha, xa Pak Ha, huyén Dak Glong
62 Cong ty TNHH MTV Hi¢u Thuy Pno Thon 8, xi Pik Ha, huyén Pik Glong
63 Cong ty TNHH Bich Tung Thoén 8, xi Pik Ha, huyén Pik Glong
64 Nguyén Thi Ngoc Lan Thén 3A, xa Pak Ha, huyén Pak Glong
65 Giang A Gido Thon 6, xi Pik Ha, huyén Pik Glong
66 Giang A Phat Thén Quang Tién, x3 Quang Son, huyén Pik Glong
67 Phang A Bao Thén Quang Hop, xa Quang Son, huyén Pak Glong
68 Luc Thi Va Thén 1 B, xd Quang Son, huyén Dik Glong
69 K chong Thén 3A, xd Quang Son, huyén Pik Glong
70 K Klam Thoén 3, xd Pik Som, huyén Pik Glong
71 Ho Pinh Thom Thoén 2, xi Pik R 'Ming, huyén Dak Glong
72 Nguyén Xuan Thuong Thoén 7, xi Pik R 'Ming, huyén Dak Glong
73 Nguyén Vin Hoat Thén 1 B, xd Quang Son, huyén Dik Glong
74 K Srai Thoén 2, xd Quang Khé, huyén Pak Glong
75 Néng Vin Thuan Thén 3, xi Quang Khé, huyén Pik Glong
76 HTX DanoFarm Thén Quang Hop, xa Quang Son, huyén Pak Glong
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77 HTX Pai Pdng Tién Thén Tan Tién, xa Quang Khé, huyén Dik Glong

78 Trang trai thién nhién Yén Ngoc Thén 11, xi Quang Khé, huyén Dik Glong

Phu luc 18. Mét s6 hinh anh thuc dia
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