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Quang Tri Province was located in Vietnam’s North Central Coast,
frequently experiences severe climatic conditions including prolonged
droughts. These conditions adversely affect agricultural production and
local livelihoods. This study proposes a drought risk prediction model by
integrating remote sensing data with machine learning techniques to
support water resource management and mitigate drought-related
damages. Remote sensing data from Landsat and Sentinel-2 satellites
covering the period from 2016 to 2025 were collected and processed using
the Google Earth Engine (GEE) cloud platform. Drought indices including
NDVI, LSWI, NDWI, MSI, NDDI, SAVI, VCI, TCI, TVDI, and VHI were
computed to assess temperature conditions, soil moisture, and vegetation
health. Based on the TVDI index, data were categorized into five drought
severity levels: no drought, mild drought, moderate drought, severe
drought, and extreme drought. A training dataset was constructed by
randomly selecting pixel samples representing each drought level. Three
machine learning models including Random Forest (RF), Support Vector
Machine (SVM), and Gradient Tree Boosting (GTB) were employed to
classify and predict drought risk. The GTB model achieved the highest
accuracy with an overall accuracy of 91.67% and a Kappa coefficient of
0.89, outperforming both SVM and RF models. The drought risk
distribution map generated using the GTB model clearly highlights areas
with high drought risk, particularly in the eastern and central regions of
Quang Tri Province. In addition, 2019 and 2022 recorded severe and
extreme drought areas exceeding 90% of the total area of the region.
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Tinh Qudng Tri ndm & khu vwc Bdc Trung B6 Viét Nam, thwong xuyén chiu
dnh ero'ng ctia didu kién khi hdu khdc nghzet dc biét la han hdn kéo dai,
gady tdc dong tiéu cuc dén sdn xudt néng nghiép va cudc song ctia nguoi
dan. Nghién cteu dé xudt mé hinh dw bdo nguy co han hdn bang cdch tich
ho'p dir liéu vién thdm va ky thudt hoc mdy, qua dé hé tro cbng tdc qudn Iy
tai nguyen nwérc va glam thiéu thiét hai do han hdn. Dir liéu vién thdm tur
cdc vé tinh Landsat va Sentinel-2 trong giai doan 2016-2025 duoc thu thdp
va xir Iy trén nén tdng dién todn dam mdy Google Earth Engine (GEE). Tiép
theo, cdc chi s6 han hdn bao gém NDVI, LSWI, NDWI, MSI, NDDI, SAVI, VCI,
TCI, TVDI va VHI dwoc tinh todn dé phdn dnh tinh trang nhiét dg, dé dm
ddt va strc khde thdm thwc vdt. Dwa trén chi s6 TVDI, dir liéu dwoc phdn
logi thanh nam mukc do han han: khdng han, han nhe, han trung binh, han
nang va han rdt ndng. Tap dir liéu hudn luyen cho mé hinh hoc may durorc
xdy dung bdng cdch chon ngau nhzen cdc diém dnh dai dién cho tirng mikc
db han hdn. 03 mé hinh hoc mdy gém Random Forest (RF), Support Vector
Machine (SVM) va Gradient Tree Boosting (GTB) dwoc dp dung dé phdn
logi va dw bdo nguy co han hdn. Két qud cho thdy mé hinh GTB dat dj chinh
xdc cao nhdt vai chi s6 do chinh xdc tong thé va hé s6 Kappa ldn lwot la
91,67% va 0,89, cao hon so véi SVM va RF. Bdn do phdn bé nguy co han
hadn dwoc xdy dwng tir mé hinh GTB phdn dnh ré rang cdc khu virc co nguy
co han hdn cao, ddc biét la & phia déng va trung tdm tinh Qudng Tri. Bén
canh dé, ndm 2019 va 2022 ghi nhdn dién tich han ndng va rdt ndng vurot
qud 90% tdng dién tich khu virc.
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1. M¢é dau

Viét Nam la mot trong nhitng quéc gia chiu
anh huwdng nang né bai bién doi khi hdu, dac biét
la han han (Phan va Ng6, 2013). Trong nhitng nam
gan day, tinh trang thiéu nwéc, kho han ngay cang
tré nén phd bién va nghiém trong, dic biét tai khu
vuc mién Trung va Ty Nguyén, noi c6 lwong mua
phan b6 khong déu va thoi gian mua khé kéo dai
(Diing va nnk, 2016; Phung va Nguyén, 2023).
Mic du Viét Nam da c6 nhiéu nd luc trong viéc
quan ly tai nguyén nuwéce va thich g véi bién doi
khi hau, song thiét hai do han han gay ra cho san
xudt ndng nghiép, doi song dan cw va hé sinh thai
van & mirc dang bao dong (Kham va Khanh, 2022).
Ngoai ra, cac dot han han gan diy da lam hang
chuc nghin hecta ciy tréong bi anh hwéng, hang
tram nghin ngwoi dan thiéu nwéc sinh hoat, dic
biét nghiém trong tai cic tinh ven bién mién Trung
nhw Quang Tri, Ha Tinh va Binh Thuan (Kham va
Khanh, 2022; Trinh va Pao, 2019).

Han han 1a hién twong ty nhién cé qua trinh
dién bién phitc tap, bi chi phdi b&i nhiéu yéu t6 khi
hiu, thd nhwdong, dd6 4m dat, 1op phd bé mit va
hoat dong ctia con ngwoi (He va nnk., 2025). Viéc
giam sat va dw bao han han theo phwong phap
truyén thong chi yéu dwa vao cac tram do khi
twgng - thuy van, tuy nhién mang luéi tram phan
b6 khong dong déu va khong da do phu cho cac
khu virc mién ndi, ban son dia. Diéu nay dan dén
han ché trong viéc danh gia mirc d6 han han & quy
mo khoéng gian rong (Mallick va nnk, 2025;
Oyarzabal va nnk., 2025).

V6i sy phat trién cda cong nghé dia khong
gian, dic biét 1a dir liéu vién tham va tri tué nhan
tao, viéc gidm sat han han da c6 nhirng buéc tién
dang ké (Tamrakar va nnk., 2024; Zamani va nnk.,
2025). Dir liéu anh vé tinh cho phép theo déi sw
thay d6i cia thwc vat, dd 4m va nhiét do bé mat dat
trong thoi gian dai va trén dién rong. Cac chi so
han han da dwoc rng dung hiéu qua trong viéc
danh gia mrc do kho han va strc khoe tham thuyc
vat (Kogan, 1995; Quiring va Ganesh, 2010;
Mukherjee va nnk., 2018). Bén canh dé, cac cong
trinh nghién cru nhw cia Kogan (1997), Serban
va Maftei (2025) da ¢ng dung vién tham dé xac
dinh han han va nguy co han han. Tuy nhién, viéc
chi str dung chi s8 anh don 1& dan t6i thi€u kha
nang phan dnh day du cac yéu té phirc tap va mai
quan hé phi tuyén gitra cac yéu té han han.

Trong thoi gian gin diy, cung véi sy phat
trién manh mé cua tri tué nhan tao, nhiéu nghién
cttu da trng dung cac mo hinh hoc may va hoc sau
dé nang cao hiéu qua giam sat va dw bao han han,
dac biét trong cac moi truedng dia ly phirc tap nhw
vung do6i ndi, mién Trung Viét Nam (Liu va nnk,
2018; Ha va nnk, 2024). Cic m6é hinh nhw
Random Forest (RF), Support Vector Machine
(SVM), Gradient Tree Boosting (GTB) va cac mang
hoc sdu (Deep Neural Networks - DNN) da cho
thiy tiém nang lén trong viéc dy bdo han han &
cac quy mo khac nhau, véi do chinh xac cao hon
cac phwong phap truyén théng (Elbeltagi va nnk.,
2023; Wu va Chen, 2017).

Bai b4o nay dé xuat mé hinh xiy duwng ban do
dw bao nguy co han han tai khu vue tinh Quang Tri
bang cach tich hop dir liéu vién thdm, GIS va md
hinh hoc mdy. Ba thuét todn hoc mday phé bién
gom Random Forest (RF), Support Vector
Machine (SVM) va Gradient Tree Boosting (GTB)
duoc trién khai nham lwa chon mé hinh pht hop
nhat véi diéu kién thuece té cia khu viee nghién ctru.
Tép dir liéu dau vao bao gom cac chi s6 han han
tinh tir dnh vé tinh Landsat va Sentinel-2 trong giai
doan 2016-2025. Két qua dw bdo dwgc danh gia
hiéu nang mo hinh thong qua cac chi s6 d6 chinh
xacbao gom do chinh xac tong thé va chi s6 Kappa.
K&t qua nghién ctru gép phan cung cap cong cu hd
tro gidm sat han han, phuc vu quy hoach san xuit
néng nghiép va quan ly tai nguyén nwéc bén virng
trong boi canh bién ddi khi hiu ngay cang gia tang.

2. Dir liéu va phwong phap nghién ciru

2.1. Dir liéu va khu vwe nghién ciru

Trong nghién ctru stt dung dit liéu anh vién
thdm tir hai hé thong vé tinh la Landsat va
Sentinel-2, trong khodng thoi gian tir ndam 2016
dén 2025. Mdi nam x4y dung 01 cip anh dai dién.
Viéc str dung da nguon dit liéu cho phép tin dung
wu diém d6 phan gidi khong gian cao ctia anh
Sentinel 2 va cic kénh hong ngoai nhiét ctia anh
Landsat. Cac anh vé tinh dwoc xtr ly va phan tich
trén nén tang Google Earth Engine (GEE), mot hé
thong dién toan ddm may manh mé, cho phép truy
cap va xtr ly khéi lwong 1om dit liéu vién tham mot
cach hiéu qua.

Dit liéu Landsat (bao gom Landsat 7 ETM+,
Landsat 8 OLI/TIRS va Landsat 9 OLI-2/TIRS-2)
cung cap anh véi do phan gidi khong gian 30 mét
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va chu ky 1dp lai 16 ngay, phu hgp cho viéc theo
doi cac bién dong vé tham thuc vat va dé am dat.
Trong khi d6, dir liéu Sentinel-2 (MSI) cung cip
anh véi do phan giai cao hon (10+20 m) va chu ky
lap lai 5 ngay, gitup tang cwong kha nang giam sat
chi tiét cac khu vwee bi anh hwdng béi han han.

Tinh Quang Tri, ndm & khu virc Bac Trung B
Viét Nam, 1a mot trong nhitng dia phwong chiu
anh hwdng nang né ctia bién do6i khi hau, dac biét
1a hién twong han han kéo dai (Hinh 1). Véi dia
hinh da dang, bao gdm vung ven bién, ddng bang,
trung du va mién nui, tao nén sy phong phad vé
sinh thai nhwng cling dong thoi lam tang tinh phire
tap trong viéc quan ly tai nguyén nwéc (Cong
thong tin dién tir tinh Quang Tri, 2025a).

Khi hau Quang Tri mang dac trung nhiét déi
gi6 mua, phan thanh hai mua roé rét: mua kho tir
thang 3 dén thang 9 va muia mwa tir thang 10 dén
thang 2 nam sau. Trong mua kho, gié Tay Nam kho
nong thuong xuyén théi manh, lam ting nhiét do
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va giam do 4m, dan dén tinh trang han han nghiém
trong.

2.2. Phwong phdp nghién civu

Nghién ctru dworc trién khai véi muc tiéu xay
dung mo6 hinh dw bio nguy co han han tai tinh
Quang Tri bang cach két hop dit liéu vién tham da
nguodn va cac ky thuit hoc may. Toan b quy trinh
dworc trién khai trén nén tang dién toan dam may
Google Earth Engine (GEE) nham tin dung kha
nang x ly dit liéu 16n va tw dong héa. Quy trinh
xr Iy dir liéu dwoc trinh bay cu thé trong Hinh 2,
bao gdbm cac bwdc nhu sau:

Bwaorc 1: Ddnh gid, thu thdp dit liéu

Budéc dau tién cua quy trinh nghién ctru 1a
danh gia tdng quan khu virc va tién hanh thu thap
di liéu vién tham phuc vu phan tich han han. Tinh
Quang Tri dwoc lwa chon lam khu viwe nghién ctru
do thwong xuyén chiu anh hwéng bai tinh trang
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Panh gia khu vuc nghién ctru, thu thap dir
liéu vién tham

|
Lua chon tham sb:
Khu vuc nghién ctu
Loc may
Thoi gian thu thép anh

Xay dung bo dir
liéu mau

Tinh toan chi s6 han han

Két hop céc kénh anh Sentinel-2 va cac

chi s0 han han

M6 hinh hoa du bao nguy co han han

_______________ L s
Support Vector Random Gradient Tree
Machine (SVM) Forest (RF) Boost (GTB)
______________ e

Lua chon mé hinh du bao nguy co han han
pht hop véi khu vue thir nghiém

1

Xay dung ban d6 va danh gia két qua du béo
nguy co han han

-

Hinh 2. So' d6 mé hinh dw bdo nguy co han hdn.
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kho han kéo dai vao mua kho, dac biét tai khu vuee
phia Pong va trung du. Nghién ctru st dung dir
liéu &nh vé tinh tir hai nguén chinh: Landsat va
Sentinel-2 v&i thoi gian thu thap giai doan tir nam
2016 dén nam 2025.

Thoi gian lwa chon anh dworc gi¢i han trong
cac thang mua khé, cu thé tir thang 3 dén thang 9
hing ndm. DAy 1a giai doan dé xay ra tinh trang
thiéu hut d6 4m bé mdt va gidm manh sirc khoe
thwe vt nén c6 kha nang phan anh ré rang cac dau
hiéu han han qua phé phan xa.

Sau khi thu thip, anh vé tinh dwoc tién xi ly
bang cac bwdc: loc may va bong may; cat anh theo
ranh gi¢i hanh chinh tinh Quang Tri bdang
shapefile khu vwc nghién ciru; chuin héa phé
phén xa nham ddm bao dong nhat gitra cAc nam va

cac ngubn anh. D liéu sau xtr ly dwoc luu triv
thanh b6 anh t6 hgp dé tinh toan cac chi s6 han
han va phuc vu xay dung bo dit liéu huin luyén
cho mé hinh.

Bwéc 2: Tinh todn chi s6 han hdn

Tiép theo, cac chi s6 han han dworc tinh toan
tir &nh vién tham da tién xtt ly. Cac chi s6 nay bao
gom nhom phan anh tinh trang d6 4m dit va nwéc
bé mat nhw NDWI (Normalized Difference Water
Index), LSWI (Land Surface Water Index), MSI
(Moisture Stress Index), NDDI (Normalized
Drought Difference Index); nhom phan anh trang
thai tham thuwc vat nhw NDVI (Normalized
Difference Vegetation Index), SAVI (Soil-Adjusted
Vegetation Index), VCI (Vegetation Condition
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Index); va nhém chi s6 téng hgp nhw TVDI
(Temperature Vegetation Dryness Index), VHI
(Vegetation Health Index), trong d6 VHI 1a chi s6
trung binh giita VCI va TCI (Temperature
Condition Index). Cu thé, TVDI va TCI dwoc tinh
todn tlr &nh Landsat, cac chi s0 con lai dwoc tinh
todn tir dnh Sentinel 2. Cac chi sd dworc tinh theo
cong thirc chuin tir phd dir liéu anh va dwoc td
chirc thanh bang dir liéu dé dwa vao mo hinh hoc
may. Cong thirc cia tirng chi s6 anh dworc tinh toan
nhuw sau:
NDWI (Gao, 1996):
Green— NIR

NDW[= —MM (1D
Green + NIR

LSWI (Xiang va nnk, 2020):
NIR — SWIR

" NIR+ SWIR

MSI (Hunt va Rock, 1989):

SWIR
NIR
NDVI (Tucker, 1979):

NDVI = M 4)
NIR + Red

NDDI (Gu va nnk., 2007):
NDDI — NDVI — NDWI 5)
NDVI + NDWI
SAVI (Huete, 1988):
_ (I+L)(NIR—Red)
NIR+ Red + L
VCI (Kogan, 1995):
NDVI - NDVI, .

Cl = x100 (7)
NDVI _—NDVI

min

LSWI )

MSI = 3)

SAVI

,L=05 (6)

TCI (Kogan, 1995):

r -T
TCl = —=——x100 (8)

VHI (Kogan, 1997):
VHI =a-VCI+(1-a)-TCI,a=0,5  (9)
TVDI (Sandholt va nnk., 2002):

T; — I;min (ND V])

T. (NDVI)-T, (NDVI)

smin

TVDI =

(10)

Buwdéc 3: Khéi tao bé dir liéu mdu

Dua trén cac chi s6 han han da tinh toan, buwéc
tiép theo trong quy trinh nghién ctru la xay dung
bd dir liéu huin luyén cho cdc m6 hinh hoc may.
Trong giai doan nay, chi s6 TVDI dwoc st dung
lam co s¢& d€ gan nhan mrc d6 han han cho cac
diém anh. TVDI 1 chi s6 phan anh truc tiép mirc
d6 khé han bé mat, duoc tinh toan tir moi quan hé
gitta nhiét do bé mat diat (Land Surface
Temperature - LST) va chi s6 NDVI, do d6 rat phu
hop dé phan viing han han (Trinh, 2014).

Gia tri TVDI dwogc chia thanh nam khoang
ngudng, twong rng véi nam mirc dd han han nhw
sau (Chen va nnk., 2023):

0,0+0,2: Khong han,

0,2+0,4: Han nhe,

0,4+0,6: Han trung binh,

0,6+0,8: Han nang,

0,8+1,0: Han rit nang.

Tl phan vung theo chi s6 TVDI, nghién ctru
tién hanh xay dung bo dir liéu huin luyén theo
kich ban phan loai da 1ép, véi muc tiéu nhan dién
chinh xac cac mirc d6 khac nhau ctia han han theo
khéng gian va thoi gian. Viéc phan loai theo nhiéu
mtrc dd han cho phép md hinh hoc may khong chi
phan biét vung c6 va khdng c6 han han, ma con
dinh lwgng dwgc mirc Ao nghiém trong ctia hién
twong han han tai moi thoi diém (Danandeh,
2021).

T mdi nhém han han theo phan loai TVDI,
mot tAp hop diém anh dai dién dwoc chon ngau
nhién, ddm bdo s6 lwong mau twong dwong va
phan bd déu theo khong gian. Cu thé, nghién ctru
lwa chon 200 diém anh tir m6i nhém (téng cong
1000 diém anh) dé tao thanh tip dir liéu huin
luyén va ki€ém tra md hinh. Moi diém dnh mang
nhan twong &ng véi mirc d6 han han tir 1 dén 5,
va di kém v&i b dic trung bao gdm cac gia tri clia
10 chi s6 han han da tinh toan.

Cach tiép can nay cho phép ap dung cic thuit
toan hoc may trong bai toan phan loai da 16p
(multi-class classification), qua d6 nang cao kha
nang nhin dién chinh xac va chi tiét ban d6 nguy
co han han trén toan khu vuc nghién ctru. D liéu
huln luyén dwoc xay dung dam bao tinh dai dién
ca vé khong gian va mirc d han, la yéu t6 nén tang
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quan trong cho cic buwéc hudn luyén va danh gia
mo hinh & cac giai doan tiép theo.

Bwéc 4: M6 hinh héa dw bdo nguy co han hdn
bdng hoc mdy

Sau khi hoan tat qué trinh xay dung bo dit liéu
huan luyén véi cac nhdn han han phan cip theo
chi s6 TVDI, nghién ctru tién hanh bwéc mé hinh
hoa nham xay dwng céng cu du bdo nguy co han
han tai khu vuc nghién ctru. Trong buwéc nay, cac
thuit todn hoc may dwoc ap dung dé hoc tir moi
quan hé gitra cic dac trung dau vao va mirc do han
han, ttr d6 tao ra mo6 hinh c6 kha nang dw bao mirc
d6 han cho nhitng diém anh chwa biét nhan.

Ba mo hinh hoc may phé bién va hiéu qua
dwoc lwa chon dé€ so sanh va danh gia hiéu sut
trong nghién cru bao gom: Random Forest (RF),
Support Vector Machine (SVM) va Gradient Tree
Boosting (GTB). Pay la cac thuit toan c6 kha nang
xtr ly tot dir liéu phi tuyén tinh, da chiéu va thwong
dwoc st dung trong cac bai toan phan loai anh
vién thdm (Maxwell va nnk., 2018).

Random Forest (RF) la mot phwong phap hoc
may dwa trén t0 hop nhiéu ciy quyét dinh
(Breiman, 2001). Mdi cay hoc tir mdt mau ngiu
nhién cda dir liéu va két qua cudi cung dwoc 1dy
theo nguyén tic bo phiéu da s6. U'u di€ém chinh ctia
RF 1a kha nang chong overfitting t6t, hoat dong
hiéu qua véi dit liéu ¢ nhiéu chiéu va khong yéu
ciu gia dinh phan phdi cua dir liéu.

Support Vector Machine (SVM) la mot thuat
toan phan loai manh, hoat déng trén nguyén ly tim
siéu phang t6i wu d€ phan tach cic 16p dir lieu
(Suthaharan, 2016). Trong trwong hop div liéu
khong tuyén tinh, SVM st dung cac ham kernel dé
anh xa dit liéu sang khong gian ddc trung cao hon,
giup tang kha nang phan biét giita cac 16p. Tuy
nhién, SVM thwong yéu ciu tinh chinh tham s6 ki
lwdng va khong linh hoat bang RF khi s6 16p phan
loai tang cao.

Gradient Tree Boosting (GTB) la m6t thuat
toan boosting két hgp nhiéu ciy quyét dinh theo
chudi, trong d6 mdi cdy méi dwoc huin luyén
nham gidm sai s6 con lai tir cay trudc (Friedman,
2002). GTB thwong cho dd chinh xac cao nhung
yéu cau thoi gian huln luyén 14u hon va cé nguy
co overfitting néu khong kiém soét t6t cac siéu
tham s0.

D€ danh gia hiéu nang mé hinh, dir liéu dwoc
chia thanh hai tip: tdp huan luyén (70%) va tip

kiém tra (30%). CAc m6 hinh dwoc huin luyén
trén tip huin luyén va sau dé dwoc ap dung dé
phén loai cic diém trong tip kiém tra. Cac chi sd
danh gia bao gobm do chinh xac téng thé (ty 1é giira
s6 diém phan loai ddng va tong s6 diém kiém tra)
va hé s6 Kappa dwoc st dung dé so sanh hiéu qua
gitra cac mo hinh.
Buwéc 5: Dw bdo va xdy dwng bdn do nguy co han
hdn

Sau khi chon dwoc mo hinh c6 hiéu suit tot
nhit, md hinh nay dwgc 4p dung 1én toan bo tip
dirliéu dnh vién tham tai tinh Quang Tri d€ dw bao
ban d6 nguy co han han. Méi diém anh dwoc gan
mot gia tri dw bao twong rng véi mot trong nam
murc dé6 han han. Két qua dwoc trinh bay dwdi
dang ban d6 phan vliing nguy co han han theo tirng
nam, thé hién sy thay d6i khong gian ctia han han
trong giai doan tir 2016 dén 2025.

Pong thoi, nghién cliu tién hanh so sanh sy
thay déi dién tich cac viing han qua cac ndm, ddnh
gia sy thay di ctia han han theo thoi gian.

3. Két qua va thao luin

Hinh 3 va Hinh 4 In lwot trinh bay chudi hinh
anh Landsat va Sentinel-2 theo nam khu vic tinh
Quang Tri giai doan 2016 - 2025. Cac hinh anh
dwoc bién tip theo t6 hop mau R-G-B (do, xanh
luc, xanh lam) nham n6i bat cac dic diém bé mit
nhu thuc vat, dat va nwdc. Chudi hinh anh cung
cip cai nhin trwc quan vé téc do thay déi canh
quan tai Quang Tri. Pong thoi, bd dit liéu la hinh
anh diu vao cho cac buérce tinh toan tiép theo.

Hinh 5 hién thi hinh &nh chi s6 TVDI khu vuc
tinh Quang Tri tir ndm 2016 dén 2025, phan 4nh
murc d6 kho han dua trén méi quan hé gitra nhiét
d6 bé mat va do che phu thuc vat. Chisd TVDI dao
déng tir 0 (Am woét) dén 1 (kho han), véi thang
mau tir den téi tring. Trong giai doan tir nim
2016 dén nam 2018, phan lén khu vuc c6 mau
xam va xam dam, dic biét & viing mién nui phia
Tay, cho thiy diéu kién 4m wat, gia tri TVDI thip.
Khu vuc phia Pong c6 mau sang hon, bao hiéu kho
han nhe (gia tri TVDI tang). Tiép theo, &nh TVDI
nam 2019 va ndm 2022 c¢6 mau sang véi nhiéu
khu virc chuyén sang mau xam nhat va trang dic
biét & viing dong bang phia Dong, cho thiy kho
han gia tang (TVDI tién gin 1). Bén canh d6, twr
nam 2023 dén ndm 2025, xu hwéng kho han giam
dan vé&i cac hinh anh ¢6 thang mau téi hon.
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Hinh 3. Hinh dnh Landsat khu vic tinh Qudng Tri giai doan 2016-2025.
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Hinh 5. Hinh dnh chi s6 TVDI khu vwc tinh Qudng Tri giai doan 2016-2025.

Tiép theo, cic tham s0 cta thuét todn GTB va
RF dwoc tdi wu vdi s6 lwong ciy (numberOfTrees)
1a 200. D3i véi thuat toan SVM, tham s6 cost duoc
datla 100. Cac tham sé con lai ciia cac thuat toan
dwoc dit theo gia tri mac dinh. Két qua phan loai
han han ndam 2025 cho thiy thuit toan GTB cho
két qua t6t nhat, do chinh xac cao nhat véi chi s6
do6 chinh xac téng thé va hé s6 Kappa lan lwot la
91,67% va 0,89, hiéu qua hon RF va SVM (lan lwot
c6 do chinh xac tong thé 1a 90,33% va 89,00%, hé
s6 Kappa 1a 0,87 va 0,86).

Do dat hiéu qua cao nhit, thuit todn GTB da
dwoc lwa chon dé thanh 14p ban d6 dw bao nguy co
han han giai doan 2016-2025 tai khu vyc nghién
ctru tinh Quang Tri. Hinh 6 trinh bay két qua phan
loai han han khu vuc tinh Quang Tri giai doan
2016-2025 theo thuat toan GTB

Bang 1 va Bang 2 trinh bay dién tich va ti 1é
dién tich han han khu vuc tinh Quang Tri giai doan
2016-2025. Trong su6t giai doan nghién ciru, dién
tich khéng han tai tinh Quang Tri ludn chiém ty 1&
rat thap. Giai doan 2016-2019, dién tich khong

han gan nhu bang 0, phan 4nh tinh trang kho han
phd bién va kéo dai trén toan tinh. Nam 2020 ghi
nhan sy cai thién rd rét voi dién tich khong han
dat 809,63 km? (16,71%), tuy nhién, cAc ndm sau
do, ty 1é nay lai giam manh, dao dong tir 0,00% dén
5,45%. Diéu nay cho thay, mic du c6 nhirng nim
diéu kién khi hau thuin loi hon, nhung xu hwéng
chung vAn 13 nguy co han han bao trum hiu hét
toan khu virc.

Bén canh do, dién tich han nhe giai doan
2016-2017, chiém ty 18 thip, tir 1,60% dén 9,09%.
Tuy nhién, nam 2018 ti 1€ nay tang ty lé nay tang
vot 1én t&i 19,26%. Nam 2019, dién tich han nhe
chi dat 1,32 km? (0,03%) phan &nh diéu kién khi
hau kho han dang mé rong. Giai doan 2020-2025,
dién tich han nhe dao dong manh, ting cao nam
2023 (26,04%), sau d6 giam dan vé mirc thip hon
6,83% roi tang 1én 66,51%. Xu hwéng nay cho
thiy sw thay d6i that thuwong, c6 thé do bién dong
vé mwa mua kho hodc tac déng cda cac bién phap
diéu tiét nwoc.
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Hinh 6. Két qud phdn loai han hdn khu vwec tinh Qudng Tri giai doan 2016-2025 theo thudt todn GTB.

Bdng 1. Dién tich va ti Ié dién tich han hdn khu vwc tinh Qudng Tri giai dogn 2016-2020.

Dién tich 2016 2017 2018 2019 2020
i km? % km?2 % km?2 % km?2 % km?2 %
Khéng han 0,09 0,00 | 2,10 0,04 | 17,40 | 0,36 0,23 | 0,00 | 809,63 | 16,71
Han nhe 77,69 1,60 | 440,25 | 9,09 | 933,11 | 19,26 | 1,32 | 0,03 [1083,93| 22,37

Han trung binh | 3880,25 | 80,08 |3635,53| 75,03 |3512,94| 72,50 | 389,67 | 8,04 |1892,98| 39,06

Han ndng 846,98 | 17,48 | 663,80 | 13,70 | 373,94 | 7,72 |4026,70/ 83,10 | 825,95 | 17,04

Han rat ndng 40,75 0,84 | 104,09 ] 2,15 8,36 0,17 1427,84 | 8,83 | 233,27 | 4,81

Bdng 2. Dién tich va ti Ié dién tich han hdn khu vurc tinh Qudng Tri giai doan 2021-2025.

Dién tich 2021 2022 2023 2024 2025

i km? % km? % km?2 % km?2 % km?2 %
Khoéng han 2,34 0,05 0,16 0,00 | 14,77 | 0,30 1,99 0,04 | 264,22 | 5,45
Han nhe 655,46 | 13,53 | 0,47 0,01 [1261,96| 26,04 | 331,08 | 6,83 |3223,08/66,51

Han trung binh| 3521,98 | 72,68 | 94,10 | 1,94 [2899,41| 59,83 |3640,01| 75,12 |1070,80|22,10

Han ndng 582,31 | 12,02 |4359,77| 89,97 | 583,33 | 12,04 | 852,58 | 17,59 | 272,38 | 5,62

Han rit ndng 83,67 1,73 [391,25| 8,07 | 86,29 | 1,78 | 20,10 | 0,41 | 15,27 | 0,32
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Han trung binh la méc d6 pho bién nhit trong
giai doan 2016-2018, chiém tir 72+80% dién tich
tinh. Tuy nhién, ttr nam 2019 tré di, dién tich han
trung binh gidm din, dat 39,06% vao nam 2020.
Nam 2021, ty 1é nay tang tré lai 1én 72,68%,
nhung sau dé tiép tuc suy gidm lién tuc, xudng
mirc 22,10% vao nam 2025. Sy giam sut nay phan
anh sy chuyén dich tir mirc d6 han trung binh sang
han ndng hodc rat ning, cho thiy tinh trang kho
han ngay cang nghiém trong.

Ngoai ra, nam 2016, dién tich han nang chiém
17,48%, nhung tang manh tirnam 2018 tré di, dat
dinh diém vao nam 2019 véi 83,10% - ndm cé
dién tich han ndang lén nhit trong giai doan 2016-
2020. Twr 2021-2022, ty 1é han niang c6 sw bién
déng manbh, tang tir 12,02% lén dén 89,97%. Xu
hwéng nay cho thiy han ndng dang tré thanh mirc
do6 chiém wu thé, 1a ddu hiéu dang lo ngai cho moi
trwong va san xuit nong nghiép khu vwec. Giai
doan 2023-2025 ghi nhan dién tich han nang c6
sw gidm dan (Cong thong tin dién t& tinh Quang
Tri, 2025b; S& Tai nguyén va M6i trwong tinh
Quang Tri, 2025).

Trong giai doan 2016-2018, dién tich han rit
ndng ludn chiém ty 1é thip (~2%). Tuy nhién, tir
nam 2019, dién tich nay bat dau ting lén, dat
8,83% vao nam 2019 va 8,07% vao nam 2022.
Nam 2025, dién tich han rat ning giam xudng con
0,32%, c6 thé do chuyén dich vé han nang hoac sw
cai thién cuc bd. Mac du dién tich nhd, nhung sw
gia tang cia han rat ndng la du hiéu canh bao vé
mirc d6 ton thwong sinh thai va san xuit cao nhit.

4. Két luan

Nghién ctru dé xuat mo hinh dw bao nguy co
han hén cho tinh Quang Tri bang cach tich hop di
liéu vién tham va thuat todn hoc may. Str dung di
liéu tir vé tinh Landsat va Sentinel-2 trong giai
doan 2016-2025, cac chi s6 han han bao gom
NDVI, LSWI, NDWI, MSI, NDDI, SAVI, VCI, TCI,
TVDI va VHI da dwoc tinh toan dé phan anh tinh
trang do 4m dit va sirc khoe tham thuc vat. Dua
trén chi s6 TVDI, dit liéu dwgc phin loai thanh
nam muirc do han han: khong han, han nhe, han
trung binh, han nang va han rat ning. Tap dir liéu
huén luyén dwoc xay dung bang cach chon ngau
nhién cic diém anh dai dién cho tirng mirc d6 han
han. CAc m6 hinh hoc may gobm Random Forest
(RF), Support Vector Machine (SVM) va Gradient
Tree Boosting (GTB) dworc ap dung dé phan loai va

dw bao nguy co han han. Két qua cho thdy mé hinh
GTB dat do chinh xac cao nhat véi d6 chinh xac
tong thé va chi s6 Kappa lan lwot 1a 91,67% va
0,89, virot troi so véi SVM va RF. Ban d6 phan bo
nguy co han han dwoc xay dwng tir mé hinh GTB
phan anh roé rang cac khu vic ¢6 nguy co han han
cao, dac biét la & phia dong va trung tam tinh
Quang Tri. Nghién ctru khing dinh hiéu qua cta
viéc két hop ditliéu vién tham va ky thuathoc may
trong viéc du bao han han, cung cip cong cu hitu
ich cho cac nha quan ly trong viéc 1ap ké hoach
Urng pho va giam thiéu tac dong cia han han. Mac
du nghién ctru da dat dwoc két qua kha quan,
nhung han ché vé dit liéu vién tham nhw do phan
giai khéng gian, anh hwdng cia miy va thiéu dir
liéu thuc t€ tir cAc tram quan tric cé thé anh
hwdng dén do chinh xac. Cac nghién ctru ti€p theo
can st dung dir liéu da ngubn, 4p dung phwong
phap hoc siu va thuc hién khao sat hién trweong dé
cai thién do chinh xac va tinh kha thi cia m6 hinh.
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