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Xa xi (Cinnamomum parthenoxylon (Jack) Meisn.), mot loai thuc vat gb quy hiém thuoc ho Long
nido (Lauraceae), dang co nguy co tuyét ching tai Viet Nam do suy giam sinh canh va tac dong
ngay cang nghiém trong cta bién d6i khi hau (BDKH). Nghién cttu nay nhim xay dung ban do
phan hang mic d6 phu hop sinh thai cho loai Xa xi tai khu viec Tay Nguyén tng dung thuat toan
MaxEnt trén nén tang dién toan dam may Google Earth Engine, két hop dir lieu phan bo dia ly
ctia loai va cac bién khi hau sinh thai. Sau kich ban khi hau twong lai trong giai doan 2080 - 2100
da duoc stt dung dé du bao su bién dong khong gian song tiém ning cta loai. Két qua cho thay,
duoi tac dong ctia BDKH, cac ving c6 mutc do phu hop sinh thai cao hién nay tap trung chu yéu
tai cac tinh: Lam Déng va Pik Nong, mic du mot s6 ving phit hop cao cho loai trong twong lai
du bao c6 nguy co thu hep va gidm cap do so véi hién tai. Nhitng két qua nay cung cip biang
ching khoa hoc quan trong, gép phan hd tro cong tac quy hoach bao toén, phuc héi sinh canh va
dinh huéng phat trién loai X4 xi bén viing tai vung Tay Nguyén.

Tir khoa: Cinnamomum parthenoxylon, machine learning, Google Earth Engine, phu hop sinh

thdi, mo hinh phan bé'loar.

1. DAT VAN BE

Tich hop mo6 hinh Maximum Entropy
(MaxEnt) trén nén tang dién toan dam may
Google Earth Engine (GEE) da danh dau mot
budc tién quan trong trong linh vigc mé hinh hoa
sinh thai va phan tich phan bé loai, dac biét trong
boi canh danh gia kha ning thich ¢ng cta cac loai
sinh vat voi tac dong ctia bién d6i khi hau (BDKH)
[1, 2]. MaxEnt la mét thuat toan hoc may manh
mé, hoat dong dua trén dir liéu hién dién cuaa loai
va cac bién s6 moi truong dé uwdc luong phan bo
tiém nang cda loai trong khong gian dia ly. Mo
hinh nay ban d4u duoc trién khai duéi dang phan
mém doc lap [3], nhung kha nang tmg dung rong
rdi da thac ddy cac nha nghién ctu phat trién
MaxEnt trén nhiéu nén tang lap trinh khac nhau
[4], tich hop trong cac hé thong téng hop da mo

hinh [5], hodc diéu chinh bing cac phuong phap
mo6 hinh héa tuyén tinh nham nang cao hiéu qua
du doan [6].

Khi duoc trién khai tréen GEE, mo6 hinh
MaxEnt cé kha ning tan dung nguédn dit liéu vé
tinh da dang cung voi nang luc tinh toan manh mé
cua dién toan dam may, cho phép xay dung cac mo
hinh "6 sinh thai" (Ecological Niche Models -
ENMs) v6i do chinh xac cao va thoi gian xt ly
nhanh. Diéu nay déng vai tro quan trong trong
viec danh gia mirc d6 phu hop vé mit sinh canh
cua cac loai duoi tac dong cua cac kich ban khi
hau khéc nhau [7]. GEE cung cip mot hé sinh thai
dit liéu toan dién, bao gom cac anh vién tham tu
Landsat, Sentinel, MODIS, cling cac tap dit liéu vé
khi hau, dia hinh, tham thuc vat va cac bién sinh
thai khac [8]. Bén canh do, cac cong doan tién xt
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ly dix lieu nhu hiéu chinh btc xa, loai bé may va
chuin hoa dir lieu duoc thuc hién déng bo, gop
phan giam thiéu sai s6 va nang cao d¢ tin cay cho
cac mo hinh du doan [9].

Loai Xa xi (Cinnamomum parthenoxylon
(Jack) Meisn.), mot loai cay g6 quy hiém, dang co
nguy co tuyét ching trong hé sinh thai rimng nhiét
d6i Viet Nam, 1a doi tuong dac biet phu hop dé ap
dung cic mo hinh MaxEnt trén nén tang GEE nho
kha nang phan tich & quy mé khong gian réng 16n
[7]. Loai nay khong chi c6 tAm quan trong vé mat
sinh thai trong hé sinh thai rimg ma con cé gia tri
thuong mai l6n, cac ung dung gd, nhua, tinh dau
va duoc phdm [10]. Tuy nhién, tinh trang khai thac
qua muc két hop voi 4p luc tt BDKH dang lam suy
giam nghiém trong nguén gen va mat do quan thé
tw nhién cta loai, dua X4 xi vao nhom cac loai can
duoc bao ton va phuc hoi khan cap [11].

Nghién ctru nay huong toi xady dung ban do
phan hang muac d6 thich tng vé6i BDKH cho loai
Xa xi thong qua tich hop dir lieu dia khong gian
trén nén tang dién toan dam may GEE va cac di
lieu khi hau tuong lai tir co s¢ dix litu WorldClim
[12]. M6 hinh duoc thiét 1ap c6 thé tich hop va
chia sé dudi dang tng dung truc tuyén, phuc vu
hiéu qua cho cong tac quy hoach bao ton va quan
ly tai nguyén thién nhién. D€ dat duoc muc tiéu

nghién ctru nay sé trién khai bon budc chinh: (1)
Thu thap va xit ly dix liéu phan b6 thuc té cta loai
cung cac yéu to sinh thai tir nén tang GEE; (2)
Tich hop di lieu khi hau tuong lai theo cac kich
ban phat thai tt WorldClim; (3) Xay dung mo hinh
phan b6 loai bang cac thuat toan hoc may phu hop;
(4) Phan tich sy thay ddi khong gian ctia pham vi
phan b6 nham xac dinh cac ving tiém nang cho
cong tac bao ton thich tng trong diéu kién khi hau
dang bién ddi.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat lieu nghién cttu

Pia diém ghi nhan loai X4 xi

Loai Xa xi duoc khao sat tai khu vuc Tay
Nguyén trong cac chuyén khao sat thuc dia tai cac
tinh: Kon Tum, Gia Lai, Lam Dong va Dak Nong
trong giai doan tit nam 2022 dén nam 2025 da ghi
nhan duoc 152 diém phan b6. Tuy nhién, dé giam
hién tuong qua khép mé hinh, nghién ctru da st
dung ham reduceRegion trong GEE nham loai bo
cac diém trung lap trong ludi 0,5 x 0,5 km2. Cuéi
cling, da loc ra 50 diém khong trung lap (Bang 1),
bang cach so sanh cac gia tri trung binh trong
tieng 0. Phuong phép nay giup gidm thiéu hién
tuong qua khép ctia mé hinh va cai thién do chinh
Xéc trong phan tich phan b6 loai.

Bang 1. Khu vuc thu thap dir liéu c6 loai X4 xi phan bé tai Tay Nguyén

Tinh S0 luc,rr:g ca Sinh canh Khu vuc
thé
Ring tw nhién 14 rong . .
Kon T 3 j - Ve 0 Ngoc Linh
on tum thuong xanh trung binh uon Quoc gia Ngoc Lin
Gia Lai 10 Rimng ty nhién 14 rong Khu Béo ton Thién nhién Kon
thuong xanh trung binh Chu Rang
Rimg tu nhién 14 rong Khu Bao ton Thién nhién
Lam bong 12 thuong xanh giau va trung | BiDoup Nui Ba va Nui Voi, Dirc
binh Trong
Rumg tu nhién 14 rong
bik Nong 25 thuong xanh nui dat trung Vuon Quoc gia Ta bung
binh, ritmg hon giao tre nira

Dé ngan chan sy mat can bing 16p trong mo
hinh hoc may, dit liéu vang mat (gia dinh) duoc tu

dong tao ra trén GEE, dai dién cho cac vi tri cia
loai X4 xi chua duoc quan sat. Trong kich ban nay,
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cac diém c6 mat ky hiéu “1”7, cac diém vang mat
(gia dinh) ky hiéu “0”. Bang cach can bing dir lieu
diém c6 mat va ving mat (gia dinh), kich ban nay
dam bao rang mo6 hinh MaxEnt duoc huin luyén
trén mot mau dai dién cho ca hai 16p. Piéu nay
giup cai thién kha nang ctia mo hinh trong viéc du
doéan sy pht hop ctia moi trueong song cho loai Xa
xi tai khu vuc Tay Nguyén.

Céc bién moi trirong dau vdo

Chi s6 khic bi¢t chuin hdéa thuc vit
(Normalized Difference Vegetation Index - NDVI):
Ban d6 NDVI dugc xay dung tir dit lieu vé tinh
MODIS, (MOD13A1, d6 phan giai 500 m), cung
cap chi s6 NDVI da duoc hiéu chinh va loc may
[13], thoi gian tir ndm 2022 dén nam 2025.

Chi s6 dia hinh, do doc va huong phoi: St
dung DEM ctia NASA chura thong tin d cao voi do
phan gidi khoang 30 m. Tinh toan do doc bing
cach st dung ham “ee.Terrain.slope()” sé giup dua
vé mot hinh anh méi chia gia tri @6 déc cho mdi
pixel. Tuong tu, tinh toan huéng doc bang cach st
dung ham “ee.Terrain.aspect()”, ham nay sé tra vé
mot hinh anh moi chia gia tri huéng doc cho méi
pixel [14].

Chi s6 thé nhuong: St dung dit liéu dat cta
SoilGrids cung cip cac thong tin vé dac tinh thé
nhuong toan cau, véi do phan giadi (250 m) va duoc
tao ra tir dir liéu khdo sat thuc dia toan cau ciing
nhu cac mo hinh hoc mdy. Dit lieu bao gdm nhimg
chi s6 vé ham luong cac thanh phan trong dat
(ham luong mun, sét, cat), do chat, ham luong httu
co, d0 pH va cac dac tinh khac [15]. SoilGrids
phan loai dat theo cac nhom dic tinh thé nhuong
ctia FAO, dt lieu c6 san tren GEE duéi dang dit
lieu do cong dong dong gop, co6 thé st dung truc
ti€p trén nén tang cloud.

Chi s6'sinh khi hu: Dt liéu sinh khi hau nhu:
Nhiét do, lvong mua, cac chi s mua vu nhu luong
mua mua, luong mua cao nhat ctia nim, nhiét do
thap nhat cia nam... dong vai tro thiét yéu trong
phan tich sinh thai [12], dac biét trong viéc xay

dung mo6 hinh héa phan bé loai va danh gia tac
dong cia BPKH. Dw lieu sinh khi hiu cta giai
doan hién tai duoc thu thap tir nguon di lieu dugc
chia sé co san trén GEE, do phan giai 1 km [16].

Kich bdan BPKH: Kich ban du bao cho giai
doan nam 2080 - 2100 duoc luwa chon la 6 kich ban
phat thai trung binh (SSP2-4.5), sau khi duoc tai
xudng tir WorldClim, sé dugc tai lén tir cac tép
riéng vao phan kho dir liéu ca nhan trén tng dung
GEE, duoc dat tén twong tng véi 6 kich ban la:
GISS-E2-1-G, BCC-CSM2-MR, INM-CM5-0, MPI-
ESM1-2-HR, MRI-ESM2-0, UKESM1-0-LL. Diém
chung ctia cac kich ban 1a déu c6 do phan giai 1
km va déu 1a cac moé hinh khi hau toan cau
(GCMs) thudc du 4an CMIP6, déu mo phéng cac
yéu t6 khi hau dua trén cac kich ban phat thai tieu
chudn tir thap dén cao tuong tng nhu SSP1-2.6 9,
SSP2-4.5, SSP5-8.5, phuc vu du bao va danh gia rai
ro khi hau toan cau va khu vuc [17].

2.2. Phuong phéap nghién cttu
2.2.1 Thudét toan MaxEnt

Phuong phap xay dung ban dé phan bé sinh
thai bing thuat toAn MaxEnt trén nén ting GEE,
duoc trién khai qua l6p
“ee.Classifier.amnhMaxEnt”, day la phién ban
MaxEnt tich hop trong GEE, khac vé6i phan mém
MaxEnt doc l1ap vé moéi truong van hanh nhung vé
nguyén ly thuat toan thi tuong tu. Pé st dung
thuat toan nay, da thuc hién cac budc sau: (1) thu
thap, tién xit Iy dit lieu moi trueong va di lieu su co
mit loai tir cac ngudn vién tham co san trén GEE;
stt dung giao dién lap trinh ctia GEE dé trich xuat
cac bién moi truong lién quan; sau d6 4p dung
thuat toan MaxEnt dé mo hinh héa phan bé tiém
ning cta loai dwa trén nguyén ly t6i da hoa
Entropy, nham du doan kha niang xuét hién cta
loai trén khong gian nghién ctu.

Thuat toan MaxEnt duoc stt dung dé xay dung
mo hinh phan bé loai véi dir lieu ghi nhan loai
dang c6 mat va ving mat (gia dinh) [9]. Muc tieu
ctia MaxEnt 1a uéc luong phan bé xac suat téi wu
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cua loai trén khong gian moi truong sao cho
Entropy ctia phan b6 nay dugc t6i da hoa, dong
thoi tuan thi cac rang budc do dit liéu s c6 mat va
ving mit ciing cac bién moi truong cung cap.

Cong thitc toi da héa Entropy duoc biéu dién
nhu coéng thic (1):

max, H(p) = —L,.p(x)logp(x) ()

Véi cac rang budc dua trén dit liéu nhu cong
thic (2):

e =E[flj=1..m @

Trong do6: xla vi tri trong khong gian moi
truong; p(x) 12 xac suat phan bo loai tai vi tri x;
f; ® 1a gia tri ctia bién moi truong thi jtai vi tri x;
E [f}] la gia tri trung binh quan sat duoc cua
bién f; tai cac diém c6 mat hoac ving mat loai;
mla sé luong bién moi truong.

Phan b6 xac suit p(x) duoc biéu dién dudi
dang ham mi theo cong thic (3):

p(x) = zexp(T, 4, () G
Trong d6: Ajla cac tham sO can uéc luong;
Z=Y3, exp(Z}”:l/fj]j.(.\'))lé hing s6 chuin
hoéa dé tong xac suat bang 1.

Céc tham s6 47 duoc udc luong sao cho phan
b6 p(x) phu hop nhat véi dir lieu cé6 mat va vang
mat, déng thoi dam bao Entropy ctia mo hinh la
16n nhat.

2.2.2. Loai bo tuong quan giita cdc tham sé cho
mo hinh

Khi st dung nhiéu bién méi truong trong mo
hinh MaxEnt, viéc lua chon bién phit hop va gidm
da cong tuyén la can thiét dé tranh su phu thuoc
tuyén tinh gitta cac bién. Ky thuat phan tich twong
quan gitta cac bién sinh khi hau, th nhuong, dia
hinh, do doc, huong phoi va NDVI dugc cung cap
tréen nén tang GEE @€ loai bd nhitng bién moi
truong co6 tuong quan cao (r > 0,80), cdp bién sé
duoc luu vao ma tran tuwong quan dudi dang danh

sach (list). Cudi cung, da chon ra 15 tham s6 cho
mo hinh duoc thé hién & bang 2.

2.2.3. Xir Iy va trién khai mé hinh

Sau khi chudn bi dit liéu diém c6 mat va vang
mat (gid dinh), 14y mau di lieu anh tai cac diém
nay. Tiép theo, khéi tao bo phan loai MaxEnt voi
tén thuoc tinh 1op phan loai va danh sach cac bién
moi truong da chon. Cudi cung, ap dung mo hinh
phan loai toan bo anh dau vao nham tim ra ban do
c6 mtc do phan bé thich nghi sinh thai nhat cho
loai Xa xi tai khu vuc Tay Nguyén.

224 Danh gid do chinh xdc cua moé hinh
phan bo phu hop sinh thdi cua loai X4 xi

Trong méi truong GEE, thuat toan MaxEnt
duoc trién khai dé xt ly cac tap di lieu lon, giup
danh gia mitc d6 quan trong cta timg bién moi
truomg, tao ban d6 phan bé tiém nang cda loai va
danh gia hiéu suat mo hinh thong qua chi s6 AUC
(Area Under the Curve) la dién tich dudi duong
cong danh gia phan loai nhi phan ROC (Receiver
Operating Characteristic), phan anh kha nang xép
hang cac vi tri theo kha niang phu hop sinh thai.
Néu AUC nam trong khoang 0,7 - 0,9, mo hinh nay
duoc danh gia 12 c6 do chinh xac tir chdp nhan
duoc dén tot [18, 19].

22.5. Bién tap ban do phan hang muic do phu
hop sinh thai

Két qua cudi cing ctia quy trinh trén sé cung
cap dir lieu khong gian, biéu dién thong tin theo
ma tran cac 6 vuong (pixel), moéi 6 mang mot gia
tri xac suat phan bo loai (gia tri pixel tir 0 - 1). Sau
khi duoc trich xuat ra Google Drive va duoc bién
tap thanh ban do trong phan mém QGIS 3.34.14
[20].

Dua trén khoang gia tri, phan chia thanh 5 16p
theo nguong phu hop sinh thai: Cap 1: 0,0 - 0,2
(thdp nhat); cap 2: 0,2 - 0,4 (thap); cap 3: 0,4 - 0,6
(trung binh); cap 4: 0,6 - 0,8 (cao); cap 5: 0,8 - 1,0
(cao nhat) [2, 19].

NONG NGHIEP VA MOI TRUSNG - KY 2 - THANG 6/2025 91



KHOA HOC & CONG NGHE

Bang 2. Cac tham sé trong mé hinh phti hop sinh thai loai Xa xi

Tl;z,m Dién giai Ponvi | Do phan gii mlsuggﬁ ;1gghi
Al Do chua hoic do kiénll ctia dat khi dat duoc 250 m [19, 21, 22]
hoa tan trong nuéc cat (H,O) theotyle 1: 1
A2 Ham luong mun trong 16p dat mat g/kg 250 m
A3 Ham luong téng gito trong mau dat kho & cg/kg 250 m
tang mat
A4 Do cao dia hinh m 30 m
A5 Hudng phoi dia hinh 30m
A6 Nhiét do trung binh hang nam °C 1km [7, 23, 24]
A7 Khoang nhiét 6 trung binh ngay dém °C 1km
A8 Dbuong ding nhiét % 1km
A9 Nhiét d60 mua °C 1km
Al10 Luwong mua hang nam mm 1km
All Luong mua ctia thang kho nhat mm 1km
Al12 Luong mua ciia mua mm 1km
A13 Luong mua ctia quy 4m nhat mm 1km
Al4 Luong mua ctia quy lanh nhat mm 1km
A15 NDVI 1km [25, 26]

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Phan viing phu hop sinh thai cho loai Xa
xi & giai doan hién tai

Két qua mo hinh hoa phan bo loai X4 xi tai
khu vuc Tay Nguyén st dung thuit toAn MaxEnt
trén nén tang dién toan dam may GEE da cho
thdy, st phan héa ro nét vé mic do pht hop sinh
thai trén pham vi 5 tinh thudc khu vuc nghién ctiu
(Hinh 1). M6 hinh da x4c dinh 5 16p phan hang vé
miuc d6 phu hop sinh thai, phan anh kha nang dap
tng ctia moi truong doi voi cac diéu kién sinh
trudng va phat trién toi wu cta loai.

Dién tich phan bé tiém nang duoc phan loai
theo 5 muc do thich nghi sinh thai: Rat thap, thap,
trung binh, cao va rat cao (Hinh 2). Tai ba tinh
phia Bac Tay Nguyén 1a Kon Tum, Gia Lai va bak
Lak, dién tich c6 mutc do pht hop sinh thai rat thap
chiém wu thé tuyet doi, voi téng dién tich tuong
ung lan luot khoang 593.000 ha, 1.200.000 ha va
963.000 ha. Trong khi d6, dién tich c6 mic do phu
hop cao va rat cao gan nhu khong dang ké. Diéu
nay cho thdy, phan l6n dién tich tw nhién tai ba
tinh nay chua hoi tu day da cac diéu kién sinh thai
can thiét cho su ton tai va phat trién bén vimg cta
loai X4 xi, ngoai trir mot s6 ving c6 diéu kién vi
khi hau hodc thé nhuong dic biét.
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Nguoc lai, tai tinh Dak Nong, mé hinh cho
thdy su phan b6 sinh thai c6 xu huéng tich cuc
hon véi dién tich thuoc mitc phu hop trung binh
dat khoang 274.000 ha va muic phu hop cao dat
khoang 150.000 ha. Cac vung c6 muc do phu hop
thap va rat thap chi chiém mot ti 1é nhé. Diéu nay
phan anh su twong thich cao hon cta cac diéu kién
sinh thai tai tinh Dak Nong déi véi loai Xa xi, mé
ra co hoi dang ké cho cac chuong trinh trong rimg
hoic phuc héi quan thé loai trong khu vuec.

Dang chu y, tinh Lam Dong duoc x4c dinh 1a
khu vyc ¢6 mtc do phu hop sinh thai cao nhat cho
loai X4 xi tai Tay Nguyén, voi dién tich phan bo

tiém nang & mtc cao, dat khoang 400.000 ha va rat
cao khoang 147.000 ha. Ty lé dién tich & muc rat
thap va thép tai tinh nay 1a khong dang ké. Nhimng
két qua nay cho thdy, Lam Dong va Dak Nong 1a
hai tinh c6 tiém nang l6n nhat trong viéc quy
hoach, phat trién va bao ton loai X4 xi trén co s&
sinh thai.

Nguoc lai, cac khu vuc con lai ctia Tay Nguyén
chi c6 mitc @6 phu hop sinh thai han ché, cho thay
su can thiét ctia viéc lwa chon vi tri trong uu tién
két hop voi cac bién phap ky thuat can thiép
(cham séc, cai tao dat, che pha...) néu cé nhu cau
phat trién loai & quy mo nhoé hodc thi diém.

108.0 109.0

[ Phu hop rit thap
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Phu hop trung binh | -
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Hinh 1. Ban d6 phan hang mc @6 phit hop sinh thai cho loai X4 xi & Tay Nguyén
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Nhin chung, ban d6 phan ving mitc do phu
hop sinh thai (Hinh 1) déng vai tré nhu mot cong
cu quan trong trong coéng tic quy hoach vung
trong va bao ton loai X4 xi, dac biét trong boi canh
BDKH va ap luc tit chuyén d6i muc dich st dung

Hon nira, két qua nghién ctu ciing gép phan
lam sang té cac yéu to sinh thai chi phoi su phan
b6 hién tai cta loai X4 xi, tao nén tang cho cac
nghién ctu ti€ép theo nham moé hinh héa nguy co
thu hep ving phan b6 trong tuong lai dudi tac

dat ngay cang gia ting. Ban d6 nay cung cip can dong téng hop ctia bién d6i khi hau va thay déi st

ctr khoa hoc can thiét cho viéc dinh huéng chién

dung dat. bay 1a huéng tiép can quan trong dé

luoc bao tén tai chd va phuc hdi ngoai pham vi nang cao hiéu qua quan ly va bao téon khong chi

phan bé te nhién, déng thoi hd tro cac co quan
quan ly, nha hoach dinh chinh sach va cong dong

loai X4 xi, ma con cac loai cé gia tri tuong tu trong
chi Qué va cac loai ban dia khac tai khu vuc Tay

dia phuong xac dinh cac ving wu tién cao trong Nguyen. .
. 2 AA 1 o . , N
cong tac bao ton da dang sinh hoc. 3.2. Panh gia do ,chmh x4c va 6n dinh cila mo
hinh du do4n phan b6 loai
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Hinh 2. Dién tich (ha) cic viing phit hop sinh thai cho loai X4 xi & Tay Nguyén
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Dé danh gia do tin cay va do 6n dinh ctia mo
hinh phan b6 loai X4 xi, mé hinh MaxEnt da duoc
lap lai nhiéu 14n véi cac gia tri khéi tao khac nhau
cho b6 sinh s6 ngau nhién “seed”. Viéc thay déi
gia tri khoi tao nay cho phép kiém tra tinh 6n dinh
ctia mo hinh va kha nang tai lap két qua, tir d6 lua
chon gi tri “seed” cho dau ra c6 hiéu suat du doan
tot nhat hodc 6n dinh nhat. Phuong phéap nay dong
thoi dam bao tinh ngau nhién co kiém soat, tao
diéu kien cho viéc so sanh va danh gia do chinh
xac mot cach nhét quan gitra cac 1an chay mé hinh.

Khong giong nhu cac mo hinh du doan hién
dién - tiém nang thong thuong, dau ra ctia MaxEnt
trong nghién ctu ndy duoc hiéu la mac do6 phu
hop sinh thai ctia moéi truong thay vi xac suat hién
dién thuan tuy [27]. Két qua danh gi4 hiéu suit mo
hinh thong qua chi s6 AUC la dién tich dudi duong
cong ROC cho thdy, gia tri AUC cao nhat dat duoc
1a 0,800 khi sir dung “seed” = 500, day cing la gia
tri cao nhat trong s6 69 lan chay lap lai cia mo
hinh.

Gia tri AUC nay cho thdy, mo hinh c6 hieu
nang du doan kha tot va cac bién moi truong dau
vao duoc st dung c6 kha nang gidi thich dang ké
su bién thién khong gian trong phan bd sinh thai
tiém nang cuda loai X4 xi tai khu vuc Tay Nguyen.
Tuy nhién, nghién ctru ciing nhan thay ring, dé
nang cao do chinh xac ctia mo hinh, can tich hop
thém cac yéu t6 sinh thai vi mé khac (vi du: tham
thuc vat, dac diém dat,...), hoac cai thiéen do phan
giai va tinh dai dién cta cac tap dir lieu dau vao.
Diéu nay diac biet quan trong trong boi canh
BDKH va nhu cau du bao phan bo loai mot cach
chinh x4c hon nham phuc vu quy hoach bao tén
hiéu qua.

3.3. Dy bao viing phiu hop sinh thai trong
tuong lai cho loai Xa xi tai Tdy Nguyén

Két qua mo phong viung phu hop sinh thai
tiém nang cta loai X4 xi dudi tac dong cia BbKH

duoc thuc hién theo kich ban phat thai trung binh
SSP2-4.5 cho giai doan 2080 - 2100, st dung 6 mo
hinh khi hau toan cau: (1) GISS-E2-1-G, (2) BCC-
CSM2-MR, (3) INM-CM5-0, (4) MPI-ESM1-2-HR,
(5) MRI-ESM2-0 va (6) UKESM1-0-LL. Két qua
phan tich titr cic m6 hinh nay cho thay, xu huéng
nhat quan vé su bién ddi khong gian phan bé sinh
thai tiém nang cda loai trong bdi canh khi hau
tuong lai (Hinh 3).

Tat ca cac kich ban déu du bao rang, ving cé
muc do phu hop sinh thai cao va rat cao cua loai
X4 xj tiép tuc tap trung cht yéu tai khu vuc phia
Nam Tay Nguyén, dac biét 1a & 2 tinh Dak Nong va
Lam Déng. Trong d6, cac khu vuc phia Nam tinh
bik Nong va phan 16n dién tich tinh Lam Dong
van duy tri dién tich twong do6i lon c6 muic do phu
hop trung binh dén cao méc du c6 sy BDKH trong
tuong lai. Pay duoc xem la cac "ving sinh thai vu
tien" cé tiém nang cao cho bao ton va phat trién
loai trong diéu kien BDKH.

Tuy nhién, dang lvu y 1a cac vung sinh thai
phtt hop nay c6 xu huéng bi suy gidm ca vé dién
tich 1an muitc o phu hop, vdi ty 1é thu hep len toi
75% so voi hién tai trong mot so6 kich ban. Nhitng
bién ddi nay phan anh tac dong tiéu cuc dang ké
ctia BDKH dén viing phan b6 tiém ning cda loai,
dong thoi lam gia ting nguy co phan manh sinh
canh va mat kha ning thich nghi sinh théi trong
mot s6 khu vuec.

Nguoc lai, cac tinh Kon Tum, Gia Lai va phan
16m dién tich tinh Dak Lik tiép tuc duoc du bao 1a
c6 muc do phu hop rat thap dén thép, tuong tu nhu
hien trang, cho thdy it c6 kha ning ho tro su phat
trién bén vitng ctia loai X4 xi trong twong lai gan.

bang chu y, téng s6 3/6 kich ban la BCC-
CSM2-MR, INM-CM5-0 va MRI-ESM2-0 du bao
cac vung sinh thai phtt hop cao va rat cao cé tinh
lién tuc khong gian cao va it bi phan manh hon so
voi cac kich ban con lai.
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Mic du vay, mot s6 kich ban (GISS-E2-1-G, nghiém trong vé xu huéng thu hep sinh canh tiém
BCC-CSM2-MR, INM-CM5-0 va UKESM1-0-LL) du  niang, doi hoi co cac chién lugc bao tén chia dong
béo rang, cac viing c6 mutc d6 pht hop cao nhatsé  (bao ton tai chd va chuyén vi).
gan nhu bién mat khoi khu vyc Tay Nguyén vao 3.4. Xu huéng dich chuyén va thu hep sinh
cudi thé ky XXI. Nhitng nhan dinh nay la canh bao canh ctia loai X4 xi duéi tac dong ctia BDKH
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Hinh 3. Ban d6 di bao mitc d6 phit hop sinh thai cho loai X4 xi, giai doan 2080 - 2100 & Tay Nguyén, theo 6
kich ban BDKH. Trén ban db, tir 1 - 6 tuong tmg véi két qua mé hinh stt dung kich ban BDKH: (1) GISS-
E2-1-G, (2) BCC-CSM2-MR, (3) INM-CM5-0, (4) MPI-ESM1-2-HR, (5) MRI-ESM2-0, (6) UKESM1-0-LL
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Phan tich két qua mo hinh hoéa phan bé sinh
thai trong tuong lai cho loai X4 xi cho thdy, xu
huong ro rét vé su dich chuyén ving pht hop sinh
thai theo truc vi do, dac biét la vé phia bac Tay
Nguyén. Thay vao d6, cac vung sinh canh phu hop
c6 xu huéng duy tri va tai cau truc cha yéu trong
pham vi 2 tinh Diak Nong va Lam Dong. Day 1a
nhimg khu vuc c6 dic diém dia hinh nui cao va diéu
kién khi hau dic thu, cho phép duy tri sinh canh
twong do6i 6n dinh cho loai trong bdi canh BDKH.
So voi hién trang, cac ban do du bao déu cho thay,
viing c¢6 muc do phit hop sinh thai cao sé thu hep vé
dién tich va gidm cap do, dac biét Ia tai cac khu vuc
phia Pong tinh Lam Déng. Déng thoi, dién tich
thuoc cac 16p phu hop trung binh va thap co xu
huéng gia tang. Su suy gidm cac vung sinh canh toi
uwu nay phan anh tac dong tieu cuc ctia BDKH dén
pham vi phan bé tiém ning cta lodi trong tuong lai
gan. Nhitng phat hién nay phu hop véi cac nghién
ctu trude day tai Viet Nam, dac biét 1a cac loai phu
thuoc vao diéu kién khi hau 6n dinh va sinh canh tu
nhién, dang phai d6i mat v6i nguy co suy giam dieén
tich sinh canh t6i wu va tang tinh dé tén thuong
trudc cac kich ban khi hau cuc doan [28]. Két qua
nghién cttu nhin manh vai tro then chét cta viéc
bao vé va phuc hoéi cac hé sinh thai rimg dic trung
tai cac tinh Dak Nong va Lam Déng, noi duoc xem
1a cac “hanh lang sinh théi” trong yéu trong chién
luoc bao ton loai X4 xi. Bén canh d6, su khac biét
dang ké vé du bao gifra cac kich ban khi hau toan
cau cang 1am ndi bat tAm quan trong clia viéc xay
dung mé hinh st dung da kich ban trong nghién
ctru du bao phan b loai [29].

3.5. Nhitng han ché trong mé6 hinh dir doan
phan bo sinh thai cta loai Xa xi

Mic du mé hinh MaxEnt cho két qua phan
ving pht hop sinh thai c6 do chinh xac twong doi
cao, van ton tai mot s6 sai lech khong thé b qua
gitta két qua mo hinh va thuc té€ phan bd cua loai
X4 xi tai Tay Nguyén. Cu thé, mot so khu vue duoc
mo hinh xac dinh 1a c6 mitc d6 pht hop cao nhung
lai khong ghi nhan su hién dién cta loai trong thuc
dia. Hién tuong nay c6 thé duoc ly gidi bdi cac yéu
to lich st (qua khtr khai thac qua muc hodc tuyét

ching cuc bg), canh tac nong nghiép lam thay déi
sinh canh, hoac cac rao can sinh hoc va sinh thai
can tr& su ton tai cia quan thé. Nhitng phat hién
nay tuong déng voi cac nghién ciu trude do [30,
31], theo @6 khong phai moi khu vuc c6 diéu kién
sinh thai pht hop déu cé sy hién dién thuc té cta
loai, do anh hudng cta cac yéu t6 ngoai moé hinh
nhu tinh két néi canh quan, han ché vé phat tan,
ho4c can thiép ctia con nguoi. Do do, dé tiép tuc
nghién ctru bao ton loai X4 xi trong tuong lai, rat
can khao sat thuc dia dé cap nhat mo hinh.
4. KET LUAN

Két qua mo6 hinh héa phan bé sinh canh st
dung nén tang dién toan dam may da goép phan
lam sang t6 cac ving sinh thai tiém nang phu hop
cho loai Xa xi tai khu vuc Tay Nguyén, Viét Nam
trong ca hién tai va cac kich ban bién ddi khi hau
tuong lai. Vung phan bé phu hop chu yéu tap
trung tai hai tinh Lam Déng va Bak Nong, noi thé
hién mac do phu hop sinh thai cao va 6n dinh
nhat. Sau kich ban khi hau twong lai duoc tich hop
trong moé hinh cho thdy mtc do nhéit quan tuong
d6i vé xu huong thay d6i phan bo tiém nang cda
loai. Tuy nhién, maic d6 tac dong va do chi tiét
trong du bao co su khac biét dang ké gitra cac kich
ban. Cu thé, 3 kich ban (BCC-CSM2-MR, INM-
CM5-0 va MRI-ESM2-0) phan anh xu huéng thu
hep hoac suy giam cac viing c6 mixc @6 phu hop
sinh théi cao, cho thdy 4nh huéng & mic trung
binh cia BDKH dén sinh canh phu hop sinh thai
ctia loai. Trong khi d6, 3 kich ban con lai (GISS-E2-
1-G, MPI-ESM1-2-HR va UKESM1-0-LL) du bao su
bién mat gan nhu kha 16n ctia cac khu vuc cé mirc
do phu hop cao vao cudi thé ky XXI (giai doan
2080 - 2100), dac biét dudi cac kich ban khi thai
cao. Nhimg két qua nay cung cdp bing ching
khoa hoc c6 gia tri, giup dinh huéng wu tién khong
gian trong cong tac bao tén loai X4 xi tai Tay
Nguyén. Déng thoi, nghién ctu ciing gép phan
xac dinh cac vung sinh thai thich nghi cao trong
tuong lai, hé tro qua trinh quy hoach bao ton loai
dua trén kha nang thich tng véi boi canh BDKH
ngay cang gia tang.
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CLOUD-BASED HABITAT SUITABILITY MAPPING FOR CLIMATE CHANGE ADAPTATION OF
Cinnamomum parthenoxylon IN CENTRAL HIGHLANDS, VIETNAM
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Abstract

Cinnamomum parthenoxylon (Jack) Meisn. is a tree species belonging to the genus
Cinnamomuim that is currently endangered in Vietnam. In this study, we developed a habitat
suitability model and projected future climate change impacts on the distribution of species using
15 geospatial variables available on the Google Earth Engine platform. Future distribution
projections were made for the period 2080 - 2100 under six medium-emission climate change
scenarios (GISS-E2-1-G, BCC-CSM2-MR, INM-CM5-0, MPI-ESM1-2-HR, MRI-ESM2-0, and
UKESM1-0-LL). The results identified ecologically suitable areas for C. parthenoxylon in Central
Highlands region. The MaxEnt algorithm, based on presence-pseudoabsence data, was applied
to model habitat suitability zoning for the species. Model performance was evaluated using the
Area Under the Curve (AUC) metric. The results revealed that Dak Nong province had over
157000 ha of highly suitable habitat, while Lam Dong province had more than 151000 ha
classified as very highly suitable for C. parthenoxylon. Climate change projections suggested that
some areas currently identified as highly or very highly suitable may experience a decline in
suitability in the future. The consistency observed across the six climate scenarios enhances the
reliability of the projections. These findings provide a critical scientific basis to support the
conservation and management of C. parthenoxylon in the context of increasing climate change

impacts in Vietnam’s Central Highlands.

Keywords: Cinnamomum parthenoxylon, machine learning, Google Earth Engine, ecological
suirtability, species distribution modeling.
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