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TOM TAT

Sao den (Hopea odorata) la loai cay c6 vai trd quan trong vé sinh thai ciing nhu kinh té & rimg tu nhién o Viét
Nam. Hé sinh théi rirng bi suy thodi di de doa dén su ton tai cua loai trong tw nhién. Tir nhitng Iy do trén can
thiét phai c6 nhirng chién lugc dé bao ton loai cay co gié tri nay. Nghién ctru da st dung 4 thuat toan may hoc
khéc nhau (rirng ngiu nhién, d6 déc ting cuong, véc-to hd trg, cdy phan loai va hdi quy) dé mé hinh héa viing
phan bé tiém ning cua Sao den dya vao dit liéu duoc thu thap tir 117 diém xuét hién loai két hop véi 19 nhan t6
khi hau cuing véi dit liéu tai nguyén dat va dia hinh. Két qua nghién ciru chi ra rang ving sinh thai phi hop cho
loai Sao den khoang 1.227.788 km? thuoc 13 quéc gia: Bangladesh, Myanmar, Camphuchia, Sri Lanka, Trung
Quéc, Indonesia, An do, Lao, Malaysia, Singapore, Thai Lan va Viét Nam. Ngoai ra, nhiét do6 mua (bio4), ham
lwong dam (nitrogen), trir lugng carbon hitu co (ocs), manh thd 1an trong dat (cfvo), dung trong cua dat (bdod)
la cac nhén t6 quan trong anh huong dén phan bé tiém nang loai nay. Thuat toén ring ngau nhién trén nén tang
Google Earth Engine da thé hién dugc nhimg wu thé vuot troi trong viéc xay dung ban dé méi trudng séng phu

hop cho phuc hdi va bao tén loai Sao den trén pham vi khu vuc Dong A, Nam A va Dong Nam A.
Tir khoa: bién khi hau, cay he Dau, rirng ngiu nhién, sinh canh phi hep, tinh chat dat.

1. PAT VAN DE

Khong gian phan b va thoi gian xuat hién
loai 1 nhitng cau hoi thudc kién thirc nén tang
caa sinh thai hoc. Nhirng cau hoi nay da thuc
day su phat trién caa cac md hinh phan bé loai
(species distribution models-SDMs), con goi la
mo hinh thich hgp sinh thai hoac mé hinh méi
truong song phu hop [1]. Cac mé hinh nay dya
trén dit liéu cac diém ghi nhan loai va bién dy
béo dé danh gia phan bd khdng gian cua céc
loai, cling véi sy phii hop véi méi truong séng
cua ching. M6 hinh phan bé loai di tro thanh
mot noi dung quan trong cua c&c nghién cuu
trong cac linh vuc sinh thai hoc, tién hoéa sinh
hoc, quan ly va bao ton dong vat hoang da [2-
4]. Hién nay, mo hinh phan b loai duoc sir
dung rong rdi dé phan tich di liéu xuit hién va
du doan sy phu hop véi méi truong séng cho
cac loai dong vat va thuc vat [5]. Su tiang 1én
SDMs ¢6 lién quan dén sy phat trién caa cong
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nghé may tinh va phan mém dé thyc hién mot
lugng 16n céc thuat toan khac nhau [2, 6-8].
Hién nay, cac thuat toan duoc sur dung trong
SDMs chii yéu nhu: tuyén tinh (Linear model),
md hinh hdi quy cong tinh tong quét, rirng ngau
nhién (Random forest), mé hinh d6 doc ting
cuong cap cao (Grandient extrem boot),
Entropy cuc dai, véc-to hd trg, Cay phan loai va
hoi quy (CART) [2]. Trong sb cac thuat toan
may hoc thi Support Vector Machine (SVM) va
Random Forest (RF) di ndi 1én nhu 1a cac
phuong phép tiém ning dé xay dung SDMs.

Céc thuat toan may hoc phat trién di cho
phép cac nha nghién ctu sir dung duoc nguon
dir liéu to I6n va mién phi tir vién tham va hé
thdng thong tin dia ly trong SDMs [9-11]. Tuy
nhién, viéc truy cap di liéu raster 16n va tu
nhiéu ngudn khéac nhau doi hoi sic manh tinh
toan va thoi gian xir 1y, d6 1a nhiing yéu t6 han
ché dbdi voi nhiéu nha nghién cau, bao ton va
cac nha quan ly [1].
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Google Earth Engine (GEE) chay trén nén
tang dam may c6 thé xt ly va phan tich hang
loat cac hinh anh vé tinh va di liéu khong gian
dia ly, gitp cho cac quy trinh cdng viéc doi hoi
tinh toan sé lwong 16n cd thé duogc truy cap va
xtr Iy dé dang hon. Ngoai ra, dua trén cong nghé
phan tich dia Iy dam may dugc luu trit boi
Google va mién phi cho tit ca nguoi ding voi
muc dich nghién ctu, cung cap quyeén truy cap
véi hiéu suat cao, hé théng tinh toan song song
doc lap chia nho céc phép tinh trén Google lam
tang t6¢ qua trinh tinh toan [12]. Google Earth
Engine da tao ra hudng nghién ciru mai cho cac
nha khoa hoc, véi hang nghin bo dir liéu va thuat
toan trong mot nén tang truc tuyén duy nhét,
gilp tang toc qué trinh xir Iy di liéu va cai thién
hiéu qua tinh toan [13].

Sao den (Hopea odorata) chat luong gd tét,
khdng bi mdi mot, kich thuéc 16n, than gd cao
nén rat duoc yéu thich dé dong dd dac, san nha,
toa xe hay tau thuyén. Ngoai ra, vo cdy Sao den
chira nhiéu tanin nén dwoc dung trong duoc
pham [14]. Mic du da co rat nhiéu nd lyc trong
phét trién rimng trdng Sao den, tuy nhién su suy
giam phan bd cua loai ngoai ty nhién van dién
ra hét stiric nghiém trong. Do vay, can ¢6 nhiing
chién lugc dé bao ton ving phan bé tu nhién cua
loai, clng vai gay trong phuc hoi loai ¢ nhitng
viing sinh thai phil hop. Xuat phat tir nhitng van
dé dit ra ¢ trén, nghién ctu da st dung thuat
toan may hoc dé xay dung mé hinh phan bé tu
nhién cua loai Sao den trén Google earth engine
phuc vy cdng tac bao ton va phat trién loai.

2. PHUONG PHAP NGHIEN CUU
2.1. Phuong phap thu thap dir li¢u

Cac diém ghi nhan loai Sao den xuat hién
duoc tai tw trang Global Biodiversity
Information Facility.

Ngoai ra, nghién ciru str dung dir liéu khi hau
(tr nam1970 dén 2000) dugc tai tir trang web cua
Worldclim (www.worldclim.org) c6 d6 phan giai
la 30 arc-seconds (d9 phan giai khong gian 1km?)

dé xac dinh viing phan bé thich hop cho loai, dit
liéu bao gdm 19 bién khi hau: Nhiét dé trung binh
hang nam (biol1:°C); khoang nhiét d6 trung binh
ngdy dém (bio2: °C); duong ding nhiét (bio3);
nhiét @6 mua (bio4: °C); nhiét d6 cao nhat cua
thang 4m nhat (bio5: °C); Nhiét do thap nhat cua
thang lanh nhat (bio6: °C); nhiét do dao dong
hang nam (bio7: °C); nhiét d6 trung binh cua
quy am nhat, khd nhat, &m nhét va lanh nhat
(bio8, bio 9, biol0, bioll: °C); lugng mua hang
nam (bio12: mm); lwong mua cua thang am wot
nhat (biol3: mm); lugng mua cua thang kho
nhét (biol4: mm); lwong mua ciia mua (biol5:
mm); luong mua cta quy am nhat, khd nhat, 4m
nhat va lanh nhat (biol6, biol7, biol8, biol9:
mm). Mo hinh cao d6 (Digital Elevation Model-
DEM) duoc thu thap tir dit liéu cao d6 s toan
cau ASTER véi do phan giai 30 arc-seconds tir
trang WorldClim 2.1.

Pic diém thdé nhudng bao gom 11 bién duoc
tai tu trang Soilgrid (https://soilgrids.org) vai
mtc d6 sau tang dat 1a 0-5 cm, bao gdom: Mat do
cacbon hitu co (ocd: g/dm?), trit lwong cacbon
hitu co (ocs: tan/ha), dung trong (bdod: cg/cm?®),
thanh phan sét (clay: g/kg), manh thd Ian trong
dat (cfvo: cm¥dm?), cat (sand: g/kg), dat thit
(silt: g/kg), kha ning trao ddi cation (cec:
mmol(c)/kg), dam (nitrogen: cg/kg), cacbon
hitu co (soc: dg/kg), pH (phh20).

2.2. Phuwong phap xay dwng mé hinh phan
b loai

(1) Thudt toan ring ngau nhién (Random
forest — RF)

M6 hinh ring ngau nhién (RF) 1a mot sb
lwong 16n cac cay hdi quy duge xac dinh hoan
toan ngau nhién tir cac bién dau vao (co thé la
bién lién tuc hoic roi rac) dé xac dinh gia tri dau
ra. C4c gia tri du ra sau d6 dugc xac dinh bang
trung binh cong két qua dau ra tir tit ca cac cay
hoi quy. Hai tham sé can dugc xac dinh trong
thuat toan phan loai nay la ntree (s6 luong cay
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duogc phat trién) va mtry (s6 luong bién dé phan
chia tai mdi node). Sé ntree dugc lya chon phu
thudc vao khoang thoi gian xir Iy ngan nhat dé
két qua dat dugc do sai sb thap nhat, ntree chay
tir 1 dén 1000 cdy va mtry bién dong tir s6 bién
doc lap téi thiéu bang 1 dén sb bién doc 1ap toi
da duoc su dung trong phan loai [15].

(2) Thudt todn véc to hé tror (Support vector
machine — SVM)

Phuong phap may vec-to hd trg (SVM) la

thuat toan théng ké dua trén phuong phap hat
nhan (kernel) dé chuyén hdi quy phi tuyén sang
tuyén tinh trong khong gian nhiéu chiéu, c6 thé
str dung cho thuat ton phan I6p dbi tuong hoic
hoi quy [16] . Chang han mau huan luyén ban
dau: (xi, yi), (i=1,2...n), trong do xi la da bién s6
dau vao, yi 1a dau ra vo hudng va n 1a s mau
huan luyén. Vi phuong phap SVM mé hinh
ban dau s& dugc chuyén thanh mé hinh tuyén
tinh trong khong gian nhiéu chiéu méi [17]:

y=f(x)=(w.ox)+b=3L we;(x)+b 1)

Trong do:

w la trong sb cua vector;

b la do dich;

@ 1a ham phi tuyén chuyén ddi tir khong
gian dau vao thanh khong gian nhiéu chiéu mai.
Thay vi xac dinh chinh x&c dang ham cua o,
chlng ta su dung ham thuc hat nhan:

K (x;, x) = {@(x). @ (x)) (2) ‘
Thong thuong ham thac hat nhan bao gom
ham tuyén tinh, da thuc bac cao va ham co sé
ban kinh. Mt khac, chling ta can xac dinh w va
b dya vao sai s6 nho nhat cua hdi quy dwa vao
cong thuc:

n
minimize%llWIlz + CZ £+ &
i=1
yi—fe)sevs @
fxx)—yi<e+§
£,6>0,i=1,..n
Dé lua chon ham thirc hat nhan va gia tri C
t6i wu cho md hinh SVM, nghién ciiu tién hanh
chay thtr nghiém gia tri C va cac ham thac hat
nhan khac nhau dé chon ra gia tri phii hop V6i
sai s6 cua md hinh 1a nho nhét.
(3) Thudt toan dg déc tang cirong (Grandient
extrem boot-Boosted)
M6 hinh d6 dbc ting cuong cdp cao
(Boosted) 1a mot ky thuat dong bé nham muc
dich tao ra cac phuong phap phan loai manh tir

subject to

céc phuong phap phan loai yéu. Pidu d6 duoc
thuc hién bang cach xay dung cac mé hinh tur
dix liéu dao tao va tir do tao ra mot mo hinh thir
hai sira 13i tir m6 hinh dau tién. Cac md hinh s&
tiép tuc duoc thém vao cho dén khi tap dao tao
duoc du doan hoan hao hoic thém mot sé6 md
hinh téi da [18] .

Xuat phat tir md hinh hién tai, xay dung mot
cay quyét dinh c6 ging khop phan du tir md
hinh truée. Piém dic biét cia mé hinh nay do
la thay vi ¢6 gang khop gid tri bién muyc tiéu l1a
y thi chling ta s& tim cach khop gia tri sai s6 cua
mo hinh trudc d6. Sau d6 s¢ dua thém mo hinh
huan luyén vao ham duy bao dé cap nhat dan dan
phan du. M&i mét cay quyét dinh trong chudi
md hinh ¢ kich thuéc rat nho véi chi mot vai
nodes quyét dinh dugc xac dinh bai tham sé do
sau d trong mo hinh. Bang cach khép trén nhiing
cly quyét dinh co kich thudc rat nho trén nhiing
phan du, s& tir tir cai hién ham dy bao f trong
ving ma nd khéng duoc dy bao tét. Gia
dinh £ (x) 1a ham dy bao tir phurong phdp ting
cwong duoc ap dung trén mot tac vu du béao voi
ma tran dau vao X va bién muc tiéu 1a véc to'y.
Tai md hinh tha b trong chudi mé hinh du bao,
ki hiéu la f?, ta tim cach khép mét gia tri phan
du ri tir cay quyét dinh tién nhiém fP~1. Cac budc
trong qua trinh huan luyén mé hinh theo phuong
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phép ting cudong dugc tom tat nhu sau:

Ban dau ta thiét 1ap ham du bao £ (x)=0 va sd
du ro=y cho toan b quan sat trong tap huan luyén.

Lap lai qué trinh huin luyén cay quyét dinh
theo chudi twong ung véi b=1,2,...B. Véi mot
lwot huan luyén gdm cac budc con sau day:

+Khop mot cay quyét dinh f? ¢o do sau
latrén tap huan luyén (X, )

+ Cap nhat f bang céch cong thém vao gia
tri du bao cua mot cly quyét dinh, gia tri nay
duoc nhan véi hé s6 co A

f)=F)+AfP(x) 4)

+ Cap nhat phan du cho mé hinh:

os1=rb-Af P (x)

Thuat toan s& dirng cap nhat khi sé luong cay
quyét dinh dat ngudng toi da B hoic toan bo cac
quan sét trén tap huan luyén duoc du bao dung.

Két qua du béao tir chudi mo hinh s& 1a két
hop cua cac mo hinh con:

=Y @) ©)
b=1

(4) Thugt toan cay phan logi va héi quy
(Classification and regression tree- CART)

Thuat toan CART chia khdng gian n chiéu
thanh céc hinh chir nhat khdng chong 1&n nhau
bang phép dé¢ quy. Dau tién, mot bién doc lap xi
duoc chon, va sau do xac dinh mét gia tri ui
tuong tng. Khong gian n chiéu duogc chia thanh
hai phan. Mot s6 diém thoa man xi < ui, va
nhitng diém khéac thoa man xi> ui. D6i voi mot
bién khong lién tuc, chi ¢ hai gia tri 1a bang
hodc khong bang nhau. Trong qua trinh xu 1y dé
quy, hai phan nay dya vao budc dau tién dé chon
lai mot thudc tinh va tiép tuc phan ving cho dén
khi chia hét khong gian n chiéu. Cac thugc tinh
c6 gia tri hé s GINI tdi thiéu duoc sir dung 1am
chi muc phan vang. B4i véi tap dit liéu D, hé sé
GINI dugc xac dinh nhu sau:

GINIx(D)=1—Zi=kpi2 (6)
Trong d6 k 13 s6 loai mau va pi biéu thi xac

sudt mot mau duoc xép vao loai i. Gié tri GINI
cang nho c6 nghia 1a chat lugng cua mau cang
cao va hiéu ung phan loai cang tét.

Cay quyét dinh bao gom cac ndt nhiéu cip va
nhiéu 14. Cac nat tdi da d& cap dén sb luong 14
t6i da trén moi cay va quan thé 14 tdi thiéu 1a sb
lwong nat téi thiéu chi dugc tao cho tap huin
luyén. Dé xay dung mot cay phi hop, phai tao
du cac nat va nhanh. Gia tri nat téi da 1a khong
giéi han néu nd khéng duoc chi dinh [19].

2.3. Phwong phap danh gia do chinh xac caa
mo hinh phan bé loai

Pé so sanh d6 chinh xé&c cua céc thuat toan
hoc may trong xay dung SDMs, nghién ctu sur
dung céc chi tiéu:

Do chinh xac (Precision-PR): Lati I¢ s6 diém
true positive trong sé nhimg diém duoc phan
loai la positive [20].

Do dic hiéu (Specificity-TNR): La ti 1& sb
diém true negative trong sé nhiing diém dugc
phan loai la negative [20].

AUC-ROC (Dién tich dudi duong cong -
Area Under The Curve): La xac suat mot mau
duong tinh dugc liy ngiu nhién s& dugc xép
hang cao hon mot mau am tinh. Chi s6 AUC-
ROC cang cao thi m6 hinh cang chinh xac trong
viéc phan loai céc 16p, gié tri ndm trong khoang
tir 0-1[20]. Trong d6, ROC (Receiver operating
characteristic) la Buong cong hoat dong cia bo
thu nhan.

AUC-PR: Gi4 tri nam trong khoang tir 0-1.
So véi chi s AUC-ROC thi chi s6 AUC-PR
khong bi anh huéng boi sé lwong diém ma
khong cé loai xuét hién [21].

Cudi cuing, theo K. Zhang va cong su (2018)
muc do thich hop cua loai duge danh gia thong
qua Xac suat xuat hién loai & 4 cap: khong thich
hop (0 - 0,2), mutc thap (0,2 - 0,4), trung binh
(0,4 - 0,6), thich hgp cao (0,6 — 1) [22].

Toan b so dd xay dung SDMs cho loai Sao
den duoc thé hién ¢ Hinh 1.
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Can ci¥ vao cac chi tiéu danh gia dd chinh xac ciia mé hinh, lwa chon

mo hinh tdi tru thanh 13p ban G phan bd khong gian ciia loai Sao den.

Hinh 1. So @6 xay dwng phan bé cho loai Sao den trén Google Earth Engine

3. KET QUA VA THAO LUAN
3.1. Lwa chon m6 hinh may hec mé phéng
phan bo Sao den

Két qua danh gid do chinh xac mé hinh
phan bd loai cua 4 thuat toan hoc may cho
phan dir liéu kiém chung cho thay thuat toan
ring ngau nhién (RF) co d6 chinh xé&c cao nhét
trong ca 4 chi tiéu danh gia véi gia tri AUC-
PR = 0,75; AUC-ROC= 0,89; d¢ chinh xéac
(precision) = 0,94 va gia tri TRN-specificity
=0,94. Tiép dén la thuat toan do déc ting
cudng cap cao (Boosted) vai gia tri AUC-PR,
AUC-ROC, d6 chinh xac va gia tri TRN-
specificity lan luot 12 0,66; 0,87; 0,91 va 0,93.
Trong khi d6, thuat todn CART la 0,52; 0,82;
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0,87 va 0,87. Thap nhat 1a md hinh SVM véi
0,40; 0,30, 0,56 va 0,23 (Hinh 2).

Tuong tu Voi két qua nghién ctu ndy, thuat
toan RF ciing thé hién duoc su vuot troi so véi
8 thuat toan hoc may khac (SVM, GARP, DT,
RIPPER, KNN, Logistic, ANN va
NativeBayes) khi xay dung md hinh phan b
cho 35 loai thuc vat ¢ khu vuc My La tinh véi
d6 chinh xac AUC tur 0,82-0,96 [23]. Thuat
toan RF duoc sir dung rong rai trong cac mo
hinh ting dung & cac linh vyc khac nhau va dao
tao mo hinh ciing dé dang véi viéc thir nghiém
s6 lugng cay quyét dinh khac nhau. Mat khac
mo hinh RF tranh dugc hién tugng overfitting
khi x&y dung md hinh [24].
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Mo hinh B2 BOOSTED ES CART B RF EF SVM

AUC-PR AUC-ROC

PRECISION TNR-SPECIFICITY

% o BN
" T 8

0,257

0,007

$Tl: $!-'

Hinh 2. P§ chinh xac ciaa cac thuat toan hec may

3.2. Anh hwéng cia mét s6 nhan té6 moi
treong dén phan bo Sao den

Sy anh huong cac yéu té méi truong dén
phan b dia ly cua Sao den theo md hinh RF
duogc sap xép theo muc do dong gop cua cac
bién dén két qua mé hinh tir cao dén thip duoc
thé hién & Hinh 3. Trong sé 4 nhém nhan té sinh
thai anh hudng dén phan bd cua Sao den, dat dai
c6 mirc do quan trong cao nhat (18,06), tiép theo
la nhiét do (15,1), lwong mua (12,09) va cudi
cung 1a dja hinh (0,53). Néu xét tirng nhan té
sinh thai anh huong dén mé hinh phan bé cua
Sao den thi nhiét d6 mua (Bio4) anh huong 16n
nhét vai mirc do quan trong (3,3), tiép dén la cac
dic diém cua dit dai nhu ham lugng dam
(nitrogen), trix lwgng carbon hiru co (ocs), manh
thd 14n trong dat (cfvo) va dung trong (bdod) v&i
muc do quan trong lon hon 2,0. Nguoc lai, do
cao c6 mirc d6 anh huong thap nhat dén mé hinh
phan b cua Sao den véi muc do quan trong
bang 0,5.

Két qua ndy phu hop véi cac nghién ciu
truge day cho thdy dic diém khi hau nhu lugng
mua va nhiét d6 dong mot vai tro hiéu qua trong

viéc phan dinh khu vuc dia ly cua céc loai thuc
vat dic biét 1a ho Dau ¢ Pong Nam A (Laos,
Vietnam, Cambodia, Thailand, Myanmar and
Indo-Malayan) va Nam A (India, Pakistan and
Sri Lanka) [25]. Tuong tu, nhiét 4 mua la nhan
t6 quan trong nhat chi phdi phan bé khong gian
cua loai P. dielsiana tai khu vuc can nhiét doi
Trung Quéc [26].

Cac thong sb dat, dac biét 1a manh tho 13n
trong dat, anh hudng dén su phan bd khdng gian
cua cac khu ring 1a rong rung 1a va can nhiét
dsi [27-29]. O quy md khéng gian 16n, cac chat
dinh dudng cung cap cho thyc vat bj anh huong
do luong nudc trong dét bi thay doi . Trong khi
d6, manh thd 1an trong dat c6 vai tro quan trong
anh huong dén kha ning giir nudc cua dat . Theo
nghia ndy, cac tinh chat caa dat c6 thé dinh hinh
phan bé khong gian cua Sao den do chi phdi
ham luong nudc trong dat. Cac nghién cau
trude day ciing chi ra rang moi quan hé gita dat
(ham luong dam, manh thd |an trong déat va
carbon hiru co) va su phan bé khéng gian cua
thuc vat [30-32].

96 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP SO 3 - 2023



Quadn ly tai nguyén & MOoi trwong

Nhan t6 moitruong @ Diahinh @ Luongmura @ Nhistdo @ Dat

nitrogen
cfvo 7
bdod T
ocs 1
ocd
sand
phh20 7
cec 7
silt
clay T
SOC T
bio04 - 5 3
bio03 7
bi006 (13
bio10 g
bio01
bio05 - g
bio07 7
bi009 ®
bio11 - @
bio02 - (0,7)
bio08 - @
biol7
bio19 &
biol8
biol2
biol4 4
biol6 T 4
biol3 T
biol5 A

elevation 1 @

0 1 2 3
Mcc dd quan trong

Bién moi trworng (mg)

Hinh 3. Mie d9 quan trong cac nhan té sinh thai téi phan bé Sao den

2 HERRGHE 1L % = b 3 3 i
yers ' Bandd Vétinh § Ban @b Vétinh
a

ThuongHai e @ f ety wong Hal
= ra 3 2
(408 BiénHos | |
Péng —
DaiBac
(52
Dél].%an g Y Dai/Loan
Shong Ko : : E Hong Ko
long Kong e & : Hong Kong
bai =2 Pﬂe‘ bai 3 B2
Bién Dong ¥
B
’. ," Pﬁlllpplnes
/ fe's ai
“BignSuu , b b Quin dlo

Lot v ! . Trutdmg sa
Iviét Nam)

| Viing sinh thi ciia Sao den

Ban d6 phan bd tiém nang Sao den

[ see st ien ~

"/ Jakarta Bién Gia-va Band - < e v Indones&a“ 77
Thap Trung binh Cao ° Surabaya il Khong xut hién g enr Ban-da
Diém ghi nhan lodi + SR S e e Diém ghi nhan lodi =

Hinh 4. Phan bé ty nhién cia loai Sao den

3.3. Phan bé tiém ning cia Sao den Indonesia, Bangladesh, Srilanka va An D6.

Vung phén bé dia ly caa Sao den dwavao cac  Theo Foxworthy (1946) Sao den xuat hién rong
bién moi truong va diém ghi nhan loai thng  rdi & cac trang thai rimg 14 rong thuong xanh &
qua thuat toan RF duogc thé hién & hinh 4. K&t  hau hét cac quéc gia Nam A nhu Pao Andaman,
qua hinh 4b cho thiy, Sao den phan b ty nhién  Dao Borneo va quan dao Philippine [33]. O ban
& Viét Nam (Nam bo va Tay Nguyén), Lao,  dao M Lai, Sao den duogc tim thiy ti nhién &
Campuchia, Thai Lan, Myanmar, Malaysia, Langkawi, Perlis, Kedah va Bic Perak, Kelantan
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va Trengganu [34]. H.odorata duoc tim thiy tu
nhién & hau hét cac tinh Trung va Nam Lao, tir
tinh Xayaboury va Viéng Chan. Sao den thuong
moc thanh quan thé voi mat do cao & rimg nira
rung 14 va ring thuong xanh kho [25].

Két qua mo phong ving phan bé sinh thai
thich hop cho loai Sao den bang thuat toan RF
cho thay dién tich viing thich hop thip va thich
hop trung binh va thich hgp cao theo thu tu la
859.181 km?, 988.577 km? va 1.227.788 km?.
Vung sinh thai phu hop cho loai thude 13 quéc
gia: Bangladesh, Myanmar, Campuchia, Sri
Lanka, Trung Qudc, Indonesia, An d9, Lao,
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NL0.0-0T
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Chu thich I
[ vung khéng thich hop !
I ving thich hop thép
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1

Malaysia, Singapore, Thai Lan va Viét Nam
(Hinh 5). Trong do, vung sinh thai thich hgp cao
cua lodi nhiéu nhat & Campuchia 166.225 km?,
Myanma 160.743,9 km?, An d6 123.717,5 km?.
Tai Viét Nam, ving phan bé sinh théi thich hop
cao cua loai kha rong vai dién tich la 94.469,8
km? thuoc khu vac Nam bo, Tay Nguyén va rai
rac & ven bién cac tinh tir Ninh Binh tré vao.
Sao den la loai ¢ bién do sinh thai rong, & nudc
ta Sao den dwoc ngudi Phép di thuc tir mién
Nam tréng ¢ cac tinh mién Bic tir nhitng nim
dau cua thé ky 20 [25].
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Hinh 5. Phan viing méi trudng séng phu hep ciia loai Sao den
4. KET LUAN Thong qua md hinh rumg ngau nhién nghién

Két qua kiém tra muc do ph hop cua 4 thuat
toan may hoc (rirng ngau nhién, vecto ho trg, do
déc ting cudng cip cao va CART) cho thay
ring ngau nhién c6 do chinh xac cao nhat trong
md phong phan b cia Sao den.

Sy anh huéng cia cac yéu té moi truong dén
phan bé dia Iy cua loai dugc sap xép theo muc
do déng gop cua cac bién dén két qua mé hinh
tir cao dén thip: nhiét do mua (bio4), ham lugng
dam (nitrogen), trir lwgng carbon hitu co (ocs),
manh thé 1an trong dat (cfvo), dung trong
(bdod), cudi ciing la cac tham sb con lai.

cuu da xac dinh vung sinh thai phu hop cho loai
Sao den khoang 1.227.788 km? thugc 13 qudc gia:
Bangladesh, Myanmar, Campuchia, Sri Lanka,
Trung Quéc, Indonesia, An do, Lao, Malaysia,
Singapore, Thai Lan va Vi¢t Nam. O nudc ta,
viing phan bd dia 1y ty nhién ciia loai thuoc khu
vuc Tay Nguyén va Nam bo. Trong khi d6, ving
sinh thai thich hgp dé bao ton va gy trong loai
kha rong, tir Nam bo, Tay Nguyén va rai rc ¢ ven
bién cac tinh tir Ninh Binh tré vao phia Nam.
Loi cam on

Nghién ctru nay dugc tai trg boi Phan hiéu
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truong Pai hoc Lam nghiép tai tinh Dong Nai
trong Dé tai nghién cau khoa hoc cap co s¢ ma
sé 910-QD-PHDHLN: “Ung dung md hinh
Niche xay dung ban d6 phan b loai Vu huong
(Cinnamomum balanse Lecomte) tai Viét Nam”.
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APPLIED MACHINE LEARNING ALGORITHMS
FOR THE DISTRIBUTION MODEL OF Hopea odorata
IN GOOGLE EARTH ENGINE

Nguyen Thanh Tuan'®, Phung Van Phe?

vietnam National University of Forestry - Dong Nai Campus

2Vietnam National University of Forestry

ABSTRACT

Hopea odorata plays an important role both ecologically and economically in Vietnam natural forest. Forest
degradation has threatened the survival of H. odorata in the natural world. For these reasons, it is necessary to
devise strategies for effective conservation of this valuable species. This study analyzed potentially suitable areas
for H. odorata using four machine learning algorithms (random forest-RF, gradient extreme boot-Boosted,
support vector machine-SVM, classification and regression tree-CART). Modeling included 117 occurrence
records along with 19 climate-related variables, soils, and topographies. The results indicated that the habitat
suitability region for H. odorata covers approximately 1.227.788 km?, and these locations were concentrated in
13 countries such as Bangladesh, Myanmar, Cambodia, Sri Lanka, China, Indonesia, India, Laos, Malaysia,
Singapore, Thailand and Vietnam. Temperature seasonality, nitrogen, soil organic carbon, coarse fragments and
bulk density were the key contributors to H. odorata distribution. Implementing the random forest algorithm in
Google Earth Engine has shown outstanding advantages in obtaining habitat suitability maps for the restoration
and conservation of H.odorata in the East Asia, South Asia and Southeast Asia region.

Keywords: bioclimatic variables, Dipterocarp, habitat suitability, random forest, soil properties.
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