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Abstract: The assessment of carbon stocks is one of the key measurements to support climate
change mitigation policies. The research applied Landsat 8 satellite imagery combined with field-
measurements using four machine learning methods (random forest - RF, artificial neural networks
- NNET, support vector machines — SVM, and linear regression - LM) to estimate aboveground
carbon in evergreen broadleaf forest in Binh Phuoc province. The field sample plots were randomly
divided into training (96 plots) and testing (24 plots) data. The results showed that RF yielded the
greatest precision with an R? value above 0,9 and RMSE below 6 ton/ha on the training data, with
an R? value of 0,41 and RMSE of 11,04 ton/ha on the testing data. The estimate of forest carbon
stock increased distinctly from the mean value of 59,80 ton/ha in the very poor forest to 87,78 ton/ha
in the rich forest. The results found in the present study demonstrated that Landsat 8 imagery in
conjunction with RF has the appropriate to estimate aboveground carbon stock in evergreen
broadleaf forest-leaved in Binh Phuoc province.
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Ung dung mot s thuat toan may hoc va anh Landsat 8
udc tinh trtt lwgng carbon trén mat dat rung ty nhién
14 rong thuong xanh tai tinh Binh Phudc
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Tém tat: Danh gia trir luong carbon 1a mot trong nhitng phép do quan trong dé hd tro cac chinh
sach giam thiéu bién d6i khi hau. Nghién ctru str dung anh Landsat 8 va dit liéu diéu tra thuc dia két
hop vé6i 4 thuat toan hoc may (rimg ngiu nhién, mang noron nhén tao, vécto hd tro va hdi quy tuyén
tinh) dé wéc tinh trix luong carbon trén mat dét cua rung tu nhién 14 rong thudng xanh tai tinh Binh
Phuée. Cac 6 mau diéu tra thuc dia dugce chia ngau nhién thanh 2 phﬁn dit liéu hudn luyén (96 6 tiéu
chuin) va kiém dinh (24 6 tiéu chuan). Két qua chi ra raing mo hinh rimg ngau nhién mang lai d6
chinh x4c cao nhat véi gia tri R? trén 0,9 va sai s6 RMSE dudi 6 tn/ha & phan dit liéu hudn luyén,
R? bang 0,41 va RMSE bang 11,04 tan/ha ¢ phan dit liéu kiém dinh. Trir lugng carbon trung binh tir
md hinh dy doan ting rd rét tir rimg nghéo kiét (59,8 tAn/ha) dén rimg gidu (87,78 tn/ha). Két qua
tim thdy trong nghién ctru nay di ching t6 ring anh vé tinh Landsat 8 két hop véi thuat toan hoc
mAy rimg ngau nhién pht hop dé uéc tinh trix lvong carbon trén mat dat cic trang thai ring ty nhién
rung 14 rdng thuong xanh tai tinh Binh Phudc.

Tir khéa: Ring ngau nhién, Carbon trén mit dat, REDD+, du doan carbon rung.

1. Mé dau

MAt rirng va suy thoi rimg nhiét d6i do mo
rong dat nong nghiép, chuyén déi sang dat dong
co, khai thac gd, chdy rimg va cac nguyén nhan
khac chiém 11% lugng phat thai khi nha kinh
trén thé gi6i [1]. Sau nhiéu nim dam phan, cong
wdc khung cia Lién hop qudc vé bién doi khi hau
(UNFCCC) timg budc coéng nhan co ché giam
nhe phat thai tir mat rimg va suy thodi ring,
thong qua bao ton, quan 1y bén viing va ting
cuong trttr lugng carbon rung ¢ viung nhiét doi va
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can nhiét d6i (REDD+). Trong d6, hé théng giam
sat rimg qudc gia dugc sir dung dé danh gia mic
do van hanh cua cac hoat dong REDD+. H¢
thong giam sat rung quoc gia cung cap thong tin
ve trir lugng carbon rimg va thong tin nay duoc
sir dung dé chi ra cac yéu t6 phat thai (EF) [2].

Hién nay ¢ nudc ta, diéu tra thyuc dia két hop véi
cong nghé vién tham dugc st dung phd bién va
¢6 d0 chinh xac cao trong viéc xac dinh trir luong
carbon cho cac trang thai ring 14 rong thuong
xanh ¢ huyén Kim Bo6i, tinh Hoa Binh [3], ring
rung la & Tay Nguyén [4], rung ngdp man &
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huyén Can Gio, Thanh Ph Ho Chi Minh va tinh
Quéang Ninh [5, 6]. Tuy nhién, viéc do ludong
carbon rung cho ting d6i tugng rimg cu thé gip
rat nhiu kho khan va thach thtc do sy bién dong
l6n gitra cac kiéu rung, trang thai rung, loai cay
vu thé va tudi 1am phan [3, 7]. Do vdy, can phai
¢6 nhimg nghién ciru vé kha nang tich lily carbon
cuia timg ddi tugng rimg cho mdi dia phuong cu
thé dé 1am co s& cho viéc hd tro tai chinh cua
chuong trinh REDD+.

Landsat 8 da dugc My phong thanh cong Ién
quy dao vao ngay 11/02/2013, cung cap cac anh
c6 do phan giai trung binh (tr 15-100 m), phu
kin & cac vung cuc cling nhu nhiing viung dia
hinh khac nhau trén trai dat. Anh vé tinh Landsat
8 da dugc st dung rong rai trong vi€c xac dinh
trit lugng carbon rung ty nhién [3, 8, 9]. Mot
trong nhitng vin dé trong tdm ctia tmg dung vién
tham trong xac dinh trit lwong carbon 1a xac dinh
céc thuat toan phii hop dé xay dung cac mé hinh
wdc luong [10]. Hién tai co rat nhidu thuit toan
dd dugc phat trién cho viée xac dinh trit luong
carbon ring tir anh vién tham, bao gém 2 loai
chinh: tham s6 (hoi quy don bién, da bién va phi
tuyen) va phi tham s6 (thuét toan lang giéng gan
nhit, mang ludi noron, thuat toan rimg ngau
nhién, thuat toan véc to hd trg). Thuat toan tham
s6 thé hién mbi quan hé gilra bién phu thudc
(sinh khéi) va bién doc 1ap (gia tri phan xa phd
cua cac kénh anh, chi sé thuc vat,...) béng cac
mo hinh héi quy tuyén tinh don bién, da bién
hodc ham phi tuyén. Nguogc lai, cac thuat toan
phi tham s6 khong an dinh truéc mot cach rd
rang cdu tric md hinh vi vay né c6 tinh linh hoat
hon. Do tinh linh hoat cua cac thuat toan phi
tham s6 nén chung dugc danh gia 1a chuyén
nghi¢p hon trong viéc tao ra cac md hinh udc
tinh sinh khéi cho cac d6i twong rimg c6 ciu tric
phirc tap [11]. Mit khac, kha ning tong quat hoa
va chéng nhidu cia cac phuong phap hoc may
phi tham s dd dugc chimg minh trong truong
hop dit liéu mau it [12].

Theo s6 liéu kiém ké rimg nam 2020, tong
dién tich rung tu nhién cta tinh Binh Phudc la
56.148,55 ha, trong d6 trang thai rung ty nhién
1a rong thudng xanh chiém 14.269,61 ha [13].

Do véy, xac dinh kha nang hap thu carbon cua
rung 14 rong thudng xanh tai tinh Binh Phuédc 1a
viéc 1am c6 y nghia, n6 cung cap thong tin vé trir
luong carbon cho hé thong giam sat rimg qudc
gia cia REDD++. Tur nhiing 1y do trén, nghién ctru
duoc tién hanh v&i muc tiéu bao gém: i) Panh
gia do chinh xac cia mot s6 thuat toan hoc may
dé udc tinh kha nang tich lity carbon trén mat dat
clia rimg; Va ii) Xay dung ban db tich lity carbon
cac trang thai rung ty nhién 14 rong thudng xanh
tai tinh Binh Phuéec.

2. Phwong phap nghién ciru
2.1. Phuong phdp diéu tra ngoai nghiép

Cin cr vao ban db hién trang rimg ciia tinh
Binh Phudc ndm 2020, nghién ctru tién hanh xay
dung cac tuyén diéu tra va xac dinh toa do theo
céc tuyén. Sau do tién hanh so tham va tham van
¥ kién ciia can bo quan 1y rimg dia ban nham diéu
chinh tuyén cho phu hop véi diéu kién thuc té di
qua cac trang thai rimg 14 rong thuong xanh tai
khu vuc nghién ciru. Tuyén diéu tra dugc xéac
dinh dai dién va dam bao bao quat toan bo cac
dang dia hinh, cac trang thai ring 1a rong thuong
xanh. Khoang cach gilta cac tuyen didu tra cach
nhau it nhat 1000 m. Trén tuyén bd tri 6 mau dai
dién cho cac trang thai riung 14 rdng thuong xanh
tai khu vuc nghién ctru. Cac trang thai rimg tu
nhién 14 rong thuong xanh dugc phan chia theo
thong tu 33 cia BO Nong nghi€p va Phat trién
Nong thén quy dinh vé diéu tra, kiém ké va theo
ddi dién bién tai nguyén rung. Cu thé, trang thai
rung thuong xanh giau c6 trit lwgng 16n hon
200 m¥ha, trung binh tir 100 dén 200 m%ha,
nghéo tir 50 dén 100 m%¥ha va kiét tir 10 dén
50 m3/ha Duya theo khao sat so bg hién trang trén
tuyen nghién ctru tién hanh thiét 1ap cac 6 tiéu
chuan c6 dién tich 500 m? (25 x 20 m). Thoi gian
tién hanh diéu tra trén cac 6 tidu chuén tir thang
1 dén thang 8 nam 2020. Vi tri mi 6 mau dugc
xac dinh bang may dinh vi GPS. Tong cong 120
6 tiéu chuén di duoc 1ap, trong do6 rung 14 rong
thuong xanh giau 19 6 mau, trung binh 30 6 mau,
nghéo 47 6 miu va kiét 1a 24 6 mau (Hinh 1).
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a) Vi tri khu vuc nghién cttu b) Vi tri cic 6 mau nghién ciru
106°300'E 107°00°E 107°300°E
Trung Quée
-+ j s
Camphuchia 6 s ik Nong
2 . -3
2 F
Quan dao gvﬂh
Hoang Sa . Binh Phwéc
| o
z =
= = e
Quéan 430 by Poéng Nai
Trwong Sa Binh Dwong T A
m \ L) 15 30 60KM
I T T T
106°30'0"E 107°0'0"E 107°30'0"E

¢) O miu khu vyc dong bic d) O méu khu vyc phia dong ¢) O miu khu vyc phia nam

4 + 1
+
+ (/
iy + N 3
e
+ *‘ "+
*
. +
|
6 [Km 0 3 6 Km
T I |
£) O mu khu vuc phia tay Lo
Chu thich
\/.\\\_/ o " .
% u Céac 6 mau Loai rirng
+
e TXG I Ring thueng xanh giau
*
* e - H TXB Rwng thuwong xanh TB
* B + TXN Rirng thuwong xanh ngheo
*
— *  TXK Rlrng thwong xanh kiét
Rirng rung la
+ i [ ] Khéng c6 rirng tw nhién
*
6 Km 0 3 6 Km
] L1 1 1

Hinh 1. Vi tri cic 6 mau tai khu vuc nghién ciru
(TXG, TXB, TXN va TXK: 6 mau thudc ring 14 rdng thuong xanh giau, trung binh, nghéo va kiét).
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Trong mdi 6 mau, tién hanh do dém va thu
thap cac thong tin vé thanh phﬁn loai, sb lugng
ca thé ctia mdi loai; cac chi tiéu sinh truong nhur
duong kinh tai vi tri 1,3 m (D) bang thu6c day,
chiéu cao vut ngon (H) dugc xéc dinh béng thudc
do cao Blume-leiss. Tén loai cdy gb duoc xac
dinh bang phuong phap so sanh hinh thai ciia Ho
(2003) [14] dua trén cac tai liéu bao gom: ciy co
Viét Nam [14], cay gb Viét Nam [15] va tén khoa
hoc duoc hiéu chinh boi Kew Science
(http://www.plantsoftheworldonline.org), World
flora online (http://104.198.148.243). Trong 6
tiéu chuin chi thu thap thong tin cia nhitng cay
rung ¢6 D>5 cm.

2.2. Phuong phap wdc tinh sinh khéi va khd nang
tich lity carbon trén mat dat

Nghién ctru dya vao phuong trinh sinh khi
cac trang thai rung tu nhién tai khu vuc Nam bo

va Tay Nguyén cua tac gia Bao Huy (2016) [16]
dé xac dinh sinh khdi kho trén mat dit cho cac 6
mau. Cu thé, phuong trinh twong quan sinh khéi
trén mat dat;
AGB = 0,647261 x (p x D? x H)>%31 (1)

Trong d6: D la dudong kinh ngang nguc (cm),
H 1a chiéu cao va p khdi lugng riéng cua ting
loai cay (g cm™®). Khdi luong riéng cia ting
loai cay dua vao dir liéu cua Zanne va cdng sy
(2009) [17].

Cubi cling, nghién ctru sir dung hé s chuyén
d6i carbon tir sinh khdi kho theo IPCC (2006)
[18] ap dung chung cho cac trang thai rung tu
nhién ¢ Viét Nam 1a 0,47.

2.3. Tién xir Iy di¥ liéu anh vién tham
Tu liéu vién tham duoc lua chon dé ude tinh

luwgng carbon tich lily ¢ céac trang thai rirng 1a 4nh
Landsat 8 v&i cac thong so k¥ thuat 6 Bang 1.

Bang 1. Cac thong sb k¥ thuat ciia anh Landsat 8 sir dung trong nghién ctru

. Do che N 1A
Ky hiéu anh Thgiug‘a“ phis ciia Kénh anh bo lp(hni;‘
Kénh 1 (Aerosol ven bién -
30
Coastal aerosol)
Kénh 2 (xanh - Blue) 30
LCO8_L2SP_124052_ Kénh 3 (xanh - Green) 30
20200115_20200824 02 T1 | 2020-01-15 0.2 Kenh 4 (6 -Red) 30
Kénh 5 (cin hong ngoai -NIR) 30
Kénh 6 (hong ngoai song ngan 30
tht nhit - SWIR1)
Kénh 7 (hong ngoai séng ngan 30
thir hai - SWIR?)
Kénh 8 (toan sac-
LC08_L2SP_125052 Panchromatic) D
20200106 20200823 03 T1 2020-01-06 0,65 K?nh 9 (keqh Cerrus) . 30
- - = Kénh 10 (kénh hong ngoai 100
nhiét 1- TIRS 1)
Kénh 11 (kénh hong ngoai 100
nhiét 2- TIRS 2)

Nghién cuu sir dung 4nh Landsat 8 da duogc
xtr ly & mac 2 (L2) duoc tai tir trang web:
https://earthexplorer.usgs.gov. Anh Landsat 8
muc 2 cung cap gia tri phan xa trén mat dat tai
tung pixel (BOA). Dit liéu phan xa nay cta anh

Landsat 8 di dwgc USGS hiéu chinh baing
phuong phap LaSRC nham loai bd anh huong
ctia khi quyén nhu tan xa, hap thy khi quyén, tur
d6 duge ding dé woc tinh gia tri phan xa bé mat.
Mat khac, anh Landsat 8 da duogc xtr ly ¢ mic
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truc anh nghia 14 da hiéu chinh bién dang boi
chénh cao dia hinh va dugc dang ky trong hé toa
d6 WGS-84. Khi sir dung dé chinh 1y, hiéu chinh
ban do dia hinh s& khong can phai nin anh ma
chi can tinh chuyén doi vé hé toa d VN-2000.
Sau khi dua anh vé toa 6 VN-2000, tién hanh
chuyén dbi gia tri cAp d6 xam (DN) cua anh
Landsat 8 thanh gia tri phan xa phé cta vat thé
bang cong thirc:

PA=(MpQeartAp)/cos (Osz) (2)

pA: phan xa o ting trén cta khi quyén

Qcar: gid tri sO trén anh (DN)

M,: gia tri REFLECTANCE MULT BAND x

A,: giatri REFLECTANCE _ADD BAND x

0sz: goc thién dinh (géc cao) cua mat troi (d0)

Trong nghién ctru nay, hi€u chinh anh huong
khi quyén cho anh Landsat 8 dugc thuc hién trén
phan mém Qgis 3.18. Ngoai ra cac kénh anh co

d6 phan giai khong gian khac nhau tir 15-100 m,
vi vay nghién ctru tién hanh chuyén do phan giai
khong gian ciia cac kénh anh vé cung kich thudc
15 m trudc khi tién hanh trich xuit cac gia tri
quang phd. Cac kénh anh Landsat 8 duoc sir
dung dé udc tinh trir lvong carbon duoc thé hién
6 Bang 1.

Cubi cung, anh khu vuc nghién ctru duoc cit
dua vao ranh gidi cac trang thai rung 14 rong
thudng xanh trich xuat tir ban do hién trang rimng
nam 2020 cuda tinh Binh Phudec.

2.4. Tinh todn cdc chi s6 quang phé tir anh
vién tham

Ngoai gia tri phan xa phd & cac kénh anh,
nghién ctru con sir dung 7 chi sé quang phd dé
xay dung mo hinh udce tinh trit lwong carbon cta
cac trang thai rirng nghién ctru (Bang 2).

Béng 2. Cac chi s§ quang phd dugc tinh tir cac kénh anh Landsat 8

Chi sd Cong thirc tinh

Tham khao

Chi sd thuc vat

NDVI = (NIR — red)/(NIR + red)

J.W. Rouse (1974) [19]

Chi s6 thuc vat ting cuong | EVI = (NIR — red)/(NIR + 6 (red) — 7,5 (blue) + 1)

Huete (1997) [20]

Chi sb thuc vat c¢6 hiéu
chinh phan xa mat dat

SAVI = ((NIR — red)/(NIR + red + 0,5)) (1,5)

Huete (1988) [21]

MSAVI = (2 (NIR) + 1 — sqrt (2 (NIR) + 1)2 - 8

SAVTI hiéu chinh (NIR — red)))/2 Rondeaux (1996) [22]
Chi s6 d6 am khac biét NDMI = (NIR — SWIR1)/(NIR + SWIR1) Gao (1996) [23]
Ti s chay NBR = (NIR — SWIR2)/(NIR + SWIR2) Miller (2007) [24]

Ti s0 chay hi¢u chinh

NBR2 = (SWIR1 — SWIR2)/(SWIRL + SWIR?)

Miller (2007) [24]

Trong d6, dbi v6i anh Landsat 8: blue (Kénh
2), red (Kénh 4), NIR (Kénh 5), SWIR1 (kénh
6), SWIR2 (Kénh 7).

2.5. Lua chon cde bién du dodn va thudt toan hoc
may dé woc tinh trit lwong carbon

Nhiéu bién x4c dinh tir dnh vé tinh da dugc
sir dung trong mo hinh wéc tinh sinh khdi. Tuy
nhién, khong phai tit ca cac bién déu hitu ich
trong viéc xay dung mo hinh du doan. Do vay,
ching ta can tién hanh loai bo nhiing bién c6 tur
tuong quan cao (|R[>0,8) dé giam tinh da cong
tuyén giita cac bién trudc khi xay dung mé hinh
wdc tinh tich lily carbon [25]. Mit khéc, cac bién
duoc chuin hoa (Can bac 2, mii, Logarit,...) vé

phan bd chudn trude khi phén tich & cac budc
tiép theo. Tuong quan giira cac bién duoc thé
hién & phu luc 01. Cudi cung, 5 bién sb (gié tri
cac kénh anh 1,5, 6, 10 va chi s NBR2) duoc dit
lai @& xay dung md hinh udc tinh trir lugng
carbon rung.

Sau khi Iwra chon cac bién ding dé du doan,
nghién ctru sit dung phuong phap tham s
(hdi quy tuyén tinh da bién - LME) va phuong
phap phi tham sb (Ring ngau nhién - RF, Mang
nhan tao - NNET va vécto hd tro - SVM) trong
thuat toan hoc may dé udc tinh trit luong carbon
cua céc trang thai rung.

MBS hinh hoi quy da bién duoc lua chon dua
vao chi sd 1y thuyét thong tin AIC. Trong do, cAc
bién doc 1ap duoc bd sung dan dan (ting bién
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mot) vao phuong trinh hoi quy. M6 hinh hoi quy
tuyén tinh da bién sd dugc biéu dién qua phuong
trinh (3):

Yi =a+ X+ X+t X TE ()

Trong d6 yi la trif lugng carbon rung
(tan/ha), xi 1a cic bién sé dung dé du doan.
Chung ta c¢6 nhiéu bién x (x1, X2,... dén xi), va
mdi bién c6 mot thong s6 Bj (j = 1, 2,..., k) can
phai udc tinh. Phuong phéap udc tinh B cling chu
yéu dua vao phuong phap binh phurong nho nhat.

Phuong phap méy vec-to hd tro (SVM) la
thuat toan thong ké dya trén phuong phap hat
nhan (kernel) dé chuyén hoi quy phi tuyen sang
tuyén tinh trong khong gian nhiéu chiéu, co thé
str dung cho thudt toan phan 16p ddi twong hoic
hdi quy [26]. Chiang han mau huan luyén ban
dau: (xi, i), (i=1,2...n), trong d6 x; 1a da blen so
dau vao, yi 1a dau ra vo huéng va n 1a s6 miu
huén luyén. Véi phuong phap SVM mé hinh ban
dau s& dwoc chuyén thanh mo hinh tuyén tinh
trong khong gian nhiéu chiéu méi [27]:
y=f)=w.e)+b=T,wip,(x)+b (4)

Trong d6 w 1a trong sb cua vector, b 1a d6
dich. @ 1a ham phi tuyén chuyén doi tir khong
gian dau vao thanh khong gian nhiéu chiéu méi.
Thay vi x4c dinh chinh x4c dang ham cua o,
chung ta sit dung ham thuc hat nhan nhu sau:

K(x;,x) = (@ (x). ¢ (x)) ®)

Thong thuong ham thirc hat nhan bao gom
ham tuyén tinh, da thirc bac cao va ham co s&
ban kinh. Mit khac, ching ta can xéc dinh w va
b dia vao sai s6 nho nhit ciia hdi quy dua vao
cong thtrc:

mmlmlze—||W||2+CZ &+ (6)

subject tofy; — f(x;) < € + & f(x)) — y;
< 8+§L' fiﬂfi* >0,i=1,..,n

Dé lya chon ham thirc hat nhan va gia tri C
t6i wu cho md hinh SVM, nghién ctru tién hanh
chay thtr nghiém gia tri C va cac ham thirc hat
nhan khéc nhau dé chon ra gia tri phti hop véi sai
s6 ciia mo hinh 13 nho nhét.

Mang noron nhan tao (NNET) 1a m6 hinh
trong d6 gia tri dau ra duogc két ndi véi cac bién
dau vao théng qua mang ludi (médu — két qua)
dugc huén luyén tir truée. Céu trac chung cua

mdt mang noron nhan tao gém 3 thanh phﬁn do
1a: 16p dir liéu dau vao, 16p an va 16p dau ra.
Trong nghién ctru nay 16p dir liéu dau vao la cac
gia tri pho cua anh Landsat 8, 16p & an va 16p dau
ra 1a bién can du doan trit lugng carbon. Trong
do, lop an gém cac noron nhan dit liéu dau vao
tir cac noron & 16p trude d6 va chuyén ddi cac dir
lidu dau vao nay cho cac 16p xur 1y tiép theo [28].
Mot diém quan trong trong viéc thiét lap mot
mang NNET 1a 1am sao cho két qua ctia mé hinh
dat d6 chinh xac cao va ciu truc cia mang la
thich hop nhat. Néu c¢6 qua nhiéu 16p va no-ron
dugc sir dung thi mang s€ co rat nhiéu hé sb tu
do, diéu nay co thé dan dén viéc 1am nhiéu thong
tin dau vao. Nguoc lai, néu c¢6 qua it 16p va no-
ron dugc sir dung trong mang thi c6 thé mang s&
khong du kha ning biéu dién hét twong quan giita
céc bién dau vao va dau ra trong mang. Vi vy,
mot mang NNET t8i wu can phai xac dinh c6 sb
lwong 16p, s6 lugng no-ron trong timg 16p va
ham chuyén hod thong tin, k¥ thut “luyén mang”
thich hop. S6 luong Noron va 16p an duoc lya chon
sao cho sai s6 ctia mo hinh 14 nhé nht.

Mb hinh rimg ngiu nhién (RF) 1a mét sd
luong 16n cac cdy hoi quy duge xac dinh hoan
toan ngau nhién tir cac bién dau vao (c6 thé 1a
bién lién tuc hodc roi rac) dé xac dinh gia tri dau
ra. Céc gia tri dau ra sau d6 duoc x4c dinh bang
trung binh cong két qua dau ra tir tat ca cac cdy
hdi quy. Hai tham s6 can dugc xac dinh trong
thuat toan phan loai nay 1a ntree (s6 lugng cdy
duogc phat trién) va mtry (s6 luong bién dé phan
chia tai mi nut phan nhanh). SO ntree duoc lya
chon phu thugc vao khoang thoi gian xtr Iy ngin
nhat dé két qua dat dugc do sai sO thap nhit, ntree
chay tur 1 dén 1000 cay va mtry blen dong tur sO
bién doc lap t6i thiéu bang 1 dén sb bién doc 1ap
ti da duoc sir dung trong phén loai.

2.6. Panh gia do chinh xac cac mé hinh dw bao

Nghién ctru st dung dit li¢u ctua 24 6 ti€u
chuén thudc khu vuc ranh gi6i phia déng giap
v6i tinh Lam Pdng lam dir liéu kiém dinh, dit
li¢u nay khong tham gia xay dung md hinh. Con
lai 96 6 tiéu chuan dung dé huan luyén mé hinh.
Ngoai ra, nghién ctru sir dung phuong phap danh
gia chéo so sanh d6 chinh xéc ctia cdc mo hinh
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huén luyén. Di véi phuong phéap nay, dir duoc
chia ngau nhién thanh K phan (K=10). Sau d6
huén luyén mo hinh K 14n, mdi 14n hudn luyén s€
chon 1 phan lam dir liéu danh gi va K-1 phan
con lai 1am di liéu huan luyén. Két qua danh gia
mo hinh cudi cing sé& 14 trung binh cong két qua
danh gia cia K 1an huin luyén. Gid tri cia K
duoc gan ¢b dinh béng 10, mdt gia tri thuong
duoc str dung va da dugc ching minh 1a cho sai
s6 nho, phuong sai thip. Két qua danh gia chéo
dya vao ba tiéu chi 1a hé sb twong quan R?, cin
clia sai s6 toan phuong trung binh (RMSE) va sai
sd trung binh tuyét déi (MAE). Gia tri ciia R?
duoc su dung dé kiém dinh mébi tuong quan
tuyén tinh giira gia tri thuc t& va gia tri du doan.
Trong khi d6, RMSE va MAE la hai tiéu chi
dugc sir dung dé danh gia su khac biét giira gia
trj thyc t& va gia tri tinh toan tr mé hinh. V& mat
dinh luong, gia tri cua R2 cang gan 1, gia tri cua
RMSE va MAE cang gan 0 thi s& the hién do
chinh xac cao hon cia mo6 hinh hoc may.
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Zﬁl(Ypred - }_’)2
2i—y )?
Trong d6: m 13 gia tri ctia mau kiém dinh, y;

gia tri do thuc t&, ypred gid tri duoc udc lugng tur

mo hinh, ¥ gié tri do thuc té trung binh.

Cubi cung, nghién ctru sir dung tiéu chuan t
so sanh gia tri R%, RSME va MAE gitta 4 mo
hinh todn may hoc dé lua chon mé hinh téi wu
nhat voi R? 16n nhit, RSME va MAE nho nhét
v6i mirc y nghia thong ké p<0,05.

Toan bd cac thudt todn hoc may dugc huin
luyén va dénh gia do chinh x4c bang goi “caret”
chay trén R 4.0.2.

R? = 9)

2.7. Xay dung ban do tich lily carbon rimg ld
rong thuwong xanh tai khu viec nghién ciru

Str dung thuat toan hoc may tdi wu da duge
lya chon dé tién hanh wdc lugng trit lugng
carbon cho céc trang thai rung 14 rong thuong
xanh cua tinh Binh Phuéc dua vao cac bién dau

1 =& ) vao 1a gia tri quang phd cua anh Landsat 8. Toan
RMSE = EZ(yi - ypred) (7) bo cac budc xay dung ban do6 tich lily carbon
i=1 ring dugc thé hién ¢ Hinh 2.
m
1
MAE = EZ(yi _ypred) (8)
i=1
Dit ligu 6 tiéu Anh Landsat Tién xit ly 4n dd hién
e ) BT

A
Trit eong
carbon cac OTC

Dt liéu
kiém dinh

Ranh gigi trang thai rimg
l& rong thuong xanh

A
Anh khu vuc
nghién ciru

A 4

Céc chi sb
quang phd

Dit liu hudn luyén

Xay dung md hinh ude
Iwgng trir lwong carbon

A 4

y

Panh gia do chinh xac
mo hinh

H Bén db trir luong carbon khu vuc nghién ctu ]

Hinh 2. So @6 m6 ta phuong phap xay dung ban do trit lugng carbon cac trang thai rung 14 rong thuong xanh
tai tinh Binh Phudc nam 2020 tir anh Landsat 8 va s0 liéu di€u tra thuc dia.
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3. Két qua nghién ciru va thao luin

3.1. Trit luong carbon cac trang thai rung la
rong thuwong xanh

— 901

2 T

5 | -
= I Trang thai rirng
8 go- e

0

= . G

Lc): . XK

c

g- o D XN

2

|_

T™HE  TXG  TXK  TAN
Trang thai rirng
Hinh 3: Trt lwong carbon cla cac trang thai rimg
trong cac 6 mau nghién ctru (TXG, TXB, TXN va
TXK: 6 mau thudc rimg 14 rong thudng xanh giau,
trung binh, nghéo va nghéo kiét).

Kha ning tich trit carbon trén mat dat cua
trang thai rimg giau 1a 98,57 (tAn/ha), rimg trung
binh 1a 81,88 (tan/ha), ring nghéo 1a 69,88
(tan/ha) va rung nghéo kiét 1a 50,37 (tan/ha)
Miic bién dong carbon tich trit trén mat dét cia
trang thai rimg giau tir 87,80 (tdn/ha) dén 118,96
(tan/ha), ring trung binh tir 68,49 (tdn/ha) dén
93,00 (tAn/ha), rimg nghéo tir 53,34 (tAn/ha) dén
86,31 (tdn/ha) va rung nghéo kiét tir 13,58
(tan/ha) dén 68,03 (tdn/ha) (Hinh 3). Cac trang
thai rimg tht sinh & hién tai 1a két qua cta qua
trinh khai thac chon ring ty nhién tir nhitng nim
1980 véi cudng do khac nhau [29]. Cu thé, qua
trinh khai thac chon voi cuong d6 nhé hon 10%
trit lwong goi 1a khai thac cuong do thip, trit
lugng rimg con lai 16n va sau thoi gian phuc hoi
nhiing trang thai rimg nay goi la rung giau (trir
lugng 16n hon 200 m*/ha). Rirng trung binh trix
luong tir 100-200 m¥/ha (cuong do khai thac
chon 10-30% va c6 thoi gian phuc hdi rimg tir

20-30 nam). Rung nghéo trit lugng tir 50-100
m%ha (cudng do khai thac 30-50% va c6 thoi
gian phuc hoi rimg tir 10-20 nam). Rimng nghéo
kiét trir luong dudi 10-50 m%/ha (ring bi khai
thac cuong do 30-50% va co thoi gian phuc hoi
tr 5-10 ndm). Nhu vay, kha nang tich trit carbon
cua rung 14 rong thuong xanh chiu anh huong
cua qua trinh tac dong ctia con ngudi va thoi gian
phuc hdi cia rimg.

3.2. Lwa chon mo hinh woc tinh triv lwong carbon

Mb hinh rimg ngiu nhién (RF) c6 sai s6
MAE va RMSE nho hon so véi 3 m6 hinh (hdi
quy tuyén tinh: LM; mang no ron: NNET; Vecto
hd trg: SVM) véi su sai khac c6 y nghia thong
ké (p<0,05).. V& hé s6 trong quan (Rsquared) mo
hinh rtmg ngau nhién cling cao hon so v6i 3 mo hinh
con lai v6i hé s6 twong quan R?=0,42 (Hinh 4).

MAE RMSE R?
= = 03 ‘ Py
.
30
0.4
==
404 M6 hinh
401 03 B w
* BS nneT
304 02 B rF
B3 svm
20 01
20
= = |, ==
LM NNETRF SV LM NNET RF SVM LM NNETRF SV
Mé hinh

Hinh 4. So sanh d6 chinh xac ctia 4 m6 hinh toan
hoc may bang dir liéu kiém chimg (MAE: sai 50
trung binh tuyét 601 RMSE: sai s0 toan phuong
trung binh; R2: hé sb tuong quan; LM: hdi quy tuyén
tinh; NNET: mang than kinh nhén tao, RF: rimg
ngau nhién, SVM: Véc to hd tro).

Vé téng thé, sai s6 cia RF tuong ddi cao
trong khoang tir 0 dén 100 cay; tir 100-250 cay
muc do sai s6 6n dinh hon va tir 250 cay trd di
thi sai s6 nhin chung it bién dong va 6n dinh.
Viéc Iya chon sd ntree phu hop cho qué trinh
phan loai phu thudc vao mirc do 6n dinh va bdo
hoa ciia sai s6 ciing nhu thoi gian it nhat dé dat
dugc sai sb 1a thép nhét, giam thiéu dugc thoi
gian tinh toan. S4 luong cay quyét dinh cang it
thi thoi gian tinh toan cang thap va nguoc lai. Két
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qua thé hién ¢ phu luyc 02 cho thiy ¢ khoang
ntree = 250 thi mirc d9 sai s6 gan nhu bdo hoa va
bién dong rit it nén xac dinh ntree cia mo hinh
RF trong nghién ctu nay la 250 cay.

b6 9 b6 °

NBR2 o b1 o

b |° NBR2 @

T T T T T T T T T T T T T
0 5 10 1 20 25 30 3 0 10 20 30 40
SincMSE IncModePurity

Hinh 5. Muc d9 quan trong cua cac bién du doan
(b1, b5, b6, b10 gia tri cac kénh 1, 5, 6 va 10 ctia anh
Landsat 8; NBR2: chi s6 hoa hoan hiéu chinh;
%IncMSE: mirc ting 1én cua sai sé trung phuong
tuong d6i; IncNodePurity: mirc ting 1én tinh dong
nhit cua di li¢u).

(a)

D6i v6i tham s6 mtry cia md hinh rimg ngau
nhién, két qua & phu luc 03 cho thay khi sir dung
1 bién (1 kénh anh) tai mdi nat phan chia (mtry)
thi sai s6 ctia phan kiém chirmg RMSE 1a 0,775,
con néu str dung mtry=2 thi sai s6 RMSE 12 0,76
va mtry=4 tuong tmg sai s RMSE 14 0,757. Viéc
sir dung mtry=2 va mtry=4 thi sai s6 RMSE chi
léch 0,003, day 1a ti 1€ chénh 1éch cuc ki nho nén
khi str dung mtry=2 hoic 4 déu mang lai két qua
¢6 y nghia thong ké. Trong nghién ciru nay sir
dung mtry=4 1a thong s6 ma két qua mong doi.

Anh huéng cua cac kénh anh dén d6 chinh
xéac két qua udc tinh trir lugng carbon trén mat
dat ctia cac trang thai rimg 14 rong thuong xanh
dugc xac dinh thong qua mrc d§ quan trong cua
céc bién trong mé hinh rimg ngiu nhién (Hinh
5). Két qua cho thiy, mirc d6 quan trong cuia cac
kénh anh trong md hinh ring ngiu nhién wdc
tinh trir luong carbon cia rimg lan luot 1a: kénh
10, 6, chi s NBR2 va kénh 1. Trong khi d6, kénh
5 ¢6 vai trd thap nhét trong mé hinh RF. Vi vay,
mo hinh RF t6i wu trong nghién ctu nay la
ntree=250, mtry=4 va sir dung cac kénh phd 1, 5,
6 va 10 cung vai chi s NBR2.

(b)

RMSE= 5.4 (thn'ha)
Ri=092
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Hinh 6. Két qua md hinh rung ngiu nhién cho phan huan luyén (a)va phan kiém dinh (b)
(RMSE: sai s0 toan phuong trung binh, R?: hé s6 twong quan).

Mo hinh RF cho 2 phan huan luyén va kiém
dinh dugc thé hién & hinh 06. Tir hinh 06 cho
thiy kha ning du bao ciia mé hinh 1a twong ddi
sat voi dir lidu carbon do thyc té. Gid tri tuong
quan thu duoc cia phan huin luyén R?=0,92 va
ctia phan kiém dinh 1a 0,41. Vi vay, trong 4 mo
hinh dugc dua vao thu nghiém thi mé hinh RF

cho viéc du bao carbon rimg 13 kha thi. Hé s6
tuong quan danh cho phan kiém dinh chua thuc
su cao nhu phan hudn luyén. Tuy vdy, do chinh
xac ctia phan kiém dinh trong nghién ctru nay
van cao hon cua Safari va cong sy (2017) [30]
khi str dung anh Landsat 8 va thuat may hoc uéc
tinh carbon ciia rimg Sbi tai tinh Kermanshah,
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Iran v&i R? tir 0,27 dén 0,35 cho phan dit liéu
kiém dinh. Twong ty, Dube va Mutanga (2015)
[31] khi str dung anh Landsat ETM + dé wéc tinh
sinh khdi trén mit dat cho rimg ty nhién & tinh
KwaZulu-Natal, Nam Phi v6i R? bang 0,32. Xét
vé sai s tuyét d6i cia mo hinh dy doan trong
nghién ctru nay 1a 11,04 (tdn/ha) ciing thdp hon
so v6i két qua ciia Gizachew va cong su (2016)
[8] v6i RMSE bang 56,00 (tin/ha) khi ding mo
hinh tuyén tinh u6c tinh trir lugng carbon tir nh
Landsat 8 cho rirng miombo cua Tanzania. Thuat
toan RF duoc st dung rong rai va c6 do chinh
xac cao trong xdy dung cac md hinh udc tinh
sinh khi va carbon rimg tir anh vé tinh. Liu va
cong su (2017) [32] thong qua nghién ctru cho
thay kha nang ciia cac thuat toan phi tham sé may
hoc nhu RF trong viéc udc tinh sinh khéi cling
nhu trit lugng carbon tir dit liéu vién tham vé&i do
chinh x4c cai thién dang ké so véi mé hinh tuyén
tinh. Két qua tuong tu vé do chinh xac cua md
hinh RF ciing duoc tim thiy trong nghién ciru
cia Dube va Mutanga (2015) [31], khi sir dung
anh Landsat 8 dé danh gia sinh khoi trén mat dat
tai uMgeni catchment, Nam Chau Phi. Dang va
cong sy (2019) [33] khi st dung anh Sentinel
wdc tinh sinh khoi trén mat dat tai Vuon Quéc
Gia York Poén tai Viét Nam ciing cho thdy do
chinh x4c cao cia mé hinh RF trong két qua dy
doan. D¢ chinh xac ciia két qua du doan phu
thudc vao dic trung ciu tric cia rimg.Cac trang
thai rimg loai cdy dong nhét hodc chicé mot sb
loai wu thé thi mo hinh dy doan sai sé thuong
thip hon, ching han Safari va cong su (2017)
[30] khi str dung anh Landsat 8 dé tinh trit luong

carbon cia rimg Soi tai Iran thi RMSE chi bang
2,94 tin/ha cho md hinh RF. Piéu nay dugc ly
giai 1a do khu vyc rimg thwa mat do sinh khi
thap, cdu trac rimg dong nhat voi loai cay Soi wu
thé trong ca khu vuc nghién ciru. Do khu vuc
nghién ctru c¢6 nhiéu trang thai rimg 14 rong
thuong xanh khac nhau khac nhau véi cdu trac
va thanh phan loai cdy da dang din dén sai s6
ctia mo hinh véi RMSE bang 11,04 (tin/ha).

3.3. Xdy dung bdn do tich lLiy carbon cdc
trang thai rung la rong thuong xanh tai khu vuc
nghién ciru

Thong qua mo hinh RF gitra trr lugng va cac
gia tri kénh anh ta ¢6 ban d6 udc tinh trit luong
carbon khu vuc nghién ctru (Hinh 7). Tir két qua
mo hinh cho ta thiy trit lugng carbon 16n nhat
tinh tir anh dat 104 tin/ha tap trung & khu vuc
giap bién gidi Campuchia va tinh Bak Nong
thudc cac 1am phan rimg 1a rong thudng xanh
gidu ciia Vuon qudc gia Bu Gia Map. Nguoc lai,
khu vuc phia tiy va phia bic trir luong carbon
thap, noi tap trung cac trang thai rimg nghéo kiét.
Trong khi do, céc trang thai rung ty nhién giap
tinh Lam Dong va Pdng Nai c6 trit lugng carbon
& muc dudi 80 (tdn/ha), & day co cac trang thai
rung trung binh, ngheo va kiét. Trit lugng carbon
trung binh tinh tir anh Landsat 8 bang thuat toan
RF cho cac trang thai rung lan luot 1a: 87,78
tan/ha (TXG), 77,58 tan/ha (TXB), 70,29 tin/ha
(TXN) va 59,80 tdn/ha (TXK). Tong trit lugng
carbon tich lily trong cac trang thai ring 14 rong
thuong xanh tai tinh Binh Phudc nam 2020 la:
606,42 nghin tan (Bang 3).

Bang 3. Trit lugng carbon tich lily trong cac trang thai rirng 14 rong thudng xanh tai tinh Binh Phudc udc tinh tir
anh Landsat 8 bang thudt toan hoc ring ngau nhién

Trane thi rim Dién tich Trir luong carbon tinh Tong trit luong carbon
ng £ (ha) trén 1 ha (tin/ha) (nghin tén)
Rirng 14 rong thuong 5254 11 87.78 247.18
xanh giau ' : ’
Rirng 14 rong thuong 4126 68 7758 174.91
xanh trung binh ' ’ ’
Rirng 14 rong thuong 4300.39 70.29 166,84
xanh nghéo ' ’ ’
Rirng 14 rong thuong 524 5980 17.49
xanh nghéo kiét ’ ,
Tong 14205,18 606,42
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Trit lwong carbon cia cac trang thai ring tai
tinh Binh Phuéc tir 9,8 tAn/ha dén 103,9 tin/ha,
tuong tu so voi cac trang thai rung la rong
thuong xanh tai tinh Pak Nong voi trit lugng
carbon trén mat dat cua trang thai rimg nghéo 1a

34,39 tin/ha va rimg giau 1a 107,73 tan/ha [34],
hay tai Khu bao ton Xuan Lién, Thanh Hoa véi

a) Vi tri khu vyre nghién cim
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trit lwong carbon wéc tinh tir 42,78-118,35 tAn/ha
[35]. Tuy vdy, n6 thap hon so véi cac trang thai
rung ty nhién tai lvu vyc song Vu Gia Thu
Bonnam trén cac tinh Pa Ning, Kon Tum va

Quéang Nam v6i trir lugng carbon tir 18,2 tan/ha
den 166,8 tan/ha [36].

b) Ban 86 lugmg Carbon rimg LRTX i tinh Binh Phudc
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Hinh 7. Ban d6 woc tinh trit lugng carbon céc trang thai rimg 14

rong thuong xanh tai tinh Binh Phudc.



N. T. Tuan et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 38, No. 4 (2022) 89-104 101

4. Két ludn

Nghién ctru st dung 4 thuat toan hoc may
tinh (rirg ngau nhién, vécto hd trg, mo hinh no-
ron nhan tao, hoi quy tuyén tinh) dé dy doan trix
lugng carbon trén mat dét cua rung ty nhién la
rong thuong xanh tai tinh Binh Phudc tir anh v€
tinh Landsat 8. Két qua chi ra rang mé hinh rimg
ngau nhién kha thi trong viéc ude tinh trit lugng
carbon thong qua gié tri cac kénh phd véi hé s6
twong quan cho dit liéu huén luyén 14 0,92 va dir
liéu kiém dinh 12 0,41. Trong do, cac kénh 10, 6,
1 va chi s6 NBR2 ciia anh Landsat 8 13 bién s6
quan trong trong md hinh wdc tinh trit lugng
carbon rung 14 rong thuong xanh tai khu vuc
nghién ctru. Sai s6 cia mé hinh huan luyén cho
dit liéu kiém dinh 1a 11,04 tin/ha. Thong qua mo
hinh rimg ngau nhién (RF) trit lugng carbon cac
trang thai rung 14 rong thudng xanh khu vuc
nghién ctru dugce uwde tinh tr anh Landsat 8 voi
gid tri tir 9,8 dén 103,9 tan/ha. Cudi ciing, nghién
ctru dé xudt mot trong nhitg hudng nghién ciru
trong tuong lai trong viéc sit dung mo hinh thuat
toan may hoc két hop v6i nhitng anh vé tinh co
dd phan giai cao hon nhu SPOT, ALOS
PALSAR,... d¢ nang cao d6 chinh xac trong udc
tinh trit lugng carbon cho cac trang thai rung
khac nhau tai Viét Nam.
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Phu luc 1. Hé s twong quan gitta cac kénh anh véi trit lugng Carbon
(b1, b5, b6, bl10: gia tri kénh 1, 5, 6 va 10 cua anh Landsat 8; Lnb2, Lnb3, Lnb4, Lnb7: gia tri logarit tw nhién
ctia kénh 2, 3, 4 va 7 ctia anh Landsat 8; NDVTI: ci s6 thuc vat; EVI: Chi s6 thyc vét ting cudng, SAVI: chi sb
thuc vat co hiéu chinh phan xa mat dat, MSAVI: chi s6 SAVI hiéu chinh; NDMI: chi s6 d6 4m khac biét; NBR
va NBR2 chi s6 hoa hoan 1 va 2).
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Phu luc 2. Bién thién sai s6 ciia mo hinh RF dwa vao s lugng cac cdy ntree (Error: sai s toan phuwong ctia mo
hinh rirng ngau nhién, trees: so lugng cay dé xay dyng moé hinh).
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Phu luc 3. Mtrc d6 sai s6 RMSE dir li€u kiém chimg v6i sy thay dbi gia tri cua mtry (RMSE sai s6 toan phuong
cua dir liéu ki€ém dinh, mtry 1a s6 luong bién dung dé chay moé hinh).



