Tap chi Khoa hoc Pai hoc Hué: Néng nghiép va Phat trién Néng thon
pISSN: 2588-1191; eISSN: 2615-9708
Tap 134, S6 3A, 2025, Tr. 101-118, DOI: 10.26459/hueunijard.v134i3A.7627

XAY DUNG PHUONG TRINH UOC TINH TRU LUONG CARBON
RUNG TU NHIEN BANG ANH VE TINH SENTINEL-2:
NGHIEN CUU TRUONG HOP O THANH PHO DA NANG

Nguyén Hitu Tam* 2, Nguyén Vin Loi!, Hoang Huy Tuan® *
1Truong Dai hoc Nong Lam, Pai hoc Hué, 102 Phiing Hung, Hué, Viét Nam
254 Nong nghiép va Mai truong thanh phd Da Nang, 24 Tran Phi, Da Néng, Viét Nam
* Tac gia lién hé: Hoang Huy Tuan <hhtuan@hueuni.edu.vn>

(Ngay nhdn bai: 12-9-2024; Ngay chdp nhdn ding: 8-1-2025)

Tém tat. St dung anh vién thdm va dit liéu diéu tra rimg d€ wdc tinh sinh khéi rimg theo cc tham sd, chi
s0 anh da duoc tién hanh hon hai thap ky qua trén toan Thé gidi. Trong d6 anh Sentinel 2 c6 d6 phéan giai
kha cao va phtt hop v6i phén tich méi quan hé cta cac chi s& phan xa thue vat ritng véi sinh khoi rig, hon
nita anh Sentinel 2 dwoc st dung mién phi nén gép phan giam chi phi trong viéc wéc tinh trit lwong carbon
rimng. Nghién ctru duoc tién hanh nham xay dung phuong trinh twong quan gitta trit lwong carbon rirng tw
nhién véi chi s§ thue vat khac biét chudn héa (NDVI) ctia anh Sentinel 2 ¢ thanh ph& Da Nang thong qua
cac md hinh hoi quy tuyéh tinh va phi tuyén. Két qua ctia nghién ctru da chi ra rang: d6 chinh x4c tong thé
ctia ban d6 phéan loai dat 96% va hé sd Kappa la 0,94. Phuong trinh héi quy TC =5297,1 x NDVI2 — 6127,9 x
NDVI + 1751,8 ¢6 hé s& xac dinh R? = 0,8713 va d6 chinh xac 83,41% duoc chon d€ wéce tinh trit luong carbon
ring cta thanh phd Da Néng.
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Abstract. Using remote sensing images and forest inventory data to estimate forest biomass basing on

parameters and image indices that has been conducted for more than two decades on the World. In which,
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the Sentinel 2 image has quite high resolution and suitable for analyzing the relationship of forest vegetation
reflectance indices with forest biomass, furthermore the Sentinel 2 images are free of charge so it contributes
to reducing costs in estimating natural forest carbon stocks. This study was conducted to develop correlation
equation between natural forest carbon stocks and normalized difference vegetation index (NDVI) of
Sentinel 2 images in Danang city through linear and non-linear models. The study found out that the overall
accuracy of the classification map is 96%, with a Kappa coefficient of 0.94. The regression equation
TC =5297,1 x NDVI? - 6127,9 x NDVI + 1751,8 with R?=0.8713 and an accuracy of 83.41% was selected for

estimating natural forest carbon stocks in Danang city.

Keywords: Da Nang, natural forest carbon, NDVI, regression equation, Sentinel-2 images

1 Dit van dé

Cé nhiéu chi s6 thuc vat dong vai tro quan trong trong viéc wdc tinh sinh khoi va theo doi
su phat trién thyre vat, nhung mdi chi s6 c6 cach tiép can riéng va nhitng han ché nhat dinh. SAVI
(Soil Adjusted Vegetation Index) duwgc phat trién d€ giam thi€u tac dong ctua diéu kién dat, giup
cai thién do chinh xac trong cac khu vic co6 tham thyec vat thua, nhung hiéu qua kém hon trong
vung cdy cdi day dac [1]. CVI (Chlorophyll Vegetation Index) do nong d6 diép luc, rat hitu ich
trong viéc danh gia stec khoe va sy phat trién cuia cay, tuy nhién c6 thé han ché'trong cac vung ¢
ndng do diép luc thap hodc dong déu [2]. GLI (Green Leaf Index) phan anh sic xanh ctia 14 cay,
ddc biét chinh xac trong giai doan tang trieong nhanh, nhung mat di tinh hiéu qua trong cac khu
viee c6 tham thuc vat day dac [3]. NDVI (Normalized Difference Vegetation Index) noi bat nho
kha nang 6n dinh khi ap dung ¢ quy mo 16n va tinh phtt hop véi cac khu viee ¢6 tham thuyee vat
phong pht. NDVI duoc tinh dya trén su khéc biét gitra phan xa ctia 4nh sang hong ngoai gan va
anh sang do, giup do luong mitc 46 quang hop va sinh triedong ctua tham thuc vat, qua dé wéc
tinh hiéu qua sinh khéi va carbon luu trix [4]. Pong thoi, NDVI cung cdp thong tin chinh xac vé
mat d6 va stic khoe tham thuc vat, nhiing yéu t6 cot 16i trong viéc danh gia trit lugng carbon [5].
Ngoai ra, NDVI ¢6 wu diém 6n dinh qua thoi gian, ddc biét phu hop khi st dung 6 cac khu vuee

c6 tham thuyee vat day ddc va phong phu, gitip viéc ddnh gid dién ra hiéu qua trén dién rong [6].

Trong thap ky qua, dit liéu vé tinh Sentinel-2 dwoc ap dung rong rai nho dé phan giai cao
dé€ wdce tinh sinh khoi cua ring tu nhién. Nghién cttu moi quan hé gitta cac chi s6 anh Sentinel-2
(NDVL EVI, NDI45...) véi sinh khoi trén mat dat (AGB) cuia ring nhiét déi do tw nhan quanly &
Indonesia, Askar va cong su da chi ra réng: chi s6 NDI45 thé hién moi twong quan manh véi AGB
so voi cac chi s6 khac (r =0,89; R2=0,79) [7]. Ngoai ra, anh Sentinel-2 con két hop v6i ENMAP dé
lap ban do va theo doi cac thay d6i vé mai truong [8], hay két hop voi PlanetScope dé 1ap mo
hinh ban d6 sinh khéi [9]. Uéc tinh sinh khéi va kha nang tich 1ty carbon ctia ritng mwa nhiét doi
0 cao nguyén Kon Ha Ntng dua vao chi sd EVI cta anh Sentinel-2, Dang, H.N. va cdng sy da
chting minh cac m6 hinh lin-log duoc xdy dung dé tinh toan sinh khdi tit chi s6 EVI ctia anh
Sentinel-2 ndm 2016 va ndm 2021 déu c6 hé s6 R2? cao nhét, 1an lwot 1a 0,76 va 0,765 [10].
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Vao ndm 2018, Da Nang duwgc cong nhan la Thanh phd Xanh Quéc gia cua Viét Nam, nho
vao cac chinh sach va sang kién ctia chinh quyén thanh phd va ngudi dan nhdm phat trién d6 thi
xanh va bén vitng. Thanh pho da cam két giam 25% lwong phat thai carbon vao nam 2030 so véi
muc phat thai ndm 2016, vi vy viéc tinh todn luong hap thu carbon tir hé sinh thai rirng 1a nhiém
vu quan trong d& Da N&ng duy tri vi thé'la Thanh phd Xanh [11].

Nghién cttu nay nham muc dich wdc tinh trit lwong carbon tit rimg tw nhién thong qua két
hop GIS va vién tham véi dix liéu diéu tra ring d€ lam co so theo doi s bién dong cta trit luong
carbon theo thoi gian trén dia ban thanh phd Da Nang. Két qua nghién ctru cd y nghia quan trong
trong viéc cung cap thong tin cho cdng tdc quan ly va bao vé tai nguyén ring, hd tro quyét dinh
chinh sach vé bao vé moi treong va tang trueong trit lwong carbon ritng tu nhién, gép phan giam
phat thai trong qua trinh phat trién d6 thi. Qua viéc x ly anh vé tinh va két hop véi cac dix liéu
diéu tra rirng, nghién ctru nay da xay dung dugc phuong trinh twong quan gitra tong trit luong
carbon ttr ritng tu nhién va chi s6 NDVI ctia anh Sentinel-2 d€ wdc tinh trit lwgng carbon cua ring
tw nhién tai thanh phd Da N&ng ndm 2023.

2 Phuong phap nghién cttu
2.1 Phwong phap thu thip sé liéu
Khu vuc nghién cttu

Nghién cttu nay duoc thuc hién tai thanh pho Da meg thudc vung sinh thai Nam mién
Trung cta Viét Nam. Thanh phd Da Néng nam & mién Trung Viét Nam, giap bién Dong, Thira
Thién Hué, va Quang Nam c6 vi do tir 15°55' dén 16°14' Bic, kinh d6 tir 107°18' dén 108°20' bong
v6i 8 quan, huyén. Hé thuc vat 6 day chu yéu la rieng nhiét d6i thuwong xanh va tham thuc vat
ven bién. D€ tai tap trung nghién ctru d6i voi cac trang thai ritng ty nhién (riing giau, ring trung
binh, ritng ngheo va rig ngheo kiét) tai 04 quan, huyén c6 rimg ctia thanh phd Da Néng (Hoa
Vang, Son Tra, Lién Chiéu, Cam Lé).
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Hinh 1. Khu vyc nghién ctru, thanh phd Da Néng
Phuong phap thu thap s6 liéu thw cap
Tu liéu st dung xay dung ban d6 hién trang ritng bao gom:
Ban d6 hién trang ring

Ban d6 dién bién riing nam 2022 ctia thanh phd Da Nang duoc thu thap tit Chi cuc Kiém
1am dé€ lap cac 6 tiéu chudn (OTC) dai dién cho cic trang théi rieng d€ tién hanh do dém cac chi
tiéu sinh tredng ctia cy rig (cdy gd) 1am co sé tinh todn trit lwong carbon rimng, ddng thoi dung
dé doi chiéu dién tich ring va dat 1am nghiép so véi ban d6 hién trang ritng nam 2023 dwoc xay

dung ttr anh Sentinel-2 va kiém chiing su trung khép cac OTC da dwoc lap gitta hai ban do.
Anh vé tinh Sentinel 2

Dt liéu duwoc st dung trong nghién cttu la dit liéu anh vé tinh Sentinel 2 véi d¢ phan giai
khong gian 10m, d6 phan giai thoi gian 5 ngay voi 12 kénh pho. Hé toa do stt dung trong anh la
UTM  hé chiéu WGS1984. Anh vé tinh duwoc tdi vé tai dia chi website:

https://scihub.copernicus.eu/.

Canh anh S2B_MSIL1C_20230522T030529_N0509_R075 chup ngay 22 thang 05 nam 2023,
c6 dd che phti may nhé hon 5%, bao pht toan bd dién tich dat lién cua thanh phd Da Nang
(Hinh 2) duoc st dung dé€ giai dodn anh dé xay dung ban do6 hién trang ring nam 2023, tir d6
xac dinh cac chi s6 NDVI ctia titng trang thai ritng lam co so di liéu dau vao dé€ xay dung céc
phuong trinh twong quan gitta TC va NDVL

104


https://scihub.copernicus.eu/

Jos.hueuni.edu.vn Tap 134, S6 34, 2025

Hinh 2. Anh Sentinel-2A t6 hop mau ty nhién chup ngay 22/05/2023

Phuong phap thu thap s6 liéu so cap
Thu thap s6 liéu thuc dia

Céc diém mau khoéa anh dugc thu thap bang phuong phép stt dung may GPS cam tay dé&
xac dinh toa d9, trén co s& d6 da thiét 1ap ban d6 cua 220 diém mau khéa anh phuc vu cho céng
tac giai doan anh vé tinh.

Do dém cac chi tiéu sinh tredng trén cac 6 tiéu chuin

Thiét 1ap ngau nhién céc 6 tiéu chuan (OTC) d& do dém sinh khéi rimng tu nhién theo huéng
dan cta Bo truong Bo Nong nghiép va Phét trién nong thon tai Thong tw s6 33/2018/TT-
BNNPTNT ngay 16/11/2018 dwoc stra d6i, bo sung tai Thong tw s6 16/2023/TT-BNNPTNT ngay
15/12/2023.
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Hinh 3. So d6 vi tri cac 6 tiéu chuan

Toéng cong c6 115 OTC duoc bd tri ngﬁu nhién dai dién cho 4 trang thai ritng (Hinh 3): ritng
theong xanh giau (TXG): 33 OTC, riing thuwong xanh trung binh (TXB): 37 OTC, ritng thuong
xanh ngheo (TXN): 33 OTC, riing thwong xanh kiét (TXK): 12 OTC. OTC c¢6 dién tich 1000 m?
(40 m x 25 m). Trong m6i OTC tiéh hanh do dém toan bo cay gd (cay song) dé thu thap cac thong
tin: tén loai, duwong kinh ngang nguc (D13) d6i voi nhitng cay ¢é Dis 2 6 cm, chiéu cao vat ngon
(Hvn). D6i véi chi tiéu ty trong gd (wood density - WD) duoc str dung dit liéu tir két qua nghién
cttu ¢ vung ¢ vung sinh thai Nam Trung Bo ctia Bao Huy va cs. [12]. Treong hop cac loai chua
c6 trong dit liéu trén thi sé dwgc tra trong ditx liéu cua ICRAF tai

http://db.worldagroforestry.org/wd.

2.2 Phuong phap xdy dung ban d6 hién trang ring

Ban d6 hién trang ritng nam 2023 duoc xay dung tir anh Sentinel 2 nhdm xéc dinh cdc chi
s0 NDVI ctia tirng trang thai ritng tu nhién lam co s dit liéu dau vao dé xay dung cac phuong
trinh twong quan gitra TC va NDVI. Dong thoi kiém ching tinh dai dién ctia cac OTC da duoc
lap dé do dém cac chi tiéu sinh treong. Cac bude chinh d€ xay dung ban d6 hién trang rung ti
anh Sentinel-s bao gom:

Xtt 1y anh veé tinh

Anh vién tham sau khi thu thap da dugc xt ly qua cac budc sau: Chuyén hé toa do cac
kénh anh (Red, Green, Blue va Near Infrared) vé hé toa d6 VN2000-Da Nﬁng/Quéng Nam, kinh
tuyén truc 107,75 mai chiéu 3 d. Cat cac kénh anh theo ranh gidi ctia thanh phd Da Nang va gop
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3 kénh anh Red, Green, Blue dé xay dung anh t6 hop mau ty nhién. Toan bd cdng viéc trén dwgc
thuc hién trén phan mém QGIS 3.36.3.

Phan loai hién trang rirng

- Stt dung phuong phap phan loai c6 ki€ém dinh va giam sat d€ xay dung ban d6 hién trang
ring. Hé thong phan loai dugc thé hién gom 7 16p, bao gom: Ring tw nhién (RTN); Ring trong
(RT); Dat trong khong o thue vat (DT1); Dat trong cé thuc vat/co cay gS tai sinh (DT2); Mat nudc
(MN); bat khac gom déan cu va co so ha tang (DK); May (MAY).

— BO mau khoda anh gom 220 diém mau dwoc chon dai dién cho tieng trang thai, 16p phu va
cac khu viee bi may che phu dé€ tién hanh phén loai anh vé tinh va danh gia d6 chinh xac cta két
qua phan loai. Trong d6 c6 190 mau khéa anh duoc khao sat thuc dia vao thang 06/2023, bao
gom: 40 mau khoa 16p phu rimg tw nhién, 150 mau anh chia déu cho 5 16p phu. Ddi véi nhiing
khu vuc bi may che phti (khoang 2%) da chon 30 diém mau tryc tiép trén anh ma khong tién hanh
khao sat thuc dia (Bang 1).

B6 mau khéa anh dwoc chia d6i ngau nhién, trong 6 mau khéa anh dugc stt dung cho giai
doan anh 1a 110 mau; 110 mau khéa anh con lai dugc st dung d€ kiém tra va danh gid do chinh
xac ctia ban d6 phan loai.

Phuong phap danh gia do chinh xac két qua giai doan anh

St dung hé s6 Kappa (), do chinh xac ctia nha san xuat (PA- producer accuracy), do chinh

xac ctia nguoi st dung (UA - user accuracy) va d6 chinh xac tong thé (OA- overrall accuracy)

Béang 1. Thong ké s8 lwong mau anh

T L6p phu thuc vat Ky hiéu S(A)nl:ging Pic diém cta 16p phu

1 Ring tir nhién RTN 40 Tham thyc vat day dac, mat do cay
nhiéu, it ¢é sy phan biét gitra cac tang
tan.

2 Ring trong RT 30 Tham thuc vat twong doi (trong theo
hang), dong nhat vé phan xa pho, cau
trac tan cay

3 bat trong khong ¢6 thuce vat DT1 30 DAt trong sau khai thac, hoac dat chuwa
cdring

4 bat trong cé thue vat/co cay DT2 30 Da s6'1a day leo, bui ram, cé mét sd cay

g0 tai sinh g0 tai sinh, mat 6 khong cao

5 Dat khac DK 30 Dat cong trinh, nong nghiép, ...

6 Mat nuwée MN 30 Bién, song, ao, ho

7 May MAY 30 Khu vue bi may che phu

Ngudn: Két qua xtt ly anh két hop véi kiém chiing thue dia, 2023
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dé danh gia d6 chinh xac cta két qua giai doan anh [13]. Trong d6 hé s6 Kappa duoc tinh theo
cong thirc sau [14]:

NZ{: 1xii_2{=1(xi+xx+i)
K= 1
N2Z=3T_ (x4 X¥49) M
PA = 2L x 100 ()
X+i
UA = 2L %100 3)
Xi+

0A = Z=tfix 100  (4)

trong d6, N: Tong sd pixel 1dy mau; r: S8 16p d6i tuong phan loai; xi: S pixel dting trong 16p thi

nhat; xi: Tong pixel 16p thtt i ciia mau; x-i: Tong pixel cta 16p thit i sau phan loai.

2.3  Phuong phap xdy dung phuong trinh hdi quy gitta NDVI va trit lwgng carbon
Do dém trit lwgng carbon rirng va chi s6 anh NDVI

Hé sinh thai ritng c6 5 bé chita carbon, trong d6 bé chita trong thuc vat phan trén mat dat
la quan trong nhat, vi n6 chiém ty trong 16n va bién dong do cac hoat dong khai thac st dung, bé
chtta carbon nay thuong duoc wdce tinh thong quan sinh khoi trén mat dat (AGB). Sinh khoi trén
mat dat bao gom ca cay gb va thuc vat khac nhu cay than thao, cdy bui; tuy nhién, do cac loai
thuee vat khong phai than gb chiém ty trong nhé va thuong bién dong, nén da s& cac nghién ctru
tap trung vao udc tinh sinh khdi trén mat dat ctia cay gb lam co so cho viéc wdc tinh trit luong
carbon ctia bé chita thuc vat trén mat dat cua hé sinh thai ring [15].

Dai véi sinh khoi dwdi mat dat (BGB) ctia rirng twe nhién thi viéc tinh toan rat phuic tap va
ton kém nhiéu nguon luc, nén nghién ctu nay da ap dung hé s6 chuyén déi tvt ABG sang BGB
do Mokany va cs. d€ xuat [16] va dugc IPCC (2006) chap nhan dé€ tinh toan lwong carbon hap thu
hay phat thai trong kiém ké khi nha kinh [17].

Phwong phap wdc tinh trit lwvgng carbon rirng dugc trinh bay chi tiét dusi day
Uéc tinh tong sinh khéi trén mat dat (AGB) caa m6i OTC

Tai vung Nam Trung B0 ctia Viét Nam da st dung mo hinh wdc tinh sinh khoi trén mat
dat (AGB) cay ring theo don biénh Dis: AGB = 0,10419 X D;3%*°™*5 (5) (c6 R2=0,980), tuy nhién
dé€ dat do tin cay cua gia tri AGB can ap dung md hinh ¢6 cac thém cac bién H va WD, d¢ la

phuong trinh AGB; = 0,59831 x (D;32 x H x WD)"”*"” (6) (c6 R2=0,987) [12].

Uéc tinh tong sinh khéi dwéi mit dat (BGB) cia méi OTC
BGB ctia mdi OTC sé& dwoc wdc tinh theo cong thitc sau: BGB; = AGB ; X R (7)

trong d6: BGBi 1a BGB cua OTC i; R 1a hé s6 quy doi. Nghién ctru nay ap dung cac hé s R méc
dinh ctia Mokany va cs., d6 la R = 0,205 cho nhitng OTC c¢6 AGB < 125 tan/ha va R = 0,235 cho
nhétng OTC c6 AGB > 125 tan/ha [16].
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Uéc tinh tong sinh khéi (B) cho mbi OTC
Tong sinh khéi ctia OTCi sé bang tong AGB va BGB: B ; = AGB; + BGB; (8)
Uéc tinh tong trit lwgng carbon (TCi) ctia OTC

Tong trit lwong carbon ctia OTC dwgc tinh nhw sau:

_ (Bix10% __ BiXCF
TG = (103 x 1000) X CF = 100 ©)

trong d6: TCi 1a tdng trit luong carbon ctia OTCi, tinh bang tin/ha; Bi la tong sinh khéi ctia OTC
i, tinh bf?mg kg; CF la hé s6 ham luong carbon. Gid tri mdc dinh cua hé sd nay 1a 0,47 [17].

Tinh toan chi s6 NDVI

Cac gia tri cia NDVI ctia anh Sentinel-2 dwoc tinh toan tir cac kénh do (Red) va kénh can
héng ngoai (Near-Infrared, NIR) [18] thong qua phan mém QGIS bang cach thiét 1ap dai mau
thich hgp RdYIGn d€ mau xanh la biéu thi ving c6 méat d6 tham thuc vat cao va mau doé biéu thi
vung khong c6 tham thye vat. Cu th€ NDVI dugc tinh theo cong thiic sau [18]:

(NIR-RED)
(NIR+RED)

NDVI = (10)

trong do: - NIR (Near-Infrared): Kénh 8 (budc song khoang 842 nm) ctia Sentinel-2; Red: Kénh 4

(budc séng khoang 665 nm) ctia Sentinel-2.

Phuong phap xay dung phuwong trinh twong quan gitta NDVI va trit lwong carbon
Chon mau

Chon ngau nhién 96 OTC dai dién day du ca 4 trang thai ritng d€ tinh toan cac chi s3 thong
ké va xay dung phuong trinh twong quan gitta chi s6 NDVI véi tong trit luong carbon riing tw
nhién; 19 OTC con lai (ciing dai dién ddy du ca 4 trang thai riing) duoc st dung d€ danh gia do

chinh xac ctia phwong trinh twong quan dwoc chon (kiém ching).

Chon dang phwong trinh

Chi s6 NDVI phan anh mat d¢ va tinh trang sinh khoi thuce vat, qua d6 cung cap thong tin
vé lugng carbon luu trit trong tham thuc vat. M6i quan hé gitta NDVI va trit luong carbon c6 thé
biéu hién dudi dang tuyén tinh hodc phi tuyén, phu thudc vao cau tric tham thuc vat, loai hinh
ring, d6 tudi ctia hé sinh thai, cung cac yéu t& moi truong khac. Cac phuwong trinh toan hoc dai
dién cho nhitng m6 hinh mo ta mé6i quan hé nay bao gom ca mo hinh tuyén tinh, thwong dwoc
stt dung khi NDVI thé hién su bién do6i nho vé sinh khoi, va cac mo6 hinh phi tuyén nhu ham
logarit, bac hai, hodc ham mi, 4p dung cho nhitng treong hop phtic tap hon, khi sinh khdi ¢ xu
hudng tang trudng theo cap s6 mi hodc giam dan khi NDVI dat dén mdt ngudng nhat dinh. Dua

trén mot s6 nghién ctru ctia cac nha khoa hoc trude day, dé tai da st dung phan mém excel dé
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phén tich mdi quan hé gitra trir lwong carbon (TC) va NDVI théng qua cac md hinh héi quy theo
cac dang phuong trinh tuyén tinh va phi tuyén nhu sau [19-23]:

Y=axX+b (11)
-Y=axlnX+b (12)
-Y=axX*+bxX+c (13)
Y =axX? (14)
-Y =axelX (15)

trong do: bién Y duoc tinh todn la Téng trit lwong carbon rung (TC) va bién X la chi s anh NDVI.

Xt 1y théng ké

- Hé s6 xac dinh (R?): do luong ty 1€ phan tram bién thién cta bién phu thudc dugc giai

thich boi bién doc lap trong mo hinh héi quy duoc tinh theo cong thikc sau: [24-27].

R2 = Sl O3l 0 _ 2P0 )? (16)

L i-9)? St i-9)?
- Chi s0 Sai s6 tuyét ddi trung binh - MAE (Mean Absolute Error): do lwong trung binh
cua sai sO tuyét doi gitra gia tri dw dodn va gia tri thuc t€'[28]
1 A
MAE =13y, -3, 17)

- Chi s6 Sai s0 binh phuong trung binh can bac hai - RMSE (Root Mean Squared Error): do

lwong do léch chuan cta sai s6 dy doan [28].

RMSE = /%Z()’i - 9)? (18)

trong dé: y; la gia tri thuce t& cua bién phu thudc tai quan sét thi i; ; la gid tri dy doan cua bién

phu thudc tai quan sat thit i; ¥ la gid tri trung binh ctia bién phu thudc; n la s6 luong quan sat.

3 K&t qua nghién ctru va thao luan
3.1 Xy dung ban do6 hién trang rirng

Két qua xay dung ban d6 hién trang rirng bang anh Sentinel ctia thanh phd Da Néng 6 thoi
diém thang 5 ndm 2023 dwoc trinh bay ¢ Bang 2 va Hinh 4.

Két qua 0 Bang 2 cho thdy dién tich rung tw nhién tr giai doan anh Sentinel-2
(42.643,3 ha) thap hon dién tich rirng ty nhién duoc cong bo nam 2022 (43.125,5 ha) 1a 482,2 ha.
Tuy nhién, két qua nay van khong anh huong dén két qua xay dung cac phuong trinh tuong
quan gitta TC va chi s6 NDVI vi cac OTC duoc 1ap trén thuc dia ¢ vi tri (16, khoanh, tiéu khu)
déu thé hién (trung khép) trén ca ban d6 ndm 2022 va nam 2023.
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Béang 2. Chénh 1éch dién tich rimg va dat rimg ctia thanh phd Da Ndng ndm 2002 va 2023

Dién tich (ha)*

STT Loai ritng va dat rieng
5/2023 2022 Chénh léch (+/-)
1 Détcorimg 60.353,12 63.044,15 -2.691,03
Rimg ty nhién (RTN) 42.643,30 43.125,50 -482,20
Rumg trong (RT) 17.709,82 19.918,65 -2.208,83
,  Datchuacérimg quy hoach phat 7.384,09 5.592,73 1.791,36
trien rung
Dat trong khong c6 thue vat 4.670,36 3.309,70 1.360,66
(DT1)
Dat tréng c6 thue vat (DT2) 2.713,73 2.283,03 430,70

Ghi chii: *: Dién tich nam 2023 duoc truy xudt tit ban d6 duoc xay dung tir anh Sentinel 2; dién tich
nam 2022 dwoc truy xuat tir ban d6 hién trang rimg ndm 2022 (thu thap tir Chi cuc Ki€ém Lam)

T T T T T T T T T

H o+ + + + + + H

[+ Tine
QUANG NAM

CHI DAN

[ ring ty nhign
l:l Rimng tréng
|:| DAt tréng khong thic vat
DAt tréng c6 thuc vat — + + + + TINH QUANG NAM 2
| Datkhac

l:l Mét nude

L L T T L L L L T T s -

Hinh 4. Ban d6 hién trang rimng thanh pho Da Nﬁng nam 2023

Nghién cttu da st dung 110 mau ddc 1ap v6i bd mau chay phan loai anh dé xay dung ban
d6 d€ danh gia do chinh xac ctia két qua phan loai. Két qua danh gia d6 chinh xac cua ban d6
phan loai duoc trinh bay ¢ Bang 3.
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Bang 3. Két qua danh gia d6 chinh x4c Kappa ctia ban d6

L6p tham chiéu

bo
Nguoi S§ ) c,hin7h
ding MN May DT2 RIN RT DK DTl miu . 0n8 xaccua
, pixel nguoi
anh ,
st
dung
MN 4.456 - - - - - - 15 4.456 1,00
May - 184 - - - 26 - 15 210 0,88
DT2 - - 1.143 17 - 15 1.160 0,99
RTN - - - 1.565 244 - - 20 1.809 0,87
RT - - 33 1.807 - - 15 1.840 0,98
DK - 55 - - - 160 19 15 234 0,68
DT1 - - - - - 64 962 15 1.026 0,94
Somauanh 15 15 15 20 15 15 15 110
Tong pixel — 4.456 239 1.143 1598 2.051 267 981 10.735
D6 chinh
xaccuanha 1,00 0,77 1,00 0,98 0,88 0,60 0,98
san xudt
D6 chinh
xac tong
thé (Overall 9%
Accuracy)
Hé s6 KIA
(Kappa
Index of 0,94
Agreement)

Ngudn: Két qua xt ly s6 liéu, 2023

Két qua xay dung 16p ban d6 rung tu nhién (RTN) dat d0 chinh xac ctia nha san xuat la
0,98 va dd chinh x4c cia nguoi st dung la 0,87. Mac du d chinh xac nguoi st dung thap hon so
v6i nha san xudt nhung van o muc d6 phan loai tot va dang tin cay. Diéu nay cho phép st dung
16p rung tw nhién nay d€ phan tich moi twong quan gitra chi s6 NDVI va trit lwgng carbon.

Do chinh xac tdng thé cua ban d6 phéan loai (Overall Accuracy) dat 96% (0,96) va hé s6
Kappa 12 0,94, nhw vay c6 thé két luan ban d6 phan loai ritng ctia thanh phd Da Nang c6 do chinh
xac dat yéu cau.

3.2 K&t qua tinh toan chi s6 NDVI ctia &nh Sentinel 2

Chi s6 NDVI ctia thanh phd Da Néng ¢ gid tri tir -0,183396 dén 0,59146. Cac khu vuc ring
giau, phan bd chu yéu & cac dinh nui, ¢ chi s6 thwe vat NDVI thap hon so véi khu vuce ring
trung binh, phan bd chu yéu ¢ cac vung thap (Hinh 5).
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3.3  Trit lwong carbon ctia cac trang thai rirng

Tt két qua do dém cac chi tiéu sinh tredng trén 96 OTC, trit lwgng carbon trung binh cua
cac trang thai riing tir 19,87 (ritng ngheo) dén 148,94 (riing giau). Trit luong carbon ctia ritng giau
c6 hé sd bién dong cao nhat (21,00%), trong khi do rirng trung binh c6 hé s6 bién dong thap nhat
(12,92%). Két qua tinh toan trit lugng carbon trung binh cta cac trang thai rieng duoc thé hién 6

Bang 4.
510000 520000 530000 540000 550000 560000
BAN DO CHI SO THUC VAT THANH PHO DA NANG
A Canh anh S2B_MSIL1C_20230522T030529_N0509_R075 chup nfgéy 22 thang 05 ndm 2023
1790000 1790000
1780000 : s 3 =g | 0\ — ' ‘ 1780000
1770000 1770000
CHU DAN
Gié tri NDVI
1760000 0,59146 1760000
i -0,183396 _
510000 520000 530000 540000 550000 560000
Hinh 5. Ban d6 chi s§ NDVI ctia thanh ph& Da Néng n&m 2023
Bang 4. Trit luong carbon trung binh ctia cac trang thai rirng
Don vi: tdn/ha
. . Do léch Heé so
T hai . hé nha Lén nh T inh s s an
STT ri‘;it 4 sgorc N (l\‘:ﬁ‘:l)at ‘:&:x)at r&’/}g’;)“ chuin  bién dong
g (Stdev) (CV%)
1 XG 26 90,66 203,48 148,94 31,27 21,00
2 TXB 32 47,21 88,61 76,60 9,90 12,92
3 TXN 27 23,76 48,29 33,63 6,91 20,55
4 TXK 11 15,36 23,72 19,87 2,93 14,75
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34 Keét qua xdy dgng mo hinh wdc tinh carbon ritng tw nhién tir chi s6 NDVI
Xay dung phuong trinh hdi quy giita trit lwgng carbon va chi s6 NDVI

Két qua phan tich hoi quy gitta tong trit lwong carbon (TC) ring tu nhién cua 96 OTC va
chi s6 NDVI da xay dung duoc 5 phwong trinh hoi quy (Hinh 6).

Trén co s& cac phuong trinh hoi quy duoc xac dinh, dé tai tién hanh tinh toan cac chi s6

thong ké dé€ xac dinh phuong trinh phu hgp, két qua duoc trinh bay ¢ Bang 5 va Bang 6.

Tt két qua 6 Bang 5 cho thdy: cac phuong trinh déu cé F <0,05 va cac tham s6 ctuia cac

phuong trinh déu ¢ P < 0,05 nén cac phuong trinh déu ton tai véi do tin cay 95%.

Tt két qua ¢ Bang 6 cho thdy gitta TC va NDVI c6 méi tuong quan chit. Cac phuong trinh
twong quan gitta TC va NDVI ¢6 R? dao déng tir 0,8013 dén 0,8713 va hé s6 MAE dao ddng tir
15,0904 dén 20,1831. Trong s0 5 phuong trinh da xay dung duoc thi phuwong trinh TC = 5297,1 x
NDVI2 - 6127,9 x NDVI + 1751,8 duwoc chon d€ dwa vao kiém ching thong qua 19 OTC (doc lap
v6i 96 OTC dung dé€ xay dung md hinh) dai dién cho ca 4 trang thai ring. Két qua kiém ching
duoc thé hién qua Bang 7.

350.00

T Ri=085%6

230,00 y=-633In(x) - £51.14
: R*=0.8637

NDVI
Hinh 6. Két qua phan tich héi quy gitta NDVI va Téng carbon ring tw nhién

Bang 5. Két qua phén tich cac m6 hinh hoi quy

P
STT Dang phuong trinh F
a b c
1 TC=-1494 x NDVI + 744,14 <0,0001 <0,0001 <0,0001
2 TC=-653 x In (NDVI) - 451,14 <0,0001 <0,0001 <0,0001
TC=5297,1 x NDVI?-6127,9 x NDVI +
3 <0,0001 0,0011 <0,0001 <0,0001
1751,8
4 TC = 0,0593 x NDVI#572 <0,0001 <0,0001 <0,0001
5 TC = 423709 x 1984 x NDVI <0,0001 <0,0001 <0,0001
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Bang 6. Két qua phén tich cac chi s& thong ké

Céc chi tiéu thong ké
STT Dang phuong trinh
R? MAE
1 TC=-1494 x NDVI + 744,14 0,8556 15,6738
2 TC=-653 x In (NDVI) - 451,14 0,8637 15,3279
3 TC=5297,1 x NDVI? - 6127,9 x NDVI + 1751,8 0,8713 15,0904
4 TC =0,0593 x NDVI#572 0,8013 20,1831
5 TC = 423709 x e 1984 xNDVI 0,8218 18,9837

Ghi chii: In dam 1a phuong trinh dwoc chon

Bang 7. D6 chinh xac ctia mo6 hinh TC =5297,1 x NDVI? - 6127,9 x NDVI + 1751,8

PVT: tin/ha
Trivl rbon tu
TT OTC NDVI d; 11::?1?;? tlr):;emhgr I;:tlt?;i ;“:}:’ I(‘Ttg:]g TC-TComi
(TCx)
1 hva_189 0,3818 184,1366 184,2968 0,1603
2 hva_254 0,3876 171,6933 172,5259 0,8326
3 hva_14 0,4034 146,7048 141,8715 -4,8333
4 hva_154 0,4124 131,3318 125,5587 -5,7732
5 hva_155 0,4170 120,4981 117,6365 -2,8616
6 hva_104 0,4288 89,7147 98,1143 8,3996
7 hva_143 0,4306 81,9785 95,3623 13,3838
8 hva_153 0,4401 102,115 80,9089 -21,2026
9 hva_60 0,4527 73,6010 63,3604 -10,2406
10 hva_73 0,4540 60,0164 61,6113 1,5949
11 str_57 0,4598 48,7110 54,1913 5,4803
12 str_1 0,4612 42,9229 52,4207 9,4978
13 hva 102 0,4626 55,2317 50,7205 -4,5111
14 hva 133 0,4627 32,5851 50,5451 17,9601
15 str_5 0,4720 42,3599 39,6217 -2,7383
16 hva_57 0,4729 25,8988 38,5475 12,6487
17 hva_208 0,4788 21,3854 32,1750 10,7897
18 Ich_7 0,4833 36,2062 27,5175 -8,6886
19 str_17 0,4859 29,4629 24,9801 -4,4828
RMSE 9,50
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Tt két qua ¢ Bang 7 cho thdy phuong trinh TC = 5297,1 x NDVI2 - 6127,9 x NDVI + 1751,8
c6 hé s6 RMSE 1a 9,50 tan/ha, twong duong véi RMSE ctia sinh khoi rirng tw nhién 1a 20,212 tan/ha.
Két qua nay tuwong dong v6i phurong trinh twong quan gitta sinh khdi rirng tw nhién va chi s EVI
ttr anh Sentinel-2 & cao nguyén Kon Ha Nung (RMSE = 20,982 tan/ha) [10].

4  Kétluan

Nghién cttu nay da xay dung phwong trinh wdc tinh carbon ctia ritng tw nhién cta thanh
phd Da Nang dwa vao chi s6 NDVI ctia anh Sentinel-2 va dit liéu diéu tra tir cdc OTC dai dién
cho cac trang thai ritng. Phuong trinh TC =5297,1 x NDVI2-6127,9 x NDVI +1751,8 v6i hé s&
R2=0,8713 dwoc chon dé€ udc tinh trit lwgng carbon rirng tw nhién, phuwong trinh nay 1a co s dé€
c6 thé ap dung cho viéc tinh toan trit legng carbon truc tiép tir anh vién tham, khong thong qua
diéu tra ritng nén tiét kiem duoc chi phi (anh Sentinel-2 mién phi, c6 dd phan giai trung binh) va
d6 chinh x4c twong d6i cao (RMSE = 9,50 tan C/ha).
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