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Trong qun ly rirng va thre hién chuong trinh “Giam phat thi tir suy thoai va it rirng -REDD+” can ¢
phuong phap, cong nghé dé giam sat sinh Idi, carbon trng ot cach thuong xuyén trén quy mé@ng I6n nhu
vung sinh thai vacqudc gia dé bao cdo luong phat thi hay Hip thu CO;cua nrng. Dit liéu Anisotropy thu
duoc tir ky thuat phan tich MAIAC (Multi-Angle Implementation Atmospheric Correction Algorithm) tién ti
trénanh vién tham MODIS (Moderate Resolution Imaging Spectroradiometer)'¢ quan Khong gian va
Hang khong géc gia Hoa K NASA 1a giai phap cho nhuau nays Viét Nam. O liéu anh Anisotopy c6 do
phan gii 1km cho toan \t Nam trong giai doan tir nam 2000 dén 2015 dwoc lap theo ting thang. Kt hop woi
194 6 miu c6 dr liéu tong carbon trén e dat rieng (TotalAGC, §n/hg ¢ viing Tay Nguyén,isdung di liéu
Anisotropy tr 12anh MODIS MAIAC cia 12 thang trong nam 2011 dé woc tinh va p ban d6 carbon ing va
danh gia do tin cay. Phuong phap udc lugng md hinh phi tugn tinh Marquardt c6 ong $ da dugc &p ding dé
lap mé hinh quanégitra TotalAGC va AnisotropyMo hinh dugc lra chon l1a TotalAGC = 8.1072x%
exp(2.8892x Anisotropy?***%y véi R% = 0.6, & dung mé hinh nay wdc tinh va dp ban db carbon ing c6 sai é
tuyét dbi trung binh (Bias) = 8.1ih/ha, sai & trung phuong (RMSE) = 23.7 4n/ha va sai&tuong doi
(MAPE%) la 21.0%. 8 dung di liéu anh Anisotropy c6 d¢ tin cdy khoing 80% trongroc tinh va ép bin do
sinh kKi, carbon #rng trén khu wc rong nhu ving sinh thai dén toan qéc.

Tuw khéa: MAIAC, MODIS, carbon irng, dr liéu Anisotropy

1 MODPAU

Trong quin ly rirng va thrc hién chrong trinh “Giam phat thi tir suy thoai va it ring - REDD+ ¢in c6
phuong phap, cong cu dé giam sat carbonrng mbt cach thudng xuyén va trén quy mdmg I6n nhu vung sinh
thai va @ qudc gia dé bao cao luong phat thi hay Hip thu CO, caa nng trong 18 thong “Po ludng — Bao céac-
Tham dinh MRV”. Bng thyi ciing can c6 dr liéu udce tinh luong phat thi/hap thu trong qua kit dé 1ap duong
phét thi tham chéu tir rieng (Forest Reference LeveFRL). Dir liéu Anisotropythu dugc tir anh vién tham
MODIS MAIAC (Moderate Resolution Imaging Spectroradiometer (MODIS), Multi-Angle Implementation
Atmospheric Correction Algorithm (MAIAC))i@ Co quan Khong gian va Hang khdng qéc gia Hoa K/
(National Aeronautics and Space Administration - NASA) #&gfiap cho nhuau nayo Viét Nam.

V& ky thuat do tinh, giam sat carbon rimg c6 hai nhém: i) diéu tra trén tirc dia bao dm Sr dung phuong phap
dung & sd chuyén ddi tir trir lugng sang sinh Ki/carbon héic sr dung cac mé hinh sinhé (allometric
equations); ii) 8 dung anh vién thAm bao ¢m nhiéu loai nhu IKONOS, Landsat TM/ETM, SPOT, ASTER,
IRSIC WiFS, AVHRR, Radar, LiDAR..., véi k§ thuat ugc tinh sinh kli/carbon tng tir anh théng quadp moé
hinh quan B giira sinh kidi/carbon trng haic chi 5 dién tich tan 1a LAl (Leaf Area Index)ov cac gia ti band
anh khac nhau theo md hinh émytinh, héc phi tuyén tinh don dén da bién haic ap ding ky thuat KNN
(Ashton et al., 2012Pdi véi anh LiDAR thuong wéc tinh tre tiép duong kinh tan 14 cayitdé thong qua cac
mo hinh quan &dé udce tinh tir leong, sinh kidi, carbon (Popescu et al., 2003). Trongf dng quan nai nhat
va toan din tir 256 cong trinh dugc cong b vé ting ding anh vién tham trongréc tinh sinh ki, carbon tng,
Kumar et al. (2015) da chi ravién tham da mang lai céng ngl¢ gitp choviéc do tinh carbon trén quy méng
lén mot cach nhanh chéngsivchi phi thip.

Anh MODIS laanh c6 d6 phan gii trung binh, thong qua thtutoan héu chinhanh huong aia khi qugn bit
dang huong (MAIAC), tir d6 cung cap dit liéu dé udc tinh cac ddi tuong trén & mat dat hang ngay. MAIAC 1a
mot thuat toan tién #n dung dé phan tich va i ly anh MODIStrén co so pixel theo chdi thoi giandé cai thién
d6 chinh xac théng qua phaghimay va hiu chinh anh huong aia nhéu loan khi quyn (Lyapustin et al.,
2011, 2012, Hilker et al., 2012, 2014)r 36 cung cap dir liéu da hi¢u chinh phin anh k& mat dat Anisotropy
hang ngay, hang thang trén quy ndag lon, vi di co thé bao pli toan I&nh th Viét Nam. Moura et al. (2015)
da cho thay dit liéu bit ding huéng phin anh b mit dat Anisotropy @a MAIAC c6 quan B rat chit ché dién
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tich tan |4 thrc vat (vegetation leaf area)ting tan np nhod khu wrc rirng nhiét d6i Amazzon, Brazin. Da
phéat hén mbi quan ¢ tuyén tinh chit giita d liéu Anisotropy @aanh MAIAC véi chi sb dién tich tan la - LAI
(Leaf Area Index); &.sd xac dinh R = 0.70 cho quanéyiira Anisotropy i LAI do tinh tir mat dat va R =
0.88 cho quanéygiita Anisotropy wi LAI duoc udc tinh trémanh LIDAR, ngay @ khi tan la t daydac, nhéu
tang aia g nhit déi, véi LAIS7mPm2. Tir d6 chi ra viéc cii thién ar dung anh vién tham quangdt dé uoc
tinh sinh kidi cua cac kéu rirng phrc tap nhiéu ting viing nhdt déi. Trong khido LAI 1a mét chi tiéu cé quan
hé rat chat ché vai trir lugng, sinh kidi, tong tich liy carbon ring phin trén nat dat rirng (TotalAGC: Total
Above-ground carbor(Heiskanen, 2006). Do d6 dinh huéng sr dung MAIAC dé uéc tinh sinh kbi, carbon
ring trén nat dat co kha nang dat do tin ciy cao.

Vi vay néu sr dung anh MODIS xr ly theo thit toan MAIAC s thuan loi cho vidc udce tinh thay d0| tham phu
ring, tit lwong, sinh kidi, carbon éa cac kéu reng trén quy modng nhu vung sinh thai, toan quoC va co th
duoc tién hanh mt cac lién tic d&én tirng thangdaong thyi anh MODIS duoc NASA cung ép mién phi web fpt
server: ftp://maiac@dataportal.nccs.nasa.gov/DataReleas@yogy ding phuong phép va cong cu nay € la
co hoi dé c6 the giam sat tai nguyénrng ¢ Viét Nam trén din rong co héu qui va thuong xuyén Ung ding xir
ly anh MAIAC c6 kha ning cung cap dit liéu phat thi va Hip thy carbon thuong xuyén trén quy mé vingrdin
hoic cho @ qudc gia; va i dit liéu anh MODIS MAIAC cé tté truy cip dén tirng thang trong i gian dai
trong qua ki (15— 20 nam), cung véi kha nang woc tinh sinh ki carbon tr anh nay § 1a co so dé lap duong
phét thi tham chéu (FRL) dé b&o cao gim phat thi trong thrc thi chuong trinh UN-REDD+.

Trong nghién ¢u nay, tén hanh % ly anh MODIS theo phwong phap phan tich MAIAC dé tao ra df liéu
Anisotropy cho toan di¢ trong giai doan tir nam 2000 dén 2015 (15 nam), tir 6 thir nghiém woc tinh tng
luong carbon tich lity trong cdy ring trén nit dat théng qua d liéu Anisotropy @aanhva danh gia do tin cy ¢
vung Tay Nguyén.

2 VAT LIEU VA PHUONG PHAP

2.1 Anh & tinh MODIS va phan ticMAIAC dé thu dF liéu bdr dang hwéng Anisotropy trén plm vi toan
quoc hang thang

St dyng anh MODIS L1B \i 12 bandco do phan gi 1km, viéc xir ly dit liéu anh ¢hc MODIS Terra va Aqua

duogc thre hién boi NASA GSFC trén siéu may tinh (Supercomputer (NCCS))li & nay duoc thiét lap theo

tirng vung Wi quy md 600x600 kidwa duoc luu trit trong thu muc theo tén vang, dia phuong va file dugc ma

héa nhu sau:

MAIAC[TAJXXX.hHHWV.YYYYDDDHHMM.hdf (1)

Trong d6: T 1a dit liéu Terra va A la d liéu Aqua, XXX | dt liéu theo kéu dang file (BRF, AOT, RTLS), HH
vaVV la ma viung dia phuong, YYYYDDDHHMM 1a nam, ngay, gio va phuty vung dugc mat troi chiéu séng
ciaanh MODIS L1B (Lyapustin et al. 2012).

Anh MODIS MAIAC c6 khi ning cung cap di liéu phin chiéu bé mat dat hang ngay. B liéu anh Anisotropy
c6 do phan gii 1km cho toan W@t Nam duoc thu thip trén co s¢ phan tich MAIAC @acacanh MODIS theo
tirng thang. Phan tich MAIAC chzacanh MODIS hang thangdwhia truéc va quan sat tarmagugc dé cé
duogc di liéu Anisotropy tr phan pldi phan xa hai chBu da goc dugc thuc hién theo Hilker et al. (2014),
Lyapustin et al. (2012) va Moura et al. (2015).

2.2 Dija phuong, thoi gian thu thip di liéu trén 6 mu o ’ ‘
Nghién aru nay thi nghiém tai Tay Nguyé, da tien hanh4p 6 miu d€ tinh sinh kidi/carbon ting ptan trén nat
dat retng thdng qua cac md hinh sinAdrHai dia phuong tién hanh thu thp 6 nau:

Huyén Tuy Duc tinh Dak Nong, co toa do 12°8'947" vi ¢ bic, 107°2041.39" kinh do dong; do cao so vi mat
bien tir 300~ 900m;mua mua tir thang 4 dén thang 1146 doc tr 5 3C°. Chu yeu la g la Hng thuong xanh,
mat it rirng Hdn giao @ tre b 6, Nrng da bi tac dong & cac mirc do khac nhau.

Huyén Bao Lam thuc tinh Lam Dbng O ba do 11°41'36.23" vi d6 bic, 107°28'40.19" kinh d6 dong; & do cao
tir 150— 750 m so i mat bién; d6 dbc bién dong tir 10— 45, Kiéu rung g‘)m c6 g la ng thuong xanh,
rieng hBn giao |14 éng— 14 kim, ring la kim, £rng Hon giao @ - 16 6 va g 16 6 thuan.

Thoi gian thu thp di liéu tir thang 11 nam 2010 dén thang 12 ndm 2012 trong khuon kh dé tai nghién ¢u cia
B6 Giao dic va Pao tao (Bao Huy va éng sr, 2014) va ¢ an SNV-REDD (Bo Huy va éng sr 2013, 2015)
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2.3 Thu thip di# liéu 6 miu va tinh toan sinh ki, carbon trén @y dat rimg

Ap dung theo yéu au cia Uy ban lién chinh phvé bién déi khi hau (2003, 2006) (The Intergovernmental
Panel on Climate ChangdRCC) dé tinh toan lwong 6 miu udc tinh sinh kbi/carbon g Wi sai $ dudi 10%
Vi do tin ciy ude lugng 14 95%. Cong trc tinh $ lwong & mMiu nhu sau (Bhishma et al., 2010;48 Huy va
cong sr, 2013):

A
N= — 2
}}\P (2)
i
P — — 3
Ne g ®)
n= (Z{-‘zl Ni ' Sl) (4)
- N2 - E2
oz tE NS
i (5)
n.
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Trong d6: N 14 s6 6 mau i da trong ving nghién ctu, A 1a Hng dién tich (ha), AP 1a kich thuéc 6 miu (ha), N
la 5 6 mau i da cho tirng kiéu reng/trang thai i, A 1a dién tich kéu rirng/trang thai i (ha), Sla sai tiéu chin
cua kiéu rrng/trang thai i, L 1a 8 trang thai/kéu ring va E 1a saidtuyét dbi cua trung binhing Wi sai $ 10%,
E = 10% *X, v6i X 1a binh quan chung sinh &hhoic carbon/haX; 1a trung binh sinh i, carbon @a trang
thai i, t = 2(rng Wi mic ¥ nghia Pyae = 0.05, n ladng 6 niu cn thiét va nla $5 6 miu cn thiét cho kiéu
rung/trang thai i.

Céc 6 niu dugc b) tri ngiu nhién trén in d6 trong ptain mém ArcGIS. O rdu hinh tron c6 3ang theo duong
kinh ngang ngc (DBH, cm) duoc st dung (Bao Huy va éng sr, 2014); bao §m cac & ph co dén tich 100m
do ciy c6 6<DBH<22cm, 6 phu di¢n tich 500mM do 22<DBH<42cm va 6 phu 1.000n3 dung do cdy c6
DBH>42cm. Bng &ng c6 194 6 Bu di dugc thu thip cac d liéu loai, dudng kinh ngang nec (DBH, cm),
chiéu cao (H, m).

Céc mo hinh sinhie duoc sr dung dé wéc tinh sinhkhoi cay trén nit dat (Above-ground Biomass AGB,
kg/cay) bao gm:

Cho 1irng 14 6ng thuong xanh (Bo Huy va éng sr, 2019:

AGB = exp(- 2.23927 + 2.49596xIn(DBH)) @)
Cho 1irng 16 6 (Bao Huy va éng sr, 2019:

AGB = exp(- 1.69181 + 2.0931xIn(DBH) (8)
Cho rirng thong 3 1a (Brown, 1989):

AGB = exp(- 1.170 + 2.119xIn(DBH) (9)

Trong irng 6 niu, dra vao cac mo hinh sinhitrnoi trén dé uoc tinh bng sinh kidi trén miit dat trén ha
(TotalAGB, tin/ha), tng carbon trén i dat trén ha (TotalAGC,an/ha), \6i TotalAGC = 0.47 x TotalAGB
(Bao Huy va éng sr, 2014) vadng lugng CQ tuong duong trén mit dat trén ndt ha rirng: TotalCQ = 3.67 x
TotalAGC.

2.4 Thiét ldp va ddnh gid quan hé gia TotalAGC trén & @u i di li éu Anisotropy tréninh MODIS
MAIAC

Vi dit ligu mit dat thu thip tir ndm 2010 dén 2012, trong d6 chu yéu trong ndm 2011, vi viy dé twong dong

thoi giangitta dr liéu TotalAGC nat dat véi dir li¢u Anisotropy trérinh, da tien hanh phan tich varsiung anh

MODIS MAIAC trong 12 thanga nam 2011.

Dit liéu Anisotropy tr 12anh MAIAC cia 12 thang trong nim 2011 dugc gin v6i dit liéu 194 6 riu trong plan
mém ArcGIS. Hinh 1 cho tty cac 6 riu & hai viing nghiénieu & Tay Nguyén tréanh MODIS MAIAC phi
toan quc.
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Tién hanh phan l8, xép nhom (class)iliéu Anisotropy trérinh MAIAC biang cach &pehg phan lai anh phi
giam dinh ISODATA trong pAn mém ENVI dé phan ép di liéu Anisotropy theo 10 classesr @6 tng Wi

mdi class tinh trung binh giéi fFotalAGC va Anisotropy. Kt qua cho ra 107 #p dit liéu trung binh
TotalAGC/Anisotropy i 12 anh duoc phan l@i thanh 10 classes. Day 1a dir liéu dé lap va danh gia mé hinh
guan I gitra TotalAGC va Anisotropy.

[ % ....

Hinh 1. 4nh MODIS phan tich MAI& thang 3 nam 2011 va 194 6 mau trong hai viing nghiénia ¢ Tay
Nguyén. Bén trai laanh MAIAC phi toan quéc va bén phi la hai khu wc nghién ¢u ¢ Tay Nguyén

Lap m6 hinh quanégiita sinh kioi, carbon rng wi cac dt liéu anh vién tham |a mt trong nhung phuong
phap dugc sr dung pld bién dé udce tinh sinh kBi, carbon ting théng quanh. Moura et al. (2015 sir dung
mo hinh tugn tinh mé & quan & giita Anisotropy wi LAI, trong khi ¢6 LAI ¢6 quan hé hiru co véi sinh kbbi
cay nrng. Heiskanen (2006)rsiung cac md hinkhac nhau nhu tuyén tinh, power, mil exp dé mé & quan &
gita biomass, LAl ¥i cac gia tf band 2 va 3nh ASTER Nhu vay c6 thé théy mdi quan k¢ giita sinh kii,
carbon ting Wi cac gia tf anh thuong da dang, do d6 c6 thé biéu thi tir tuyén tinh dén phi tuyén tinh va don
bién (1 bandinh) hdic da bién (nhiéu gia ti bandanh). Vi vay nghién ¢u nay thr nghiém mdi quan ¢ gitta
TotalAGC = f(Anisotropy) theo 6t sb dang tir tuyén tinh dén phi tuyén phb bién nhu power, exp, sqrt (81g
2).

Pé thiét Iap mé hinh, & dung phuong phéap ude lugng phi tuyn tinh Marquardt c6 ong $: Weight =
Anisotropy, trong do6 k bién dong tir -4 dén +4, thay d6i k dé md hinh c6 saiés(residual) bé ndt va phan b
déu theo gia trTotalAGC dr bao qua mé hinh. ®liéu dé 1ap md hinh la gia trtrung binh éa TotalAGC va
Anisotropy @a 10 classstir anh MAIAC cua thang 2 nim 2011, day 1a anh c6 thyi gian chup tring nlat véi
viéc thoi gian thu thp dir liéu 6 miu trén nat dat.

So sanh vaga cton mé hinh ga vao cac dhtiéu thdng ké: (i) cac thamdsmé hinh c¢6 ¥ nghia véi Pvalue<0.05,
(i) @6 thi quan 1 gitra gia ti du bao \6i quan sat bam séat nhau va phérshi $ (residual) theow b4o bé nfit
va phan b rai déu, (iii) hé b xac dinh R cao, (iv) cac chtiéu danh gia sai sé cia mé hinh bé ritt bao gm sai
sb tuyét déi trung binh (Bias), saidstrung phuong (RMSE) va sai sb twong déi trung binh % (MAPE) cac
cbng thirc (10), (11) va (12)

Sau d6 cac mo hinh ciing dugc thim dinh chéo (cross validation)rd vao d liéu trung binh TotalAGC va
Anisotropy @a 11anh MAIAC & 11 thang trong nam 2011 (ngoai tir di li éu thang 2 di dwoc sr dung dé lap
md hinh). Chtiéu thdng ké thim dinh ciing 14 Bias, RMSE, MAPE% nhung véi dit liéu anh doc lap khdng
tham gia 4p md hinh va tring kip voi thoi gian thu thp di liéu 6 miu trén thre dia.

Cac cong thc tinh sai é:

TG — Y (10)

n

~ 11
RMSE = ’Z?—1(Yi — y)? 1)

MAPEY — 002 lyi — ¥l (12)

Trong d6 n 1a s6 cip di liéu TotaIAGC/Anlsotropy, yla di liéu TotalAGC(tan/ha) tr 6 mau, ¥ 1a gia ti
Total AGC uac tinh qua mo hinhrtdi liéu Anisotropy.
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2.5 Gan gia tr TotalAGC trén pixelinh di liéu Anisotropy vadp hin dé carbon :ng

Tu md hinh quanTotalAGC = f(Anisotropy)a chon, géa duoc gia ti TotalAGC |én céc pixeli@manh dr
liéu Anisotropy trong pin mém ErdasTrén co so anh raster dau ra c6 giéri pixel 1a TotalAGC, chugn thanh
vector dé lap ban d6 carbon irng va truy xdt dit liéu carbon tich liiy tai thoi dém thu thip anh MODIS trong
phAm mém ArcGIS.

3 KET QUA VA THAO LUAN

3.1 Tao lgp diliéu Anisotropy & anh MODIS MAIAC trén plam vi toan quc

Sir dung cacanh MODIS MAIAC phi toan Ianh th Viét Nam,thuc hién phbi hop cacanh ¢ cac goc chp khac
nhau theoung thang dé wéc tinh duoc di liéu Anisotropy pln anh kB mit dit cho plam vi toan qéc voi do
phan gii 1km. Két qua da lap dugc chwi anh dr liéu Anisotropy choitng thang, i thang 2 nam 2000 dén
thang 7 nam 2015, gom 187anh d liéu Anisotropyphi cho plam vi toan qéc. Hinh 2 1a géi thigu anh d liéu
Anlsotropyor thang 2 da cac nam 2001, 2005, 2010 va 2015. Gia tri Anlsotropytang 1én tng Wi sy day dac,
sinh khbi cao hon ciia thim thyc vat voi gam mau sanging hon. Két qua nay cho thy véi anh MODIS
MAIAC sé& rat thuan tién cho vic 1ap di liéu anh phi & khu wre rong 1on, nhu tirmg vung sinh thai dén toan
qudc va thre hién lién e theo trng thang trong qua khdén hién tai. Pay can dugc xem la ngan di liéu quan
trong dé co the giam sat tai nguyénrng & cip vi mo, dong thyi dé 1ap mac phat thi tham chéu (Forest
Reference Level - FRL)ud vao d liéu anh qué kit trén 15 nim va dé giam séathay déi bé chira carboning
nhim bao cao gim phat thi trong khudn kb chuong trinh UN-REDD+¢ Viét Nam.

Value Value Value
High : 1.18044 High : 1.18077 High: 1.1814 High : 1.18166
Low: -0.228263 Low : -0.228335 Low : -0.22834 Low : -0.228354
Thang 2, 2001 Thang 2, 2005 Thang 2, 2010 Thang 2, 2015

Hinh 2 4nh d#liéu Aniosotropy toan gic ¢ cdc giai doan tir 2001 - 2015

3.2 Ddcdiémthing ké gia di liéu TotalAGC va Anisotropy khu wc nghién ¢u ddnh gid
bac diem thong ké @a gia ti trung binh Total AGC va Anisotropy trén co s phan lai anh thanh 10 classes
trong 12 thangia nam 2011 dwgc trinh bayd Bang 1.

Bang 1 cho thy Anisotropy bén dong tir O -0.8, trung binh 1a 0.4; trong khi d6 TotalAGC bén dong tr 16—
160 tin/ha, trung binh la 8a/ha. Gia tr Total AGC tang Ién (ng Wi gia tri Anisotropy cao hon. Ca hai dx li¢u
déu co do léch va nlon gan hang 0, cho thy dit liéu nghién ¢u da da lon va cé phan dtiém can chun, the
hién & Hinh 3.

Bdang 1 Pdc trung thong ké ¢ia di liéu Anisotropy va TotalAGC trong khus nghién éu

Anisotropy TotalAGC (tan/ha)

Trung binh (Mean) 0.382 84.597
Sai tiéu chén (Standard Deviation) 0.169 25.973
Phuong sai (Sample Variance) 0.029 674.581
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Anisotropy TotalAGC (tin/ha)
Do nhon (Kurtosis) -0.349 -0.121
Do léch (Skewness) -0.267 -0.149
Minimum 0.001 16.554
Maximum 0.723 151.874
Dung lugng mau (Count) 107 107
Bién dong ¢ mirc tin ciy 95% (Confidence Level
(95.0%) 0.032 4.978
9 —  — 25 ——
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Hinh 3 Phan 1 tan 5 cia Anisotropy va TotalAGC twong iing tr di liéu 124nh MODIS MAIAC trong 12
thang nam 2011 duwoc phan chia thanh 10 classes.

Ngoai ra Hinh 4 cho fly c6 not mdi quan I rat chit ché giira giatri Anisotropy \6i ma héa cac class trong
phan lai anh MAIAC phi giam dinh thanh 10 ckaes. Anisotropy ting 1én theo class ID ting tir 1— 10. Diéu

nay cho thy viéc sr dung phan lai phi giam dinh & mirc 10 classes la thickypy, da phan anh ding quy luét

bién ddi dit liéu Anisotropy trérinh MAIAC, tir d6 lam co so cho vic tinh TotalAGC va Anisotropy trung binh
cho tmg class dé nghién ¢u mbi quan I giita chang, & d6 udce tinh dugc carboniitng qua @ liéu Anisotropy.

Hinh 4 Quan I giza dz liéu Anisotropy va ma cac cla#3 trong phan lei anh phi giam dinh theo 10 classes
cua anh MODIS MAIAC trong 12 thang nam 201 1.

3.3 Thiét Igp va thim d@inh mé hinh wéc tinh TotalAGC theoliéu anh Anisotropy
Bn mé hinh tugn tinh va phi tugn tinh pld bién trong Bing 2 da duoc thir nghiém, két qua cho thy ca bon
md hinh & s xac dinh va céc chtiéu danh gia xap xi nhau. R xap xi 0.6, Bias bin dong tr -0.06 dén +0.04
tan/ha, RMSE 6.43 dén 8.42 fin/ha va MAPE 15.8% dén 17.1%. Trong d6 mé hinh Eq 4 dang ham mii exp
duoc lya chon vi c6 wu diém hon cac ham con lai, d6 1a xuat phat tr goc toa do, phul lop thuc & khi Anisotropy
= 0 thi TotalAGC =0 (khéng che ph(Hinh 5).

Bang 2 Md hinh quan hgiira TotalAGC (tin/ha) Wi diz liéu Anisotropy (n = 10 classesaadnh phan lai phi

gidm dinh o thang 2 nam 2011)

M& md Dang md hinh M6 hinh R%% Bias RMSE MAPE

hinh (tinfha)  (tin/ha) (%)

Eql TotalAGC = a + TotalAGC =25.6781 + 55.252  +1.89E-7 7.87 17.01
bxAnisotropy 119.772% Anisotropy

Eqg2 TotalAGC =sqgrt(a + TotalAGC =sqrt(2071.97 55.244  +0.04 6.43 15.80
bxAnisotropy) + 20453.3xAnisotropy)
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Ma mo Dang mé hinh M6 hinh R%% Bias RMSE MAPE

hinh (tinfha)  (tin/ha) (%)
Eqg3 TotalAGC = ax TotalAGC = 44.2746x% 54.017 -0.06 6.51 16.19
exp(bxAnisotropy) exp(1.29319xAnisotropy)
Eg4 TotalAGC = a x exp(b TotalAGC = 8.1072x 55.136  +0.01 8.42 17.05
xAnisotropy) exp(2.8892x
Anisotropy-2934%y
TakalhGE = a + b=Ansatopy TotalAGC = & + hxdnisotropy
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Hinh 5 P6 thi md hinhuéc tinh TotalAGC theo Anisotropy s@ivss liéu quan sat (trai), sabgresidual) theo
woc tinh TotalAGC qua mé hinh (ph).

Mb hinh kra chon dé wéc tinh Bng lugng carbon cayimg tich liiy phan trén njt dat cia nbt ha kg dudi day
véi TotalAGC la fin/ha va Anisotropy Bh dong tr 0.1 dén 0.8:

TotalAGC = 8.1072x exp(2.8892x Anisotrdpy>*%) (13)

Moura et al. (2015 str dung mé hinh tugn tinh mé 4 quan I giira di liéu Anisotropy @aanh MODIS
MAIAC v i chi sb tan 14 (LAI, mdt chi sd c6 quan B chit vai sinh khbi, carbon caying) wi R? = 0.7.
Heiskanen (2006)ip mo hinh woc tinh sinh ki theo cac band 2-3ia anh ¢ tinh ASTER, c6 R= 0.75- 0.84
theo md hinh phi tudn Power, exp; & tuyén tinh c6 R = 0.66— 0.69 theo band 2, 3 va 4. Mé hinfanghién
ciru nay c6 Rthap hon mét it vi &p ding trén quy méang la khu wrc Ty Nguyén. Moura da st dung LAl

ciing lam tang do tin cy cua udc lwong quaanh. LAI la mbt chi sb dugc ap ding ong rai trong nghiénig moi
quan & vai sinh khbi trén qubc &, nhung lai it dwoc &p ding trong nghiénieu giai doan anh & Viét Nam. Vi
vay thoi gian ©i cAn quan tam thu #p di liéu LAI dé c6 tang do tin cy cua sr dung vién tham.
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Ngoai ra dé danh gia khach quan sai sb, do tin ciy cia wéc tinh carbonirng théng quailliéu Anisotropy; da sir
dung 97 &p dit liéu doc lap TotalAGC/Anisotropytt anh MODIS MAIAC cia 11 thang trong nam 2011 (dir
liéu khdng tham giaap mé hinh) dé tinh toan cac dhiéu thim dinh cac mé hink Bang 3. Két qua cho thiy ca
bon md hinh c6 cac ¢hiéu sai 8 xap xi nhau, trong d6 mé hinh lya chon (Eq. 4) c6 Bias = 8.4m/ha, RMSE =
23.7 fin/ha va sai&tuong ddi MAPE = 21.0%, hay néi khadrslung di liéu Anisotropy éaanh ¢ tinh
MODIS MAIAC dé uéc lugng va giam sat carbon trén quy nddig < cho do tin ciy gan 80%.

Bang 3 Tham dinh déc |dp cdc mé hinh wéc tinh TotalAGC (@n/ha) theo 6 liéu Anisotropy @a anh MODIS
MAIAC

Ma mo M6 hinh Bias(tan/ha) RMSE (tain/ha)  MAPE (%)

hinh

Eql TotalAGC = 25.6781 + 119.772x +8.11 23.76 21.05
Anisotropy

Eqg2 TotalAGC = sqrt(2071.97 + +7.52 23.40 20.35
20453.3xAnisotrop?)

Eq3 TotalAGC = 44.2746x% +7.42 23.26 20.51
exp(1.29319xAnisotropy)

Eq4 TotalAGC = 8.1072x exp(2.8892x +8.10 23.74 21.04
Anisotropy2934%)

Ghi cha Diz liéu tham dinh déc ldp gom 97 @ip dz liéu trung binh TotalAGC/Anisotropy theo phamid0 classesitanh
MODIS MAIC ciia 11 thang trong nam 2011 khéong tham gia Igp m6 hinh (ngoai tF thang 2 dwoc ¢ dung dé lgp md hinh)

Heiskanen (20063 st dung anh ASTER c6 do phan gii 15*15mdé woc tinh LAI va sinh kBi, két qua cho
thiy c6 sai 8 RMSE% la 41.0% d6i v4i udc tinh LAl va 37.0% la & sinh kibi. Nhu vay véi két qua caa
nghién ¢u nay khi & dunganh MODIS c6 d6 phan gii trung binh, trén quy mé@ng; nhung nhd thuat toan
tién tién MAIAC dé thu d liéu Anisotropy dé udc tinh carbon nén da dat sai $ bé hon.

Két qui ciia nghién 6u nay |a trong dong wi Zhang et al. (2006)iing sir dynganh MODIS va md hinh sinh
trac dé uoc tinh sinh kbi ¢ Hoa Ky, ket qua co sai 8 RMSE la 21dn/ha va md hinh quarglgiira sinh kidi va
gia ti anh c6 ¢ 0 x4c dinh R = 0.58.

3.4 Ldp hin do va drliéu carbon é&ng tr anh di liéu Anisotropy

Tur md hinh Eq. 4 (14d3 lya chon va dugc thim dinh do tin ciy, gan duoc gid ti carbon tng (TotalAGC) theo
pixel anh dr liéu Anisotropy. Hinh 6 trinh badnh di liéu Anisotropy vainh raster da gan gia tri TotalAGC
(tin/ha) ti thoi diém thang 2 nam 2011 ¢ ving nghién gu. Hinh 7 |3anh raster da gan TotalAGC ir nam 2001
dén 2015 va phan thanfg trir lvong carbon cach nhau Sihtha.

Anisotropy TotalAGC (Tan/ha)

Value L1574
. 118169 ' High : 157.441
-0.228143 Low : 252386

Hinh & 4nh di lieu Anisotropyrrong thang 2 nam 2011 ¢ vung nghién &u (trai) vaanh raster da gan gia tri
TotalAGC (tin/ha) (plai) ter diz liéu Anisotropy théng qua mé hinh quadliza cton
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TotalAGC Htandha)
Thing 2/2001 Y Thiing 2/2003

o350
= 100
-5

Thang 22010

Thing 22015

Hinh 7 Anh raster di dwoc gan va phandp TotalAGC (tin/ha) tr diz liéu Anisotropy thdng qua md hinh quan

hé lira cton trong giaidoan 5 nam tir 2001 dén 2015.

Trén co s6 phan @p carbon trérnh raster, chuin doi sang vector dé tinh tiir lugng va Bp ban d6 carbon #ng.
Hinh 8 la Kt qua phéan ap carbonitng va chugn doi thanh tan d6 vector carbonimg ¢ hai khu wrc nghién
ctru, danh gido Tay Nguyén.

TotAGC (tha/he)
& Khéng rung

50
= 100

Hinh & 4nh raster phandp TotalAGC (tin ha) (tréi) vainh vector tuwong ing (phii) trong thang 2 ndm 2011
cua vung nghiénu

Tir ban db vector carbonimg da ude tinh dugc trix lugng carboning trén 176.608 harng vung nghiénieu ¢
Tay Nguyéndi thoi diém thang 2 nam 2011 (Bang 4).

Bang 4 Luwong carbon tich ity ¢ khu wec nghién ¢u dwoc woc tinh t diz liéu Anisotropy @a anh MODIS
MAIAC thang 2 nam 2011

Cap TotalAGC(tan/ha) Dién tich (ha) TotalAGC (in)
0 12,799 -

50 103,702 5,185,122

100 60,039 6,003,864

150 68 10,270

Tong 176,608 11,199,256
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4 KET LUAN VA KI EN NGHI

Sir dung di liéu Anisotropyduoc xac dinh théng qua thit todn MAIAC tién tén trong i ly anh \é tinh
MODIS két hop v6i dit liéu & miu nghu nhién dé woc tinh, gidm sat carborrmg trén quy mdang, nghién ¢u
nay c6 cac & luan va kén ngh chinh nhu sau:

M i quan f¢ gitra ©ng luong carbon trén g dit ring (TotalAGC) i dit liéu Anisotropy c6 quangkha clat,
R2 xap xi 0.6 theo ham phi téy mii exp. U6c tinh va dp ban d6 TotalAGC thdng qua Anisotropy c6 séi s
tuyét d6i trung binh (Bias) = 8.1ah/ha, sai & trung phuong (RMSE) = 23.7 tin/ha va sai&tuong ddi
(MAPE%) la 21.0%1U'ng Wi do tin ciy khaang 80% khiudc tinh va dp ban d6 sinh ki, carbon #ng trén khu
vuc rong nhu vung sinh thai, toan quéc.

Viéc sr dung di liéu Anisotropy co cac uu diém saui) Anh & tinh MODIS xr Iy MAIAC dugoc NASA cung
cAp mién phi va thuong xuyén hang thang; iiyiSung dé wéc tinh dr liéu sinh kdi, carbon tng lién tic hang
thang nam trong qué kkr (15— 20 nim) dén hién tai cho trng khu wre dén toan géc, phic wu tét cho bao cao
phat thii thuong xuyén (MRV) vadp duong phat thi tham chéu (FRL)trong chuong trinh UN-REDDD Viét
Nam.Dé thuc hién duoc viéc nayciing can c6 K hoach dé lap hé thong cac 6 riu ndiu nhiénd cac ving sinh
thai, kiéu rng.

LOI CAM ON

S6 ligu sinh kidi, carbon i cac 6 rdu mit dit caa nghién ¢u nay tr dy an SNV-REDD+¢ huyén Bao Lam
tinh Lam Ddng va fr dé tai nghién ¢u cip Bo Gido dic va Dao tao trong diém tir 2000— 2013. Gm on
PGS.TS. Thomas HilkeBai hoc bang Oregon Hoakda tham \in xi ly dit liéu Anisotropy r anh € tinh
MODIS MAIAC phu cho toan lanh hViét Nam ir thang 2 nim 2000 dén thang 7 nam 2015.

USING ESTIMATES OF ANISOTROPY FROM MODIS MAIAC TO DERIVE FOREST TOTAL ABG
GROUND CARBON AT LARGE SCALE: ASSESSMENT OF ACCURACY IN THE CENTRAL
HIGHLANDS OF VIETNAM

Bao Huy
ABSTRACT

Forest management and implementation of the program "Reducing emissions from degradation and
deforestation - REDD +" should have methods and technologies for monitoring forest carboryregeisrl

month, year at the large scale such as ecological and national in order to repo@@expiivalent emissions

or absorption. The study processed monthly MODIS MAIAC forward and backscatter observations to obtain
Anisotropy data from the bi-directional reflectance distribution of the multi-angle agopssior the country at

1km spatial resolution and for each month starting from 2000 until 2015. Anisotropy data from MODIS MAIAC
imageries of 12 months in 2011 was combined with dataset of 194 sample plots in the Cenltxatlslig

estimate total above-ground carbon (TotalAGC, ton/ha) and validate the rglidddlit-linear model weighted

of Marquardt was applied to develop models for the relationship between TotalAGC and Anisotofyeat
selected model was TotalAGC = 8.1072 x exp (2.8892 x Anisdtfdii$h that had R= 0.6, Bias = 8.1

tonnes/ha, Root Mean Squared Error (RMSE) = 23.7 tonnes / ha and Mean Absolute Percent ErroifMAPE)
21.0%. Such errors are acceptable to estimate and map the forest biomass/carbon over wide are&sabs ecolog
region and the whole country.

Key words: MAIAC, MODIS, total above-ground biomass/carbon, anisotropy data.
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