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TONG QUAN VA PANH GIA CAC PHUONG PHAP XAC PINH KHA NANG
HAP THU VA LUU TRU CARBON CUA CAY XANH PO THI
Nguyén Thi My Lé
Khoa Kién triic va quy hoach, truong Pai hoc Xdy dwng Ha Néi

Tém tit

Trong béi canh bién doi khi hdu va muc tiéu phdt thai rong bang “0” (Net Zero),
cdy xanh dé thi dong vai tro quan trong trong hdp thu va luu trit carbon. Viéc danh gid
chinh xdc kha ning ndy la co sé cho kiém ké khi nha kinh, quy hoach khéng gian xanh
va xdy dung cdc giai phdp giam nhe bién doi khi hdu. Nghién ciru nay tong hop, phdn
tich va danh gid cdc phirong phdp xdc dinh kha nang hdp thu va leu triv carbon ciia cdy
xanh dé thi, bao gom phirong phdp do dac truec tiép, phirong trinh sinh khoi, huréng dan
IPCC, cac mé hinh va cong nghé chuyén dung. Két qua cho thdy phirong phdp phwong
trinh sinh khoi két hop hwéng dan IPCC hién phit hop nhat véi diéu kién Viét Nam, trong
khi cdc mé hinh i-Tree Eco, CTCC va céng nghé vién tham c6 tiém ndng g dung trong
nghién cuu quy mo [on.
Tw khéa: Cay xanh do thi, hd'p thu carbon; lwu trit carbon, woc tinh sinh khoi.
REVIEW AND EVALUATION OF METHODS FOR ASSESSING CARBON
SEQUESTRATION AND STORAGE CAPACITY OF URBAN TREES
Abstract

In the context of climate change and the goal of achieving net-zero emissions,
urban trees play an important role in carbon sequestration and storage. Accurately
assessing their carbon sequestration and storage capacity provides a scientific basis for
greenhouse gas inventories, urban green space planning, and the development of
climate change mitigation strategies. This study reviews, analyzes, and evaluates
methods for estimating the carbon sequestration and storage capacity of urban trees,
including direct measurement methods, biomass-based approaches, IPCC guidelines,
models, and specialized technologies. The results indicate that the biomass-based
approach combined with IPCC guidelines is currently the most suitable method for
Vietnam. Meanwhile, models such as i-Tree Eco and CTCC, together with remote

sensing technologies, show considerable potential for large-scale applications when
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urban tree databases become more comprehensive.
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1. Pit van dé

Bién d6i khi hau (BDKH) 1a mét trong nhitng thach thirc 16n ddi v6i phat trién bén
vitng toan cau. Su gia ting ndng do khi nha kinh, dic biét 1a CO,, 13 nguyén nhéan chinh
gdy nong 1én toan cau va lam gia tdng cac hién tuong thoi tiét cuc doan.

Trong cac giai phap giam nhe BDKH, cay xanh do thi dugc xem la mdgt giai phap
dua vao thién nhién hiéu qua nho kha ning hap thu CO» thong qua quang hop va luu trit
carbon trong sinh khoi va dat. Ngoai vai tro giam phat thai khi nha kinh, cay xanh d6 thi
con gop phan cai thién vi khi hau, giam 6 nhiém khong khi, giam tiéng 6n va nang cao
chat luong moi trudng song.

Pé dinh lugng kha nang hép thu va luu trir carbon ctia cay xanh do thi, nhiéu
phuong phap va coéng cu da duoc phét trién, gdm phuong phap do truc tiép, phuong
phap xac dinh sinh khéi va tinh toan gian tiép, huéng dan ctua IPCC, cac mé hinh nhu i-
Tree Eco, CUFR Tree Carbon Calculator (CTCC), CityTree cung cic cong nghé vién
tham, LiDAR va GIS. Mdi phuong phap c6 uu diém, han ché va pham vi ap dung riéng.

Céc phuong phéap nay duoc tmg dung trong nhiéu nghién ctru danh gia kha ning
hép thu va luu trir carbon cta cdy xanh do thi nhu Keelong (Pai Loan) [1], Munich
(Pc) [2] va Bolzano (Y) [3]. Tai Viét Nam, cac nghién ciru méi chi yéu tap trung vao
xac dinh sinh khéi, phuong trinh sinh khdi hodc danh gia kha nang luu trir carbon tai
mot s6 khu vuc cu thé nhu Thanh Khé (Pa Ning) [4] va Cong vién Tao Pan (TP. Hb
Chi Minh) [5].

Tuy nhién, dén nay van chua cé nghién ctru tong quan mot cach hé thong cac
phuong phap xac dinh kha ning hap thu va luu trit carbon ctia ciy xanh dé thi, dong
thoi danh gia kha ning ap dung cac phuong phap niy trong diéu kién Viét Nam. Vi vay,
nghién ctru ndy dugc thue hién nhim tong quan, phén tich va danh gia cac phuwong phap
dang duoc sir dung phd bién trén thé gidi, tir 46 dé xuét dinh hudng lua chon va p dung
phtt hop cho nghién ciru, kiém ké khi nha kinh va quan 1y cay xanh d6 thi ¢ Viét Nam.
2. Phuwong phap nghién ciru
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2.1. Phwong phdp thu thip va tong quan tdi ligu

Nghién ctru sir dung phuong phéap tong quan tai liéu dé thu thap va hé thong hoa
cac nghién ctru lién quan dén x4c dinh kha ning hap thu va luu trir carbon cua cdy xanh
d6 thi. Ngudn tai liéu gdbm: hudéng dan ciia IPCC; cic mé hinh va cong cu chuyén dung
nhu i-Tree Eco, CTCC, CityTree; cing cac nghién ciru trong nudc va qudc té vé sinh
khéi, hép thu va luu trir carbon. Cac tai li€u duoc lya chon dua trén tinh khoa hoc, do
tin cdy va muc do lién quan dén chu dé nghién ctu.
2.2. Phwong phdp phan tich va phan loai

Céc tai liéu duoc phan tich nham l1am 13 co so khoa hoc, nguyén 1y, quy trinh thuc
hién, dit liéu dau vao va kha nang xac dinh luong carbon hﬁp thy, luu trir cda ting
phuong phéap. Trén co s¢ d6, cac phuong phap duge phan loai thanh bén nhém: phuong
phap do truc tiép; phuong phap xac dinh sinh khdi va tinh toan gian tiép; phuong phép
sir dung mo hinh va phan mém chuyén dung; phuong phap ting dung vién tham va GIS.
2.3. Phwong phap so sanh va danh gia

Céc phuong phap dugc so sanh va danh gia theo céc ti€u chi: do chinh xéc, chi phi
thue hién, yéu cau dit liéu dau vao, kha nang ap dung & cac quy mo khac nhau, mutc do
phtt hop véi diéu kién d6 thi va kha ning ap dung tai Viét Nam. Két qua 1a co so dé dé
xudt cac phuong phap phi hop cho nghién ctru, kiém ké khi nha kinh va quan 1y cdy
xanh do6 thi trong bdi canh thue hién muc tiéu Net Zero.
3. Két qua nghién ctru va thao luin
3.1. Co s6 khoa hoc ciia qud trinh hép thu va lwu trit carbon trong cdy xanh dé thi

Cay xanh d6 thi tham gia vao chu trinh carbon thong qua viéc hap thy CO: tir khi
quyén, chuyén hoa thanh chit hitu co va tich lily carbon trong sinh khdi thuc vat va dat.
Kha ning hap thu va luu trit carbon phu thudc vao loai cay, kich thude, téc do sinh
trudng va dicu kién moi truong. Qua trinh quang hop dugc biéu dién bang phuong trinh:

6CO; + 6H20 + anh sang — C¢H 1206 + 602

Carbon thuong chiém khoang 45-50% sinh khdi kho, do d6 viéc xac dinh sinh
khéi 14 co sé dé wéc tinh luong carbon luu tri.

Theo IPCC (2003) [6], carbon duoc luu trit trong ndm bé chtra gdm: sinh khdi trén
mat dat, sinh khdi dudi mat dat, tham muc, g5 chét va carbon hitu co trong dat. Véi cay

xanh d6 thi, do anh huong cia hoat dong quan ly va diéu kién bé tong hoa, lugng carbon
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trong tham muc, gd chét va dat thuong khong dang ké. Vi viy, sinh khéi trén mat dat
(than, canh va 14) dugc xem 1a bé chira carbon quan trong nhat khi déanh gia kha ning

luu trir carbon ctia cay xanh do thi.

Hinh 1. Qua trinh hap thu va luu trit carbon cta cay xanh (Nguon: https://
carbonstoreuk.com/publications/a-carbon-source-sink-and-store explaining-soil-carbon
3.2. Cic phwong phdp dinh lwong hdp thu CO: ciia cdy xanh

Khac véi luu trir carbon 13 Iwong carbon tich lily trong sinh khdi cay tai mot thoi
diém, hap thu CO: 1a luong CO, dugc ciy loai bo khoi khi quyén trong mot khoang thoi
gian nhat dinh, thuong tinh theo nim. Hién nay, cdc phuong phap dinh luong hap thu
CO; ctia cay xanh d6 thi c6 thé chia thanh cdc nhom chinh sau:

3.2.1. Nhém phwong phdp dinh lwong hip thu CO; truc tiép
a) Buong do trao déi khi (Gas Exchange Chamber)

Pay 1a phuwong phap xac dinh truc tiép téc do hap thy CO; cia 14 cdy thong qua
viéc do sy thay doi néng do CO; trong buéng kin gén 1én 14 hoac canh. Dir 1iéu thu duoc
phan 4anh cuong d6 quang hop va kha ning ¢ dinh carbon ciia cay.

Phuong phéap c6 do chinh x4c cao, cho phép danh gia truc tiép cac dic diém sinh
Iy quang hop cua tig loai cay. Tuy nhién, két qua chi dai dién cho 14 hodc canh duoc
do va viéc ngoai suy lén toan cay hodc quan thé ciy cé thé 1am gia ting sai s6. Ngoai ra,
chi phi thiét bi cao va thoi gian khéao sat 1én. Do d6, phuong phap nay chi yéu duogc sir
dung trong nghién ctru sinh 1y thuc vét va hiéu chinh cac mé hinh hap thu carbon hon 13
kiém ké carbon & quy mé db thi.

b) Hé thong cam bién CO:
Hé thong cam bién CO, sir dung cic cam bién hdng ngoai hodc thiét bi phan tich

khi dé theo dai lién tuc sy bién dong ndng dé CO» trong khong khi & quy md cay, cum
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cay hodc khong gian xanh do thi.

Uu diém cua phwong phap 1a kha nang quan trac lién tuc, khong pha hury d6i tuong
nghién ctru va phan anh diéu kién thuc té ctia méi trudong do thi. Tuy nhién, néng do
COs chju anh huéng cta nhiéu ngudn phat thai va hip thu khac nhau nhu giao thong,
cong nghiép, ho hap ciia thyc vat va vi sinh vat dat. Vi vay, dit liéu cam bién thuong chi
phan 4nh bién déng ndng d6 CO2 ma khoéng thé truc tiép xac dinh luong carbon hip thu
néu khong két hop voi cac md hinh hodc phuong phap bo sung.

Hién nay, hé thong cam bién CO, thudng duoc st dung két hop véi budng do trao
d6i khi, mo hinh cén bang carbon, i-Tree Eco hoidc cac cong nghé vién tham nham nang
cao do chinh xéc trong dénh gia kha nang hap thu carbon ctia cay xanh do thi.

3.2.2. Nhém phuwong phdp dinh liwgng hip thu CO; gidn tiép thong qua sinh khéi ciy

a) Phuwong phdp xdc dinh sinh khoi truc tiép (chdt ha va cén do)

Pay dugc xem 1a phuong phap chuan dé xac dinh sinh khéi va trit lwong carbon
cua cay xanh, dua trén vi¢c chdt ha cay, tdch cac by phan nhu than, canh, 14 va 1é, Xac
dinh khéi luong tuoi, sau d6 say kho dé tinh sinh khoi kho, tir d6 tinh lugng carbon luu
trit thong qua hé sb carbon, va quy ddi sang lwong CO» twong duong.

Phuong phap c¢6 d6 chinh xac cao do sinh khdi dugc x4c dinh bﬁng do dac thuc té.
Pay ciing 1a co s¢ dé xay dung cac phuong trinh sinh khoi va kiém ching cac phuong
phap gian tiép khac. Tuy nhién, phuong phap c6 tinh phé hity, chi phi cao, khé xac dinh
toan bd hé ré va chi ap dung cho s6 luong mau han ché. Vi vay, trong cay xanh do thi,
phuong phép nay chu yéu duogc sir dung dé xay dung co sé dit liéu sinh khdi va phat
trién cac phuong trinh sinh khéi dic thi cho ting loai.

b) Phuong trinh sinh khoi (Allometric Equations)

Phuong phap nay duoc sir dung pho bién nhat hién nay, dua trén mdi quan hé gitra
sinh khdi véi cac chi tiéu hinh thai d& do ngoai thuc dia nhu dudng kinh ngang nguc
(DBH), chiéu cao cay (H), duong kinh tan hoic khéi luong riéng cua gb (WD). Cac
phuong trinh thuong duoc xay dung tir dir 1i€u chat ha va can do truc tiép.

Dang tong quét ctia phuong trinh sinh khéi trén mit d¢at (AGB) nhu sau:

AGB =a x DBH®
Hodc dang mé rong: AGB =a x DBH® x H°
Trong d6: + AGB (Above ground biomass): sinh khéi kho trén mat dat
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+a, b, c: cac hé sb xac dinh tir thuc nghiém va phan tich hdi quy (phu
thudc vao loai cay va khu vuc sinh thai).

+ DBH (Diameter at Breast Height): duong kinh ngang nguc (cm).

+ H (Height): chiéu cao cay (m).

Sau khi x4c dinh sinh khéi, lwong carbon luu trit dugc tinh theo hé sb carbon (CF),
sau d6 quy doi sang CO; twong duong.

Uu diém cua phuong phap 13 khéng pha huy cy, chi phi thap, dé trién khai va c6
thé ap dung cho sb lwong 16n cdy xanh, vi viy dugc st dung phd bién trong cac nghién
ctru kiém ké carbon va quan 1y cdy xanh d6 thi. Tuy nhién, d6 chinh xac phu thudc 16n
vao chét lugng ciia phuong trinh. Cac phuong trinh thuong duoc xay dung cho mot loai
hoac mot vung sinh thai cu thé nén c6 thé phat sinh sai s6 khi ap dung cho khu vuc khac.
Ngoai ra, sinh khdi dudi mit dat thuong dugc wdce tinh gian tiép thong qua hé sb ré/than,
lam gia ting murc d6 khong chac chan cua két qua.

Phan 16n phuong trinh hién nay duogc phat trién cho cdy rimg, trong khi cdy xanh
d6 thi c6 diéu kién sinh trudng khac biét vé khong gian séng, ché d6 cham soc va hinh
thai tan cay. Do d0, str dung phuong trinh sinh khéi rirg cho cy db thi c6 thé dan dén
sai s6 dang ké. Nowak (1994) dé xuat hé s6 0,8 dbi v6i cay d6 thi moc ngoai troi [7].

Tai Viét Nam, phuong trinh sinh khdi dugc xem 1a phuong phap phu hop va kha
thi nhét hién nay dé xac dinh kha nang luu trit carbon ctia cdy xanh do thi. Tuy nhién,
co s& dir liéu va cac phuong trinh sinh khéi danh riéng cho cac loai cdy d6 thi pho bién
con han ché. Vi vay, viéc xay dung cac phuong trinh dac thu cho céc loai cay nhu sau,
xa cir, bang ling, sao den, giang huong va phuong vi 13 huéng nghién ctru can duge wu
tién nham nang cao d6 chinh xac trong kiém ké carbon va quan 1y cay xanh d6 thi.

Nhiéu nghién ctru di phat trién cac phuong trinh sinh khéi danh riéng cho cay xanh
d6 thi bang cach bo sung cac bién nhu chiéu rong tan, ty 1é tan 1a hodc mirc d6 tiép xuc

anh sang nham nang cao d6 chinh xac (Hinh 2).
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Hinh 2. Cac thong s6 cay d6 thi duoc lay mau ¢ Bolzano, Bic Y:

Sp = loai, DH = duong kinh & d cao 1 m, DBH = duong kinh & d§ cao ngang
nguc (1,37 m), Cb = chiéu cao géc tan cay, Ht = chiéu cao téng thé, Cw = chiéu rong
tan cay, CLE = luong anh sang tan ciy tiép xic, PCM = phan trim tan cdy bi mat, D =
tan cay chét (Ngudn: A. Russo va cong su, 2014). [3 ]

3.3. Huong din ciia Uy ban Lién chinh phii vé BPKH (IPCC - Intergovernmental
Panel on Climate Change) [6], [8]

Huéng dan ctia IPCC 13 bd phuong phép tiéu chuan quéc té duge sir dung rong rai
trong kiém ké khi nha kinh va danh gia kha ning hap thu, luu trit carbon cila cac hé sinh
thai, bao gdm ciy xanh d6 thi. Phuong phap nay xac dinh luong carbon luu trit va CO»
hap thu dya trén sinh khdi cdy cing cac hé s chuyén doi tiéu chuan. Trong dé, sinh
khdi cay bao gom sinh khdi trén mat dat va sinh khdi dudi mat dat.

Sinh khéi trén mat dat AGB (4bove-Ground Biomass, kg) dugc xac dinh thong qua
céc phuong trinh sinh khéi dua trén cac chi tiéu hinh thai nhu duong kinh ngang nguc
(DBH), chiéu cao ciy, duong kinh tan. Vi sinh khdi dudi mat dat BGB (Below-Ground
Biomass, kg), do vi¢c dao va can do truc tiép hé théng ré gap nhiéu kho khan, IPCC
khuyén nghi str dung h¢ s6 r&/than R (Root-to-Shoot Ratio) R = 0,20 +~ 0,26. [8]:

BGB=AGB xR
Téng sinh khdi khé cta cay B (Biomass, kg) duoc xac dinh theo cong thirc:
B=A4AGB + BGB

Trir luong carbon cua ciy C (Carbon Stock, kg Clcdy) duoc xac dinh tir sinh khoi

thong qua hé s6 carbon CF (Carbon Fraction): CF = 0,47 [6]
C=BxCF
Luong CO: twong duong Aco, (kg CO2/cdy) dugc tinh theo cong thirc:
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Aco, = Cx 3,67

Trong do: 44/12 = 3,67: hé sb chuyén dbi tir carbon sang CO:x.

3.4. Nhém mé hinh va phan mém chuyén dung
3.4.1. i-Tree Eco [9]

1-Tree Eco 1a mot phén trong b cong cu i-Tree, 1a mot trong nhitng cong cu dugc
str dung rong rdi nhat hién nay dé danh gia gia tri sinh thai ctia cay xanh d6 thi, bao gdm
luu trir carbon, hép thu CO,, san xuit oxy va loai bo cac chit 6 nhiém khong khi.

i-Tree Eco sir dung cac phwong trinh sinh khéi két hop véi dit liéu diéu tra thuc
dia nhu loai cay, duong kinh than (DBH), chiéu cao, kich thuéc tan va tinh trang sinh
truong dé xac dinh sinh khdi, lugng carbon luu trit. Luong carbon hip thu hang nim
dugc udce tinh dya trén su gia ting sinh khoi theo thoi gian. P6i voi cay xanh d6 thi, mo
hinh 4p dung hé s6 hiéu chinh nham phan 4anh sy khéac biét vé sinh truong gitra cay do
thi va cay rung (Nowak, 1994). [7]

Nghién ctru tai Bolzano (Y) trén 475 cdy do thi cho thiy luong carbon luu trit dat
134,89 Mg, kha niang hap thu carbon/ nam dat 5,82 Mg [3]. Tai Viét Nam, nghién ciru &
Thanh Khé (Pa Nang) udc tinh hé thong cdy xanh luu trit khoang 994,5 tn carbon. [4]

i-Tree Eco c6 kha ning danh gia nhanh sb lugng 16n cay xanh véi quy trinh chuan
hoa va chi phi thép hon dang ké so véi do dac truc tiép, két qua dau ra da dang; tuy
nhién, dg chinh x4c phu thudc vao chat luong dir li¢u dau vao va muac do phu hop cua
co so dit liéu loai cy. Phan 16n cac phuong trinh sinh khdi trong i-Tree Eco dugc xay
dung tir dit liéu ving Bic My nén c6 thé sai sb khi ap dung cho céc loai ciy nhiét di.

Tai Viét Nam, viéc thiéu dit liéu sinh khoi va thong sb sinh trudng dic thu cho cac
loai cay d6 thi 1a rao can 16n ddi véi viéc ing dung rong rdi mo hinh nay. Tuy vay, cling
v61 sy hoan thién co s¢ dir li€u cay xanh do thi, i-Tree Eco dugc danh gia co tiém nang

ung dung cao trong nghién ctru va quan ly carbon cay xanh do thi.
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Hinh 3. M hinh phan tich cia i-Tree (Ngudn: www.itreetools.org)
3.4.2. CUFR Tree Carbon Calculator (CTCC) [10]

CTCC 1a cong cy dugc phat trién boi Cuc Lam nghiép Hoa Ky, nham udc tinh
luong carbon luu trir, kha ning hip thu CO» hing nam va loi ich tiét kiém ning luong
clia cay xanh d6 thi. CTCC sir dung cac phuong trinh sinh khéi két hop vai dit liéu dau
vao nhu loai cdy, dudng kinh ngang nguc (DBH), d6 tudi va vung khi hau. Ngoai viéc
danh gia hién trang, mo6 hinh con st dung dit liéu ting truong dé du bao kha nang hap
thu carbon cua cay trong tuong lai.

CTCC don gian, dé st dung va yéu cau it dit liéu dau vao hon i-Tree Eco, phi hop
v6i cac nghién ctiu so by, danh gid nhanh. Tuy nhién, CTCC dugc xay dung chu yéu
dua trén dit liéu cdy xanh Bic My nén do chinh xac c6 thé giam khi ap dung cho cay
nhiét doi hodc diéu kién sinh truong khac biét. Ngoai ra, kha nang danh gié cac dich vy
hé sinh thai va mirc do tuy chinh co sé dit li¢u con han ché hon so véi i-Tree Eco.

Tai Viét Nam, CTCC c6 thé duoc st dung dé uéc tinh nhanh lugng carbon luu tri,
tuy nhién, dé nang cao dg tin cay, can hiéu chinh céc phuong trinh sinh khdi va thong
s6 tang trudng cho céc loai cay d6 thi pho bién trudc khi ap dung trén dién rong.

Nghién ctru tai Bolzano (Y) [3] trén 475 cay do thi cho thay lugng carbon luu trit
udc tinh theo i-Tree Eco, CTCC va phuong trinh sinh khéi 1an luot 13 134,89 Mg, 140,15
Mg va 179,14 Mg. Sau khi 4p dung h¢ sb hiéu chinh 0,8 cho cay do thi [7], két qua tur
phuong trinh sinh khéi giam xudng con 143,3 Mg va tiém can véi CTCC.

3.4.3. CityTrees
CityTrees 1a nhom mé hinh mé phong cay xanh dé thi dwgc phat trién nham danh

gia sinh trudng cay va céac dich vu hé sinh thai trong moi truong do thi. M6 hinh mo
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phong su tuong tac giita chu trinh carbon, nuée va cac diéu kién méi trudng, tir d6 xac
dinh sinh khéi, lugng carbon luu trit va kha nang hap thu carbon cua ciy theo thoi gian.

Dit liéu dau vao cia mo hinh bao gdm céc thong sb ciy xanh (loai cdy, duong kinh
than, chiéu cao, kich thuéc tan) cing cac yéu té méi trudng nhu khi hau va didu kién
dat. Két qua dau ra c6 thé bao gém sinh khdi cay, luong carbon luu trit, luong carbon
hép thu hing nim va dy bo tich liy carbon trong twong lai.

CityTrees c6 kha nang mo phong sinh trudng va tich liily carbon ctia cy xanh trong
dai han, ddng thoi c6 thé tich hop véi dit liéu vién tham va GIS dé danh gia & quy méd
16m. Tuy nhién, do chinh x4c ctia m6 hinh phu thudc vao dir li¢u dau vao, cac tham sd
sinh truong va mire d6 hiéu chinh cho timg loai. Khi ap dung tai Viét Nam, can xay dung
co sd dit liéu sinh truéng va sinh khdi pht hop véi cac loai cay do thi dia phuong.

3.5. Ung dung céng nghé vién tham va GIS
3.5.1. Vién tham

Vién tham 14 cong nghé thu nhan thong tin bé mat Trai DAt thong qua cac cam bién
gan trén vé tinh, may bay hodc thiét bi bay khong nguoi 14i (UAV). Trong nghién ciru
cay xanh do thi, dir liéu vién tham duogc su dung dé xac dinh do che phu cdy xanh, dac
diém tan cay va xay dung cac md hinh udc tinh sinh khéi, carbon trén dién rong.

Uu diém cua phuong phap 13 kha nang khao sat nhanh trén pham vi 16n, cap nhat
thudng xuyén va chi phi thap hon diéu tra thuc dia. Tuy nhién, vién tham chti yéu phan
anh dic diém bé mat tan cay, kho xac dinh truc tiép chiéu cao ciy va sinh khdi dudi mat
dat, dong thoi chiu anh hudéng cta diéu kién khi quyén va hién tuong bdo hoa tin hiéu &
khu vuc c6 mat do cay cao. Do d6, vién tham thuong dugc st dung két hop voi diéu tra
thuc dia, phuong trinh sinh khdi, GIS hoic cong nghé LiDAR nham nang cao do chinh
xac trong danh gid carbon cdy xanh do thi.

3.5.2. LiDAR

LiDAR (Light Detection and Ranging) 1a cong nghé vién tham cha dong sir dung
tia laser dé xdy dung mo hinh khong gian ba chiéu cua cay xanh va dia hinh. Dir liéu
LiDAR duoc biéu dién dudi dang ddm may diém, cho phép xac dinh chinh x4c chiéu
cao cdy, kich thudc tan, mat do tan 14 va cau trac khong gian cia cdy. Tl cac thong sb
ciu trac thu dugc, LiDAR thudng duoc két hop véi phuong trinh sinh khéi hodc céc

thuat toan dé ude tinh sinh khéi va lugng carbon luu tri.
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Uu diém ndi bat cua LIDAR 1a kha ning m6 ta cdu tric ba chiéu cia cdy xanh va
phan biét cay vdi cong trinh xay dung trong moi truong do thi. Tuy nhién, chi phi thu
thap va xu 1y dir liéu con twong ddi cao, ddng thoi doi hoi chuyén mén ki thuat va phan
mém chuyén dung. Vi vdy, LIDAR hién chil yéu duoc sir dung trong cac nghién ciru

khoa hoc va céac du an kiém ké cay xanh quy mo 16n.

Hinh 4. Minh hoa qud trinh tdi tao cdu triic cdy tir dir liéu dam mdy diém LiDAR
(a) Pam mdy diém ba chiéu cua cay sau khi quét laser; (b) M6 hinh ciu trac dinh
luong QSM mé phong hinh hoc than va canh cdy.(Ngudn: H.Xu va cong sy, 2025)[11]

3.5.3. GIS va xdy dung bdn dé lwu triv carbon

Hé théng thong tin dia Iy (GIS) khong truc tiép xac dinh lugng carbon cia ciy
xanh ma dong vai tro tich hgp, quan ly va phan tich dir 1iéu khong gian. GIS cho phép
két hop di liéu diéu tra cdy xanh, anh vién tham, LiDAR va cac phuong trinh sinh khi
dé xdy dung ban dd phéan bd sinh khdi, carbon Iuu trit va kha nang hap thu COs.

Uu diém cta GIS 12 kha ning quan 1y dir liéu khong gian quy mé 16n va truc quan
hoa két qua dudi dang ban do, hd tro hiéu qua cho kiém ké khi nha kinh, quy hoach
khong gian xanh va quan 1y cdy xanh d6 thi. Tuy nhién, d6 chinh x4c cua két qua phu
thudc truc tiép vao chit luong dir licu dau vao va co so dit liéu cay xanh.

Dbi v6i Viet Nam, viéc két hop GIS véi dir ligu diéu tra hién trudng, anh UAV, anh
vé tinh va LiDAR duoc xem 1a hudng tiép cin c6 tiém ning 1on trong xay dung co s&
dir li€u cay xanh va ban dd carbon do thi phuc vu muc tiéu Net Zero.

Garcia de Leon va cong su (2026) [2] da két hop GIS, CityTree va vién tham dé
xay dyng ban do phan bd kha ning hap thu CO> ctia ciy xanh d6 thi tai Munich (Puc):

Garcia de Ledn va cong su (2026) [2] d3 stir dung mé hinh CityTrees két hop vién
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tham, GIS dé xdy dung ban do phan b kha ning hap thu CO2 ctia hon 160.000 ciy xanh
do thi tai Munich (Puc) (Hinh 5).

a) €02 sequestration
(Kg CO2/year)

b)

€02 sequestration per
(Kg CO2/year/m2)

unit crown area
0

Hinh 5. Phdn bé khéng gian cdc dich vu hé sinh thdi ciia cdy xanh dé thi & Munich

(a) mat do luu trir CO2 (b) lugng CO2 luu trit theo dién tich tan cay
(Nguon: Garcia de Leon va cong su (2026) [2]

3.6. So sanh va danh gid cdac phwong phdp

M&i phuong phép xac dinh kha nang hap thy va luu trir carbon ctia cdy xanh d6 thi

c6 nguyén 1y, do chinh xac, chi phi va pham vi tng dung khac nhau.

Bang 1. So sanh tong hop cic phwong phap xéac dinh kha niing hap thu CO;

va lwu trir carbon ciia cay xanh do thi

P chinh 0 s Han ché
Phwong phap ¢ chinh| Quymd |\ hi | Uu diém chinh an che
xac ap dung chinh
Bll.éng’ do trao RAt cao La, cé}nh, cay Rt cao BAO tryc tiép toc do [Kho é[i dl:mg
Do truc doi khi don 1¢ hap thu CO: quy mo 16n
tiép Hé¢ thong cam (Trung . . [Trung Quan trac lién tuc [Kho tach riéng
.; . Cay, cum cay| . . £
bien CO- binh binh—cao theo thoi gian thuc [CO: hap thu
Chat ha, cAn | o x . PP chuan x4c dinh [Pha huy cdy, chi
. T Rat Rat . :
Sinh khéido truc tigp |21 a0 [Aymau - Rateao phi lon
va tinh  Phuong trinh Cao Cay don ¢, Thi Khong pha huy, d& [Phy thuoc PT
toan gian sinh khi toan do thi P trién khai sinh khéi
tiép Huéng dan  [Trung Do thi, vung, Thi Chuan quéc té cho [Phu thudc dit
IPCC binh —cao [qudc gia P kiém ké KNK liéu sinh khi
. Quan, thanh [Trung  [Panh gia carbon, |Can co s¢ dit
-Tree E C L A e . A
- 1ree beo a0 phé binh  mhiéu dich vu HST [liéu chi tiét
1\’{6 hi:lh CTCC T\rung Cay do? 1¢, Thép Tinh’ toan nhanh, [t ch#c nang
va phan binh —cao khu nho de sur dung hon i-Tree Eco
mém CityTrees T\rung Du aﬂn/ k}’1u Th ép Danh gia nhanh P}Alu t%lu(f)c dir
binh nghién clru carbon li¢u tich hop
Vién tham Trung Thanh phd, [Thap— [Bao phu dién tich |[Khong xd truc
quang hoc  |binh ving d6 thi  [trung binh|lén tiép sinh khoi
LiDAR Cao —rat [Thanh ph(’), Cao IXac (zhnhAcau truc Chlﬂphl va ky
cao |l<hu vuc 16n 3D cua cay thuét cao
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Vién » [Phu thudc uan 1y va truc Khong phai PP
M GISvabandd | 09 Trung  (Quanlyvatue - Khong p
tham va dir licu  Moi quy mo | | quan hoa dir licu  xac dinh carbon
carbon N binh K . N
GIS dau vao hong gian doc lap

Két qua tong hop cho thdy, cac phuong phéap do truc tiép nhu budng do trao doi
khi va hé théng cam bién CO2 c6 d6 chinh x4c cao nhung kho ap dung cho kiém ké cay
xanh do6 thi do chi phi 16n va pham vi khao sat han ché.

Nhom phuong phap xac dinh sinh khdi va tinh toan gian tiép hién duoc st dung
phd bién nhat. Trong d6, phuong phap chit ha va can do truc tiép 1a co s¢ xdy dung cac
phuong trinh sinh khdi nhung khong phit hop véi cay xanh do thi do tinh chat pha huy.
Phuong trinh sinh khoi két hop voi huéng dan IPCC cho phép danh gia carbon vai chi
phi thap, d6 tin cdy cao va kha ning ap dung trén dién rong.

Céc mo6 hinh va phin mém nhu i-Tree Eco, CTCC va CityTrees gitp tu dong hoa
qua trinh tinh toan va hd trg danh gia & quy mo 16n. Trong sd do, i-Tree Eco duoc sir
dung rong rai nhat nho kha ning danh gia déng thoi carbon va nhiéu dich vy hé sinh thai
khéc cua cay xanh do thi.

Nhom cong nghé vién tham, LiDAR va GIS c6 uu thé trong danh gia trén pham vi
rong va xay dung ban dd carbon d6 thi. Pac biét, LIDAR cho do chinh xac cao nho kha
nang mo ta ciu triic ba chiéu ciia cay xanh, trong khi GIS déng vai tro tich hop va quan
1y dir liéu khong gian phuc vu quy hoach va quan 1y do thi.

Véi diéu kién Viét Nam hién nay, phuong phap pht hop nhat 1 két hop phuong
trinh sinh khéi voi huéng dan IPCC do chi phi thap, d& trién khai va dap Gmg yéu cau
kiém ké khi nha kinh. Trong twong lai, viéc tich hgp cac mé hinh nhu i-Tree Eco véi
cong nghé LiDAR, vién tham va GIS s& 14 hudng phat trién quan trong nhim xay dung
co so dit lidu cdy xanh va ban d6 carbon d6 thi phuc vu muc tiéu Net Zero.

4. Két luan

Trong bdi canh BDKH va muc tiéu Net Zero, viée xac dinh chinh xac kha nang
hap thy va luu trir carbon clia cAy xanh db thi c6 ¥ nghia quan trong d6i v6i kiém keé khi
nha kinh, quy hoach khong gian xanh va gidm nhe BDKH. Cac phuong phap danh gia
hién nay c6 uu diém va han ché riéng, phu hop véi timg muc tiéu va quy mé tmg dung
khac nhau.

Véi Viét Nam, sir dung phuong trinh sinh khéi két hop hudng dan cua IPCC 1a
hudng tiép can phit hgp do c6 co s& khoa hoc, chi phi hop 1y va kha nang trién khai cao.
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Tuy nhién, can xay dung cac phuong trinh sinh khéi dic thu cho cac loai cay d6 thi phd

bién va hoan thién co s dit liéu vé sinh truong, sinh khéi va ham lugng carbon.

Trong tuong lai, viéc tich hop dir li¢u thuc dia vé1 cac mo hinh nhu i-Tree Eco,
CTCC cung cong nghé LiDAR, vién tham va GIS s& gdp phan ning cao do chinh xac
trong danh gia carbon cdy xanh do thi, phuc vu kiém ké khi nha kinh, quan 1y khong
gian xanh va phat trién d6 thi bén viing hudng téi muc tiéu Net Zero.
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