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DANH MUC NGU NGHIA CUA CHU, KY HIEU VIET TAT

AGB

BA
Bba
Bbr
BCEF

Bdw
BEF

BGB

Bhg

BI

Bli

Bst
C(AGB)

C(BGB)

Ca
Cba
Chbr
CD
CDM
Cdw
CF
Chg
Cl
Cli

Above ground biomas: Sinh khéi trén mat dat cua thuc vat, cha yéu trong
cay g6, bao gom than, canh, 14 va vo (kg/cay)

Basal area: Tong tiét dién ngang cay gd/ha (m?/ha)
Biomass of bark: Sinh khéi cua vo cay (kg/cay)
Biomass of branch: Sinh khéi cua canh cay (kg/cay)

Biomass conversion and expansion factors: Hé s6 chuyén dbi trir lwong
sang sinh khoi

Biomas of dead wood: Sinh khéi cua gd chét (kg/cay)

Biomass expansion factor: Hé s6 chuyén doi thé tich cdy tuoi sang sinh
khéi kho. BEF = AGB/V

Below ground biomas: Sinh khéi dudi mat dat, la ré cua thyc vat, nhung
chu yéu la ré cay go (kg/cay)

Biomass of herb: Sinh khéi cua tham tuoi
Biomass of leaf: Sinh khéi cua la (kg/cay)
Biomass of litter: Sinh khéi cua tham muc
Biomass of stem: Sinh khéi cua than cay gé (kg/cay)

Carbon in ABG: Carbon tich ldy trong sinh khéi trén mat dat cua thuc vat,
chu yéu trong cay gd, bao gom than, canh, 1a va vo (kg/cay)

Carbon in BGB: Carbon tich Iy trong sinh khéi dudi mat dat caa thuc vat,
chu yéu trong ré cay go (kg/cay)

Crown area: Dién tich tan la (m?/cay)

Carbon of bark: Carbon cua vo cay (kg/cay)

Carbon of branch: Carbon cua canh cay (kg/cay)

Crown diameter: Puong kinh tan la (m)

Clean Development Mechanism: Co ché phat trién sach

Carbon of dead wood: Carbon cua gé chét

Carbon Fraction: Hé sb chuyén d6i tir sinh khéi khd sang carbon
Carbon of herb: Carbon cua tham tuoi

Carbon of leaf: Carbon cua la (kg/cay)

Carbon of litter: Carbon cua tham muc
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COP

Cst
DBH, D,

D13
FAO
FCCC

FCPF

GHG
GSL/M

IPCC

MRV

PCM
REDD

REDD*

SOC

TAGTB

TAGTC

B

Conference of the Parties (to the United Nations Framework Convention
on Climate Change (UNFCCC)): Hoi nghi cac bén lién quan (Hiép dinh
khung vé bién dbi khi hau cua Lién Hiép Quéc)

Carbon of stem: Carbon cua than cay go (kg/cay)

Diameter at Breast Height: Duong kinh o do cao ngang nguc, thuong la o
do cao 1.3m, don vicm

Food and Agriculture Organization: T chirc Nong Luong cua Lién Hiép
Quéc

Framework Convention on Climate Change: Hiép dinh khung vé bién déi
khi hau

Forest Carbon Partnership Facility: Quy ddi tac carbon ring thuoc Ngan
hang Thé Gioi (World Bank)

Green Housse Gas: Khi gay hiéu tng nha kinh

Growing stock level: Trir lugng ciy dirng (m®/ha)

Height: Chiéu cao cay (m)

Int,ergczvernmental Panel on Climate Change: Co quan lién chinh phu vé
bién doi khi hau

Trir lwong g6 m3/ha

Measurement, Reporting & Verification: Do tinh, bao cao va tham dinh.
Mat do cay gd/ha (cay/ha)

Participatory Carbon Monitoring: Giam sat carbon rung co su tham gia

Reducing Emissions from Deforestation and Forest Degradation: Giam
phat thai tir suy thoai va mat ring

Reducing Emissions from Deforestation and Forest Degradation: Giam
phat thai tir suy thoai va mat ring két hop voi bao ton, quan 1y bén viing
rimg va ting cuong trir lwong carbon rimg & cac nude dang phat trién.

Soil Ogranic Carbon: Carbon hiru co trong dat, (tin/ha)

Total above ground tree biomass: Tong sinh khéi cay gd trén mat dat trén
mot dién tich (tin/ha)

Total above ground tree carbon: Tong carbon cay gd trén mit dat trén mot
dién tich (tin/ha)

Total biomass: Tng sinh khéi caa rung ¢ 4 bé chia: Thuc vat trén mat
dat, dudi mat dat, tham muc, gd chét (tin/ha)
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TBGTB

TBGTC

TC

TTB

TTC
UNDP

UNEP

UNFCCC

UN-

REDD

WD

Total below ground tree biomass: Téng sinh khéi ré cay gd dudi mat dit
trén mot dién tich (tin/ha)

Total below ground tree carbon: Téng carbon cay gd dudi mat dat trén mot
dién tich (tan/ha)

Total carbon: Téng lwong carbon cua rung ¢ 5 bé chia (tan/ha), bao gdm
SOC

Total Tree Biomass: Tong sinh khdi trén va dudi mat dat coa cay gd
(tin/ha)

Total Tree Carbon: Tong carbon cua cay gd trén va dudi mat dat (tin/ha)

Unite Nations Development Programme: Chuong trinh phat trién cua Lién
Hiép Quéc

Unite Nations Environment Programme: Chuong trinh méi treong cua
Lién Hiép Quéc

United Nations Framework Convention on Climate Change: Hiép dinh
khung cua Lién Hiép Quéc vé Bién dbi khi hau

United Nation — Reducing Emissions from Deforestation and Forest
Degradation: Chuong trinh cua Lién Hiép Qudc va Giam phat thai tir suy
thoai va mét ring ¢ cac qudc gia dang phat trién

Volume: Thé tich cay dung (m3/cay)
Wood density: Khdi lwong thé tich gb (g/cmd) hoic (tan/md)
Dung trong dat (g/cm?q)
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BO GIAO DUC VA PAO TAO
TRUONG PAI HQOC TAY NGUYEN

THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung:

- Tén d& tai: XAC PINH LUQNG CO; HAP THU CUA RUNG LA RONG
THUONG XANH VUNG TAY NGUYEN LAM CO SO THAM GIA
CHUONG TRINH GIAM THIEU KHi PHAT THAI TU SUY THOAI
VA MAT RUNG

- Ma sb: B2010 - 15— 33TD

- Chu nhiém: PGS.TS. BAO HUY

- Co quan chu tri: Truong Pai hoc Tay Nguyén

- Thoi gian thyc hién: Tir thang 1 nam 2010 dén thang 6 nam 2012

2. Muc tiéu:

Thiét 12p dugc mot hé¢ théng mo hinh va cong nghé nham xac dinh lugng CO2
hép thu trong céc trang thai cua kiéu ring 14 rong thuong xanh ving Ty Nguyén dé
cung cap thong tin, co so dir liéu va phwong phap gidm sat sy thay doi ciia cac bé chua
carbon trong hé sinh thai rimg, lam co s¢ tham gia chuong trinh giam thiéu khi phat
thai tir suy thoai va mat rimg.

3. Tinh méi va sang tao:

Lan dau tién & Viét Nam da thiét lap duoc hoan chinh mé hinh allometric
equations dé wdc tinh sinh khdi va carbon cho cay rung va 1am phan cua kiéu rung la
rong thuong xanh vang Tay Nguyén dat do tin cay theo yéu cau québc té cua IPCC
(2006) khi tham gia chuong trinh REDD".

D3 két hop gitra phan loai anh vé tinh va md hinh quan hé sinh khdi ring trén
mat dat voi chi sb phan loai anh dé wde lwong sinh khéi ring qua anh vé tinh SPOTS
dat do tin cay tu 72 — 93%.

Da két hop hé théng md hinh allometric equations trong hé théng GIS dé dua ra
giai phap quan ly, giam sat hap thu va phat thai CO, trong quan ly riang khi tham gia
chuong trinh REDD".

4. Két qua nghién ctru:

D3 thiét 1ap mot cach hé thong cac md hinh wéc tinh sinh khdi va carbon cay
rang bao gom 5 bo phan cay (than, canh, vo, 14 va ré), udc tinh sinh khéi va carbon
cua cay phan trén va dudi mat dat. Pa dua ra thong tin vé kha niang luu giir carbon
trong tung bo phan cay rung caa kiéu ring 14 rong thuong xanh ¢ Tay Nguyén.

D3 thiét lap day du va da dang cac mé hinh udc tinh sinh khéi va carbon 1am
phan, cac md hinh chuyén dbi gitra nhan té trir lugng sang sinh khdi va carbon. Pa
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cung cap théng tin tich Iy carbon rung ¢ 5 bé chira carbon rung, luong ting truong
carbon va CO; hap thu theo ba cip sinh khdi ¢ ba cip chiéu cao cua riang la rong
thuong xanh vung Tay Nguyén.

D3 xay dung duoc phuong phap phan loai anh vé tinh phi giam dinh két hop voi
quan hé gitra sinh khéi ring va cac chi s6 cua cac 16p anh dé wée luong sinh khéi ring
thong qua anh vé tinh SOPTS5 dat do tin cay.

Da xay dung giai phap két hop mé hinh allometric equations trong GIS dé quan
ly, giam sat bién dong hap thu va phat thai CO; tir ring.

Da tong hop va dé& xuat dugc mot hé théng mé hinh va cong nghé dé do tinh,
giam sat carbon rirng bao gom: Phan loai ring theo cap sinh khéi, thiét ké 6 mau, lua
chon mé hinh allometric equations va quan ly di liéu, ban d vé bién dong CO2 trong
GIS.

5. San pham: Bao gom:

- B4o c4o khoa hoc tong két dé tai
- Ba hudng dan ky thuat:
+ Hé théng mé hinh va céng nghé do tinh, giam sat carbon ring dé tham gia
chuong trinh REDD*
+ Huong dan tng dung anh vé tinh dé wdc tinh, giam sat sinh khdi va carbon
rung
+ Hudng dan ang dung GIS trong quan ly, giam sat sinh khéi, carbon rung.
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ctru va kha niing ap dung:

Trong qua trinh thuc hién dé tai, hé thbng mé hinh, cong nghé uoc tinh va giam
sat carbon rung cé su tham gia cua cong dong (PCM) da duoc thur nghiém trong
chuong trinh UN-REDD* Viét Nam do B Nong nghiép va Phat trién Nong thén cha
tri véi su tu van cua FAO va du an REDD* caa td chirc hop tac phat trién Ha Lan
(SNV) ¢ tinh Lam Pong. Trong giai doan dén két qua dé tai sé duoc ap dung trong hé
thng do tinh giam sat carbon ring qudc gia.

Két qua caa dé tai ciing sé duoc chuyén giao dén cac co quan quan 1y tai nguyén
ring va moi trudng cac tinh & Tay Nguyén dé xdy dung cac dy an REDD* ¢ dia
phuong va dinh gi4 rimg tu nhién vé mat moi truong.

Ky hop dong hodc ban ban quyén cho cic co quan quan ly rimg, cong ty 1am
nghiép, cac chii ring dwgc giao rimg dé cac to chirc nay co thé ban tin chi carbon rimng
khi tham gia chuong trinh REDD".

Ngoai ra két qua nghién ctru s& dugce dua vao dao tao ¢ bac dai hoc va sau dai
hoc thudc nganh Quan ly tai nguyén ring va Mai truong, ddng thoi 1a co s& dé nghién
ctru cho cac kiéu ring khac trén cac vung sinh thai khac nhau cua Viét Nam.
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Ngay 25 thang 06 nam 2012
Co quan chii tri Chii nhi¢m dé tai
(ky, ho va tén, déng dau) (ky, ho va tén)

PGS.TS. Bao Huy

xviii



INFORMATION ON RESEARCH RESULTS
1. General information:

- Project title: DETERMINATION OF CO, SEQUESTRATION OF EVER-
GREEN BROAD-LEAVED FOREST IN THE CENTRAL HIGHLANDS
OF VIETNAM AS A BASIS FOR PARTICIPATION IN PROGRAM OF
REDUCING EMISSIONS FROM DEFORESTATION  AND
DEGRADATION

- Code number: B2010 - 15-33TD

- Coordinator: Assoc.Prof. Dr. BAO HUY
- Implementing institution: Tay Nguyen University

- Duration: from January 2010 to June 2012
2. Objective(s)

The objective of the research is to establish a system of models and technology in
order to determine the amount of CO> absorbed by the different states of the ever-
green broad-leaved forests in the Central Highlands of Vietnam. This aims to provide
information, database and methods to monitor changes of carbon pools in forest
ecosystems as a basis for participation in the program of reducing emissions from
deforestation and degradation.

3. Creativeness and innovativeness

It is the first research conducted in Viet Nam that has established a full model system
of allometric equations to estimate biomass and carbon for forest stands and individual
trees of evergreen broad-leaved forest in the Central Highlands of Vietnam. The
results of the study have reached reliable requests of the IPCC (2006) for participating
in the REDD™ program.

Based on relationship of spectral data from the multi-spectral bands with the above
ground forest biomass stand biomass was estimated through SPOTS5 data, the result
reached 72-93% in accuracy.

The allometric equations imported and processed in GIS environment were used as
basic for providing management solutions, monitoring CO> absorption and emission in
forest management which are a basic for participating in REDD* program.

4. Research results

The models for estimating forest biomass and carbon stored from five different parts
of forest tree (stem, branches, bark, leaves and roots) including the above and below
ground were systematically established. Information of carbon storage capacity each
part of forest tree of the evergreen broad-leaved forests in the Central Highlands of
Vietnam was provided
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Various models of individual tree and forest stand biomass and carbon estimates were
fully established. The conversion models of volume to biomass and carbon were
performed as well. Additionally, information of carbon stored in five pools of forest,
carbon growth and CO> absorbed in accordance with three levels of tree height was
provided.

The method of analysis of satellite image characteristics which related with forest
biomass was built to estimate forest biomass through satellite image SPOT5. The
predicted results achieved quite high reliability.

Combination techniques the allometric equations and GIS technology were established
aiming to build solutions to manage and monitor the absorption and emissions CO>
from the forests.

A system of technology and models for carbon monitoring and measurement was
synthesized and recommended. The system includes sequent steps: classification of
biomass levels using satellite imagery, sample designation, allometric equations
selection, data management, GIS-COz change maps.

5. Products

- Scientific reports were published.
- Three technical guidelines were performed including:

+ The system of allometric equations and technology to measure and monitor
forest carbon to participate in REDD* program was written.

+ Applications of satellite images to estimate, monitor forest biomass and
carbon were guided.

+ GIS application for the management, monitoring of biomass, forest carbon
was instructed.

6. Effects, transfer alternatives of results and applicability

During implementation of the project, the allometric equations and technology has
been tested to apply in participatory forest carbon measurement (PCM) in the program
UN-REDD* Viet Nam, which hosted by the Ministry of Agriculture and Rural
Development in consultation with FAO. In addition these were tested in REDD project
which was supported by the Development Cooperation Organization Netherlands
(SNV) in Lam Dong province. In the next phase project results will be applied in
carbon monitoring and measurement at national level.

The results of the project will also be transferred to the management agencies of
natural resources and environment within the provinces belonging to the Central
Highlands of Vietnam. This aims to build the local REDD* project as well as assess
natural forests on environmental values.
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The copyright of the project results will be contracted with or sold to forestry agencies
such as forest management agency, forest company, and forest owner so that they can
sell their carbon credit when they take part in the REDD™ program.

Besides research results will be put into training of undergraduate and graduate
university of forest resources and environment management mayor. The results will be
the basis for further studies for other forest types in various ecological zones of
Vietnam.
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MO DAU

1 PAT VAN PE, TINH CAP THIET

Vin dé udc tinh sinh khéi, trir luong carbon ring luu gitr va lwong CO; hap thy
hoic phat thai trong qua trinh quan Iy rang dé tham gia chuwong trinh REDD*
(Reducing Emissions from Deforestation and Forest Degradation: Giam phat thai tur
suy thoai va mat ring két hop voi bao ton, quan 1y bén viing rimg va ting cudng trix
lwong carbon rimg & cac nudc dang phat trién) & Viét Nam la mot nhu cau cép thiét,
nham cung cap théng tin dir liéu phat thai CO> tir quan ly ring dang tin cay theo yéu
cau cua IPCC (2006), tir d6 dé co thé xac dinh tin chi carbon rung trong giam phat thai
va thu dugc ngudn tai chinh tir dich vu méi truong hap thu CO2 tir rung.

Chuong trinh UN-REDD" ¢ Viét Nam da duoc khoi dong tir nam 2009 véi sy hd
trg caa FAO - Lién Hiép Quéc va cé vai trd quan trong trong thuc ddy quan 1y rimg tu
nhién bén viing dé chi tra dich vu méi1 truong, nd co tinh toan ciu ma trong do Viét
Nam 14 mot thanh vién. Tuy nhién dé tham gia chuong trinh REDD*, Viét Nam can c6
nghién ciru phuong phap do tinh giam sat dé cung cap thong tin, dir liéu c6 co sé khoa
hoc, dang tin cdy vé sy thay ddi clia cac bé chtra carbon trong cac hé sinh thai rimg va
chieng minh giam phat thai khi gay hiéu ang nha kinh CO> trong thuc hién quan ly
ring tot hon.

Dé cung cip dir lidu thay dbi bé chira carbon ring khi tham gia REDD*, theo
IPCC (2006) cac quéc gia co thé lva chon cip do thich hop cho minh, bao gém ba cép
do (Tier) tir 1 dén 3 twong Ung véi tir don gian, kém tin cay dén phuc tap va cé do tin
cdy cao. Nhung nguoc lai néu ap dung cip do don gian nhu Tier 1 thi viéc thuc hién
trén hién truong sé tén nhiéu cong stc, chi phi hon vi khéng cé md hinh wdc tinh
carbon va cdng nghé vién tham - GIS dé giam sat thay doi carbon rung; trong khi d6
néu xay dung duoc cac md hinh woc tinh carbon (allometric equations) va giai phap
rng dung vién tham va GIS theo yéu cau Tier 2 — 3 thi trong thuc hién giam sat sé
khoa hoc, co do tin cay cao hon va giam chi phi. Trinh d6 quan ly va giam sat rung
cua Viét Nam da vuot qua Tier 1, nhung chua dat Tier 2-3, do d6 nghién ctru va ung
dung khoa hoc ky thuat dé dap tmg dugc cip d6 cao hon s& thuan loi trong quan ly
trong d6 c¢6 giam sat rung khi tham gia REDD™.

Viéc giam sat phat thai va hap thu CO2 cua ring bao gom cac linh vuc: i) Ky
thuat, cong nghé do tinh giam sat trir lugng carbon rung ¢ 5 bé chta (trong thuc vat
trén mat dat, ré cay dudi mat dat, tham muc, cay chét va carbon hiru co trong dat); ii)
Ky thuat va cdng nghé vién tham va GIS dé giam sat su bién dong dién tich cac trang
thai rung gan véi carbon rung va iii) Giai phap tién hanh giam sat, do tinh dé cung céap
thong tin dit liéu vé hap thu hoic phat thai CO, trong qua trinh quan ly ring.



Trong thoi gian qua nhiéu t chirc, ca nhan nha khoa hoc trong nudc va chu yéu
ngoai nudc da bét dau phat trién phuwong phap luan, cach tiép can, ky thuat dé dap tng
nhu cau nghién ciu nay.

Dé wdc tinh sinh khdi cua cay rung phan trén mat dat (AGB) cho mét sb kiéu
rung nhiét doi, phuong phap chat ha cdy (destructive sampling) va lap mé hinh udc
tinh sinh khéi, carbon ring (allometric equations) da duoc thuc hién boi Brown (1997
- 2001), MacDicken (1997), Chave va cong su (2005), Pearson (2007), Basuki va cong
su (2009), Henry va cong su (2010), Dietz va cong su (2011), Johannes va cong su
(2011). Tuy nhién sb liéu cdy chat ha con it trén vang nhiét dai rong 16n toan cau,
chua c6 dir liéu dai dién cho ring nhiét doi Viét Nam va chua duoc danh gia sai s6 va
do tin cay, do vay chua thé ng dung & Viét Nam. Bong thoi két qua cua cic nghién
ctru nay chi mai dung lai o sinh khoi, trong khi d6 luong carbon tich Iay chi dugc woc
tinh théng qua hé s chuyén ddi CF ctua IPCC (2006). Cac gia tri sinh khéi, carbon 1am
phan trén mat dat chu yéu duoc chuyén doi tur trir lwong ring gd sang do dé ¢6 do tin
cay thap, chi dat cap thap Tier 1. B4i véi viéc ude tinh sinh khéi va carbon & cac bé
chira khac nhu trong ré, tham muc, ciy chét, carbon trong dat hau nhu chwa c6 md
hinh, théng s6 cu thé cho tung trang thai, kiéu rieng ma chu yéu la céc huong din do
tinh hién truong (MacDicken (1997), ICRAF (2007), Bhishma va cong sy (2010), Bao
Huy (2011)), va st dung hé sé chuyén di caa IPCC (2006). Vi vay nghién ciu xay
dung cac md hinh, phuong phap wdc tinh sinh khdi, carbon cua 5 bé chira trong cac
kiéu rung Viét Nam la cin thiét trong giai doan hién nay khi tham gia chwong trinh
REDD".

V& nghién ctiru tng dung vién tham va GIS duoc ap dung phé bién nhét trong
phan loai va thanh lap ban d6 tham phu rimg o Viét Nam trong gan mot thap ky qua
(Bao Huy, 2009). Dung anh vién tham dé phan khéi trang thai rung dé do tinh carbon
rung cling duoc tién hanh boi Trisurat va cong su (2000), Souza (2003), ICRAF
(2007), Nguyén Vin Loi (2008), Mallinis va cong su (2008), Brown va cong Su
(1999), Salovaara (2005), Nguydn Thi Thanh Huong (2011). Bé udc tinh trit lugng
rang, carbon théng qua anh vién tham va GIS ciing bat dau duoc nghién ciu theo cac
phuong phap hdi quy, phi tham s kNN (Franklin, Franklin va McDermid (1993 -
2001), Rauste va cong su (1994 - 2006), Trotter (1997), Tomppo va cong su (1999),
Lu va cong su (2004), Nguyén Thi Thanh Huong (2009, 2011), ... Tuy nhién cac
nghién ctru nay chi tip trung & rimg trong va ring 6n d6i. Nghién ciru ciia Nguyén Thi
Thanh Huong (2009, 2011) & rung nhi¢t doi cling chi thuc hi¢n trong mot pham vi nho
O rung thuong xanh va chi dung lai ¢ viéc udc lugng trit lugng 1am phﬁn. O Viét Nam
viéc ung dung cong nghé nay ciing chi ding lai ¢ viéc phan loai riing song van dang
con & giai doan bat dau. Hau nhu chua c6 nghién ciru xay dung mdi quan hé giita nhan
t6 diéu tra rimg, sinh khdi, trir lwong carbon vaéi gia tri anh trong diéu kién rung nhiét
doi o Viét Nam. Do @6 nghién ciu ang dung vién tham va GIS néi chung la mot



hudng di can duoc tiép thu va phat trién ¢ Viét Nam, ddng thoi trong chuong trinh
REDD*, n6 s& hd trg dic luc cho cung cap dit liéu phat thai CO».

Chuong trinh UN-REDD* hudng dén tao ra sinh ké, thu nhap cho nguoi nghéo,
cac cong dong dang duogc giao dat giao rimg dé quan 1y bao vé (IUCN (2007), FAO
(2010)), dé viéc tur chi tra tin chi carbon dén duoc cong dong, ho can tham gia giam sat
thay ddi cac bé chira carbon ring. Vi vay trong mot sé quéc gia dang phat trién thuc
hién REDD* da bat dau xay dung cac hudng dan do tinh carbon rung cé su tham gia
(Patrick (2008), Skutsch va cong su (2009), Silva va cong sy (2010), Bao Huy (2009 —
2012)). Trén co s6 nghién ciru cac cong nghé, ky thuat do tinh giam sat carbon rung,
can phat trién bo cong cu thich hop, don gian dé cong dong co thé tiép can do tinh,
cung cap dir liéu dé chuyén ddi sang sinh khéi, carbon dat yéu cau cua IPCC.

Vi vay viéc nghién clru dé tai: “XAC DINH LUONG CO; HAP THU CUA RUNG
LA RONG THUONG XANH VUNG TAY NGUYEN LAM CO SO THAM GIA CHUONG
TRINH GIAM THIEU KHi PHAT THAI TU SUY THOAI VA MAT RUNG” s& gop phan
giai quyét cac van dé, nhu cau néi trén. Tuy nhién né ciing duoc gidi han trén doi
tuong la rung la rong thuong xanh trong khu vuc Tay Nguyén.

2 TONG QUAN VAN PE NGHIEN CUU

2.1 Chwong trinh REDD"*

Hiép dinh khung ctia Lién Hiép Qudc vé bién ddi khi hau (UNFCCC) sé& thong
qua trong vong vai nim tdi, mot co ché ma s& cho phép giam luwong khi thai va ting
cuong loai bo cac khi gay hiéu irng nha kinh tir cac khu ring nhiét déi duoc hach toan,
va gdp phan vao muyc tiéu cudi ciing dé 6n dinh ndng d6 khi nha kinh trong khi quyén
& murc c6 thé ngan chin dé giam nguy hiém cua con ngudi d6i véi hé thong khi hau.
Sau khi dugc thong qua, cac nudc nhiét doi sau d6 c6 thé ¢ nhimng cat giam khi thai
c6 xac nhan cia UNFCCC va sau do6 giao dich tin dung carbon trén thi truong carbon
quéc té.

Co ché nay duoc goi 1a REDD*: “Giam phét thai khi nha kinh tir pha rimg va
suy thodi rimg va vai trd ctia bao ton, quan 1y bén viing ring va ting cudng trir luong
carbon rimg & cac nudc dang phat trién”.

Céc co ché cia REDD* van con dang dugc dam phan & cip do cia UNFCCC.
Trong vai ndm qua nhitng duong nét ciia co ché nay da ndi 1én, va trén co sd do cac
nude c6 thé bat ddu chuan bi cho viéc thyc hién mdt chuong trinh quéc gia REDD*,
Téng quan vé lich sir cia REDD* nhu sau (FCCC, 1997 — 2011):

Nam 1997, UNFCCC da thong qua Nghi dinh thu Kyoto, véi muc tiéu giam phat
thai rang budc ddi véi cac nude Phy luc I — Cac nude cong nghiép da phat trién. Trong
khi ¢6 mot s6 nude khdng nam trong Phu luc I — Cac nude dang phat trién, sir dung Co
ché phat trién sach trong d6 c6 trong rimg hodc tai trong rumg, con dugc goi la AR-
CDM. Theo AR-CDM trong rimg c6 thé dugc dit ra & cac nudc dang phat trién, rang



duogc trong trén dat khdng co ring trude nam 1990. Do nhitng han ché va phuc tap cia
CDM nén chi thuc hién & mot s it cac du an di duoc phé duyét.

Vi sy thét bai toan dién cta nganh 1dm nghiép trong Nghi dinh thu Kyoto di dan
dén sy thanh 1ap Lién minh cac qudc gia rimg mua. Lién minh nay bao gdm 20 qudc
gia tir cdc ving nhiét d6i da yéu cau Ban Thu ky cia UNFCCC thém mét muc vao
chuong trinh nghi sy cua Hoi nghi 1an th 11 (COP11) cia UNFCCC tai Montréal,
thang 12 nam 2005, dé thao luan dé trinh cua Papua New Guinea va Costa Rica vé:
“Giam phat thai tir nan pha rimg & cac nudc dang phat trién: Phuwong phap tiép can dé
kich thich hanh dong” (REDD). Tai liéu nay kéu goi cac bén xem xét viéc giam luong
khi thai tir nan pha ring nhu 1a mot lya chon theo Nghi dinh thu Kyoto hodc nhu mét
cong cu méi hoan toan. Hoi nghi cac bén da chap nhan 16i kéu goi tir Papua New
Guinea va Costa Rica va kéu goi cac bén tham gia va co quan tu van khoa hoc va cong
ngh¢ cua UNFCCC dé tiép tuc phat trién cac tuy chon dé thao luan tai COP13.

Tai hoi nghi lan thia 13 (COP13) caia UNFCCCC ¢ Bali, thang 12 nam 2007,
REDD duoc tiép tuc thao luan va pham vi cua n6 da dugc mé rong dé bao gém viée
giam phat thai khi nha kinh tir suy thodi rung, ting cuong trit lugng carbon rung va
bao ton trit lwong carbon rimg va quan 1y bén viing ring. Co ché duoc doi tén chinh
thirc cho dén hién tai 1a: “Giam phat thai tir nan phé rimg va suy thoai rimg & cac nudc
dang phat trién va vai trd ctia bao ton, quan 1y bén viing rimg va ting cuong trir lugng
carbon rirng & cac nudc dang phat trién”, viét tat 1a REDD*. COP13 ciing chimg kién
su ra mat cia Chuong trinh UN-REDD — mét chuong trinh hop tac cia FAO, UNDP
va UNEP dé thi diém REDD* & cac nudc dang phat trién thdng qua Quy ddi tac carbon
rimg (FCPF) ctia Ngan hang Thé gidi.

COP15 — Copenhagen, thang 12 nim 2009 khong cung cap su tién b nhiéu cho
REDD*, nhung n6 da cung cip mot dinh nghia rd rang hon vé MRV: Giam sat, bao
c40 va thim dinh va nhu cau thanh I14p mot “hé thdng giam sat rung qudc gia”, dé phan
tich, bao cao luong khi thai giam. Dong thoi da cong nhan “nhu cau cua cong dong dia
phuong va ban dia duoc tham gia ddy du, hiéu qua va dong gop tiém ning kién thirc
cua ho trong theo d6i va bao céo cac hoat dong”

Tai COP16 ¢ Cancun, Mexico, thang 12 nim 2010 di c6 nhiéu tién trién hon da
duoc thuc hién vé cac van dé ky thuat nhu dua cac giai doan thuc hién cua hé théng
giam sat rimg qudc gia. Pac biét 1a mot s bién phap bao vé ring da dugc xac dinh can
duoc thac déy va hd tro “trong viéc thyc hién cac hoat dong REDD*”. Trong do nhan
manh t6n trong cac kién thirc va quyén cua cac dan toc ban dia va cac thanh vién cua
cong dong dia phuong.

Cudc hop gan ddy nhat cia UNFCCC, COP17 ¢ Durban, thang 12 nam 2011 da
cdng nhan nhitng loi ich phu tr REDD*, dic biét 1a né c6 thé “thuc diy xoa doi giam
nghéeo va loi ich da dang sinh hoc va kha nang phuc hdi hé sinh thai”. REDD* x4c dinh
co ché hoat dong bao gém 5 linh vuc chinh:
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- Giam phat thai tir mat rimg

- Giam phat thai tir suy thoai rung

- Bao ton trir lugng carbon rimg

- Quan Iy rung bén ving

- Nang cao cac bé chira carbon rung

Nhu vay co thé thiy mic du chuong trinh REDD* chwa hoan toan ¢6 diy dua co
ché tai chinh gitra cac qudc gia cho né luc quan ly bao vé reng nham giam phat thai tur
suy thoai va mat ring, nhung cac yéu té k¥ thuat, vai tro cia cong dong va loi ich cua
REDD da dugc xay dung va thua nhan. Hién tai REDD dang dwoc thuc hién theo
chuong trinh cua Lién Hiép Qudc véi tén goi la UN-REDD* ¢ cac qudc gia thi diém
trong d6 c6 Viét Nam. Pay chinh 1a co so k§ thuat va cach thuc tiép can dé cung cap
thong tin dir liéu qudc gia vé phat thai dé tién dén chi tra theo hiép dinh khung vé bién
d6i khi hau trong thoi gian dén.

2.2 Co so do tinh, giam sat khi phat thai gay hiéu @wng nha kinh tw suy
thoai va mat rung

IPCC (2006) da phat trién mot bo hudng dan cho cac quéc gia dé diéu tra giam
sat phat thai khi gay hiéu (ting nha kinh noi chung, trong d6 cé van dé& giam sat phat
thai khi CO2 tir suy thoai va mat ring. Co 5 bé chira carbon quan trong trong ring
duoc xac dinh: i) Trong thuc vat trén mat dat (Above ground biomass — ABG), bao
gom trong 4 bo phan than cdy trén mat dat la than, canh, 1a va vo cdy cua cay g va ca
tham tuoi cay bui; ii) Trong thuc vat dudi miat dat (Below ground biomass — BGB) véi
cha yéu trong ré cay rung; iii) Trong tham muc (Litter); iv) Trong g chét (chét ding
hodc da nga dd) (Dead wood); va v) Trong dat dudi dang carbon hitu co (Soil organic
carbon — SOC). Viéc giam sat phat thai CO2 tr rung la giam sat su thay ddi cac bé
chira carbon nay cung véi dién tich ring, tir d6 tinh dwoc sy gia ting hay suy giam bé
chira carbon hay néi khac la sy gia ting hay giam phat thai CO; tir quan ly rung, lam
co so cho viéc budn ban tin chi carbon rung.

Dé giam sat sinh khéi va CO2 phat thai tir reng & cap quéc gia, IPCC dua ra ba
cap do, theo @6 cac qubc gia co thé lya chon tay theo ngudn luc:

Cdp dg 1 (Tier 1): Thich hop véi cac qudc gia khi ma viéc giam sat thay doi
dién tich rng va phat thai tir ring la chua sin sang. Sy thay d6i bé chira carbon rung
c6 thé dugc wéc tinh thong qua st dung phuong phap “thu-mat”, co nghia la ting
treong carbon hang nam dya vao sinh truong trir lwgng va suy giam carbon hang nam
dwa vao sy mat mat tri lugng trong hé sinh thai ring. O cip do nay cé thé dua vao
tang trudng trir lwong binh quan hang nim dé xac dinh tang truong luong carbon rung,
xac dinh sinh khéi dudi mat dat théng qua sinh khéi trén mat dit nho hé s6 chuyén
d6i, hoic cé thé chuyén ddi tr trir lwgng rung (m3/ha) sang sinh khdi nho hé sé chuyén
d6i hoac khdi luong thé tich gd (wood density) va cudi cung tir sinh khdi wéc tinh
luong carbon va CO> théng qua hé s6 cua IPCC (2006).
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Cdp dg 2 (Tier 2): Co thé duoc st dung & cac qudc gia noi co kha niang wéc tinh
su thay ddi dién tich ring va nhan té phat thai. Tier 2 ciing gan gidng Tier 1 & chd c6
thé stir dung cac cac gia tri ting truong binh quan sinh khéi, cac hé sé chuyén dbi trix
lwogng sang sinh khdi; ddng thoi cé thé st dung cac gia tri khéi lugng thé tich gd cua
cac loai cu thé dé wdc tinh sinh khéi. N6 ciing c6 thé str dung cac phuong phap khac
nhau dé tinh toan cho cac bé chira carbon. Tier 2 duoc ap dung & cac qudc gia khi ma
cac mo hinh, di liéu cu thé da co.

Cdp d¢ 3 (Tier 3): Cac phuong phap bac cao va chinh xac hon duoc ap dung.
Tiép can woc tinh sy thay ddi cac bé chira carbon véi cac phuong phap da dang, bao
gdm cac md hinh. Viéc thuc hién co thé khac nhau & cac quéc gia do cac phuong phap
diéu tra do tinh va diéu kién rung cling nhu bién dong dién tich rang. Tai liéu hoa
minh bach dé cé thé tham dinh va st dung cac md hinh la mau chét cua Tier 3. Tier 3
yéu ciu c6 phuong phap diéu tra qudc gia chi tiét & cac bé chira carbon khac nhau.
Diéu nay duoc hd tro boi cac md hinh sinh hoc (allometric equations) trén thé gigi va
duoc phat trién, hiéu chinh cho ting quéc gia dé wdc tinh sinh khéi. Ngoai ra hé théng
vién tham va GIS duoc ap dung dé giam sat thay doi dién tich rung.

Nhu vay theo yéu cau qudc té dé tham gia chwong trinh REDD*, mdi quéc gia
can lya chon cho minh phuong phap cip do tiép can khac nhau dé giam sat thay doi
dién tich rung va cac bé chira carbon. Trong d6 Tier 1 la don gian nhat, chi can ap
dung cac hé sé, gia tri binh quan cé sin vé ting truong rung, sinh khéi, hé sé chuyén
d6i qudc té thich hop, tuy nhién nd cé do tin cay thap nhat. Tier 2 dat d tin cay cao
hon dua vao viéc xac dinh ty 1¢ gitra sinh khéi khd véi thé tich gd caa loai, nhom loai
dé wdc tinh sinh khéi. Tier 3 co d6 tin ciy cao nhat va linh hoat trén co so o thé tng
dung cac mé hinh wéc tinh sinh khéi carbon cua thé gigi va quéc gia co thé xay dung,
giam sat thay ddi dién tich rung bang cong nghé vién tham GIS, cip d6 nay dat do tin
cay cao nhat va khuyén khich ap dung dé bao dam d6 tin cdy trong giam sat phat thai
va bubn ban tin chi carbon.

Thay doi trir lugng carbon duoc tinh theo hai phuong phap (IPCC, 2006):

- Phuong phap thay d6i bé chira carbon (Stock diference method): Trong truong
hop nay dwa vao 1an diéu tra do tinh trir luong carbon & cac bé chira, tinh toan
dugc tang giam binh quan cua lugng carbon theo céng thie (0.1):

ACs = o= Gy
=4 (0.1)

- Phuong phap ting giam bé chira carbon (Gain-loss method): Truong hop nay can
co gia tri taing giam binh quan hang nam cua sinh khdi/carbon theo cong thirc
(0.2):

ACs = AC; — AC, 02)

Trong d6: - ACs: Thay ddi sinh khdi, carbon rung
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- Ct*: Sinh khéi/carbon & thoi diém 1 hoac 2

- t: Thoi diém do tinh

- ACg: Tang truong hang nam sinh khéi/carbon
- ACL: Suy giam hang nam sinh khéi/carbon

Nhu vy dé tinh duoc phat thai hoac hap thu CO2 ring (Emision Factor), can xac
dinh duoc luong carbon & trong cac bé chira & cac thoi diém, trong d6 tap trung phan
trén va dudi mat dat caa cay gd cho tang loai trang thai ring; chung can dugc tinh
toan qua cac ham sinh hoc (allometric equations) hodc cac hé sé chuyén doi tuy theo
ap dung cép d6 nao (Tier). K&t hop voi su bién ddi dién tich ring (Activity Data) sé
chi ra dugc lwgng phat thai hoac hap thu CO; trong tirng khu vuc va trén toan lanh tho
mét qudc gia (trong d6 lwgng CO2 duoc tinh bang 3,67C). Pay la co s dé tinh tin chi
carbon trong chwong trinh REDD*. Hinh 0.1 minh hoa co so tinh toan phat thai, hap
thu cho ting khu vuc, 1anh thé.
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Hinh 0.1: Tiép cén cua IPCC dé tinh toan phat thai/hap thu khi nha kinh trong
IAm nghiép
(Nguén: Tai liéu vé MRV cuia chiwong trinh UN-REDD Viét Nam, 2011: Activity data: Di ligu thay doi
di¢n tich rung (ha/nam); Emision factor: Nhan to phat thai duwa vao dieu tra carbon (Carbon
inventory) va ham sinh hoc (Allometric equations) (tan/ha); REED* GHG: Phat thai khi nha kinh tur
REDD" (GHG emissions and removals)

Tu nim 1997, dé tinh toan lugng phat thai trong vung 1am nghiép nhiét dai,
FAO di xuat ban hudng dan wéc tinh sinh khdi va thay di sinh khéi (Brown, 1997,
2001). Snowdon (2002) khi nghién ctru hap thy carbon rimg di xac dinh bon bé chua
carbon sinh thai la thuc vat séng trén mat dat, cay bui tham tuoi, trong & va dat, va
dua ra phuong phép thu thap mau dé phan tich ham lugng carbon trong mdi bé chua.
Jennier (2004) str dung nhiéu kiéu dang mé hinh dé 1ap twong quan gitta carbon hip
thu v&i duong kinh ngang nguc cho cic loai cdy rimg khac nhau ¢ Bic nudc MY.
Xiaolu (2004) nghién cuu dong théi luong carbon tich liy rung thong qua 6 nghién
ctru dinh vi. Pén nam 2006, dé hudng dan do tinh, giam sat, thaim dinh thay doi bé
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chira carbon rung trong chuong trinh REDD*, IPCC (2006) tong két day du tat ca cac
nghién ctu trén thé giéi dé hudng dan cac quéc gia, du an REDD* ap dung. Nam
2007, v6i nhu cdu giam sat nhanh luong carbon trong rimg dé tham gia cac chuong
trinh chi tra dich vu méi truong rimg, Trung tdm nghién ctru Nong Lam két hop thé
gidi ICRAF (2007) d3 phat trién cac phuong phap du bao nhanh luong carbon luu gt
thong qua viéc giam sat thay doi sir dung dat bang phan tich anh vién tham, 1ap 6 mau
nghién ctru sinh khéi va udce tinh lwong carbon tich liy. Bdng thoi cac t6 chirc nghién
ctu 1am nghiép trén thé gigi cling lan luot phat trién cac phwong phap nghién ciru, do
tinh, giam sat carbon rung nhu Pearson va cong sy (2007) thudc co quan phat trién
nong nghiép Hoa Ky da xay dung hudng dan wdc tinh carbon tich Iy cua rung;
MacDicken va cong su (1997), Silva va cong su (2010) thudc t6 chirc hop tac qudc té
Winrock Hoa Ky dwua ra hudng dan giam sat carbon luu trir trong 1am nghiép va néng
lam két hop va huéng dan ky thuat trong thyc hién chuong trinh REDD* & cac qubc
gia luu vuc séng Mé Koéng; Bhishma va cong sy (2010) dua ra hudng dan do tinh
carbon rung cong déng ¢ Nepal. O Viét Nam nam 2010, chuong trinh UN-REDD*
Viét Nam va t chirc hop tac phat trién Ha Lan (SNV) da khoi xuong thi diém do tinh
carbon ring co su tham gia (PCM) cua cong doéng o vang dy an la tinh Lam Poéng va
da budc dau xay dung tai liéu huong dan PCM (Bao Huy, 2011).

2.3 Giam sat hip thu va phat thai CO. tir 5 bé chira carbon ring

2.3.1 Bé chira carbon cia sinh khéi trén mit dat (Above ground biomass — AGB)

Trong 5 bé chaa carbon ring, thi bé chira trong thuc vat phan trén mat dat la
quan trong nhat vi né chiém ty trong 16n va bién dong do cac hoat dong khai thac st
dung. Qua d6 né phan anh sy suy thoai hoic phat trién chét luong ring. Vi vay giam
sat sy thay doi carbon cua bé chira nay dic biét dugc quan tdm trong xay dung phuong
phap va cach do tinh giam sat. Sinh khdi trén mat dat bao gom ca cay gd va thyc vat
khac nhu cay than thao, co (grass, herb), cay bui (shrub); tuy nhién do ty trong cua cac
loai thuc vat khdng phai than gé thuong bién dong va cé ty trong nho, nén da sé cac
nghién ciru tap trung vao sinh khoi trén mat dat cua cay go va goi chung la AGB.

Dé giam sat hap thu hoac phat thai CO, cua bé chira thuc vat than gd phan trén
mat dat duoc tién hanh cac nghién ciru sau:

i) Rt mau theo 6 tiéu chuan, bao gdbm xac dinh hinh dang, kich thuéc 6 mau;

s6 lugng 6 mau.

ii) Thiét 1ap cac ham sinh hoc (allometric equations) dé udc tinh sinh khéi,

carbon rung trén mat dat cua cay ring va suy ra cho 1am phan.
2.3.1.1 Xic dinh hinh dang, kich thuéc va s 6 méu can thiét @é woc tinh sinh khdi
va carbon Iam phan

Nguyén tic xac dinh hinh dang, kich thudc 6 mau, sb luong 6 mau trong diéu tra
sinh khéi, carbon ring khong khac véi diéu tra trir luong cay gé theo truyén théng.
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Trong d6 kich thudc 6 mau cang Ion thi bién dong cang nho, do d6 s6 mau co thé it
hon hoidc nguoc lai; con hinh dang & mau ciing c6 nhiéu kiéu nhu vudng, chir nhat,
dai, tron va c6 hozc khdng phan tang. Hinh dang 6 mau thuong duoc lya chon cho phu
hop véi dia hinh va thao tac thuan tién trong rut mau (Silva, 2010). Theo Pearson va
cong su (2007) & mau ¢ dinh nén dung dé giam sat carbon déi voi cay gd va sé giam
chi phi diéu tra khi lap lai, con cac bé chira carbon khac thi nén dung 6 tam thoi.

i) Hinh dang va kich thwoc 6 mau:

Kich thudc, hinh dang & mau phu thudc vao do tin cay, sai s, chi phi, thoi gian
va dic biét la phu thudc va dic diém cua trang thai rung (Silva, 2010; Pearson, 2007)

O Viét Nam trong diéu tra tai nguyén cay gd, 6 mau 500m? véi dang chir nhat
20*25m hoic hinh tron vai ban kinh R = 12,62m thudng duoc ap dung. Cac cay go co
duong kinh tdi thiéu theo quy dinh s& dugc do tinh hét trong 6 (thuong la DBH lon
hon 6 hoac 10cm).

Tuy nhién trén thé gi¢i 6 mau dang dai c6 thé dugc ap dung trén dia hinh déc dé
c6 thé tinh toan d& dang chiéu dai 6 theo suon doc hon 1a & chit nhat hoic vudng.
Ngoai ra 6 hinh tron ciing duoc dé nghi ap dung vi 6 thé tinh toan chiéu dai ban kinh
trén doc theo ting canh thuan tién. Viéc phan tang 6 mau, tirc la chia 6 mau thanh cac
6 phu khac nhau dé do cay theo ting cdp DBH, theo nguyén tic cip kinh cang nho thi
s6 cay cang nhiéu do d6 chi can do trong 6 phu c6 dién tich nho hon, nguoc lai s cay
o cac cap kinh 16n thuong it, do d6 6 phu cang rong hon cho dén toi da. Vi vay xu
huong chung dé nghi la st dung 6 mau hinh tron ¢ phan tang (Nested Plot) (Pearson
va cong su, 2007 (Hinh 0.2); Bao Huy, 2011; Silva va cong su, 2010). Bao Huy (2011)
da ap dung 6 mau tron phan ting dé xay dung hudng do tinh carbon rung cé su tham
gia cua cong ddng trong khu vuc thi diém cta chuong trinh UN-REDD Viét Nam &
tinh Lam Dong.

// \\‘
\\ //,

Hinh 0.2: O mau tron phan tang theo cap kinh ap dung & Hoa Ky (Pearson va
cong sw, 2007)

Large plot: Intermediate plot: Small plot:
radius 20 m, radius 14 m, ¢ radius 4 m,
trees = 50 cm d b h. trees 20-50 cm d b h. trees 5-20 cm d.b.h.

ii) S6 liwong 6 mau can thiét vdi d tin cdy va theo mét sai sé cho truoc:

Phuong phap rat mau vé co ban nhu la diéu tra tai nguyén gd, sé6 luong 6 mau
dugc xac dinh theo hai phuong phap chinh: i) Tinh s6 lugng 6 mau cho ting trang
thai, khdi trir luong, sinh khdi dua vao sai s6 cho trudc thuong tir 10 — 20% va mic tin
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cdy 95%:; ii) Tinh lwong s 6 mau chung cho cac trang thai dya vao sai tiéu chuan,
dién tich va sai s6 cho trudc, do tin cay 75%; sau d6 phan phdi sé 6 cho tung trang thai
ty & theo dién tich va sai tiéu chuan co tung trang thai (Pearson va cong su, 2007; Bao
Huy, 2010; Silva, 2010)

Viéc rat mau do tinh sinh khéi cho tung trang thai, cap sinh khéi rung dua vao
cac tai liéu théng ké kinh dién, s6 6 mau tinh cho tung trang thai dua vao sai tiéu
chuan, sé trung binh va mét sai s6 cho trude (thuong la 10%)

n= (Z"“’)2 (0.3)

exp

Trong d6 n: s6 6 mau cho mdi trang thai rung, z: gia tri bién t trong phan bd
chuan ¢ mac P = 0.95, o: Sai tiéu chuan, p: sinh khéi trung binh va e: sai s6 cho phép
thuong la 10% (lay gia trj 1a 0,10).

Mot dot diéu tra rat mau ban dau duoc tién hanh dé wdce tinh sai tiéu chuan caa
sinh khoi trén mat dat hoac trir lugng carbon cua tirng 16p trang thai ring va cung cap
co s dé tinh toan sb luong 6 mau can thiét cho diéu tra carbon ring. Mai mét 16p
trang thai, cap sinh khéi can rat mau 10 — 15 6 ngau nhién trong pham vi mét chu ring
hodc vung sinh thai. Rat mau ngau nhién la quan trong dé bao dam phan anh day du
cac thay ddi cua trang thai ring (MacDicken, 1997).

Truong hop tinh s6 6 mau sau d6 phan phéi lai cho cac khéi trang thai, cap sinh
khdi duge dé nghi ap dung boi Pearson va cong su (2007); Bhishma va cong su
(2010); Bao Huy (2011):

2
(Zl 1 NiSi)
n= 0.4
NZ E +ZL NiSi2 ( )

Véi: n = Tong s6 6 mau trong vung diéu tra; i = Chi s cia trang thai tir 1 dén L; L = Tong s6
trang thai; Ni = SO luong 6 mau ti da ctia trang théi i; Si = Sai tiéu chuan cia trang thai i

N = S6 lugng 6 0 mau tdi da trong vung dleg tra; E = Sai s6 cho trudc, duoc tinh = trung binh

chung sinh khoi/carbon/ha * sai s6 twong doi (vi du 10% = 0,10); t = Gia tri thong ké ctia ham

phan bo t & murc tin cay 95%, t thuong = 2 néu kich thudc mau chua biét.
Ni.Si

Yk Nisi (0'5)

ni = n.

Vai: ni = S6 6 mau can thiét cho trang thai i; i=Chi s6 cua trang thai tr 1 dén L; n = Tong sO
6 mau trong ving diéu tra; Ni = S6 luong 6 mau tdi da cta trang thai i; Si = Sai tiéu chuén ctia
trang théi I; L = Tong so trang thai

Pay la cach tinh 6 mau cé phan khéi va giup cho viéc can déi sé 6 mau theo ty I¢

dién tich va sai tiéu chuan cua tung khdi trang thai, phwong phap nay thuan tién trong
diéu chinh viéc phan chia trang thai dé dat duoc s6 6 mau téi wu va do tin cay can thiét
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2.3.1.2 Thiét lap cac md hinh woc tinh sinh khéi va carbon cay rang (Allometric
Equations)

Vi tam quan trong cta cac bé chira carbon trong cdy gd trén mat dat trong giam
sat phat thai CO2 do suy thoai va mét ring; trong thap nién qua nhiéu t6 chtrc trén thé
gi6i da co cac nghién ctru lién quan dén sinh khéi rimg va lugng carbon tich Ly trong
cac hé sinh thai rimg dé dua ra phuong phap luan hodc cac dé xuat vé thé ché chinh
sach trong viéc bao v€ cac khu rung nhiét doi vi gia tri moéi trudng trong tinh hinh bién
d6i khi hau toan cau. Phuong phap nghién ciru cha yéu la chat ha cdy mau (destructive
sampling) dé xac dinh sinh khdi va lap cac mé hinh udc tinh sinh khéi cua cay g trén
mat dat (allometric equations).

T nam 1997 Brown va cong su ciing di bit dau nghién ctru va tao lap co so dit
liéu phan bd carbon cua cac khu rimg nhiét doi, tir day dd cung cap co so dit liéu ban
dau vé kha niang hap thu carbon cua cac khu ring trong khu vuc ndy trén co s Cac
ham allometric. Vé phuong phap nghién ctru hap thu CO, ctia hé sinh thai ring,
MacDicken (1997) d3 1ap cac mo hinh quan hé giitra sinh khéi (biomass) voi cac nhan
t6 diéu tra rimng nhu duong kinh, chiéu cao va mat do dé giam sat carbon hép thu trong
1am nghiép va ndng 1am két hop. Brown (1997), Chave va cong su (2004), Henry va
cong sy (2010), Dietz va cong su (2011) va nhiéu tac gia khac da xay dung hudong dan
Iap cac mo hinh allometric equations thong qua phuong phap chat ha cay (destructive
sampling) vai thir nghiém nhiéu bién sé doc lap khac nhau va phuong phap danh gia
sai s, do tin cay cua cac mo hinh nay ¢ cac kiéu rng trong cac vung sinh thai, khi
hau khac nhau trén thé gigi.

Dé ude tinh sinh khéi trén mat dat, can thiét 1ap cac ham allometric equations y
= f(xi); trong do y la sinh khoi kho cua thuc vat trén mat dat (AGB), xi: 1a cac nhan t6
diéu tra cay ring thong thuong dé do tinh nhu duong kinh ngang nguc (DBH), chiéu
cao (H), dién tich tan la (Ca), duong kinh tan la (CD), khéi luong thé tich gé (Wood
density).

Phuong phap cha yéu dé thiét 1ap cac moé hinh nay la chat ha cay rung
(destructive sampling) theo cép kinh, loai, khbi lwong thé tich gd ¢ cac vang sinh thai,
kiéu rung dé thu thap cac sé liéu y va xi, tr ddy 1ap cac md hinh toan theo cac tiéu
chuan théng ké va kiém tra d¢ tin cay cua md hinh. Trong d6 sinh khdi cay rung trén
mat dat bao gom cac bo phan than, 14, vo, canh; mdi bo phan duoc xac dinh sinh khéi
tuoi, 14y mau xac dinh ty 18 sinh khéi kho. Dé xac dinh sinh khéi kho, mau tuoi duoc
siy ¢ nhiét d6 80° — 105°C cho dén khi khong thay déi khdi lwong (Silva (2011),
thuong la 48 gio. Khi dd c6 md hinh thi viéc st dung la don gian chi do cac nhan tb
diéu tra cay rung la suy duoc sinh khéi kho caa thyuc vat trén mat dat, tir day quy doi ra
carbon va lugng CO; cdy hap thu hoic phat thai néu rang bi mat. Thong thuong cac
ham allometric udc tinh AGB théng qua cac nhan té don gian nhu DBH hoac H, tuy
nhién ddi voi rimg mua nhiét doi, loai cay rat da dang va mdi loai c6 kha ning luu gitr
carbon khac nhau; néu mé hinh chi theo bién sb kich thudc cay thi thuong khong dat
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d6 tin cay cao, trong khi d6 khdi lwong thé tich gd c6 thé phan anh kha ning luu gitr
carbon cua cac loai khac nhau theo do tui. Bién s khéi luong thé tich gb (WD) duoc
IPCC (2006) dinh nghia la ty 1 gitra sinh khéi khd véi thé tich g tuoi khong co vo,
don vi g/cm® hodc tan/m3. Henry va cong su (2010) khi lap cac ham allometric
equations cho ring nhiét doi chau Phi di dua bién s6 WD vao: y = 0.03 DBH8 6
02CDO%03 + WD trong do CD (Crown diameter) la duong kinh tan la. Tac gia cting
cho thdy WD phu thudc vao diéu kién dia hinh, dinh dudng dat, ngoai ra tac gia ciing
cho thay bién s6 CD dung trong md hinh wéc tinh sinh khéi tét hon 1a bién chiéu cao
d6i vai ring nhiét déi chau Phi.

Viéc lya chon mé hinh allometric equations vai cac bién sé tham gia khac nhau
sé dan dén do tin cay khac nhau (Chave, va cong su, 2004), nghién ctru ¢ Panama cho
thay ngoai bién s6 DBH, H, thi cling cho thay can co6 bién sé6 WD; ciing nhu vay khi
lap mé hinh cho ring khop vang dat thap Basuki va cong sy (2009) ciing chi ra rang
khi bién s6 WD tham gia md hinh s& cho d6 tin cay cao hon. Bién s6 duong kinh tan
(CD) hoic dién tich tan la (Ca) cling duoc dé cap dé tang do tin cdy cua ham udc tinh
sinh khéi (Dietz va cong su (2011), Henry va cong su. (2010), Johannes va cong su
(2011)). R4t nhiéu tac gia cho thdy mé hinh ham ma (Power) to ra thich hop dé lap cac
ham véi mot dén nhiéu bién sé: y = exp(a + b.In(xi)). Pearson (2007) da dé nghi st
dung ham nay cho cac loai cay va kiéu rung & Hoa Ky. Mot sé tac gia khac su dung
ham parabol bac 2 nhu Brown (1989, 1997), va Basuki va cong su (2009) khi 1ap mé
hinh sinh khéi ring khop da so sanh cac dang ham cua Brown (1989), Chave (2005)
theo dang ham parabol bac cao, theo chi tiéu S% (bién dong trung binh) két qua cho
thiy dung ham mi dbi bién s6 In(AGB) = a +b*In(DBH) sé cho bién dong nhé hon,
sat thuc té hon va giam sai s6 udc luong.

Dé ap dung cac mé hinh allometric equations cé bién s6 khéi lwong thé tich gd
(Wood Density — WD), thi IPCC (2006) dan theo Baker va cong su, 2004b; Barbosa
and Fearnside, 2004; CTFT, 1989; Fearnside, 1997; Reyes va cong su, 1992 cung da
dua mot danh sach dung trong gd kha phong pha cac loai ciy ring nhiét doi, danh
sach nay c6 thé dugc tham khao khi ing dung trong cac md hinh wéc tinh sinh khéi va
carbon cay gé o Viét Nam khi chung ta chua c6 day du dir lieu WD cho cac loai cay
go.

O mot sé quéc gia phat trién hau hét cac loai cay rimg déu duoc 1ap cac ham
allometric: O Hoa Ky Jenkins va cong su (2004) (dan theo Pearson, 2007) da thiét lap
hon 1.700 ham allometric equations cho hon 100 loai cdy tir 177 ngudn dix liéu, cha
yéu la uace tinh sinh khéi kho tir DBH cay rang.

Brown (1989 — 2001) di tong hop cac md hinh allometric equations duoc 1ap
cho khu vuc nhiét doi trén thé gisi bao gdm ring kho, ring am, ring ngap nudc va
rang la kim. Nguén dir liéu tr nhiéu loai cay dugc chit ha tir 3 vung nhiét déi vai tong
371 cay chat ha co duong kinh tr 5 — 148cm.
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Poi vai ring nhiét doi khd (Dry Forest): Co luong mua binh quan nam thap hon
1.500mm, kiéu rung nay twong déng voi rung nta rung la — rung 1a nhu rung khop ¢
Viét Nam, mo hinh allometric equation

AGB (Kkg/cdy) = exp(- 1.996 + 2.320 *In(DBH(cm)), DBH =5 — 40cm, n = 28

cay, R? = 0.89, (Brown va cong su, 1989) cho ring khé o An Do (0.6)
AGB (kg/cay) = 107(- 0.535 + log(BA(cm?/cay)), DBH = 3 — 30cm, n = 191

cay, R? = 0.94. (Martinez va cong sy (1992) cho rung khé o Mexico. (0.7)
AGB = 34.4703 - 8.0671*DBH + 0.6589*DBH?, R? = 0.67; Brown va cong su

(1989) (0.8)

Dai rung nhiér doi am (Moist Forest): Nam trong bién d6 lugng mua trung binh
nam tr 1.500 — 4.000mm, v&i mot mua kho; twong dong voi ring 14 rong thuong xanh
nui thap cua Viét Nam, ham allometric equations:

AGB (kg/cay) = 42.690 — 12.800*DBH + 1.242*DBH?, R?>=0.84;  (0.9)

AGB (kg/cay) = exp(- 2.134 + 2.530 *In(DBH)), DBH =5 — 148cm, n = 170

cay, R2=0.97 (0.10)
AGB (kg/cay) =38.4908 - 11.7883*DBH + 1.1926*DBH? R2 = 0.78 (0.11)
AGB (kg/cay) = exp(-3.1141 + 0.9719*In( DBH?H)); R? = 0.97 (0.12)

AGB (kg/cay) = exp(-2.4090 + 0.9522 In( DBH2H*WD)); R?=0.99 (0.13)

H = exp(1.0710 + 0.5677*In(DBH)); R? = 0.61 (0.14)

Cac ham trén dya vao nguén dir liéu cua Gillespie va diéu chinh ham boi Brown
va cong su (1989), trong WD la khéi luong thé tich gd, don vi tin/md,

Poi voi rung nhiét doi wot (Wet Forest): Luong mua binh quan nim trén
4.000mm, khong c6 mua khé, kiéu nay twrong ddng vai cac khu rang l4 rong thuong
xanh nui cao hoac vi do cao o Viét Nam, mo hinh:

AGB (kg/cay) = 21.297 - 6.953*DBH +0.740*DBH?, DBH = 4 — 112cm, n =
169 cay, R? = 0.92 (Brown va Iverson (1992)). (0.15)

Doi vai ring la kim khu viee nhiér doi: Rat it dix lieu va mé hinh cho ring 14 kim
vung nhiét doi. Hién tai c6 mot sé6 ham duoc xay dyng cho kiéu rung nay dua vao
nguon dir liéu cua rung théng & dong nam Hoa Ky, An D6 va Puerto Rico. Mot s6 loai
thong dwoc nhap chung dir lidu dé thiét 1ap ham woc tinh sinh khéi cho kiéu ring nay
vung nhiét doi:

AGB (kg/cay) = exp(-1.170+2.119*In(DBH)); DBH = 2 - 52 cm; n = 63 cay;
R?=0.98 (dan theo Brown,1989) (0.16)

Cac md hinh cho ring nhiét di trén thé gigi noi trén duoc 1ap vai nguon dix lieu
chua duoc nhidu va khong dugc thu thap trén lanh thd Viét Nam va chwa danh gia
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duoc su thich hop va d6 tin cay véi ring nhiét doi Viét Nam dé woc tinh sinh khéi va
carbon rung cho chuong trinh UN- REDD Viét Nam. Ketterings va céng su (2001)
cling nhan xét rang dbi voi cac ham cua Brown (1989) chi tir ngudn 168 cy thu thap
s6 liéu sinh khéi thi chua dai dién duoc sy da dang cac loai cdy cling nhu cac kiéu
ring & vang am nhiét doi.

Dén nam 2005, Chave va cong su da tong hop 27 ngudn dir liéu cay chat ha, do
tinh sinh khéi trén mat dat da duoc xuat ban hodc chua xuat ban tir rang nhiét déi o 3
chau lyc la Chau My, Chau A va Chau Pai Duong, voi téng s6 2410 cay co
DBH>5cm dé lap cac mé hinh allometric equations cho ring nhiét déi. Cac tac gia da
lya chon dwgc cac md hinh tét nhat cho cac kiéu ring nhiét dai:

Rung kho nhiér doi:

(AGB),,, = exp(—2.187 +0.916 x In(pD’H))

(0.17)
(AGB),, = p x exp(—0.667 + 1.784In(D)
+0.207(In(D))*~0.0281(In(D))*) 0.18)
Rung dm nhiét doi:
(AGB),, = exp(—2.977 +In(pD’H)) = 0.0509 x pD*H 0.19)
A
(AGB),,, = p x exp(—1.499 + 2.148In(D)
+0.207(In(D))*~0.0281(In(D))’) (0.20)
Rung am ngdp mdan nhiét doi:
(AGB),,,= exp(—2.977 + In(pD*H)) = 0.0509 x pD*H 0.21)
(AGB),,, = p x exp(—1.349 + 1.980In(D)
+0.207(In(D))*—0.0281(In(D))*) (0.22)
Rung wot nhiét doi:
(AGB),,, = exp(—2.557 + 0.940 x In(pD*H))
= 0.0776 x [PD:H)M-m (0.23)
(4GB),,, = p x exp(—1.239 + 1.980In(D)
+0.207(In(D))*—0.0281(In(D))*) (0.24)

Trong d6: AGB: sinh khéi kho cua cay, kg; D: DBH, cm, H: chiéu cao, m; p:
khéi lwong thé tich gd, glcmd.
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Chave da cong phu trong thu thap dir liéu thd vang nhiét di dé dwa ra cac mo
hinh cho ting kiéu rung, tuy nhién dit liéu thu thap ciing chwa c6 dai dién ¢ Viét Nam,
do d6 cac md hinh nay can cé kiém tra d¢ tin cay va mirc chinh xac.

Riéng & Viét Nam, cho dén nay chua c6 nghién ctru day du va hoan chinh vé xac
dinh sinh khéi (biomass) va carbon tich lily trong cic hé sinh thai rimg tu nhién ¢ Viét
Nam ciing nhu cong nghé gidm sat dé 1am co sé tham gia chuong trinh REDD*. Vé
sinh khéi rimg duoc Nguyén Ngoc Lung (1989) nghién ciru dau tién cho rimg thong
thudc tinh LAm ddng; d3 dwa ra phuong phap mo hinh héa sinh khéi rimg dua vao cac
chi tiéu diéu tra, gidm sat rimg. Nghién ctru hip thu CO2 cua rimg chu yéu tip trung
Va0 céc loai cay rimg trong dé tham gia vao Co ché phat trién sach (CDM). Ngé Pinh
Qué (2007) di xac dinh lugng carbon tich lily trong cac khu rimg trong céc loai keo tai
tuong, keo 14 tram, keo lai, thong 3 14, thong ma vi, thong nhya va bach dan. Vo Dai
Hai (2009) nghién ctru hdp thy CO2 cia ring trdng bach dan Urophylla. Vii Tan
Phuong (2006), da c6 nghién ciru xac dinh trir lugng carbon ctuia tham tuoi, cay bui,
tuong tmg v6i trang thai IA, IB theo hé théng phan loai trang thai rimg Viét Nam, dé
1am co so x4y dung duong carbon co sd trong cac dy an trong rimg CDM. Nhu vay &
Viét Nam mat s6 loai cdy trong rung chinh da duoc thiét 1ap cac ham udc tinh sinh
khéi trén mat dat.

Bao Huy va Pham Tuan Anh (2008) voi tai tro ciia To chirc Nong Lam két hop
thé giéi (ICRAF) di c6 nghién ctiru thaim do ban dau vé du bao kha ning hap thu CO
cla rimg 14 rong thuong xanh ¢ Tay Nguyén. Két qua di xay dung dugc phuong phap
nghién ctru, phan tich ham lugng carbon trén mat dat rung bao g@)m trong than, vo, 14,
canh cta cdy gb va cho 1am phan; di dua ra phuong phap du bao lwong CO, hip thu
cho cay ring va trén 1am phan rimg ty nhién. Trén co s d6, nam 2009 di phat trién
phuong phap nghién ciru cac bé chira carbon trong cac hé sinh thai rimg & Viét Nam
(Bao Huy, 2009). Ngoai ra d6i vai md hinh néng 1am két hop vi du boi 10i d6 — sin o
Tay Nguyén, Bao Huy (2012) cung da xay dung phuong phap wdc tinh carbon tich lay
trong cay gé cua mo hinh.

Sai s va do tin cay cua cac md hinh allometric equations duoc dac biét quan
tdm, vi tr cac mod hinh nay, sinh khbi va CO; hap thu va phat thai duoc wéc tinh trén
dién rong. Chave va cong su (2004), Brown (1989) da chi ra cac nguén dan dén lam
cho cac mé hinh c6 sai s6 16n nhu do cay khong chinh xac; lva chon md hinh toan
khong phu hop; kich thuéc cua & mau nghién ciru khéng phu hop va su phan bé cua
cac & mau trong canh quan, trang thai rang; thiéu sé liéu cay lon hoic cay nho; do
rong cua cap kinh va viéc lya chon cay mau trung binh trong tirng cap kinh. Ngoai ra
dé danh gia do tin cay cua cac mé hinh udc tinh sinh khéi, khéng nén chi danh gia trén
cay ca thé ma nén danh gia sai sé cua no khi udc tinh sinh khdi/carbon trén 1am phan
thdng qua phan b sb cay theo cap kinh (Ketterings, 2001).
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Tiéu chuan théng ké dé lya chon ham phu hop cling la mét van dé quan trong dé
dat do tin cay cao trong ude lwong sinh khéi, carbon. Ngoai cac tiéu chuan théng ké
kinh dién phé bién dé lya chon ham t6i wu nhu R? cao nhét va cac tham sé gén bién sb
tdn tai & muc P < 0.05, thi cn st dung cac tiéu chuan thdng ké khac dé bao dam mo
hinh tiép can gan nhit voi dir liéu thuc té, cac tiéu chuan khac dugc Chave (2005),
Basuki va cong su (2009) dé nghi st dung la:

AIC (Akaike Information Criterion) khi can lya chon bao nhiéu bién sé anh
huong, hodc cac ham khac nhau, AIC s& chi ra sé bién sé anh huong va ham tét nhat:

AIC = n*In(RSS/n) + 2K (0.25)

M6 hinh t6i wu vai cac bién sé thich hop khi gia tri dai s6 cua AIC la bé nhat.
Trong d6 n: sé mau, RSS (the residual sums of squares): tong binh phwong phan du,
K: s tham s6 cua md hinh bao gom tham sé sai s6 wdc lugng, vi du md hinhy = a
+bx, thi K = 3.

Bién dong trung binh S% dé danh gia mac do sai léch, bién dong trung binh cua
gia tri udc lwong qua md hinh voi thuc té quan sat:

100 | yilt- Yil
S% = —YL
n <=1 Yi

(0.26)

S%: Bién dong trung binh % cua gia tri sinh khéi/carbon udc tinh qua ham so
voi gia tri thuc. S% cang nho thi mé hinh cang bam sat gia tri thuc. Trong do: Yilt:
Gia tri du bao qua mé hinh; Yi: Gia tri thuc cta sinh khdi, carbon, n: Sé cay quan sat.
Déi voi cac md hinh wdc tinh sinh khdi ring nhiét déi theo dang ham parabol cua
Brown (1997) cho S% = 43% - 107%, cua Chave (2005) thi S% = 52% - 94%. Trong
khi d6 néu str dung ham ma duoc logarit s& giam dwoc bién dong nay dang ké nhu
Basuki va cong su (2009) thuc hién o ring khop, S% giam xudng con 26 — 30% chung
cho cac loai.

CF (Correction factor): CF = exp(RSE?/2), CF lubn Ion hon 1. Trong do RSE:
(Residual standard error) sai tiéu chuan cua phan du. Khi RSE cang 16n thi CF cang
l6n, ¢4 nghia md hinh cang cé dé tin cay thap. Md hinh tét khi CF cang tién dan dén 1.

2.3.1.3 Usc tinh sinh khéi, carbon trén mar dat cua 1am phan

V& nguyén tic trén co s& cac ham allometric equations c6 thé uac tinh carbon
cho cay rung theo cip kinh, tir day véi sb lidu rat mau theo 6 tiéu chuan sé suy duoc
sinh khéi va carbon cua Iam phan phan trén mat dat. Trén thé gioi chua thdy c6 nghién
ctru 1ap mo hinh wéc tinh sinh khéi va carbon 1am phan.

Brown (1989) d chi ra gia tri sinh khdi 1am phan/ha cua cac quéc gia Chau A
(Bangladesh, Cambodia, India, Malaysia, Myanmar, Phillipines, Sri Lanka) nhung rat
tiéc khong co Viét Nam. S liéu nay cho thay sinh khéi /ha rat bién dong (tir 10 — 470
tan sinh khdi kho/ha) tuy theo kiéu ring kho, 4m, hay uét va ring chua bi tac dong
hoac da bi tac dong.
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Bao Huy va Pham Tuan Anh (2008) di véi ring ty nhién la rong ¢ Tay Nguyén
da budc dau 1ap mo hinh wdc tinh téng luong carbon trén mat dat cua cdy rung
(TAGTC) véi nhan té 1am phan la tong tiét dién ngang (BA).

Déi voi 1am phan chu yéu theo IPCC (2006) dé chuyén ddi tir trir lwong go sang
sinh khdi théng qua hé sb chuyén dbi (Biomass conversion and expansion factors
(BCEF)); tur trir lwong rung GSL(m3) chuyén sang sinh khéi cua cay trén mat dét
TAGTB (tin), véi BCEF = TAGTB(tan)/GSL(m®), suy ra TAGTB = BCEF*GSL. Hé
s6 BCEF bién dong tir 9.0 xudng 1.3 ang véi GSL tir < 10m? 1én dén > 200me. IPCC
(2006) ciing cho thdy tang trudng sinh khdi trén mat dit ring muwa nhiét d6i ¢ chau A
bién dong tir 3.4 — 13.0 tdn/ha/nam. D4i voi quéc gia ap dung Tier 1 thi IPCC (2006)
cling chi ra gia tri binh quan cia TAGTB d6i rimg mua nhiét doi la: Rung mua 300
tan/ha, ring am nira rung la 180 tin/ha, ring khd 130 tin/ha, ring cdy bui 70 tin/ha va
rung nai cao la 140 tan/ha; (g voi tang truong tir 1- 7 tin/ha/nam.

Mot s6 tac gia khac di theo hudng 1ap mé hinh quan hé chuyén déi gitra BCEF =
f(GSL) nhu Schroeder va cong su (1997) va Brown (1999) dan theo Pearson (2007):
BCEF = exp(1.912 — 0.344.In(GSL)) tir day suy ra sinh khéi 1dm phan trén mat dat
TAGTB = GSL*BCEFcho ring gb cing ¢ mién dong Hoa Ky.

2.3.2  Uérc tinh sinh khéi va carbon thuc vat phan dwéi mit dat (Below ground
biomass — BGB)

Sinh khéi dudi mat dat cua thuc vat, dac biét la cay go rat kho nghién cau, 1y do
la viéc dao ré& dé can sinh khéi la mét viéc lam tdn kém va kho thuc hién dbi voi cac
cay go co kich thudc 1on, ré sau, lan rong. Nghién ciu lap md hinh allometric
equations cho phan r& cay gd do vay rat han ché, chu yéu st dung hé sé chuyén ddi tur
phan trén mat dat ra phan dudi mat dat.

Hé sb chuyén doi tir sinh khéi trén mat dat (AGB) sang sinh khéi dudi mat dat
(BGB) cua thyc vat (R) (IPCC, 2006): Vi ly do do tinh sinh khoi dudi mat dét 1a kho
khan, do d6 IPCC da dan mot sé két qua nghién ciru dé dua ra hé sé chuyén doi R tir
AGB sang BGB: BGB = R*AGB. Hé s6 R d6i voi rirng mua nhiét déi la 0.37 (IPCC,
2006 dan theo Fittkau and Klinge, 1973); ddi véi rung ntra rung la am nhiét doi néu
ABG < 125 tin/ha thi R = 0.20 (bién dong 0.09 — 0.25), vdi AGB > 125 tin/ha thi R =
0.24 (bién dong 0.22 — 0.33). Dietz va cong su (2011) ciing cho thay ty 16 BGB/AGB
rat bién dong theo duong kinh cay ring. Trong khi d6 theo MacDicken (1997) thi R =
0.2 (BGB = 20%*AGB) .

Mot s6 tac gia da 1ap md hinh wéc tinh sinh khéi ré cay gd dudi mat dat cua 1am
phan théng qua sinh khéi 1am phan trén mat dat, déi vai ring nhiét doéi Cairns va cong
su, (1997) (dan theo Pearson, 2007) da chi ra mo hinh: TBGTB = exp(- 1.0587 +
0.8836*In(TAGTB) véi dung lwong quan sat n = 151 va hé s6 xac dinh R2 = 0.84.
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2.3.3 U'dc tinh sinh khéi gé chét (Dead Wood — DW)

Harmon va cong su (1993) (dan theo Pearson, 2007) dinh nghia g chét (dead
wood) bao gom sinh khéi cua cdy di chét hoic nam hoic con dang, va theo IPCC
(2006) gb chét duoc do tinh c6 duong kinh > 10cm. Viéc wdc tinh sinh khéi khd gd
chét co thé tién hanh bang cach can khéi luong tuoi cia cdy chét nam va do tinh thé
tich cay chét ding; ldy mau xac dinh khéi luong kho, khdi lugng thé tich gd(g/cmd),
tir d6 suy ra sinh khéi khd va carbon theo hé sb chuyén ddi. Viéc do tinh nay can tién
hanh trén cac & mau dé quy doi ra sinh khdi va carbon 1am phan cho phan gé chét.

2.3.4 Udée tinh sinh khéi, carbon trong tham muc (Litter)

IPCC (2006) dinh nghia tham muc (litter) la bao gém tat ca sinh khéi khéng
s6ng Vai kich thudc 16m hon sinh khéi trong dat hitu co (dé nghi la 2mm) va nho hon
duong kinh xac dinh gé chét (10cm), nam trén bé mit dat rung. Viéc wdc tinh sinh
khdi tham muc cha yéu dua vao can khéi lugng trong cac & mau phu nho, l1ay mau say
khd xac dinh sinh khdi kho, tir day suy ra carbon theo hé sé6 CF (Bhishma va cong su,
(2010); Silva va cong su, (2010))

Hau hét cac nghién ciru vé hap thu CO2 cua thuc vat trén mat dat, trong ré, cay
chét, tham muc trong nudc va trén thé gioi déu dung lai ¢ udc tinh sinh khéi, tir d6
chuyén sang carbon dugc st dung theo hé s chuyén d6i (CF - Carbon Fraction) cua
IPCC (2006). IPCC da dua ra hé sé chuyén d6i CF nhu sau: Di voi tat ca thuc vat
trén mat dat ring nhiét doi hé sé nay la 0.44 dén 0.49, trung binh la 0.47 (IPCC, 2006
dan theo Andreae and Merlet, 2001; Chambers va cong su, 2001; McGroddy va cong
sy, 2004; Lasco and Pulhin, 2003); riéng voi cay than gé co hé so la 0.49, trong d6
chia ra véi DBH < 10cm la 0.46 va DBH > 10cm la 0.49 (IPCC, 2006 dan theo
Hughes va cong sy, 2000). Coé nghia la tir phan sinh khéi tinh toan sang carbon bang
cach nhan voi hé sé CF (Pearson, 2007); hodc mét sb tac gia dé nghi don gian hon la
carbon = 50% sinh khéi; tir day luong hap thu hoic phat thai CO2 = 3.67C (dan theo
Bhishma va cong su (2010)).

2.3.5 U'dc tinh lwgng carbon hiru co trong dat (Soil Ogranic Carbon — SOC)

Pat lwu gilr carbon & hai dang trong hitu co va khéng hiru co, dbi voi giam sat bé
chira carbon trong dat, IPCC (2006) dé nghi chu yéu la carbon hiru co trong dat (SOC).
Carbon hitu co trong dat dugc xac dinh dén d6 sau quy dinh tuy lya chon 0 mdi qudc
gia va ap dung thdng nhit théng qua cac chudi thoi gian giam sat, thuong la 30cm —
50cm. Carbon hitu co trong dat nam trong ré séng va chét trong dat co duong kinh nho
hon 2mm (hoac c¢o gia tri dugc Iya chon bai tung nude nhu la duong kinh gidi han cho
sinh khéi dudi mat dét). Viéc xac dinh SOC dua trén co so ldy mau dat dé xac dinh
dung trong dét (p) (trong luong kho/thé tich dat udt — g/cm?3), phan tich ham lwong %C
trong dat; carbon trong dat/ha duoc tinh theo Pearson va cong su (2007); IPCC (2006)
Vvoi do sau tang dat thuong la d = 30cm.
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SOCwha) = p (2/cm?) * d(cm) * %C *100 (0.27)

Dé xac dinh dung trong dit, mau dit di duoc xac dinh thé tich qua éng dung
trong, dugc say kho ¢ 105°C trong 48 gio dé xac dinh khéi lwong dat kho. Phuong
phap phan tich carbon hiru co trong dat khd tét nhat theo Pearson va cong su (2007) la
LECO RC-412 multicarbon analyzer, Nelson va Sommers (1996) dan theo Silva
(2010) la LECO CHN-2000 hoac twong duong; nhung phuong phap Walkley-Back lai
thuong dugc su dung.

2.4 Vién tham va GIS trong giam sat thay déi s dung rung (Activity
Data) va bé chwa carbon

2.4.1 Vién tham trong phan loai ring, giam sat thay déi dién tich rieng va bé
chiwra carbon rung

Anh vién tham dugc st dung trong giam sat sinh khéi va carbon la can thiét,
trugc hét dé phan loai ring, dé diéu tra trir lwong carbon theo khéi. Biéu nay cé nhiéu
phuong phap khac nhau tuy vao viéc lya chon ng dung ciing nhu phan mém va loai
anh c6 san (Silva, 2010). Cac phwong phap phé bién duoc sir dung la phan loai phi
giam dinh va cé giam dinh, va danh gia dé tin cay dé phan chia khéi trang thai ring
phuc vu theo doi carbon. Ngoai ra trong chuong trinh REDD*, mot van dé dat ra la
quan ly giam sat nguy co mat ring, vi vay thuong nghién cau méi quan hé giira dién
tich riing voi cac nhan té anh huong nhu duong giao théng, sdng sudi, khu dan cu, do
cao, déc, ... va ting dung céng nghé vién tham va dé 1ap ban db nguy co. Phan mém
GEOMOD duoc da dugc phat trién dé dap tng nhu cau nay (Silva, 2010).

Vé tng dung anh vién tham trong giam sat hap thu carbon ring ciing duoc coi
nhu 12 mot cong cu hiru hiéu. ICRAF (2007) giam sat thay d6i sir dung dat rimg va
luong carbon tich lily thong qua két hop diéu tra mat dat va anh vién tham. Cong nghé
vién tham vi vdy rit can thiét trong giam sat luong carbon tich liiy hodc phat thai do
mat rung, tuy nhién can nghién ctru dé dua ra Gmg dung c6 do tin cdy la nhu cau dang
dat ra cho chuong trinh REDD".

2.4.1.1 Mgt sé anh vién tham wng dung trong quan ly tai nguyén rang va nghién
cuu giam sat carbon rung

Vién tham (Remote Sensing — RS) 14 sy thu thap va phan tich thong tin vé mot
d6i trong ma khong co sy tiép xuc truc tiép dén ddi twong. Pay 1a 1a phuong phap sir
dung buc xa di¢n tir nhu mot phuong ti¢n dé diéu tra va do dac nhitng dac tinh ctia ddi
tugng (Lillesand va Kiefer, 1994). N6 1a mot ngudn thong tin gia tri trong vai thap ky
qua va s& la ngudn thong tin ngdy cang quan trong trong twong lai (Franklin, 2001),
Curran (1987). Trong tiép can cong nghé vién tham, muc dich 1a 4p dung kién thirc vé
nhitng gi da biét dé giai quyét nhitng van dé cu thé (Franklin, 2001).

Anh vién tham di duoc phat trién duoc sir dung rat manh ¢ Hoa Ky, c6 cac loai
anh d6 phan giai trung binh nhu Landsat phan giai 30m, thoi gian bay chup 16 — 17
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ngay; dén anh c6 do phan giai siéu cao nhu IKONOS phan giai 1-4m va QuickBird
phan giai dén 0.6 — 3m va thoi gian bay chup lip lai rat ngan 1-5 ngay (Pearson va
cong su 2007). Vai cac anh co do phan giai cao thi d& dang phan loai cac dbi tuong
ddng nhat, va dic biét la thoi gian chup anh l3p lai rat ngan, vi du anh Quickbird chi
trong 1-4 ngay, do d6 cé thé giam sat thay ddi dién tich, trir lwong rung, carbon rung
thuong xuyén, tuy nhién nhitng anh nay hién co gia thanh rit cao do d6 rat kho tiép
can o Viét Nam.

Cho dén nay trén thé gigi c6 rat nhiéu dit liéu vién tham duoc st dung trong cac
hoat dong 1am nghiép. Tuy theo muc do chi tiét, phan giai, ngudn luc ciing muc tiéu st
dung va yéu cau do chinh xac dé chon lua loai anh. C6 thé liét ké mot sé anh phé bién
Vvéi cac dac diém chinh nhu sau:

e Anh vé¢ tinh MODIS:

Dir liéu anh MODIS véi sd kénh pho 1a 36 kénh, ¢ dang 12 bit, d6 phan giai
khong gian 1a 250m, 500m va 1.000 m. MODIS c¢6é chu ky chup lai cao va trong mot
ngay dém co thé thu nhan dugc 2 anh ban ngiy va 2 anh ban dém ddi voi moi ving
trén trai dat. N6 co dic tinh chup phit ving rong 16n (2.230 km), do phén giai cao cong
v6i nhiéu kénh thiét ké chuyén dé va tinh hiéu chinh anh hudng khi quyén di 1am ting
kha niang sir dung anh MODIS trong nghién ctru nhitng ving nhiét d6i nhiéu may.

e Anh vé tinh NOAA:

Vé tinh NOAA (National Oceanic and Atmospheric Administration) chuyén
dong trong quy dao ddng bd v6i mit troi va chu ky lap lai 1a 101,4 phat, véi goc
nghiéng ctia mit phang quy dao so v4i miat phang xich dao 14 98.7°. Pay 1a mot trong
nhimng vé tinh ctia My. B cam dit trén vé tinh NOAA thich hop voi quan sat Trai dat
v6i d6 phan giai birc xa rat cao.

o Anh v¢ tinh LANDSAT:

V¢ tinh LANDSAT la vé tinh tai nguyén cia My, do co quan hang khong va Vii
try NASA (Nationnal Aeronautics and Space Administration) quan 1y. N6 dugc thiét
ké dau tién nhu 1a thr nghiém kiém tra va dén nay da c6 7 thé h¢ LANDSAT duoc
nghién ciru phat trién voi sé luong kénh phd va d6 phan giai khac nhau. Anh
LANDSAT ETM+ ghi phd trén 8 kénh ¢ cac budc song giébng nhu cua anh Landsat
TM, diéu khac biét 1a 6 LANDSAT ETM+, kénh hong ngoai nhiét (Thermal) c6 do
phan giai cao hon 60m x 60m (LANDSAT TM: 120m x 120m) va c¢6 thém kénh toan
sic (Pan) voi do phan giai 1a 15m x 15m (LANDSAT TM: 30m x 30m). Dit liéu cia
vé tinh LANDSAT dugc st dung rong rii trén toan thé gi6i nhu thanh 1ap ban d6 tham
phu, ban do su dung dat, ban dd dat, dac biét 1a trong giam sat tai nguyén rung va moi
truong. Su thanh cong ciia LANDSAT la nhd vao viéc két hop nhiéu kénh pho dé
quan sat mat dat.

e Anh vé tinh ASTER:
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Anh vé tinh ASTER duoc thu tir bd cam ASTER trén vé tinh Terra, c6 do trum
phu gidng nhu anh vé tinh SPOT 1a 60 km x 60km. B¢ cam ASTER dugc cdu thanh
tor 3 phuy hé riéng ré, mdi hé phu hoat dong trén mdt h¢ quang riéng bicét. Véi 14 kénh
pho, trong d6 c6 3 kénh trong dai séng nhin thiy va hong ngoai gan (VNIR) véi do
phan giai 15m, 6 kénh trong dai song hong ngoai séng ngin (SWIR) v6i dd phan giai
30m va 5 kénh trong dai song hong ngoai nhiét (TIR) véi do phan giai 60m. Pong thoi
bd cam ASTER luén thu nhén anh 1ap thé doc tuyén (Along track) nén viéc xay dung
mé hinh DEM ¢ day 1a rat tot. Cac ung dung chinh cua anh ASTER 13 quan sat dét
lién, bién, mit tuyét, qué trinh may; nghién ctu vé dong luc va cAu tric cua thuc vat;
nghién ctru vé cin bang phéng xa cua khi quyén, may, sy mé rong va dic tinh ting doi
Iwu; x4c dinh néng do va bién dong cua cac khi nha kinh; nghién ciru vé nui lira va cac
qua trinh bé mat cua trai dat.

e Anh v¢ tinh SPOT:

Anh vé tinh SPOT (Systeme Pous I’ Observation de la Terre) duoc co quan
hang khong Phap ché tao va phat trién. Vé tinh dau tién 1a SPOT-1 dugc phong 1én
quy dao nam 1986, tiép theo 1a cac vé tinh SPOT-2, SPOT-3, SPOT-4, SPOT-5 lan
lugt vao cac nam 1990, 1993, 1998 va 2002 duogc dua vao hoat dong. Cac by cam cua
vé tinh SPOT bao gom: HRV (High Resolution Visible) str dung cho SPOT — 1, 2, 3;
HRV (High Resolution Visible) va HRVIR (High Resolution Visible and Middle
Infrared) st dung cho SPOT-4 va HRG (High Resolution Geometic) sit dung cho
SPOT-5. Trong cac anh vé tinh SPOT thi SPOT 5 mang theo cong nghé lap thé moi
v6i mot kénh toan sic va 4 kénh da ph6. Do phan giai tir 5 — 10m. Hién nay, anh
SPOT dugc tng dung trong nhiéu linh vuc nhu nghién ctru hi¢n trang st dung dat,
khai khoang trong dia chat, thanh 1ap ban db ty 1& 1: 30.000 dén 1:100.000, nghién ciru
vé thuc vat & cép do khu vuc, vung, dia phuong. Anh SPOT c6 thé ghi phan xa phé
clia toan mat dat véi su khac biét vé dir liéu, do phan giai cao va c6 kha nang nhin noi,
nhay cam vé héng ngoai cho thuc vat.

e Anh vé tinh IKONOS:

Anh IKONOS dugc thu tir vé tinh tao anh vii tru phan giai si€u cao tan.
IKONOS dugc phong 1én quy dao vao ngay 24 thang 9 nam 1999 bdi cong ty Space
Image. Do 1ap lai quy dao tai mot diém trén trai dat 1a sau 11 ngay, do rong ctuia anh
trén mat dat 1a 11 km va d6 phii 1a 11km x 11km. Anh c6 trén 4 kénh da pho vé6i do
phan giai 1a 4m va kénh toan sic c6 do phan giai 1a 0.6-1m.
2.4.1.2 Vién tham trong trong quan ly giam sat tai nguyén rung

M6t trong nhitng yéu cau quan trong caa quan ly ring la can c6 thdng tin khéch
quan vé su thay doi dién tich va chat lwong rung. Tir phuong phap diéu tra truyén
théng chu yéu duoc thuc hién trén mit dat thi nay viéc phéi hop gitra diéu tra mat dat
va cong nghé vién tham da lam giam dang ké nguon nhan vat luc, dac biét ting thém
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d6 chinh xac két qua diéu tra va théng tin vé rimg duoc cap nhat lién tuc. Trong quan
ly tai nguyén rung, eng dung vién tham dwoc thuc hién nhu trong thanh 1ap ban do
ring, wdc lugng cac thudc tinh riing hodc phan tich thay doi tham phu theo thoi gian.

i) Vién tham trong lap ban dd phan khéi rirng va tham pha rung:

Mot trong nhitng ap dung pho bién cuaa vién tham trong 1am nghiép 1a thanh Iap
cac ban do chuyén dé. Hang loat cac nghién ctu di st dung cac dir liéu vién tham
khac nhau cing véi cac thir nghiém phuong phap khac nhau dé thiét 1ap ban d6 hién
trang hoic tham phu, hoac phan khéi trang thai rung (Brown va cong suw, 1999;
Salovaara, 2005). P chinh xac quan tdm lién quan dén muc tiéu sir dung anh nhu la
phén loai rung hay la dién tich (Foody, 2002). Khi cac 16p phan loai cang ting kha
nang sai sb cang tang, vi du trong mot nghién ctru phan loai rirng nhiét déi duoc thuc
hién ¢ Brazil, Souza va cong su (2003) da dua ra két qua do chinh xac toan bo 1a 93%
khi phan thanh 2 loai 1a c6 rung va khong c6 rung; trong khi do d§ chinh xac nay la
86% khi phan thanh ba 16p bao gom khong ring, rimg bi suy thoai va rimg qua khai
thac chon. Tuong ty nhu vay, Trisurat va cong su (2000) da st dung phuong phép
phan loai ¢6 giam dinh dé phan loai 4nh Landsat TM thanh sau loai, két qua dua ra do
chinh xac toan bo 13 79%. Nguyén T.T. Huong (2011) ciing da sir dung anh SPOT 5 dé
phan loai rung thuong xanh da bi tac dong ¢ cac murc d§ khac nhau thanh 4 16p ring
tu nhién 13 rimg gidu, rimg trung binh, rimg nghéo kiét, va rimg non phuc hoi, thi do
chinh xac toan b dat dugc trong nghién ctru nay la 82%, trong dé6 pham vi do chinh
xéc bién dong trong cac 16p ring tu nhién tir 69% dén 86%. Trén ddi twong rimg nhiét
d6i da bi tac dong, dé thanh 1ap ban dd hién trang rimg Nguyén Vin Loi (2008) da
phéi hop phuong phap phan loai khong giam dinh ISODATA va phan loai ¢6 giam
dinh Maximum Likelihood phén chia thanh sau 16p dét rimg 1a ring day, rimng bi suy
thoai, rimg trong, trang co, cdy bui va dat tréng; do chinh xac toan bd trong nghién ciru
nay dat dugc kha cao. So sanh do chinh xac cua cac phuong phap dugc st dung khac
nhau, Mallinis va Koutsias (2008) d3 két ludn trong nghién ciru ctia ho phwong phap
héi quy logic duogc sir dung dé phan loai tham phui cho do chinh x4c cao hon (76%) so
v6i phuong phap gan ding nhat maximum likelihood (64%) va phuong phap khoang
cach Mahalanobis (67%).

ii) Vién tham trong wéc lwong cac nhan té diéu tra rieng:

Trong cac thap ky gan ddy, cung cap ngudn thong tin da dang vé tai nguyén rimg
thudng duge yéu cu trong quan 1y va gidm sat tai nguyén rung. Thong tin thu thap tir
anh vé tinh c6 thé chinh xac trong mot vai tinh hudng song khong phai 1a tit ca. Nguoc
lai, mot vai nhan tb diéu tra co thé dé dang thu thap trong khi mdt s6 nhan t6 lai kho
khin hodc tén kém tham chi khong thé tiép cin duogc. Vi vay phdi hop giita ngudn dir
liéu duoc diéu tra tryc tiép cung véi dit lidu duoc cung cip tir vién tham tro nén hitu
dung dic biét (Nguyén T.T. Huong, 2009).
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Trong diéu tra rimg, vién tham duoc sir dung nhu phuong tién dé phan khdi rimg
thanh cac nhom tuwong dbi ddng nhét, dy ciing chinh 13 budc dau tién trong thiét ké
ldy mau da giai doan. Vi vién tham c6 mdi quan hé théng ké hodc vat 1y voi nhan td
rimg, do vay nhédn t6 diéu tra rimg c6 thé dugc cung cip théng qua phéan loai gia tri
phd bang cac mo hinh thuc nghiém hay ban thuc nghiém (Franklin 2001).

Hang loat cac phwong phap khac nhau duogc st dung dé xac dinh mdi quan hé
giita nhan t diéu tra véi thdng tin anh vién tham. Phuong phap hdi quy va twong quan
1a hai phuong phap c6 dién duoc sir dung dé xay dung mdi quan hé giita nhan té diéu
tra rung voi anh vién tham nhu Franklin va McDermid (1993), Poso va cong su
(1999). Hién tai phuwong phap phi tham sd K-nearest neighbor (kNN) ciing da dugc sir
dung trong wdc lugng nhan td diéu tra ring (Tomppo va cong su, 1999; Makela va
Pekkarinen, 2004; Nguyén T. T. Huong, 2011).

Trotter va cong su (1997) da thir nghiém méi quan hé giita trit lugng 1am phan
rimg 6n doi voi 7 kénh cta anh Landsat TM, mé hinh héi quy duoc st dung nhung két
qua dat duoc rat thap (R? = 0.29). Tuy vdy nghién cu ciia Donoghue va cong su
(2002) da cho két qua rat kha quan khi thiét 1ap méi quan hé hodi quy giita anh vé tinh
Landsat va SPOT v&i chiéu cao cdy va tiét dién ngang. Két qua dat dugc R?=0.86,
P<0.01 va R?=0.61, P<0.01.

Trén d6i tuong rimg 6n doi, Peterson va cong sy (1987) phat trién hdi quy gitra
chi s6 1a (LAI) voi dit liéu anh bang ham tuyén tinh logistic va ham tuyén tinh. Két
qua nghién ctru nay chi ra ham logistic thé hién dugc mdi quan hé tét hon v6i d6 chinh
x4c dat 91% so véi ham tuyén tinh don thuan véi do chinh xac 12 83%.

Mot sb tac gia cling da thir nghiém mdi quan hé hdi quy trén 1am phan rimg
nhiét déi nhu Lu va cong su (2004), Mallinis va cong su (2004), Nguyén T.T. Huong
(2009),... Céac két qua wdc lugng ciing rat khac nhau tiy thudc vao ngudn dit liéu anh,
nhén t6 dugc uée luong va kiéu rung thyc hién nghién ctru. St dung cac band Landsat
TM 2, 3, 7 thiét 1ap mo hinh hdi quy véi mat do, sinh khoi, tiét dién ngang va thé tich,
Lu va cong sy (2004) da chi ra udc lugng tdt nhéat dat duoc tir mat do 1am phén, tuy
vay két qua udc luong cling rat thap (R%g=0.3). Vi anh SPOT 5, anh thanh phan
chinh PCA (Principle component analysis) 1,2,3 va NDVI, Nguyén T.T. Huong
(2011) d wdc luong trir lugng 1am phan rimg thudng xanh d3 bi tac dong & cac muc
d6 khac nhau, két qua cho thay sir dung anh SPOT5 4 band cho két qua tot nhét véi
R%gj = 0.54 ( P<0.000) so véi cac anh khac nhu PC 1,2,3 (R%gj = 0.48; vdi P<0.000)
va anh NDVI (R%g; = 0.31 v6i P<0.000).

K§ thuat KNN c6 thé thuan loi hon cach tiép can truyén thdng 1a hdi quy vi nd
khong yéu cau gia dinh vé phan bd cua cac bién sd (Tomppo va cong su, 1999; Linton
va Hirdle, 1998; Efromovich, 1999). Thuan lgi ctia phwong phap nay 1a phdi hop diéu
tra da dir liéu nhu két hop dir liéu vién tham, 6 miu diéu tra va cac bién phu trg va cho
phép udc lugng dong thoi cac bién phu thudc. Tiép can kNN dugc str dung cho phan
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loai rimg (Kurzer, 2008, Thesler va cong sy, 2008) va udc lugng cac nhan té diéu tra
nhu tiét dién ngang, trit luong 1am phan,...(Nguyén T.T. Huong, 2011; Makela va
Pekkarinen, 2004; Tokola va cong su, 1996; Tomppo va cdng su, 1999). Twong tu nhu
phuong phap hdi quy, phuong phap KNN c6 thé cho két qua tét & truong hop nay song
c6 thé chua thoa min trong mét sd ude luong khac.

Tom lai udc lugng nhan td diéu tra rung thong qua anh vé tinh da duoc thyc hién
boi nhiéu nghién ctru, tuy nhién cac nghién ctiru nay chu yéu tap trung & rimg 6n d6i va
rimg trdng. Rét it cac nghién ciru thyc hién trén rimg nhiét d6i vi tinh phirc tap va diéu
kién kho khan von c6 cua rung nhiét doi.
2.4.1.3 Vién tham trong giam sat sinh khaéi, carbon rung

Kha niang wéc lugng chinh xac carbon luu trir boi rimg ngay cang ting do mdi
quan tdm cua toan cau vé vai tro cta no trong chu ky carbon toan cau, dic biét 1a van
dé giam nhe phat thai carbonic ra khi quyén (Brown va cong su, 1996). Tuy vdy khong
phai tit ca cic hoat dong déu can dén anh vé tinh chang han nhu viéc gidm sat chi
trong pham vi nhd.

K§ thut vién tham co tiém ning hitu dung cho giam sat thudng xuyén carbon
duogc luu trir boi ring, nhung viée st dung phu thudc vao nhicu yéu té nhu pham vi
thyc hién, ndng lyc tai chinh, nguén nhan lyc va loai dir liéu dugc yéu cau. Hudng dan
cua IPCC (IPCC 2003) cho rang phuong phap vién tham dac biét thich hop cho viéc
phan tich thay d6i sir dung dat, 1ap ban dd str dung dat, udc lwgng carbon rimg va dic
biét 1a giam sat sinh khéi trén mat dat. Phuong phap nay di cung cip dir liéu tham
chiéu day du va c6 san trong d6 bao gdm cac wdc luong nhan t6 tai nguyén ring. Theo
Brown (2002) trong twong lai viéc do dém trir lugng carbon ring cé thé chi dwa vao
dix lidu vién tham véi cac ky thuat méi trong thu nhan anh vé tinh dang ngay cang phat
trién. Mac di sinh khéi khéng thé do dém truc tiép trong khong gian nhung dir liéu
vién tham c6 quan hé véi sinh khdi duoc do truc tiép trén mat dat (Dong va cong su,
2003), do vay sinh khdi ring c6 thé dugc ude lugng tir moi quan hé nay bang cac md
hinh toan hoc. Mét loat tiép can da duoc dé xuét dé lwong hoa sinh khéi bang viéc st
dung hé théng vién tham tuy nhién chua c6 nghién ctru nao chi ra ki thuat phii hop va
c6 kha niang ap dung ¢ cap vung hoic cap luc dia (Rosenqvist va cong su, 2003). Theo
IPCC (2003), dit liéu anh duoc lya chon can phai theo pham vi dia ly cua viing quan
tam va véi do phan giai ph hop. Chang han thiét 1ap ban dd & cap toan cau, d6 phan
giai anh c6 thé tir thap cho dén trung binh nhu NOAA (National Oceanographic and
Atmospheric Administration) Hame va cong su (1996), Dong va cong su (2003); hoac
st dyng anh MODIS nhu Baccini va cong sy (2004), Xia va cong su (2005). O cap
viing hoic cap qudc gia va dia phuong, dit liéu vé tinh can c6 do phan giai cao hon
nhu anh Landsat, ASTER, hoac SPOT (H&me va cong su, 1996; Fazakas va cong su,
1999; Krankina va cong su, 2004; Turner va cong sy, 2004). Trong thoi gian gan day
lap ban db sinh khéi rirng dua trén anh radar ciing da dugc khai thac boi mot sb tac gia
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nhu Rauste va cong su (1994), Rauste (2005), Rauste, (2006). Tuy vay theo Achard
va cong su (2001), thach thtrc trong phét trién cac mé hinh uée lwgng carbon tir anh vé
tinh chinh 13 1am sao dé thiét 1ap mot hé théng phan loai thich hop dé c6 thé phan biét
c4c 16p dac diém carbon khéc nhau.

Noi chung phuong phéap uéc luong carbon dya trén anh vién tham ciing twong tu
nhu cac nhan té diéu tra rung khac, da sb cac nghién ctru str dung hdi quy phi tuyén
hoic tuyén tinh, mot s6 thir nghiém v&i phuong phap kNN ciing da duoc thyc hién trén
d6i tugng 13 rimg trong hodc rimg on d6i. Két qua cac udc luong cling rat khic nhau
ty thudc vao loai dit liéu duoc st dung, kiéu rimg va phuong phap ap dung. Do vay
can c6 nghién ciru phat trién phuong phap ky thuat dé dwa cong nghé nay vao ung
dung trong chuong trinh REDD".

2.4.2 Hé théng GIS trong quan ly tai nguyén ring va trir lweng carbon
2.4.2.1 Quadn ly tai nguyén rieng bang GIS

Hé thong thong tin dia 1y (GIS) 1a dya trén hé théng mdy tinh dé luu trit va thao
tac thong tin dia 1y (Aronoff, 1989). Ciing giéng nhu vién tham, GIS di 1a mot cong cu
hd trg manh trong chtic nang quan 1y tai nguyén rimg. GIS bat dau tir nhitng nim 1960
va 1970, va ngay cang phat trién dy du va toan dién hon khi c6 cong nghé vién tham
phat trién v&i ngudn dir liéu khong gian da dang cta cac thé hé va chung loai vé tinh.
GIS duoc sir dung dau tién 1a dé thiét 1ap ban do s6 voi nhiéu tiéu chi dugc thé hién
trong bo dit liéu thudc tinh ctia ban dd d6. Theo Franklin (2001), tiém niang GIS dong
gop trong viéc quan 1y rimg bén viing 1a rat 1on, né 1a cong cu ly tudng dé giai quyét
cac van dé nhu: Tap hop co s dir lieu khéng gian tham chiéu trén tat ca cac quy mo
cd lién quan; cung cap cho nguoi st dung véi nhiéu cong cu phan tich trong tay dé tich
lity théng tin va tir d6 co thé thuc hién cac phan tich khéng gian dé cung cap thdng tin
can thiét.

Theo Franlin va Wulder (2002), su hiéu biét vé mirc d6 va téc do thay doi rimg
hién nay 1a khong du béi vi (i) gidm sat ring dai han véi dién tich 16n dé dap tmg véi
tinh trang chuyén doi ring véi ban do ludn phai dugc cap nhat 13 trong giai doan méi
bat dau (Franklin va Wulder, 2002) va (ii) su thay doi da dang tai nguyén rimg da lam
kho khan trong viéc phat hién vdi do chinh xac dang tin cady (Gong va Xu, 2003). Nhu
vay, cac nha nghién ctru va cac nha hoach dinh chinh séch da thiéu dit liéu dinh lugng,
dir liéu thong ké khong gian vé su thay doi d6. Bé khic phuc tinh trang thiéu hut nay,
cong dong khoa hoc GIS da bat dau kham pha nhimng cach thirc méi dé phat hién, mo
ta dac diém, va theo ddi ring thay doi thong qua su tich hop vién tham va cong nghé
GIS (Kasischke va cong su, 2004).

Tuy vay GIS khong phai 1a qué trinh don gidn, bdi 1€ nd 1a mét tdp hop 16n su
phirc tap duoc gop lai dudi cai tén GIS. N6 bao gom cac ddi twong dia 1y nhu ving,
diém va duong vai nhitng thudc tinh ciia nd, c6 tham chiéu hoic khong tham chiéu dén
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cac thanh phan khéng gian va cau trdc lién két phic tap (Franklin, 2001). Phéat trién
manh trong céc thap ky gan day, GIS dd chang to tinh hiru hiéu manh caa né trong
quan ly va gidm sét tai nguyén rirng. Ngoai viéc thanh 1ap ban d6 hoic phan tich thay
ddi st dung tham phu, méi truong GIS con c6 thé dugc sir dung cho cac muc dich
riéng biét nhu thiét 1ap céc ban d6 diéu ché, ban dd quan Iy san luong ring trong, ban
d6 giai phap ky thuat 1am sinh, hoac thiét ké phan b6 ngau nhién 6 mau diéu tra (Bao
Huy, 2009).

2.4.2.2 GIS trong giam sat mdt rung va hdp thu hogc phat thai CO>

Bao Huy (2009) di chi ra cac kha nang tng dung cac phan mém GIS dé quan ly
carbon rung trén co so cac md hinh quan hé gifra sinh khdi véi trix luong ring, sinh
khéi trén va dudi mit dit. T cac mé hinh quan hé co thé cap nhat kha niang hap thu
cung nhu phat thai CO2 rng mot cach thuong xuyén va trén dién rong

Ludeke va cong sy (1990) da sir dung phuong phap hoi quy logistic dé xac dinh
céc nhan t6 gan giii nhat v6i viéc mat rimg. Tir d6 da xac dinh dugc cac bién doc lap
¢6 lién quan manh mé& vdi bién phu thudc (dién tich ¢ rimg hodc mat rimg) 1a vi tri
cua ranh gidi rung véi dat khac, vi tri ¢ thé tiép can duoc va vi tri cu tri. Tir két qua
dugce phat hién ndy, nhém tac gia da sir dung cong cu GIS dé thuc hién phén tich
khong gian dé xay dung mdi quan hé thong ké gitta bién phu thudc véi timg bién doc
1ap duogc lya chon boi cac mo hinh hdi quy logistic.

Trong mdt nghién ctru khac ¢ Philipines, Magcale-Macandog va cong su (2006)
d3 phat trién mé hinh du bao khéng gian sinh khdi cua rimg tht sinh dua trén hé théng
GIS.

Pé uéc lugng ham lugng carbon trong dat rimg, Campbell va cong su (2008) da
so sanh d6 chinh xac wdc lugng ctia hai phuong phap khac nhau. Pau tién phuong
phap hé s6 hoi quy duoc s dung dé du bao cho toan dién tich dua trén mat do carbon
trung binh duoc tinh toan. Tiép can GIS duogc 4p dung sau d6 dua trén co s¢ dir li¢u
dat va cac ban d6 tham phu duoc giai doan tir anh vé tinh dé wdc luong carbon dat
rung cho toan bd dién tich.

Cho dén nay di c6 rat nhiéu tng dung trong nghién ctru ciing nhu trong thuc tién
vé viéc ap dung GIS dé xay dung mo hinh va ban d6 trong GIS. Hang loat cic ban d6
chuyén dé ciing nhu cac ban dd du bao duogc thiét 14p bang cac mé hinh khac nhau tir
cdc mo hinh don gian nhu cac mé hinh hdi quy truyén thdng, hdi quy logistic cho dén
cdc mo hinh phan tich khong gian phirc tap trong hé thong GIS. Cac két qua ciing cho
thdy kha ning tich hop va phén tich thong tin khéng gian va thudc tinh 1a rat cao trong
cic md hinh dya vao cong nghé GIS. Diéu d6 da hd tro tét cho nguoi quan 1y ciing
nhu cdc nha hoach dinh chinh sach trong viéc gidm sat, quan ly, 1ap ké hoach va dic
biét 1a du bao ngudn tai nguyén ring, giam sat phat thai carbon tir suy thoai va mat
rung.
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2.5 Do tinh giam sat carbon ring cé sw tham gia caa céng dong (PCM) va
chi tra dich vu méi truwong tw REDD*

FAO (2010) nhan manh viéc hd tro cac quéc gia dang phat trién, noi ma hé sinh
thai rimg dong vai tro quan trong duoc phan bd va ciing 1a noi nhiéu dan cu phu thuoc
vao riang. Mat ring khong chi ting cuong phat thai khi nha kinh ma con anh huong
dén sinh ké va van hoa cua cong dong dia phuong. Paulo va Stephant (2005) da chi ra
anh hudng cliia mét rimg & cac nudce nhiét doi toi bién ddi khi hau, tir ddy di dua ra cac
gidi phap gidm sat mat rimg dé tham gia thi truong carbon. Vi vdy chuong trinh
REDD* duoc xem nhu 1a mdt co hoi dé dén bu cho cong dong song phu thude vao
rung théng qua nhitng né luc giam sat, quan ly rung, bé chaa carbon rung cua ho.
Peskett va cong sy (2008) da dé xuat thyc hién chuong trinh REDD huéng dén ngudi
nghéo quan 1y rig nham mang lai loi ich truc tiép thong qua chi tra dich vu luu giir
carbon, tao viéc 1am va bao dam quyén str dung dat rimg cho ho. IUCN (2007) ciing
dua ra yéu cau bao ton tai nguyén rimg can gan voi giam ngheéo va cai thién sinh ké,
do d6 chwong trinh REDD s& 14 mdt trong nhiing giai phap d6. Van dé 1 dua ra cac
moé hinh dé ngudi dan c6 thé wdc tinh sinh khéi va carbon tich lily dé tham gia REDD,
tir d6 dwoc chi tra dich vu méi truong. Patrick (2008) da dé xuat xay dung cac mo hinh
quan hé giita sinh khéi va carbon tich liiy trong hé sinh thai rimg v&i cac nhan té diéu
tra rung don gian nhu loai, mat dg, chu vi cdy; day la cac nhan t6 ma nguoi dan dia
phuong c6 thé do dém, tir day giam sat duoc luong carbon theo thoi gian lam co s&
cho viéc chi tra trong chuong trinh REDD, cach tiép can nay duoc goi la PCM (do tinh
carbon rirng co su tham gia).

PCM la do tinh, giam sat trit lugng carbon rimng véi su tham gia cta cong dong
dia phuong, trong do chi ra rang cac cong dong dia phuwong cd kha ning va tham gia
o hiéu qua tham gia trong REDD™. Skutsch va cong su (2009), Bao Huy (2011) cho
thay qua PCM trudc hét 1a thu hat duoc su tham gia cua cong dong trong quan |y bao
vé rung, nang cao nhan thic cua ho vé gia tri moi truong rimg, trén co so d6 cong
ddng dugc chi tra cong sic quan ly; néu cong dong duoc dao tao ho sé tham gia cung
cap dir liéu thay doi carbon ring cho REDD*; ddng thoi ciing cho thay chi c6 cong
dong séng gan ring mai co thé theo ddi giam sat carbon ring thudng xuyén véi ¢6 chi
phi thap, néu so sanh viéc do tinh duogc tién hanh boi cac co quan chuyén mén, chuyén
nghiép va sai so vé sb liéu do cong ddéng cung cap la bao dam. Skutsch va cong su
(2009) da chiang minh sy hiéu qua cua tham gia cua cong dong ¢ Tanzania trong do
tinh carbon ring, nhu sai sé trung binh sinh khéi cua cong dong do tinh véi co quan
chuyén nghiép chi tir 1 — 4%; trong khi d6 chi phi do tinh cta cong ddng chi bang 30%
chi phi ctia co quan chuyén mén, chi phi nam dau cua PCM ¢6 cao hon do can ¢ cac
l6p dao tao.

Trén thé gidi hau nhu tit ca cac nude da chinh thirc cam két dé tao ra sy tham
gia ddy du va hiéu qua cia cic cong dong dia phuong trong REDD*. REDD* noi
chung doi hoi c6 mot sy hop tac toan dién va twong tic giita tat ca cic bén lién quan
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tham gia trong quan 1y va str dung dat rimg va tai nguyén rimg, trong d6 nhin manh sy
tham gia cua ho gia dinh, cong ddng.

Trong thoi gian qua dé tham gia REDD*, da c6 nhiéu co quan nghién ctu, to
chic phat trién phuong phap luan va cac tiép can dé thu hat nguoi dan dia phuong,
cong dong ban dia trong do tinh, giam sat cac bé chira carbon rung ciing nhu thay doi
dién tich rieng (MacDicken, 1997; Patrick van Laake, 2008; Silva va cong su (Winrock
International), 2010; ANSAB, 2010; Bao Huy, 2011 — 2012, Thomas va cong Su,
2011). Phuong phap tiép can chu yéu cuia PCM la thiét ké cac cong cu do tinh, diéu tra
don gian dé nguoi dan ban dia cé thé tham gia nhu giam sat thay déi dién tich rung
bang GPS, do tinh cac nhan té cha yéu cua ring nhu loai, DBH, can khéi lwong tham
muc, go chét, 1dy mau dat dé quy doi ra sinh khéi va carbon trong 5 bé chira cua rung.
Dé ap dung PCM thi bén canh dé cén co su hd trg ky thuat, cung cip thong tin dau vao
cua cac co quan chuyén mon nhu 1ap ban d6 phan loai sinh khéi ring dua vao anh vién
tham, tinh toan s6 6 mau can thiét dua vao bién dong cua sinh khéi, carbon ring va sai
s6 cho trudc. Cac ¢ong cu va phuong phap PCM & cac nuéc, t6 chirc vé can ban kha
nhu nhau, tuy nhién phu thudc va nguon lyc dia phuong, quéc gia, ciing nhur cong
nghé sin c6 ma cac cong cu hd trg cho PCM c¢6 bién ddi cho thich hop. O Viét Nam,
dua vao nghién ctru xay dung md hinh xac dinh luong CO2 hap thu cua ring tu nhién,
Bao Huy (2009 — 2012) da xay dung hudng dan k¥ thuat trong do tinh giam carbon
rang cé su tham gia cua cong dong dia phuong (PCM) va thir nghiém o cac vang cua
chuong trinh UN-REDD Viét Nam va duy an REDD — SNV cua Ha Lan o 4 huyén Di
Linh, LAm Ha, Cat Tién va Bao Lam thugc tinh Lam Dong.

2.6 Thao luan

Téng quan van dé nghién ciu cho thdy nhiéu t6 chire, ca nhan trong nuée va chu
yéu ngoai nudc da hinh thanh phuong phap luan, cach tiép can, k§ thuat dé lap cac mo
hinh do tinh, giam sat sinh khéi, trir lugng carbon ring, kha ning hap thy CO; cua
rang va luong phat thai khi nha kinh khi mét va suy thoai reng tir 5 bé chira carbon
rang; phuong phap tng dung cong nghé vién tham va GIS trong giam sat thay doi dién
tich, trir lugng carbon ring; xay dung cac cach tiép can thu hat sy tham gia ctua nguoi
ban dia séng gan rung va do tinh giam sat phat thai CO> trong quan Iy rung dé chi tra
dich vu moéi truong tu chuong trinh REDD*. Cac nghién ctu nay duoc hinh thanh va
phat trién trong gan 2 thap ky qua da dat nén moéng cho viéc xay dung chuong trinh
REDD* nhim gép phan giam nhe bién d6i khi hau va dén bu cho nguoi nghéo séng
phu thudc vao ring thong qua nd lec duy tri va phat trién cac khu rirng nhiét doi.

Tuy nhién dé thuc hién chuong trinh REDD* ¢ Viét Nam, trén co s ké thira cac
tién bo khoa hoc ky thuat vé do tinh giam sat carbon rang, vién tham va GIS cua thé
gidi; chung ta can co6 nhiéu nghién ctru hon dé c6 thé quan ly va cung cap dir liéu dang
tin cay vé giam phat thai CO2 trong quan ly tai nguyén rung, dat do tin cay va duoc
thira nhan bai to chirc lién chinh pha vé bién di khi hau (IPCC), tir &6 méi nhan duoc
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ngudn tai chinh cho quan Iy ring bén viing. Vi vay cac van dé sau can duoc quan tam
nghién ctu, phat trién ¢ Viét Nam:

i) Nghién cizu Idp mé hinh do tinh, giam sat sinh khéi, carbon cua rang:

Viéc do tinh, giam sat sinh khéi va carbon rung trong 5 bé chira, trén thé gioi da
bit dau phat trién mot sé md hinh (allometric equations) dé udc tinh sinh khéi cua cay
rang phan trén mat dit (AGB) cho mot sb kiéu rung nhiét doi, da dua ra cac gia tri
binh quan hoic chuyén dbi tir trir lugng rang g sang sinh khdi 1am phan; ddi voi bé
chira carbon trong r& cy rung chu yéu la dwa ra hé sé chuyén ddi tur phan sinh khéi
trén mat dét; sinh khdi va cac bé chira carbon trong tham muc, tham twoi, cay chét va
trong dat chu yéu la dua ra ky thuat do tinh hién truong va théng sb chuyén doi tur sinh
khoi sang carbon.

Trén thé gioi da c6 mot sé ham allometric equations dé xac dinh sinh khéi cua
thuc vat than gd trén mat dit duoc thiét 1ap cho mot sé kiéu rang vung nhiét dai, tuy
nhién s liéu con it, chua dai dién va dac biét la chua c6 ¢ Viét Nam, chua dugc danh
gia sai s6 va do tin cay, do vay chua thé ung dung & Viét Nam; ddng thoi cing mai
ding lai woc tinh sinh khéi trén mat dat, luong carbon tich Iy mai chi duoc udc tinh
thong qua hé sb chuyén d6i CF cua IPCC(2006). Trong khi do hé sinh thai rung nhiét
dai Viet Nam la phurc tap va da dang vi vay can cé nghién ctru xay dung phuong phap
va cung cap nhitng mé hinh allometric equations cho tung vung sinh thai, kiéu rung
dat d¢ tin cay va khéng chi dung lai ¢ wdc tinh sinh khdi ma con xac dinh duogc luong
carbon tich liy, o nhu vy méi ¢ thé cung cép dir liéu giam sat hap thu va phat thai
CO2 tur thuc vat than gd trong cac kiéu rung.

Do6i véi udc tinh sinh khoi va carbon 1am phan, trén thé gioi déi vai ring nhiét
d6i chu yéu la st dung hé s6 chuyén doi tur trir lwong sang sinh khéi va carbon 1am
phan, do vay d6 tin cay thap. Vi vay lap cac md hinh udc tinh carbon 1am phan ciing
can dat ra & Viét Nam.

U'6c tinh sinh khéi va carbon cua ré cay dudi mat dat la mot van dé kho khan do
viéc thu thap sinh khéi ré trén hién truong, do vay trén thé gigi rat it md hinh cho bé
chira nay. Hién tai theo IPCC chu yéu la tinh chuyén ddi tir sinh khdi trén mat dét
thong qua hé s6 cho trudc. Trong khi d6 hé ré cua cay rung nhiét doi rat da dang va
phtrc tap, cach chuyén doi nhu vay c6 dé tin cay rat thap. Vi vay tiép tuc 1ap cac mod
hinh wéc tinh sinh khéi va carbon tich iy trong bé chira ré cay rung dudi mat dat la
can thiét.

Cac bé chira carbon khac nhu trong tham muc, cdy chét, trong dat reng nhiét doi
hau nhu rét it thong tin, két qua nghién ciu; chu yéu la cac ky thuat do tinh hién
truong. Do vay xay dung cac md hinh, phuong phap do tinh, xac dinh ning luc hap thy
CO2 cua cac bé chira nay ¢ rung tu nhién Viét Nam la can thiét dé co thé cung cap dir
licu ddy da vé cac bé chira carbon cua ring, ty trong cua cac bé chira nay trong ting
Kiéu rung.
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ii) Nghién cuu ung dung vién tham va GIS trong giam sat thay déi dién tich,

sinh khai va carbon rung

Cho dén nay c6 thé khing dinh viéc st dung dit liéu vién tham va cong nghé
GIS 14 khong thé thiéu trong quan 1y bén viing tai nguyén ring néi chung va giam sat
carbon rung noi riéng. Dac biét la ap dung trén quy mod rong, giup cho quan ly rieng co
hiéu qua. Pho bién nhét trong sir dung céng nghé vién tham va GIS trong quan 1y rimg
la phan loai va thanh 1ap ban d6 tham phu rimg. Bé udc tinh trir lwong rung, carbon
thdng qua anh vién tham ciing bat ddu duoc nghién ciru theo cac phuong phap hdi quy,
phi tham s6 kNN tuy nhién chi tap trung ¢ rirng tréng va rimg 6n déi.

O Viét Nam viéc tmg dung cong nghé nay ciing chi ding lai ¢ viéc phan loai
rimg song van dang con & giai doan bat dau. Hiém c6 nghién ctru dugc thyc hién cho
rimg nhiét d6i nhu & Viét Nam trong xay dung moi quan hé giita nhan t6 diéu tra rimng,
sinh khéi, trir luong carbon véi gia tri anh. Piéu nay do tinh phuc tap cua diéu kién
moi truong ring nhiét doi va sy kho khin trong thu thap dit liéu. Trong khi d6 hiéu
biét méi quan hé giita dic diém pho ciia 4nh vé tinh va cac nhan t6 diéu tra rimg, sinh
khdi 1a diéu kién tién quyét trong sir dung hiéu qua vién tham trong giam sat tai
nguyén rung.

Carbon luu giit boi thuc vat va dat rimg phu thudc vao sy khac biét vé hé sinh
thai, dia 1y, thoi gian dudi két qua tac dong cua con nguoi. Viéc do tinh thuc dia dé
wdc tinh carbon ké ca trén mat dit va dudi mat dat déu rat ton kém trong qua trinh thyuc
hién. Viét Nam hau nhu chua c6 nghién ctru nao ap dung anh vién tham dé tim ra mbi
quan hé gitra sinh khéi, carbon rung vdi cac dic diém anh ciing nhu viéc phéan loai anh
trén co s phan 14p thanh cac cip carbon dé giam sat. Do d6 tng dung vién tham va
GIS la mot hudng di can duoc tiép thu va phat trién ¢ Viét Nam. N6 ciing 1a mot
nhiém vu thach thirc caa nhiéu quéc gia dac biét [a mot dat nudce dang phat trién nhu
Viét Nam. Tuy vay véi cac nghi dinh thu lién quan dén bién doi khi hau va chuong
trinh REDD* gan day chinh 14 nhitng dong luc dé cac qudc gia tién hanh cic nghién
ctru itng dung céng nghé trong giam sat carbon rung dé ban tin chi carbon. Bé tham
gia vao tién trinh nay, d¢ chinh xac cua céac cudc diéu tra can duoc quan tam theo céac
chuan myc quéc té. Do vay nghién ciu ang dung vién tham va GIS dugc xem 1a k¥
thuat tiém ning trong diéu tra va giam sat carbon & mirc d6 qudc gia, ving hoic toan
cau.

iii) Phdt trién phwong phap tiép cdn cé sw tham gia cua céng dong dia phwong

trong do tinh giam sat carbon rung:

Nudc ta da tham gia chuong trinh UN-REDD* tir nam 2009 nham giam nhe sy
bién doi khi hau théng qua giam phat thai tir suy thoai va mat ring, dong thoi co co
hoi dugc chi tra dich vu hap thu CO2 trong quan 1y rimg. Pay ciing 1a diéu kién dé tao
ra sinh ké, thu nhap cho ngudi nghéo, cac cong dong dang duoc giao dét giao ring dé
quan 1y bao vé. Pa sd cac khu ring giao cho ngudi dan, cong dong thuong 13 rimg
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non, ngheo, gia tri 1am san thyc té thu duoc rat thap, do vdy thuc day viéc tham gia
chuong trinh REDD* s& dép tmg duoc hai mit: i) Cong dong nghéo c6 ngudn thu nhap
tir cac khu ring nghéo; ii) Rung non, nghéo dugc bao vé va phat trién, dap tng duoc
muc tiéu bao vé sinh thai méi trudng va giam nhe bién doi khi hau. Bé thyuc hién dugc
diéu nay can thu hat sy tham gia cua cong déng khong chi trong bao vé riing ma con
giam sat thay ddi cac bé chira carbon ring. Vi vay mot sé quéc gia dang phat trién co
truyén thong 1am nghiép cong dong da bat dau xay dung cac hudng dan do tinh carbon
rung co su tham gia.

Trén co so nghién ctru xay dyng cac mo hinh do tinh giam sat carbon trén mat
dat va ung dung k¥ thuat vién tham va GIS, can phat trién thanh cac bo cong cu thich
hop dé cong ddng c6 thé tiép can do tinh, cung cép dir liéu dé chuyén déi sang sinh
khoi, carbon dat yéu cau cua IPCC. N6 sé dong gop vao viéc giam sat carbon ring trén
dién rong, minh bach va dic biét la khac phuc han ché trong cap nhat di liéu thuong
xuyén khi chi cé co quan chuyén mén lam viéc nay nhu trude ddy, cong ddng song
gan rung la mot luc luong 16n dap (ng tbt viéc giam sat va theo doi rung thuong
Xuyén va co do tin cay.

3 POI TUQNG VA PAC PIEM KHU VU'C NGHIEN CU'U

SO DO V| TRI KHU VYC NGHIEN CUU

Ty 18 1/2.000.000

3.1 Vitridia ly khu vec nghién ciu

N
Khu ring nghién ciru nam trong khu vuc wa;;ﬁ-z
phan b dai dién cua rimg 14 rong thuong xanh s
¢ 3 tinh Tay Nguyén la Gia Lai, Pak Lak va o
bak Néng. O Gia Lai thuoc huyén K’Bang, o

tinh bak Lak thuoc hai huyén Kréng Bong va
M’Prak, va huyén Tuy Duc thudc tinh Dak
No6ng. (Hinh 0.3)
Vi tri dia ly nghién ciru nam trong vi do
va kinh do:
11°44°34>> dén 14°36°25” vi d Béc
107°11°52”* dén 108°59°49"” kinh do Pong

VUNG NGHIEN CUU 3 B

Hinh 0.3: Ban dd khu vuc nghién ciru
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3.2 Péi twong nghién ciru

3.2.1 Sinh khéi va carbon ring nghién céeu
- Sinh khéi va carbon cay rung: Bao gdm trong 5 bo phan la than, canh, 1a, vo
va ré
- Sinh khéi va carbon 1am phéan: Bao gdm trong 5 bé chira carbon rung theo
IPCC (2006): Trong cay rang phan trén mat dat (AGB); trong ré cay rung
dudi mat dat (BGB); trong tham muc, tham tuoi; trong gd chét va carbon hiru
co trong dat (SOC).

3.2.2 Kiéu ring, trang thai ring, loai cay nghién ciru

Kiéu rung la rong thuong xanh bao gém cac trang thai rung giau, trung binh,
ngheo va non. Cac trang thai rung hinh thanh do mae d6 tac dong trong khai thac chon
va thoi gian phuc hdi khac nhau. Nhin chung rimg da qua khai thac chon va phuc héi &
cac mirc do, chi c6 mot trang thai ring it hodc chwa bi tac dong dang ké.

Dic diém chinh cua hé sinh thai rang la rong thuong xanh khu vyuc nghién ciu
bao gom:

e Rirng kin thirong xanh mwa am nhiét déi nii thdp:

Phéan bd & d cao < 800m, t6 thanh thyc vét phong phi, trong d6 tiéu biéu 1a cac
loai nhitng loai cay thudc cac ho Re, Gié, Che, Sim, Dau va ho Ngoc lan. Day 1a kiéu
rimg c6 thé dat sinh khéi kha cao so véi cac kiéu rimg khéc, 1a d6i tuong kinh doanh
rang san xuat chinh trong viing.

o Rung kin thuwong xanh mwa mua nhiét doi nui trung binh va nui cao:

Phan bd & suon hay trén cac dinh nuai ¢é do cao trén 800m, t6 thanh thuc vat don
gidn hon so véi vung nui thép, tiéu biéu 1a cac loai cdy thudc ho Re, ho Gié, ho Che,
ho P4 Quyén. Kiéu rirg nay phan bd trén nhitng ving dia hinh cao dbc do vay viéc di
lai va van chuyén rat kho khan.

Cac loai cay nghién ctru la cac loai phé bién trong té thanh ring. Bao gom 183
loai duoc trinh bay trong phu lyc 1.

3.2.3 Anh vién tham

Dir ligu vién tham duoc sir dung trong nghién ctru nay la anh da phé SPOT 5
dugc xir Iy & mic 2A. Anh duogc chup vao ngay 15 thang 3 nam 2009 véi chat lugng
trung binh. Nghién ciru tng dung anh vién tham duoc thyc hién trong pham vi rung la
rong thuong xanh thugc huyén Tuy Duec, tinh Bak Nong, (tng vai mot canh cua anh vé
tinh v&i do phu trén dién tich 60x60km = 3.600km?.
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3.3 Dic diém khu vuc nghién ciru

3.3.1 Pit dai, dia hinh

Dt dai, da me: Bao gom 09 loai dat trén 03 loai da me nhu sau:

- Trén da me bazzan bao gom cac loai dat: Dat giau mun, nau do; dat do chua,
rat nghéo ba zo; va dat do chua rat ngheo kiém.

- Trén da me Méc ma axit bao gdbm cac loai dat: Dat d6 chua, rat nghéo ba zo;
dat xam tang miat giau mun; dat xam tang rat mong; dat xam c6 tang loang 16 d6 vang;
va dit nau

- Trén da me phién sét: Pat xam c6 tang loang 16 do vang; va dat xam soi san
sau.

Dat co két von nhe tir 0 - 20%, pH = 5.7 — 7.5, d6 sau tang dat > 50cm

Khu vuc nghién citu nam & cac vi tri suon va dinh vai do doc tir 0 — 36°

Nam trong pham vi d cao so v&i mat bién tr 376m dén 1.068m.

3.3.2 Khi hau, thuy vin

Lugng mua binh quan nam tu 1.750mm — 2.500mm/nam. C6 hai mua mua, kho,
mua mua thuong tir thang 5 dén thang 11, tuy nhién khu vuc tinh Pak Néng va Gia
Lai miia mua dén som hon 1-2 thang, trong khi d6 khu vuc M’Prik tinh Dak Lk chiu
anh huong khi hau duyén hai mién trung nén miia mua mudn hon 1-2 thang. Nhiét do
trung binh nim bién dong tir 22.2 — 27.0°C. P am khdng khi trung binh nam tir 80 —
83%.

Thuy van: Do dia hinh Tay Nguyén tya nhu mdt mai nha, mai phia Pong hung
nudc do ra bién Pong thong qua hé thong song Ba, song Pong Nai, mai phia Tay himg
nudc do ra song Mé Kong thong qua hai chi Iuu 1 Sé San va Sé Ré Pok.

3.3.3 Tai nguyén rung la rgng thwong xanh ¢ Tay Nguyén

Tay nguyén 1a viing c¢6 dién tich va trir luong rimg 14 rong thuong xanh cao nhét
trong ca nudc. Két qua & bang 0.1 dudi day cho thay dién tich dat c6 ring ciia ving
Tay Nguyén 1a 2.925.200ha, chiém 22,1% so véi tong dién tich dat rimg ciia ca nude.
So véi téng dién tich ty nhién ctia ving Tay Nguyén 1a 5.447.500ha thi dat co ring dat
dén 2.925.200ha, chiém 53,7% so v&i tong dién tich tu nhién. Trong d6 dién tich rimg
tu nhién 1a 2.715.700ha, chiém dén 92.,8% so véi tong dién tich dét co ring.

Bang 0.1: Dién tich rirng hién tai cia Tay Nguyén so véi ca nwéc
(Pon vi: 1000ha)

Loai dit loai ring Toan qudc Tay Nguyén
Pit c6 rirng 13.258,8 2.925,2
1. Rurng tu nhién 10.339,2 2.715,7
1. Rimg g6 8.235,8 2.284,1
2. Rung tre ntra 621,5 199,6
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Loai dat loai rirng Toan quoc Tay Nguyén
3. Rung hon giao 685,6 232,0
4. Rung ngp man 60,5 0,0
5. Rung nui da 735,8 0,0
II. Rirng trong 2.919,6 209,4
1. Rung trong ¢ trix luong 1.464,4 115,5
2. Rung trong chua ¢ trir luong 1.124,9 63,6
3. Tre luéng 87,8 0,7
4. Cay dac san 206,7 29,6
5. Ngip mén ven bién 35,7 0,0

Nguoén: B¢ Nong nghiép va PTNT, 2010

Tuy nhién d6 che phu rimg va dién tich, chat luong rimg tu nhién cia ving Tay
Nguyén di ¢ su suy giam nghiém trong trong giai doan 5 nim vira qua. Theo s liéu
bao cdo vé tai nguyén rimg hang nim cua Cuc Kiém 1am duoc tong hop trong thoi
gian 2005 dén 2010 cho thay: Mac du trong giai doan nay, do che phu rimg cua toan
qudc co sy ting 1én tir 37 % 1én 39,5%, song & Tay Nguyén di giam tir 55,4% xudng
con 52,6%. Piéu nay cho thdy mic du cong tac trong rimg & Tay Nguyén di c6 nhiing
thanh cong nhat dinh, song su suy giam va mat ring ty nhién qua 16n, cu thé tir nim
2005 dén 2010 Tay Nguyén di mat 174.767 ha rimg tu nhién nén di lam do che phu
ring suy giam. Nguyén nhan chinh 13 do khai thac gd qua mirc, tinh trang khai hoang
chuyén dbi rumg dé trong cdy cong nghiép nhu ca phé, cao su, diéu...Khai pha dat
rimg dé trong cay nong nghiép cia din di cu ty do. Trong 5 tinh Tay Nguyén thi Pak
Nong c6 dién tich mét ring 13 cao nhat gan 100 ngan ha, cac tinh khac dao dong tir 20
— 50 ngan ha trong giai doan nay.

3.3.4 Chuwong trinh REDD" ¢ Tay Nguyén

O Tay Nguyén co tinh Lam Pong 1a mét trong hai tinh trong ca nudc dang trién
khai chuong trinh UN-REDD* Viét Nam giai doan |. Tai Lam Pdng, vang du an UN-
REDD" tai cac huyén Lam Ha va Di Linh; ngoai ra con c6 du an REDD SNV cua Ha
Lan nam trén hai huyén Cét Tién va Bao Lam.

Sau khi c6 ké hoach str dung dat, tinh va huyén da xdy dung ban d6, danh gia
dién bién, nguyén nhan mat rimg, suy thoai rimg; tdp huan ning cao nhan thirc; xay
dung h¢ théng giam sat trtr luong cacbon c6 sy tham gia, h¢ théng chi tra, chia se loi
ich dbi vai ho gia dinh nhan khoan rung trong vung du an REDD*. Ngoai ra t6 chirc
Winrock International cting xay dung mo hinh REDD véi 3.167 ha ring tai cac xa Pa
Sar, Pa Nhim, Pa Chais, thi train Lac Duong (huyén Lac Duong) va Xudn Trudng,
Xuan Tho (Pa Lat).
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4 MUC TIEU VA NOI DUNG NGHIEN CUU

4.1 Muc tiéu nghién ciru

Thiét lap dugoc mdt hé théng mo hinh va cong nghé nham xac dinh luong CO2

hép thu trong céc trang thai cua kiéu rimg 14 rong thudng xanh ving Ty Nguyén dé

cung cip thong tin, co so dir liéu va phwong phap gidm sat sy thay doi ctia cac bé chua
carbon trong hé sinh thai rimg, lam co s& tham gia chwong trinh giam thiéu khi phat

thai tir suy thoai va mat rimg.

4.2 N¢i dung nghién cau

Dé dat duoc muc tiéu, dé tai nghién ciru theo cac noi dung chi tiét sau:

i) Xay dung mé hinh (allometric equations) woc tinh sinh khéi (biomass) va
carbon cay rung. Bao gom:

Xac dinh khéi luong thé tich gd (WD) theo loai

M6 hinh udc tinh sinh khéi va carbon trong tirng bo phan cay riang, gom
4 bo phan: Than, canh, la, vo.

M® hinh wdc tinh sinh khéi va carbon phan trén mit dat

M6 hinh woc tinh sinh khdi va carbon phan dudi mat dat (trong ré cay
rung)

M6 hinh chuyén dbi gitra sinh khéi, carbon va nhan t diéu tra cay ca
thé

i) Xay dwng md hinh (allometric equations) wéc tinh sinh khéi, carbon 1am
phan. Bao gdom:

Phan cap chiéu cao dé udc tinh sinh khéi, carbon 1am phan

U'6c tinh carbon hitu co trong dat (SOC)

Uéc tinh sinh khdi va carbon trong tham muc, tham tuoi va gé chét
trong 1am phan

M6 hinh udc tinh sinh khéi va carbon 1am phan va méi quan hé véi cac
nhan t6 sinh thai.

Cau tric sinh khéi va carbon 1am phan.

Du bao ting truong sinh khéi va hap thy CO; caa 1am phan.

iii) Nghién céru &ng dung anh vién tham va GIS trong do tinh, giam sat sinh
khéi va carbon ring. Bao gom:

Ung dung anh vé tinh trong udc tinh va giam sat sinh khéi, carbon ring
Ung dung GIS trong quan ly, giam sat sinh khdi, carbon ring

iv) Xay dwng hé théng méd hinh va cong nghé do tinh, giam sat carbon rung
dé tham gia chwong trinh REDD*

Phan loai ring theo cap sinh khéi bang anh vé tinh
Thiét ké 6 mau
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- Lua chon st dung cac ham allometric equations cua cdy va Iam phan va
ham chuyén doi tir nhan té diéu tra ring sang carbon rung
- Quan Iy co so dit liéu va bién dong CO2 trong GIS

5 PHUONG PHAP NGHIEN CcUU

5.1 Phwong phap luan, cach tiép can nghién cau

Hap thu hoic phat thai CO2 ring lién quan dén bién dong dién tich, trang thai
reng va thay ddi 5 bé chira carbon rung trén mdi don vi dién tich. Vi vay nghién ctu
cong nghé, Ky thuat giam sat hai nhom nhan tb nay sé giam sat duoc kha ning hap thu
hoac phat thai CO> trong qua trinh quan ly rirng.

Anh vi2n tham va GIS giup cho viéc giam sat thay ddi dién tich rung, ngoai ra
sinh khéi va carbon khong thé do dém truc tiép trong khong gian nhung dit lidu vién
tham c6 quan hé vai sinh khdi duoc do truc tiép trén mat dat (IPCC (2003); Brown
(2002), Dong va cong su (2003)), do vay xay dung mé hinh toan hoc quan hé gitra
sinh khdi va carbon ring voi dir liéu anh vién tham la co s& dé woc tinh gian tiép
carbon ring theo thdi gian va khong gian trén dién rong bang cong nghé vién tham va
GIS, giam chi phi do tinh tryc tiép trén mat dat voi do tin cay cho phép.

Dé do tinh carbon ring trong 5 bé chira can phat trién cac mé hinh wdc tinh sinh
khdi va carbon gian tiép thong qua cac nhan té diéu tra rung cé thé do dém truc tiép,
don gian (allometrics equations) (Brown (1997, 2001), MacDicken (1997), Chave va
cong su (2005), Henty va cong su (2010)). Trong khi d6 dé xay dung cac md hinh
allometric equations can do tinh truc tiép sinh khéi, carbon rimg théng qua phuong
phap chit ha ciy (destructive measurement). Dong thoi trén co so sinh khdi ring va
lugng carbon tich lily ¢ cac bé chira trong ring tu nhién c6 mbi quan hé hitu co va
nang lyc tich Iy carbon cua thyuc vat, dat rung cé mbi quan hé¢ véi cac nhan td diéu tra
cay riang hoic 1am phan va vai cac nhan t6 sinh thai. Do d6 phuong phap tiép can chil
yéu 1a rat mau thuc nghiém, chat ha cay rung theo timg d6i twong dé xac dinh sinh
khoi, phan tich hoa hoc xac dinh luong carbon luu gilt trong cac bo phéan thuc vit,
tham tuoi, tham muc, ré, trong dat va tng dung phuong phap ham toan hoc dé xay
dung cac mo hinh uéc luong sinh khdi, carbon tich liily, CO2 hip thu théng qua céac
bién s6 diéu tra rimg, sinh thai c6 thé do dém tryc tiép. Tir day lam co sé cho viée ap
dung udc tinh CO2 hap thy hoic phat thai cua rung.

Tiép can nghién ciru duoc minh hoa trong hinh 0.3.
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Xac dinh lwong CO, hap thu/phat thai cta rirng

Thay ddi carbon trong 5 bé chira clia Thay @i dién tich trang thai rimg

reng
A A
U L M® hinh toan sinh Phéan loai trang thai,
M®& hinh toan sinh B o ~°3A S % ’a oa, ‘a 9 ;a
(allometric equations) > khoi v&i div liéu vien tham phd rivng bang
q tham anh vién tham, GIS
f Tﬁ ‘
Phén tich hoa hoc Chét ha cay xac O mau giai doan anh, xac dinh cu
xac dinh sinh khoi [4— dinh sinh khdi cay truc sinh khéi trén mat éét
khd, carbon reeng i

ﬁf

O mau xac dinh
cau tric sinh khi,
lam phan, dat

Hinh 0.3: So @ tiép can nghién citu

5.2 Phwong phap nghién ciru cu thé

5.2.1 Phuwong phap thu thap, phan tich, xu ly s6 ligu dé 1ap mod hinh allometric
equation worc tinh sinh khoi va carbon cho cay rwng, I1am phan
Viéc thu thap sé liéu, phan tich dé lap cac md hinh udc tinh sinh khéi va carbon
cua cay ruang va 5 bé chira cua 1am phan duoc tién hanh nhu sau:

5.2.1.1 Thiét lap 6 mdu, do tinh va ldy mdu sinh khéi, ddt trong &

O mau duoc thiét lap theo phwong phap dai dién cho cac trang thai ring
(ICRAF, 2007). O mau c6 kich thudc 20 x 100m, trung binh 5 6 cho mdi trang thai
(trang thai ring theo thong tu s6 34/2009/TT-BNNPTNT vé viéc phan loai rimg cta
Bo Nong nghiép va Phat trién Nong thon, (2009) theo trit luong gdm: i) Ring rat giau
(trir luong cdy dimg trén 300m®/ha); ii). Ring giau (trit lugng cdy dung tir 201-
300m%/ha); iii) Ring trung binh (trlt lvong cay ding tir 101 — 200m3/ha); iv) Ring
nghéo (trit luong cdy dung tir 10 dén100 m3/ha) va v) Rimg chua c6 trir lugng (ring
gd duong kinh binh quan < 8cm, trir lwong ciy dimg dudi 10m®ha). Trong thuc té
rimg chua cé trir lugng khdng cé trong vang nghién ciu, do vay ¢6 20 6 mau ¢ 4 trang
thai ring duoc thiét 1ap, mdi 6 mau duoc phan chia thanh cac 6 phu theo cap duong
kinh do dém, dang séng va bé chira carbon khac nhau theo hinh 0.4. Phan b6 6 mau &
ba tinh T4y Nguyén ¢ hinh 0.5 va théng tin vé 6 mau ¢ bang 0.2.
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Hinh 0.4: So @6 thiét ké 6 miu phan chia theo cip kinh cay ring va cac bé chira
carbon rwng
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Bang 0.2: Thong tin vi tri va trang thai rirng caa 6 mau nghién ciru

Ma 6 | Tinh Huyén Xa XUTM YUTM | Trang | DTC
thai thai
rung
TX17 | bak Lak Kréng Cu Dram 243873 1388813 1B 0.8
Béng
TX11 | bak Lak Krong Yang Mao 237569 1371652 1AL 0.8
Béng
TX13 | bak Lak M’DBrak Cu San 258775 1390477 | 1Al 0.7
TX15 | bak Lak M’Drak Ea Trang 257884 1391237 | 1Al 0.7
TX8 | bak Lak M’Drak Krong A 256041 1402240 | 111A2 0.8
TX9 | biak Lak M’Brak Krong A 255915 1402011 | 1lIA2 0.8
TX10 | bak Lak Kréng Yang Mao 238352 1370892 | Il1lIA2 0.8
Béng
TX14 | bak Lak M’Brak Cu San 259252 1390739 | I1IA3 0.8
TX16 | bak Lak Kréng Cu Dram 245912 1387143 | 11IA3 0.8
Béng
TX5 | Pak Nong | Tuy Buc | Bak Ngo 762009 1338083 A 0.5
TX3 | PakNong | Tuy Pac | Bak Ngo 756819 1333820 11B 0.7
TX4 | Bak Nong | Tuy Buc | Bak Ngo 762276 1337696 11B 0.8
TX20 | bak Nong | Tuy Bac | Quang 746732 1352766 11B 0.7
Truc
TX1 | Pak Nong | Tuy Pic | Quang 765440 1344734 | 11IAL 0.7
tam
TX2 | bak Nong | Tuy Puc bik Ngo 755717 1334079 1Al 0.5
TX6 | Pak Nong | Tuy Pic | Quang 763364 1341051 | [1IA3 0.8
Tén
TX7 | BbakNong | Tuy Pic | Quang 755056 1353301 | [1IA3 0.8
Truc
TX19 | bak Nong | Tuy Bac | Quang 746239 1352425 | 111A3 0.8
Truc
TX18 | Gia Lai Kbang Lo ku 237859 1565734 Al 0.4
TX12 | Gia Lai K Bang Lo Ku 239966 1575157 I1A2 0.5

Thu thap sé liéu va lay mau trong 6 mau:

i) Sé liéu vé vi tri 6 mdu: Vi tri hanh chinh xa,

rung.

ii) $é liéu vé nhan té 1am phan va sinh thai:
e S6 liéu vé 1am phan: Trang thai riang, loai wu thé, do tan che, loai thuc bi,
% che phu thyc bi.

e S liéu sinh thai:

huyén, tinh; toa do dia ly, chu

o Dia hinh bao gébm: Vi tri 6 miu, do6 dbc, hudng phoi, d6 cao so vai

mat bién
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o Kbhi tugng, khi hau: Luong mua binh quan nam (P mm/nam), nhiét
do khong khi, @6 am khdng khi %, sb gio ning. Mot s6 nhan té
binh quan nim duoc lay o tram khi twong thuy van gan nhat

o Dt dai: Loai da me, loai dat, két cau dat, % két von, % da néi, pH
dat, do day tang dat. Trong do loai dat va da me duogc xac dinh tur
thuc té két hop voi ban d6 phan loai dit vung Tay Nguyén cua
nganh tai nguyén moi truong cac tinh.

iii) Sé lieu vé cay gé dung: Cac chi tiéu diéu tra bao gom loai, duong kinh ngang
nguc (DBH), chiéu cao (H), pham chat cay. Phan chia thanh cac 6 phu theo
cap kinh nhu sau:

- O mau chinh: 20 x 100m: Diéu tra cdy gd c6 DBH > 30cm.

- O miu phu: 5 x 40m (1 6 trong 6 chinh): Piéu tra cdy gd c6 5cm < DBH <

30cm;

- O méu phu: 5 x 5 m (1 6 phy trong 6 chinh): Piéu tra ciy gb ¢6 DBH < 5cm.

iv) 86 liéu vé sinh khéi cua cac bé chiza carbon tham muc, tham twoi, cdy chét,
dat rung va ldy méu:

- D6i véi I6p cdy bui tham twoi, tham muc:

Tham muc (litter) xac dinh theo IPCC (2006) la bao gém tat ca sinh khéi khéng
séng Vvoi kich thudc 16n hon sinh khéi trong dat hitu co (2mm) va nho hon duong kinh
xac dinh gé chét (10cm), nam trén bé mat dat ring. Tham tuoi 1a cdy bui than thao,
day leo. Sir dung & mau phu 5 X 5 m (1 6 phu trong 6 chinh) dé thu thap va can sinh
khéi twoi cua 16p cdy bui/ tham twoi va tham muc. LAy mau sinh khéi twoi voi 1
mAau/bd phan (c6 2 bd phan), 100g/mau. Téng sé mau dé phan tich sinh khdi khd va
carbon: 20 6 mau x 2 bo phan X 1 mau/bd phan = 40 mau cho 2 bo phan cay bui/tham
troi va tham muc.

- Déi vai g4 chét (Deadwood):

Sinh khéi cay chét duoc xac dinh cay da chét hoic nam hoic con ding theo
IPCC (2006) véi duong kinh > 10cm. Str dung 6 mau phu: 5 x 5m (1 0 trong 6 chinh):
Can sinh khéi ciia cdy ngd d6 va canh nhanh. Liy mau sinh khdi tuoi voi ba céap, véi
100g/mau. Téng sé mau dé phan tich sinh khéi kho, carbon cua g chét: 20 6 mau x 1
6 phu x 3 cap = 60 mau. (Hinh 0.6)

B . S - o T e 4 |

Can va ldy mdu gé chét (Dead wood) ~ Can va lay mau tham muc (Litter)

Hinh 0.6: Thu thap va can sinh khdi g6 chét, tham muc
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- Doéi voi dat:

Theo IPCC (2006), carbon hitu co trong dat duoc xac dinh & tang sau tir 30 —
50cm tuy vao mdi quéc gia. Dé tai xac dinh carbon dat dén tang sau 50cm. Dao 01
phau dién (1x1x2m) trong mot 6 chinh & vi tri trung tdm 6 mau. Mdi phau dién chia
thanh 4 tang: 0 - 10cm; 10 - 20cm, 20 - 30cm va 30 - 50cm. Xac dinh dung trong dat
tuoi (dt= g/lcm3) bang éng dung trong co thé tich 50cm? (Hinh 0.7) va can khéi luong
dat trong 6ng bang can dién tir cho ting tang dit. Ly 4 mau dit, mdi miu 0.5kg & 4
tang phau dién dé xac dinh dung trong dét khd, phan tich ham lwong carbon dit cho
tung tng. Tong s6 mau dat: 20 phau dién trong 20 6 mau x 01 phau dién x 4 mau dat
& 4 tang = 80 mau dat.

e 5
B
> =]
O
. £

Ong dung trong ddt co thé tich V=50cm®  Cdn dién tur can khoi lwong dat véi V=50cm3

Hinh 0.7: Xéc dinh dung trong dat twoi bang dng dung treng va can dién tir -
Lay mau dat

5.2.1.2 Chdt ha cay (destructure measurement) dé do tinh thé tich, sinh khéi cac bg
phdn trén dwei mat dat cay rung va lay mau

Trong mdi 6 mau 2000m?, tién hanh ap dung phuong phap chit ha cay
(destructrue measurement) theo cap kinh, vai cu ly cap kinh la 10cm, bat ¢au voi DBH
> 5cm va cap kinh 16n nhat véi DBH > 75cm. Mdi cap kinh chat ha trung binh 3 cay,
cdy chat ha duoc lya chon la loai phé bién, wu thé trong 1am phan va rai trong ba cép
khdi lwgng thé tich gd la cang, trung binh va mém duoc xac dinh nhanh & thuc dia.
Trung binh c6 7 cap kinh & méi 6, tuy nhién mot sé 6 ring non, nghéo DBH ti da nho
hon, do vay chi cé 3-5 cip kinh. Bong thoi do dao dé lay toan bo ré cua cac cdy co
duong kinh >40 cm la rat kho khin va khong thé thuc hién thu cong, do vay mot sb
cay lon dao ré duoc lay riéng o khu khai thac go cua cdy da khai thac, ré duoc dao
bang may muc co gidi. Vi vy tong sé cay chit ha duoc tach ra theo nhom nhan té do
tinh nhu sau: S6 cdy chat ha do tinh sinh khdi 4 bo phan cay trén mat dat (than, canh,
14, vo) la 219 cay (Hinh 0.8); sb cay chit ha do tinh sinh khéi ré dudi mat dat la 143
cdy; tong sé cay chat ha dé do tinh sinh khéi va lay mau 5 bo phan than cay trén va
dudi mat dat la 362 cay.
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Chat ha cay Cat khuic than Pao ré cay bang may ui Ré cay lon duwoc dao 1én

Bdc vo cay Cat canh Thu thdp la

Hinh 0.8: Chit ha cay, phan tach cac bd phan va dao ré cay
Do tinh cac chi tiéu va sinh khéi trén cay chdt ha bao gom:

- Do cay dung: Loai, DBH, H, duong kinh tan (Dt)

- Po cay nga: Tudi cay (A), chiéu dai (L)

- Po cac chi tiéu tinh thé tich cay c6 vo va khdng vo: Chia than cay lam 5 phan
bang nhau véi chiéu dai méi doan la 1/5L (Hinh 0.9), do duong kinh ¢ vo va
khéng vo ¢ 5 vi tri 0/5L, 1/5L, 2/5L. 3/5L va 4/5L (lan luot cac duong kinh:
Doo, Do1, Do2, Doz, Dos)

Can khoi liong la Can khoi hiegng thin da boc vo Can khéi liong vo
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Can khoi lirong ré Can khéi lirong canh Can khoi lirong than ca vo

Hinh 0.10: Can khdi lwong twoi 5 bd phan cay chit ha

- Can do sinh khéi tuoi 5 bo phan than cay (Hinh 0.10): Phan chia cay lam 5
bo phan than, vo, canh, 14 va ré; tién hanh can khéi lugng tuoi ting bd phan.
Tuy nhién ddi voi cac cdy c6 duong kinh > 40 cm, khéng thé boc vo va can
riéng toan bo than va vo, do vay tai mdi vi tri phan doan 1/5L, tién hanh iy
mau tinh khéi lwong thé tich tuoi cua vo va gd dé quy ra khéi luong tuoi cua
hai bo phan nay. Can mau khéi luong tuoi (m) do chinh xac 0.1mg va xac
dinh thé tich (v) bang éng do nudc chinh xac d&én ml (cm?3) ting phan gd than
va vo. Mau ldy dé xac dinh khéi lwong thé tich tuoi dugc ldy & 5 vj tri cua
cay va xuyén tam. Khéi lugng thé tich twoi cua than va vo wd = m/v (g/cm?),
tr d6 tinh gian tiép khdi luwong twoi than va vo cay: B(kg) =
wd(g/cm?).V(m?).103, trong d6 V la thé tich g& hoic vo duoc xac dinh tur 5
phan doan, wd la khéi luong thé tich tuoi cua ting bo phan twong tng. (Hinh
0.11)

Hinh 0.11: Xac dinh khéi lwgng thé tich g, v twoi ngay trong rimng

Ldy mdu sinh khéi 5 bé phdn cua cay chdgt hg: M&i mau la 100g duoc can bang

can dién tu:

- S6 mau 4 bo phan cay trén mat dat (than, canh, l1a va vo): 219 cy x 4 bd phan
x 3 mau/bd phan (mdi b phan & 3 vi tri, hoic cap kich thudc) = 2.628 mau.
- S6 mau r&: 143 cay x 3 mau (O 3 cép r2 to, trung binh va nhé) = 429 mau.

Téng sb mau cua 5 bo phan cay chat ha la 3.058 mau dé phan tich sinh khéi kho
va ham lugng carbon. (Hinh 0.12)
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Mdu than

Hinh 0.12: LAy miu 5 b phén bang can dién tir

5.2.1.3 Phan tich sinh khéi khd va ham lirgng carbon trong thuc vét va dit rung

Mau thuc vat va dat sau khi thu thap duoc phan tich trong phong thi nghiém dé
xac dinh sinh khi khd (biomass) ham lwong carbon.

- Phan tich xdc dinh sinh khéi khd cdc bé phdn thuc vat:

Mau dugc ché nho va say kho & nhiét 105°C, dén khi mau kho hoan toan, c6
khéi lugng khong doi nira (it nhat la 48 gio va mau dugc ché nho). Tir day tinh duoc ty
1 gitra khdi lwong khd/khéi lwong tuwoi: TLK/t cta tirng bo phan than, canh, 14, vo, ré,
tham muc, tham tuoi, cay chét. (Hinh 0.13)

- Phan tich xdc dinh ham luong carbon trong cac bé phdn thuc vdt va carbon
hitu co trong dat:

Sau khi say kho, phan tich ham luong carbon trong tirng bo phan duya trén co s&
oxy hod chit hitu co bang K,Cr,07 (Kali bicromat) theo phuong phap Walkley —
Black; xac dinh luong carbon bing phuong phdp so mau xanh cua Cr3* tao thanh
(K2Cr207) tai budc song 625nm. Tir day tinh dugc ty 1é %C trong sinh khéi kho cua
ting bo phan va trong dat.

T lugng carbon, suy duoc lwong CO; twong duong hap thyu: CO; = 3.67C.

Chudn bi mdu dé phan tich sinh khéi kho,
carbon

i A L
Xac dinh khoi lwong thé tich go
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Tu s@y mau ¢ 105°C  Mdu cdc bg phdn thuc vdr dé sdy va phan tich
ham lwrong carbon
Hinh 0.13: Phan tich trong phong thi nghiém xac dinh khéi lwgng thé tich g8,
sinh khoi va carbon

5.2.1.4 Tinh toan cac chi tiéu sinh khdi, carbon cua cay rung va cac bé chira
carbon cua lam phan
Thé tich c6 vo, khdng vo cua cay tinh theo cong thirc chia cay thanh 5 phan doan
bang nhau:

L1074
80

Trong d6 V (md): la thé tich c6 vo (Vev) hoic thé tich khdng vo (Vov) va thé
tich vo cay Vv = Vev — Vov (m3); L(m) la chiéu dai cay; Doi (cm) la duong kinh & vi
tri 5 phan doan, bao gom cé vo hoic khdng vo.

Dién tich tan la Ca (m?) = n.Dt?/4, trong do Dt: Buong kinh tan, m

Khéi lwong thé tich gd (WD, g/cm3): Mau gb ¢ 5 vi tri phan doan cua cay duoc
ldy xuyén tam, do thé tich twoi (V(cm?3) bang éng do nudc vach dén ml (cmd), sau khi
sy mau xac dinh khéi luong khé m(g), khdi lwong thé tich gé dugc tinh: WD = m/V
(g/cm?3), sau d6 dugc Iy trung binh tir 5 phan doan cho tung cay chit ha.

Dung trong dat (p, g/cm3): p = m dat kho (g) / V dat udt (cm3). Trong d6 sir dung
dng dung trong co thé tich V ¢b dinh 50cm3, ldy mau dét & 4 tang 0-10cm; 10-20cm,
20-30cm va 30 -50cm, dung can dién tir 46 chinh xac 0.1g dé can m dit uét; sau do lay
trung binh. Xac dinh m dat kho (g) bang cach say mau ¢ 105°C trong 48 gio va lay
trung binh tir 4 mau.

Khéi lugng carbon hitu co trong dat SOC (tan/ha): SOC (tan/ha) = p.d.%C.100,
trong d6 d la d6 siu tang dat duoc lay bang 50cm.

V= {(Doo + D01)? + (Dol + D02)? +(Do2 + D03)? +(Do3 + D04)? +(D04)?} (0.28)

Sinh khéi kho cua tiing bo phan va cay = Sinh khéi tuoi x ty 18 kho/tuoi

Carbon cua tirng bo phan va cay = Sinh khéi kho x % C tich lay

Sinh khéi kho, carbon cua cac loai tham muc, tham tuoi, cay chét dugc tinh:

Sinh khéi kho (tan/ha) = Sinh khéi tuoi/é mau (tan) x Ty Ié kho/twoi x 10*/ Dién
tich 6 mau (m?).

Carbon (tan/ha) = Sinh khoi kho (tdn/ha) x %C

Tinh toan cac chi tiéu 1am phan nhu mét d6 (N, cay/ha), tong dién ngang (BA,
m?/ha), trir lugng (M, m3/ha) theo cac cong thirc thong thuong cua diéu tra riang
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Tinh toan sinh khéi va carbon 1am phan cua cay gd: Dya vao phan b sé cay
theo cip kinh cua tung 6 tiéu chuan, twong quan chiéu cao va duong kinh va mé hinh
woc tinh sinh khéi, carbon cay ca thé, tr dy tinh dugc tong sinh khéi trén mat dat cay
g6 TAGTB (tdn/ha), tong carbon trén mat dat TAGTC (tan/ha), tong sinh khéi va
carbon dudi mit dat cua cay gdb (TBGTB, TBGTC, tan/ha).

5.2.15 Thiét ké mod hinh toan sinh trdc (allometric equations) dé wéc tinh sinh
khai, carbon cua cay rung va lam phan

M6 hinh toan sinh tric (allometric equations) duogc thiét 1ap cho cy ca lé va 1am
phan dé wdc tinh sinh khéi va carbon, ngoai ra con 1ap cac ham chuyén déi gitra cac
gia tri diéu tra théng thuong sang sinh khéi, carbon hoac tir gia tri sinh khéi dé do dém
sang gia tri kho do dém.

M6 hinh dang tong quat: yj = f(xi), trong d6 yj: Sinh khéi, lugng carbon tich iy
trong tirng bo phan than cay gd; sinh khdi, lwong carbon tich liy trong cdy bui, tham
tuoi, tham muc, cay chét, trong ré va trong dat; va toan bd theo trang thai, kiéu rung;
va xi: Cac nhan td diéu tra ring nhu loai, khéi lugng thé tich gd, duong kinh, chiéu
cao, dién tich tan la, tong tiét dién ngang, trir lwong, mat do, loai dat va cic nhan t6
sinh thai.

M6 hinh sinh trac khi thiét 1ap dwa vao phuong phap chat ha cy nham dé ung
dung wdc tinh sinh khoi va carbon ring thong qua cac nhan t6 do dém tryc tiép cua
cay ring, 1am phan va nhan té sinh thai khac ma khéng phai chat ha cay.

M6 hinh duoc thuc hién theo hai phuong phap chinh: i) Mé hinh tuyén tinh mot
dén nhiéu bién, t6 hop bién, hodc phi tuyén dugce ddi bién sé vé tuyén tinh, sir dung
phuong phap udc luong binh phwong tdi thiéu; ii) M6 hinh dang phi tuyén mot dén
nhiéu bién, t6 hop bién, st dung phuong phap Marquardt. Cac mé hinh dugc xu ly
phdi hop trong phan mém thdng ké Excel va Statgraphics Centurion.

Co so di liéu thiét 1ap cac md hinh allometric equations cho cay ring: Trén co
so dir liéu cay chit ha va s liéu cac bo phan cay trén va dudi mat dat da duoc phan
tich sinh khéi, carbon va cac nhan té diéu tra cay twong ng; t6 hop thanh cac nhom
nhan t6 yj va xi theo cac muc dich l1ap ham khac nhau, loai trir cac dir liéu bién dong
bat thuong vai Studentized residuals nam ngoai -2 va +2 (Nam ngoai udc luong voi do
tin cay 95%). Két qua cho cac bo dir liu:

- B6 dir liéu 1ap ham udc tinh sinh khéi cac bo phan cay trén miat dat vaoi cac
nhan t6 DBH, H, WD: 165 bé dir liéu

- B6 dir liéu 1ap ham wdc tinh carbon trong cac b phan cay trén mat dat voi cac
nhan t6 DBH, H, WD: 95 bo dit liéu.

- Bo dir liéu 1ap ham wdc tinh sinh khdi cdy trén mat dat voi cac nhan t6 DBH, H,

WD: 161 b dir lidu

- B6 dir liéu 1ap ham wdc tinh carbon cay trén mat dat voi cac nhan t6 DBH, H,

WD: 93 bo du liéu.
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- BO dir liéu 1ap ham wdc tinh sinh khéi cay dudi mat dat voi cac nhan t DBH,
H, WD: 105 bo du liéu.
- BO dix liéu 1ap ham woc tinh carbon cdy dudi mit dat vai cac nhan t6 DBH, H,
WD: 58 bo du liéu.
- Céc bo dir lieu 1ap ham chuyén déi tir sinh khéi sang carbon, tur trén mat dét
sang dudi mat dat va tir nhan t6 diéu tra cay: Tu 38 dén 241 bo dit liéu.
- B0 dit liéu woc tinh tudi theo DBH va H: 189 b dit liéu.
Co so dir liéu 1ap ham allometric equations cho 1dm phan: Trén co so dit liéu 20
6 tiéu chuan thu thap sé liéu ciu trac, chat ha cay va 70 6 tiéu chuan phuc vu giai doan
anh vé tinh, tr d6 tinh toan dugc cac nhan té sinh khéi, carbon 1am phan va cac nhan
t6 diéu tra 1am phan; t6 hop thanh cac bo dir lidu yj va xi cua 1am phan theo cac muc
dich lap ham khac nhau:

- B6 dir liéu 1ap ham wéc tinh SOC, carbon trong tham muc, tham tuoi, cay chét
va tong sinh khéi, carbon 1am phan voi cac nhan té sinh thai va sinh khéi 1am
phan: 20 bo dir liéu.

- B6 dir liéu 1ap ham wdc tinh sinh khéi va carbon 1am phan véi cac nhan té diéu
tra 1am phan: 90 bo dir liéu tr 90 & tiéu chuan.

Viéc lya chon bién s tham gia mé hinh, md hinh téi vu cé sai s6 udc luong bé
nhat va sai khac thap nhat so voi thuc té 1a rat quan trong trong xay dung md hinh
allometric equations, do d6 phwong phap tiép can dé lya chon bién tham gia vao mé
hinh va ham duoc xay dung nhu sau:

i) Cdc chi tiéu thong k&, biéu do dé lia chon bién tham gia va ham téi wru:

Hé s6 twong quan, quan hé, xdc dinh R%: Vé tong quat thi ham tét nhat khi R
dat max va ton tai & mic sai P < 0.05. Tuy nhién co truong hop R? dat max
nhung chua phai la ham phu hop nhat, do vay can dya thém cac chi tiéu
thdng ké khac.

Tiéu chuan t kiém tra su ton tai cua cac tham sé cua md hinh: Vi gia thuyét
Ho: bi = 0, gia thuyét bi bac bo khi P < 0.05; c6 nghia la cac tham s ton tai
va khac 0 rd rét. Chi tiéu nay chi ap dung cho ham da bién.

Nhan té quan hé (CF - Correction factor): CF = exp(RSE%2), CF luén I6n
hon 1. Trong d6 RSE (Residual standard error) la sai tiéu chuan cua phan du.
Khi RSE cang I6n thi CF cang 16n, c6 nghia md hinh cang cé d6 tin cay thap.
M® hinh tt khi CF cang tién dan dén 1. Str dung tiéu chuan nay yéu cau bién
y cua cac ham phai ¢éng nhat (Chave et al., 2005)

Tiéu chudn Mallow” Cp (1973): Dung dé lya chon sb bién sé tham gia mo
hinh t6t nhat trong truong hop ¢é nhiéu bién nhung chua rd ¢ anh hudng
dén y hay khdng. Chi s Cp cang gan voi s6 bién sé p thi mé hinh cang phu
hop; dia vao day dé xac dinh sé bién sb p tham gia mé hinh khi cé qua nhiéu
bién s6 duoc gia dinh la ¢4 anh huong dén y.
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Néu mot mé hinh ¢ P bién sé doc 1ap dugc lwa chon tir mot tap hop K> P, chi
tiéu thong ké Cp duoc tinh toan:

SSE
C, =227 N y2pP,
P g | (0.29)
N .
SSE, =) (Y - Yy)
voir & " (0.30)

la tong sai s6 binh phuong caa md hinh véi P bién sb doc lap.
Trong do:

o Ypi la gia tri du doan tur gia tri quan sat thir i la cua Yi cua mé hinh
co P bién sb

o S? binh phuong trung binh phan du (residual mean square) sau khi
md hinh quan hé hoan thanh véi K bién sé doc 1ap va duoc wéc tinh
tir sai s6 trung binh binh phuwong (mean square error — MSE)

o N la dung lwgng mau quan sat

- Tiéu chudn AIC (Akaike Information Criterion): Khi can lya chon mé hinh
t6t nhat vai nhiéu mé hinh cé cac bién sé anh huong khac nhau, AIC mé hinh
véi cac bién sé anh hudng la ham tbt nhat:

AIC = n*In(RSS/n) + 2K = - In(L) + 2K (0.31)
M6 hinh téi uu voi cac bién sb thich hop khi gia tri dai s6 cua AIC la bé nhat.
Trong do n: s6 mau, RSS (the residual sums of squares) la tong binh phwong
phan du, K: s6 tham sb caa md hinh bao gom tham sé sai s6 udc luong, vi du
mo hinh y = a +bx, thi K = 3. L: Likelihood cua mé hinh (Chave et al., 2005).

- Biéu do bién agng phan duw (residual) Gtng véi cac gia tri du bao y cua mé
hinh lya chon: M6 hinh tbt khi bién dong residual tap trung trong pham vi gia
tri -2 dén + 2 (tng véi cac gia tri du bao y. Biéu dé xdac xudt chugn Normal P-
P: M6 hinh dat d6 tin cay cao khi xac xuat phan bo cua gia tri quan sat va ly
thuyét nam trén duong chéo cua toa dé (0, 0) va (1, 1). Biéu dién ¢ hinh 0.14
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Residual Plot Dependent Variable: INAGB
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Hinh 0.14: Biéu dé danh gia sw thich hep va tin cay cua mé hinh lwa chon

- Sai léch trung binh giwa gia tri woc lwong qua mo hinh voi gia tri quan sat
thurc té (S%) :

100 |yilt- Yil
SY% = —yn ———
n <=1 Yi

(0.32)

Trong d6: Yilt: Gia tri dy bao qua mé hinh; Yi: Gia tri thuc quan sat, n: s6
mau quan sat. S% cho thay mo hinh cé sai khac véi thuc té cao hay thap, va
mo hinh tdi wu khi sai khac nay bé nhat (Chave et al., 2005).

ii) Giai phap lua chon bién, té hop bién va ham thich hop theo cdc ch: tiéu thong
ké, danh gia:

- Truwong hop ham mét bién, hodc mét té hop mét bién tuyén tinh hogc phi

tuyén duwoc tuyén tinh hda: St dung R? cao nhét dé dinh hudng ham téi uu,

két hop chi tiéu CF gan 1 nhat va AIC bé nhat vé dai s6 va cudi cung thi S%

la bé nhat. Phdi hop ca 4 chi tiéu trong d6 quan trong la CF va S%. Vi du mot

s6 mo hinh mot bién duoc str dung dé lya chon ham téi wu trong phan mém

Statgraphics o bang 0.3

Bang 0.3: Cac md hinh mét bién dwec sir dung dé do tim ham t6i wu

M®& hinh Heé s6 twong quan R Heé s6 xac dinh R? (%)
Multiplicative 0.9897 97.94%

log(Y) = a + b*log(X)

Square root-Y 0.9774 95.53%

Sgrt(Y) =a+ b*X

Logarithmic-Y square root-X 0.9749 95.04%

log(Y) = a + b*sqrt(X)

Square root-Y squared-X 0.9665 93.41%
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sgrt(Y) = a +h*X"2
Squared-X

Y =a +b*X"2

Double square root
sgrt(Y) = a +b*sqrt(X)
Exponential

log(Y) =a+ b*X

S-curve model

log(Y) =a+ b/X

Double reciprocal

1Y =a+b/X

Square root-Y logarithmic-X
Sart(Y) = a +b*log(X)
Linear

Y =a+b*X
Logarithmic-Y squared-X
log(Y) =a + b*X"2
Square root-X

Y =a+ b*sqrt(X)

Double squared

Y2 =a+b*X"2
Reciprocal-Y logarithmic-X
1/Y =a + b*log(X)
Logarithmic-X

Y =a+ b*log(X)

Square root-Y reciprocal-X
Sart(Y) =a+ b/X
Squared-Y

Y 2 =a+b*X
Squared-Y square root-X
Y/2 = a + b*sqrt(X)
Reciprocal-X

Y =a+b/X

Squared-Y logarithmic-X
Y2 = a* b*log(X)
Reciprocal-Y squared-X
1Y =a+ b*X"2
Squared-Y reciprocal-X
Y2 =a+b/X

0.9531

0.9511

0.9350

-0.9240

0.9013

0.8958

0.8819

0.8259

0.8159

0.7869

-0.7504

0.7293

-0.7208

0.6527

0.5696

-0.5324

0.4809

-0.4063

-0.3201

90.84%

90.47%

87.42%

85.38%

81.24%

80.25%

77.77%

68.21%

66.57%

61.92%

56.31%

53.19%

51.95%

42.61%

32.44%

28.34%

23.13%

16.51%

10.25%

- Truong hop ham nhiéu bién, té hep bién tuyén tinh hodc phi tuyén: St dung
tiéu chuan Cp va AIC dé lya chon sb bién s6 va ham phu hop. Cudi cung lua
chon ham tbt nhat trén co so két hop cac chi tiéu vai R? cao, tham sb ton tai
voi P <0.05, CF gan bang 1 va gia tri S% bé nhat.

- Truong hop so sanh lira chon gia cdc ham don bién, da bién, t6 hop bién,
tuyen tinh va phi tuyén nhung bién y da dwoc doi bién sé khdac nhau nhw y
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hodgc In(y), sqrt(y), 1/y: St dung tiéu chuan Cp va AIC dé lya chon sé bién sb
cho tang ham. Cudi cung lya chon ham tét nhét trén co so két hop cac chi
tiéu voi R? cao, tham s ton tai voi P <0.05, va gia tri S% bé nhit.

Minh hoa lya chon ham va sb bién s ¢ hinh 0.15

Quan hé chét nhéat

{ R2 max, P < 0.05 ( >

Bi#0 |
K Bi v&i P < 0.05 <>

y
Mét bién
Tuyén tinh — Phi
tuyen

CE>>1 m

M6 hinh c6 sai

Y

B

|

M6t bién - Pa bién
Bién y cac ham dbi
bién khac nhau:

In(y), sqrt(y), ..

Cp >> p (s6 bien
sb)
Chon s6 bién sb

ti wu

Tuyén tinh — Phi

Pa bién

tuyén

s6 nho

S% min m

Sai sb gilra wéc

( AIC min dai s6

Chon s6 bién sé
va ham téi wu

all

lwgng va quan sat
nho nhat

Hinh 0.15: Cac tiéu chuan thong ké dé lwa chon bién s6 va ham t6i wu

5.2.2 Phwong phap wéc tinh sinh khéi, carbon 1am phan

Cac 1am phan 14 rong thuong xanh ¢ Tay Nguyén phan b rong trén cac diéu
kién khac nhau, do d6 kha nang san xuét sinh khéi va tich liy carbon ciing khac nhau.
Dé wdc luong dang trir lwong carbon va ting truong caa né can phan chia 1am phan
thanh cac cap ning suat (cap chiéu cao).

Str dung mé hinh twong quan H =f(DBH) chung dé phan chia thanh cac duong
cong chiéu cao thé hién cho nang suét. Phan chia thanh 3 cip.

Ngoai ra cac 1am phan da qua tac dong cac mic d6 khac nhau do d6 tich lay
sinh khéi va carbon va dic diém cAu tric ciing thay do6i theo. Do d6 can phan chia ring
thanh cac cap kinh khéi. Phan chia 1am phan thanh 3 cap sinh khéi dya vao bién dong

cua no voi mac y nghia 95%.
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CAu trac sinh khéi duoc nghién ciru la phan bé sinh khéi va carbon theo cap
kinh & 9 t6 hop cép chiéu cao va sinh khéi.

Duya vao cac mé hinh uéc tinh AGB, C(AGB), BGB, C(BGB) cay ca thé cung
v6i phan bé N/D, tuong quan H/DBH cho ting cip, tinh toan dugc téng sinh khéi va
carbon 1am phan trén va duéi mat dat theo cap kinh va chung 1am phan.

Dé du bao tang trudng sinh khdi va carbon 1am phan, thiét 1ap mé hinh quan hé
tudi A = f(DBH, H) dé xac dinh A theo tung cip kinh va tr két qua xac dinh sinh khéi
va carbon ciing theo cap kinh, tinh dugc luong ting truong binh quan hang nam vé
sinh khdi, carbon theo cép kinh, chung cho 1am phan va cho 9 t6 hop sinh khéi — cép
chiéu cao.

5.2.3 Phwoeng phap nghién ciru ing dung 4nh vién tham va GIS dé woe lugng,
giam sat sinh khoi, carbon rwng
Phuong phap nghién ctru cha yéu la xac 1ap méi quan hé gitra sinh khéi, carbon
rung voi dir liéu anh, lam co so ude lugng sinh khéi, carbon ring va lap ban do, quan
Iy co so dir liéu carbon ring théng qua anh vién tham va GIS.

5.2.3.1 Co so dit ligu anh va mdt dat

i)  Nguon vat liéu:

- Anh vé tinh SPOT5 d6 phén giai 10x10m v6i quy mé thir nghiém mét canh
vai dién tich 60x60km = 3.600km?

- Cac ban d6 co so nhu dia hinh, séng sudi, hanh chinh

- Cac phan mém xu ly anh ENVI, Erdas, phan mém GIS: ArcGIS va phan
mém thdng ké Statgraphics Centurion Plus.

ii) Hiéu chinh hinh hoc anh: Téong s da thu thap 17 diém khong ché trén thuc dia
va c6 thé quan sat trén anh dé nin chinh anh vé toa d¢ thuc. Viéc nén chinh
duoc tién hanh trong phan mém ENVI.

iii) Phan logi vung nghién cuizu thanh vung co rung va khong rung, trén co so do
giai doan anh chi trong trong vung co rung: Trén anh tao cic ving quan tim
(ROI — Region of Interest) nhu cic ving mau cho 2 ddi twong co rimg va ving
mau khong c6 rimg. Dya trén cac ving mau nay, st dung phuong phap phan
loai ¢6 kiém dinh Maximum Likelihood dé phan thanh 2 loai tham phu ¢6 ring
vao khong rimg trén anh da dugc hiéu chinh hinh hoc trong phan mém ENVI.

iv) Thu thdp sé liéu 6 mdu mar dat, tinh todn sinh khéi va carbon phan cay gé
trén mat dat

Vi cach tiép can trén quan diém phé cua anh chi cé kha ning phan anh duoc
phan sinh khéi rang trén mat dat; vi vay thiét 1ap mdi quan hé gitra dit liéu anh duoc
nghién ctu vai tong sinh khdi va carbon phan trén miat dat. Bé xac dinh sinh khéi trén
mat dat, tién hanh dat 70 6 mau ngau nhién trong vung anh nghién ciru dugc phan phdi
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theo ty 18 dién tich cac khdi trang thai duoc phan loai ban dau trén anh, mdi 6 c6 dién
tich 1.000m2. O miu ngau nhién duoc thiét 1ap dua vao phan mém ArcGlIS.

Diéu tra rimg thudng st dung ba loai 6 mau c6 hinh dang chinh 1a: O hinh tron,
6 hinh vudng va 6 hinh chir nhat. So véi cac loai 6 mau c6 hinh dang khac, 6 hinh tron
c¢6 wu diém 1a xac 1ap don gian, c6 chu vi nhé nhét so vai cac loai 6 khac khi dién tich
ctia chung nhu nhau, tir d6 1am ting do chinh xé&c cua két qua diéu tra; dong thoi trén
dia hinh déc 6 tron co thé cai bang tung ban kinh mét cach thuan tién hon 6 vuéng va
chir nhat. Vi vay 6 hinh tron duoc str dung dé wdc tinh sinh khéi va carbon rung. Piém
quan trong trong nghién ctru nay 1 da str dung 6 hinh tron dang to (nest) c6 kich thuée
khac nhau dé diéu tra cac cap duong kinh khac nhau nhu dugc minh hoa trong hinh
0.16. V&i 6 mau cang 16n khi cap kinh cang tang, do sé cay cang giam; nhu vay s& can
d6i s6 cay do tinh trong cac cap kinh 16n nho va giam cong do dém qua nhiéu cay nho
trén mot dién tich 6 qua lon.

17.84m

Do tat ca cay gb DBH = 50cm

Do tat ca cay g6 DBH = 30cm

Do tAt ca cay g6 DBH = 5cm

Do tAt ca cay gb: (Tai sinh < 5cm +
Cay gb)

Hinh 0.16: O mau hinh tron phan tang theo cip kinh
Str dung 6 hinh tron phan chia thanh cac 6 phu véi kich thudc khac nhau tuy
theo duong kinh:
- O tron c6 ban kinh 17.84m \mg véi dién tich 1000m? Po cac ciy gb c6 DBH
> 50cm
- O phu tron c6 ban kinh 12.62m tmg véi dién tich 500m? Do céac cay gb c6
30 <DBH < 50cm
- O phu tron c6 ban kinh 5.64m tng véi dién tich 100m?: Po cac cay gb co
S5cm < DBH < 30cm.
- O phu tron c6 ban kinh 1m ung véi dién tich 3.14m? Do cic cay gb tai sinh
c6 DBH < 5cm
Dé thuan tién thao tac trong 1ap 6 phan tang, thiét ké day co that nat bang dai
mau & cac ban kinh cta cac 6 mau phu lan luot 1a Im (mau xanh chubi), 5.64m (mau
vang), 12.62m (mau xanh bién) va 17.84m (mau do). Mot 6 miu can 3 dén 4 day.
DPong thoi trén mdi day, tng véi mdi vi tri budc thém mot dai cung mau co thé di
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chuyén dé cong thém chiéu dai ting ban kinh trong truong hop trén dat déc, mdi day
thiét ké dai 25m dé c6 thé cong thém chiéu dai ban kinh trén ddc.

Om -_—I—I—

5.64m 12.62x 17.84m
D{anh u:hum] (Vang) (Xanh hlen] iBo)

D6i véi 6 trén dat doc, tién hanh tinh chiéu dai cong thém cua tung ban kinh 6
mau cho tuong (ng va&i ban kinh 6 trén mit bang. Sir dung may do do ddc Clinometer
dé do @6 déc. Tinh lai ban kinh trén do déc nhu sau: R’= R/ cos a; trong do: R’: ban
kinh hinh tron do thyc té; R: Ban kinh 6 mau trén dat bang, ban d4; o: d6 déc do duogc

Véi ban kinh tir tim dén 1m (xanh chubi): Po tat ca ciy tai sinh véi DBH<6m
va tit ca cdy gb c6 DBH > 5cm; va vat roi rung (canh nhanh ngi dd)

Véi ban kinh tir 1m (xanh chudi) dén 5.64m (vang): Po cac cay co6 DBH > 5cm

Véi ban kinh tir 5.64m (vang) dén 12.62m (xanh bién): Po cac cdy co6 DBH >
30cm

Véi ban kinh tir 12.62m (xanh bién) dén 17.84m (d6): Po cac cdy c6 DBH >
50cm.

v) Tinh s¢ liéu sinh khéi va carbon cho tung & mdu: T sb lieu 6 mau, sip xép
phan bo sb cdy theo cap kinh (N/DBH) véi cu ly cap kinh 10cm, str dung cac
ham tuong quan H/DBH theo tung cdp H va allometric equations dé chuyén dbi
sang sinh khéi cay g trén mat dat (TAGTB, tan/ha) va carbon cay gb trén mat
dat (TAGTC, tan/ha), chi tinh cho ciy c6 DBH > 5 cm. Pay la co so dir liéu
sinh khdi, carbon 1am phan dé phan tich quan hé véi cac dit liéu anh SPOTS.

5.2.3.2 Thir nghi¢gm cac phwong phap ung dung anh SPOT trong woc lwgng sinh
khai va carbon rung

Tht nghiém 3 phuong phap khac nhau:

i) Phwong phap phan logi anh phi gi@gm dinh va quan hé véi sinh khéi rang:

Phuong phap nay nham muc dich thir nghiém kha niang phan loai anh ty dong
dwa vao gia tri anh va quan hé cua né vai sinh khéi, carbon rung trén mat dat dé phan
loai riing va ude luong sinh khéi, carbon ring.

Phan loai phi giam dinh dya vao tap hop cic phan tir co cung gia tri anh. SO
lugng cac nhom phan loai tuy thudc vao nguoi phan loai, day 1a qua trinh 1dp di lap lai
clia viéc nhoém cac 16p theo cac chi tiéu ngudi phan loai dat ra gom sé lan lap toi da
(Maximum iteration), s6 pixel tdi thiéu trong mot nhém/16p (Minimum Pixel in Class),
d6 1éch chuan t6i da cia nhom (Maximum Class Stdv), sé Pixel tdi thiéu khi két nhém
(Maximum Merge pairs) cho dén khi thoa mén cac diéu kién di dit ra thi qué trinh nay

54



dung lai. Trong d6 phuong phap ISODATA dugc ap dung do day la phuong phap
mém déo, ty nhién, khong can ¢ dinh sb cac 16p. Dua vao trung binh cac 16p/loai nhu
nhau vé dir liéu khong gian, sau d6 sip xép lai cac pixel bang cach sir dung khoang
cach tbi thiéu. Mdi mot dic trung cua pixel dugc phan loai lai tao ra mgt trung binh.
Céc 16p duogc tach, hop nhét, va x6a duge thuc hién trén co so dit lidu ngudng tham s0.
Tat ca cac pixel duoc phan loai vao 10p gan nhat, trir khi mét sai tiéu chuan hay
ngudng tham sd ndm ngoai, trong truong hop d6 mot sb pixel cé thé duoc phan loai lai
néu ching khong dat cac tiéu chuan lya chon. Qué trinh nay tiép tuc cho dén khi sb
luong cac diém anh trong mdi 16p thay d6i it hon hodc sb lan téi da cua cac 1an lip 1a
dat duoc.

Viéc phan loai thanh bao nhiéu 16p va sb luong pixel trong mdi 16p do nguoi xur
ly quyét dinh; trong thuc té cac trang thai ring, mirc d6 che phu ¢ birc xa quang phd
khac nhau, do do néu chon sé luong cac lop (Class) khac nhau khi phan loai c6 y
nghia nhu 1a phan chia rung thanh cac 16p c6 do chi tiét, chi sé anh khac nhau; tir day
dod tim méi quan hé co cac 16p phan chia khac nhau véi sinh khéi, trir luong carbon da
diéu tra trong 6 mau, day la co s dé thiét 1ap hé théng phan loai anh phi giam dinh
trén co so twong quan vai sinh khéi, carbon rang.

Thi nghiém phan loai tu dong véi 3 hé théng class:

+2-4class: 3 1op

+ 3 -5class: 4 lop

+4 -6 class: 5 lop

Lap quan hé gilra tong sinh khdi cdy gd trén mat dat vai cac ma sb class
(id_class) da phan loai trén anh: TAGTB =f(id_Class) theo 3 trueong hop o 3, 4 va 5
l6p. Chon mé hinh tuwong quan mdi hé théng class ndo c6 hé sé quan hé R? cao nhit,
CF, AIC va S% bé nhit. Sau d6 so sanh 3 mé hinh twong quan cao nhét d6 lai lya chon
ra mot mo hinh cao nhat R2 16n nhét twong ang vai mot hé thdng class, d6 chinh 1a sé
class can phan chia c6 méi quan hé chat ché nhét voi sinh khéi va carbon rung.

Cudi cang két qua phan loai sinh khoi, carbon trén anh dugc danh gia sai s6 voi
cac 6 mau doc 1ap khong dua vao tinh toan.

i) Phwrong phap phan tich héi quy giia sinh khéi rang véi gia tri anh (DN):

Phuong phap nay nham phat hién truc tiép quan hé gitra sinh khoi, carbon trén
mat dét voi gia tri band phd cua tieng pixel, lam co so 1ap ban d6 va dir liéu sinh khéi,
carbon rung tr anh SPOT (Franklin va McDermid, 1993, Poso et al., 1999).

Tién hanh:

- Tao vung mau trén anh tng vai cac toa d6 6 mau, sir dung chic ning tao
Buffer trong phin mém ArcGis dé tién hanh tao ra 6 mau trén anh c6 Kich
thudc bang véi kich thude 6 mau trén thue dia. Voi Buffer R= 17.84m.
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Chdng file dir liéu 6 mau 1én anh dé gin voi cac gia tri DN cua 4 band anh
SPOT la b1, b2, b3 va b4. Str dung phan mém ENVI va chuyén dir liéu vé
dang file ASCILI.

Thiét 1ap md hinh quan hé gitra sinh khéi, carbon ring véi gia tri band anh:
Str dung phan mém Statgraphics Centurion phan tich hdi quy giita gia tri anh
va sb liéu sinh khéi, carbon cua cac 6 mau dé tim ra ham quan hé téi wu c6
dang: y = f(X); v6i y: gié tri sinh khdi hodc carbon/ha 1 bién phu thudc; xi:
gia tri cia cua cac kénh anh 13 bién doc 1ap: TAGTB/TAGTC (tan/ha) =
f(bandi). Str dung tiéu chuan Cp dé chon DN cua band anh hudng, thiét lap
cac mo hinh va lya chon ham tbi uu nhu da trinh bay phan trén.

Lap anh voéi cac pixel duoc gan gia tri sinh khdi, carbon ring: Str dung chic
ning Moddeler cua phin mém Erdas dé tao 1ap anh sinh khdi, carbon rung
trén co so md hinh da lap

Chuyén ban db anh sinh khéi thanh vector trong ArcGIS va chdng cac & mau
doc lap 1én dé danh gia sai s6 S% cua lap ban d6 sinh khéi theo phwong phap
hoi quy.

iii) Phuong phap phan logi anh ce giam dinh va phan chia khéi rung theo

cdp sinh khai

Phuong phap nay dua trén & mau quan sat thuc dia dé phan loai anh thanh cac
l6p dong nhat vé sinh khoi va carbon rung.
Tién hanh:

Phan cap sinh khéi dya vao 6 mau

Tao 6 mau trén anh véi buffer Ia ban kinh 6 mau 17.84m (1000m?) trong
ArcGIS.

Phan Iap anh theo cip sinh khéi: Cac 6 mau la ving ROI dai dién cho ting
cap. Str dung thuit toan phan loai Maximum likelihood dé phan thanh cac
16p sinh khéi, carbon trong phan mém ENVI.

Str dung cac & mau doc lap dé danh gia do tin cay cua phan loai anh thanh
cac cap sinh khéi, carbon trong ENVI.

5.2.3.3 Ung dung GIS trong quan ly, gigm sat sinh khéi, carbon rang

Trén co so anh SPOT di duoc giai doan va phan loai theo ting cap sinh khéi,
carbon, tién hanh lap co so dix liéu sinh khéi, carbon cho mét khu vuc:

Chuyén file anh thanh vector véi thudc tinh la sinh khi/ha (TABTB, tin ha)
da thuc hién trong nghién ctru giai doan anh SPOT trong ArcGiIS.

Str dung cac méd hinh allometric equations 1am phan dé tinh gian tiép cac gia
tri sinh khéi, carbon trong cac bé chira khac va toan 1am phan

Bién tap ban dd sinh khdi, carbon ring va xuét ra co so dix liéu
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- Theo ddi va cap nhat thay ddi dién tich, trir lwong carbon trong ArcGIS
thong qua chic niang cip nhat cua cac truong theo cac ham allometric
equations.

CHUONG 1: MO HINH UGC TiNH SINH KHOI VA
CARBON CAY RUNG

Uéc tinh sinh khéi, carbon cua cay gd rang la co s& dé wéc tinh sinh khéi va
carbon 1am phan. Hai bé chta carbon quan trong nhat caa rung la trong cay g phan
trén va dudi mat dat.

1 KHOI LUQNG THE TICH GO THEO, LOAI - MOT BIEN SO
TRONG MO HINH UGC TINH SINH KHOI, CARBON

Sinh khéi va carbon tich Iy trong cay ring phu thudc vao tudi cay, lap dia va
dic diém sinh hoc loai. Trong khi d6 viéc 1ap cac md hinh wdc tinh sinh khéi va
carbon cho tung loai la viéc lam kho khan vi s lwong loai qua 16n dbi vai ring nhiét
dai la rong thuong xanh. Vi vay cac tac gia lap mé hinh allometric equations cho ring
nhiét d4i thuong sir dung bién sb anh huong la khéi lugng thé tich gd (WD, glcm?)
nhu 1a dai dién cho cac nhom loai cé cung khéi luong sinh khéi trén mét don vi thé
tich (IPCC (2006), Henry va cong su (2010), Chave va cong su, 2004). Khéi luong thé
tich gd la ty l¢ gitra khdi lwong gd khd (g) voi thé tich gd twoi (cm3), mdi loai c6 mot
khéi luong thé tich khac nhau do ddc diém sinh hoc nhu sinh treong nhanh hay cham,
ham luwong nudc trong gd, ... vi vy khéi lwong thé tich gd dugc st dung lam bién sé
thay cho loai & ring nhiét dai khi ma 1ap md hinh theo loai la chua thé thuc hién. Véi
dinh nghia khéi lwong thé tich gd, thi cac loai khac nhau nhung cé cung gia tri khéi
lwong thé tich s& cho luu gitr mot lwong sinh khéi khd va carbon nhu nhau trong cung
mot don vi thé tich cay.

Dé st dung bién WD trong md hinh wéc tinh sinh khéi va carbon cay rung, dé
tai di tinh toan khdi luong thé tich gb cho 63 loai chu yéu ghi trong phu lhuc 2.

Nghién ctru cling da thir nghiém tim su sai khac cuia WD theo DBH va H cua tat
ca cac loai cdy rung, hinh 1.1 va két qua phan tich cho thay WD chung cho tat ca cac
loai trong 1am phan c6 quan hé rat yéu vai cac kich thude. Pidu nay duoc giai thich 1a
do dic trung sinh hoc vé WD theo loai, mot sé loai c6 WD cao ngay ¢ cap kinh nho va
nguoc lai WD thap & cap kinh lon. Do vay xét chung WD cua cac loai gop lai thi c6
mbi quan hé rit yéu voi DBH, H. WD cé thé thay dbi theo kich thudc trong noi bo
tung loai, tuy nhién dbi voi rirng nhiét doi, phan bé loai theo tang, do d6 kho tiép can
dir lieu cua mot loai du o cac cap kinh.
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Hinh 1.1: Ma tran dam may diém quan hé giita WD chung cac loai voi DBH va
H

Bang 1.1: Bién ddng va wéc lwong khoang WD cac loai chii yéu cia ring la rong
thwong xanh

WD (g/cm3) theo loai

Trung binh 0.573
Sai s6 cua so trung binh 0.017
Sai tiéu chuén 0.132
Phuong sai 0.017
D06 nhon — Kurtosis -0.038
Do léch — Skewness -0.054
Gia tri nho nhat - Minimum 0.266
Gia tri 16n nhat — Maximum 0.882
S6 loai 63
Sai léch o murc tin cay 95% (Confidence Level (95.0%)) 0.033

Két qua phan tich dic trung cua 63 loai ¢ bang 1.1 cho thay:

- Véi @6 léch va do nhon xap xi 0 cho thay sé luwong loai thu thap WD la dai
dién va dat phan b chuan, hay noi cach khac dir liéu khdi lwong thé tich cua
dé tai la dai dién cho cac loai cua kiéu ring nghién ciu.

- WD bién dong tir 0.266 dén 0.882, nhu vay gitra cac loai c6 sy khac nhau
kha 16n v& khdi luong thé tich gb. WD trung binh cua cac loai la 0.573

- Udc luong WD voi do tin cay 95%: WD = 0.573 + 0.033

- Két qua phan tich phuong sai vé WD cua 63 loai cho thiy F = 2.053 & mic P
< 0,05, cho thay giira cac loai ¢ su khac biét vé WD.

Vi két qua nay, khi 1ap mé hinh wdc tinh sinh khéi va carbon ring, bién sé6 WD
duoc dua vao nhu la dai dién cho loai; va khi st dung md hinh thi WD duoc xac dinh
nho tra vao bang khéi luong thé tich theo loai trong phu luc, truong hop khong ¢ loai
d6 trong phu luc thi cé thé st dung khéi lwong thé tich binh quan chung theo loai la
0.573.
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2 MO HINH UOC TINH SINH KHOI VA CARBON O CAC BQ PHAN
CAY TREN MAT PAT
Sinh khéi va carbon trong phan trén mat dat caa cay rang nam trong 4 bo phan
than, canh, 1a va vo cay. Hau hét cac nghién ctu thé gigi déu chi wde lwgng chung
téng sinh khdi ca 4 bo phan. Tuy nhién wdc lwong tung bo phan dé tdng hop chung
cho phan trén mat dét s& cé do tin cay cao hon, ngoai ra trr day ciing chi ra dic diém
sinh hoc ctia sinh khéi va carbon trong tirng bo phan cay rung.

2.1 M0 hinh wac tinh sinh khéi va carbon trong than cay gé

Than cay gd luu gitr mot luong 16n nhat sinh khéi va carbon trong ca 4 bo phan
cdy. Dé udc tinh sinh khéi va carbon trong bo phan nay, thir nghiém tim kiém quan hé
Vi cac nhan té diéu tra cay rung la DBH, H va khéi lugng thé tich g6 WD. Tir s6 liéu
o phu luc 3 ¢ két qua cac md hinh thé hién & bang 1.2 va 1.3.

Bang 1.2: M6 hinh wéc tinh sinh khéi than cay theo cac bién sé

RZ
Stt | Dang ham Ham adjusted P n Pbi CF AlC S%
(%0)
Bst = log(Bst_kg) = -4.29549 +
- * N
1 | f(DBH, H, 0'9737021*:|°9r$]')353”—°m 94.252 | 0.000 | 165 | 0.000 | 1.08 | -302.7 | 27.4%
WD) 1.1866*WD_g_cm3
Bst = log(Bst_kg) = -3.56756 +
2 0.961599*log(DBH_cm” | 93.023 | 0.000 | 165 | 0.000 | 1.10 | -271.7 | 33.9%
f(DBH, H) 2 m)
Bst = log(Bst_kg) = -2.6079 + i 0
3| {DBH) | 247525%0g(DBH om) | 90950 | 0000 | 165 | 0.000 | 113 | 2288 | 38.7%

Ghi chu: Bst: Sinh khai than cay khdng vo, log: logarit neper

Nhu vay sinh khdi than cay c6 quan hé chat nhat vai 3 bién sé6 DBH, H, WD voi
R2 cao nhat, chi s6 CF, AIC va S% la nho nhat la 27.4% bién dong so voi thuc té. Tuy
nhién trong thuc té do tinh WD la kho khin do d6 c6 thé st dung md hinh véi hai bién
s6 DBH va H hoic chi mot bién DBH néu yéu cau d tin cay khéng cao.
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Bang 1.3: M6 hinh wéc tinh carbon tich lity trong than cay theo cac bién sb

RZ
Stt | Dang ham Ham adjusted P n Pbi CF AlC S%
(%)
log(Cst_kg) = -3.79513 +
Cst= 1.88899*log(DBH_cm)
1 | f(DBH, H, | +1.0602*log(H_m) + 97.381 | 0.000 | 95 | 0.000 | 1.04 | -242.8 | 18.8%
WD) 0.844794*log(WD_g_cm
3)
Cst = log(Cst_kg) = -4.26256 +
2 f(DBH_H) 1.82537*log(DBH_cm) 93.893 | 0.000 | 95 | 0.000 | 1.09 | -163.4 | 36.7%
' +1.04726*log(H_m)
Cst= Cst_kg = exp(-3.24579 + i 0
3 f(DBH) 2.42447*In(DBH_cm)) 92.222 | 0.000 | 95 | 0.000 | 1.11 141.4 | 41.5%

Ghi chu: Cst: Carbon trong than cay khong vo, log: logarit neper

Ciing nhu sinh khéi than cay, carbon cé quan hé chat nhat vai 3 bién s DBH, H,
WD véi R? cao nhat, chi s6 CF, AIC va S% nho nhat 1a 18.8% bién dong so vai thuc
té. Gia tri du bao qua mé hinh va thuc té duoc minh hoa trong hinh 1.2 (Dt liéu tir phu

luc 4)
Plot of Fitted Model Plot of log(Cst_kg)
Cst_kg = exp(-3.24579 + 2.44447*In(DBH_cm)) i : : :
8
800 T T T T T T A T
600 [
°
2
™ 5
4+ 400 - 0
3 g
200
o -

Cst = f(DBH)

predicted

Cst = f(DBH, H, WD)

Hinh 1.2: Quan hé gia tri dw bao Cst véi quan sat theo mé hinh 3 bién DBH, H
va WD hoic chi voi DBH

Két qua trén cho thay sinh khéi va carbon trong than cay phu thudc vao kich
thudc cay la DBH, H; ddng thoi phu thudc vao khdi luong thé tich gd phan anh dic
diém loai. Trong khi d6 néu woc tinh Cst chi theo mot nhan té DBH sé& méc sai s6 dén
41.5%.
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Ngoai ra tir s6 liéu Bst va Cst, xac dinh duoc hé sb chuyén doi trung binh tur sinh
khéi than sang carbon tich Iy la 0.49; trong khi d6 theo IPCC (2006) hé sé chuyén ddi
chi tinh chung cy go la 0.47.

2.2 M0 hinh worc tinh sinh khéi va carbon trong canh cay gé

Canh cay rung luu gitr sinh khéi, carbon dang ké trong cay gd, moé hinh wdc tinh
sinh khéi va carbon canh cua cay rung duoc thiét 1ap vai 3 bién sé DBH, H va WD
minh hoa trong bang 1.4 va 1.5. (Dt liéu tir phu luc 3 va 4)

Két qua xac dinh md hinh téi wu dé woc tinh sinh khéi va carbon tich iy trong
canh cho thay dat d6 tin cay thap, mé hinh tot nhat vai 3 bién sé thi udc luong sinh
khdi cling ¢ bién dong vai thuc té 1én dén 74.5%, trong khi do carbon la 84.3%. Piéu
nay phan anh thuc té la cdy c6 cung DBH va H nhung khac nhau vé dic diém loai thi
rat khac nhau vé canh tan, do &6 mé hinh udc tinh s& ¢ do tin cay thap, cho du da dua
bién s6 WD la khéi luong thé tich gd. Trong truong hop nay cho thiy WD chi phan
&nh duoc dic diém loai qua sinh khéi cua than, vi ban than WD ciing tinh tir than cay.

M6 hinh udc tinh tét nhat sinh khoi canh la théng qua chi mot bién DBH, vai
S% nho nhat la 74.5%, trong khi d6 carbon trong canh wéc tinh tét nhat qua ca 3 bién
s6 DBH, H va WD, véi S% la 84.3%. Vi bién dong 16n nhu vay thi khong nén uoc
tinh sinh khéi va carbon cho riéng bo phan canh ma can wéc tinh chung cho ca 4 bo
phan cay trén mat dat rang.

Ty Ié gitra carbon va sinh khéi trong canh dugc woc tinh binh quén 1a 0.47, gia
tri nay xap xi vai IPCC (2006).

Bang 1.4: M6 hinh wéc tinh sinh khéi trong canh cay ring theo cac bién sé

RZ
Stt | Dang ham Ham adjusted P n Pbi CF AlIC S%
(%)

log(Bbr_kg) = -5.509 +

Bbr = * .

1 | f(DBH, H, ﬁogslf log(DBH_cm"2* | g1 998 | 0.000 | 164 | 0.048 | 1.35 | -79.7 | 77.5%
WD) | 0737008*WD_g_cm3n2
Bbr = log(Bbr_kg) = -5.24096 +

2 | fDBH, |0.998902*log(DBH_ cm*2 | 81.667 | 0.000 | 164 | 0.000 | 1.36 | -77.7 | 80.0%
H | *H.m)
Bbr = log(Bbr_kg) = -4.38783 +

f(DBH) | 2.62521*log(DBH_cm) 83.357 | 0.000 | 164 | 0.000 | 1.32 | -935 | 74.5%

Ghi chu: Bbr: Sinh khoi canh cay, log: logarit neper
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Bang 1.5: M6 hinh wéc tinh carbon trong canh cay rieng theo cac bién sb

RZ
Stt ?\’:‘”g Ham adjusted | P n Poi | CF | AIC | S%
am
(%0)
Chr = log(Cbr_kg) = -7.0792 +
- * A *
1 | f(DBH, H, i'O?nl)? log(DBH_cm"2* | o1 055 | 0.000 | 95 | 0041 | 1.40 | -33.0 | 84.3%
WD) 1.47868*sqrt(WD_g_cm3)
Cbr = log(Cbr_kg) = -5.94776 +
2 | f(DBH, |0.986393*log(DBH_cm*2 | 80.381 | 0.000 | 95 | 0.000 | 1.41 | -30.7 | 91.0%
H) *H_m)
Cbr = Cbr_kg = exp(-5.13059 + i 0
3| {OBH) | 260606%In(bBH.om) 82.349 | 0.000 | 95 | 0.000 | 1.37 | -40.7 | 86.2%

Ghi chu: Cbr: Carbon trong canh cay, log: logarit neper

2.3 Mb hinh woc tinh sinh khéi va carbon trong la cay ring

L4 cay cay rung la mot trong 4 bo phan sinh khéi cua cay, tuy nhién khéi luong
4 thay ddi I6n theo mua, dac biét ddi vai loai cay rung la theo mua hay rung tung phan
quanh nam. o tinh sinh khdi 14 khong thé tién hanh truc tiép, do d6 can c6 md hinh
wdc tinh gian tiép. Thir nghiém duoc thiét 1ap va lya chon md hinh wdc tinh 14 véi 3
bién sé6 DBH, H va WD. Két qua ¢ bang 1.6 va 1.7. (Dt liéu & phu luc 3 va 4).

Két qua cho thay bién dong sinh khéi va carbon trong 14 wdc tinh qua mé hinh
voi thuc té la rat 16n & mirc 140.8% dbi vai sinh khbi va 61.3% dbi vai carbon.

Ty 1& carbon vai sinh khéi trong la dugc tinh binh quan la 0.48, trong khi do
theo IPCC (2006) la 0.47 chung cho cac bo phan cy go.

Bang 1.6: M6 hinh wéc tinh sinh khdi la theo cac bién sb

RZ
Stt| Dang ham Ham adjusted P n Pbi | CF | AIC S%
(%)
Bl = sgrt(Bl_kg) = -0.813046 +
- * *
1 | f(DBH, H, %)15:_7307 sqri(DBH_cm™H_| 73583 | 0.000 | 165 | 0.076 | 1.32 | -91.8 150/3)'2
WD) | ) 93648*sqri(WD_g_cma3)
Ble | Blkg=(-0.102725+ 148.8
2 | 0.155057*sqrt(DBH_cm*H_ | 73.228 | 0.000 | 165 | 0.000 | 1.33 | -90.6 '
f(DBH, H) %
m))"2
Bl= | Bl kg=(-1.50468 + 140.8
3| {OBH) | 0.945602sq(DEH_cmyz | 72810 | 0000 | 165 | 0.000 | 1.33 | -88.0 | o,

Ghi chu: BI: Sinh khdi I4, log: logarit neper
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Bang 1.7: M6 hinh wéc tinh carbon trong la theo cac bién sb

RZ
Stt | Dang ham Ham adjusted P n Pbi CF | AIC S%
(%)
Cl= log(Cl_kg) = -4.98577 +
- * A *
1 | f(DBH, H, &7r2n§5f4 log(DBH_em™2* | 54371 | 0.000 | 95 | 0.082 | 1.20 | -89.5 | 62.2%
WD) 0.373729*log(WD_g_cm3)
Cl= log(Cl_kg) = -5.18709 +
2 - 0.716491*log(DBH_cm*2* | 79577 | 0.000 | 95 | 0.000 | 1.21 | -86.7 | 62.9%
fOBH, H) | 3
Cl= CI_kg = exp(2.63108 - ] ]
3| woBH) | Z57683DBH om) 79.274 | 0.000 | 95 | 0.000 | 1.22 | -85.3 | 61.3%

Ghi chu: Cl: Carbon trong la cay, log: logarit neper

2.4 M6 hinh woc tinh sinh khéi va carbon trong vé cay ring

Vo6 cdy rung cang chira mét luong khong nho carbon va thay doi theo kich

thudc, loai cay, chi tiéu nay khong thé do tinh truc tiép; vi vay md hinh udc tinh trung
gian la can thiét. Tha nghiém tim quan hé gira sinh khéi va carbon tich iy trong vo
v6i 3 bién s6 DBH, H va WD, két qua ¢ bang 1.8 va 1.9; hinh 1.3 (D liéu ¢ phu luc 3
va 4).

Sinh khéi va carbon trong vo théng qua mé hinh ciing bién dong kha 1on, tuy
nhién thip hon trong canh va la. Hé s6 xac dinh R? ciia cac mo hinh hau hét > 90%.
Trong d6 mo hinh tét nhat woc tinh sinh khéi vo la véi 3 bién DBH, H va WD. Mo
hinh nay cho thiy c6 méi quan hé giita vo vai thanh phan loai thé hién qua khéi lugng
thé tich gd vé6i bién dong 1a 42.5% so véi quan sat; trong khi d6 bién dong thap nhét
uoc tinh carbon trong vo la 52.3%.

Ty I& woc tinh carbon tur sinh khéi vo cay la 0.44, trong khi d¢6 IPCC (2006) la
0.47.

Bang 1.8: M6 hinh wéc tinh sinh khéi vo cay theo cac bién s6

RZ
Stt | Dang ham Ham adjusted P n Pbi CF AlC S%
(%)
log(Bba_kg) = -
Bba = 5.75753 +
N 1.95355*log(DBH_cm) i 42.5
1 f(DVI?/B,)H, +1.02319%l0g(H_m) + 90.383 0.000 | 165 | 0.000 1.15 | -205.45 %
0.28565*log(WD_g_c
m3)
log(Bba_kg) = -
Bba = 5.88261 + 43.3
2 f(DBH, H) | 1.94231*log(DBH_cm) 90.121 0.000 | 165 | 0.000 1.15 | -202.00 %
+1.00778*log(H_m)
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_ Bba_kg = exp(-4.88721
3 Bba = + 88.336 0.000 165 | 0.000 1.18 | -175.57 483
f(DBH) N %
2.52472*In(DBH_cm))
Ghi chu: Bba: Sinh khéi vo cdy, log: logarit neper
Bang 1.9: M6 hinh wéc tinh carbon trong vé cay theo cac bién sb
RZ
Stt | Dang ham Ham adjusted P n Pbi CF AlC S%
(%)
log(Cha_kg) = -
6.29073 +
Cha= 2.1396*log(DBH_cm) 626
1 | f(DBH, H, | +0.727789*log(H_m) 91.000 0.000 95 0.006 1.15 | -116.0 (y'
WD) + ()
0.397023*log(WD_g_c
m3)
log(Cha_kg) = -
Cha= 6.51041 + 52.3
2 f(DBH, H) | 2.1097*log(DBH_cm) 90.396 0.000 95 0.009 1.16 | -110.8 %
+0.721706*log(H_m)
_ Cha_kg = exp(-5.80971
g | Gba= 1/ 89.753 | 0.000 | 95 | 0000 | 117 | -1056 | >>1
f(DBH) %
2.53635*In(DBH_cm))

Ghi chu: Cba: Carbon trong vo cay, log: logarit neper

Plot of log(Bba_kg) Plot of log(Cba_kg)
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predicted

predicted

Bba = f(DBH, H, WD) Cha = f(DBH, H)

Hinh 1.3: Quan hg giira gia tri woec lwgng sinh kh(‘)i, va carbon tich luy trong vo
gua md hinh veéi thuc te

Tur két qua 1ap md hinh téi wu wéc tinh sinh khéi va carbon trong 4 b phan cua
cay trén mat dat la than, canh, 1 va vo théng qua cac bién sb diéu tra truc tiép cay
rang la DBH, H va khéi lugng thé tich gd (WD). Két qua cho thiy wdc tinh sinh khdi
va carbon trong than cdy dat do tin cay tét nhat, ké dén la vo cay; trong khi do bién
dong tir md hinh so vai quan sat la kha cao di voi canh va 1a. Biéu nay cho thay sinh
khdi v cay va than cay c6 méi quan hé chat véi nhan té diéu tra cay ca thé, trong khi
d6 canh va la phu thudc kha 16n vao dic diém loai va cho du cé bién WD ciing khong
cai thién duoc do chinh xac; diéu nay la phu hop véi thuc té da dang hinh thai loai
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trong hé sinh thai rung tu nhién la rong thuong xanh. Vi vay chi nén woc luong truc
tiép sinh khdi va carbon trong than va vo qua mé hinh. La va canh cin wéc luong tong
hop trong toan bo 4 bd phan va can thém bién s dién tich tan (Ca) dé ¢ thé phan anh
d6 rong hep cua tan l4 ciing nhu sy phan canh. (M6 hinh ¢é bién Ca duoc lap ¢ phan
tiép theo ddi vai toan bo cay).

T cac md hinh woc tinh carbon da xay dung, st dung ham mot bién DBH dé
tinh toan trung binh carbon theo c4p kinh cua cdy ring va suy ra luong CO; hap thu
(v&i CO, = 3.67C) cho tirng b phan cay trén mat dat rung. (Bang 1.10 va hinh 1.4).

Bang 1.10: Lwong carbon/CO; tich lily trong 4 bd phan cay trén mit dat

DBH Cst Cbr Cl Cha Tong C Tang CO;
(cm) (kg/tree) (kg/tree) | (kgltree) (kg/tree) (kg/tree) (kg/tree)
5 2.0 0.4 0.1 0.2 3 10
15 29.2 6.9 2.5 2.9 41 152
25 101.8 26.0 5.0 10.5 143 526
35 231.6 62.5 6.7 24.7 325 1,195
45 428.2 120.3 7.8 46.8 603 2,213
55 699.3 202.9 8.7 77.8 989 3,628
65 1,051.9 313.6 9.3 118.9 1,494 5,482
75 1,492.5 455.3 9.9 170.9 2,129 7,812
Cha (kg/tree)

Cl (kg/tree)

1%

Cbr (kg/tree)
21%

8%

Hinh 1.4: Ty & carbon tich lily trung binh trong 4 b phéan cay trén mit dat

Nhu vay trong cac bo phan cay trén mat dat, carbon tich Ity tap trung trong than
cay, chiém 70%; tiép theo la trong canh cay véi 21%, vo cay co 8%, trong khi d6 1a co
ty trong thap nhat la 1%. Luong CO2 cay hap thu bién dong tir 10kg & DBH 5cm dén

7.8 tan khi dat duong kinh 75cm.

65




3 MO HINH UOC TINH SINH KHOI VA CARBON PHAN TREN MAT
PAT CAY RUNG (AGB va C(AGB))

Hau hét trén thé gioi déu tap trung 1ap mé hinh allometric equations cho sinh
khdi cay trén mat dat cay rang (bao gdm 4 bo phan than, canh, la va vo — AGB)
(Brown (1997), MacDicken (1997), Henry va coéng su (2010), Dietz va cong su
(2011)), vi sinh khéi trong cay trén mat dat chiém ty trong 1on va bién dong do qua
trinh tac dong cua con nguoi. Phuong phap chu yéu la chat ha cay do tinh sinh khéi dé
Iap mé hinh (destructive measurement). Do ham woc tinh AGB s€ giup cho viéc giam
sat trir lugng carbon rung theo thoi gian, vi vay cé thé xem ddy la ham quan trong nhét
trong hé théng md hinh wdc tinh carbon cay ring. Tuy nhién hau hét cac tac gia chi
ding lai 14p md hinh wdc tinh sinh khéi kho cua cady (AGB) ma chua phén tich va 1ap
ham wéc tinh tryc tiép carbon tich Iiy; gia tri carbon chu yéu duogc suy tir sinh khoi
kho theo hé s6 0.47 cua IPCC (2006).

Bién s6 dé udc tinh AGB chu yéu la DBH, H (Brown (1997), Brown va lverson
(1992)); mot sb tac gia str dung bién s6 WD nhu Chave va cong su (2005), Basuki va
cong su (2009), ngoai ra theo mot sé tac gia bién sb dién tich tan 14 (Ca, m?) s& lam
tang do tin cay cua ham udc tinh sinh khéi (Dietz va cong sy (2011), Henry va cong su
(2010), Johannes va cong su (2011).

V& dang ham, mét sé tac gia dung ham parbol bac cao dé tiép can nhu Brown va
cong su (2009), Chave (2005), tuy nhién Basuki va cong su (2009) khi 1ap md hinh
sinh khéi cho ring khop da so sanh ham parabol voi ham mi power theo chi tiéu S%
va chi ra rang ham mii ¢6 bién dong nho hon.

Hau hét cac ham udc tinh sinh khéi cho vang nhiét doi déu khong co o Viét
Nam, Brown (1989 — 2001) da lap mo hinh cho cac kiéu ring nhiét déi vei tong s6
371 cay, trong d6 rung khd ¢ An do chi cé 28 cay, rang am nhiét doi c6 170 cdy. Vi
vay thiét 1ap mo hinh wéc tinh sinh khdi va carbon phan trén mat dat o Viét Nam la
can thiét dé giam sat hap thu va phat thai CO; rung khi tham gia chuong trinh REDD.

Dé tai thir nghiém vai nhiéu dang ham khac nhau va véi cac bién sé chu yéu la
DBH, H, WD, Ca, V (thé tich cdy) va khéng chi woc tinh sinh khdi ma con udce tinh
carbon. Str dung tong hop cac tiéu chuan thdng ké dé lua chon bién s tham gia mo
hinh va lya chon ham dé tim ham t6i wu. Bang 1.11 chi ra cac mé hinh t6i wu theo ting
nhom bién sé khac nhau dé udc tinh sinh khdi trén mat dat cua cay rung (AGB). (D
liéu tu phu luc 5).

Bang 1.11: M6 hinh wéc tinh sinh khéi cay ring trén mat dit véi cac bién sb

St | Dang ham Ham R?
t adjusted P n Pbi CF AIC S%
(%)

AGB = AGB_kg = exp(-2.23927 + ) 27.88
HOBH) 2.40596*10g(DBH. o) 95.721 | 0.000 | 161 | 0.000 | 1.06 | -345.805 | </
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log(AGB_kg) = -2.74348 +
AGB = 0.693879*log(H_m*DBH_c 20.34
2 | f(DBH, H, mn2) + 97.481 | 0.000 | 161 | 0.000 | 1.03 | -430.129 o
WD) 0.367445*log(WD_g_cm3* 0
DBH_cm”"2)
log(AGB_kg) =-2.9766 +
AGB = 0.535797*log(DBH_cm) + ) 23.46
3 f(DBH, H) | 0.759321*log(H_m*DBH 96.804 | 0.000 | 161 | 0.046 | 1.04 | -391.793 %
m”2)
AGB = log(AGB_kg) = -2.05364 +
R 1.76966*log(DBH_cm) + ) 24.76
4 {/(VDDE;H, 0.376371*log(WD_g_cm3* 96.313 | 0.000 | 161 | 0.000 | 1.05 | -368.791 %
DBH_cm”"2)

Ghi chi: AGB: Sinh khai kho 4 bg phdn cay trén mar dat, kg/cay; log: logarit neper

Tur két qua cho thiy AGB dugc udc lugng tot thong qua 3 bién sé6 DBH, H va
WD (Hinh 1.5), trong d6 WD phan anh duoc sy tich Iy sinh khdi kho cua cac loai
khac nhau théng qua dung trong. Ham cé hé sé R? cao nhat (97.481%), CF gan bang 1,
AIC bé nhat va bién dong gitra ly thuyét va thuc té la 20.3%. Ham udc lwong AGB
theo mot bién sé6 DBH co bién dong I6n nhat la 27.8%.

So sanh vai cac tac gia lap mo hinh AGB cho vung rirng nhiét déi noi chung nhu
Brown (1997) c6 md hinh voi S% = 43% - 107%, Chave (2005) thi S% = 52% - 94%,
Basuki va cong su (2009) thyuc hién o rung khop, S% = 26 — 30% chung cho cac loai,
két qua nghién ciru nay cho thdy cac ham lap dwoc trong bang 1.11 d cy thé hoa cho
rang la rong thuong xanh vang Tay Nguyén, Viét Nam, da giam dang ké bién dong
S% gitra ly thuyét va thuc té so voi cac tac gia nay.

Plot of Fitted Model Plot of log(AGB_kg)
AGB_kg = exp(-2.23927 + 2.49596*In(DBH_cm))

2400
2000 |

1600 -

observed
IS

1200 |

AGB kg
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predicted

DBH_cm

AGB = f(DBH AGB = f(DBH, H, WD)

Hinh 1.5: Quan hé AGB véi cac bién sé khac nhau

Dé danh gia cac md hinh cua cac tac gia lap chung cho rung nhiét déi, sir dung
cac ham cua ho va so sanh véi gia tri AGB quan sat ¢ Ty Nguyén Viét Nam dé kiém
ching d6 tin cay giira cac ham da c6 vai md hinh dé tai nay da thiét lap.

Cac mo hinh cua cac tac gia duoc dua ra so sanh la:

67




- Pai véi md hinh mét bién s6 DBH:

Ham Brown (1997) Iap cho rung nhiét déi 4m toan thé gi¢i (Moist Forest):

AGB (kg/cay) = exp(- 2.134 + 2.530 *In(DBH)), DBH=5-148cm, n=170 cay,
R2=0.97, duoc so sanh voi ham da dugc thiét 1ap trong nghién ciru nay cho rung la
rong thuong xanh vung Tay Nguyén, Viét Nam:

AGB kg = exp(-2.23927 + 2.49596*In(DBH_cm)), DBH=5-75cm, n=161,
R?=0.95

- Poi véi md hinh ba bién sé DBH (D), H va WD (p):

Ham Chave (2005) Iap mo6 hinh cho ring nhiét doi o 3 chau luc la Chau My,
Chéu A va Chau Pai Duong:

(AGB),,, = exp(—2.977 +In(pD’H)) = 0.0509 x pD°H

duoc so sanh voi ham da duoc thiét 1ap trong nghién ctru nay:
log(AGB_kg) = -2.74348 +  0.693879*log(H_m*DBH_cm”"2) +
0.367445*log(WD_g_cm3*DBH_cm”2)

Két qua so sanh ham cua hai tac gia trén vai s6 lieu AGB thuc té o Tay Nguyén
cho thay:

- Péi vai ham ctua Brown (1997) vai mot bién DBH, bién dong 1én dén S% =
38.3% khi so voi s6 licu Tay Nguyén, trong khi d6 mé hinh trong dé tai nay
thiét 1ap la S% = 27.9%; gitp lam giam sai s6 dén 11%.

- Péi voi ham cha Chave (2005) véi 3 bién sé DBH (D), H va WD (p), bién
dong 1a S% = 24.3% so vai s6 lieu Tay Nguyén, trong khi d6 ham trong dé
tai nay dat duoc S% = 20.3%; gitp giam sai s6 4%.
Su phu hop cua cac ham dugc so sanh thé hién trong hinh 1.6
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Hinh 1.6: So sanh su phu hep cua cac mé hinh trong dé tai véi md hinh caa

Brown (1997) va Chave (2005)

Pong thoi so sanh két qua udc luong ABG theo DBH tir ham Brown (1997) voi
ham dugc xay dung trong dé tai nay theo tang cip kinh ¢ bang 1.12, cho thay ham
Brown trung binh lam tang gia tri udc luong 1én 24.9% so vai mé hinh trong nghién

cuu nay.

Bang 1.12: So sanh mé hinh woc lwgng AGB theo DBH cua Brown (1997) va mo
hinh dwgc X4y dung trong de tai

DBH (cm) B0 tuy (012 Broun (1597 5%
5 5.9 6.9 17.4%

15 91.8 111.9 21.8%

25 328.6 407.4 24.0%

35 761.1 954.4 25.4%

45 1,425.1 1,802.4 26.5%

55 2,351.7 2,994.6 27.3%

65 3,568.3 4,569.7 28.1%

75 5,100.1 6,563.3 28.7%
Trung binh 24.9%
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Nhu vay viéc thiét 1ap cac ham wdc tinh AGB cho Tay Nguyén, Viét Nam da
lam tang do tin cdy cua viéc wdc luong sinh khéi va carbon dang ké; ddng thoi cac tac
gia trén thé giodi ciing chi dung lai udc tinh sinh khéi, chua wdc tinh carbon cho thyc
vat than g ruang nhiét doi.

T két qua nay cho thdy dé woc tinh chinh xac AGB cua cdy ring phan trén mat
dat, ham 3 bién s6 DBH, H va WD dat do tin cay cao nhat va cao hon ham Chave
(2005) lap cho ring nhiét doi, ké dén 1a hai bién DBH va H. Ham wéc tinh AGB Voi
mét bién DBH d6 tin cy thap hon, nhung cling cao hon nhiéu so v&i ham chung cua
ring nhiét doi (Brown (1997)), do vay c6 thé tng dung trong do tinh khi khéng cé yéu
cau cao vé do tin cay hoac chi phi thap, vi du nhu do tinh carbon ring véi sy tham gia
cua cong dong.

Ngoai ra dé tang do chinh xac caa mé hinh woc tinh AGB, bién dién tich tan la
(Ca, m¥/cay) duoc bd sung dé thir nghiém (Dit liéu & phu luc 6). Vi trong thuc té tan
canh la cay rat khac biét do dic diém hinh thai mdi loai, trong diéu kién dia hinh khac
nhau; vi du mot cay cung DBH, H va WD thi ¢ thé tin ring cé cung trung binh sinh
khdi cua phan than cay, trong khi d6 canh cay, tan la chiém ty trong dang ké va khac
biét nhau vi ddc diém da dang hinh thai loai trén cac diéu kién lap dia, dia hinh khac
nhau. Nhu vay bo sung bién sb Ca s& mang lai do tin cdy trong wdc luong trong khi
chua thé lap dugc md hinh allometric equations cho ting loai trén tung diéu kién lap
dia cua ring nhiét doi. Hinh 1.7 minh hoa sy phu hop cua gia tri ly thuyét vai thyc té
quan sat va bién dong phan du residual nam trong pham vi -2 dén +2

log(AGB_kg) = -2.13408 + 1.96454*log(DBH_cm) + 0.619246*log(H_m) +
0.124205*log(Ca_m2) + 1.03509*log(WD_g_cm3) (1.1)

Vi R?adj. = 98.693%, P<0.000, n=109, Phi < 0.000, CF=1.02, AIC=-378.0 va S%=14.1%
(log: logarit nepert)

Plot of log(AGB_kg) Residual Plot
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Hinh 1.7: Quan hg gia tri dw bao AGB véi quan sat va bién dong phan du
(residual) caa md hinh 4 bién log(AGB) = f(log(DBH), log(H), log(Ca), log(WD))
Nhu vay udc lugng AGB véi 4 bién s6 DBH, H, WD va Ca sé cho d6 tin cay
cao nhat, véi hé sé quan hé R%dj. = 98.693%, cao nhat va S%=14.1% la thap nhat va
cac chi tieu CF, AIC ciing tét nhat trong cac md hinh udc tinh AGB vai cac bién s6
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khac nhau va thap hon rat nhiéu so véi cac md hinh cua Brown (1997) véi chi mot
bién DBH va Chave (2005) véi ba bién DBH, H, WD nhung khong c¢6 Ca. Trong thuc
té sir dung mé hinh nay chi can bé sung do chinh xac duong kinh tan l4 cia cay ¢ 2 — 4
huong va tinh Ca, do vay viéc ting bién Ca khdng lam ting ngudn luc, chi phi khi tng
dung 1én qua nhiéu. M6 hinh nay duoc khuyén cao sir dung dé dat duoc do tin ciy cao
nhét trong woc tinh sinh khdi cua tat ca bo phan cay trén mit dat cua ring hdn loai
phirc tap vé hinh thai tan canh la.

Déi véi reng am nhiét d6i, khong chi Viét Nam ma ca trén thé gisi chua c6 mo
hinh allometric equations wdc lwong carbon tich Iy trong cdy phan trén mat dat
(C(AGB)) ma chi dung lai ¢ sinh khéi; dé tai da phan tich carbon trong 4 b phan cay
chat ha (than, canh, 13 va vo), tién hanh 1ap va luya chon md hinh téi wu véi cac bién
DBH, H, WD va Ca (dién tich tan la, m?/cay). Két qua o bang 1.13 va di liéu & phu
luc 7 va 8.

Bang 1.13: M6 hinh wéc tinh carbon cay gé phan trén mit dat voi cac bién sb

St | Dang ham Ham R? P n| Pbi | CF| AIC S%
t adjusted
(%)
_ C_AGB__kg =exp(-
1 fC(I(DAI\SGHE)))_ 297775 + 95398 | 0.000 | 93 | 0.000 | 1.07 | -186.7 | 30.8%
2.49711*In(DBH_cm))
log(C_AGB__kg) = -
3.40031 -
*
C(AGB) = 5)_.819475 log(DBH_cm)
- 0,
2 II(VDDB)H,H, 0.787115*log(H_m*DB 98.459 0.000 | 93 | 0.006 | 1.02 286.5 16.4%
H_cm”2) +
0.673237*log(WD_g_cm
3*DBH_cm”2)
log(C_AGB__kg) = -
C(AGB) = 3.72664 + ) .
3 | foBH. H) 2.05141*10g(DBH_cm) 96.280 | 0.000 | 93 | 0.000 | 1.05 | -205.5 | 27.1%
+0.760168*log(H_m)
log(C_AGB__kg) = -
2.63037 +
C(AGB) = 1.23621*log(DBH_cm) i 0
4 f(DBH, WD) N 97.477 0.000 | 93 | 0.000 | 1.04 241.6 21.6%
0.662748*log(WD_g_cm
3*DBH_cm”"2)
log(C_AGB__kg) =-
3.6277 +
C(AGB) = .
5 | f(DBH, Ca, | 0-170678%l0g(Cam2) + | g5 551 | 5000 | 50 | 0.001 | 1.02 | -1636 | 13.2%
H, WD) 1.89109*log(DBH_cm)
’ + 0.0578426*H_m +
1.94886*WD_g_cm3

Ghi chu: C_AGB: Carbon tich liy trong 4 bg phdn cay trén mar dat, kg/cay; log: logarit neper, Ca: Dién tich
tan la, m?/cay.

Két qua trong bang 1.13 cho thay néu chua xét dén bién Ca, thi carbon tich liy
trong cay phan trén mat dat c6 quan hé chit ch& nhat vai 3 bién sé6 DBH, H va WD véi
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hé s6 R? cao nhat, cac chi tiéu CF, AIC thap nhat va bién dong S% ciing thap nhat la
16.4%. Diéu nay cho thay carbon tich Iy trong cay gia ting theo kich thudc cay (theo
tudi) va dac biét phu thudc vao dic diém sinh hoc loai thdng qua bién khdi lugng thé
tich g6 WD. M hinh c6 mét bién DBH cé quan hé thap nhit trong cac mé hinh véi
S% = 30.8%.

Pic biét khi dua vao bién dién tich tan la cay (Ca, m?/cay) thi md hinh voéi 4
bién DBH, H, WD va Ca cé cac chi sb théng ké tét nhat, bién dong S% rat thap o
13.2%; muic hé sb thap nhu vay hau nhu it thiy ¢ cac md hinh trén thé gioi. Piéu nay
phu hop véi sinh hoc loai, trong thyuc t& mot cay cé cung kich thudc DBH, H va cé thé
c6 cung nhom khéi lugng thé tich gd WD, nhung do khac loai thi hinh thai s& rat khac
nhau nhu tan 14, phan canh, sé canh, ... do vay bién sé Ca sé cai thién rd rét do tin cay
cua md hinh woc tinh carbon cay ring voi su bién dong cao cua canh va tan la cia cac
loai khac nhau cua ring nhiét doi. Trong khi d6 bién Ca rat it duoc dé cap trong cac
mo hinh allometric equations trén thé gioi, chi mot sé tac gia s dung bién duong kinh
tan 14 (CD) va ciing dong y rang khi bién nay tham gia vao mé hinh thi ting do tin cay
cua ham (Dietz va cong su (2011), Henry va cong su. (2010), Johannes va cong su
(2011)).

Nhu vay dé wdc tinh chinh xac nhit C(AGB), can thong qua md hinh 4 bién
DBH, H, WD va Ca (Hinh 1.8); con d¢ tin cay thap hon c6 thé chi sir dung 2 bién
thong thuong la DBH va H. Ham mot bién DBH chi sir dung trong diéu kién khong
yéu cau do tin cay cao nhu do tinh carbon & cip cong dong.

Plot of log(C_AGB__kg) Plot of log(C_AGB__kg)

observed
IS
observed

predicted

predicted

C(AGB) = f(DBH, H, WD) C(AGB) = f(DBH, H, WD, Ca)

Hinh 1.8: Quan hé gia tri wéc tinh C(AGB) qua mé hinh cé bién sé khac nhau
voi gia tri quan sat
Ngoai ra hién nay theo IPCC (2006) thi chu yéu uéc tinh sinh khi AGB, sau do
suy ra lwong carbon trén mat dat vaoi hé sé chuyén do6i 0.47. Tur s6 liéu quan sat AGB
va C(AGB) tinh lai hé sé nay trong diéu kién rung tu nhién Tay Nguyén, Viét Nam.
Két qua thé hién trong bang 1.14:
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Bang 1.14: Ty 1é C(AGB)/AGB

C(AGB) AGB
Trung binh 0.468
Sai s6 s6 trung binh 0.006
Sai tiéu chuan 0.068
Phuong sai 0.005
Nho nhat - Minimum 0.329
Lon nhat Maximum 0.579
S6 mau 111
Bién dong véi P = 95% - Confidence Level(95.0%) 0.013

Nhu vay ty 1€ gita C(AGB)/AGB rung thuong xanh o Tay Nguyén la 0.468,
ddng nhat vaéi IPCC (2006) la 0.47. Ty Ié nay bién dong tir 0.468 + 0.013 vai do tin
cay P = 95%.

4 MO HINH UOC TINH SINH KHOI VA CARBON PHAN DUOI MAT
PAT (TRONG RE CAY RUNG) (BGB, C(BGB))

Sinh khéi (BGB) va carbon (C(BGB)) dudi mat dat cua ring chiém chu yéu la ré
cay gd, day 1a mot bé chira carbon quan trong cua ring nhung lai rat kho tiép can dé
lap md hinh. Hau nhu rat kho tim thdy md hinh allometric equations udc tinh BGB
hoic C(BGB) trén thé gidi, chu yéu sir dung hé sé chuyén doi tur sinh khdi trén mat dat
AGB sang sinh khéi dudi mit dat voi hé sé trung binh la BGB = 20%*AGB (IPCC,
(2006), MacDicken (1997)), sau d6 chuyén sang carbon ciing véi hé sb 0.47.

Dé 1ap mo hinh uéc tinh BGB va C(BGB), dé tai di tién hanh dao lay ré cay
theo cip kinh va phan tich carbon mau ré. Mé hinh BGB va C(BGB) duoc thir nghiém
lya chon vai cac bién s6 DBH, H, WD voi cac dang ham khac nhau, két qua tim dugc
cac ham ti uu o cac bang 1.15 va 1.16. (Dt liéu o phu luc 9 va 10).

Bang 1.15: M6 hinh wac tinh sinh khéi ré cay theo cac bién sb

RZ
Stt E:a}ng Ham adjusted P n Pbi CF AlC S%
am
(%)
1 | BGB= BGB_kg = exp(-3.73687 + 40.4
f(DHB) | 2.32102*In(DBH_cm)) 89.992 0.000 | 105 | 0.000 | 1.11 -156.4 %
2 | BGB= log(BGB_kg) = -3.90385 +
f(DBH, | 0.891108*log(DBH_cm”2* 36.7
H, WD) | H_m)+ 90.827 0.000 | 105 | 0.000 | 1.10 | -164.6 %
1.03154*log(WD_g_cm3)
3 | BGB= log(BGB_kq) = -4.43424 + 438
f(DBH, | 0.880023*log(DBH_cm~2* 88.068 0.000 | 105 | 0.000 | 1.14 | -137.9 (y
H) H_m) 0
4 | BGB= | log(BGB_kg) =-3.21544 +
f(DBH, | 2.34465*log(DBH_cm) + 33.8
WD) 0.977922*log(WD_g_cm3) 92.482 0.000 | 105 | 0.000 | 1.08 | -1855 %
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Sinh khéi dudi mat dit (BGB) duge uwdc luong tét nhat véi ham 2 bién sé6 DBH
va WD, bién H to ra khéng anh huong 1on dén hé ré cay. Ham nay cé cac chi tiéu
thong ké t6t nhat nhu R? cao nhat (92.48%), CF gan 1 va AIC nho nhat, voi bién dong
so voi thuc té 1a 33.8%. Bién dong cua ham uoc tinh cua BGB 16n hon ABG cho thay
su phirc tap cua hé ré cay ring so véi phan sinh khéi trén mat dat caa no. M6 hinh don
gian hon dé woc tinh BGB theo nhan té DBH, co bién dong la 40.4%.

Tu dit liéu tinh duoc ty 1€ gitra sinh khdi dudi mat dat va trén mat dat cua cay go
trung binh 1a 18.3%, thap hon IPCC (2006) 1a 20%.

Bang 1.16: Md hinh wéc tinh carbon tich lily trong ré cay véi cac bién sé

RZ

ste| P29 | pam adjusted | P n | Poi | CF | AIC | s%

ham

(%)

C(BGB)

= C_BGB__kg = exp(-4.91842 52.0
1= = —— 89.112 0.000 58 | 0.000 | 1.18 -60.8 0

oBH) | * 2.41957*In(DBH_cm)) 0%

log(C_BGB__kg) = -

C(BGB) | 0.52749 -

= 20.0271*1/log(H_m*DBH_ ) 46.6
2 f(DBH, cmn3) + 90.318 0.000 58 | 0.045 | 1.23 66.7 %

H, WD) | 0.865064*log(WD_g_cm3*

DBH_cm”"2)

C(BGB) | log(C_BGB__kg) = -

= 5.58412 + 55.7
3 f(DBH, | 0.911888*log(DBH_cm2* 86.934 0.000 58 | 0.000 | 1.16 -50.2 %

H) H m)

C(BGB) | log(C_BGB__kg) = -

= 452334 + 47.6
4 f(DBH, 2.43371*l0g(DBH_cm) + 90.261 0.000 58 | 0.000 | 1.22 -66.3 %

WD) 0.707128*log(WD_g_cm3)

Mo hinh udc tinh carbon tich liy trong hé ré cay rimg (C(BGB)) dat d6 tin cay
cao nhat véi 3 bién s6 DBH, H va WD, véi R? = 90.32%, bién dong so voi thuc té la
46.6%. Nhu vay c6 thé thiy udc lwong C(BGB) ¢6 sai s6 16n hon nhiéu khi uéc luong
phan trén mat d¢at. M6 hinh don gian nhat udc lwong C(BGB) véi mot bién DBH c6 R?
=89.11% va bién dong la 52.0%.

Tu dir liéu quan sat tinh duoc ty 1é carbon/sinh khéi cua BGB véi gia tri trung
binh 1a 0.462, gia tri nay xap xi véi IPCC (2006). Bong thoi ty I¢ giira carbon dudi mat
dat so vai trén mat dat cua cay rung ciing duoc xac dinh binh quan la 0.174.

Tur két qua cac md hinh wdc tinh sinh khéi va carbon trén va dudi mat dat cua
cay rung, tinh toan dugc trung binh carbon tich Iy va CO; hap thu cta cac bo phan
cay nhu bang 1.17 va hinh 1.9.
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Bang 1.17: Carbon tich lily va CO; hép thu cua cay rirng theo cap kinh

DBH Cst C(BGB) Cbr Cl Cba Tong C Téng CO>
(cm) | (kg/tree) (kgltree) (kgf/tree) | (kgltree) (kg/tree) (kg/tree) (kgltree)
5 2.0 0.4 0.4 0.1 0.2 3.0 11.0

15 29.2 5.1 6.9 2.5 2.9 46.6 170.9
25 101.8 17.6 26.0 5.0 10.5 160.9 590.4
35 231.6 39.8 62.5 6.7 24.7 365.3 1,340.6
45 428.2 73.1 120.3 7.8 46.8 676.2 2,481.5
55 699.3 118.8 202.9 8.7 77.8 1,107.5 4,064.5
65 1,051.9 178.0 313.6 9.3 118.9 1,671.7 6,135.3
75 1,492.5 251.7 455.3 9.9 170.9 2,380.2 8,735.3

Cl (kg/tree) Cba (kg/tree)
0.5% 7.2%
Cbr (kg/tree
o\

C(BGB) (kg/tree)

10.6% Cst (kg/tree)

62.6%

Hinh 1.9: Ty I€ carbon tich lay trung binh trong 5 b phan cay rung

Nhu vay carbon tich lily cao nhat la trong than cay (62.6%), thi hai la trong
canh cay (19.1%), tiép dén la trong ré cay (10.6%), trong vo la 7.2%, thap nhat la la
trong 14 v6i ty 18 14 0.5%. Lugng CO> cay hap thu ting theo tudi (kich thudc DBH), tur
11kg/cay o cap DBH = 5cm dén 8.7 tan/cay o cap kinh 75cm.

5 MO HINH CHUYEN POI GITUA SINH KHOI, CARBON NHAN TO
PIEU TRA CAY CA THE

Trong thuc té co nhu cdu woc tinh, hodc chuyén ddi tr nhan t6 d& do dém sang
khé do dém, nhu udc tinh sinh khbi dudi mat dat thong qua phan sinh khoi trén mat
dat, udc tinh carbon thdng qua sinh khéi; hodc wdc tinh cac gia tri diéu tra cay ca thé
gian tiép théng qua nhan té dé do dém truec tiép.

Vi viy trén co so dir lidu cdy chiat ha, tién hanh 1ap 3 nhom md hinh wéc tinh
gian tiép, chuyén d6i nhu sau:

- Uéc tinh gian tiép sinh khdi, carbon cay tir nhém sinh khéi, carbon dé do tinh

- Ubc tinh sinh khéi, carbon cay tr nhan t4 thé tich cay ca thé

- Uéc tinh gian tiép cac nhan té diéu tra cay phuc vu lam bién sé cia mé hinh

sinh khéi, carbon
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Bang 1.18: M6 hinh wérc tinh gian tiép sinh khéi va carbon théng qua sinh

khbi/carbon dé do tinh

RZ
st | pand Ham adjusted | P n | Pbi | CF O AIC ) S%
am
(%)
C_AGB__ kg = exp(-
1 fgg(“fBBé) 0.787193 + 99.286 | 0.000 | 111 | 0.000 | 1.01 | -423.0 | 13.6%
- 1.0036*In(AGB_kg))
BGB = BGB_kg = exp(-1.67227 +
2 | {AGE) | 0.959338*In(AGB_kg) 88.721 | 0.000 | 82 | 0.000 | 1.10 | -126.0 | 33.9%
3 | C(BGB) 0%2&37—1‘9:“"(' 99.038 | 0.000 | 59 | 0.000 | 1.01 | -207.7 | 12.6%
= f(BGB) | .’ ' ' | i -
1.01486*In(BGB_kg))
C BGB__kg = exp(-
C(BGB) = | 2.08988 + - K
* 1HC(AGB)) | 0.992059%In(C_AGB_kg) | 2838 | 0000 ) 38 1 0.000 1 1IL) 544 ) 38.8%
)

Két qua cac md hinh ¢ bang 1.18:

M6 hinh (1) dung dé udc luong carbon trong than cay gd (C(AGB) tur
sinh khdi cua n6 (AGB) ma khéng can dung hé sé chuyén ddi cua IPCC
(2006). S% = 13.6% la kha tét. (Dt liéu & phy luc 11).

M6 hinh (2) dung udc tinh sinh khoi dudi mat dat (BGB) theo sinh khi
trén mat dat (AGB), tuy nhién bién dong so vai thuc té kha lon, S% =
33.9%. (Dt liéu o phu luc 12)

M6 hinh (3) dung wdc tinh carbon trong ré cay (C(BGB)) tir sinh khéi
cua nd (BGB), sai léch la thap voi S% = 12.6%. Vi mé hinh nay khong
can dung hé sb chuyén doi sinh khi sang carbon cua IPCC (2006). (Dix
liéu o phu luc 13).

Mo hinh (4) dung udc tinh carbon trong ré (C(BGB) tur carbon trong cay
trén mat dat (C(AGB) vai sai léch trung binh so véi dir liéu thuc la
38.8%. (Dit liéu & phu luc 14).

Bang 1.19: M6 hinh wéc tinh sinh khéi, carbon cay trén mit dat véi thé tich cay

RZ
Stt | Dang ham | Ham adjusted P n Pbi CF AlC S%
(%0)
_ AGB_kg = exp(6.40486 i 0
1 | AGB=1(V) | |0 cgparerny m3) | %6760 | 0.000 | 111 | 0.000 | 105 | -256.7 | 25.7%
_ | C_AGB__kg=
2 ]EE\(/'?GB)‘ exp(5.63139 + 95.093 | 0.000 | 111 | 0.000 | 1.08 | -209.0 | 33.2%
0.997106*In(V_m3))
Két qua cac md hinh ¢ bang 1.19:
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Ca hai mé hinh duoc 1ap tir ngudn dix lidu & phu luc 11

M6 hinh (1) dung wéc tinh sinh khéi cay trén mat d¢at (AGB) theo nhan
t6 thé tich cay (V). Sai léch so véi thuc té & muc trung binh la 25.7%.

M6 hinh (2) dung udc tinh carbon trong cay go trén mat dat (C(AGB)
theo V. Sai léch o murc trung binh la 33.2%

Bang 1.20: M6 hinh wéc tinh cac nhan té diéu tra cay ca thé

RZ
Stt | Dang ham | Ham adjusted P n Pbi CF AlC S%
(%)
H_m =(0.799577 +
1 | H=1(DBH) | 1.05918*In(DBH_cm))* 77.761 | 0.000 | 241 | 0.000 | 1.07 | -483.8 16.7%
2
V = f(DBH log(V) =-9.802 +
2 H) " | 1.8829*log(DBH) + 98.924 | 0.000 | 221 | 0.000 | 1.01 | -783.0 13.0%

1.06268*log(H)

Két qua cac md hinh ¢ bang 1.20:
M6 hinh (1) la twong quan gita H va DBH cua cdy rung dung dé udc
tinh H thong qua DBH d6i véi mé hinh allometric c¢6 sir dung bién H va
dung dé lap biéu cip chiéu cao 1am phan. (Dt liéu 1ap md hinh & phu luc

15).

M® hinh (2) dung udc tinh thé tich cay rung theo 2 nhan t6 DBH va H,
vai sai léch thap, S% = 13.0%. (Dit liéu o phu luc 16).
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CHUONG 2: MO HINH UOC TINH SINH KHOI VA
CARBON LAM PHAN

Carbon rung duge luu gitr trong 5 bé chira chinh (IPCC, (2006), d6 la trong thuc
vat than g phan trén mat d¢at C(AGB); trong thuc vat dudi mat dat, chu yéu la trong ré
cdy C(BGB); trong tham muc, tham tuoi; gd chét va trong dat. Trong thuc té carbon
trong thuc vat co thé wdc tinh thong qua cac ham allometric equations cua cay ring két
hop véi phan b mat do cay theo cp kinh 1am phan. Tuy nhién dé lam sang to ning
lyc Tuu gifr, hap thu CO2 cua toan 1am phan, can ¢ cac mé hinh wdc tinh cho 1am phan
cling nhu xac dinh carbon & cac bé chira khac ngoai thuc vat than gd.

1 PHAN CAP CHIEU CAO PE UOC TINH SINH KHOI, CARBON
LAM PHAN

Ciling nhu wdc tinh trir luong g, wéc tinh sinh khdi va carbon 1am phan trudc
hét can phan loai ring thanh nhom dong nhat vé nang sut, sic san xuat hay con goi la
cap nang suat. Trong thuc té viéc udc luong sinh khéi, carbon sé mac sai s6 cao khi
chi dwa vao DBH, vi cung DBH nhung ¢ diéu kién lap dia thuan loi, tot hon thi chiéu
cao sé cao hon va nguoc lai, do d6 bién sé cua ham allometric equations c6 d¢ tin cay
cao thuong phai cé bién chiéu cao (H). Vi vay phan cip H duoc hiéu nhu 1a phan cép
nang suat ring sé hd trg cho viéc udc tinh sinh khéi, carbon ring cé do chinh xac cao
hon.

Viéc phan chia c4p chiéu cao riung dua vao bién dong chiéu cao & mot duong
kinh co s0, tir d6 phan chia duong cong chiéu cao thanh cac cip cao thap khac nhau,
trén co so do s& xac dinh duwoc mot 1am phan cu thé & cip chiéu cao nao va ding
phuong trinh H/D tuong (ng.

Tur 241 cap so lieu H/DBH do trén tat ca vung nghién ciu thudc ring 1 rong
thuong xanh Tay Nguyén (dir liéu & phu luc 15), thiét 1ap mo hinh quan hé H/DBH
trén co s cac tidu chuan lya chon ham ti wu (Hinh 2.1 biéu dién quan hé ly thuyét
vai s6 ligu quan sat H/DBH).

H_m = (0.799577 + 1.05918*In(DBH_cm))*2 (2.1)

V&i R% = 77.76%, P< 0.000, n = 241, CF = 1.07, AIC = - 483.8 va S% = 16.7%.
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Hinh 2.1: Quan hé H/DBH

80

Tu mé hinh H/DBH, tién hanh phan chia thanh 3 c4p chiéu cao. Can cilr vao bién
dong chiéu cao o cap duong kinh 20 — 30cm, chiéu cao bién dong tur 13 — 25m, sur
dung phuong phap cb dinh tham sb a va thay d6i tham sé bi theo ting cép H, tir day
xac dinh dugc cac phwong trinh giira va gioi han cac cap.

H_m = (0.799577 + bi*In(DBH_cm))"2

Vi tham s bi theo tirng cap nhu sau:

(2.2)

Cip H Tham s bi ciaa dwong cong chiéu cao
GH 1.304935
Cap | 1.241506
GH 1.175255
Cap Il 1.105766
GH 1.032512
Cap Il 0.954807
GH 0.871725

T day 1ap duoc biéu va duong cong 3 cép chiéu cao cho rung thuong xanh Tay

Nguyén o hinh 2.2,
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Hinh 2.2: Pwong cong va biéu cip chiéu cao
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Hinh 2.3: Kiém nghiém sw pha hep cua he dwong cong cap chiéu cao

Hé théng duong cong chiéu cao la phu hop vai toan bo cac khu vuc nghién ctu
trén co so Kiém tra duong gisi han trén va dudi, cho thy xu huéng duong cong la phu
hop va bao phu toan bé dam may diém caa H/DBH (hinh 2.3).
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Trén co so cAp H da lap, mot 1am phan cu thé nghién ciru duoc xac dinh cip H
twong rng théng qua H binh quan & cap kinh 20 — 30 cm, lam co so udc lugng sinh
khdi 1am phan theo cap chiéu cao.

2 UOC TINH CARBON HUU CO TRONG PAT (SOC)

Dit la mot bé chira carbon trong hé sinh thai ring, bao gém carbon hitu co (SOC
— Soil Organic Carbon) va carbon v6 co.

Théng ké két qua phan tich dét tir 41 nghién ctru trén 197 1ap dia khac nhau vé
dong thai bién ddi cua carbon trong dat sau trong rimg trén thé gidi, Paul va Polglase
(2002) nhan thiy chi c6 rét it nghién ctru (cho 34 1ap dia) 1a nghién ctru bién ddi cua
carbon trong dat ¢ ca hai dang carbon hitu co va carbon v co, sé con lai chi nghién
ctru carbon hiru co trong dit. Didu nay do carbon vé co trong dat rat it bién déi, hoic
c6 bién doi thi ciing trong mot thoi gian dai do no ton tai & dang kho phan hay, lai
thudng ¢ ting dat sdu nén it bi x6i mon rira troi. Vi vay nghién ctru dong thai bién doi
carbon trong dat 1a nghién ciru dong thai bién doi cua carbon hitu co trong dat. Carbon
hitu co trong dat thudng chi dugc tinh carbon hitu co ton tai trong nhimg vat liéu hitu
co ¢6 kich thuée <2mm (IPCC, 2003 - 2006). Tang day dat dé xac dinh sy bién doi
SOC theo IPCC la 30 cm, nhung ciing tuy theo quéc gia lya chon.

Trén co s& do, nghién ctru nay tap trung phan tich bién d6i carbon hiru co trong
dat va thuc té cho thiy ddi voi rimg thuong xanh, chét hiru co trao dbi trong dat ¢ tang
sau dén 50cm, vi vay véi do sau 30 cm chua xac dinh hét luong carbon hiru co trong
dat. Do vay dé tai nay nghién ciru SOC cua rung la rong thuong xanh dén do sau tang
dat 50cm.

Trén co so 20 phau dién dat voi 80 mau dat o 4 tang/phau dién cua 20 6 tiéu
chuan, phan tich dung trong dit, %C trong dét; cho thiy trung binh %C trong dat dudi
rang |4 rong thuong xanh la 1.983%, bang 2.1 tinh dugc SOC trung binh = 100.6 tin
C/ha. SOC bién dong tir 45.8 — 189.7 tan C/ha. V&i do léch va @6 nhon xap xi bang 0
cho thdy quy luat phan bé khéi luong SOC la chuan, wdc lwong SOC véi do tin cay P
= 95%: SOC (tan/ha) = 100.6 +16.6 tan C/ha. (Dir liéu & phu luc 17).

Bang 2.1: Trung binh va bién déng SOC rirng thwong xanh Tay Nguyén

SOC (t/ha)
Trung binh 100.6
Sai s6 trung binh 7.9
Sai tiéu chuén 35.5
Phuong sai 1257.2
Do nhon - Kurtosis 0.9
bo léch - Skewness 0.9
Minimum 45.8
Maximum 189.7
Mau 20
Sai s6 wdc lugng 95% - Confidence Level(95.0%) 16.6
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SOC bj anh hudng boi nhiéu nhan té phic tap, dong thoi theo IPCC (2006) thi
SOC kha 6n dinh trong dat néu tham thuc vat ring con duoc duy tri lau dai.

Tha nghiém phat hién cac nhan té sinh thai, sinh khéi ring anh huong d¢én SOC
bang ham da bién, két qua chon lua duoc cac bién sé anh huong dén SOC trong bang
2.2. (Dt liéu tu phu luc 18).

Bang 2.2: M6 hinh quan hé SOC véi cac nhan té sinh thai, sinh khéi rieng

R? Bién
Stt | Dang ham Ham adjusted P n | Pbi | AIC dong
(%) S%
SOC_tan_ha = -1474.36 +
SOC = 19.4691*Maso_dame +
f(Maso_dame, 0.248061*P_mm_nam + 0.00 0
! TAGTB, pH, P, | 237.562*1/log(pH dat) + 66.86 0.001 | 20 1 127.5 | 157%
t) 0.145469*TAGTB_tan_ha +
34.8408*Tkk
SOC = SOC_tan_ha = 31.0727 + 0.00
2 | f(Maso_dame, 23.4472*(Maso_dame) + 51.13 0.001 | 20 '3 131.2 | 21.8%
TAGTB) 0.144237*TAGTB_tan_ha
SOC = SOC_tan_ha =sqrt(6201.4 + 0.01 0
3 | f(TAGTB) 0.0970105%(TAGTB.tan_ha)r2) | 25°7 | 0017 120 | 757 1 359.5 1 29.1%

Trong d6: Maso_dame: Ma sé 3 loai da me trong khu vuc nghién ciu, P_mm:
Luong mua mm/nam, pH dat, TAGTB: Tong sinh khdi cua cdy rung trén mat dat,
tan/ha.

Két qua cho thay Carbon hitu co trong dat (SOC) c¢6 quan hé véi cac nhan tb
sinh thai nhu da me, lugng mua, pH dat, nhiét do khong khi va TAGTB. Cac nhan té
nay da anh hudng dén viéc phan hily xac hiru co trong cac diéu kién nhiét am khac
nhau va anh hudng dén luong carbon trong dat. Tuy nhién méi quan hé nay khong
chit, R? khong cao. M6 hinh 1 trong bang 2.2 ¢6 thé lam co s& dé du bao bién dong
SOC theo nhan té sinh thai va tong sinh khdi cay gd trén mit dat.

SOC duoc uoc tinh qua TAGTB ¢ quan hé thap (R? = 23.57%), tuy vay bién
dong so voi quan sat khéng lon (29.1%), ching to o cac trang thai rieng giau ngheo
khac nhau thi SOC ciing it thay d6i. Thong thuong carbon hitu co trong dét chi bi rira
troi la do mat di 16p tham phu rang nhu chit trang, lam nuong ray; con voi su suy
giam chat luong rang khong lam giam nhiéu luong carbon hiru co trong dat, hay noi
khac SOC kha 6n dinh & cac mirc d6 tac dong khac nhau dén rimg. Pay 1a co so dé lua
chon giai phap giam sat SOC trong chuong trinh REDD, khong nhét thiét do tinh SOC
hang nam, ma chi theo ddi phat thai SOC khi bi mat rung.

Giai phap udc lwong SOC c6 thé don gian sir dung md hinh mot nhan t5 TABTB
dugc xac dinh thdng qua md hinh AGB cua cay rung két hop vai phan bé N/DBH. Co
nghia khi sinh khéi cay gd thay doi thi sé lam bién dong SOC ting hay giam. Uédc
lwong nay co do tin cay trung binh. Trong truong hop khac yéu cau khéng cao, thi co
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thé chap nhan SOC = 100 tdn C/ha ddi véi cac trang thai rang la rong thuong xanh

vang Tay Nguyén, ang véi lugong CO2 hap thy trong dat la 367 tan/ha.

3 UOC TINH SINH KHOI VA CARBON TRONG THAM MUC, THAM
TUOIL, GO CHET

Ngoai ba bé chtra carbon chinh cua rung la trong cay gé trén, dudi mat dét, trong
dat; reng con luu gitr carbon trong 3 bé chira khac la trong tham muc, tham tuoi, trong
gd chét. IPCC (2003 — 2006) chi phan chia rung cé 5 bé chira carbon, khong c6 bé
tham twoi, vi nhap né vao trong nhom thuc vat than g trén mat dat, tuy nhién viéc woc
tinh sinh khéi cua tham tuoi hoan toan khac véi cay gd, do khac vé dang séng, khdng
thé sir dung ham allometric equation dé wdc tinh; do d6 dé tai tach riéng tham tuoi dé
wdc tinh sinh khéi va carbon trén 1am phan.

3.1 Uée tinh sinh khdi va carbon trong tham twoi cho 1Am phan

Tham tuwoi duoc xac dinh la cdy bui, than thao, day leo dudi tan ring. Trén co so
do tinh sinh khéi tuoi trén 6 mau, phan tich sinh khdi khé va carbon, quy déi ra sinh
khdi kho va carbon trén ha cho ting 6 tiéu chuan.

Sinh khéi khé tham tuoi ky hiéu: Bhg (tdn/ha), carbon trong sinh khéi tham tuoi
ky hiéu Chg (tan/ha). Tinh toan trung binh sinh khoi va carbon trong bang 2.3 (Dir liéu
o phu luc 19).

Bang 2.3: Trung binh va bién déng sinh khéi va carbon trong tham twoi

Chi tiéu théng ké Bhg tan ha Chg tan ha
Sb mau 20 20
Trung binh 1.477 0.529
Sai tiéu chuan 4.224 1.468
Hé s bién dong 285.86% 277.64%
Minimum 0.0 0.0
Maximum 19.119 6.647

Bang 2.3 cho thay bién dong sinh khdi va carbon trong tham tuoi rat 1on. Trung
binh c6 1,477 tan sinh khéi/ha va 0,529 tin C trong tham twoi/ha. Pa thr nghiém
nghién ciru quan hé gitra sinh khéi va carbon trong tham tuoi vai sinh khoi cay go, cac
nhan t6 sinh thai 1am phan khac nhau nhung khong phat hién dugc quan hé. Co nghia
sinh khéi va carbon trong tham tuoi bién dong ngau nhién. C6 thé chap nhan gia tri
binh quan cho 1am phan. Trong thuc té giam sat carbon ddi voi bé chira nay, can do
tinh sinh khéi tuoi trén 6 mau va dua vao ty 1& kho/twoi, %C dé wdc tinh.

Tur s liéu quan sat tinh duoc ty 18 carbon/sinh khéi cua tham twoi 1a 0.37, trong
khi @6 theo IPCC (2006) n6 duoc tinh chung nhu cay gd la 0.47. Diéu nay la hop 1y vi
tham tuoi cha yéu la cay bui than thao, ham luong nudc cao hon nhiéu so véi thuc vat
than go.
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3.2 Uéec tinh sinh khdi va carbon trong tham muc cho 1am phan

Tham muc (litter) dugc Xac dinh theo IPCC (2006) la bao gom tat ca sinh khéi
khdng séng vai kich thudc 16n hon sinh khéi trong dat hitu co (2mm) va nho hon
duong kinh xac dinh g chét (10cm), nam trén bé mat dat ring. Trén co so do tinh sinh
khéi trén 6 mau, phan tich sinh khéi kho va carbon, quy ddi ra sinh khdi khd va carbon
trén ha cho tung 6 tiéu chuan.

Sinh khéi khé tham muc Ky hiéu: Bli (tan/ha), carbon trong sinh khéi tham muc
ky hiéu Cli (tin/ha). Tinh toan trung binh sinh khdi va carbon trong bang 2.4 (Dir liéu

& phy luc 19)

Bang 2.4: Trung binh va bién déng sinh khéi va carbon trong tham muc

Chi tiéu théng ké Bli tan ha Cli tan ha
S6 mau 20 20
Trung binh 9.164 2.773
Sai tiéu chuén 23.67 6.63
Hé s bién dong 258.2% 239.0%
Minimum 0.451 0.159
Maximum 107.796 30.166

Ciling giéng nhu tham twoi, bién dong sinh khéi va carbon trong tham muc rat
l6n. Trung binh c6 9,161 tan sinh khdi/ha va 2,773 tan C trong tham muc/ha. Sinh khi
va carbon trong tham muc bién dong ngau nhién. C6 thé chap nhan gia tri binh quan
cho 1am phan. Trong thuc té giam sat carbon di vdi bé chira nay, can do tinh sinh
khéi trén 6 mau va dua vao ty 1é kho/tuoi, %C dé woc tinh.

Tt s6 liéu quan sat tinh duoc ty & carbon/sinh khéi cua tham muc la 0.35, trong
khi d6 theo IPCC (2006) n6 duoc tinh chung nhu cay gb la 0.47.

3.3 Uée tinh sinh khéi va carbon trong gé chét (Deadwood - DW) cho l1am
phan
Sinh khéi g chét duoc xac dinh cay da chét hoac nam hoac con dang theo IPCC
(2006) voi duong kinh > 10cm duoc do tinh trong 6 mau phu, trén co so phan tich sinh
khdi khd va carbon, quy ddi ra sinh khéi kho va carbon trén ha cho tung 6 tiéu chuan.
Sinh khéi kho gd chét ky hiéu: BDW (tan/ha), carbon trong sinh khéi gb chét ky
hiéu CDW (tan/ha). Tinh toan trung binh sinh khéi va carbon trong bang 2.5 (Dir ligu
o phu luc 19).
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Bang 2.5: Trung binh va bién dgng sinh khéi va carbon trong gé chét

Chi tiéu théng ké Bdw tan ha Cdw tan ha
S6 mau 20 20
Trung binh 1.339 0.696
Sai tiéu chuén 2.871 1.495
Hé s bién dong 214.346% 214.633%
Minimum 0.0 0.0
Maximum 10.089 5.296

Sinh khéi gb chét rat bién dong, tir 0 dén 10,089 tan/ha, va cling nhu vay carbon
cua no bién dong tir 0 — 5,296 tin/ha. Trung binh c6 1,339 tan sinh khéi/ha va 0,696
tan C trong gd chét/ha. Sinh khdi va carbon trong gd chét bién dong ngau nhién. Co
thé chap nhan gia tri binh quan cho 1am phan. Trong thuc té giam sat carbon ddi vai bé
chira nay, cn do tinh sinh khdi trén 6 mau va dua vao ty Ié kho/tuoi, %C dé wdc tinh.

Tur so lieu quan sat tinh duoc ty I& carbon/sinh khoi cua go chét la 0.53, trong
khi d6 theo IPCC (2006) n6 duoc tinh chung nhu cay gb 1a 0.47. Diéu nay la hop Iy vi
g6 chét ¢a mat kha nhiéu nudc, kho, nén ty 1 nay cao hon cay g tuoi binh thuong.
4 MO HINH UOC TINH SINH KHOI VA CARBON LAM PHAN VA

MOI QUAN HE VO1 CAC NHAN TO SINH THAL

Hau hét cac nghién ciru 1ap md hinh udc tinh sinh khéi rimg déu dung lai 6 mo
hinh wéc tinh cho cdy ca thé, trong khi d6 gitra sinh khéi, carbon trong 1am phan ¢
quan hé chat ch& voi nhau va mdi bo phan trén dudi mat dat ciing vay. Pong thoi sinh
khdi va carbon 1am phan lai ¢6 quan hé véi cac nhan t diéu tra 1am phan truyén théng.
Vi vay thiét 1ap cac mo hinh, quan hé gitra cac nhan té nay sé hd tro cho:

- Udc tinh sinh khéi, carbon cua bé chira kho do dém tir bé chira dé do dém

- Chuyén doi giira sinh khéi va carbon rung 1am phan

- Ubdc tinh sinh khéi, carbon tung bé chira, toan 1am phan véi cac nhan t6 diéu
tra 1am phan truyén théng

Nhu vay sé ¢6 hang loat nhém mé hinh dugc thiét 1ap nham dap ing muc dich,
nhu cau da dang trong woc tinh sinh khi va carbon 1am phan.
Cac nhém mé hinh sau duoc xay dung va kiém tra cac tiéu chuan théng ké, lva
chon ham:
i) M6 hinh quan hé sinh khéi va carbon 1am phan
i) M@ hinh wéc tinh sinh khdi cay g trén mat dat theo nhan té diéu tra 1am phan
iii) M6 hinh uéc tinh sinh khéi cay gd dudi mat dat theo nhan té diéu tra 1am phan
iv) M® hinh wéc tinh tong sinh khi cay gd trén va dudi mat dat theo nhan té diéu
tra 1am phan
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v) M& hinh wéc tinh tong sinh khéi 4 bé chira va dudi mat dat theo nhan té diéu

tra 1am phan

vi) M& hinh woc tinh tong carbon cay gé trén mit dat theo nhan t diéu tra 1am

phan

vii) M hinh udc tinh téng carbon cay g dudi mat dit theo nhan té diéu tra 1am

phan

viii) Md hinh udc tinh téng carbon thuc vat (4 bé chira) theo nhan t diéu tra 1am

phan

ixX) M0 hinh wéc tinh tong carbon 5 bé chira theo nhan té diéu tra 1am phan

Dé tao lap co so dir liéu thiét 1ap cac nhom mé hinh néi trén, da tién hanh xac
dinh cac bién sé:

TAGTB: Téng sinh khdi cay rung trén mit dat (tan/ha)

TAGTC: Téng carbon cua cdy ring trén mat dat (tin/ha)

TBGTB: Tong sinh khéi dudi mat dat cua cay rung (tan/ha)

TBGTC: Téng carbon dudi mat dat cua cay rung (tan/ha)

TTB: Téng sinh khdi cay rung trén va dudi mat dat (tin/ha)

TTC: Tong carbon tich Iy trong cay ring trén va dudi mit dat (tin/ha)

TB: Tong sinh khéi cua 4 bé chira: Cay g trén, dudi mat dat, tham tuoi-cay
bui va gb chét (tan/ha)

TC: Téng carbon tich iy trong 5 bé chira cua ring (tin/ha)

Cac bién s6 dugc xac dinh gia tri dua vao:

Dir liéu 20 & tiéu chuan dién hinh theo trang thai va 70 & tiéu chuan ngau
nhién dung dé giai doan anh vién tham: Tong s6 ¢6 90 6 mau

Str dung cip chiéu cao H dé xac dinh H cho tung 1am phan tng vaéi tung cép
kinh, lam bién s6 xac dinh sinh khéi va carbon cho tiring cap kinh.

MJbi 6 mau sap xép phan bé N/DBH véi cu ly cap 10cm

Str dung cac mé hinh wdc tinh sinh khéi va carbon cay ring trén va dudi mat
dat (AGB, C(AGB), BGB, C(BGB)) dé tinh sinh khéi va carbon cua cay gb
cho toan 1am phan

Str dung gia tri binh quan vé sinh khdi va carbon cua tham twoi, tham muc,
g chét

St dung mo hinh SOC véi sinh khéi dé xac dinh carbon trong dat theo 1am
phan.

Cac chi tiéu diéu tra 1dam phan nhu N, BA, M duoc tinh toan theo qua
N/DBH, H — f(DBH), V=f(DBH, H)

Bo dit liéu lap hé thong mé hinh trong phu luc 20. Két qua & cac bang tir 2.6
dén 2.15.
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Bang 2.6: M6 hinh quan hé sinh khdi va carbon 1am phan

RZ
Stt | Dang ham Ham adjusted P n | Pbi CF AIC S%
(%)

_ TBGTB_tan_ha =
1 (152187 | 1(0.00311757 + 96.9000|9 | 000| 10| -979| 8.1%
6.58855TAGTB_tan_ha)

_ TBGTC tan_ha = 1/(-
2 {E’f;g_ 0.000843586 + 97.8 | 0.00 | 90 | 0.00 1.0 -842 7.6%
7.91529/TAGTC tan_ha)

TAGTC tan_ha = exp(-

TAGTC = 0.752059 + 0
3 TAGTB 0.998844*In(TAGTB_ tan_h 99.6 | 0.00 | 90 | 0.00 1.0 -1300 0.1%
a))
TBGTC_tan_ha = exp(-
TBGTC = 0.9889 + 0
4 TBGTB 1.04495*In(TBGTB_tan_ha) 99.710.00 | 90 | 0.00 10 649 2.0%
)
TTB = Total_TBtan_ha=
5 f(TAéTB) 1/(0.0000469761 + 99.5 | 0.00 | 90 | 0.00 1.0 -1730 1.0%
0.867918/TAGTB_tan_ha)
TTC = Total_ TC tan_ha=

6 1/(0.00000458378 + 99.5 1 0.00 | 90 | 0.00 1.0 -1622 0.9%

(TAGTB) 1.88995/TAGTB _tan_ha)
Total_ B_t _ha =exp(3.28323
TB = + 0
! f(TAGTB) 0.150092*sqrt(TAGTB_tan_ 98.0 | 0.00 | 20| 0.00 10 95 6.3%
ha))
TC = Total C_t_ha =(9.34517 +
= * 0,
8 {(TAGTB) 2.20244117 TAGTB_tan_ha) 87.110.00 | 20 | 0.00 1.6 3| 11.4%

Bang 2.7: M0 hinh wéc tinh sinh khoi cay gé trén mat dét theo nhan té diéu tra

lam phan
RZ
Stt | Dang ham Ham adjusted P n | Pbi CF AlIC S%
(%)
log(TAGTB_tan_ha) =
_ 1 0.343165 +
1 fT(fAGgi‘N) 0.759853*log(M_m3_ha) - 99.7 [ 0.00 | 90 | 0.00| 1.0 659 |  1.8%
T 0.0581224*log(N_tree_ha)
+0.313628*log(BA_m2_ha)
log(TAGTB_tan_ha) = -
p | JAGTB= | 0172912 + 99.6 [0.00 | 90 | 000 | 10| -612| 2.4%

f(M, BA) 0.858142*log(M_m3_ha) +
0.182867*log(BA_m2_ha)

TAGTB_tan_ha = 1/(-

3 ;I;':‘/I();TB - 0.000133193 + 99.6 | 0.00 | 90 | 0.00 1.0 -1500 3.3%
1.45275/M_m3_ha)
TAGTB_tan_ha = sqrt(-
TAGTB = — = #NU 0
4 f(BA) 7163.8 + 90.5 | 0.00 | 90 | 0.00 M 1793 | 12.7%

52.3468*BA_m2_ha"?2)
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Bang 2.8: M0 hinh wéc tinh sinh khéi cay gé dwéi mit dat theo nhan t6 diéu tra

lam phan
RZ
Stt | Dang ham Ham adjusted P n | Pbi | CF) AlIC S%
(%)
log(TBGTB_tan_ha) =
TBGTB= | 0.365318 - .
1| foeBA) | 0158484 og(N.tree.ha) + 985|000/ 90| 000| 10| -504| 4.3%
1.19168*log(BA_m2_ha)
log(TBGTB_tan_ha) =
_ | 00788347 -
2 fT(ﬁGEIAB ) | 0:138648%I0g(N_tree_ha) + 986|000/ 90| 000| 10| -506| 4.1%
 BA, 1.08937*log(BA_m2_ha) +
0.0868562*log(M_m3_ha)
_ TBGTB_tan_ha =
3 fT(IE\‘A();TB‘ 1/(0.00255261 + 949 000|9 | 000| 10| -934| 10.6%
9.49319/M_m3 _ha)
_ TBGTB_tan_ha = exp(-
4 fT(gi)TB‘ 0.520541 + 96.1000|9 | 000| 10| -419| 7.0%
1.12253*In(BA_m2_ha))

Bang 2.9: M0 hinh wéc tinh téng sinh khéi cay gd trén va dwéi mat dat theo nhan
to dieu tra lam phan

R2
Stt | Dang ham Ham adjusted | P n | Pbi | CF AlIC S%
(%)
log(Total_TB tan_ha) =
_ 0.687703 -
1 'NI'TBBa;f(M, 0.0687933*log(N_tree_ha) 99.7 | 0.00 | 90 | 0.00 1.0 -634 2.1%
' +0.677067*log(M_m3_ha)
+ 0.409578*log(BA_m2_ha)
log(Total_TB tan_ha) =
TTB=f(M, | 0.076877 + 0
2 BA) 0.25481*l0g(BA_m2_ha) + 99.4 | 0.00 | 90 | 0.00 1.0 -585 2.8%
0.793401*log(M_m3_ha)
log(Total_TB tan_ha) = -
3 | TTB=f(M) | 0.214593 + 98.8 | 0.00 | 90 | 0.00 1.0 -522 4.0%
0.999706*log(M_m3_ha)
TTB = log(Total_TB tan_ha) =
4 f(BA)_ 1.63668 + 91.2 | 0.00 | 90 | 0.00 1.0 -345 | 11.0%
1.10688*log(BA m2_ha)
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Bang 2.10: M6 hinh waéc tinh téng sinh khdi 4 bé chira va dwoi mit dat theo nhan

t6 diéu tra 1am phan

RZ
Stt | Dang ham Ham adjusted P n | Pbi CF AIC S%
(%)
In(Total_ B t _ha) =
1 | TB=1(M) 0.281749 + 97.7 1 0.00 | 20 | 0.00 1.0 -94 6.2%
0.921592*In(M_m3_ha)
log(Total_B_t_ha) =
TB =f(BA, 1.89059 +
2 N) 1.12167*log(BA_m2_ha) - 95.1 | 0.00 | 20 | 0.00 1.0 -78 7.9%
0.00017569*N_tree_ha
Total B t ha=1/(-
3 | TB=f(BA) | 0.000329212 + 93.0 | 0.00 | 20 | 0.00 1.0 =273 | 13.4%
0.142373/BA_m2_ha)

Bang 2.11: M6 hinh waéc tinh téng carbon cay gé trén mit déat theo nhan té diéu

tra 1am phan

RZ
Stt | Dang ham Ham adjusted P n | Pbi CF AlIC S%
(%0)
log(TAGTC tan_ha) = -
| 0417358+
1 fT(ﬁAGgg N | 0:312464*10g(BA_m2_ha) - 998 [000|90 | 000| 10| -665| 1.7%
T 0.0569746*log(N_tree_ha)
+ 0.759542*log(M_m3_ha)
log(TAGTC tan_ha) = -
TAGTC = | 0.923244 + .
2 | (v BA) | 0184388 00(BA M2 ha) ¢ 996 000 |90 | 000| 10| -618| 23%
0.85589*log(M_m3_ha)
_ log(TAGTC tan_ha) = -
3 ]T(Q?TC‘ 1.13404 + 9930009 | 000| 10| -567| 3.1%
1.0051*log(M_m3_ha)
_ log(TAGTC tan_ha) =
4 EQS)TC‘ 0.759411 + 90.1/000|9 | 000| 10| -334| 11.7%
1.10347*log(BA_m2_ha)

Bang 2.12: M6 hinh wdc tinh téng carbon cay gé dwdi mit dat theo nhan té diéu

tra 1am phan

RZ
Stt | Dang ham Ham adjusted | P n | Pbi | CF AlC S%
(%)
log(TBGTC_tan_ha) = -
TBGTC = 0.337329 + 0
1 f(BA, N) 1.25096*log(BA_m?2_ha) - 97.6 | 0.00 | 90 | 0.00 1.0 -454 5.8%
0.207748*log(N_tree_ha)
log(TBGTC_tan_ha) = -
_ 0.737651 +
2 ]T(Eﬂegi‘m 0.12137*log(M_m3_ha) + 976 (000 | 90| 005| 10| -456| 5.6%
T 1.10799*log(BA_m2_ha) -
0.178634*log(N_tree_ha)

89




RZ

Stt | Dang ham Ham adjusted P n | Pbi CF AlIC S%
(%)
log(TBGTC_tan_ha) = -
TBGTC= | 232377+ )
3| f bR | OasassarlogM_m3. ha) + 96.0 | 0.00| 90| 000| 10| -410| 7.2%
0.706111*log(BA_m2_ha)
_ log(TBGTC_tan_ha) = -
4 ;EA();TC‘ 3.13147 + 915 000| 90 | 000| 10| -342| 10.8%
0.995151*log(M_m3_ha)
_ log(TBGTC_tan_ha) = -
5 fT(?BGAT)C‘ 1.49127 + 939 000|990 | 000| 10| -372| 9.3%

1.16088*log(BA_m2_ha)

Bang 2.13: M6 hinh wéc tinh tong carbon thuc vat (4 bé chira) theo nhan t6 diéu

tra 1am phan

R2
Stt | Dang ham Ham adjusted P n P1 CF AlC S%
(%)
log(Total TC tan ha) = -
_ 0.0932362 +
1 ;;CN‘)f(M' 0.405294*I0g(BA_m2._ha) - 976 (000 |90 | 000| 10| -624| 22%
' 0.0717041*log(N_tree_ha)
+0.685629*log(M_m3_ha)
log(Total_TC tan_ha) = -
TTC =f(M, | 0.729907 + i 0
2 BA) 0.243978*log(BA_m2_ha) + 99.3 | 0.00 | 90 | 0.00 1.0 576 2.9%
0.806886*log(M_m3_ha)
log(Total_ TC tan ha) = -
3 | TTC=f(M) | 1.00899 + 98.8 | 0.00 | 90 | 0.00 1.0 -521 4.0%
1.00442*log(M_m3_ha)
TTC = log(Total_TC tan ha) =
4 f(BA) 0.856408 + 90.9 | 0.00 | 90 | 0.00 1.0 =342 | 11.2%

1.11053*log(BA_m2_ha)

Bang 2.14: M6 hinh wdc tinh téng carbon 5 bé chira theo nhan t6 diéu tra 1am

phan
RZ
Stt | Dang ham Ham adjusted | P n P1 CF AlC S%
(%)
TC=foa, | Total C_tha=268914+
NS * | 0.49699*M_m3_ha - 89.2 | 0.00 | 20 | 0.00 133 | 11.2%
27.8576*log(N_tree ha)
B Total C_t_ha = 70.8213 + )
2 | TC=fM) | 3501350 m3 na 86.7 | 0.00 | 20 | 0.00 136 | 11.9%
3 | Tc=fBA) | 10w C_Lha=exp(4.47602 740000 | 20| 000| 10| -63| 155%

+ 0.0265483*BA_m2_ha)

90




Bang 2.15: M6 hinh quan hé tong carbon 5 bé chira theo nhan té sinh thai, sinh
khoi cay go trén mat dat

R2
Stt | Dang ham Ham adjusted Pl n Pbi CF AlC S%
(%)
Total C_t ha=-1001.09 +
TC= 0.68557*TAGTB_tan_ha +
1 | f(TAGTB, 15.2615*Maso_dame + 92.7 | 0.00 | 20 | 0.00 129 8.4%
sinh thai) 0.18382*P_mm_nam +
26.7666*Tkk

Ngoai ra da thir nghiém phat hién cac nhan té sinh thai anh huong dén kha ning
tich lay carbon cua 5 bé chia cua ring. Két qua ham trong bang 2.15 tur dix liéu & phu
lyc 21 chi ra rang tong luong carbon cua 5 bé chira trong 1am phan (TC) c6 quan hé
chit ch& voi da me, lwong mua binh quan niam, nhiét d6 binh quan nim va tong sinh
khoi cay rung trén mat dat. Trong d6 khi lwong mua va nhiét do tiang 1én thi TC gia
tang, co nghia ting ning luc sinh trudng va tich iy sinh khéi, carbon ring. M6 hinh
co R% = 92.7%, va bién dong du bao so vaéi thuc té 1a tot & mic S% = 8.4%.

5 CAU TRUC SINH KHOI VA CARBON LAM PHAN

Nghién ctru cau trac sinh khéi va carbon 1am phan nham phan anh su phan bd
trir lugng carbon trong cac 1am phan khac nhau, cap niang suit khac nhau. Kiéu cu
trac sinh khdi va carbon 1am phan nghién citu 1a phan b sinh khdi va trir lugng carbon
rung theo cap kinh. Tur ddy lam co so wdc luong, giam sat lwgng CO, hap thy hoac
phat thai cho tirng 1am phan cu thé.

Nghién ciu theo chu dé nay bao gom:

- Phan cip chiéu cao, ning suat 1am phan: Nham phan anh chinh xac sinh khéi,

trir lugng va tang truong carbon trong cac diéu kién hoan canh khac nhau.
Viéc phan chia cap chiéu cao trinh bay trong chuong 2, muc 1.

- Phan céap sinh khéi 1am phan: Lam phan trong thuc té da qua cac mic do tac
dong khac nhau, do d6 da co thay ddi carbon trong cac bé chira, vi vay can
phan chia thanh cac cap twong d6i dong nhat, nd khéng chi phan anh sinh khéi
theo cip ma con dung dé lam dbi twong déng nhit cho viéc rat mau do tinh
carbon trén thuc té

- Nghién ctru quy luat phan b sinh khéi, carbon cay gb trén va dudi mat dat
theo cap kinh.

5.1 Phan cip sinh khbi 1am phan

Chi tiéu sinh khdi lya chon dé phan cip 1am phan theo cac déi twong twong dbi
ddng nhat va co su khac biét voi nhau la tong sinh khéi cua tit ca cay gd trén mat dat
(than, canh, 14 va vo) véi DBH > Scm. Co so chon chi tiéu nay la sinh khdi cay trén
mit dat phan anh r5 sy thay doi sinh khdi cua 1am phan khac nhau, day la bé chira
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carbon quan trong nhat, né d& do dém théng qua md hinh allometric equations, ddng
thoi tr nhém sinh khéi nay cé thé suy ra dugc cac nhom sinh khéi va carbon cua cac
bé chira khac trong 1am phan.

Trén co s& 20 0 tiéu chuan 2000m2, sép xép phan b6 N/DBH, quan hé H/DBH
theo tung cip H va dya vao ham sinh khéi cay trén mat dat voi hai nhan tb DBH va H
dé woc tinh sinh khdi theo cép kinh va tdng TAGTB (tdn/ha) cho ting 1am phan.

Tién hanh tinh bién dong, dic trung mau va phan chia cac 1am phan thanh 3 cip
sinh khéi cua cay ring trén mit dat (TAGTB) (Bang 2.16)

Bang 2.16: Pic trung va bién dong TAGTB cua cac 1am phan
TAGTB tan ha

Trung binh 205.4
Sai s6 s6 trung binh 23.4
Sai tiéu chuan - Standard Deviation 104.7
Phuong sai - Sample Variance 10982.6
D6 nhon - Kurtosis -1.148
Do léch - Skewness 0.087
Minimum 34.4
Maximum 364.3
S6 6 mau 20
Bién dong o P = 95% - Confidence Level (95.0%) 49.0

Két qua cho thay sinh khdi TAGTB trung binh cua rung la rong thuong xanh
vung Tay Nguyén la 205.4 tan/ha, nho nhat la 34.4 tan/ha va l6n nhat la 364.3 tan/ha.
Uéc lugng TAGTB véi db tin cay 95%: TAGTB = 205.4 + 49.0 tin /ha = 156 — 254
tan/ha.

Tién hanh phan chia TAGTB thanh 3 cap ¢ bang 2.17 theo nguyén tic cap 2 ¢6
gia tri trung binh va bién dong cta no trong pham vi tin cay P =95%; cip 1 la cap sinh
khoi thap, nam & pham vi trai bén ngoai wdc lwong khoang 95% va cap 3 la cap sinh
khdi cao nam vé phia phai bén ngoai cua udc lugng khoang 95%.

Bang 2.17: Phan chia cap sinh khéi TAGTB

Cép sinh khéi : TAGTB (tan/ha)

Min Max
Cép sinh khdi 1 35 155
Cap sinh khéi 2 156 254
Cap sinh khéi 3 255 365

St dung phan tich ANOVA (bang 2.18) dé danh gia su sai khac trung binh
TAGTB cua 3 cap sinh khéi da phan chia dya vao s6 liéu TAGTB cua cac & mau duoc
sap theo ting cap da phan chia.
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Bang 2.18: Phan tich ANOVA vé su sai khac cac cap sinh khdi
SUMMARY

Groups Count Sum Average Variance
1 8 794.089 99 1539.268533
2 6 1329.264 222 732.8930228
3 6 1984.93 331 1631.871549
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 186071 2 93035.51076  69.9864816 6.23E-09 3.591531
Within Groups 22598.7 17 1329.335446
Total 208669.7 19

Két qua phan khdi cho thay sé 6 mau nghién cau phan bb kha déu o cac cap:
Cap1c6 80, cap2cod 60 vacap 3co 6 6.

Trung binh va bién dong sinh khéi cay g trén mat dat 3 cap:

- Cip 1: TAGTB = 99 tan/ha, bién dong tir 35 — 155 tan/ha
- Cap 2: TAGTB = 222 tan/ha, bién dong tu 156 — 254 tan/ha
- Cap 3: TAGTB = 331 tan/ha, bién dong tu 255 — 365 tan/ha

Phan chia thanh ba cap sinh khéi cé su khac biét rd rét & mac tin cay 95%, F =
69.98 > F(0.0s,2,17) = 3.59; P < 0.000. Nhu vay viéc phan chia cap sinh khéi cho rung la
rong thuong xanh la thich hop, chang c6 su khac biét nhau dé tao thanh tung khdi
dong nhat trong do tinh, udc lugng va giam sat carbon rung.

Trong thuc t& 1am nghiép hién nay thuong str dung gia tri trir lwong 1am phan dé
phan chia trang thai ring theo mirc d6 giau ngheo khac nhau. Dé thuan tién cho viéc
chuyén d6i tir trir lwong sang sinh khéi, tir dix liéu 90 6 mau (20 6 dién hinh va 70 6
ngau nhién giai doan anh vé tinh), tinh toan hé sé chuyén d6i BCEF la ty 18 sinh khdi
cly gb trén mat dat caa 1am phan (TAGTB, tan/ha) véi téng trir lugng cay dung (M,
m3/ha): BCEF = TAGTB / M; tir ddy c6 thé suy nguoc lai M = TAGTB/BCEF (Bang
2.19)

Két qua nhan dugc hé s6 BCEF rung |4 rong thuong xanh vung Tay Nguyén
trung binh la 0.707, vai sai s6 s6 trung binh la 0.003, sai tiéu chuan la 0.031, véi d6 tin
cay 95% thi uwoc lwong khoang BCEF = 0.707 % 0.006. Khoang bién dong rat nho vi
vy co thé si dung gia tri binh quan dé chuyén ddi tu trir luong sang sinh khéi va
nguoc lai. Trén co so d6 bo sung gia tri M cho 3 cap sinh khdi dé co thé tng dung
trong thyc té dang tiép can theo trir luong rang.
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Bang 2.19: Phan cip sinh khi TAGTB va quan hé véi M

Chp sinh khéi _ TAGTB (tin/ha) _ M (m?3/ha)

Min Max Min Max
Cép sinh khoi 1 35 155 50 220
Cép sinh khdi 2 156 254 221 360
Cép sinh khdi 3 255 365 361 515

5.2 CAu trac phan bé sinh khédi va carbon tich liiy trong cay rung trén va
dwdi mat dat
Cau trac sinh khéi va carbon cdy rimg duoc xac dinh la phan bd sinh
khdi/carbon cay rung trén va dudi mit dat theo cap kinh, cu ly cap 10 cm
Cau trac sinh khéi/carbon theo cap DBH dugc ude lugng theo ting don vi phan
chia 1am phan la cap sinh khéi (cé 3 cap) va cap chiéu cao H (c6 3 cap).
Tién hanh:
- Sap xép cac o theo tung cap sinh khéi va cap chiéu cao
- Sap xép phan bé N/DBH va tinh binh quan/ha
- Sur dung phuong trinh H/DBH cho ting cap chiéu cao dé xac dinh H theo
cap kinh
- Sur dung cac ham allometric equations da lap dé tinh sinh khéi/carbon
trén va dudi mat dat cho ting cp kinh va két hop voi mat do theo cap
kinh dé tinh tong theo cap kinh va cho 1am phan

In(AGB_kg) =-2.9766 + 0.535797*In(DBH_cm) + 0.759321*In(H_m*DBH_cm”2)  (2.3)

In(C_AGB_kqg) =-3.72664 + 2.05141*In(DBH_cm) + 0.760168*In(H_m) (2.4)
BGB_kg = exp(-3.73687 + 2.32102*In(DBH_cm)) (2.5)
C_BGB_kg = exp(-4.91842 + 2.41957*In(DBH_cm)) (2.6)

- Tinh téng sinh khéi cay rung trén va dudi mat dat TTB (tin/ha)
- Tinh téng carbon cay rung trén va dudi mat dat TTC (tan/ha)

Véi 3 cép sinh khéi va 3 cap chiéu cao s& tao thanh 9 t6 hop don vi phan chia
sinh khéi/carbon ring. Két gqua tinh minh hoa cho 3 1am phan dai dién:

- Lam phan cé sinh khdi va ning suat thap nhat: Cap sinh khdi 1 va cap H la Il
(Bang 2.20 va hinh 2.4)

- Lam phan c6 sinh khéi va ning suét trung binh: Cap sinh khbi 2 — Cap H la Il
(Bang 2.21 va hinh 2.5)

- Lam phan co sinh khdi va niang suat cao nhat: Cap sinh khéi 3 — Cap H |
(Bang 2.22 va hinh 2.6)
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Bang 2.20: Céu trac sinh khéi va carbon & 1am phan cép sinh khéi 1 — cap H 111

DBH H (m) N/ ha TAGTB TBGTB TAGTC TBGTC TTB TTC
(cm) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha)
5 55 963 4.9 1.0 2.3 0.3 5.8 2.6
15 11.5 316 26.7 4.0 12.5 1.6 30.8 14.2
25 15.0 51 15.1 2.1 7.1 0.9 17.3 8.0
35 17.6 28 19.0 2.6 8.9 1.1 21.6 10.0
45 19.7 10 12.3 1.7 5.8 0.7 13.9 6.5
55 21.4 6 12.3 1.6 5.8 0.7 14.0 6.5
65 22.9 3 7.3 1.0 3.4 0.4 8.2 3.9
75 24.2 0 0.0 0.0 0.0 0.0 0.0 0.0
85 25.4 0 0.0 0.0 0.0 0.0 0.0 0.0
95 26.5 1 4.4 0.6 2.1 0.3 5.0 2.4
Téng 1378 102.1 14.6 47.8 6.2 116.6 54.0
16.0
14.0
12.0
= 10.0
=
= 8.0
= 6.0
" |I||
2.0
20| |g 1 &
5 1525|135 (45|55 65|75 | 85| 95
mTAGTC (t/ha)| 2.3 |125/7.1 /89 (58|58 |3.4|00|00]| 21
TBGTC (t/ha)| 0.3 /160911 |0.7(07|0.4|00|0.0]|0.3

Hinh 2.4: Phan bé sinh khéi trén va dwéi mat dat theo cap DBH lam phan cép
sinh khoi 1 —cap H 111

Déi vai 1am phan co sinh khéi thap nhat (cap 1) va niang suat thap nhat (cip H
la 111), tong sinh khdi trén mat dat la 102 tin/ha, sinh khéi dudi mat dat la 15 tan/ha,
téng sinh khéi trén va dudi mat dat la 117 tAn/ha Gng voi tong luong carbon tich iy
duoc la 54 tan/ha. Cau trac c6 dang mot dinh léch trai vé phia lop cay co cap kinh nho,
nhap nho thé hién su mit 6n dinh do cac tac dong manh; tap trung sinh khdi va carbon
o cap kinh 15cm.
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Bang 2.21: CAu trac sinh khéi va carbon & 1am phan cép sinh khéi 2 — cip H 11

DBH H (m) N/ha TAGTB | TBGTB | TAGTC | TBGTC TTB TTC
(cm) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha)
5 6.7 878 5.2 0.9 2.4 0.3 6.0 2.7
15 14.4 479 48.2 6.1 22.6 2.5 54.3 25.1
25 19.0 208 74.0 8.7 34.7 3.7 82.7 384
35 22.4 47 37.7 4.3 17.7 1.9 42.0 195
45 25.1 30 443 4.9 20.7 2.2 49.2 22.9
55 27.4 11 25.9 2.9 12.1 1.3 28.8 13.4
65 29.3 4 14.8 1.6 6.9 0.7 16.4 1.7
75 31.1 3 12.5 1.4 5.9 0.6 13.9 6.5
85 32.6 2 11.3 1.2 5.3 0.6 125 5.9
Téng 1662 273.8 32.0 128.3 13.8 305.9 142.1
45.0
40.0
35.0
30.0
2 25.0
<& 20.0
[hi
15.0
10.0
5.0
* inm
5 | 15 | 25 | 35 | 45 | 55 | 65 | 75 | 85
WTAGTC (t/ha)| 2.4 | 226 | 347 | 17.7 | 20.7 | 121 | 69 | 59 | 53
mTBGTC(t/ha)| 03 | 25 | 3.7 | 1.9 | 22 | 13 | 07 | 06 | 06

Hinh 2.5: Phan bé sinh khéi trén va dwéi mat dit theo cAp DBH Iam phan cip
sinh khoi 2 —cap H 11

Dbi voi 1am phan co sinh khéi va ning suat trung binh (cap sinh khoi 2 va cap
H Ia 1), tong sinh khéi trén mat dat la 274 tin/ha, sinh khdi dudi mat dat la 32 tan/ha,
téng sinh khéi trén va dudi mat dat la 306 tan/ha (ng voi tong lwong carbon tich Ky
duogc la 142 tan/ha. Cau trac cé dang mot dinh léch trai vé phia 16p cay dwong kinh
trung binh, tap trung sinh khéi va carbon ¢ cap kinh 25 — 35 cm va c6 phan bé sinh
khdi dén cip kinh 16n, cau trac kha 6n dinh.
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Bang 2.22: Céu trac sinh khéi va carbon & 1am phan cép sinh khéi 3 - cip H |

DBH H (m) N/ha TAGTB | TBGTB | TAGTC | TBGTC TTB TTC
(cm) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha) (t/ha)
5 7.8 148 1.0 0.1 0.5 0.1 1.1 0.5
15 17.3 106 12.2 1.4 5.7 0.5 13.6 6.3
25 23.0 63 25.7 2.6 12.1 1.1 28.4 13.2
35 27.2 27 25.6 25 12.0 1.1 28.1 13.1
45 30.5 10 17.6 1.7 8.2 0.8 19.3 9.0
55 33.3 8 21.3 2.0 9.9 0.9 23.3 10.9
65 35.8 9 36.6 3.4 17.1 1.6 40.0 18.7
75 37.9 5 30.7 2.9 14.3 1.3 335 15.7
85 39.9 3 26.3 2.4 12.3 1.2 28.7 134
95 41.6 1 13.9 1.3 6.5 0.6 15.2 7.1
105 43.3 0 0.0 0.0 0.0 0.0 0.0 0.0
115 44.8 2 23.6 2.2 11.0 1.1 25.8 12.1
125 46.2 0 0.0 0.0 0.0 0.0 0.0 0.0
135 475 1 31.6 2.9 14.7 1.4 34.5 16.2
145 48.7 2 40.5 3.7 18.9 1.9 443 20.8
155 499 1 43.5 4.0 20.3 2.0 47.6 22.3
Téng 387 350.1 33.2 163.7 15.6 383.3 179.3
25.0
20.0
15.0
g
10.0
0.0
5 15 (25 |35 (45 (55 | 65| 75| 8 | 95 |105|115|125(135| 145|155
B TAGTC (t/ha)| 0.5 | 5.7 |12.1/12.0| 8.2 | 9.9 |17.1|14.3|12.3| 6.5 | 0.0 |11.0| 0.0 |14.7|18.9|20.3
TBGTC (t/ha){ 0.1 |05 |1.1|1.1|/08 |09 | 1.6 12/06 00|11/ 00/14|19|2.0

Hinh 2.6: Phan bé sinh khéi trén va dwéi mat dat theo cap DBH lam phan cép
sinh khoi 3 —cap H I
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Déi vai 1am phan c6 sinh khéi va nang suat cao nhat (cap sinh khdi 3 va cap H la
1), tong sinh khéi trén mat dét la 350 tan/ha, sinh khdi dudi mat dit la 33 tin/ha, téng
sinh khdi trén va dudi mat dat la 383 tin/ha tng voi tong lugng carbon tich lay duoc la
179 tan/ha. Cau tric c6 dang hai dinh, mét dinh tap trung o cap kinh 65cm va dinh
khac tap trung o 16p cay thanh thuc 150cm; sinh khéi tap trung ¢ hai nhom cap kinh
nay. CAu trac thé hién rang qua thanh thuc, thiéu 16p cay ké can, do vay can ¢ bién
phap khai thac st dung bén vitng dé thuc day sinh truong caa 16p cay nho, nang cao
ning luc hap thy CO2 cua ring.

Tu két qua nghién ctu trén, tinh téng lugng carbon cho tat ca cac bé chia ¢ 3
lam phan dai dién va quy doi sang lwong CO2 hip thu. Trong d6 carbon hiru co trong
dat (SOC) duoc woc tinh qua md hinh:

SOC(tan/ha) = sqrt(6201.4 + 0.0970105*(TAGTB_tan_ha)"2) 2.7)

Luong carbon trong tham muc, tham twoi va gd chét duoc lay trung binh chung.

Két qua tinh duoc téng C & cac bé chira, chung 1am phan va quy déi CO; =
3.67C o bang 2.23.

Béng 2.23: Lwgng Carbon va CO; hap thu trong 3 Iam phan dai di¢n sinh khéi va

nang suat

BE chira carbon Cép sinh khéi/Cap H | Cip sinh khéi/Cép H | Cép sinh khi/Cip H

171 2/ 31/1
TAGTC (t/ha) 47.8 128.3 163.7
TBGTC (t/ha) 6.2 13.8 15.6
SOC (t/ha) 84.9 116.1 1345
Cdw (t/ha) 0.7 0.7 0.7
Cli (t/ha) 2.8 2.8 2.8
Chg (t/ha) 0.5 0.5 0.5
TC (t/ha) 143.0 262.2 317.8
Téng CO: (t/ha) 524.7 962.3 1166.4

Nhu vay ddi vai ring 1a rong thuong xanh ving Tay Nguyén, luong carbon tich

Iiy thap nhat la 143 tan/ha va cao nhat la 318 tan/ha; ing véi luong CO2 héap thy tur
525 — 1166 tan/ha.

Luong C tich iy trong cay gé phan trén mit dat (TAGTC) (bao géom than, canh,
l4 va vo) la cao nhat, chiém 48.9%, thi hai la luong carbon hitu co trong dat (SOC)
chiém 44.3%; luong carbon trong ré cay rung (TBGTC) chiém 5.3%. Riéng carbon
trong tham tuoi (Chg), tham muc (Cli) va gd chét (Cdw) chiém ty I¢ rat thap, dudi 1%.
(Hinh 2.7).

Do viy trong do tinh giam sat carbon rung, cé thé bo qua cac bé chira tham muc,
tham tuoi va gd chét dé can ddi hiéu qua gitra do tinh giam sat va ban tin chi carbon.
Riéng carbon trong dat chiém ty trong 16n, nhung thudng it bién dong & cac trang thai
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rang, do vdy do tinh bé chira nay nén & dinh ky dai hon hoic chi do tinh khi cho
chuyén déi str dung ring dé tich lwong CO; phat thai rir dat rung khi thay di sir dung
dat.

Cli (t/ha)
Cdw (t/ha) 1.1% Chg (t/ha)
0.3% 0.2%
SOC (t/ha) .TAGTC
44.3% (t/ha)
48.9%
TBGTC
(t/ha)
5.3%

Hinh 2.7: Ty Ié trung binh % C & cac bé chira trong ring la réng thwong xanh
Tay Nguyén

Trén co so xac dinh dugc carbon luu gitr va quy doi ra luong CO2 hip thu ¢ 3
1am phan dai dién ¢ 3 muc tich iy sinh khdi thap, trung binh va cao; thir tinh toan gia
tri cua riang vé hap thu CO,. Vi gia ban tin chi CO2 ring trén thé gioi rat bién dong,
thuong tir 20 — 50 USD/tan CO2; gia dinh gia la 20 USD/tin COy, tinh toan gia tri hap
thy CO2 cua rung (Bang 2.24). Két qua cho thay gia tri cia ring vé mat moi truong
trong giam nhe bién ddi khi hau nho hap thu khi COy, thi gia tri cua no thip nhat la
220 triéu ddng/ha voi cao nhat la 498 triéu dong/ha. Pay ciing la co so tham khao
trong dinh gia rirng vé mat moi truong hoic can nhic hiéu qua kinh té méi truong khi
chuyén dbi ring tu nhién sang muc dich khac.

Bang 2.24: Hap thu CO; ring la rong thwong xanh Tay Nguyén va gia tri moi

truwong
Cép sinh khéi Cip H Téng CO: hép thu (t/ha) | Gia tri lvu giit CO2 (VND)
1 11 525 220,214,238
2 1 962 408,105,812
3 I 1,166 498,636,766
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6 DU BAO.TANG TRUONG SINH KHOI VA HAP THU CO. CUA
LAM PHAN

Du bao duoc kha ning hap thu CO; caa rung rat ¢6 y nghia trong theo dai bién
dong Iuwong CO; khi tham gia chuong trinh REDD*. Hién nay theo IPCC (2006) chu
yéu c6 hai phwong phap giam sat thay doi bé chira carbon va hap thu/phat thai CO>
ring d6 la phuong phap theo ddi tang thém hoic mat di cta carbon ring (Gain — Loss
method) hodc phuong phap thay dbi trir lugng carbon tai cac thoi diém (Stock
Diference method), cac phwong phap nay hoic la can theo ddi thuong xuyén trén 6
dinh vi hoic do tinh ring ¢ cac thoi diém va tinh toan lai luong carbon.

Dé tai da nghién cau dé chi ra tang truong cua sinh khdi va luong CO2 hip thu
hang ndm cua cac 1am phan khac nhau. Bdng thoi ciing dua ra phuong phap dé dy bao
hap thy CO; ring trén co so cac mo hinh allometric equations va cac nhan té diéu tra
dAu vao ¢ thoi diém dy bao.

Trén co so cac md hinh sinh khéi, carbon da xac dinh dwgc sinh khéi, carbon
rang cho ting cap kinh, va dya vao phan bé N/DBH tinh dugc cho 1am phan o ting
don vi phan loai theo cap sinh khéi va cap chiéu cao (H) (cé6 9 t6 hop don vi phan
loai). Tur day xac dinh tudi cay ting véi tung cip kinh va cép chiéu cao lam co so xac
dinh tang truong sinh khi va carbon rang.

Trén co so 189 cay chit ha dugc dém vong nam dé xac dinh tudi, 1ap mé hinh
woc tinh tudi cdy (A, nim) theo cap kinh va cip chiéu cao & bang 2.25 va hinh 2.8 (Dix
liéu 6 phu luc 22).

Bang 2.25: M6 hinh woc tinh A theo DBH va H

R2
Stt Dang ham | Ham adjusted | P | n | Pbi | CF| AlC | s%
(%)
sqrt(A_year) = -
A=f(DBH, | 0.687835+ _ i
1 5 31460 10g(DBH cm | 69139 | 0000 | 189 | 0.000 | 148 | 432 | 33.6%
ALOH_m)

M6 hinh c6 hé s6 quan hé R? kha chat va ton tai o mirc P < 0.05, bién dong uoc
lwong so vai tudi quan sat la S% = 33.6% co thé chap nhan dé dy bao A.
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Plot of Fitted Model
sqrt(A_year) =-0.687835 + 0.231466*log(DBH_cn“10/H_m)

12 7 T T T T T

sqrt(A_year)

AL
w

13 18 23 28 33 38
log(DBH_cnm10/H_m)

Hinh 2.8: Quan hé A =f(DBH, H)

Chia 1am phan lam 3 cap sinh khéi TAGTB va 3 céap chiéu cao H, tir do ¢6 9 to
hop don vi 1am phan dé du bao ting trudng sinh khéi va hip thu CO; ting 1am phan.
Cac gia tri sinh khéi, carbon theo tung cap kinh duoc udc lugng thong qua cac md
hinh allometric equations da dugc tién hanh ¢ két qua nghién ctu cau trac sinh khoi va
carbon 1am phan. Trén co so do tinh tang truong binh quan hang nam cua sinh khoi va
carbon theo tirng cap kinh théng qua md hinh A, sau d6 tong hop cé dugce ting truong
sinh khéi va hap thu CO2 1am phan.

Tang truong sinh khéi va carbon binh quan hang nam dugc tinh theo cong thic:

ATTB::?F (2.8)
ATTC::%} (2.9)
Trong do:

Atte, Attc: Tang truong binh quan sinh khdi hoic carbon (trén va dudi mat dat
cay g6), tin/ha/nam.

TTB, TTC: Téng sinh khdi hoic carbon cua cdy gd trén va dudi mat dat,
tan/ha/nam.

A: Tudi theo cép kinh va cip chiéu cao cay rung dwogc tinh theo mé hinh A =
f(DBH, H) d lap.

Bang 2.26 chi ra két qua tinh tang truong sinh khéi va carbon rang hang nam o
mot don vi ¢6 sinh khéi va nang suat trung binh la cap sinh khéi 2 va cap H la 1l. Két
qua cho thay trung binh ring 14 rong thuong xanh ting truong sinh khéi la 8.21
tan/ha/nam va ting truong carbon la 3.80 tin/ha/nam.

Tuong ty nhu vay dé dang tinh duoc tang truong sinh khdi/carbon cho 8 don vi
lam phan con lai.

101



Bang 2.26: Ting truéng sinh khdi va carbon cay gé trén va dwoi mat dit ¢ cip

sinh khéi 2 —cap H II

DBH H A N/ha TAGTB | TBGTB TAGTC TBGTC TTB TTC ArTs Artc
em) | (m) | Nim (tha) |  (thha) (t/ha) (tha) | (vha) | (Uha) | (tha/mim) | (t/ha/nim)
5 6.7 6.8 878 5.15 0.88 2.43 0.32 6.03 2.74 0.89 041
15 | 144 24.6 479 48.21 6.12 22.64 245 54.33 25.09 2.21 1.02
25 | 19.0 37.0 208 73.96 8.72 34.68 3.67 82.68 38.36 2.24 1.04
35| 224 46.5 47 37.69 4.29 17.66 1.87 41.99 19.53 0.90 0.42
45 | 25.1 54.4 30 44.25 4,94 20.72 2.21 49.20 22.93 0.90 0.42
55 | 27.4 61.2 11 25.93 2.86 12.14 1.30 28.79 13.44 0.47 0.22
65 | 29.3 67.1 4 14.80 1.62 6.92 0.75 16.42 7.67 0.24 0.11
75 | 311 72.4 3 12.53 1.36 5.86 0.64 13.89 6.50 0.19 0.09
85 | 32.6 77.2 2 11.31 1.23 5.28 0.58 12.53 5.87 0.16 0.08
Téng 166 273.84 32.02 128.33 13.79 305.86 142.12 8.21 3.80
Vi cach tiép can tinh tang truong sinh khoi va carbon nay, cac chi tiéu sinh

khéi, carbon, tudi déu duoc thdng qua cac md hinh, do vay d& dang theo doi ting
truong dinh Ky trén co s thé s6 cay thay doi theo cip kinh & thoi diém diéu tra la du

bao dugc tang truong sinh khdi va carbon cho ting 1am phan.

T két qua tinh toan cho 9 don vi cép sinh khéi va cip chiéu cao tong hop duoc
thong tin tang truong sinh khéi, carbon cua toan bo hé théng ring thuong xanh, tir d6
xac dinh duoc kha niang hap thu CO2 hang nam cua tung don vi, voi CO, = 3.67C.

(Bang 2.27)

Bang 2.27: Tang truéng sinh khdi, carbon va hap thu CO; trén cac don vi phan
loai rueng la rong thwong xanh vang Tay Nguyén

Cp sinh khéi / Cip H

TAGTB (tin/ha) | Chi tiéu ting truwéng C | I i
TAGTC (tin/ha) 66.23 57.27 47.84
. TBGTC (tin/ha) 6.20 6.20 6.20
35- 155 (thn/ha) |- Atre (tan/ha/nam) 4.98 4.32 3.63
Arrc (tAn/ha/nam) 2.30 1.99 1.67
ATTcoz (tan/ha/nam) 8.46 7.32 6.13
TAGTC (tin/ha) 148.56 128.33 107.04
) TBGTC (tin/ha) 13.79 13.79 13.79
156 - 254 (thn/ha) |-Arre (tan/ha/nim) 9.48 8.21 6.89
Arrc (tAn/ha/nam) 4.40 3.80 3.18
AT Tcoz (thn/ha/nam) 16.15 13.95 11.68
TAGTC (tin/ha) 163.71 140.69 116.53
3 TBGTC (tin/ha) 15.60 15.60 15.60
255 - 365 (thn/ha)  |-Atre (tan/ha/nam) 6.07 5.24 4.38
Arrc (tAn/ha/nam) 2.83 2.44 2.04
AT Tcoz (tAn/ha/nim) 10.40 8.97 7.49
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Két qua nay chi ra tang truong thap nhat ¢ cap sinh khéi 1 va cap H 111, voi ting
treong sinh khoi la 3.63 tAn/ha/nim, carbon la 1.67 tin/ha/nim va hap thu CO; la 6.13
tan/ha/nim; ting truong cao nhat ¢ cip sinh khéi 2 va cap H | véi sinh khéi la
9.84tan/ha/nam, carbon 4.40 tin/ha/nam va hap thu CO2 la 16.15 tin/ha/nam (Hinh
2.9).

IPCC (2006) cho thay ting trueong sinh khéi trén mat dat rimg mua nhiét doi o
chau A bién dong trr 3.4 — 13.0 tdn/ha/nam, két qua nghién ctru cua dé tai ciing phu
hop véi dir liéu qubc té, nhung pham vi bién dong hep hon vi cu thé cho rung nhiét doi
o Tay Nguyeén, Viét Nam va nhu vay chinh xac hon.

B TAGTB =99 tdn/ha M TAGTB =222 tin/ha TAGTB =331 tan/ha

Hinh 2.9: Hap thu CO; (tAn/ha/nim) ring la rong thwong xanh theo cap sinh
khoi va cap chiéu cao

Hinh 2.9 va bang 2.28 cho thay kha niang hap thu CO, ¢ cip chiéu cao | la cao
nhat va giam dan dén cap 1l va III, diéu nay phu hop véi viéc phan cap H, vi cap chiéu
cao | 1a chi thi cho cip niang suét tot nhat, sau d6 giam dan dén cap 11 va I11. Trong khi
d6 hap thy CO, cao nhat ¢ cap sinh khéi 2, sau d6 la cap 3, thap nhat o cap sinh khoi
1. Diéu nay cho thay cip sinh khéi 2 la cip co cau trac ring 6n dinh nhung chua qua
thanh thuc do d6 nang luyc hap thu CO; la tét nhét, trong khi d6 cap sinh khéi 1 1a 1am
phan ring bi tic dong manh, suy giam khéi luong va chét lwong sinh khéi do vay lam
giam kha ning hap thy CO2 cua rung; riéng cap sinh khdi 3 1a cap c6 sinh khdi cao va
gan thanh thuc do vay toc do sinh truong cua cy rimg da giam va lam giam kha ning
hap thu CO> cua loai 1am phan nay. V& ly thuyét 1am hoc, sinh truong caa Iam phan sé
ngung khi dat thanh thuc va kha nang hap thu CO, sé bao hoa, tuy nhién loai 1am phan
nay nam ngoai pham vi nghién ciu.
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Bang 2.28: Hap thu CO; theo cép sinh khéi va cip H ring la réng thwong xanh

vung Tay Nguyén

Pon vi CO2: tan/ha/nam

Cip H
Cép sinh khéi - Sinh khéi (tin/ha) | 1 i
1-TAGTB= 35-154 8.5 7.3 6.1
2 - TAGTB = 155 — 254 16.1 14.0 11.7
3-TAGTB = 255 - 365 10.4 9.0 7.5

T két qua nay cho thay co thé dwa vao hap thu CO, hang nam dé tinh toan thu
lao cho nguoi quan ly riung. Voi gia dinh don gia thap nhat 1a 20USD/tan CO- thi gia
tri hap thu CO2 thap nhét cua ring la 6.1 tin CO2 /ha/nam * 20 USD * 21.000 VND =
2.576.674 VND/ha/nam; cao nhat la 16.1 tin COz/ha/ndm * 20 USD * 21.000 VND =
6.781.937 VND/ha/ndam. Nhu vay néu dat duoc chi tra txr 2.5 triéu — 6.8 triéu
ddng/ha/nam dé cho quan ly bao vé ring trén co s rung hip thu CO; sé la dong luc
l6n cho quan Iy ring trong thoi gian dén. Trong khi d6 chi phi cho bao vé rang hién
nay la 100.000d/ha/nam hoac ngay chi phi bao vé rimg dau ngudn theo chuong trinh
PES (Payment for Environment Services) cua chinh phu thi cling dat cao nhat la
500.000d/ha/nam. Do vay do tinh, giam sat dugc hap thy CO, s& la mot co hoi tét cho
nganh 1am nghiép — moéi truong trong thoi gian dén khi tham gia chuong trinh REDD*
dé ban tin chi carbon va lap quy dé quan Iy riung bén viing theo muc tiéu méi truong
nhiam giam nhe tac dong cua bién doi khi hau.
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CHUONG 3: VIEN THAM VA GIS TRONG UGC TiNH
- GIAM SAT SINH KHOI VA CARBON RUNG

Két qua nghién ctru trong chuong 1 va 2 la co s& dé wdc tinh sinh khéi, carbon
cua cay ca thé, cua tung 1am phan cu thé. Tuy nhién trong thuc té cin ude luong sinh
khdi, carbon dé giam sat kha ning hap thu hoic phat thai khi CO2 trén dién rong nhu
qudc gia, khu vuc, chu rung dé tham gia REDD*. Diéu nay doi hoi phai cé co so dir
licu phan khéi rung trén ban d6 va dir liu CO, twong ung theo khdng gian va thoi
gian.

Trong thuc té diéu tra rung hién nay chu yéu sur dung ban d phan chia trang thai
rang, tir d6 rat mau do tinh trir lwong; viéc do tinh carbon rung ciing c6 thé ap dung
nhu vay, chi bd sung thém cac ham allometric equations dé udc tinh dwoc sinh khdi,
carbon ring cho ting trang thai, don vi quan Iy ring. Tuy nhién cac tiép can nay da
dua dén sai s6 rat 1on, ngay ca giam sat trir lugng rimg nhu hién nay, do cac tac dong
chuyén dbi sir dung rung, khai thac ring; va viéc cap nhat trén mat dat da to ra khong
dap ung duoc.

Vi vay nghién ctru (tng dung anh vién tham két hop véi dir liéu mat dat la mot
cach tiép can can duoc phat trién, giup cho viéc giam sat tai nguyén rieng noi chung va
carbon rirng noi riéng dat do tin cay, duoc cap nhat, khach quan. Trén co so d6 céng
nghé GIS voi chirc niang lién két dir liéu vai anh vién tham, vai cac nhom dir lidu sinh
khdi, carbon khac nhau trong cac bé chira théng qua cac mé hinh allometric equations
sé gitp cho viéc quan ly di liéu hap thu va phat thai khi CO, khi tham gia REDD* ¢
do tin cay, giam nhan luc, chi phi.

Dé tai thir nghiém str dung anh vé tinh véi cac phuong phap giai doan anh,
nghién ciru mdi quan hé gitra gia tri phan xa pho caa anh véi gia tri sinh khéi, carbon
reng, tir d6 tim ra giai phap thich hop dé ang dung. Anh vé tinh dugc su dung la anh
SPOTS5, vai d6 phan giai trung binh 10*10m, quy m6 la mét canh 60*60km o khu vuc
rung la rong thuong xanh cua huyén Tuy D, tinh Dak Nong.

Dit lieu TAGTB duoc tinh toan tr 70 6 mau hinh tron phan tang duoc bd tri
ngau nhién trong vang anh nghién ciu, tuy nhién khi chong Ién anh thi chi c6 61 6
nam trong vung ring nghién ciu, 9 6 bi lot vao ving cé may cua anh nén duoc loai
tri. St dung 41 6 dé nghién ctru quan hé TAGTB véi chi sé anh, con lai 20 khéng
tham gia m6 hinh dé sir dung danh gia sai s6 cua phan loai anh va két qua udc luong
sinh khéi théng qua anh.
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1 UNG DUNG ANH VE TINH TRONG UOC TINH VA GIAM SAT
SINH KHOI, CARBON RUNG

Pé tai da thir nghiém ba phuong phap tng dung anh vé tinh trong lap ban do va
co so dir lidu sinh khéi, carbon rung:

i) Phwong phap phan logi anh phi gidm dinh va quan hé véi sinh khai ring

i) Phwong phap phan tich héi quy giiza sinh khéi ring vai gia tri anh (DN)

iii) Phurong phap phan logi anh cé gidm dinh dé phan chia khéi rung theo cap

sinh khoi

1.1 Hiéu chinh hinh hec anh, phan loai anh thanh vung co rung va khéng

co rung tw nhién
1.1.1 Hiéu chinh hinh hec anh

Mic du ¢6 su hiéu chinh anh & cac tram thu trén mat dat, dir liéu anh vé tinh van
can duoc hiéu chinh thém boi nguoi st dung. Hi¢u chinh hinh hoc danh thong qua viéc
dang ky toa do cho anh 1a mot trong nhitng phan viéc cia tién xir Iy anh. Viéc dang ky
anh c6 thé str dung mot s6 cach khic nhau nhu i) dang ky anh voi mot anh khac da
duoc hiéu chinh (image to image) hoic ii) c6 thé tham chiéu véi toa do thuc dugc thu
thap truc tiép trén mit dat (image to map). Trong trudng hop nay, anh SPOTS da duoc
hiéu chinh hinh hoc dua trén cac diém khong ché thu thap duoc trén mit dat (GCP —
ground control points). Pé thuc hién budc nay, 17 diém khong ché da duoc thu thap
nhd céng cu GPS cam tay. Anh di duoc dang ky theo phép chiéu UTM zone 48, véi
ellip thyc dung 12 WGS 84. Phuong phap “nearest neighbor — nguoi lang giéng gan
nhat” dugc ap dung voi do phan giai khong gian 10x10m dé bao toan tinh nguyén ven
cua cac gia tri pixel. Hi¢u chinh hinh hoc anh gitup cho dir liéu anh v¢ tinh co thé tich
hop dugc voi cac loai dit lieéu khong gian khac & mot hé théng toa do chung. Sai sb
hiéu chinh anh khong nén vuot qua 0.5 pixel. Minh hoa o hinh 3.1.

& #2 Scroll (0.03059) FEX

Hinh 3.1: Hi¢u chinh hinh hec anh v¢ tinh: @) anh trwéc khi hiéu chinh; b) anh
sau khi hiéu chinh
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1.1.2 Phéan loai vung co rung va khéng rung

Mot anh thuong bao phu mot ving rat rong. Dién tich bao phu ctia anh SPOTS5 a
60km x 60km véi cac tham phu khac nhau thé hién khach quan trén anh chup. Quan
sat trén anh co thé nhan thiy khé rd vung c6 rimg va khong c6 rimg. Vi ddi twong quan
tam la ring tu nhién, do vdy cac tham pht khong phai 14 rimg tu nhién nhu rimg trong,
d4at nong nghiép, dit trong, trang cé cay bui, mit nude déu duoc gdp thanh dién tich
khong c6 ring. Ngoai ra dién tich bi may che ciing dugc xép vao loai khong co rimg.
Trén anh tao cac vung quan tim (ROI — Region of Interest) nhu cac ving mau cho 2
d6i tuong 1a co rimg va khong c6 ring. Dua trén cac ving mau nay, st dung phuong
phap phan loai c6 kiém dinh Maximum Likelihood dé phan thanh 2 loai thim phu c6
rimg vao khong rimg trén anh da dwogc hiéu chinh hinh hoc. Két qua phan loai mic
dinh theo thtr ty c6 ring mang gia tri 1, trong khi khong c6é rung mang gia tri 2. Dua
trén anh da dugc phan loai, tién hanh tao mit na cho vung c6 rung. Dya trén mat na co
rimg ndy, cit anh (Subset) theo ving c6 rimg dé nghién ciu. Két qua s& cho duoc anh
chi c6 vung c6 rung. (Hinh 3.2)

Hinh 3.2: Mat na lép dir ligu (1: co dir liéu rueng; 2: khdng cé dir li¢u)

1.2 Phan loai anh vé tinh bang phwong phap phi giam dinh va 1ap mébi

quan hé sinh khéi, carbon ring veéi cac 16p phan loai

St dung phuong phap phan loai phi giam dinh, trong d6 phuong phap
ISODATA duoc ap dung do ddy 1a phuong phap mém déo, ty nhién, khong can cd
dinh sé céc 16p.

Viéc phan loai thanh bao nhiéu 16p va sé lugng pixel trong mdi 16p do ngudi xir
Iy quyét dinh; trong thuc té cac trang thai ring, mirc do che phu ¢ birc xa quang phd
khac nhau, do do néu chon sé luong cac l6p (Class) khac nhau khi phan loai phi giam
dinh ¢6 y nghia nhu 1a phan chia ring thanh cac khéi/lop c6 do chi tiét, chi s6 anh
khac nhau. Tur day do tim méi quan hé gitra cac 16p da phan chia khac nhau véi sinh
khdi va carbon rung di diéu tra trong 6 mau, day la co so dé thiét 1ap hé théng phan
loai anh phi giam dinh trén co so quan hé giira chi s6 anh cua cac 16p véi sinh khoi va
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carbon rung; tir d6 lap duoc ban do phan chia ring thanh cac 16p cé cung sinh khdi,
carbon.

Thur nghiém phan chia thanh 3, 4, 5 16p (class) (dwa vao thyc té bién doi trang
thai ring co kha ning it nhat 1a 3 nhiéu la 5 16p). Trong phan chia tu déng chon sb
pixel t6i thiéu trong mot 16p (Minimum Pixel in Class) la 50 ung voi 5.000m?, ly do
chon 50 pixel la @& mot 1op c6 thé bao phu toan bo dién tich 1 6 mau (1.000m?), dong
thoi phu hop véi quy dinh kiém ké rung cua Viét Nam la mét trang thai rng chi duoc
tach ra khi co dién tich 16n hon 5.000m2. Hinh 3.3 chi ra thdng sb cai dat dé phan 16p
rung va két qua o hinh 3.4.

Number of Classes: Min 2 & Max 4 -

Maxmum Stdev From Mean

-l

Maximum lterations 5 - Maximum Distance Eror

Change Threshold % (0-100) 5.00

Output Result to @ File  (©) Memory [
Minimum # Pixel in Class 50 - L
Enter Output Flename

Masamum Class Stdv 1.000

C:\1. Ket qua sau cung SPOT CO24\5. Phan leai phi

Minmum Class Distance  5.000

Maxmum # Merge Pars 2 % I

[0 ) (s ()|

—————
¥ #2 Majority Analysis (3 lop phi giam dinh):3 lop p...

Hinh 3.4: Phan loai phi giam dinh rwng thanh 4 lop khac nhau trong ENVI

Sau khi phan loai anh thanh cac hé théng 16p khac nhau, chuyén dbi dit liéu dang
raster thanh vector véi cac 16p noi trén va chong 16p toa do cac 6 mau da tinh toan sinh
khdi va carbon phan trén mat dat gan vai cac class, tinh TAGTB trung binh cua cac &
trong ting class; tao duoc co so dir liéu quan hé gitra sinh khéi va carbon rung trung
binh rng vai cac class da phén loai khac nhau.

Véi 41 6 dir liéu, 1ap md hinh quan hé gitra sinh khéi trén mat dat (TAGTB)
hodc luong carbon twong tng (TAGTC) véi cac hé thdng phan loai khac nhau:
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TAGTB (tin/ha) = f(Class); trong do c6 3 hé thdng phan loai thanh 3, 4 hoic 5 16p.
Trong mdi cip phan loai tim mdi trong quan giita sinh khdi ring véi cac class, chon
md hinh & mdi hé théng class ndo c6 hé sé quan hé 16n nhat (R? cao nhat) va ton tai
voi P <0.05. Sau do so sanh 3 mé hinh cao nhit d6 lai lua chon ra moét md hinh cao
nhat (R2 16n nhat), chinh la xac dinh duoc s6 class can phan chia cé méi quan hé chat
ché& nhat vai sinh khéi rung trong khu vuc nghién cau. (Dit liéu TAGTB theo class 3
cap & phu luc 24).

Hé thong 3 Class:

TAGTB t_ha = 1/(0.00588673 - 0.000281795*Class_ld"2) (3.1)

Vi R?adj. = 88.01%; P < 0.000; n = 41; RSE = 0.0003

Hé thong 4 class:

TAGTB t_ha = 1/(0.00623731 - 0.000676538*Class Id) (3.2)

Vi R2%adj. = 75.38%; P < 0.000; n = 41; RSE = 0.0004

Hé thong 5 lop

TAGTB t_ha = 1/(0.00560132 - 0.00107584*In(Class_Id}) (3.3)

Vi R?adj. = 73.83%; P < 0.000; n = 41; RSE = 0.0003

Trong d6 Class_ld: Ma s6 cac lop phan loai trén anh bang phuong phap phi
giam dinh

Két qua nay cho thay d6i voi khu vuc ring nghién ciu phan chia ring thanh 3
l6p/khdi trang thai sé cho mdi quan hé giira sinh khoi cay rung trén mat dat va chi sé
anh la cao nhét, voi R? cao nhat va RSE (Sai tiéu chuan cua phan du) 1a bé nht, tac la
CF gan 1 nhat. Trong thuc té s dung, tuy theo mdi vang va su bién dong cua sinh
khdi rirng ma sé 16p dugc xac dinh thich hop va trén nguyén tic moé hinh quan hé gitra
TAGTB véi chi sb anh theo class dat cao nhat.

Str dung md hinh &ng véi 3 class va danh gia sai s6 cua viéc phan loai rung dé
udc tinh TAGTB. Chong xép cac 20 6 doc 1ap ngau nhién vai gia tri TAGTB theo 3
cap class (Intersect), va ing voi md hinh xac dinh duoc TAGTB = f(Class), tinh toan
bién dong gitra gia tri ly thuyét cia md hinh véi thyc té theo chi s6 S% o bang 3.1.

Bang 3.1: Panh gia bién déng cia woe lwong sinh khéi trén mit dat (TAGTB)
theo 3 lop phéan chia phi giam dinh vei cac 6 dgc 1ap

Ma s6 6 mau Class_Id TABTG t/ha 6 miu | TAGTB t/ha mé hinh S%
D4 1 131 178 36.0%

D10 1 178 178 0.3%

47 1 274 178 35.0%

D7 1 159 178 12.2%

8 1 179 178 0.5%

7 1 181 178 1.5%
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Mai s6 6 miu Class_ld TABTG t/ha 6 mau | TAGTB t/ha md hinh S%
B2 2 186 210 13.1%
AT 2 200 210 5.0%
B1 2 235 210 10.5%

4 2 285 210 26.3%

29 2 121 210 73.1%
1 2 234 210 10.3%

32 3 331 298 9.8%
40 3 308 298 3.2%
33 3 206 298 44.4%
C9 3 268 298 11.4%
C8 3 362 298 17.6%
C6 3 117 298 154.2%
C2 3 298 298 0.2%
C4 3 152 298 96.7%
Trung binh 28.1%

Bién dong twong d6i trung binh S% = 28.1% néu so sanh tung gia tri TAGTB
cua 6 mau doc lap voéi gia tri woc tinh duoc trén anh théng qua mo hinh.

Két qua nay cho thay str dung phuong phap phan loai anh vé tinh phi giam dinh
va két hop voi md hinh quan hé TAGTB = f(Class) sé cho két qua udc luong trén anh
dat do tin cay gan 72%. Két qua nay la chip nhan duoc dé ude luong sinh khdi riang
trén quy mo rong.

Két qua danh gia trén la tinh sai s6 véi ting 6 mau danh gia. Trong thuc té mai
class (khdi trang thai rimg) dugc tinh toan trung binh mét gia tri sinh khdi. Do vay gop
cac 6 danh gia theo tung class tinh trung binh TAGTB va so sanh voi gia tri qua mo
hinh dé tinh lai S% & bang 3.2.

Bang 3.2: Panh gia bién dong cua woc lweng trung binh sinh khéi trén mat dat
(TAGTB) theo 3 lop anh phéan chia phi giam dinh

Class TAQTB’trung’bin,h cacO TAGTB qua md hinh S%
mau danh gia (tan/ha) (tan/ha)
1 184 178 2.9%
2 210 210 0.1%
3 255 298 16.8%
Trung binh 6.6%

Két qua cho bién dong gitra md hinh vaéi thuc té rat thap, S% = 6.6 %. Nhu vay
s dung phuong phap phi giam dinh va wdc lugng TAGTB trung binh qua m6 hinh
quan hé vai class dat dén do tin cay 93.4%.
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Trén co so anh phan loai, chuyén sang dang vector va tinh toan truong dir liéu
TAGTB theo class bang mé hinh 3 16p, lap duoc ban dd phan khéi ring theo sinh khoi
va co so dir liéu sinh khéi cho ting 16p trong ArcGIS & hinh 3.5 va thé hién & ban dd

hinh 3.6.
- = =
Attributes of 3 M@M

FID Shape * Clazz_Id | Area_ha [ TAGTB_t_ha
0 | Polygon 1| 128894 178
1 | Polygon 2 24586 2 210
2 | Polygon 3 124241 298

wert o 5 b[n]  rom [ e

Hinh 3.5: Dién tich va TAGTB cho twng lop tinh trong ArcGIS trén co so' phan
loai phi giam dinh

BAN DO PHAN CAP SINH KHOI RUNG

N
740000 750000 760000 770000 780000 t
1 1 i 1

g- -8
L g
24 g
3 3
g- CHU GIAI e §
Frd

TAGTB (tha) S

N 208 L

[ 210

[ ]17s
] | 1

O — eters
0 2,000,000 |8,000 12,000 16,000

T T T T
740000 180000 760000 170000 780000
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Hinh 3.6: Ban dé sinh khéi ring giai doan tir anh SPOT theo phuong phap phan
loai phi giam dinh va quan hé vei sinh khoi rung

1.3 Phan tich hdi quy giira sinh khdi riung voi gia tri anh (DN)

Phuong phap nay dua trén co so phat hién méi quan hé gitra gia tri sinh khdi trén
mat dat cua thuc vat than gd (TAGTB) véi gia tri anh (DN) theo pixel cua cac band
anh. Trén co so mdi quan hé dé lap duoc ban dd sinh khdi va phan cap sinh khéi.

1.3.1 Tao co s¢ dir lieu quan hé giira sinh khéi tir & miu véi gia tri cac band phé

Ché)ng toa d6 cac diém 6 mAu trén anh di cat theo vung co6 rung. Voi cac toa do
nay, sir dung chirc niang tao Buffer trong phan mém ArcGis d¢ tién hanh tao ra 6 mau
c6 kich thtrc bang véi kich thude 6 mau trén thyuc dia bang cach khai bao thong sb ban
kinh ctia Buffer R= 17.84m. Chon Analysis tools/proximity/buffer xuat hién hop thoai
Buffer. O hop thoai Buffer click vao Input Features dé chon toa do cac diém 6 mau,
tién hanh nhap thong s6 ban kinh & Linear unit = 17.84m (Hinh 3.7)

Diplay | Sree | Selecser Faverie |rdex | Sesch | Resul 1A

Druairg * b O~ A~ o e EIER R S LN LR

Hinh 3.7:Tao vaing dém buffer cho 6 miu trén phan mém ArcGIS
Sau khi tao cac 6 mau véi ving dém (buffer) c6 ban kinh 13 17.84 m, tién hanh
chdng file nay trén anh trong phan mém Envi véi 60 diém mau (Hinh 3.8). Trén co so
file 6 mau va anh SPOT, chuyén dir liéu anh trong ving dém nay theo bang ma ASCII
(American Standard Code for Information Interchange) - Chuan ma trao doi théng tin
Hoa Ky) (Hinh 3.9). Két qua s& duoc mot bang ky tur gi tri anh 8 bit biéu thi thong tin
gi4 trj anh dé co thé phan tich voi thong tin diéu tra thuc dia.
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Ving mau
ROI cit theo
ban kinh
R=17.84m

Hinh 3.8: Chong cac 6 mau Ién anh véi ban kinh 17.84m

i i) [ s s ==
ROl Type Options Help l Fie Information.
Fie: H:\2011\CO2\Digital data\Comected image\Cc
Save ROIs... [Dims: 4250 x 4458 x 4 [
Off \Saze: [Byte] 75,786,000 bytes.
Restore ROIs... Fie Type : ENVI Standard
|Sensor Type: Unknown
. E [Byte Order : Host (Inte])
Subset Data via ROIs HZ . Projection : UTM. Zone 48 North
Pixel : 10 Meters
Dat. WGS-84
Export ROIs to EVF... b Wacelongih - 540 1o 1630 Nanometess
[ Upper Left Comer 859,223
Export ROIs to Shapefile... 0 [Mp'ojﬁ”ﬁﬁﬁyﬁﬂmk
i
Export ROIs to n-D Visualizer... HO
0~
Output ROIs to ASCIL.. D
Cancel | ~ ‘ i ﬂ
k - ‘ Specral Subset |[4/4 Bands ‘
| Select Al ‘” Hide ROls | ” ’m”—”—_‘

Hinh 3.9: Chuyén cac 6 miu trén anh thanh dir liéu ASCII

Cach tién hanh chuyén cac 6 mau trén anh thanh dit liéu ASCII:

- Mo file vector toa do cac 6 mau da tao ving dém Ién anh

- Chuyén file va thanh ROI m¢ file ROI nay chdng Ién anh

- Chuyén ROI chéng anh sang ASCII: Trong hop thoai ROI tool chon output
ROI to ASCII, chon anh dé tao dir liéu ASCII va duong din dé luu file. M¢ File
ASCII ¢ Excel dang text, trong d6 co gia tri cua DN cua 4 band b1, b2, b3, va b4 cua
cac 6 mau da chong (xép theo thi tu 6). Tur ddy c6 co so dir lisu TAGTB voi gia tri
DN cua 4 band anh SPOTS5.

1.3.2 Phan tich hai quy giira gia tri anh va sinh khéi do tinh trén 6 mau

St dung phian mém Statgraphics Centurion phan tich héi quy giita gia tri anh va
sO lidu sinh khdi TAGTB dé tim ra ham quan hé t6i wu gita sinh khéi va gia tri anh.
Phuong trinh twong quan c6 dang: Y = f(x); véi Y: gia tri TAGTB (tan/ha) 13 bién phu
thudc; Xi: gia tri ctia cia cac kénh anh 1a bién doc lap. Hay co thé viét lai & dang
phuong trinh nhu sau: TAGTB (tan/ha) = f (bandi)

Tién hanh thiét 1ap mo hinh quan hé giita gia tri TAGTB va gi4 tri anh bang cac
mo hinh hdi quy don bién hodc da bién ca tuyén tinh va phi tuyén. M6 hinh duoc xem
1a ¢am bao do tin cay khi hé sé quan hé R? hodc hé s6 twong quan diéu chinh RZ%g >
0.50 va cac tham s gin bién s qua kiém tra theo tiéu chuén t phai co P < 0,05. Trong
qua trinh xay dung mé hinh néu bién s6 chua bao dam P < 0,05 thi c6 thé ddi bién sd,
t6 hop v6i bién sd khac hoic loai bién s6 d6 ra khoi mo hinh.

113



V6i 60 6 mau tién hanh 1ap md hinh TAGTB = f(Bandi) (Dit liéu & phu lyc 25).
Két qua tim duogc bién s6 B4 (Gia tri DN cua band 4) c6 quan hé tét nhat voi TAGTB:

1/log(TAGTB)"7 = 0.00000548887 + 2.15963E-19*(B4)"7 (3.4)
Hay:
TAGTB = exp((1/(0.00000548887 + 2.15963E-19*(B4)"7))™N(1/7)) (3.5)

Véi: R? adj. = 54.23%; P < 0.000, n = 60, RSE = 0.000004

1.3.3 Thanh 1ap ban dé theo cép sinh khéi ring

1.3.3.1 Tao dnh véi gid tri pixel theo sinh khéi
Phin mém Erdas dwoc ap dung dé tao anh theo sinh khdi rung. Trong Envi
chuyén file anh vé dang image, TIFF hodc Erdas Image dé doc duoc trong Erdas
Str dung chirc nang Moddeler cua Erdas dé tao 1ap anh TAGTB trén co s& md

hinh da lap theo hinh 3.10

Anh SPOT

Cong thuc tao
anh

Anh sinh khdi

n3_image

rung

Hinh 3.10: Lap md hinh tao anh sinh khéi rirng Erdas

Select the AOI File: F [
File ] o
Look in ‘a Sau cung j k| 3| B
TR i3
Cancsl
Help
Recent ...
Goto
File name: |aoi.aoi
Files of type: [40 (a0 =l #| &
Filename: C:A1. Ket qua sau cung SPOT CO2/9. ABG - DN SPOT /Sau sung/aoi aci -

Trong do |r=

anh dau va
dugc cat theo
file AOI. Cach
tao AOl: Mo
file shape vung
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rung dugc tao theo mat na da lam trong ArcGIS: File/Open/Vector layer chon dang
file shape. Kich chon vung file/AQI: Copy Seletion to AOI. File/Save/AQl layer as.

Tién hanh phan tich dé tao anh sinh khéi dwa vao mé hinh quan hé gitra TAGTB
= f(B4): Chon anh diu vao di tao; chon AOI dé chi phan loai trong vung rung ¢ dang
8 bit.

Codng thuc tao anh la TAGTB = f(Bandi)= exp((1/(0.00000548887 + 2.15963E-
19*(B4)"7))(1/7)) (Hinh 3.11)

[%} Function Definition

Available Inputs:

. Functions: Analysis
$n1_conected & - ! :
$ml_corected(1) CLUMP [ <layer= . 4]
$ml_comectad(2) 7 g g CLUMP [ <layers . 8] =
$ril_camected(3 . CDNVDLVE[<|asler> <kemel>] IE
IMMIH— CORRELATION [ <cavaniance_matris]

a 3 - EDF\HELATIDN[(rasteD -
* | | |CORRELATION [ <rasters | IGNORE -

COVARIANCE [ <raster >]

1 2 3 i COMARIANCE [ <rasters \GNDF\E <
DELROWS [ <dsctables |, <sievetable

DIRECT LOOKUP [ <arg1> (tab|B> =
FIRFNMATRIY I ¢ Wiy
o o ) < 1l | 3

exp([1/[0. 00000548357 + 2 15963E-19°(3n1_corrected(d]) = 7)] = [1/7])

[ ] Clear | Cancel | Help |
Hinh 3.11: Chay md hinh quan hg TAGTB = =™ &

f(B4) dé tao pixel anh theo sinh khoi i :

G:t:rwe |=MI8MMH“!“L' | = | :I

Chon duong dan va tén file xuat két qua | cw. sy o 7 70 0 4
(single 8 bit) va xuét ra la anh vai cac pixel co théng [ ag— .
s6 TAGTB (tan/ha) dang TFF ¢ hinh 3.12. e |
| [ o ]t Heo | |

Hinh 3.12: Pixel anh da dwoc gan gia tri TAGTB (tin/ha) thong qua md hinh

1.3.3.2 Thanh Idp ban do va co so di liéu cdp sinh khéi
Tu két qua anh voi pixel da duoc gan gia tri sinh khéi trén mat dat théng qua
phan tich md hinh quan hé trong Erdas. Tién hanh phan cip sinh khéi dé gop cac pixel
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thanh tung khoi. Tién hanh trong ArcGIS théng qua chirc ning phan tich khéng gian:
Spatial Analyst/Reclasify. Tién hanh phan thanh 3 cap sinh khéi ring ¢ hinh 3.13 va
3.14.

Clanifeation =
= Chamsfcaton St
betot  [Eousl Ineren =] [Cowe— emis
- v ]
Qessese  [3 - Saarnm: 1
LI S sy
) vear: Py
— Sl . StandardDevation: =y
o [002] [ oshowsiDen [ Swwbem

Losd.. Save... Predsin..
I Change missing vakues to NoData
i [m v Output raster: [ <Tempceary> ﬂ
) o iz 122 LII x| oo
r coad |

Hinh 3.13: Cong cu phan tich thanh 3 cAp TAGTB (tan/ha) trong ArcGIS

[ o
& >
DEQS ) e o e fEN I DN R RRHEOGED Y S N OM LD 5| menibins - Oy b
“a e @ o ;- ”

R ] = S st v e [ i ia ey 5] BB tame — a 5

T m e BUWE GOSN R

Hinh 3.14: Anh phan 3 cdp TAGTB trong ArcGIS

T d6 chuyén anh raster thanh vector dé quan ly sinh khéi va carbon ring theo
tung cap o hinh 3.15
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Hinh 3.15: Ban dé vector 3 c4p sinh khéi ring trén mit dat

1.3.3.3 Ddnh gia sai sé cua phan cdp sinh khai

Str dung 60 6 mau dé danh gia do tin cay cua phan cép sinh khéi. Chdng cac 6
mau lén 6p vector phan loai sinh khéi bang chirc nang Intersect trong ArcGIS. Tinh
trung binh TAGTB cua cac 6 mau cho ting cip va so sanh vai gia tri udc luong duoc
trén anh théng quan mé hinh quan hé véi DN, danh gia bién d6 bang chi tiéu S% o
bang 3.3.

Bang 3.3: Két qua danh gia sai khac S % giira gia tri TAGTB quan sat véi wéc
lwgng dwoc trén anh qua mo hinh

stt | TAGTB trungbinhcacd | TAGTB theo mo hinh 3 cap %
mau (tan/ha) trén anh (tan/ha)
1 227 75 67.0%
132 97 26.4%
Trung binh 46.7%

Két qua nhan duoc tr phuong phap phan tich hdi quy gitra sinh khéi riang vai
gia tri anh c6 su bién dong kha 1on so véi thuc té, S% = 46.7%, c6 nghia d6 tin cay chi
dat dugc o muc trung binh 53.3%.

1.4 Phan loai anh cé giam dinh dé phan chia rung theo cap sinh khbi

Phuong phap nay thuong ap dung cho viéc phan chia cac trang thai ring, khoi
rang trén anh. Chi khac o day 1a phan chia ring thanh cac khéi vé sinh khéi trén mat
dat cua thuc vat than go.
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1.4.1 Phan chia cap sinh khéi TAGTB

Tu 61 6 diéu tra tinh toan qua mé hinh allometric equation xac dinh dugc
TAGTB (tan/ha) cho mdi 8. Tur day tinh bién dong trong d tin cay P = 95% va chia
thanh 3 cap: Cép 1: Sinh khdi thip nam ¢ phia trai cua udc luong 95%, cap 2: Trung
binh nam trong pham vi udc luong 95% va cap 3: Sinh khdi cao nim & phia phai cua
wdc lugng 95% (Bang 3.4). Mdi 6 duoc xac dinh thudc cap sinh khéi nao, trong 61 6
mau, str dung 41 6 dé phan loai anh va 20 6 dé danh gia do tin cay.

Bang 3.4: Phan cAp TAGTB

TAGTB (thn/ha)
Cép sinh khéi Min Max
1 72 198
2 198 248
3 248 664

1.4.2 Phan loai anh cé giam dinh theo 3 cip sinh khéi

Dua trén toa d6 6 mau da dugc phan chia theo cac cap sinh khdi, tién hanh tao
Buffer cho viung ROI (Ia 6 mau véi ban Kinh 17.84m) sau d6 tao 1ap cac ving mau
ROI dai dién cho ting cép. Str dung thuat toan phan loai Maximum likelihood dé phan
thanh céc 16p sinh khéi.

Cac budc tién hanh:

i) Tgo file ROI la cac cap sinh khéi TAGTB:

Tao lap cac file dé tao ROI: Phan loai (41 6) va danh gia (20 6), chuyén tir excel
sang shape file trong ArcGIS. Tao buffer cho méi diém: Ly do la mdi & cé ban kinh
17.84m, do vay can tao buffer theo ban kinh nay dé phu hop di liéu hién truong voi
gia tri anh khi phan loai

A Buffer | —— I =
Input Features * | Distance [value or field] I
[41 0 PLGD | g
Output Feature Class The distance used to create buffer zones around Input
[ C:\L. Ket qua sau cung SPOT CO2'6. Phan loai giam dinh\41_o Features. Either a value or a numeric field can be used to
Dretance [vale or ] b provide buffer distances.
s
Tao Buffer cho || e ]
N = 5 If a negative buffer distance is specified, the buffer offsets will
X - R ‘ - 734 [Meters E] be generated inside, instead of outside, of the input features.
mOl dlem trong = Feid This is only valid for polygon feature classes.
\ =]
. Side Type (optional) If the distance units are not specified, or entered as ‘Unknown',
ArCGIS nhu sau. ‘:___ J the units of the Input Features are used (or if the Output
2 - End Type {optional) Coordinate System environment has been set, its units will be
Buffer dé chon file tao || o o | e
* * Dissolve Type (optional)
\ - - — [ noNE ~|
va Linear Unit - Dissolve Field(s) (optienal)
Oro =
17.84m Oss -
OK Cancel Environments. .. ‘ << Hide Help | Tool Help
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St dung file anh di cét vang c6 rung dé phan loai thanh 3 cip sinh khéi trong
trong Envi. Chong file toa d6 phan loai da tao buffer
(%1 Vector Barameters  Cursor.. Lo ELIESH |8 anh va chuyén thanh file ROL.

- T — Trong Envi: Trong hop Vector Parameters:
Creste New Layer.. File/Export active layer to ROI
Save Layers to Template... - Chon Convert each record of an EVF layer to a
Restore Layers from Template..
Export Active Layer to ROL...
Export Active Layer to Shapefile... elect comrerson method.
Colculste Buffer Zone.. ) Convert all records of an EVF layer to one ROL...
b | @ Convert each record of an EVF layer to:a new ROL...
S —— Attnbute column to use for name

St

cap (Cap TAGTB)

Mo file ROI vira tao ¢o hop thoai: Overlay/ROIl, vao Option chon merge region
(dé gop cac ROI cung cip vai nhau)

) #1R01 Tool (=1 E
File ROIType Options Help
Window: @ Image (© Scrol @) Zoom © Off
ROl Name | Color | Pixels | Polypons | Pobiines | Points | Fil | Orien [Space| |
EVF: Layer. 41_o, PLGD_Bufter shp (Cap_AGE_t_=1.000000) Twhte 9 1/9 00 0 Soid |45  0.10 -
EVF: Layer. 41_o_PLGD_Buffershp (Cap_AGE_t_=1.000000) White |9 13 00 0 Soid (45 010 o
EVF: Layer: 41_o_PLGD_Buffershp (Cap_AGE_t_=1.000000) White |10 1710 00 [] Soid |45 010
EVF: Layer: 41_o_PLGD_Buffer shp (Cap_AGB_t_=1.000000) White |10 1710 () 0 Soid (45 010
EVF: Layer: 41_o_PLGD_Buffer.shp (Cap_AGE_t_=1.000000) White |10 1710 00 0 Soid |45 010
EVF: Layer: 41_o_PLGD_Buffer.shp (Cap_AGB_t_=1.000000) White |10 110 () 0 Sobd (45 010 -
| 3
|[NewReg'Dn]||[Dele‘tePan]|
) o] () (oo
||| Hide ROIs | [ Show ROIs |

Choose Base ROI for Merge:

fershp (Cap AGE L 21.000000) (P <inp (Cap_AGB_t_=1.000000) [White] 12 points

Sau d6 save ROI, chon tat ca cac ROI
da merge
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Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
Jffer.shp (Cap_AGB_t_=1.000000)
ffar chn iCan LGR + =1 DWW

4 1l 3

Selected ltem:

Jffer.shp (Cap_AGB_t_=1.000000) [\ —

EVF: Layer: 41_o_PLGD_Buffer shp (C

-shp (Cap_AGB_{_=1.000000) [white] 3 points

_shp (Cap_AGB_t_=1.000000) [white] 10 points

shp (Cap_AGB_t_=1.000000) [white] 12 poi

-shp (Cay

_shp (Cay .000000)
.shp (Cap_AGB_t_=2.000000) [White] 3 points |=
1.shp (Cap_AGB_1_=2.000000) [white] 11 points
1.shp (Cap_AGB_t_=2.000000) [white] 10 points
1.shp (Cap_AGB_1_=2.000000) [white] 10 points
1.shp (Cap_AGB_t_=2.000000) [white] 11 points
.shp (Cap_AGB_t_=2.000000) [white] 10 points
1.shp (Cap_AGB_t_=2.000000) [white] 5 points
« chn {Can AGR t =2 DOONDOM Nathitel 17 noante

] 1l r

Mumber of tems selected: 19

[ Setect Al tems | [ Clear Al ltems |

Delete Merged ROIs ? Yes ﬂ'




i) Phan loai gidm dinh cac cdp sinh
khoi dua ROI da tao:

St dung chirc nang phan loai trong
Envi:
Classification/Supervised/Maximum
Likelihood. Chon anh va chon mait na co
reng va chon ROI dé phan loai. Két qua
phan loai duoc rung thanh 3 cap sinh khéi
TAGTB trén anh SPOT5 ¢ hinh 3.16.

(3 Classifcation Input Fi

Select Input File:

Mask oo rung

File: C:\1. Ket qua sau cung SPOT CO2\3. Cat vun:
Dims: 4250 x 4458 x 4 [BSQ]
Size: [Byte] 75,786,000 bytes.
File Type : ENVI Standard
Sensor Type: Unknown
Byte Order : Host (Intel)
Progechon : UTM, Zone 48 North
Poel 10 Meters
Datum  : WGS-84
Wavelength : 540 to 1630 Nancmeters
Upper Left Comer: 955,223
Descnption: Applied Mask Result
[Fri Oct 14 09:04:24 2011]

[omisisa] s |

| 4/4 Bands ‘
| Mask Band:Mask co rung ” Hupsn-”
|Co o) e ] ]

File Owverlay Enhance Tools

[ [ #2 Majority Analysis (PLGD)PLGD Maj -E@g
@ ajority Anay_ms[ JH ajor —

Window

Hinh 3.16: Anh da dwoc phan loai giam dinh thanh 3 cip sinh khéi

1.4.3 Danh gia dd tin cdy chta phan loai anh theo cip sinh khéi bing phwong

phap giam dinh

St dung 20 6 mau doc 1ap khong tham gia phan loai dé kiém dinh két qua phan
loai. Viéc danh gia dya trén bang ma tran sai ) gilta cac pixel da dugc phan loai va
pixel trén thyc té. Két qua danh gia dua trén cac tiéu chi thong ké do chinh xéc toan bo
(overall accuracy), dd chinh xac cta ngudi san xuét (Producer accuracy) va do chinh
xac cta nguoi sit dung (User accuracy). Cong viéc nay duogc thuc hién trong phan

mém Envi.

Tao ROI danh gia: Mo file vector diém danh gia (Khong bufffer) va export sang
ROI, trong do6 chon truong danh gia la TAGTB
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Str dung chue niang danh gia trong Envi: Post Classification / Confusion matrix o
hinh 3.17.

YT —

Confusion Matriz: C:~1. Het gqus sau cung SPOT C02%6. Phan loai giam dinh~PLGD Major

Owerall Accuracy = (602043 29 4118%
Kappa Coefficient = 0.0459

Ground Truth (Pizels)
Cla=s Cap_AGE 1 Cap AGE 2 Cap AGE 3
Tnclassified 1] a a
Cap AGE 1 4 3 0
Cap AGE 2 65 22 38
Cap AGE 3 23 15 34
Total E 40 72

Ground Truth (Percent)
Cla=s Cap_AGE 1 Cap AGE 2 Cap AGE 3
Tnclassified 0.00 0.0a .00
Cap AGE 1 4. 35 750 o.ao

Cap AGE 2 70.65 55.00 £2.78
Cap AGE 3 25.00 37.50 47 .22
Total 100.00 10000 100.00

Commi=sion Imi=sion Commi=sion Onission
{Percent ) (Percent ) (Pizels) (Pixels)
42 86 95 B5 37 g9z

82 .40 45 .00 103128 18.-40
£2.78 £z2.78 38-72 Igs72

Prod. Acc. User Acc. Prod. Acc. Uzer Acc.
{Percent ) (Percent ) (Pizels) (Pixel=s)
4. 35 £7.14 4,92 4.7

55 .00 17 .60 2240 22-125

47 .22 47 .22 34-72 3472

Hinh 3.17: Ma tran danh gia d¢ tin cay cua phan loai ring co giam dinh theo
sinh khdi

Két qua nhan duoc cua phuong phap phan loai ring theo phuong phap ¢é giam
dinh theo cap sinh khéi la rat thap. 6 tin cay toan bo chi dat duoc 29.41%.

Tong két lai két qua thir nghiém ba phuong phap st dung anh dé wéc tinh sinh
khoi riing trén mat dat cho thay:

- Phuong phap phan loai phi giam dinh va thiét 1ap md hinh quan hé gitra
TAGTB = f(Class) co do tin cay tu 72 — 93%.

- Phuong phap thiét 1ap hdi quy gitra TAGTB = f(DN) dat d¢ tin cay la 53%.

- Phuong phap phan loai c6 giam dinh theo cap sinh khéi TAGTB dat do tin cay
la 29%

Nhu vay phuong phap phan loai phi giam dinh va thiét 1ap quan hé giita sinh
khdi véi dit liéu caa ting 16p class to ra hiéu qua nhat, dong thoi no lai kha don gian,
nén dé nghi ing dung phuong phap nay vao trong phan loai anh vé tinh va uéc luong
sinh khéi, carbon rung.
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2 UNG DUNG GIS TRONG QUAN LY, GIAM SAT SINH KHOI
CARBON RUNG

Chirc nang cua GIS trong quan ly tai nguyén rirng noi chung va quan ly carbon
ring noi riéng tap trung vao quan ly, cap nhat va bao cao két qua di liéu sb cling nhu
ban db vé su bién dong tai nguyén, sinh khoi, carbon ring.

DPong thoi GIS ¢6 chirc nang phan tich, lién két cac truong dir liéu bang mé hinh
toan, do d6 c6 thé van dung dé quan ly mot cach hé théng su thay doi cac gia tri tai
nguyén, ma cu thé & day la su bién dong cac bé chira carbon rung.

Trén co sO dir liéu dau vao trr két qua phan tich anh vé tinh SPOT cho thay
phuong phap phan loai phi giam dinh va mé hinh quan hé gitra sinh khoi trén mat dat
cua cay rung voi cac 16p phan loai (class) co do tin cay cao nhat, st dung két qua nay
dé phan chia rang thanh 3 16p va mdi 16p cé gia tri trung binh sinh khéi TAGTB.

Str dung mé hinh allometric equations 1am phan dé chi tr bién TAGTB cua ting
l6p woc lwong dugc cac gia tri sinh khdi va carbon cua cac bé chira khac va tong chung
cho 1am phan trong hé théng GIS. Trong d6 carbon ¢ tham tuoi, tham muc va g chét
chiém ty trong nho (<1%) va khéng cé quan hé rd véi TAGTB va SOC thi kha 6n dinh
dudi dat ring, do vay khong dua vao hé théng quan ly, giam sat trong GIS.

Str dung cac mé hinh da lap dé wdc tinh sinh khdi va carbon cua cac bé chira
carbon cua ring va chung 1am phan tir bién TAGTB da dugc xac dinh trén anh cho
tung class:

- Téng sinh khéi cua cay gd dudi mat (TBGTB):

TBGTB_tan_ha = 1/(0.00311757 + 6.58855/TAGTB_tan_ha) (3.6)
- Téng carbon cta cay rung phan trén mat dat (TAGTC):

TAGTC_tan_ha = exp(-0.752059 + 0.998844*In(TAGTB_tan_ha)) (3.7)
- Téng carbon cua cay rung phan dudi mit dit TBGTC:

TBGTC_tan_ha = exp(-0.9889 + 1.04495*In(TBGTB_tan_ha)) (3.8)

- Téng sinh khdi cay gd trén va dudi mit dat: TTB_tan_ha = TAGTB + TBGTB
- Téng luong carbon tich lay trong cay go trén va dudi mat dat: TTC tan_ha =
TAGTC + TBGTC
T d6 tinh duoc téng sinh khéi va carbon TTBclass va TTCclass theo ting class
trén co so dién tich cua méi class da duoc phan loai trén anh:
TTBclass (tan) = TTB_tan_ha * Dién tich class
TTCclass (tdn) = TTC_tan_ha * Dién tich class
Cubi cung lwong CO, hap thu ¢ tung thoi diém cua tung class sé la
TCOxclass(tan) = TTCclass (tan)*3,67
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Str dung phan mém ArcGIS dé tao lap co so dir liéu tr dir liéu dau vao cua phan
loai anh vé tinh SOPT véi thong tin co ban la Class, dién tich va TAGTB (tan/ha) o

hinh 3.18.

FID Shape * Class_ld | Area_ha | TAGTB_t_ha

r 0 | Pohlygon 1 12889.4 178
1 | Polygon 2 243882 210

2 | Polygon 3 124341 258

Record: ﬂjl 1 jﬂ Shaow: IT Selected | Records (0 out of 3 Selected) j

Hinh 3.18: Co s6 dir liéu dau vao tir phan loai anh vé tinh dwoc quan ly trong
ArcGIS
Mo cac truong dir liéu sinh khéi va carbon: TBGTB, TAGTC, TBGTC, TTB,
TTC, TTBclass, TTCclass va TCO2 class o hinh 3.19.

i B

FID | Shape* | Class_Id | Area_ha | TAGTB_t_ha | TBGTB_t_ha | TAGTC_ t ha | TBGTC_t_ha | TTB t ha | TTC_t ha | TTB Clat | TTC_Cla_t [ TCOZ Cla t
0 [ Polygon 12889.4 178 25 83 11 203 94 2616548 1211604 4446587

Polygon 24886.2 210 29 58 13 239 111 5847802 2762368 101378581
2 | Polygon 3 124341 258 40 140 18 338 158 4202726 1964588 7210038 l

P

Remrd:ﬂjl 1} dﬂ Show: W Selected | Records (0 out of 3 Selected) Options v|

Hinh 3.19: Cac trwong dir liéu sinh khéi, carbon, CO, dwgc mé
trong ArcGIS

Tao dir liéu cac trrong mai théng qua mé hinh allometric equations o hinh 3.20

Fields: Type: Functions: I
2 H

FID « Abs ()~
Class_Id e An () B
Area_ha Cosping  [S50)
TAGTB_t_ha Bol) |z
TEGTE t_ha © Date ;‘ﬂ g
TAGTC_t_ha Log { )
TBGTC_t_ha sin ()

TTB_t_ha sar () S
TTC_t_ha

TB_t_dass

T case Jd ALY
TCO2_t_cla
TBGTB_t_ha = ™ advanced ﬂ J j
1/(0.00311757 + 6,58355/ [TAGTE_t_ha] ) -

I™ Calculate selected records only — |
Hinh 3.20: Tinh dir liegu TBGTB thong qua mé hinh véi bién TAGTB
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Két qua tinh dugc toan bo dir liéu sinh khéi va carbon trong khu vuc giam sat
cung vai no la ban d6 phan céap sinh khéi, carbon ring ¢ hinh 3.21 va 3.22, 3.23

A Ttributes of e hril (el e |
B

FID | Shape* | Class_Id | Area_ha | TAGTB_t_ha | TBGTB_t_ha | TAGTC_t ha | TBGTC_t_ha | TTB t ha | TTC t ha | TTB Cla_t | TTC_Cla_t [ TCO2 Cla t

0 [ Polygon 1| 12889.4 178 25 83 11 203 94 2616548 1211604 4446587

1 | Polygon 2| 243882 210 29 98 13 239 111 5047202 2762368 10137891

2 [ Polygon 3| 124341 298 40 140 13 338 158 4202726 1964588 7210038 |

Remrd:ﬂjl—ojﬂ Show: W Selected | Records (0 out of 3 Selected) Options v|
Hinh 3.21: Co s& dir liéu, sinh khéi va CO; hap thu trong mét khu vuc

BAN PO SINH KHOI VA CARBON RUNG

N
74000:1 75000:) 70000? 770000 TINDP A
-1 -
=3 o
8 B
2 2
e e
=] o
87 B
g g
§_ | g
g g
2 e
o =3
2 B
8 8
e e

CHU GIAI
TTC_t_ha

94
7"'41 m
. e

1 3200?0
1320000

- — e \leters
0 2,008,000 8,000 12,000 16,000
1

T T T T
740000 750000 760000 770000 780000

Hinh 3.22: Ban d6 phan cp carbon rirng khu vire Tuy Pire, Diik Nong
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Hinh 3.23: Ban d6 phan cip carbon ring (3 cip phéng to)

Dt ligu trong ArcGis c6 thé dugc chuyén co so dir ligu sang Excel dé tinh toan
tong hop va bao cao ¢ bang 3.5

Bang 3.5: Tong hep sinh khéi, carbon va CO; hap thu khu vire Tuy Dirc, tinh Dik

Nong (Nam 2012)
Class | Digntich | 2G| TBG | TAG | TBG | 10p | v1¢ | TTB.Cla | TTC Cla | TCO, Cla
Id thay | JB | TB 1 TC 1 TC 1 wha) | (wha) | (thn) (tAn) (tAn)
(tha) | (tha) | (ha) | (tha)
1 12,889 178 25 83 11 203 94 2,616,548 1,211,604 4,446,587
2 24,886 210 29 98 13 239 111 5,947,802 2,762,368 10,137,891
3 12,434 298 40 140 18 338 158 4,202,726 1,964,588 7,210,038
Téng 50,210 12,767,076 5,938,560 21,794,516

T két qua nay cho thiy o thoi diém giai doan anh, tong dién tich khu vuc
nghién ciru 1a 50.210 ha, c6 tong 12.767.076 tan sinh khéi trén va dudi mat dat cua cay
rang, véi tong luong carbon tich Iy duoc la 5.938.560 tin, twong tng véi hap thu
duoc 21.794.516 tan khi nha kinh COs.
Luong CO hap thu hoic phat thai do mat riung theo thoi gian duogc tinh toan
theo phuong phap Diference stock method (IPCC, 2006), tac la so sanh lugng CO; cua
khu vic ¢ hai thoi diém giam sat:

ACs =

Cf; -

Ce
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Trong do:
- ACB: Thay dbi sinh khéi, carbon, CO2 rung
- Ct*: Sinh khéi, carbon, CO; & thoi diém 1 hoic 2
- t: Thoi diém do tinh
Trong d6 sinh khéi, carbon, CO2 ¢ thoi diém sau dwoc cap nhat nhanh chéng
théng qua phan loai anh vé tinh phi giam dinh va quan hé v6i TAGTB, sau do6 chi cap
nhat truong dir liéu TAGTB thi toan bd co so dir liéu sé duogc ty dong tinh toan lai

theo cac md hinh allometric equations va cho biét gia tri sinh khéi, carbon va CO; & ky
giam sat sau, tir 6 tinh dwoc lugng hap thu hoac phat thai CO, trong quan Iy ring.
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CHUONG 4: HE THONG MO HINH VA CONG NGHE
PO TiNH, GIAM SAT CARBON RUNG DE THAM
GIA CHUONG TRIiNH REDD*

Muc dich cudi cung cua do tinh, giam sat carbon rung la chi ra luong CO2 hap
thu hoic phat thai theo thoi gian quan Iy ring trén mét dién tich rung cu thé.

IPCC (2006) da chi ra co so cua Viéc giam sat phat thai khi nha kinh CO; tir suy
thoai va mat rung la giam sat 2 nhém nhan té: Thay déi dién tich rung (Activiy Data)
va thay ddi cac bé chua carbon trong tng 1am phan (théng qua ham allometric
equations); tir day tinh duoc luong hap thu hoic phat thai CO2 theo thoi gian cua ting
khu vuc, quéc gia, lam co sd Xac dinh tin chi carbon trong chwong trinh REDD".

Tur két qua nghién ciru trinh bay trong cac chuong 1, 2 va 3 da dua ra co so khoa
hoc cua viéc wdc tinh, giam sat sinh khéi va carbon ring, thong qua thiét 1ap cac md
hinh allometric equations cho cay rung, cho 1am phén, udc tinh carbon trong cac bé
chira tham muc, tham tuoi, cdy chét va trong dat va ting dung cong nghé vién tham —
GIS dé quan ly giam sat bién dong dién tich, thay d6i bé chira carbon rung. Tu cac két
qua do, hé théng lai va dua ra cac tién trinh ap dung khac nhau cho phu hop vai ting
dbi tuong sur dung, nguon luc va quy mé. Cac tién trinh ap dung duoc minh hoa trong
hinh 4.1.

Phan loai rirng theo sinh khdi
Phan tich anh
vién tham

Phan cép sinh khéi:
Dién tich +
TAGTB=f(Class)

#

Phan cép sinh khéi:
Dién tich

v v
~ o Phan b6 6 méu ngau Diéu tra nhanh:
Lap 6 mau S6 6 mau nhién theo cép sinh Bitterlich, Prodan
khéi BA, N, M
Y % A

o dung M6 hinh 1 bién M"Agg?B%aBb_'e” Mb hinh 1am phan Mb hinh 1am phan
allometric AGB/BGB = HDBH, H e TTB, TTC = f(BA, TTB, TTC =
equation f(DBH) c'a)' ' N, M) f(TAGTB)

Thay dbi dién tich cap sinh khdi * Thay déi C cac bé chira
= Hap thu/phat thai CO,

Hinh 4.1: Cac tién trinh do tinh, giam sat sinh khéi, carbon ring va CO

¢
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1 PHAN LOAI RUNG THEO CAP SINH KHOI BANG ANH VE TINH

Phan loai ring thanh cac cp sinh khéi la dir liéu dau vao co ban cho do tinh,
giam sat carbon rung. Két qua nghién ciru da chi ra kha nang ap dung anh vé tinh
SPOTS5 theo phuong phap phan loai phi giam dinh két hop vai md hinh quan hé gitra
sinh khdi véi cac chi sé anh dé phan loai sinh khdi rung. Tuy nhién trong thuc té tuy
quy mo, ngudn luc ma co thé phan lam hai truong hop:

1.1 Phan khdi ring va xac dinh dign tich

Viéc phan khéi chi ding lai & mic phan loai phi giam dinh véi s6 16p ring thich
hop va twong d6i ddng nhit. Bé trén co so d6 bé tri 6 mau do tinh, sau d6 mai xac
dinh sinh khdi va carbon cho tung 16p. Cach lam nay dé don gian hoa viéc phan loai
sinh khéi ring khi ma nguén luc, dac biét la nhan lyc vé ap dung cong nghé vién tham
va GIS con han ché.

Ung dung anh vé tinh c6 do phan giai trung binh ¢ thé chip nhan duoc, tir d6
g dung phuong phap phan loai phi giam dinh, vai sé 16p phan loai can dugc du bao
trudc nho quan sat trén hién truong, vi du trén thuc té ¢ cac trang thai rirng non, ring
da qua khai thac va ring 6n dinh, thi sb 16p phan loai nén la 3 - 4 16p. Két qua phan
loai 1a thanh 1ap ban dd cac 16p va cung cap dién tich mdi 16p nhu hinh 4.2.

Attributes of 3 lop PGD shape (=@ = |

FID | Shape | Parts Length | Class_Name Class_d Area -
2578 | Polygon 100 | Class 3 400
2578 | Polygon 100 | Class 3 400
2579 | Polygon 100 | Class 3 400
2579 | Polygon 100 | Class 3 400 |_|
2587 | Polygon 100 | Class 3 500 B
2590 | Polygon 100 | Class 3
2590 | Polygon 100 | Class 3
2591 | Polygon 100 | Class 3
2591 | Polygon 100 | Class 3
I“ 2593 | Polygon
2593 | Polygon
2595 | Polygon
2598 | Polygon

800
400
500
400
600
300

100 | Class 3
100 | Class 3
100 | Class 3 500
100 | Class 3 300 %

Show: W Selected Records (0 out j

Y 70 Y Y PR Y ) ) PRy EpRE pRy )

Hinh 4.2: Ban dd phan 3 lop rieng va dién tich twong ng
Ap dung theo phuong phap nay don gian, chi tién hanh trong phong voi anh vé
tinh, c6 thé két hop mot dén hai chuyén khao sat thuc dia dé woc tinh trudc s 16p co
trong thuc té dé tao 1ap ban @b phan khdi sat hon véi tinh hinh rung.
Trén co so ban d6 da phan 1op, l1am co so cho viéc bd tri 6 mau, st dung
allometric equations dé woc tinh sinh khdi carbon cho ting 16p.
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1.2 Phan khdi rung, xac dinh dién tich va sinh khéi cay gé trén mit dat

(TAGTB)

Phuong phap phan loai anh phi giam dinh duoc ap dung dua vao két qua nghién
clru cua dé tai nay, trong d6 s6 16p dugc phan chia khac nhau tir 3 — 5 16p di vai rung
l4 rong thuong xanh. Trén co so d6 can rat mau trén hién truong vai 6 1000m? phan
tang duoc b tri ngau nhién trén cac 16p, tr d6 tinh md hinh TAGTB = f(Classi) cho
mdi hé théng 16p phan chia dé chon dugc sb 16p 6 quan hé tét nhat vai sinh khéi.

Phuong phap nay doi hoi can cé do tinh hién truong ban dau, khoang 10 — 15 &
mau trong mdi 16p, ang vai 3-5 16p thi s6 mau can thiét 1ap 1a 30 — 75 6 mau, tr do
tinh TAGTB cho mdi & mau théng qua md hinh AGB =f(DBH, H), phan bé N/DBH
va H/DBH:

log(AGB_kg)=-2.9766+0.535797*log(DBH_cm)+ 0.759321*log(H_m*DBH_cm"2) (4.1)
H_m = (0.799577 + bi*In(DBH_cm))*2 (4.2)

Trén co so md hinh TAGTB = f(Classi) c6 quan hé tét nhat, chon duoc s 16p
phan chia, tir d6 1ap duoc ban d6 phan cap sinh khoi rung gan véi gia tri sinh khoi
TAGTB trung binh (tin/ha) cho mai 16p. (Hinh 4.3)

Phuong phap nay doi hoi nhan hyc co kha ning phan tich anh vién tham va phan
tich lya chon mé hinh hdi quy thich hop, nén duoc ap dung ¢ cip vung, qudc gia dé
phan cap sinh khi ring va udc tinh carbon, CO2 trén quy mé rong.

BAN B0 PHAN CAP SINH KHOI RIPNG
— _— — — — I
)
B B
5 H H
B B
T
s H
H H
A A
B B
H H
H H
L % =
Z1| cHOGIAIT
TAGTE {t/hd FID Shape * Class_Id Area_ha | TAGTB_ t_ha
. » 0 | Polygon 1] 123894 178
[z 1 | Polygon 2| 248862 210
s Z | Polygon 3 12434.1 298
g
B
Record: ﬂj 1 jﬂ Show: | All lect j
Tmp

S —————————————————

Hinh 4.3: Ban d cip sinh khéi va dix liedu TAGTB binh quan theo cip
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Trén co so ban dd sinh khdi rung, chi can st dung cac md hinh quan hé sinh
khédi carbon trong 1am phan la c6 thé udc tinh duoc toan bd sinh khéi, carbon va CO;
cho tung khéi va chung cho ca khu vuc.

2 THIET KE O MAU

Dé ung dung cac ham allometric equations thi can cé dir liéu ddu vao tur hién
treong. Dir liéu nay can duoge do tinh trén & mau theo mét kich thudc, hinh dang thong
nhat va s6 & mau ciing phai bao dam yéu cau rat mau theo quy dinh quéc té cua
chuong trinh REDD.

2.1 Hinh dang va Kich thwéc 6 miu

O hinh tron va duoc phéan ting theo cip kinh hay con con goi 6 dang t6 (Nest
Plot) da dugc nhiéu tac gia s dung o nhiéu quéc gia tién tién trong 1am nghiép nhu
Silva (2010), Pearson (2007) o Hoa Ky. Bao Huy va cong su (2010, 2011) da ap dung
0 tron phan tang trong hudng dan do tinh carbon ring c6 sy tham gia cua cong dong
va nhan vién ky thuat co so trong khuén khé chuong trinh UN-REDD Viét Nam va du
an REDD cua SNV trong 4 huyén Di Linh, Lam Ha, Bao Lam va Cat Tién thudc tinh
Lam Pdng. Két qua cho thiy thiét ké 6 mau dang nay to ra thich hop, thuan tién trong
thao tac, dac biét la trén dat doc trong khi dé6 néu dung 6 chir nhat thi nguoi dia
phuong khong thé dung dia ban dé khép goc vudng. Ngoai ra 6 tron con nhiéu loi diém
la dé dang diéu chinh chiéu dai ban kinh 6 trén dat doc, cung mot dién tich nhung 6
tron sé c6 chu vi ngan hon do do sai sé cua cay nam trén ranh gidi 6 giam xuong. Vi
vay 6 tron phan tang vai dién tich t6i da 1a 1.000m? da dugc thir nghiém cé hiéu qua
va dé nghi st dung trong do tinh & miu dé udc tinh sinh khéi va carbon rung cho ca
nhan vién ky thuat 1an nguoi dan dia phuong. (Hinh 4.4)

17.84m

Po tat ca cay gb DBH = 50cm

Po tAt ca cay g6 DBH = 30cm

Do tat ca cay g6 DBH = 5cm

Do tét ca cay gb: (Tai sinh < 5cm +
Cay go)

Hinh 4.4: O miu tron phan tang theo cip kinh
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2.2 S6 6 mAu cin thiét va cach bb tri

Theo yéu ciu caa IPCC (2006) dé bao dam thong tin wdc lwong sinh khdi va
carbon ring, s6 6 mau trén mdi cap sinh khéi can bao dam do tin cay P = 95% va sai
s6 < 10%.

S6 6 mau co thé duoc xac dinh bang hai phwong phap: i) Tinh cho ting cép sinh
khdi: ii) Tinh chung cho ca khu ring va phan phéi lai cho tung cép theo sai tiéu chuan
va dién tich mdi cap. Phuong phap thir hai t6 ra hiéu qua hon va cho s6 6 mau can thiét
it hon so voi viée tinh riéng 1é. Vi vay dé nghi sir dung phuong phap tinh & mau cé
phan khéi (Pearson va cong su (2007), Bhishma va cong su (2010), Bao Huy (2011)).
Cong thirc tinh sb 6 mau nhu sau:

(kNS (4.3)
"~ NZ2E2
2

+ Y- NiSi2

Voi:
n =Toéng s6 6 miu trong vung diéu tra; i = Chi sb clia trang thai tir | dén L; L = Tong sb trang
thai; Ni = So lugng 6 mau t6i da ctia trang théi I; Si = Sai tiéu chuén cua trang thai I; N = S6
lugng 6 mau tdi da trong ving diéu tra; E = Sai s6 cho trude, dugc tinh = trung binh chung
sinh khéi/carbon/ha * sai s6 twong ddi (vi du 10% = 0.10); t = Gi4 trj thong ké cta ham phan
bb t & muc tin cdy 95%, t thudng = 2 néu kich thudc mau chua biét.

Ni.Si (4.4)

ni=n.gy —
i—q Ni.Si

VoI

ni = S6 6 mau can thiét cho trang thai I; i = Chi s6 cta trang thai tir 1 &én L; n = Tong sb 6
mau trong vung diéu tra; Ni = SO lugng 6 mau toi da cua trang thai |; Si = Sai tiéu chuan cua
trang thai I; L = Tong so trang thai.

Bao Huy (2011) da thtr nghiém phuong phap rat mau nay trong vang du an
REDD cua SNV ¢ hai huyén Bao Lam va Cat Tién. Tac gia di tién hanh rat mau 33 6
ngau nhién theo 3 trang thai, dién tich mdi 6 mau la 1.000m?; mdi 6 mau st dung cac
ham quy ddi ra carbon ddi vai cay gd (Allometric Equations), sau d6 tinh toan sb
luong 6 miu can thiét cho toan khu vuc du 4n va ting trang thai rimg, voi tong dién
tich cac trang thai rieng thi nghiém la 57.670 ha. Két qua tinh duoc tong s6 6 mau can
thiét n = 160 6 va phan phdi s6 6 mau cho mdi trang thai ni: ring thudng xanh trung
binh: n1 = 121 &; rimg thudng xanh non: n2 = 29 6; rirng hdn giao gb - 16 6: n3 = 10 6.
Két qua nay cho thay s6 6 mau rat khong qua 16n va van bao dam cac yéu cau sai so.

Sau khi tinh toan duoc sé 6 mau can thiét cho mdi cap sinh khéi, can bé tri ngau
nhién trén ban dd va cé toa d6 dé xac dinh ngoai thuc dia. BS tri 6 mau ngau nhién sur
dung chuong trinh trong ArcGIS: Creat Random Points tir d6 chuyén toa do vao may
GPS dé xac dinh thuan tién trén thuc dia (Hinh 4.5). Nam 2010, trong chuong trinh
REDD quéc gia & Lam Pong da thir nghiém phuong phap nay dé nong dan st dung

131



GPS di gan toa do 6 mau, thyc té ho da tim dén dugc 6 mau dé dang khéng chi nho
GPS dinh hudng ma con ca kién thirc ban dia vé ring cua ho.

o5 §7,

Hinh 4.5: O mau dwoc b tri ngau nhién trén ban dé (vang du an REDD SNV
Cat Tién va Bao Lam)

2.3 Piéu tra nhanh 1am phan

Trong truong hop can diéu tra nhanh sinh khdi, carbon ring thi c6 thé st dung
cac mo hinh théng qua bién diéu tra I1am phan nhu N, BA, M.

- Piéu tra nhanh tong tiét dién ngang 1am phan (BA, m?/ha) va trit luong M (m?
/ha) bang phuong phap Bitterlich.

- Piéu tra nhanh mat @6 (N/ha) va trit lugng M (m®/ha) bang phuong phap 6 cay
cua Prodan.

V6i cac chi tiéu diéu tra nhanh nay co thé quy doi nhanh chong ra sinh khéi va
carbon 1am phan théng qua cac mé hinh.

3 LUA CHON sSU DUNG CAC HAM ALLOMETRIC EQUATIONS
CUA CAY, LAM PHAN VA HAM CHUYEN POI TU NHAN TO
PIEU TRA RUNG SANG CARBON RUNG

Riéng cac bé chira carbon trong tham muc, tham twoi, cdy chét chiém ty Ié thip

(<1% so vai tong carbon 1am phan), do d6 néu do tinh ciing can siy dé xac dinh sinh

khdi khé, do vay sé khdng mang lai hiéu qua kinh té trong ban tin chi carbon. Do vay

dé nghi khong dua nhirng nhan té nay vao giam sat. Chi nén theo doi ¢ cac 6 dinh vi

qudc gia dé co thong tin ddy du vé carbon & 5 bé chira. Riéng bé chia carbon trong dat

kha 6n dinh, c6 thé str dung %C trong dét binh quan cho tung loai dat, lap dia, vung
sinh thai va chi diéu tra do dém khi co sy chuyén déi rrng sang muc dich khac dé tinh
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phat thai carbon tir dit. Trén co so do tap trung cho 2 bé chia carbon chinh la trong
cay g6 phan trén va dudi mat dat.

Két qua dé tai da thiét 1ap duoc mot hé théng allometric equations cho cay, 1am
phan, va ham chuyén déi. VAn d la lya chon ham nao dé sir dung? Viéc lwa chon ham
can dya vao cac tiéu chi sau:

- Phu hop véi yéu cau chinh xac cua dot do tinh

- Phu hop vai nang luc cua nguoi tham gia

- Phu hop véi ngudn luc dot do tinh

Vi viy c6 thé phan chia thanh 4 truong hop tng dung sau day:

3.1 Trwong hop do tinh carbon rieng cé sw tham gia cha céng dong

Cong dong tham gia do tinh carbon rung la mot yéu cau bat budc cua cac
chuong trinh REDD quéc gia. Ly do la REDD hudng dén tao sinh ké cho nguoi nghéo
séng gan ring thong qua cac hoat dong quan 1y rang, vi vay tham gia do tinh va duoc
chi tra la mot yéu cau quan trong; ngoai ra cong dong la mot luc luong lao dong
thuong xuyén tai hién truong, néu ho tham gia do tinh s& cung cap thuong xuyén maot
khoi luong thong tin dang tin cay va minh bach; trong khi d6 cac cudc diéu tra rung
qudc gia chi co thé tién hanh trong dinh Ky 5 — 10 ndm vi ly do tai chinh va nguén lyc.

Két qua thir nghiém voi 4 cong ddng o 4 huyén Di Linh, LA&m Ha, Bao Lam va
Cat Tién trong khuén kho két hop thir nghiém dé tai véi cac chuong trinh REDD quéc
gia va du an SNV, cho thdy cong dong co thé sir dung GPS xac dinh 6 mau, st dung
thudc do do ddc dé cai bang ban kinh 6 tron trén déc va do DBH mét cach chinh xac.
Do cao va cac chi tieu khac nhu khdi lugng thé tich gd (WD), dién tich tan 14 la vuot
qua kha ning cua nguoi dan. Vi vay nguoi dan chu yéu dugc huong dan 1ap 6 mau va
do tinh DBH trong 6.

Nhu vy mé hinh dé uoc tinh sinh khéi carbon ring trong truong hop ngudi dan
tham gia s& chi c6 mot bién sé 1a DBH, bao gom cac ham sinh khéi va carbon trén va
dudi mat dat:

AGB_ kg = exp(-2.23927 + 2.49596*In(DBH_cm)) (4.5)
C_AGB_kg =exp(-2.97775 + 2.49711*In(DBH_cm)) (4.6)
BGB_kg = exp(-3.73687 + 2.32102*In(DBH_cm)) 4.7)
C _BGB_kg =exp(-4.91842 + 2.41957*In(DBH_cm)) (4.8)

Tur két qua diéu tra DBH 6 mau, dir liéu sé duogc tap hop theo cap kinh véi su hd
trg cuia nhan vién 1am nghiép co so, tir d6 dé dang tinh ra duoc sinh khéi, carbon cho
tirng cap kinh, 1am phan va cho tung cap sinh khéi thong qua 4 mé hinh trén. Két qua
nay sé cung cip cho hé théng quan ly dir liéu GIS & cip tinh va qubc gia dé theo doi
phat thai CO; rung.
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Tuy nhién voi cac md hinh chi mét bién sé DBH thi sai sé cua udc lugng la cao
hon so véi ude luong thong qua nhiéu bién sé. Pay 1a han ché cua do tinh carbon ¢6
si tham gia cua cong ddng. Sai léch wdc luong sinh khdi va carbon bién dong tir S% =

27.8% dén 52.0%.

3.2 Trwong hop do tinh carbon rung boi nhan vién ky thuat 1am nghiép

Nhan vién ky thuat 1am nghiép da duoc dao tao thi co thé do dém hau hét cac
nhan té diéu tra ciy thong thuong trong & mau nhu: Loai, DBH, H, tan la (Ca). Do do
cac md hinh st dung la da dang va tuy theo yéu cau do tin cay cua dot diéu tra. Cac

mo6 hinh do la:
Nhdém ham wéc tinh sinh khoi cay trén mér dat:

log(AGB_kg) = -2.9766 + 0.535797*log(DBH_cm) +
0.759321*log(H_m*DBH_cm”2)

log(AGB_kg) =-2.74348 + 0.693879*log(H_m*DBH_cm”2) +
0.367445*log(WD_g_cm3*DBH_cm”2)

log(AGB_kg) = -2.13408 + 1.96454*log(DBH_cm) + 0.619246*log(H_m) +
0.124205*log(Ca_m2) + 1.03509*log(WD_g_cm3)

Nhom ham woc tinh carbon cay gé trén met dat:

log(C_AGB__kg) =-3.72664 + 2.05141*log(DBH_cm) + 0.760168*log(H_m)

log(C_AGB__Kkg) = -3.40031 - 0.819475*log(DBH_cm) +
0.787115*log(H_m*DBH_cm”2) + 0.673237*log(WD_g_cm3*DBH_cm”2)

log(C_AGB__Kkg) = -3.6277 + 0.170678*log(Ca_m2) + 1.89109*log(DBH_cm) +
0.0578426*H_m + 1.94886*WD_g_cm3

Nhom ham woc tinh sinh khéi ré cay go:
BGB_kg = exp(-3.73687 + 2.32102*In(DBH_cm))
log(BGB_kg) = -4.43424 + 0.880023*log(DBH_cm”"2*H_m)

log(BGB_kg) = -3.90385 + 0.891108*log(DBH_cm”2*H_m)
1.03154*log(WD_g_cm3)

log(BGB_kg) = -3.21544 + 2.34465*log(DBH_cm) + 0.977922*log(WD_g_cm3)
Nhom ham woc tinh carbon trong ré cay:

C _BGB__ kg =exp(-4.91842 + 2.41957*In(DBH_cm))

log(C_BGB__kg) =-5.58412 + 0.911888*log(DBH_cm”2*H_m)
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log(C_BGB__kg) = -052749 -  20.0271*1/log(H_m*DBH_cm"3)

0.865064*log(WD_g_cm3*DBH_cm”2) (4.21)

V& nguyén tic khi ting bién s tham gia mo hinh sé ting dugc do tin ciy wdc
luong. Do vay d6i véi nhan vién ky thuat 1am nghiép can do tinh it nhat 2 bién s6
DBH va H va stir dung cac mé hinh c6 hai bién nay. Tuy nhién trong truong hop yéu
ciu d6 chinh xac cao thi hai bién dién tich tan la (Ca) va khéi lugng thé tich g6 (WD)
can dugc quan tAm do dém va st dung ham cé cac bién nay.

Trong d6 bién Ca la khdng kho thu thap, chi can do duong kinh tan 14 theo 2 — 4
hudng, trong khi d6 WD khéng thé do truc tiép, do vay néu xac dinh dugc chinh xac
loai va loai d6 da duogc xac dinh WD trong danh luc thi can si dung ham cé bién nay.
Trong truong hop nay sai léch so vai thuc té bién dong S% = 14.1% - 46.6% tuy theo
bién dong vao st dung.

3.3 Trwong hep woc tinh nhanh sinh khéi, carbon ring

Trong trudng hop can lap cac du an tong thé vé REDD, méi truong, 1ap cac
duong co so phat thai khu vuc, qudc gia; trong khi chua c6 co so dir liéu chinh xac vé
carbon rung thi 6 thé sir dung phuong phap do tinh nhanh.

Trén co so do tinh nhanh trén hién treong xac dinh duoc cac thdng sé 1am phan
co ban nhu N, BA va M; tir ddy str dung ham dé woc tinh tong sinh khéi va carbon 1am
phan cua cay go trén va dudi mat dat (TTB va TTC):

Nhdm mé hink wéc tinh nhanh téng sinh khéi cay gé trén va dudi mar dat:

log(Total_TB tan_ha) = 0.687703 - 0.0687933*log(N_tree_ha) + (4.22)
0.677067*log(M_m3_ha) + 0.409578*log(BA_m2_ha)

log(Total_TB tan_ha) = 0.076877 + 0.25481*log(BA_m2_ha) + (4.23)
0.793401*log(M_m3_ha)

log(Total_TB tan_ha) = -0.214593 + 0.999706*log(M_m3_ha) (4.24)
log(Total TB tan_ha) = 1.63668 + 1.10688*log(BA_m2_ha) (4.25)

Nhém mé hink wéc tinh nhanh téng carbon trong cay go trén va duwdi mat dat:

log(Total TC tan_ha) = -0.0932362 + 0.405294*log(BA_m2_ha) -
0.0717041*log(N_tree_ha) + 0.685629*log(M_m3_ha)

(4.26)
log(Total_ TC tan_ha) =-0.729907 + 0.243978*log(BA_m2_ha) + 0.806886*log(M_m3_ha)

(4.27)
log(Total_ TC tan_ha) =-1.00899 + 1.00442*log(M_m3_ha)

(4.28)
log(Total_TC_tan_ha) = 0.856408 + 1.11053*log(BA_m2_ha) (4.29)
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Sai léch S% khi su dung cac mo6 hinh nay duoc tich luy tr cac mo hinh trung
gian, do d6 16n hon hai truong hop trén, it nhat la trén 50%

3.4 Trwong hop waoc tinh sinh khéi va carbon 1am phan théng qua ban dé

phan cap TAGTB

Trong truong hop da lap duoc ban dd phan cap sinh khéi riang trén anh dat d6 tin
cay thi viéc diéu tra mat dat la khdng con can thiét. Dua vao két qua gia tri binh quan
sinh khoi trén mat dat cua cay ring (TAGTB) da dugc ude lugng duoc trén anh va gan
véi ting 16p sinh khdi, chi can st dung cac md hinh udc tinh tong sinh khéi va carbon
1am phan véi bién sé6 TATGB la c6 day du dir liéu.

Phuong phap nay doi hoi nguén nhan luc chuyén gia chuyén sau vé vién tham va
GIS va ca lap md hinh allometric quations va kinh phi dau tu cho anh vién tham, do
vay can duoc st dung trong trudng hop yéu cau do tin cay cao, o6 dau tu nhu o cap
quéc gia, khu vuc.

Cac md hinh co thé sir dung trong truong hop nay dé wdc tinh tong sinh khéi va
carbon 1am phan trén va dudi mat dat cua cay rang la:

TTB tan_ha = 1/(0.0000469761 + 0.867918/TAGTB_tan_ha) (4.30)
TTC_tan_ha = 1/(0.00000458378 + 1.88995/TAGTB._tan_ha) (4.31)
Sai s6 cua phuong phap nay tir 6.6% - 28.1% khi si dung SPOT5

4 QUAN LY CO SO DU LIEU, BAN PO VE BIEN PONG CO; TRONG
GIS

Trén co so phan cip sinh khi rung, rat 6 mau theo khéi dé do tinh, sir dung cac
loai ham allometric equations khac nhau tuy theo ddi tugng, yéu cau chinh xac, nguon
lyc, nhung tat ca duoc tdng hop lai thanh hai nhom dir liéu: i) Dién tich cac cép sinh
khdi cung ban dd; ii) Dir liéu sinh khdi va carbon rung trong cac bé chira ¢ tung cép
sinh khdi. Hai nhom dit liéu nay can duoc quan |y mot cach khoa hoc va ¢ hé thong
trong hé thong GIS o cac co quan 1am nghiép cap tinh dén quoc gia.

Trén co so GIS va két hop véi cac ham allometric equations trong d6 cac nhom
sinh khéi, carbon cé quan hé véi nhau (hinh 4.6), do d6 chi can cap nhat nhom sinh
khéi cay gd trén mat dat TAGTB tr anh vé tinh la co thé tu dong cap nhat dir liéu sinh
khdi, carbon toan bo hé thong trong phan mém ArcGIS. Tir day theo doi duoc hap thu
va phat thai CO2 cho tung khu viec, quéc gia theo phuong phap so sanh bé carbon giita
hai thoi diém véi nhau theo cong thic duéi day (IPCC, 2006):

-t (4.32)
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Fields: Type:

FID = = Mumber
Class_Id

Area_ha " String
TAGTB_t_ha

TBGTE_t_ha " Date
TAGTC_t_ha

TBGTC_t _ha

TTB_t_ha

TTC_t ha

TTB_Cla_t

TTC_Cla_t

TCO2 Cla_t

TIC_Cla_t = [ aAdvanced

1/(0.00000458378 + 1.88995/TAGTE_tan_ha) |

[T Calculate selected records anly

Hinh 4.6: Cap nhat dir liéu téng carbon ring khi TAGTB thay déi thong qua két
hop allometric equantions trong ArcGIS
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KET LUAN VA KIEN NGHI

KET LUAN

Véi muc tiéu nghién ciru dugc dit ra la thiét 1ap dugc mot hé thong mé hinh va
céng nghé nham xac dinh luong CO2 hap thu hodc phat thai tir cac trang thai cta kiéu
rimg 14 rong thudng xanh vung Ty Nguyén dé cung cdp théng tin, co sé dir liéu va
phurong phép gidm sdat sw thay doi cia cdc bé chita carbon, 1am co sé tham gia
chwong trinh gidm thiéu khi phdt thdi tir suy thodi va mat rirng; dé tai di dén cac két
luan chinh sau:

1) M& hinh wec tinh sinh khéi va carbon cay rang:

- Khai lwong thé tich g6 (WD) la mét nhan té quan trong dé uoc tinh sinh khéi
va carbon cay ring, nd dai dién cho cac nhom loai co cung sinh khéi trén don
vi thé tich. Da xac dinh WD cho 63 loai chu yéu cua rung la rong thuong xanh
vung Tay Nguyén bién dong tir 0.266 dén 0.882.

- Usc tinh sinh khéi va carbon trong 4 bé phdn cua cay trén mat dat voi cac
bién s6 DBH, H va WD cho thay than cay dat do tin cay tot nhat, ké dén 1a vo
cdy; trong khi d6 voi canh va la thi bién dong tir mé hinh so véi quan sat la
kha cao, do su da dang hinh thai loai trong hé sinh thai rung tu nhién la rong
thuong xanh.

- Ham woc tinh sinh khoi cay trén mar dat (AGB) c6 3 bién s6 DBH, H va WD
dat do tin cay cao nhat, cao hon ham Chave (2005) lap cho rirng nhiét doi; thir
dén la hai bién DBH va H; ham mot bién véi bién sé DBH d6 tin cay thap
hon, nhung ciling cao hon nhiéu so véi ham chung cua ring nhiét doi (Brown
(1997), do vay cé thé tng dung trong do tinh khi khéng c6 yéu ciu cao vé do
tin cay hoac chi phi thap, vi du nhu do tinh carbon ring voi sy tham gia cua
cong dong. Cac ham duoc mo ta nhu sau:

log(AGB_kg) = -2.74348 + 0.693879*log(H_m*DBH_cm”2) +
0.367445*log(WD_g_cm3*DBH_cm”2)

AGB_kg = exp( -2.9766 + 0.535797*log(DBH_cm) +
0.759321*log(H_m*DBH_cm”"2))

AGB_kg = exp(-2.23927 + 2.49596*In(DBH_cm))

B6 sung bién sé Ca s& mang lai d tin cay cao nhét trong udc luong AGB trong
khi chua thé lap dugc md hinh allometric equations cho tung loai trén tung diéu kién
lap dia cua ring nhiét doi. Ham cé dang sau:
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log(AGB_kg) = -2.13408 + 1.96454*log(DBH_cm) + 0.619246*log(H_m) +
0.124205*log(Ca_m2) + 1.03509*log(WD_g_cm3)

M6 hinh woc tinh chinh xdc nhat C(AGB) can théng qua md hinh 4 bién DBH,
H, WD va Ca; ké dén la 3 bién DBH, H va WD; con db tin cdy thap hon c6 thé chi str
dung 2 bién thong thuong la DBH va H. Ham mét bién voi DBH chi st dung trong
diéu kién khong yéu cau do tin cay cao nhu do tinh carbon & cap cong dong. Cac ham
c6 dang sau:

log(C_AGB__kg) = -3.6277 + 0.170678*log(Ca_m2) + 1.89109*log(DBH_cm) +
0.0578426*H_m + 1.94886*WD_g_cm3

log(C_AGB__kg) = -3.40031 - 0.819475*log(DBH_cm) +
0.787115*log(H_m*DBH_cm”2) + 0.673237*log(WD_g_cm3*DBH_cm”2)

log(C_AGB__kg) = -3.72664 + 2.05141*log(DBH_cm) + 0.760168*log(H_m)

C_AGB__ kg = exp(-2.97775 + 2.49711*In(DBH_cm))

- Sinh khéi duwsi mat dat (BGB) dugce udc luong tot nhat vai ham 2 bién sé
DBH va WD. Bién dong cua ham uoc tinh cia BGB 16n hon ABG cho thay su
phirc tap caa hé ré cay ring so voi phan sinh khoi trén mat dat caa nod. Mo
hinh don gian hon dé wdc tinh BGB theo nhan t6 DBH. Bao gdm cac mé hinh
sau:

log(BGB_kg) =-3.21544 + 2.34465*log(DBH_cm) + 0.977922*log(WD_g_cm3)

BGB_kg = exp(-3.73687 + 2.32102*In(DBH_cm))

- M0 hinh woc tinh carbon tich liy trong hé ré cay rung (C(BGB)) dat do tin
cay cao nhat véi 3 bién s6 DBH, H va WD. M6 hinh don gian nhat uéc luong
C(BGB) véi mot bién DBH:

log(C BGB__kg) = -052749 -  20.0271*1/log(H_m*DBH_cm”"3) +
0.865064*log(WD_g_cm3*DBH_cm”2)

C_BGB__Kkg = exp(-4.91842 + 2.41957*In(DBH_cm))

- Carbon tich Ly cao nhat la trong than cay (62.6%), tha hai la trong canh cay
(19.1%), tiép dén la trong ré cay (10.6%), trong vo la 7.2%, trong la thap nhat
la 0.5%. Lugng CO2 cay hap thu ting theo tudi (kich thuéc DBH), trr 11kg/cay
o cap DBH = 5cm dén 8.7 tin/cay o cap kinh 75cm.
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2) M@ hinh wec tinh sinh khéi va carbon 1am phan:

Pé wdc tinh sinh khéi, carbon 1am phdn can phan chia rang thanh cdp ndng
sudt théng qua cdp chiéu cao. Rung la rong thuong xanh Tay Nguyén can
phan chia thanh 3 cap.

Trung binh %C trong dat dudi ring la rong thuong xanh l1a 1.983%, véi SOC
trung binh = 100.6 tin C/ha. SOC bién dong tir 45.8 — 189.7 tin C/ha.

Sinh khéi va carbon trong tham twoi bién dong ngau nhién. Trung binh c6
1,477 tan sinh khéi/ha va 0,529 tan C/ha.

Sinh khéi va carbon trong tham muc bién déng ngau nhién. Trung binh c6
9,161 tan sinh khéi/ha va 2,773 tan C/ha.

Sinh khdi va carbon trong go chét bién dong ngau nhién rat 1on. Trung binh c6
1,339 tan sinh khéi/ha va 0,696 tan C/ha.

Gitra sinh khdi, carbon trong 1am phan cé quan hé chat ché voi nhau, va moi
bo phan trén dudi miat dat ciing vay. Bong thoi sinh khéi va carbon 1am phan
lai c6 quan hé véi cac nhan t diéu tra 1am phan. Cac méi quan hé nay déu
duoc md hinh hoa va ng dung theo tirng muc dich khac nhau cua do tinh,
giam sat carbon 1am phan.

Téng lirong carbon cua 5 bé chia trong 1am phan (TC) c6 quan hé chit ché
v4i da me, lugng mua binh quan niam, nhiét d6 binh quin nim va téng sinh
khoi cay ring trén mat dat:

TC t ha = -1001.09 + 0.68557*TAGTB tan ha + 15.2615*Maso_dame -+
0.18382*P_mm_nam + 26.7666*Tkk

Rung ld réng thuong xanh o Tdy Nguyén dwoc phan chia thanh 3 cdp sinh
khoi cua cay go trén mar dat (TAGTB): Cap 1: TAGTB = 99 tan/ha, Cap 2:
TAGTB = 222 tin/ha, Cap 3: TAGTB = 331 tan/ha.

Cau truc sinh khéi va carbon 1am phan theo cap kinh & 3 cap sinh khéi va 3
cap chiéu cao c6 quy luat chung la mot dinh, léch trai & cap kinh 15 — 25 cm,
rang thanh thuc sinh khoi tap trung nhiéu ¢ cac cap kinh 16n hon 100cm.
Luong C tich liy cua 1am phan trong cay gb phan trén mat dat (TAGTC) (bao
gom than, canh, 1a va vo) la cao nhat, chiém 48.9%; thir hai la luong carbon
hiru co trong dat (SOC) chiém 44.3%; luong carbon trong ré cay rung
(TBGTC) chiém 5.3%. Riéng carbon trong tham twoi (Chg), tham muc (Cli)
va gd chét (Cdw) chiém ty Ié rat thap, dudi 1%. Do vay trong do tinh giam sat
carbon rung, ¢ thé bo qua cac bé chira tham muc, tham twoi va cay go.

Gia tri cua rung vé mdt méi trwong rung qua hdp thu khi CO2, thap nhat la
220 triéu ddng/ha voi cao nhat la 498 triéu dong/ha; ting voi lugng CO, hip
thy duoc tir 525 — 1.166 tan/ha.
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- Tang truong sinh khéi va hap thu CO, cua 1am phan thap nhat & cap sinh khoi
1 va cap H Ill, véi ting trudng sinh khéi la 3.63 tan/ha/nam, carbon 1a 1.67
tan/ha/nim va hap thu CO; la 6.13 tan/ha/nim; ting trudng cao nhat & cap sinh
khdi 2 va cap H 1 véi sinh khdi la 9.84tan/ha/ndm, carbon 4.40 tin/ha/nam va
hap thu CO2 la 16.15 tin/ha/nam. IPCC (2006) cho thiy ting truong sinh khoi
trén mat dat rung mua nhiét doi & chau A bién dong tr 3.4 — 13.0 tAn/ha/nam,
két qua nghién ctru cua dé tai ciing phu hop véi dir liéu quéc té, nhung pham
vi bién dong hep hon vi cu thé cho ring nhiét doi & Tay Nguyén, Viét Nam va
nhu vay chinh xac hon.

- Can dya vao hdp thu CO2 hang ndm dé tinh todn tha lao cho ngudi quan ly
rang. Gia tri tir 2.5 triéu — 6.8 triéu dong/ha/nam.

3) Ung dung vién tham va GIS trong woc tinh — giam sat sinh khéi va carbon

rung:

- Ba thu nghiém 3 phirong phap trong ldp ban d@o sinh khéi rung: Phuong phap
phan loai anh phi giam dinh va quan hé véi sinh khéi rirng. Phuong phap phan
tich hoi quy gitra sinh khéi ring voi gia tri anh (DN) va Phuong phap phén
loai anh c6 giam dinh dé phan chia khdi ring theo cip sinh khéi; két qua cho
thay:

Phuong phap phan loai phi giam dinh va thiét 1ap mé hinh quan hé gitra TAGTB
= f(Class) co do tin cay tir 72 — 93%. Phuong phap thiét 1ap hoi quy gitra TAGTB =
f(DN) dat do tin cay la 53%. Phuong phap phan loai cé giam dinh theo cap sinh khoi
TAGTB dat d¢ tin cay la 29%. Nhu vay phuong phap phan loai phi giam dinh va thiét
lap quan hé gitra sinh khi vai dir liéu cua tang 16p class to ra hiéu qua nhat, dong thoi
no lai kha don gian, nén dé nghi ang dung phwong phap nay vao trong phan loai anh
vé tinh va udc lugng sinh khéi, carbon rung.

- Ung dung cac md hinh wdc lwrong sinh khéi va carbon 1am phdn trong hé

thong GIS la dé giam sdt CO2 hdp thu hodc phdt thai do mat rung theo thoi
gian theo phuong phap Diference stock method (IPCC, 2006).

4) H¢ thong md hinh va cong nghé do #inh, giam sat carbon rang dé tham gia

chwong trinh REDD*: Bao gom:

- Phan logi ring theo cdp sinh khéi bang anh vé tinh theo phwong phap phi
giam dinh két hop véi md hinh quan hé TAGTB = f(Class)

- Thiét ké 6 mau hinh tron phan tang theo cap kinh, dién tich 6 1000m? duoc b
tri ngau nhién theo cap sinh khdi. S6 & mau can bao dam do tin cay 95%, sai
s6 10% va dugc phan theo cap sinh khdi rieng. Ngoai ra co thé ap dung diéu
tra nhanh 1am phan dé udc tinh sinh khéi, carbon ring.

- Lwa chon cac m6 hinh allometric equations thich hgp theo tung muc dich, quy
md, yéu cau do tin cay, nang luc, ngudn luc do tinh carbon ring. Cac mé hinh
duoc lua chon duoc phan chia thanh 4 treong hop do tinh carbon rung: i) Co
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sy tham gia cua cong dong; bién dong S% = 27.8% dén 52.0%, ii) Do nhan
vién k¥ thuat 1am nghiép thuc hién; bién dong S% = 14.1% - 46.6% ; iii) U4c
tinh nhanh carbon 1am phan; S% > 50%:; iv) U'éc tinh sinh khéi, carbon 1am
phan khi da lap duoc ban d6 sinh khdi dya vao anh vé tinh; sai s6 6.6 — 28.1%.

- Quan ly co so diF liéu, ban dé vé bién déng CO, trong GIS: GIS két hop Voi
cac ham allometric equations quan hé giira cac nhom sinh khéi, carbon do d6
chi can cap nhat nhém sinh khéi cay gd trén mat dat TAGTB la co thé tu dong
cap nhat dir liéu sinh khdi, carbon toan bo hé thong trong phan mém ArcGIS.
T day theo ddi duwoc hap thu va phat thai CO, cho tung khu vuc, quéc gia
theo phuong phap so sanh thay ddi bé chira carbon & cac thoi diém.

KIEN NGHI
Tur két qua thu duoc caa dé tai, co cac kién nghi chinh sau:

1. Ung dung két qua cua dé tai: Mo hinh va cong nghé uéc tinh, giam sat sinh
khdi va carbon rirng va CO; hap thu/phat thai da duoc thiét 1ap cho kiéu rung la
rong thuong xanh vang Tay Nguyén cé khéi lugng mau du 1on, dai dién, da
duoc danh gia do tin cay bao dam yéu cau cua IPCC (2006), do vay d& nghi
chuyén giao ap dung cho chuong trinh UN-REDD Viét Nam va cac dy an
REDD.

2. Nghién cizu tiép theo can co:

- Tiép tuc ap dung phuong phap nghién ciu cua dé tai nay cho cac tat ca cac
kiéu ring o ting vung sinh thai ctua Viét Nam dé c6 duoc ddy du mé hinh va
cbng nghé trong wac tinh va giam sat carbon rung o Viét Nam.

- Déi véi ing dung anh vién tham trong ude luong sinh khéi va carbon ring
can thir nghiém thém vaoi cac loai anh vé tinh ¢4 do phan giai cao hon véi cac
phuong phap khac dé co thé lya chon céng nghé tbi uu trong wde lwong
carbon théng qua anh vién tham.

142



TAI LIEU THAM KHAO

Tiéng Viét

1.

Vo Pai Hai, 2009. Nghién ciru kha ning hép thu carbon cua rimg trong bach dan.
Tap chi NN & PTNT, 1(2009)

Bao Huy, 2009. GIS va Vién tham trong quan Iy tii nguyén rung va moi trudng.
NXB Téng hop Thanh phé H6 Chi Minh.

Bao Huy, 2009. Phuong phap nghién ctru udc tinh trir lwong cac bon cua rung tu
nhién 1am co s tinh toan lugng CO, phat thai tir suy thoai va mat rimg & Viét Nam.
Tap chi Nong nghiép va Phat trién nong thon, 1(2009): 85 — 91.

Bao Huy, 2012. U6c tinh niang lyc hap thu CO cua Boi loi do (Litsea glutinosa)
trong md hinh néng 1am két hop Boi loi d6 — San & Tay Nguyén Viét Nam. Tap chi
Rung va Moi truong, 44 — 45 (2012): 14 - 21.

Bao Huy, 2012. Xay dung phuong phap giam sat va do tinh carbon rung co6 sy tham
gia cua cong dong ¢ Viét Nam. Tap chi Rung va Méi truong, 44 — 45 (2012): 34 —
45,

Nguyén Ngoc Lung, 1989. Diéu tra rimg thong Pinus kesiya Viét Nam lam co s to
chirc kinh doanh. Luan 4n Tién si khoa hoc. Hoc vién ky thuat 1dam nghiép Leningrad
mang tén S.M. Kirov, Leningrad. (Ban dich tiéng Viét).

Vil Tan Phuong, 2006. Nghién ctru trit luong carbon tham tuoi va cay bui: Co sé dé
xac dinh dudng carbon co s& trong cac du an trong ring/tai trong rimg theo co ché
phat trién sach ¢ Viét Nam. Tap chi NN & PTNT.

Ngb Pinh Qué, 2007. Kha ning hip thu COz cta mot s loai ring trong cha yéu &
Vi¢t Nam. Vién Khoa hoc Lam nghiép Viét Nam.

Tiéng Anh

9.

10.

11.

12.

13.

14.

Achard, F., Eva, H., and Mayaux, P. 2001, 'Tropical forest mapping from coarse
spatial resolution satellite data: Production and accuracy assessment issues', Int. J.
Remote Sens. 22: 2741-2762.

Aronoff. S.. 1989. Geographic information systems: A management perspective.
WDI Publishcations, Ottawa, Canada.

Baccini, A., Friedl, M.A., Woodcock, C.E. & Warbington, R. 2004. Forest biomass
estimation over regional scales using multisource data. Geophysical Research Letters
31: 1-4.

Bao Huy, 2011. Technical Manuals for Participatory Carbon Monitoring (PCM).
UN-REDD Vietnam program.

Bao Huy, 2011. Technical Manuals for Participatory Forest Carbon Measurement.
Paper of the International Workshop on “Linking community monitoring with
National MRV for REDD+". Organized by CIGA-REDD, UNAM. Mexico City 12-
14 September 2011.

Bao Huy and Pham Tuan Anh, 2008. Estimating CO> sequestration in natural broad-
leaved evergreen forests in Vietnam. Asia-Pacific Agroforestry Newsletter,
APANews, FAO, SEANAFE, 32(2008): 7 — 10.

143



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Basuki, T.M., Van Lake, P.E., Skidmore, A.K., Hussin, Y.A., 2009. Allometric
equations for estimating the abobe-ground biomass in the tropical lowland
Dipterocarp forests. Forest Ecology and Management 257(2009): 1684-1694.
Bhishma, P. S., Pandey, S. S., Pandey, A., Rana, E. B., Bhattarai, S., Banskota, T. R.,
Charmakar, S., Tamrakar, R., 2010. Forest Carbon Stock Measurement. Guidelines
for measuring carbon stocks in community — managed forests. Asia Network for
Sustainable, Agriculture and Bioresources (ANSAB). Federation of Community
Forest, Users, Nepal (FECOFUN). International Centre for Integrated, Mountain
Development (ICIMOD).

Brown, J. F., Loveland, T. R., Ohlen, D. O., and Zhu, Z. 1999. The global land-cover
characteristics database: the user’s perspective. Photogrammetric Engineering and
Remote Sensing, 65: 1069-1074.

Brown, S., 1997. Estimating biomass and biomass change of tropical forests: a
Primer. FAO Forestry paper — 134. ISBN 92-5-103955-0. Available on web site:
http://www.fao.org/docrep/W4095E/w4095e00.htm#Contents

Brown, S. 2002. Measuring carbon in forests: current status and future challenges.
Environmental Pollution, 3(116): 363-372.

Brown, S. and Iverson, L. R., 1992. Biomass estimates for tropical forests. World
Resources Review 4:366-384.

Brown, S., Iverson, L. R., Prasad, A., 2001. Geographical Distribution of Biomass
Carbon in Tropical Southeast Asian Forests: A database. University of Illinois.
Brown, S., Gillespie, AJ.R., and Lugo, A.E., 1989. Biomass estimation methods for
tropical forests with applications to forest inventory data. Forest Science 35:881-902.
Brown, S., Sathaye, J., Cannell, M., Kauppi, P., 1996. Management of forests for
mitigation of greenhouse gas emissions. In: Watson, R.T., Zinyowera, M.C., Moss,
R.H. (Eds.), Climate Change 1995: Impacts, Adaptations and Mitigation of Climate
Change: Scientific- Technical Analyses. Contribution of Working Group Il to the
Second Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge and New York, pp. 773-797.

Campbell, J. E, Jeremie C. M., Richard, A. N., Jerald L. S., 2008. Comparison of
regression coefficient and GIS-based methodologies for regional estimates of forest
soil carbon stocks. Environmental Pollution, 2(152): 267-273.

Chave, J., Andalo, C., Brown, S., Cairns, M.A., Chambers, J.Q., Eamus, D., Folster,
H., Fromard, F., Higuchi, N., Kira, T., Lescure, J.P., Nelson, B.W., Ogawa, H., Puig,
H., Riera, B., Yamakura, T., 2005. Tree allometry and improved estimatyion of
carbon stocks and balance in tropical forests. Oecologial45 (2005): 87-99. DOI
10.1007/s00442-005-0100-x.

Chave, J., Condit, R., Aguilar, S., 2004. Error propagation and scaling for tropical
forest biomass estimates. Phil. Trans. R. Soc. Lond. B 359(2004): 409-420. DOI
10.1098/rsth.2003.1425

Curran, P.J. and P.M. Atkinson. 1998. Geostatistics and remote sensing. Progress in
Physical Geography, 22: 61-78.

Dietz, J., Kuyah, S., 2011. Guidelines for establishing regional allometric equations
for bimass estimation through destructive sampling. World Agroforestry Center
(ICRAF).

Dong, J., Kaufmann, R.K., Myneni, R.B., Tucker, C.J., Kauppi, P., Liski, J.,
Buermann, W., Alexeyev, V. & Hughes, M.K. 2003. Remote sensing estimates of
boreal and temperate forest woody biomass: carbon pools, sources, and sinks.
Remote Sensing of Environment 84: 393-410.

144


http://www.fao.org/docrep/W4095E/w4095e00.htm#Contents
http://www.sciencedirect.com/science/journal/02697491
http://www.sciencedirect.com/science/journal/02697491
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0269749108X00053&_cid=271833&_pubType=JL&view=c&_auth=y&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=843528b770d85887d7c12618f3be2da6

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Donoghue, D.N. M., Watt, P.J., Dunford, R.W., Wilson, J., Staples,S., Smith, S.,
Batts, A., and Wooding, M.J. An evaluation of the use of satellite data for
monitoring Picea sitchensis plantation forest establishment and growth. Heriot Watt
University, Edinburgh.

Efromovich, S. 1999. Nonparametric curve estimation — methods, theory, and
applications. Springer-Verlag. New York. 411p.

FAO, 2010. Managing forests for climate change. 11960E/1/11.10.
http://www.fao.org/forestry.

Fazakas, Z., Nilsson, M. & Olsson, H. 1999. Regional forest biomass and wood
volume estimation using satellite data and ancillary data. Agricultural and Forest
Meteorology 98-99:

FCCC, 1997 — 2011: Framework Covention on Climate Change. United Nations.
Foody, G.M. 2002. Status of land cover classification accuracy assessment. Remote
Sensing of Environment, 80: 185- 201.

Franklin, S. E. 2001. Remote Sensing for Sustainable Forest Management. Lewis
Publishers, New York. 425p.

Franklin, S.E. and McDermid, G.J. 1993. Empirical relation between digital SPOT
HRV and CASI spectral response and lodgepole pine (Pinus contorta) forest stand
parameters. International Journal of Remote Sensing, 4(12): 2331-2348.

Franklin, S.E. and Wulder, M.A. 2002. Remote sensing methods in medium spatial
resolution satellite data land cover classification of large areas. Progress in Physical
Geography, 26: 173-205.

Gong, P. and Xu, B. 2003. Remote sensing of forests over time: change types,
methods, and opportunities. In M.A. Wulder and S.E. Franklin (Eds.), Methods and
Applications for Remote Sensing of Forests: Concepts and Case Studies (pp. 301-
333). Kluwer Academic Publishers, Dordrecht, The Netherlands. 519p.

Hame, T., Salli, A., Andersson, K. & Lohi, A. 1996. Boreal forest biomass
estimation over extensive areas using medium resolution optical satellite data. In:
Roos, J. (ed.) The Finnish research programme on climate change: final report.
Publications of the Academy of Finland 4/96. The Finnish Academy, Helsinki. pp.
421-426.

Henry, H., Benard, A., Asante, W.A., Eshun, J., Adu-Bredu, S., Valentini, R.,
Bernoux, M., Saint-Andre, L., 2010. Wood density, phytomass variations within and
among trees, and allometric equations in s tropical rainforest of Africa. Forest
Ecology and Management Journal, 260(2010): 1375-1388.

Houghton, R.A. 1994. The worldwide extent of land-use change. Bioscience, 44,
305-313.

ICRAF, 2007. Rapid carbon stock appraisal.

IPCC, 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Prepared by
the Natinal Greenhouse Gas Inventories Programme, Eggleston H.S., Buendia L.,
Miwa K., Ngara T., Tanabe K., (eds). Published: IGES, Japan.

IPCC— 2003. Good Practice Guidance for Land Use, Land-Use Change and
Forestry. IPCC National Greenhouse Gas Inventories Programme, Hayama, Japan.
295 pp.

IUCN, 2007. Forest and livelihoods. Reducing emissions from deforestation and
ecosystem degradation (REDD). Climate change briefing.

Jennier, C., J., 2004. Comprehensive Database of Diameter-based Biomass
Regressions for North American Tree Species. United States Department of
Agriculture.

145



48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Johannes, D; Shem, K., 2011, Guidelines for establishing reginonal allometric
equations for biomass estimation through destructive sampling. CIFOR

Kasischke, E.S., Goetz, S., Hansen, M.C., Ozdogan, M., Rogan, J., Ustin, S., and
Woodcock, C.E. (2004). Temperate and Boreal Forests. In S. Ustin (Ed.), Manual of
Remote Sensing. Vol. 4: Remote Sensing for Natural Resource Management and
Environmental Monitoring. John Wiley and Sons, New York. 848p.

Ketterings, Q.M., Richard, C., Meine van N., Ambagau, Y., Palm, C.A., 2001.
Reducing uncertainty in the use of allometric biomass equations for predicting above
ground tree biomass in mixed secondary forests. Forest Ecology and Management
146(2001): 199-209

Krankina, O.N. 1999. NPP boreal forest: Siberian Scots pine forests, Russia, 1968-
1974. Oak Ridge National Laboratory Distributed Active Archive Center, Oak
Ridge, Tennessee, U.S.A.

Kutzer, C. 2008. Doctoral thesis. Potential of the KNN Method for estimation and
Monitoring off-Reserve Forest Resources in Ghana. Faculty of Forest and
Environmental Sciences, Albert-Ludwigs-Universitdt Freiburg im Breisgau,
Germany. 130p.

Lillesand, T.M. and Kiefer, R.W. 1994. Remote sensing and image interpretation
(3th edition). John Wiley & Sons, New York.

Linton, O. and Hardle, W. 1998. Nonparametric regression. In: Kotz, S., Read, C.B.,
and Banks, D.L. (Eds.). Encyclopedia of statistical sciences. Update vol. 2, 470-485.
Wiley. New York.

Lu, D., Mausel, P., Brondizio, E., and Moran, E. 2004. Relationships between forest
stand parameters and Landsat TM spectral responses in the Brazilian Amazon Basin.
Forest Ecology and Management, 198: 149-167.

Ludeke, A. K., Maggio, R. C., and Reid, L. M., 1990. An Analysis of Anthropogenic
Deforestation Using Logistic Regression and GIS cted by the logistic. Journal of
Environmental Management 31(1990): 247-259.

MacDicken, K.G., 1997. A Guide to Monitoring Carbon Storage in Forestry and
Agroforestry Projects. Winrock International Institute for Agricultural Development.

Magcale-Macandog, D. B., Delgado, M. E. M., Ty, E., and Villarin, J. R. T. 2006.
A GIS- based model to improve estimation of aboveground biomass of secondary
forests in the philippines. Journal of Tropical Forest Science 8(1): 8-21.

Mékeld, H., Pekkarinen, A., 2004. Estimation of forest stand volumes by Landsat
TM imagery and stand-level field-inventory data, Forest ecology and management,
2-3(196): 245 - 255.

Mallinis, G. and Koutsias, N. 2008. Spectral and spatial-based classification for
broad-scale land cover mapping based on logistic regression. Sensors, 8: 8067-8085.

Mallinis, G., Koutsias, N., Makras, A., and Karteris, M., 2004. Forest Parameters
Estimation in a European Mediterranean landscape using remotely sensed data.
Forest Science, 50(4): 450-460.

Mallows, C.L., 1973. Some Comments on CP. Technometrics 15 (4): 661-675.
d0i:10.2307/1267380. JSTOR 1267380.

Meyer, W.B. and Turner, B.L. 1. 1994. Changes in Land Use and Land Cover: A
Global Perspective. Cambridge University Press, Cambridge, U.K. 537p.

Nguyen, T. T. H. 2009. Classification of natural broad-leaved evergreen forests
based on multi-data for forest inventory in the Central Highlands of Vietnam.
Doctoral thesis. Freiburg University, Germany.

146


http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.2307%2F1267380
http://en.wikipedia.org/wiki/JSTOR
http://www.jstor.org/stable/1267380

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Nguyen, T.T. Huong, 2011. Forestry Remote Sensing: Using multidata sources for
unventory of Natural broad leaved ever-green forests in the Central Highlands of
Vietnam. Lambert Academic Publishing, Germany.

Nguyen, V. L. 2008. Use of GIS modeling in assessment of forestry land’s potential
in Thua Thien Hue province of Central Vietnam. Doctoral thesis. Department of
Mathematic-natural science. Georg-August-Universitdt zu Gottingen. Germany.
202p.

Patrick Van Laake, 2008. Forest biomass assessment in support of REDD by
indigenous people and local communities. International Institute for Geo-information
Science and Earth Observation (ITC).

Paul, K.1., Polglase, P.J., Nyakuengama, J.G., Khanna, P.K., 2002. Change in soil
carbon following afforestation. Forest Ecology and Management 168(2002):241-257.
Paulo, M., Stephan, S., 2005. Tropical Deforestation and Climate change. Amazon
Institute for Environmental Research. ISBN: 8587827-12X.

Pearson, T., R., H., Brown, S., L., Birdsey, R., A., 2007. Measurement Guidelines for
the Sequestration of Forest Carbon. United States Department of Agriculture
(USDA) Forest Service. General Technical Report NRS-18.

Peskett, 2008. Making REDD work for the Poor. [UCN.

Peterson, D. L., Spanner, M.A., Running, S.W., and Teuber, K. B. 1987.
Relationship of thematic mapper simulator data to leaf area of temperate coniferous
forests. Remote sensing of environment 22: 323-341. Elsevier publishing Co., Inc.
Photogrammetric Engineering and Remote Sensing, 51(1): 99-111.

Poso, S., Wang, G., and Tuominen, S. 1999. Weighting alternative estimates when
using multisource auxiliary data for forest inventory. Silva Fennica, 33(1): 41-50.
Rauste, Y., Hame, T., Pulliainen, J., Heiska, K. & Hallikainen, M. 1994. Radar-based
forest biomass estimation. International Journal of Remote Sensing 15(14): 2797—
2808.

Rauste, Y., Hame, T., Pulliainen, J., Heiska, K. & Hallikainen, M. 2005. Multi-
temporal JERS SAR data in boreal forest biomass mapping. Remote Sensing of
Environment 97(2): 263-275.

Rauste, Y., Hame, T., Pulliainen, J., Heiska, K. & Hallikainen, M. 2006. Techniques
for wide-area mapping of forest biomass using radar data. VTT Publications 591:
103 pp.

Rosenqvist, A., Milne, A., Lucas, R., Imhoff, M. & Dobson, C. 2003. A review of
remote sensing technology in support of the Kyoto protocol. Environmental Science
and Policy 6: 441-455.

Salovaara, K.J., Thessler, S., Malik, R.N., and Tuomisto, H. 2005. Classification of
Amazonian primary rain forest vegetation using Landsat ETM+ satellite imagery.
Remote Sensing of Environment, 97: 39 — 51.

Silva, H.P., Erin, S., Michael, N., Sarah, M. W., Sandra, B. 2010. Manual technical
issues ralted to implementing REDD+ programs in Mekong Countries. Winrock
International, USA.

Skutsch, M.M., Patrick E. van Laake, Zahabu, E.M., Karky, B.S., and Phartiyal, P.,
2009. Community monitoring in REDD+. In Realiing REDD+, Angelsen, A., (Ed.).
CIFOR, pp. 101 —112.

Snowdon, P., 2002. Protocol for sampling tree and stand biomass. Greenhouse
Office, Australian.

Souza, C.J., Firestone, L., Silva, L.M., and Roberts, D. 2003. Mapping forest
degradation in the Eastern Amazon from SPOT 4 through spectral mixture models.
Remote Sensing of Environment, 87: 494-506.

147



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Thessler, S., Sesnie, S., Bendafia, Z.S.R., Ruokolainen, K., Tomppo, E., and Finegan,
B. 2008. Using k-nn and discriminant analyses to classify rain forest types in a
Landsat TM image over northern Costa Rica. Remote Sensing of Environment, 112:
2485-2494.

Thomas E., Bao H., Budhita K., et al., 2011. REED+, Governance, and Community
Forestry. RECOFTC, IIED, REDD-Net.

Tokola, T., Pitkanen, J., Partinen, S. and Muinonen, E. 1996. Point accuracy of a
non-parametric method in estimation of forest characteristics with different satellite
materials. International Journal of Remote Sensing, 17(12): 2333:2351.

Tomppo, E., Goulding, C., and Katila, M. 1999. Adapting Finnish multi-source
forest inventory techniques to the New Zealand preharvest inventory. Scandinavian
Journal of Forest Research, 14: 182—192.

Trisurat, Y., Eiumnoh, A., Murat, S., Hussain, M.Z. & Shrestha, R.P. 2000.
Improvement of tropical vegetation mapping using a remote sensing technique: a
case of Khao Yai National Park, Thailand. International Journal of Remote Sensing,
21: 2031-2042.

Trotter, C.M., Dymond, J.R. and Goulding, C.J. 1997. Estimation of timber volume
in a coniferous plantation forest using Landsat TM. International Journal of Remote
Sensing, 18(10): 2209-2223.

Turner, D.P., Guzy, M., Lefsky, M.A., Ritts, W.D., van Tuyl, S. & Law, B.E. 2004.
Monitoring forest carbon sequestration with remote sensing and carbon cycle
modeling. Environmental Management 33(4): 457—-466.

UNFCCC, 1992. United Nation Framework Convention on Climate Change. United
Nation.

UN-REDD, 2011: Measurement, Reporting & Verification (MRV) Framework
Document. UN-REDD Vietnam Programme.

Xia, C., Huang, G. & Han, A. 2005. MODIS-based estimation of biomass and carbon
stock of forest ecosystems in Northeast China. Geoscience and Remote Sensing
Symposium, 2005. IGARSS '05. Proceedings. 2005 IEEE International: 3016-3019.
Xiaolu Z., 2004. Sitmulating Forest Growth and Carbon Dynamics of the Lake
Abitibi Model Forest in Northeastern Ontario. Ontario Forest Research Institute,
Canada.

148



PHU LUC

Phu luc 1: Danh muc thwc vét than gé trong cac 1am phan nghién ciru

STT : Tén lodi
Tén pho thong Tén Latin Tén ho

1 An Tuc Styrax annamensis Styraceae
2 Ba Bét, Ba Soi Mallotus cochinchinensis Euphorbiaceae
3 Ba Soi L4 Lén (M3 rang) Macaranga indica Euphorbiaceae
4 Bing Ling Lagerstroemia foribunda Lithraceae
5 Bing Ling di Lagerstroemia calyculata Lithraceae
6 Biang Ling Tim Lagerstroemia speciosa Lithraceae
7 Binh Linh 5 14 Vitex quinata Verbenaceae
8 Binh Linh3 L4 Vitex trifolia Verbenaceae
9 Binh Linh Canh Vitex pubescen Verbenaceae
10 B6 Hon Sapindus mukorossi Sapindaceae
11 B6 Qua Uvaria sp. Annonaceae
12 Bop Actinodaphne sp. Lauraceae
13 Boi Loi Litsea glutinosa Lauraceae
14 Boi Loi Vang Litsea pierrei Lauraceae
15 Bua Garcinia oblongifolia Clusiaceae
16 Bura La Lon Garcinia cowa Clusiaceae
17 Bira La Nho Garcinia spl Clusiaceae
18 Budi Bung Acronychia pedunculata Rutaceae
19 Ca Chit Shorea obtusa Dipterocarpaceae
20 Cam Parinari annamense Chrysobalanceae
21 Céng Lo Betula alnoides Betulaceae
22 Cénh Kién Mallotus philippinensis Euphorbiaceae
23 Cém Lai Dalbergia bariaensis Fabaceae
24 Cam Thi Diospyros maritima Ebenaceae
25 | Ciy (Ko nia) Irvingia malayana Irvingiaceae
26 Co Ke Grewia paniculata Tiliaceae
27 Cobc (Coc chudt) Lannea coromandelica Anacardiaceae
28 Céc Rung Spondias pinnata Anacardiaceae
29 Cong Nudc Calophyllum dongnaiense Calophyllaceae
30 Cong Tia Calophyllum calaba Calophyllaceae
31 Coém Elaeocarpus sp. Elaeocarpaceae
32 Cdng Calophyllum sp. Calophyllaceae
33 Cudng Vang Gonocaryum lobbianum Icacinaceae
34 Com Ngudi Adisia sp. Myrsinaceae
35 Chac Khé Dysoxylum binectariferum Meliaceae
36 Cham (Nhau) Morinda sp. Rubiaceae
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Tén loai

STT -
Tén pho thong Tén Latin Tén ho
37 Chay Artocarpus masticata Moraceae
38 Chén Chim Schefflera octophylla Avraliaceae
39 Ché Rung Camelia sp. Theaceae
40 Cheo tia Engelhardtia roxburghiana Juglandaeae
41 Chin Chin Garcinia sp2 Clusiaceae
42 Cho Chai Hopea recopei Dipterocarpaceae
43 Cho Chi Parashorea sp. Dipterocarpaceae
44 Cho Xét Schima superba Theaceae
45 Chom Chém Rung Nephelium sp. Sapindaceae
46 Chua Khét Glenniea philippinesis Sapindaceae
47 Chua Khé Heynea trijuga Meliaceae
48 Chum Héi Clausena eliptica Rutaceae
49 Dau Da (Dau Pét) Baccaurea sapinda. Euphorbiaceae
50 D¢ Castanopsis sp. Fagaceae
51 Dé ba Lithocarpus sp. Fagaceae
52 D¢ P4 Trung B9 Lithocarpus annamensis Fagaceae
53 D¢ Gai Quecus sp. Fagaceae
54 Dé Tring Lithocarpus dealbatus Fagaceae
55 Dén Xylopia vielana Annonaceae
56 Du D¢ Rauwenhoffia sinensis Annonaceae
57 Dui (Dudi) Streblus ilicifolius Moraceae
58 Dung Symplocos sp. Symplocaceae
59 Pa Ficus sp. Moraceae
60 Du Pu Rung Trevesia palmata Avraliaceae
61 Géo 14 tron (Géo vang) Adina cordifolia
62 Gd Do (Cate) Afzelia xylocarpa Caesalpiniaceae
63 GO Mit Sindora siamensis Caesalpiniaceae
64 Gon Bombax anceps Bombacaceae
65 Gbi Amoora gigantea Meliaceae
66 Giang Quang Pong Ternstroemia kwantungensis Theaceae
67 Gidi Long Michelia balansae Magnoliaceae
68 Gidi Xanh (dau gi6) Michelia mediocris Magnoliaceae
69 Hdng Pao (Xoan mc) Toona sureni Meliaceae
70 Hong Tung (Thong chang) Dacrydium elatum Betulaceae
71 Hu DPay (trimg cé rumg) Trema orientalis Ulmaceae
72 Huynh Heriteria cochinchinensis Sterculiaceae
73 Kién Kién Hopea pierre Dipterocarpaceae
74 Khéo Phoebe lanceolata Lauraceae
75 Khao Hoa Nho Machilus parviflora Lauraceae
76 Khéo Xanh Machilus sp. Lauraceae
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Tén loai

STT -
Tén pho thong Tén Latin Tén ho
77 Lim Xet Peltophorum pterocarpum Caesalpiniaceae
78 Long Méang Pterospermum heterophyllum Sterculiaceae
79 Long Mang La Lén Pterospermum diversifolium Sterculiaceae
80 Loc Vimng Barringtonia acutangula Lecythidaceae
81 Loi Crypteronia paniculata Crypteroniaceae
82 Mi Tién Strychnos nux - vomica Loganiaceae
83 Ma Ca Buchanania arborescens Anacardiaceae
84 Mau Ché Knema poilanei Myristicaceae
85 Mat Nhan (B4 bénh) Eurycoma longifolia Simaroubaceae
86 Me Rung Phyllanthus emblica Euphorbiaceae
87 Mit Nai Artocarpus melinoxyla Moraceae
88 Mit Rang Ormosia balansae Fabaceae
89 Mo Cua ( Sita) Alstonia scholaris Apocynaceae
90 Mo Gidy Cryptocarya spl Lauraceae
91 Mo Manglietia sp. Magnoliaceae
92 Mudng Cassia sp. Caesalpiniaceae
93 Mudng Pen Cassia siamea Caesalpiniaceae
94 Nanh Ché Crytocarya sp2 Lauraceae
95 Nen Vaccinium sp. Ericaceae
96 Ngai Ficus hispida Moraceae
97 Ngat To Gironniera nervosa Ulmaceae
98 Ngéat Vang Gironniera subaequalis Ulmaceae
99 | Ngau Rung Aglaia annamensis Meliaceae
100 Ngoc Lan Sp Michelia sp. Magnoliaceae
101 | Nhan Dé Lepisanthes rubiginosa Sapindaceae
102 Nhén Rung Walsura elata Sapindaceae
103 Nhau Morinda sp. Rubiaceae
104 Nhau Rung, R' Nhao Morinda citrifolia L. var. bracteata Rubiaceae
105 | Nhoc (Quan Pau) Polyalthia cerasoides Annonaceae
106 Nhoi Bischofia javanica Euphorbiaceae
107 O Pudc Cinnamomum curvifolium Lauraceae
108 O Pudc Nam Lindera myrrha Lauraceae
109 Phugng Rirng(mudng hoa dao) Cassia javanica Caesalpiniaceae/
110 Quau Stereospermum cylindricum Bignoniaceae
111 Qué Rirng/Re Cinnamomum iners Lauraceae
112 Ram Anogeisus acuminata Combretaceae
113 Re Bau Cinnamomum bejolghota Lauraceae
114 Re Huong (X4 xi) Cinnamomum parthenoxylon Lauraceae
115 Sao Hopea odorata Dipterocarpaceae
116 Sang Ma Nguyén Carallia brachiata Rhizophoraceae
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117 Sam Memecylon edule Melastomataceae
118 | Shu (Séu Tia) Sandoricum koetjape Meliaceae
119 | Sdu Hong Sandoricum sp. Meliaceae
120 Sén Donella Sp. Sapotaceae
121 Sén Me Madhuca cochinchinensis Sapotaceae
122 Sén Mu Shorea roxburghii Dipterocarpaceae
123 | SO Po Thuyén ( SO do thuyén) Oroxylum indicum Bignoniaceae
124 Soi Tia Sapium discolor Euphorbiaceae
125 | Séng Rén Albizia sp. Mimosaceae
126 | S6 Dillenia sp Dilleniaceae
127 Son Huyét Melanorhea laccifera Anacardiaceae
128 SUm Ché Adinandra sp. Theaceae
129 Sung Ficus racemosa Moraceae
130 Sung Bong Ficus sp. Moraceae
131 Sung Semecarpus sp. Anacardiaceae
132 Tam Thu Trigonostemon sp. Euphorbiaceae
133 Tao Rirng Zizyphus eonoplia Rhammaceae
134 Tac Xylosma sp. Flacourtiaceae
135 Tau Vatica sp. Dipterocarpaceae
136 Tung Tetrameles nudiflora Tetramelaceae
137 Tung Cupressus sp. Cupressaceae
138 T Tetradium sp Rutaceae
139 Than Mat Milletia sp. Fabaceae
140 Thanh Nghanh Cratoxylon prunifolium Hypericaceae
141 Thau Linh Alphonsea sp. Annonaceae
142 | Thing Ling (Than Lin) Quassia amara Simaroubaceae
143 | Thau Téu ( Dau dat) Aporosa microcalyx Euphorbiaceae
144 Thi Diospyros sp. Ebenaceae
145 Thi Mam (Thi La Lén) Diospyros ehretioides Ebenaceae
146 Thong Long Ga (bach tung) Dacrycarpus imbricatus Podocarpaceae
147 Thirng muc ( Long Miic) Wrightia balance Apocynaceae
148 Thirng Muc Long Wrightia pubescens Apocynaceae
149 Tra Hoa Camelia viethamensis Theaceae
150 Trdm Canarium spl Burceraceae
151 Tram Pen Canarium tramdenum Burceraceae
152 Tram Hong Canarium bengalensis Burceraceae
153 Tram La Do Canarium subulatum Burceraceae
154 Tram Mdc Canarium sp2 Burceraceae
155 Tram Tring Canarium album Burceraceae
156 Trang (Bong Trang, Pon) Ixora coccinea Rubiaceae
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157 Tram Syzygium sp. Myrtaceae
158 Tram Do Syzygium zeylanicum Myrtaceae
159 | Trdm Mbc Syzygium cuminii Myrtaceae
160 Tram Nui Syzygium levinei Myrtaceae
161 Tram Sén Syzygium polyanthum Myrtaceae
162 | Trém Tring(Tram Hoa Nho) Syzygium hancei Myrtaceae
163 Trom Sterculia sp. Sterculiaceae
164 Tring Ca Muntigia calabura Elaeocarpaceae
165 Truong Tring Arytera sp. Sapindaceae
166 Vai Ring Nephelium lappaceum Sapindaceae
167 Vang Tring Endospermum sinensis Euphorbiaceae
168 Vang Nghé Garcinia handburyi Clusiaceae
169 Vang Tam Manglietia conifera Magnoliaceae
170 | V6i Thude Schima wallichii Theaceae
171 Ving Careya sphaerica Lecythidaceae
172 Xoai Rimng Mangifera foetida Anacardiaceae
173 Xoan (Xuong) Melia sp. Meliaceae
174 Xoan Pao Prunus arborea Rosaceae
175 Xoan Moc Toona sureni Meliaceae
176 Xoay Dialium cochinchinensis Fabaceae
177 Xuong Ca Xylocarpus granata Koen. Meliaceae
178 Plo* Spl
179 P6 D6* Sp2
180 Tom La Hoa* Sp3
181 Tom Lu* Sp4
182 Mlo (Dp)* Sp5
183 Krao* Sp6
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Phu luc 2: Khéi lrgng thé tich gd cac loai nghién ciru

Stt | M so Loai Tén Latin + Tac gia Ho Trung
cay giai binh WD
tich (g/cm3)
1 | TX-175 An tirc Styrax annamensis Guill. Styraceae 0.455
2 |TX22TA |Basoi Macaranga trichocarpa Muell. - Arg | Euphorbiaceae 0.328
3 |TX13.1 Bing ling 6i Lagerstroemia calyculata Kurz. Lithraceae 0.611
4 |TX-11.9 | Bing ling tim Lagerstroemia speciosa Pers. Lithraceae 0.723
5 |TX154 Binh linh Vitex pubesces Vahl. Verbenaceae 0.578
6 |TX15.1 Boi 1oi Litsea glutinosa (Lour.) Roxb. Lauraceae 0.534
7 | TX-205 Bura Garcinia lanessanii Pierre. Clusiaceae 0.685
8 |TX-10.1 | Budibung Acronychia pedunculata (L.) Mig. Rutaceae 0.576
9 |TX18.1 Cam thi Diospyros maritima BL. Ebenaceae 0.715
) Dysoxylum binectariferum Hook. F. ex
10 | TX-11.12 | Chac khé Bedd. Meliaceae 0.725
11 | TX-85 Chén chim Schefflera octophylla (Lour.) Harms. | Araliaceae 0.405
12 |TX3.2TA | Cheo Engelhardtia roxburghiana Wall. Juglandaeae 0.357
13 | TX3.7TA | Cho x6t Schima superba Gardn et Champ. Theaceae 0.374
14 | TX13.3 Co ke Grewia paniculata Roxb.ex.Dc Tiliaceae 0.730
15 | TX14.7 Cbce rimg Spondias pinnata Kurz. Anacardiaceae 0.642
16 | TX-20.2 Com Elaeocarpus tectorius (Lour.) Poir. Elaeocarpaceae 0.550
17 |TX3.3TA | Codng Calophyllum dryobalanoides Pierre Calophyllaceae 0.277
18 | TX-16.7 Cong nude Calophyllum dongnaiense Pierre Calophyllaceae 0.642
19 | TX 125 Dé Lithocarpus sp. Fagaceae 0.472
Lithocarpus annamensis (Hickey A.
20 | TX-10.11 | Dé da trung bd Camus) A. Camus Fagaceae 0.671
21 |TX7.4 Dé 14 nho Quercus myrsinaefolia Blume. Fagaceae 0.692
22 |TX-95 Pu du rimg Trevesia palmata (Roxb.) Vis Araliaceae 0.476
23 | TX18.3 Dui Streblus ilicifolius (Vidal) Corner Moraceae 0.727
24 | TX12.8 Dung Symplocos glauca (Thunb.) Koidz Symplocaceae 0.504
Giang Quang
25 | TX-17.2 doéng Ternstroemia kwantungensis Merr. Theaceae 0.628
26 | TX-10.15 | Gibilong Michelia braianensis Gagnep. Magnoliaceae 0.452
27 | TX-10.6 Kha Thu Castanopsis sp. Fagaceae 0.541
28 | TX-11.10 |Khao Phoebe lanceolata (Nees) Nees Lauraceae 0.495
29 | TX-16.2 Khéo hoa nhé Machilus parviflora Meissn. Lauraceae 0.586
30 | TX-19.5 Lat Chukrasia tabularis Juss. Meliaceae 0.487
31 | TX14.3 Long mang Pterospermum heterophyllum Hance | Sterculiaceae 0.610
32 | TX12.9 Ma tra Celtis phipinensis Blanco Ulmaceae 0.683
33 | TX-10.12 | M& Manglietia hainanensis Dandy Magnoliaceae 0.540
34 | TX-11.11 | Mo Cua Alstonia scholaris (L.) R. Br. Apocynaceae 0.392
35 | TX-174 Ngat Gironniera subequalis PI. Ulmaceae 0.463
36 | TX14.1 Ngéu rung Aglaia annamensis Pelligrin Meliaceae 0.877
37 |TX73 Nhin rimng Lepisanthes sp. Sapindaceae 0.622
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Stt | Ma sb Loai Tén Latin + Tac gia Ho Trung
ciy giai binh WD
tich (9/cm3)
38 | TX-8.6 Nhau Morinda tomentosa Heyn. Rubiaceae 0.562
39 | TX12.10 | Quandau Polyalthia sp. Annonaceae 0.754
40 | TX79 Qué rimg Cinnamomum iner Reinw. Lauraceae 0.473
41 |TX-9.10 | Sauhdng Sandoricum indicum Cav. Meliaceae 0.580
42 | TX14.4 Sén Donella lanceolata (Bl.) Aubr Sapotaceae 0.728
43 | TX7.6 Sung Semecarpus sp. Anacardiaceae 0.458
44 | TX-10.8 Thau linh Alphonsea sp. Annonaceae 0.560
45 | TX-19.7 Thiu tdu Aporosa tetrapleura Hance Euphorbiaceae 0.645
46 | TX14.2 Thi rirmg Diospyros nebulorum Lec. Ebenaceae 0.698
47 | TX15.6 Thirng muc 16ng | Wrightia pubescens R. Br. Apocynaceae 0.451
48 | TX12.7 Tra hoa Camelia vietnamensis Huang ex Hu. Theaceae 0.746
49 | TX-10.14 | Trém Canarium littorale BI. Burceraceae 0.645
50 | TX-8.3 Tram do Syzygium zeylanicum (L.) Dc. Myrtaceae 0.551
51 | TX 184 Trdm nai Syzygium levinei (Merr.) Merr. et Perry | Myrtaceae 0.659
) Canarium album (Lour.) Raeusch. ex
52 | TX12.2 Tram trang Dc. Burceraceae 0.767
53 | TX1.1TA | Trim tring Syzygium hancei Merr. et Perry Myrtaceae 0.539
54 | TX-8.15 Tring ca rirng Trema orientalis (L.) BI. Ulmaceae 0.517
55 |TX-114 | T& chiu Tetradium sp. Rutaceae 0.530
56 | TX-11.13 | Vairung Nephelium bassacense Pierre Sapindaceae 0.882
57 | TX-10.3 |Vang Tam Manglietia conifera Dandy Magnoliaceae 0.631
58 | TX-8.14 Vung Careya sphaerica Roxb. Lecythidaceae 0.621
59 |TX-109 |X&aXi Cinnamomum parthenoxylon Meissn. | Lauraceae 0.443
60 | TX51TA | Xoan Azadirachta excelsa (Jack) Jacobs Meliaceae 0.266
61 | TX-20.9 Xoan dao Prunus ceylanica (Wight.) Migq. Rosaceae 0.483
62 | TX12.1 Xoay Dialium cochinchinensis Pierre Fabaceae 0.564
63 | TX-9.13 | Loai khac sp 0.527
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Phu lyc 3: B9 dir ligu sinh khéi ciia 4 bd phan cay trén mit dat theo nhan to
diéu tra cay rung

Bbr kg Bl kg Bst_kg Bba kg DBH cm Hm| WD g cm3
469.8 315 938.3 191.5 47.8 21.0 0.550
198.8 9.6 265.7 27.3 26.8 14.8 0.641

4.0 1.2 9.1 1.1 6.8 6.9 0.622
2.5 0.3 45.6 4.5 10.1 12.5 0.692
3.0 1.1 11.5 0.5 7.3 9.4 0.596
4.1 2.4 22.4 3.3 11.4 10.9 0.458
6.2 3.6 43.0 6.2 16.5 11.8 0.390
1.2 0.6 4.7 0.5 5.9 7.4 0.574
2.3 1.0 7.2 1.0 6.4 7.4 0.547
1.8 0.9 3.1 0.5 5.8 5.3 0.422
4.8 1.2 21.8 3.6 8.9 8.8 0.598
11.3 3.8 42.1 4.8 11.5 13.2 0.486
1.7 0.5 10.9 1.5 7.0 7.8 0.695
2.0 1.0 12.5 0.9 7.5 9.0 0.672
121.2 14.2 661.3 68.6 38.6 22.0 0.527
35.2 4.7 209.0 37.0 28.3 21.0 0.407
43.7 4.4 242.2 29.0 24.4 22.0 0.549
711 9.9 533.8 33.3 34.5 19.5 0.602
15 0.8 44.2 9.3 16.6 10.2 0.404
8.4 1.9 34.9 2.2 11.6 11.0 0.562
134.0 16.7 476.2 454 33.1 19.6 0.586
69.2 11.8 329.3 38.2 24.0 14.6 0.501
70.0 9.6 318.2 39.9 31.6 215 0.462
3.8 4.1 6.6 3.8 12.3 13.2 0.513
4.3 1.2 11.2 1.1 7.6 9.4 0.573
7.8 1.6 20.0 2.8 8.0 9.8 0.546
15.3 8.0 67.8 8.1 15.8 15.3 0.621
6.3 2.2 13.9 2.5 9.3 7.3 0.517
1.3 0.3 8.5 1.0 6.4 9.8 0.640
7.5 1.9 13.8 1.8 9.7 7.7 0.456
7.0 35 16.5 1.0 11.0 8.3 0.451
22.6 7.8 15.0 1.2 17.8 15.5 0.507
2.6 1.3 35.4 15 11.3 13.1 0.618
16.6 4.5 91.5 4.8 20.3 10.6 0.608
4.3 1.1 17.4 1.6 10.2 8.9 0.581
2.8 1.7 19.7 4.0 10.1 12.8 0.493
3.3 1.5 7.9 0.8 8.1 6.0 0.658
13.8 3.7 33.7 2.4 11.6 9.0 0.629
0.5 0.8 15 0.2 5.2 4.7 0.375
3.8 2.6 14.8 1.1 8.2 8.3 0.706
3.6 2.3 12.3 1.1 8.3 7.3 0.580
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Bbr_kg Bl kg Bst_kg Bba kg DBH cm Hm| WD g cm3
40.4 4.7 85.5 9.5 15.8 12.9 0.576
3.9 2.2 13.8 1.2 7.9 9.9 0.528
108.3 29.6 667.6 59.4 35.1 24.0 0.631
31.0 13.8 201.3 15.7 16.5 20.8 0.575
8.6 3.6 71.1 5.6 18.5 15.6 0.410
224.3 42.9 804.7 75.2 39.8 22.2 0.541
1.9 1.0 14.4 1.9 7.9 10.5 0.502
2.4 1.1 11.7 1.0 7.9 8.4 0.560
18.3 5.4 79.1 15.4 18.4 16.7 0.443
2.5 1.4 22.6 1.7 10.8 10.6 0.461
6.3 3.6 25.0 2.1 9.0 11.5 0.561
8.8 4.6 110.5 10.0 15.4 19.6 0.616
67.7 18.3 392.4 47.8 30.8 23.6 0.464
20.3 11.7 92.4 5.1 16.9 14.5 0.645
37.4 11.8 251.3 40.6 24.5 25.2 0.452
46.4 16.8 96.4 7.8 18.9 13.1 0.520
6.7 2.6 10.9 0.8 8.1 8.9 0.556
14.9 7.8 116.6 11.0 20.1 13.2 0.595
4.5 1.7 9.1 1.3 7.0 8.2 0.530
55.3 13.4 131.1 10.5 16.5 15.0 0.736
9.1 5.8 81.0 6.9 21.7 15.5 0.340
15.8 5.8 39.2 4.5 10.6 10.8 0.717
24.4 16.0 152.2 8.2 22.1 18.0 0.492
60.6 17.3 317.6 6.8 23.2 18.2 0.723
0.4 0.5 3.7 0.4 5.6 8.8 0.395
0.7 0.4 4.6 0.4 6.4 6.1 0.425
4.3 2.6 30.7 3.7 10.2 9.5 0.725
44.9 7.3 201.7 22.7 19.6 15.0 0.882
23.2 3.2 35.9 3.2 18.3 4.3 0.564
63.8 10.3 175.3 16.1 19.6 16.5 0.767
190.3 13.3 397.7 132.2 36.4 18.5 0.426
2.6 0.9 28.5 2.5 10.0 11.6 0.598
0.6 0.0 2.9 0.3 4.7 5.3 0.622
62.4 8.8 316.9 21.9 22.0 21.4 0.756
275.4 21.4 594.1 53.4 324 23.9 0.746
1.4 0.6 3.2 0.7 5.6 4.5 0.480
11.6 3.4 116.6 6.9 15.9 19.2 0.683
28.1 8.5 129.2 14.6 17.6 17.2 0.751
0.0 0.0 13.9 1.8 9.0 7.8 0.611
2.3 1.1 13.0 15 7.5 8.7 0.660
8.1 0.9 18.0 2.1 8.3 9.2 0.730
111.0 34.2 637.8 61.7 37.4 24.1 0.617
76.2 6.9 285.5 44.8 26.5 17.5 0.846
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Bbr_kg Bl kg Bst_kg Bba kg DBH cm Hm| WD g cm3
5.8 2.8 31.8 1.8 9.3 11.2 0.877
14 0.7 7.2 0.5 6.6 6.5 0.632
1.7 0.6 30.6 2.6 9.9 13.9 0.610
16.9 3.2 37.3 3.5 10.7 14.1 0.744
0.2 0.2 13.4 1.0 6.5 115 0.681

124.6 17.7 348.4 23.3 28.7 21.9 0.874
243.4 15.4 687.7 56.6 42.6 19.1 0.642
42.6 9.0 280.8 16.2 22.8 13.5 0.823
1.2 1.0 4.6 0.4 5.6 5.5 0.491
6.8 5.8 36.2 3.9 11.0 12.0 0.735
1.7 3.9 15.0 1.3 9.5 9.7 0.393
44.8 0.1 389.6 85.5 9.8 16.6 0.535
98.5 1.1 299.2 26.4 34.4 11.3 0.622
27.4 0.5 394.5 71.9 38.7 17.3 0.451
2.7 1.7 18.6 2.5 7.8 12.5 0.507
76.2 7.9 242.3 33.4 23.5 23.4 0.586
68.9 8.6 413.1 37.4 23.8 26.8 0.706
18.4 3.3 7.9 8.4 14.0 18.7 0.609
1.4 0.3 16.3 1.7 7.7 9.4 0.669
1.8 1.2 9.6 1.9 7.0 7.4 0.569
92.3 14.9 313.0 36.3 25.1 27.0 0.642
184.0 16.3 211.4 50.1 24.8 14.2 0.664
107.9 11.2 139.3 27.2 24.1 12.1 0.628
2.9 1.8 16.2 3.0 8.9 10.3 0.545
1.8 0.9 6.7 0.7 6.5 9.7 0.413
1.4 1.1 16.4 1.7 8.7 11.3 0.455
32.1 6.9 118.5 15.1 18.1 12.1 0.715
64.7 14.8 298.1 42.5 25.5 16.0 0.765
13.3 1.7 24.1 2.7 9.8 7.5 0.727
7.6 3.5 41.0 6.0 16.2 10.5 0.732
30.4 8.2 65.1 11.5 14.6 11.3 0.712
85.9 10.2 303.3 35.7 31.1 15.0 0.475
26.0 1.3 28.9 5.8 12.3 7.1 0.721
105.5 13.1 665.3 129.2 33.8 23.0 0.581
3.4 3.0 17.6 2.9 10.0 8.3 0.487
3.4 1.0 14.8 2.2 10.5 8.6 0.482
5.9 3.1 10.0 0.7 7.6 6.3 0.584
5.2 2.6 23.6 3.3 11.2 8.4 0.564
30.7 7.6 184.5 21.4 23.7 13.4 0.732
40.9 13.4 105.2 25.3 18.0 14.6 0.542
22.0 11.6 197.4 32.8 22.5 15.6 0.726
2.3 3.4 9.4 1.8 7.2 8.5 0.554
0.8 0.6 3.3 0.6 5.0 6.3 0.614
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Bbr_kg Bl kg Bst_kg Bba kg DBH cm Hm| WD g cm3
143.5 15.9 324.9 48.9 30.5 15.8 0.565
10.6 3.6 27.3 3.0 7.3 10.0 0.682
55 2.0 18.4 2.4 8.1 13.2 0.573
1.7 0.8 5.6 14 6.5 8.1 0.483
2.4 1.2 8.8 1.5 7.0 8.5 0.326
108.4 10.8 73.7 8.5 17.0 13.9 0.315
370.4 17.8 338.8 35.3 36.0 19.5 0.269
284.7 13.1 225.5 31.0 26.0 175 0.345
606.1 21.4 657.1 100.9 41.0 23.8 0.298
344.2 34.6 294.6 43.3 34.0 18.3 0.288
30.9 9.6 77.6 8.0 20.0 14.8 0.235
2.9 2.3 11.9 1.1 8.5 9.0 0.304
6.6 2.1 39.3 4.0 14.0 12.6 0.265
0.3 0.5 5.7 0.6 6.5 8.8 0.219
76.0 4.4 87.3 14.4 17.0 14.8 0.330
114.3 7.1 141.6 11.4 26.0 13.5 0.357
11.2 1.0 4.9 0.8 7.0 7.1 0.256
74.8 7.7 451.5 77.6 33.0 27.3 0.212
361.2 19.5 251.8 27.5 37.0 21.8 0.156
619.6 26.8 990.8 222.8 56.0 24.7 0.272
4.9 1.3 16.0 3.1 8.5 10.5 0.303
438.7 16.3 880.5 162.2 45.0 25.0 0.319
7.6 2.7 31.7 2.6 9.8 12.5 0.353
64.5 6.5 331.2 33.0 25.4 21.0 0.369
496.1 70.0 1388.3 204.8 53.5 235 0.447
372.3 13.7 1102.9 111.6 49.0 22.8 0.425
19.1 7.1 66.2 7.5 15.2 17.0 0.224
175.5 15.1 606.8 47.3 325 23.0 0.404
1.8 0.8 14.8 1.5 8.5 12.4 0.203
6.2 4.9 62.3 5.9 16.0 13.0 0.329
2.5 15 7.8 0.9 8.0 7.8 0.286
6.2 2.5 39.8 3.6 14.0 14.8 0.197
5.9 2.3 41.2 7.5 9.0 11.6 0.597
65.8 28.8 1011.4 253.9 46.0 25.0 0.356
98.7 40.5 1157.0 284.4 52.5 26.2 0.310
44.4 5.3 158.0 22.9 23.0 16.5 0.320
97.5 10.4 486.2 84.5 30.5 24.2 0.320
135 1.8 178.9 28.6 18.0 16.5 0.508
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Phu luc 4: B dir ligu carbon trong 4 by phan cua cay trén mait dat theo
nhéan to diéu tra cay rung

Cbr_kg Cl kg Cst_kg Cha kg DBH cm H m WD g cm3
240.56 16.32 357.05 86.00 47.8 21.0 0.550
99.46 4.82 128.97 13.32 26.8 14.8 0.641
2.05 0.52 4.50 0.60 6.8 6.9 0.622
1.23 0.16 22.25 2.27 10.1 12.5 0.692
1.45 0.50 5.26 0.17 7.3 9.4 0.596
2.32 1.23 11.22 1.71 11.4 10.9 0.458
2.22 1.73 23.14 3.30 16.5 11.8 0.390
0.61 0.30 1.94 0.23 5.9 7.4 0.574
1.17 0.54 3.71 0.43 6.4 7.4 0.547
0.80 0.40 1.54 0.20 5.8 5.3 0.422
2.56 0.58 10.88 1.58 8.9 8.8 0.598
6.05 2.15 20.96 2.36 11.5 13.2 0.486
0.95 0.26 5.42 0.78 7.0 7.8 0.695
1.06 0.39 4.40 0.44 7.5 9.0 0.672
69.91 6.63 373.84 33.57 38.6 22.0 0.527
2.55 14.91 21.44 1.18 28.3 21.0 0.407
25.30 1.93 135.76 13.87 24.4 22.0 0.549
37.93 5.04 298.23 16.42 34.5 19.5 0.602
0.83 0.42 25.57 5.41 16.6 10.2 0.404
4.88 1.09 20.23 1.27 11.6 11.0 0.562
63.20 7.79 241.37 20.11 33.1 19.6 0.586
39.94 5.76 172.24 16.19 24.0 14.6 0.501
40.17 4.24 172.68 17.63 31.6 215 0.462
22.10 2.19 45.20 4.92 15.8 12.9 0.576
1.89 0.76 7.64 0.39 7.9 9.9 0.528
55.98 13.54 386.95 24.69 35.1 24.0 0.631
13.10 5.81 107.03 8.07 16.5 20.8 0.575
3.87 1.88 42.11 3.05 18.5 15.6 0.410
93.97 17.15 454.17 35.09 39.8 22.2 0.541
1.01 0.31 7.55 0.88 7.9 10.5 0.502
1.22 0.62 6.67 0.38 7.9 8.4 0.560
10.13 2.65 42.27 8.95 18.4 16.7 0.443
0.99 0.57 13.17 0.66 10.8 10.6 0.461
3.06 1.50 13.01 0.97 9.0 11.5 0.561
4.24 2.20 63.80 4.75 15.4 19.6 0.616
36.85 6.89 231.53 20.34 30.8 23.6 0.464
10.22 4.73 52.57 2.19 16.9 14.5 0.645
16.32 5.45 141.57 15.74 24.5 25.2 0.452
25.51 5.91 49.73 4.02 18.9 13.1 0.520
2.72 1.28 5.53 0.39 8.1 8.9 0.556
8.20 3.85 64.80 5.64 20.1 13.2 0.595
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Cbr_kg Cl kg Cst_kg Cha kg DBH cm H m WD g cm3
2.38 0.65 5.26 0.48 7.0 8.2 0.530
24.26 6.54 70.61 5.21 16.5 15.0 0.736
5.22 2.97 47.44 3.62 21.7 15.5 0.340
7.14 3.11 19.78 1.86 10.6 10.8 0.717
12.35 6.53 86.71 3.54 22.1 18.0 0.492
31.08 9.00 169.03 3.10 23.2 18.2 0.723
0.19 0.27 2.15 0.18 5.6 8.8 0.395
0.37 0.22 2.63 0.18 6.4 6.1 0.425
2.30 1.26 16.36 1.84 10.2 9.5 0.725
22.74 2.40 105.58 8.86 19.6 15.0 0.882
10.36 1.62 20.56 1.54 18.3 4.3 0.564
33.16 5.51 99.32 8.72 19.6 16.5 0.767
109.12 7.20 209.49 75.80 36.4 18.5 0.426
1.46 0.50 15.94 1.30 10.0 11.6 0.598
0.32 0.01 1.63 0.11 4.7 5.3 0.622
30.36 4.94 181.71 9.36 22.0 21.4 0.756
146.87 11.70 344.56 25.29 32.4 23.9 0.746
0.73 0.26 1.80 0.28 5.6 4.5 0.480
6.20 1.81 62.18 3.21 15.9 19.2 0.683
14.04 4.58 69.79 8.46 17.6 17.2 0.751
0.97 0.46 3.59 0.54 7.0 8.5 0.326
43.77 4.19 28.62 3.52 17.0 13.9 0.315
152.09 7.75 152.40 14.81 36.0 19.5 0.269
114.36 5.49 96.13 12.53 26.0 17.5 0.345
265.49 8.97 233.74 41.52 41.0 23.8 0.298
143.00 15.06 133.96 16.66 34.0 18.3 0.288
12.90 3.81 31.35 2.81 20.0 14.8 0.235
1.09 1.04 4.90 0.42 8.5 9.0 0.304
2.65 0.82 16.57 1.66 14.0 12.6 0.265
0.13 0.20 2.34 0.26 6.5 8.8 0.219
29.86 1.89 34.80 5.64 17.0 14.8 0.330
46.13 3.03 62.46 4.66 26.0 13.5 0.357
4.58 0.42 2.02 0.34 7.0 7.1 0.256
29.68 3.10 183.60 30.26 33.0 27.3 0.212
131.30 7.87 95.73 9.23 37.0 21.8 0.156
214.93 10.55 411.68 81.85 56.0 24.7 0.272
1.72 0.49 4.95 1.18 8.5 10.5 0.303
190.89 7.00 364.98 69.78 45.0 25.0 0.319
3.31 1.15 13.28 1.04 9.8 12.5 0.353
26.41 2.83 142.15 12.42 25.4 21.0 0.369
204.67 30.33 633.98 82.87 53.5 23.5 0.447
153.61 5.71 464.74 39.02 49.0 22.8 0.425
7.18 2.88 23.94 3.48 15.2 17.0 0.224
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Cbr_kg Cl kg Cst_kg Cha kg DBH cm H m WD g cm3
60.20 6.13 260.45 15.57 32.5 23.0 0.404
0.69 0.31 6.15 0.62 8.5 12.4 0.203
2.61 2.02 27.24 2.42 16.0 13.0 0.329
1.16 0.69 3.40 0.36 8.0 7.8 0.286
2.13 0.91 18.49 1.31 14.0 14.8 0.197
2.40 0.93 16.85 2.98 9.0 11.6 0.597
28.35 13.01 433.19 105.76 46.0 25.0 0.356
42.83 18.01 479.61 107.03 52.5 26.2 0.310
18.27 1.94 59.91 11.39 23.0 16.5 0.320
40.12 4.80 203.43 33.64 30.5 24.2 0.320
5.36 0.76 75.90 9.44 18.0 16.5 0.508

162




Phu luc 5: B dir liéu sinh khéi cay trén mit dat (AGB) véi cac nhan té diéu

tra cay rung

Ma céy AGB_kg/tree DBH_cm H m WD_g cm3
TX7.1 1631.1 47.8 21.0 0.550
TX7.2 501.4 26.8 14.8 0.641
TX7.3 15.4 6.8 6.9 0.622
TX74 52.9 10.1 12.5 0.692
TX75 16.0 7.3 9.4 0.596
TX7.6 32.2 114 10.9 0.458
X 7.7 59.0 16.5 11.8 0.390
TX7.8 7.0 5.9 7.4 0.574
TX79 11.6 6.4 7.4 0.547
TX7.1 6.2 5.8 5.3 0.422
TX7.11 31.5 8.9 8.8 0.598
TX7.12 62.0 11.5 13.2 0.486
TX7.13 14.7 7.0 7.8 0.695
TX7.14 16.4 7.5 9.0 0.672
TX-8.1 865.3 38.6 22.0 0.527
TX-8.2 285.9 28.3 21.0 0.407
TX-8.3 319.3 24.4 22.0 0.549
TX-8.4 648.0 34.5 19.5 0.602
TX-8.5 55.8 16.6 10.2 0.404
TX-8.6 47.4 11.6 11.0 0.562
TX-8.7 672.3 33.1 19.6 0.586
TX-8.8 448.5 24.0 14.6 0.501
TX-8.9 437.7 31.6 21.5 0.462
TX-8.11 17.8 7.6 9.4 0.573
TX-8.13 32.1 8.0 9.8 0.546
TX-8.14 99.2 15.8 15.3 0.621
TX-8.15 24.9 9.3 7.3 0.517
TX-8.16 11.2 6.4 9.8 0.640
TX-8.17 25.0 9.7 7.7 0.456
TX-9.1 27.9 11.0 8.3 0.451
TX-9.6 40.9 11.3 13.1 0.618
TX-9.7 117.4 20.3 10.6 0.608
TX-9.8 24.4 10.2 8.9 0.581
TX-9.10 28.3 10.1 12.8 0.493
TX-9.11 13.4 8.1 6.0 0.658
TX-9.12 53.6 11.6 9.0 0.629
TX-9.13 2.9 5.2 4.7 0.375
TX-9.14 22.4 8.2 8.3 0.706
TX-9.15 19.4 8.3 7.3 0.580
TX-10.1 140.2 15.8 12.9 0.576
TX-10.2 21.2 7.9 9.9 0.528
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Ma céay AGB_Kkg/tree DBH_cm H m WD_g cm3
TX-10.3 864.9 35.1 24.0 0.631
TX-10.4 261.8 16.5 20.8 0.575
TX-10.5 88.9 18.5 15.6 0.410
TX-10.6 1147.1 39.8 22.2 0.541
TX-10.7 19.2 7.9 10.5 0.502
TX-10.8 16.3 7.9 8.4 0.560
TX-10.9 118.3 18.4 16.7 0.443
TX-10.10 28.3 10.8 10.6 0.461
TX-10.11 37.1 9.0 115 0.561
TX-10.12 134.0 15.4 19.6 0.616
TX-10.13 526.1 30.8 23.6 0.464
TX-10.14 129.4 16.9 14.5 0.645
TX-10.15 341.1 24.5 25.2 0.452
TX-11.1 167.4 18.9 13.1 0.520
TX-11.2 21.0 8.1 8.9 0.556
TX-11.3 150.4 20.1 13.2 0.595
TX-11.4 16.6 7.0 8.2 0.530
TX-115 210.3 16.5 15.0 0.736
TX-11.6 102.8 21.7 15.5 0.340
TX-11.7 65.3 10.6 10.8 0.717
TX-11.8 200.9 22.1 18.0 0.492
TX-11.9 402.3 23.2 18.2 0.723
TX-11.10 5.0 5.6 8.8 0.395
TX-11.11 6.1 6.4 6.1 0.425
TX-11.12 41.4 10.2 9.5 0.725
TX-11.13 276.6 19.6 15.0 0.882

TX12.1 65.4 18.3 4.3 0.564

TX12.2 265.5 19.6 16.5 0.767

TX12.3 733.6 36.4 18.5 0.426

TX 124 34.4 10.0 11.6 0.598

TX 125 3.9 4.7 5.3 0.622

TX 12.6 410.1 22.0 21.4 0.756

TX12.7 944.3 32.4 23.9 0.746

TX12.8 5.9 5.6 4.5 0.480

TX 129 138.5 15.9 19.2 0.683
TX12.10 180.4 17.6 17.2 0.751

TX13.1 15.8 9.0 7.8 0.611

TX13.2 18.0 7.5 8.7 0.660

TX 133 29.1 8.3 9.2 0.730

TX 134 844.7 37.4 24.1 0.617

TX 135 413.4 26.5 17.5 0.846

TX 14.1 42.2 9.3 11.2 0.877

TX14.2 9.8 6.6 6.5 0.632
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Ma céay AGB_Kkg/tree DBH_cm H m WD_g cm3

TX 14.3 35.4 9.9 13.9 0.610
TX14.4 60.9 10.7 14.1 0.744
TX 145 14.8 6.5 11.5 0.681
TX 14.6 514.0 28.7 21.9 0.874
TX14.7 1003.2 42.6 19.1 0.642
TX 14.8 348.7 22.8 13.5 0.823
TX15.1 7.3 5.6 5.5 0.491
TX 15.2 52.7 11.0 12.0 0.735
TX 15.3 21.9 9.5 9.7 0.393
TX 155 425.1 34.4 11.3 0.622
TX 15.6 494.3 38.7 17.3 0.451
TX-16.1 25.5 7.8 12.5 0.507
TX-16.2 359.7 23.5 23.4 0.586
TX-16.3 528.0 23.8 26.8 0.706
TX-16.5 19.8 7.7 9.4 0.669
TX-16.6 14.5 7.0 7.4 0.569
TX-16.7 456.5 25.1 27.0 0.642
TX-17.1 461.9 24.8 14.2 0.664
TX-17.2 285.5 24.1 12.1 0.628
TX-17.3 23.8 8.9 10.3 0.545
TX-17.4 10.0 6.5 9.7 0.413
TX-17.5 20.7 8.7 11.3 0.455
TX18.1 172.6 18.1 12.1 0.715
TX18.2 420.1 25.5 16.0 0.765
TX 18.3 41.9 9.8 7.5 0.727
TX 18.4 58.1 16.2 10.5 0.732
TX-19.1 115.2 14.6 11.3 0.712
TX-19.2 435.2 31.1 15.0 0.475
TX-19.3 61.9 12.3 7.1 0.721
TX-19.4 913.1 33.8 23.0 0.581
TX-19.5 26.9 10.0 8.3 0.487
TX-19.6 21.4 10.5 8.6 0.482
TX-19.7 19.7 7.6 6.3 0.584
TX-19.8 34.7 11.2 8.4 0.564
TX-20.1 244.2 23.7 134 0.732
TX-20.2 184.7 18.0 14.6 0.542
TX-20.3 263.7 22.5 15.6 0.726
TX-20.4 17.1 7.2 8.5 0.554
TX-20.5 5.3 5.0 6.3 0.614
TX-20.6 533.2 30.5 15.8 0.565
TX-20.7 44.5 7.3 10.0 0.682
TX-20.8 28.2 8.1 13.2 0.573
TX-20.9 9.5 6.5 8.1 0.483
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Ma céay AGB_Kkg/tree DBH_cm H m WD_g cm3
TX1L1ITA 13.8 7.0 8.5 0.326
TX12TA 201.4 17.0 13.9 0.315
TX13TA 762.4 36.0 19.5 0.269
TX14TA 554.3 26.0 17.5 0.345
TX15TA 1385.5 41.0 23.8 0.298
TX16TA 716.7 34.0 18.3 0.288
TX21TA 126.2 20.0 14.8 0.235
TX22TA 18.3 8.5 9.0 0.304
TX23TA 52.0 14.0 12.6 0.265
TX24TA 7.1 6.5 8.8 0.219
TX31TA 182.1 17.0 14.8 0.330
TX32TA 274.4 26.0 13.5 0.357
TX33TA 18.0 7.0 7.1 0.256
TX34TA 611.5 33.0 27.3 0.212
TX35TA 660.0 37.0 21.8 0.156
TX36TA 1860.0 56.0 24.7 0.272
TX37TA 25.3 8.5 10.5 0.303
TX3.8TA 1497.7 45.0 25.0 0.319
TX41TA 44.6 9.8 12.5 0.353
TX42TA 435.1 25.4 21.0 0.369
TX43TA 2159.2 53.5 23.5 0.447
TX44TA 1600.5 49.0 22.8 0.425
TX45TA 99.9 15.2 17.0 0.224
TX4.6 TA 844.7 325 23.0 0.404
TX51TA 18.8 8.5 12.4 0.203
TX52TA 79.3 16.0 13.0 0.329
TX5.3TA 12.8 8.0 7.8 0.286
TX54TA 52.2 14.0 14.8 0.197
TX6.1TA 57.0 9.0 11.6 0.597
TX6.2TA 1359.9 46.0 25.0 0.356
TX6.3TA 1580.7 52.5 26.2 0.310
TX6.4TA 230.6 23.0 16.5 0.320
TX6.5TA 678.6 30.5 24.2 0.320
TX6.6 TA 222.8 18.0 16.5 0.508




Phu luc 6: B dir liéu AGB co gan bién Ca va cac nhan té diéu tra cay ring

Ma céy AGB kg DBH cm H m WD g cm3 Ca m2
TX7.1 1631.1 47.8 21.0 0.550 51.53
TX7.2 501.4 26.8 14.8 0.641 35.26
TX73 15.4 6.8 6.9 0.622 7.07
TX 7.4 52.9 10.1 12.5 0.692 491
TX75 16.0 7.3 9.4 0.596 10.75
TX7.6 32.2 11.4 10.9 0.458 11.34
TX7.7 59.0 16.5 11.8 0.390 15.90
TX 7.8 7.0 5.9 7.4 0.574 4.15
TX7.9 11.6 6.4 7.4 0.547 7.55
TX7.1 6.2 5.8 5.3 0.422 4.15
TX7.11 315 8.9 8.8 0.598 11.34
TX7.12 62.0 115 13.2 0.486 7.55
TX7.13 14.7 7.0 7.8 0.695 6.16
TX7.14 16.4 7.5 9.0 0.672 6.61
TX-8.11 17.8 7.6 9.4 0.573 9.62
TX-8.13 32.1 8.0 9.8 0.546 12.57
TX-8.14 99.2 15.8 15.3 0.621 9.62
TX-8.15 24.9 9.3 7.3 0.517 15.21
TX-8.16 11.2 6.4 9.8 0.640 7.55
TX-8.17 25.0 9.7 7.7 0.456 16.62
TX-9.1 27.9 11.0 8.3 0.451 10.75
TX-9.6 40.9 11.3 13.1 0.618 12.57
TX-9.7 117.4 20.3 10.6 0.608 24.63
TX-9.8 24.4 10.2 8.9 0.581 4.91
TX-9.10 28.3 10.1 12.8 0.493 491
TX-9.11 13.4 8.1 6.0 0.658 1.13
TX-9.12 53.6 11.6 9.0 0.629 10.75
TX-9.13 2.9 5.2 4.7 0.375 3.14
TX-9.14 22.4 8.2 8.3 0.706 5.31
TX-9.15 19.4 8.3 7.3 0.580 5.73
TX-10.1 140.2 15.8 12.9 0.576 17.35
TX-10.2 21.2 7.9 9.9 0.528 7.55
TX-10.3 864.9 35.1 24.0 0.631 32.17
TX-105 88.9 18.5 15.6 0.410 13.20
TX-10.6 1147.1 39.8 22.2 0.541 66.48
TX-10.7 19.2 7.9 10.5 0.502 8.04
TX-10.8 16.3 7.9 8.4 0.560 9.08
TX-10.9 118.3 18.4 16.7 0.443 15.90
TX-10.10 28.3 10.8 10.6 0.461 8.04
TX-10.11 37.1 9.0 11.5 0.561 14.52
TX-10.12 134.0 154 19.6 0.616 15.90
TX-10.13 526.1 30.8 23.6 0.464 67.93
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Ma céy AGB kg DBH cm H m WD g cm3 Ca m2
TX-10.14 129.4 16.9 14.5 0.645 23.76
TX-10.15 341.1 24.5 25.2 0.452 11.34
TX-11.1 167.4 18.9 13.1 0.520 20.43
TX-11.2 21.0 8.1 8.9 0.556 5.73
TX-11.3 150.4 20.1 13.2 0.595 10.75
TX-11.4 16.6 7.0 8.2 0.530 12.57
TX-115 210.3 16.5 15.0 0.736 38.48
TX-11.6 102.8 21.7 15.5 0.340 26.42
TX-11.7 65.3 10.6 10.8 0.717 28.27
TX-11.8 200.9 22.1 18.0 0.492 28.27
TX-11.9 402.3 23.2 18.2 0.723 33.18
TX-11.10 5.0 5.6 8.8 0.395 2.01
TX-11.11 6.1 6.4 6.1 0.425 3.46
TX-11.12 41.4 10.2 9.5 0.725 12.57
TX-11.13 276.6 19.6 15.0 0.882 5.31

TX12.1 65.4 18.3 4.3 0.564 8.04

TX12.2 265.5 19.6 16.5 0.767 16.62

TX12.4 34.4 10.0 11.6 0.598 491

TX 125 3.9 4.7 5.3 0.622 1.13

TX12.6 410.1 22.0 21.4 0.756 28.27

TX12.8 5.9 5.6 4.5 0.480 2.27

TX 129 138.5 15.9 19.2 0.683 7.07
TX12.10 180.4 17.6 17.2 0.751 16.62

TX13.1 15.8 9.0 7.8 0.611 2.01

TX13.2 18.0 7.5 8.7 0.660 6.16

TX 134 844.7 37.4 24.1 0.617 24.63

TX14.1 42.2 9.3 11.2 0.877 6.16

TX14.2 9.8 6.6 6.5 0.632 3.80

TX14.3 35.4 9.9 13.9 0.610 13.20

TX14.4 60.9 10.7 14.1 0.744 17.35

TX 14.5 14.8 6.5 11.5 0.681 1.77

TX14.7 1003.2 42.6 19.1 0.642 120.76

TX 14.8 348.7 22.8 13.5 0.823 26.42

TX15.1 7.3 5.6 5.5 0.491 26.42

TX15.2 52.7 11.0 12.0 0.735 9.08

TX 15.3 21.9 9.5 9.7 0.393 4.15

TX 155 425.1 34.4 11.3 0.622 16.62

TX 15.6 494.3 38.7 17.3 0.451 18.10

TX-16.1 25.5 7.8 12.5 0.507 3.14

TX-16.2 359.7 23.5 23.4 0.586 40.72

TX-16.3 528.0 23.8 26.8 0.706 16.62

TX-16.5 19.8 7.7 9.4 0.669 1.77

TX-16.6 14.5 7.0 7.4 0.569 7.07
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Ma céy AGB kg DBH cm H m WD g cm3 Ca m2

TX-16.7 456.5 25.1 27.0 0.642 12.57
TX-17.2 285.5 24.1 12.1 0.628 26.42
TX-17.3 23.8 8.9 10.3 0.545 10.18
TX-17.4 10.0 6.5 9.7 0.413 5.31
TX-17.5 20.7 8.7 11.3 0.455 5.73
TX18.1 172.6 18.1 12.1 0.715 13.85
TX 18.2 420.1 25.5 16.0 0.765 33.18
TX18.3 41.9 9.8 7.5 0.727 491
TX-19.1 115.2 14.6 11.3 0.712 18.86
TX-19.2 435.2 31.1 15.0 0.475 33.18
TX-19.3 61.9 12.3 7.1 0.721 8.04
TX-19.4 913.1 33.8 23.0 0.581 67.93
TX-19.5 26.9 10.0 8.3 0.487 13.85
TX-19.6 21.4 10.5 8.6 0.482 7.55
TX-19.7 19.7 7.6 6.3 0.584 5.31
TX-19.8 34.7 11.2 8.4 0.564 11.34
TX-20.1 244.2 23.7 13.4 0.732 41.85
TX-20.2 184.7 18.0 14.6 0.542 47.78
TX-20.3 263.7 22.5 15.6 0.726 13.20
TX-20.4 17.1 7.2 8.5 0.554 3.46
TX-20.5 5.3 5.0 6.3 0.614 4.15
TX-20.6 533.2 30.5 15.8 0.565 13.85
TX-20.8 28.2 8.1 13.2 0.573 5.73
TX-20.9 9.5 6.5 8.1 0.483 8.04
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Phu luc 7: B§ dix ligu carbon cay trén mat dat C(AGB) véi cac nhan té diéu

tra cay rung

Ma cay C(AGB) Kkgltree DBH_cm H m WD_g cm3
TX7.1 699.9 47.8 21.0 0.550
TX7.2 246.6 26.8 14.8 0.641
TX73 7.7 6.8 6.9 0.622
TX74 25.9 10.1 12.5 0.692
TX75 7.4 7.3 9.4 0.596
TX7.6 16.5 11.4 10.9 0.458
TX7.7 30.4 16.5 11.8 0.390
TX7.8 3.1 5.9 7.4 0.574
TX79 5.8 6.4 7.4 0.547
TX7.1 2.9 5.8 5.3 0.422
TX7.11 15.6 8.9 8.8 0.598
TX7.12 315 115 13.2 0.486
TX7.13 7.4 7.0 7.8 0.695
TX7.14 6.3 7.5 9.0 0.672
TX-8.1 484.0 38.6 22.0 0.527
TX-8.3 176.9 24.4 22.0 0.549
TX-8.4 357.6 34.5 19.5 0.602
TX-8.5 32.2 16.6 10.2 0.404
TX-8.6 27.5 11.6 11.0 0.562
TX-8.7 3325 33.1 19.6 0.586
TX-8.8 234.1 24.0 14.6 0.501
TX-8.9 234.7 31.6 215 0.462
TX-10.1 74.4 15.8 12.9 0.576
TX-10.2 10.7 7.9 9.9 0.528
TX-10.3 481.2 35.1 24.0 0.631
TX-104 134.0 16.5 20.8 0.575
TX-105 50.9 18.5 15.6 0.410
TX-10.6 600.4 39.8 22.2 0.541
TX-10.7 9.8 7.9 10.5 0.502
TX-10.8 8.9 7.9 8.4 0.560
TX-10.9 64.0 18.4 16.7 0.443
TX-10.10 15.4 10.8 10.6 0.461
TX-10.11 18.5 9.0 11.5 0.561
TX-10.12 75.0 15.4 19.6 0.616
TX-10.13 295.6 30.8 23.6 0.464
TX-10.14 69.7 16.9 14.5 0.645
TX-10.15 179.1 24.5 25.2 0.452
TX-111 85.2 18.9 13.1 0.520
TX-11.2 9.9 8.1 8.9 0.556
TX-11.3 82.5 20.1 13.2 0.595
TX-114 8.8 7.0 8.2 0.530
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Ma cay C(AGB) kg/tree DBH _cm H m WD_g cm3
TX-115 106.6 16.5 15.0 0.736
TX-116 59.3 21.7 15.5 0.340
TX-11.7 31.9 10.6 10.8 0.717
TX-118 109.1 22.1 18.0 0.492
TX-119 212.2 23.2 18.2 0.723
TX-11.10 2.8 5.6 8.8 0.395
TX-11.11 34 6.4 6.1 0.425
TX-11.12 21.8 10.2 9.5 0.725
TX-11.13 139.6 19.6 15.0 0.882

TX12.1 34.1 18.3 4.3 0.564

TX12.2 146.7 19.6 16.5 0.767

TX12.3 401.6 36.4 18.5 0.426

TX124 19.2 10.0 11.6 0.598

TX 125 2.1 4.7 5.3 0.622

TX12.6 226.4 22.0 21.4 0.756

TX12.7 528.4 324 23.9 0.746

TX12.8 3.1 5.6 4.5 0.480

TX12.9 73.4 15.9 19.2 0.683
TX12.10 96.9 17.6 17.2 0.751
TX11TA 5.6 7.0 8.5 0.326
TX12TA 80.1 17.0 13.9 0.315
TX13TA 327.0 36.0 19.5 0.269
TX14TA 228.5 26.0 17.5 0.345
TX15TA 549.7 41.0 23.8 0.298
TX16TA 308.7 34.0 18.3 0.288
TX21TA 50.9 20.0 14.8 0.235
TX22TA 7.5 8.5 9.0 0.304
TX23TA 21.7 14.0 12.6 0.265
TX24TA 2.9 6.5 8.8 0.219
TX31TA 72.2 17.0 14.8 0.330
TX32TA 116.3 26.0 13.5 0.357
TX34TA 246.6 33.0 27.3 0.212
TX35TA 244.1 37.0 21.8 0.156
TX36TA 719.0 56.0 24.7 0.272
TX37TA 8.3 8.5 10.5 0.303
TX38TA 632.6 45.0 25.0 0.319
TX41TA 18.8 9.8 12.5 0.353
TX42TA 183.8 25.4 21.0 0.369
TX43TA 951.8 53.5 23.5 0.447
TX44TA 663.1 49.0 22.8 0.425
TX45TA 375 15.2 17.0 0.224
TX46TA 342.3 32.5 23.0 0.404
TX51TA 7.8 8.5 12.4 0.203
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Ma cay C(AGB) kg/tree DBH _cm H m WD_g cm3
TX52TA 34.3 16.0 13.0 0.329
TX53TA 5.6 8.0 7.8 0.286
TX54TA 22.8 14.0 14.8 0.197
TX6.1TA 23.2 9.0 11.6 0.597
TX6.2TA 580.3 46.0 25.0 0.356
TX6.3TA 647.5 52.5 26.2 0.310
TX64TA 915 23.0 16.5 0.320
TX65TA 282.0 30.5 24.2 0.320
TX6.6 TA 915 18.0 16.5 0.508
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Phu luc 8: Dir liéu carbon trén mit dat C(AGB) veéi bién DBH, H, WD, Ca

Ma cay C(AGB)_kg/tree DBH_cm Ca_m2 H m WD _g cm3
TX7.1 699.9 47.8 51.53 21.0 0.550
TX7.2 246.6 26.8 35.26 14.8 0.641
TX7.3 7.7 6.8 7.07 6.9 0.622
TX74 25.9 10.1 4.91 12.5 0.692
TX75 7.4 7.3 10.75 9.4 0.596
TX7.6 16.5 114 11.34 10.9 0.458
TX7.7 30.4 16.5 15.90 11.8 0.390
TX7.8 3.1 5.9 4.15 7.4 0.574
TX7.9 5.8 6.4 7.55 7.4 0.547
TX7.1 2.9 5.8 4.15 5.3 0.422
TX7.11 15.6 8.9 11.34 8.8 0.598
TX7.12 315 115 7.55 13.2 0.486
TX 7.13 7.4 7.0 6.16 7.8 0.695
TX7.14 6.3 7.5 6.61 9.0 0.672
TX-10.1 74.4 15.8 17.35 12.9 0.576
TX-10.2 10.7 7.9 7.55 9.9 0.528
TX-10.3 481.2 35.1 32.17 24.0 0.631
TX-10.4 134.0 16.5 18.10 20.8 0.575
TX-105 50.9 18.5 13.20 15.6 0.410
TX-10.6 600.4 39.8 66.48 22.2 0.541
TX-10.7 9.8 7.9 8.04 10.5 0.502
TX-10.8 8.9 7.9 9.08 8.4 0.560
TX-10.9 64.0 18.4 15.90 16.7 0.443
TX-10.10 15.4 10.8 8.04 10.6 0.461
TX-10.11 18.5 9.0 14.52 11.5 0.561
TX-10.12 75.0 15.4 15.90 19.6 0.616
TX-10.13 295.6 30.8 67.93 23.6 0.464
TX-10.14 69.7 16.9 23.76 14.5 0.645
TX-10.15 179.1 24.5 11.34 25.2 0.452
TX-11.1 85.2 18.9 20.43 13.1 0.520
TX-11.2 9.9 8.1 5.73 8.9 0.556
TX-113 82.5 20.1 10.75 13.2 0.595
TX-114 8.8 7.0 12.57 8.2 0.530
TX-115 106.6 16.5 38.48 15.0 0.736
TX-11.6 59.3 21.7 26.42 15.5 0.340
TX-117 319 10.6 28.27 10.8 0.717
TX-118 109.1 22.1 28.27 18.0 0.492
TX-119 212.2 23.2 33.18 18.2 0.723
TX-11.10 2.8 5.6 2.01 8.8 0.395
TX-11.11 3.4 6.4 3.46 6.1 0.425
TX-11.12 21.8 10.2 12.57 9.5 0.725
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Ma cay C(AGB)_kg/tree DBH_cm Ca_m2 H m WD _g cm3
TX-11.13 139.6 19.6 5.31 15.0 0.882
TX12.1 34.1 18.3 8.04 4.3 0.564
TX12.2 146.7 19.6 16.62 16.5 0.767
TX 124 19.2 10.0 4.91 11.6 0.598
TX 125 2.1 4.7 1.13 53 0.622
TX12.6 226.4 22.0 28.27 214 0.756
TX12.8 3.1 5.6 2.27 4.5 0.480
TX12.9 73.4 15.9 7.07 19.2 0.683
TX12.10 96.9 17.6 16.62 17.2 0.751
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Phu luc 9: B$ dit liéu sinh khéi dwéi mit dit (BGB) véi cac nhan td diéu tra

cay rung
Ma cay BGB kg DBH cm H m WD g cm3
TX7.1 175.8 47.8 21.0 0.550
TX7.2 48.6 26.8 14.8 0.641
TX7.3 24 6.8 6.9 0.622
TX 7.4 3.9 10.1 125 0.692
TX75 2.2 7.3 9.4 0.596
TX 7.6 3.4 114 10.9 0.458
TX 7.7 6.1 16.5 11.8 0.390
TX 7.8 1.5 5.9 74 0.574
TX7.9 0.9 6.4 74 0.547
TX7.1 0.8 5.8 5.3 0.422
TX7.11 3.3 8.9 8.8 0.598
TX7.12 4.7 11.5 13.2 0.486
TX7.13 15 7.0 7.8 0.695
TX7.14 2.2 7.5 9.0 0.672
TX-8.1 84.4 38.6 22.0 0.527
TX-8.2 35.8 28.3 21.0 0.407
TX-8.3 66.4 24.4 22.0 0.549
TX-8.4 68.1 34.5 195 0.602
TX-8.5 19.1 16.6 10.2 0.404
TX-8.6 5.4 11.6 11.0 0.562
TX-8.7 51.9 33.1 19.6 0.586
TX-8.8 81.1 24.0 14.6 0.501
TX-8.9 83.5 31.6 215 0.462
TX-8.10 8.5 12.3 13.2 0.513
TX-8.11 2.7 7.6 94 0.573
TX-8.13 5.2 8.0 9.8 0.546
TX-8.14 28.5 15.8 15.3 0.621
TX-8.15 34 9.3 7.3 0.517
TX-8.16 1.3 6.4 9.8 0.640
TX-8.17 4.8 9.7 1.7 0.456
TX-9.1 6.4 11.0 8.3 0.451
TX-9.2 33.8 17.8 15.5 0.507
TX-9.3 21.0 13.7 10.0 0.641
TX-94 6.7 11.2 11.6 0.540
TX-9.5 5.4 10.2 10.2 0.476
TX-9.6 10.9 11.3 13.1 0.618
TX-9.7 61.3 20.3 10.6 0.608
TX-9.8 4.2 10.2 8.9 0.581
TX-9.9 24.1 15.5 10.7 0.457
TX-9.10 3.7 10.1 12.8 0.493
TX-9.11 2.1 8.1 6.0 0.658
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Ma cay BGB kg DBH cm H m WD g cm3
TX-9.12 10.8 11.6 9.0 0.629
TX-9.13 0.6 5.2 4.7 0.375
TX-9.14 4.2 8.2 8.3 0.706
TX-9.15 3.5 8.3 7.3 0.580
TX-10.2 2.5 7.9 9.9 0.528
TX-10.8 3.8 7.9 8.4 0.560
TX-10.10 3.3 10.8 10.6 0.461
TX-10.11 5.5 9.0 115 0.561
TX-11.2 2.4 8.1 8.9 0.556
TX-114 1.3 7.0 8.2 0.530
TX-117 10.8 10.6 10.8 0.717
TX-11.10 0.7 5.6 8.8 0.395
TX-11.11 1.3 6.4 6.1 0.425
TX-11.12 6.5 10.2 9.5 0.725

TX12.1 21.1 18.3 4.3 0.564

TX12.2 50.5 19.6 16.5 0.767

TX12.3 117.8 36.4 18.5 0.426

TX12.4 4.5 10.0 11.6 0.598

TX125 0.5 4.7 5.3 0.622

TX12.8 1.3 5.6 4.5 0.480

TX13.1 9.3 9.0 7.8 0.611

TX13.2 4.1 7.5 8.7 0.660

TX14.1 5.9 9.3 11.2 0.877

TX14.2 2.5 6.6 6.5 0.632

TX14.3 6.6 9.9 13.9 0.610

TX 144 10.2 10.7 14.1 0.744

TX 145 2.1 6.5 11.5 0.681

TX15.1 1.1 5.6 5.5 0.491

TX15.2 7.8 11.0 12.0 0.735

TX15.3 2.7 9.5 9.7 0.393

TX-16.1 2.2 7.8 12.5 0.507

TX-16.5 5.5 7.7 94 0.669

TX-16.6 2.3 7.0 7.4 0.569

TX-17.3 3.6 8.9 10.3 0.545

TX-17.4 1.1 6.5 9.7 0.413

TX-17.5 3.5 8.7 11.3 0.455

TX 18.3 5.6 9.8 7.5 0.727

TX-19.3 13.7 12.3 7.1 0.721

TX-19.5 4.7 10.0 8.3 0.487

TX-19.6 2.1 10.5 8.6 0.482

TX-19.7 3.1 7.6 6.3 0.584

TX-19.8 6.0 11.2 8.4 0.564

TX-20.5 1.1 5.0 6.3 0.614

TX-20.8 7.1 8.1 13.2 0.573
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Ma cay BGB kg DBH cm H m WD g cm3
TX-20.9 3.0 6.5 8.1 0.483
TX-1D.IR 34.0 20.5 18.8 0.602
TX-1D.2R 51.5 25.4 17.2 0.490
TX-1D.3R 75.9 29.5 20.3 0.308
TX-1D4R 87.3 32.5 19.6 0.504
TX-1D.5R 78.9 40.0 16.4 0.739
TX-1D.6R 13.0 23.4 14.8 0.374
TX-1D.7R 31.1 20.7 15.4 0.767
TX-1D.8R 19.9 15.6 13.6 0.672
TX-1D.9R 28.6 15.5 9.3 0.870
TX-1D.10R 127.2 31.7 20.1 0.930
TX-1D.11R 80.2 44.0 24.5 0.398
TX-1D.12R 52.7 32.4 18.9 0.790
TX-1D.13R 26.7 24.1 12.1 0.689
TX-1D.14R 85.0 24.2 10.0 0.714
TX-1D.15R 90.9 415 27.3 0.553
TX-1D.16R 10.1 21.2 12.8 0.330
TX-1D.17R 95.6 46.1 32.5 0.551

TX2.2R 47.5 20.8 22.5 0.596

TX2.3R 12.1 21.6 23.5 0.171
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Phu luc 10: B dir liéu carbon dwéi mit dat C(BGB) véi cac nhan té diéu

tra cay rung

Ma cay C(BGB)_kag/tree DBH_cm H m WD_g cm3
TX7.1 86.8 47.8 21.0 0.550
TX7.2 23.0 26.8 14.8 0.641
TX73 1.2 6.8 6.9 0.622
TX74 1.6 10.1 125 0.692
TX75 0.8 7.3 9.4 0.596
TX7.6 13 11.4 10.9 0.458
TX7.7 2.9 16.5 11.8 0.390
TX7.8 0.7 5.9 7.4 0.574
TX7.9 0.3 6.4 7.4 0.547
TX7.1 0.4 5.8 5.3 0.422
TX7.11 1.6 8.9 8.8 0.598
TX7.12 2.4 11.5 13.2 0.486
TX7.13 0.6 7.0 7.8 0.695
TX7.14 1.1 7.5 9.0 0.672
TX-8.1 45.8 38.6 22.0 0.527
TX-8.2 83.1 28.3 21.0 0.407
TX-8.3 34.6 24.4 22.0 0.549
TX-8.4 25.6 34.5 19.5 0.602
TX-85 9.1 16.6 10.2 0.404
TX-8.6 3.1 11.6 11.0 0.562
TX-8.7 24.3 33.1 19.6 0.586
TX-8.8 40.2 24.0 14.6 0.501
TX-8.9 41.7 31.6 215 0.462
TX-10.2 1.2 7.9 9.9 0.528
TX-10.8 1.9 7.9 8.4 0.560
TX-10.10 0.7 10.8 10.6 0.461
TX-10.11 2.3 9.0 11.5 0.561
TX-11.2 1.0 8.1 8.9 0.556
TX-114 0.6 7.0 8.2 0.530
TX-11.7 5.0 10.6 10.8 0.717
TX-11.10 0.3 5.6 8.8 0.395
TX-11.11 0.7 6.4 6.1 0.425
TX-11.12 3.4 10.2 9.5 0.725
TX12.1 11.2 18.3 4.3 0.564
TX12.2 19.8 19.6 16.5 0.767
TX12.3 63.6 36.4 18.5 0.426
TX 124 2.3 10.0 11.6 0.598
TX125 0.2 4.7 5.3 0.622
TX12.8 0.6 5.6 4.5 0.480
TX-1D.IR 16.5 20.5 18.8 0.602
TX-1D.2R 23.7 25.4 17.2 0.490
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Ma cdy C(BGB) kg/tree DBH _cm H m WD _g cm3
TX-1D.3R 29.4 29.5 20.3 0.308
TX-1D.4R 37.6 325 19.6 0.504
TX-1D.5R 35.6 40.0 16.4 0.739
TX-1D.6R 6.4 23.4 14.8 0.374
TX-1D.7R 5.8 20.7 15.4 0.767
TX-1D.8R 9.1 15.6 13.6 0.672
TX-1D.9R 12.7 15.5 9.3 0.870
TX-1D.10R 61.6 317 20.1 0.930
TX-1b.11R 42.7 44.0 24.5 0.398
TX-1D.12R 23.0 324 18.9 0.790
TX-1D.13R 7.9 24.1 12.1 0.689
TX-1D.14R 39.7 24.2 10.0 0.714
TX-1D.15R 43.1 41.5 27.3 0.553
TX-1D.16R 3.4 21.2 12.8 0.330
TX-1D.17R 315 46.1 32.5 0.551

TX2.2R 23.1 20.8 22.5 0.596

TX2.3R 5.1 21.6 23.5 0.171
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Phu luc 11: B$ dir liéu C(AGB), AGB va V

Ma cay AGB_Kkg/tree C(AGB) kg/tree V_m3

TX5.1 50.1 19.3 0.090
TX5.2 30.3 11.7 0.058
TX5.3 36.6 14.2 0.073
TX5.4 46.0 18.4 0.092
TX55 16.8 6.6 0.033
TX5.6 21.2 8.1 0.042
TX5.7 10.1 3.9 0.017
TX5.8 7.3 2.8 0.014
TX5.9 5.0 2.0 0.011
TX6.1 369.5 149.5 0.605
TX6.2 45.2 17.7 0.126
TX6.3 133.4 50.8 0.229
TX6.4 14.0 55 0.027
TX 6.5 13.5 5.4 0.022
TX 6.6 33.4 12.6 0.036
TX 6.7 11.1 4.4 0.015
TX6.8 3149.3 1204.4 4.470
TX7.1 1631.1 699.9 2.082
TX7.2 501.4 246.6 0.486
TX7.3 15.4 7.7 0.018
TX 74 52.9 25.9 0.079
TX 7.5 16.0 7.4 0.022
TX7.6 32.2 16.5 0.060
TX7.7 59.0 30.4 0.124
TX 7.8 7.0 3.1 0.010
TX7.9 11.6 5.8 0.016
TX7.1 6.2 2.9 0.009
TX7.11 315 15.6 0.045
TX7.12 62.0 315 0.096
TX7.13 14.7 7.4 0.019
TX7.14 16.4 6.3 0.021
TX-8.1 865.3 484.0 1.420
TX-8.3 319.3 176.9 0.512
TX-8.4 648.0 357.6 0.968
TX-8.5 55.8 32.2 0.130
TX-8.6 47.4 27.5 0.069
TX-8.7 672.3 332.5 0.896
TX-8.8 448.5 234.1 0.463
TX-8.9 437.7 234.7 0.772
TX-10.1 140.2 74.4 0.173
TX-10.2 21.2 10.7 0.032
TX-10.3 864.9 481.2 1.183
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Ma cay AGB_Kkg/tree C(AGB) kgl/tree V_m3

TX-104 261.8 134.0 0.385
TX-105 88.9 50.9 0.195
TX-10.6 1147.1 600.4 1.653
TX-10.7 19.2 9.8 0.033
TX-10.8 16.3 8.9 0.027
TX-10.9 118.3 64.0 0.217
TX-10.10 28.3 15.4 0.057
TX-10.11 37.1 18.5 0.055
TX-10.12 134.0 75.0 0.205
TX-10.13 526.1 295.6 0.967
TX-10.14 129.4 69.7 0.158
TX-10.15 341.1 179.1 0.641
TX-11.1 167.4 85.2 0.204
TX-11.2 21.0 9.9 0.030
TX-11.3 150.4 82.5 0.218
TX-11.4 16.6 8.8 0.019
TX-115 210.3 106.6 0.196
TX-116 102.8 59.3 0.256
TX-11.7 65.3 31.9 0.071
TX-11.8 200.9 109.1 0.331
TX-11.9 402.3 212.2 0.458
TX-11.10 5.0 2.8 0.013
TX-11.11 6.1 3.4 0.012
TX-11.12 41.4 21.8 0.068
TX-11.13 276.6 139.6 0.266
TX12.1 65.4 34.1 0.071
TX12.2 265.5 146.7 0.252
TX12.3 733.6 401.6 1.025
TX 124 34.4 19.2 0.058
TX 125 3.9 2.1 0.007
TX12.6 410.1 226.4 0.461
TX12.7 944.3 528.4 0.887
TX12.8 5.9 3.1 0.008
TX 129 138.5 73.4 0.181
TX12.10 180.4 96.9 0.200
TX11TA 13.8 5.6 0.027
TX12TA 201.4 80.1 0.234
TX13TA 762.4 327.0 1.258
TX14TA 554.3 228.5 0.654
TX15TA 1385.5 549.7 2.207
TX16TA 716.7 308.7 1.024
TX21TA 126.2 50.9 0.330
TX22TA 18.3 7.5 0.039
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Ma cay AGB_Kkg/tree C(AGB) kgl/tree V_m3

TX23TA 52.0 21.7 0.149
TX24TA 7.1 2.9 0.026
TX31TA 182.1 72.2 0.264
TX32TA 274.4 116.3 0.397
TX33TA 18.0 7.4 0.019
TX34TA 611.5 246.6 2.131
TX35TA 660.0 244.1 1.619
TX3.6TA 1860.0 719.0 3.637
TX37TA 25.3 8.3 0.053
TX3.8TA 1497.7 632.6 2.756
TX41TA 44.6 18.8 0.090
TX42TA 435.1 183.8 0.899
TX43TA 2159.2 951.8 3.104
TX44TA 1600.5 663.1 2.596
TX45TA 99.9 37.5 0.296
TX4.6 TA 844.7 342.3 1.502
TX5.1TA 18.8 7.8 0.073
TX52TA 79.3 34.3 0.190
TX5.3TA 12.8 5.6 0.027
TX54TA 52.2 22.8 0.202
TX6.1TA 57.0 23.2 0.069
TX6.2TA 1359.9 580.3 2.841
TX6.3TA 1580.7 647.5 3.727
TX6.4TA 230.6 915 0.493
TX6.5TA 678.6 282.0 1.517
TX6.6 TA 222.8 915 0.352
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Phu luc 12: B¢ dir lieu AGB va BGB

Ma céy AGB_Kkg/tree BGB_Kkg/tree
TX7.1 1631.1 175.8
TX7.2 501.4 48.6
TX73 15.4 2.4
TX 7.4 52.9 3.9
TX75 16.0 2.2
TX7.6 32.2 3.4
X 7.7 59.0 6.1
TX7.8 7.0 15
TX7.9 11.6 0.9
TX7.1 6.2 0.8
TX7.11 315 3.3
TX7.12 62.0 4.7
TX7.13 14.7 1.5
TX7.14 16.4 2.2
TX-8.1 865.3 84.4
TX-8.2 285.9 35.8
TX-8.3 319.3 66.4
TX-8.4 648.0 68.1
TX-8.5 55.8 19.1
TX-8.6 47.4 5.4
TX-8.7 672.3 51.9
TX-8.8 448.5 81.1
TX-8.9 437.7 83.5
TX-8.10 18.2 8.5
TX-8.11 17.8 2.7
TX-8.13 32.1 5.2
TX-8.14 99.2 28.5
TX-8.15 24.9 3.4
TX-8.16 11.2 1.3
TX-8.17 25.0 4.8
TX-9.1 27.9 6.4
TX-9.2 46.6 33.8
TX-9.6 40.9 10.9
TX-9.7 117.4 61.3
TX-9.8 24.4 4.2
TX-9.10 28.3 3.7
TX-9.11 13.4 2.1
TX-9.12 53.6 10.8
TX-9.13 2.9 0.6
TX-9.14 22.4 4.2
TX-9.15 19.4 35
TX-10.2 21.2 2.5
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Ma céy AGB_Kkg/tree BGB_Kkg/tree
TX-10.8 16.3 3.8
TX-10.10 28.3 3.3
TX-10.11 37.1 5.5
TX-11.2 21.0 2.4
TX-114 16.6 1.3
TX-11.7 65.3 10.8
TX-11.10 5.0 0.7
TX-11.11 6.1 1.3
TX-11.12 414 6.5
TX12.1 65.4 21.1
TX12.2 265.5 50.5
TX 123 733.6 117.8
TX 124 34.4 4.5
TX 125 3.9 0.5
TX12.8 5.9 13
TX13.1 15.8 9.3
TX 13.2 18.0 4.1
TX14.1 42.2 5.9
TX14.2 9.8 2.5
TX14.3 35.4 6.6
TX14.4 60.9 10.2
TX 145 14.8 2.1
TX15.1 7.3 1.1
TX15.2 52.7 7.8
TX 15.3 21.9 2.7
TX-16.1 25.5 2.2
TX-16.5 19.8 5.5
TX-16.6 14.5 2.3
TX-17.3 23.8 3.6
TX-17.4 10.0 1.1
TX-17.5 20.7 35
TX 18.3 41.9 5.6
TX-19.3 61.9 13.7
TX-19.5 26.9 4.7
TX-19.6 21.4 2.1
TX-19.7 19.7 3.1
TX-19.8 34.7 6.0
TX-20.5 5.3 1.1
TX-20.8 28.2 7.1
TX-20.9 9.5 3.0
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Phu luc 13: B$ dit ligu C(BGB) va BGB

Ma cay BGB kg C(BGB) kg

TX7.1 175.8 86.8
TX7.2 48.6 23.0
TX7.3 2.4 1.2
TX 74 3.9 1.6
TX75 2.2 0.8
TX7.6 3.4 1.3
TX7.7 6.1 2.9
TX7.8 15 0.7
TX7.9 0.9 0.3
TX7.1 0.8 0.4
TX7.11 3.3 1.6
TX7.12 4.7 2.4
TX7.13 1.5 0.6
TX7.14 2.2 1.1
TX-8.1 84.4 45.8
TX-8.3 66.4 34.6
TX-8.4 68.1 25.6
TX-8.5 19.1 9.1
TX-8.6 5.4 3.1
TX-8.7 51.9 24.3
TX-8.8 81.1 40.2
TX-8.9 83.5 41.7
TX-10.2 2.5 1.2
TX-10.8 3.8 1.9
TX-10.10 3.3 0.7
TX-10.11 5.5 2.3
TX-11.2 2.4 1.0
TX-11.4 1.3 0.6
TX-11.7 10.8 5.0
TX-11.10 0.7 0.3
TX-11.11 1.3 0.7
TX-11.12 6.5 3.4
TX12.1 21.1 11.2
TX12.2 50.5 19.8
TX12.3 117.8 63.6
TX12.4 4.5 2.3
TX 125 0.5 0.2
TX 128 1.3 0.6
TX-1D.1IR 34.0 16.5
TX-1D.2R 515 23.7
TX-1D.3R 75.9 29.4
TX-1D.4R 87.3 37.6
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Ma cay BGB kg C(BGB) kg

TX-1D.5R 78.9 35.6
TX-1D.6R 13.0 6.4
TX-1D.8R 19.9 9.1
TX-1D.9R 28.6 12.7
TX-1D.10R 127.2 61.6
TX-1D.11R 80.2 42.7
TX-1D.12R 52.7 23.0
TX-1D.13R 26.7 7.9
TX-1D.14R 85.0 39.7
TX-1D.15R 90.9 43.1
TX-1D.16R 10.1 3.4
TX-1D.17R 95.6 315
TX2.1R 44.2 23.3
TX2.2R 475 23.1
TX2.3R 12.1 5.1
TX2.4R 30.4 14.0
TX2.5R 14.8 6.7
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Phu luc 14: B$ di ligu C(BGB) va BGB

Ma cay C(BGB) kg/tree C(AGB) kgltree

TX7.1 86.8 699.9
TX7.2 23.0 246.6
TX7.3 1.2 7.7
TX 74 1.6 25.9
TX75 0.8 7.4
TX7.6 1.3 16.5
TX7.7 2.9 30.4
TX7.8 0.7 3.1
TX7.9 0.3 5.8
TX7.1 0.4 2.9
TX7.11 1.6 15.6
TX7.12 2.4 315
TX7.13 0.6 7.4
TX7.14 1.1 6.3
TX-8.1 45.8 484.0
TX-8.3 34.6 176.9
TX-8.4 25.6 357.6
TX-8.5 9.1 32.2
TX-8.6 3.1 27.5
TX-8.7 24.3 332.5
TX-8.8 40.2 234.1
TX-8.9 41.7 234.7
TX-10.2 1.2 10.7
TX-10.8 1.9 8.9
TX-10.10 0.7 154
TX-10.11 2.3 18.5
TX-11.2 1.0 9.9
TX-11.4 0.6 8.8
TX-11.7 5.0 319
TX-11.10 0.3 2.8
TX-11.11 0.7 3.4
TX-11.12 3.4 21.8
TX12.1 11.2 34.1
TX12.2 19.8 146.7
TX12.3 63.6 401.6
TX12.4 2.3 19.2
TX 125 0.2 2.1
TX12.8 0.6 3.1
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Phu luc 15: B$ dir liéu H/DBH

DBH_ | H.m | DBH_ | Hm | DBH_ | Hm | DBH_ | H.m | DBH_ | Hm | DBH_ | H.m | DBH_ | H_m | DBH_ | H_m

cm cm cm cm cm cm cm cm
4.7 5.3 7 74 8.5 9 9.9 13.9 13 13.8 17.1 16.1 235 234 31.1 15
5 7.9 7 8.5 8.5 10.5 10 11.6 13 15.2 17.6 17.2 23.7 134 31.6 215
5 6.3 7 7.1 8.5 124 10 8.3 13.1 9.4 17.8 155 23.8 26.8 31.7 20.1
51 7.1 7.1 104 8.6 8 10.1 125 13.7 10 18 14.6 24 204 32.4 23.9
5.2 4.7 7.2 7.6 8.6 9.9 10.1 12.8 14 18.7 18 16.5 24 14.6 324 18.9
5.3 6.9 7.2 8.5 8.6 9.5 10.2 10.2 14 12.6 18.1 12.1 24.1 12.1 32.5 23
5.6 8.8 7.3 9.4 8.7 6.5 10.2 8.9 14 14.8 18.3 15.3 241 12.1 325 | 19.6
5.6 4.5 7.3 10 8.7 11.3 10.2 9.5 141 10.3 184 16.7 24.2 10 33 27.3
5.6 5.5 7.5 9 8.8 13.1 10.5 8.6 14.6 11.3 18.5 15.6 24.4 16 33.1 19.6
5.7 8.7 7.5 8.7 8.8 10.5 10.6 10.8 15 144 18.9 13.1 244 22 33.8 23
5.8 5.3 7.6 10.2 8.8 9.6 10.7 141 15.1 141 19.3 175 24.5 25.2 34 | 18.25
5.9 7.4 7.6 9.4 8.9 6.5 10.8 9.7 15.2 17 19.6 15 24.8 14.2 345 195
6.1 55 7.6 6.3 8.9 8.8 10.8 10.6 154 9.8 19.6 16.5 25.1 27 35.1 24
6.4 7.4 7.7 9.4 8.9 10.3 11 8.3 154 19.6 20 14.8 254 21 36 195
6.4 9.8 7.7 9.4 9 124 11 12 155 10.7 20.1 13.2 254 17.2 36.4 185
6.4 6.1 7.8 125 9 115 11.1 | 12.56 155 9.3 20.3 10.6 255 16 37 21.8
6.5 8 7.9 9.9 9 7.8 11.2 11.6 15.6 13.6 205 18.8 26 17.5 374 | 241
6.5 7.5 7.9 10.5 9 11.6 11.2 8.4 15.8 15.3 20.7 154 26 135 38.6 22
6.5 115 7.9 8.4 9.3 7.3 11.3 13.1 15.8 12.9 20.8 225 26.5 17.5 38.7 17.3
6.5 9.7 8 9.8 9.3 11.2 114 10.9 15.9 19.2 21.2 12.8 26.8 20.5 39.8 22.2
6.5 8.1 8 7.8 9.4 8 115 13.2 16 13 21.6 235 26.8 14.8 40 16.4
6.5 8.8 8.1 6 94 9.1 11.6 11 16.2 10.5 21.7 155 27.1 18.8 40.4 22
6.6 6.5 8.1 8.9 9.5 9.7 11.6 9 16.5 11.8 22 214 275 154 41 23.8
6.7 3.9 8.1 13.2 9.7 10.7 11.9 12.8 16.5 20.8 22.1 18 28.3 21 41.5 27.3
6.8 6.3 8.2 11.9 9.7 7.7 12.1 12.7 16.5 15 22.5 15.6 28.7 21.9 42.6 19.1
6.8 6.9 8.2 8.3 9.8 16.6 12.2 8.8 16.6 10.2 22.8 135 29.5 20.3 44 24.5
7 9.5 8.3 7 9.8 7.5 12.3 13.2 16.9 145 23 16.5 30.5 15.8 45 25
7 7.8 8.3 7.3 9.8 125 12.3 7.1 17 13.9 23.2 18.2 30.5 24.2 46 25
7 8.2 8.3 9.2 9.9 11 12.6 15.3 17 14.8 234 14.8 30.8 23.6 46.1 325
47.8 21 49 22.8 52.5 26.2 53.5 235 55.4 26.5 56 24.7 56.7 22.9 60.8 22
76 275

188




Phu luc 16: Bé dir ligu V theo DBH va H

Ma cay DBH cm H m V_m3

TX1.1 55.4 26.5 3.365
TX1.2 6.7 3.9 0.009
TX 1.3 8.6 8.0 0.024
TX14 7.0 9.5 0.024
TX15 9.4 8.0 0.035
TX 1.6 6.1 5.5 0.009
TX1.7 5.1 7.1 0.010
TX 1.8 19.3 175 0.283
TX1.9 13.0 13.8 0.106
TX1.1 12.1 12.7 0.081
TX1.11 13.1 9.4 0.082
TX1.12 27.1 18.8 0.635
TX1.13 27.5 15.4 0.543
TX2.1 8.3 7.0 0.023
TX2.2 9.0 12.4 0.054
TX 2.3 8.6 9.9 0.036
TX24 7.2 7.6 0.018
TX25 7.1 10.4 0.020
TX 2.6 9.7 10.7 0.047
TX2.7 60.8 22.0 2.787
TX3.1 24.0 20.4 0.690
TX3.2 12.6 15.3 0.104
TX3.3 8.8 13.1 0.053
TX 34 15.1 14.1 0.150
TX 35 11.1 12.6 0.073
TX 3.6 7.7 9.4 0.023
TX3.7 56.7 22.9 2.689
TX 3.8 9.9 11.0 0.055
TX 3.9 5.3 6.9 0.011
TX4.1 5.7 8.7 0.018
TX 4.2 8.2 11.9 0.035
TX4.3 8.8 10.5 0.033
TX 4.4 7.6 10.2 0.027
TX 4.5 11.9 12.8 0.094
TX 4.6 17.1 16.1 0.222
TX 4.7 24.4 16.0 0.530
TX 4.8 40.4 22.0 1.402
TX5.1 15.4 9.8 0.090
TX5.2 10.8 9.7 0.058
TX5.3 12.2 8.8 0.073
TX5.4 14.1 10.3 0.092
TX5.5 8.8 9.6 0.033
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Ma cay DBH cm H m V_m3

TX5.6 9.4 9.1 0.042
TX5.7 6.5 8.0 0.017
TX5.8 6.5 7.5 0.014
TX5.9 5.0 7.9 0.011
TX6.1 26.8 20.5 0.605
TX 6.2 15.0 14.4 0.126
TX6.3 18.3 15.3 0.229
TX6.4 8.7 6.5 0.027
TX 6.5 8.9 6.5 0.022
TX 6.6 8.6 9.5 0.036
TX 6.7 6.8 6.3 0.015
TX6.8 76.0 27.5 4.470
TX7.1 47.8 21.0 2.082
TX7.2 26.8 14.8 0.486
TX7.3 6.8 6.9 0.018
TX 74 10.1 12.5 0.079
TX7.5 7.3 9.4 0.022
TX7.6 114 10.9 0.060
TX7.7 16.5 11.8 0.124
TX7.8 5.9 7.4 0.010
TX7.9 6.4 7.4 0.016
TX7.1 5.8 5.3 0.009
TX7.11 8.9 8.8 0.045
TX7.12 11.5 13.2 0.096
TX7.13 7.0 7.8 0.019
TX7.14 7.5 9.0 0.021
TX-8.1 38.6 22.0 1.420
TX-8.2 28.3 21.0 0.587
TX-8.3 24.4 22.0 0.512
TX-8.4 34.5 19.5 0.968
TX-8.5 16.6 10.2 0.130
TX-8.6 11.6 11.0 0.069
TX-8.7 33.1 19.6 0.896
TX-8.8 24.0 14.6 0.463
TX-8.9 31.6 21.5 0.772
TX-8.10 12.3 13.2 0.094
TX-8.11 7.6 9.4 0.019
TX-8.12 13.0 15.2 0.123
TX-8.13 8.0 9.8 0.034
TX-8.14 15.8 15.3 0.152
TX-8.15 9.3 7.3 0.030
TX-8.16 6.4 9.8 0.019
TX-8.17 9.7 7.7 0.034
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Ma cay DBH cm H m V_m3

TX-9.1 11.0 8.3 0.041
TX-9.2 17.8 15.5 0.192
TX-9.3 13.7 10.0 0.096
TX-94 11.2 11.6 0.067
TX-9.5 10.2 10.2 0.044
TX-9.6 11.3 13.1 0.064
TX-9.7 20.3 10.6 0.166
TX-9.8 10.2 8.9 0.036
TX-9.9 15.5 10.7 0.123
TX-9.10 10.1 12.8 0.054
TX-9.11 8.1 6.0 0.015
TX-9.12 11.6 9.0 0.063
TX-9.13 5.2 4.7 0.005
TX-9.14 8.2 8.3 0.025
TX-9.15 8.3 7.3 0.024
TX-10.1 15.8 12.9 0.173
TX-10.2 7.9 9.9 0.032
TX-10.3 35.1 24.0 1.183
TX-10.4 16.5 20.8 0.385
TX-10.5 18.5 15.6 0.195
TX-10.6 39.8 22.2 1.653
TX-10.7 7.9 10.5 0.033
TX-10.8 7.9 8.4 0.027
TX-10.9 18.4 16.7 0.217
TX-10.10 10.8 10.6 0.057
TX-10.11 9.0 11.5 0.055
TX-10.12 154 19.6 0.205
TX-10.13 30.8 23.6 0.967
TX-10.14 16.9 14.5 0.158
TX-10.15 24.5 25.2 0.641
TX-11.1 18.9 13.1 0.204
TX-11.2 8.1 8.9 0.030
TX-11.3 20.1 13.2 0.218
TX-114 7.0 8.2 0.019
TX-115 16.5 15.0 0.196
TX-11.6 21.7 15.5 0.256
TX-11.7 10.6 10.8 0.071
TX-11.8 22.1 18.0 0.331
TX-119 23.2 18.2 0.458
TX-11.10 5.6 8.8 0.013
TX-11.11 6.4 6.1 0.012
TX-11.12 10.2 9.5 0.068
TX-11.13 19.6 15.0 0.266
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Ma cay DBH cm H m V_m3

TX12.1 18.3 4.3 0.071
TX12.2 19.6 16.5 0.252
TX12.3 36.4 18.5 1.025
TX12.4 10.0 11.6 0.058
TX 125 4.7 5.3 0.007
TX12.6 22.0 214 0.461
TX12.7 32.4 23.9 0.887
TX12.8 5.6 4.5 0.008
TX12.9 15.9 19.2 0.181
TX12.10 17.6 17.2 0.200
TX13.1 9.0 7.8 0.027
TX13.2 7.5 8.7 0.025
TX 13.3 8.3 9.2 0.026
TX13.4 37.4 24.1 1.132
TX 135 26.5 17.5 0.396
TX14.1 9.3 11.2 0.042
TX14.2 6.6 6.5 0.013
TX14.3 9.9 13.9 0.066
TX14.4 10.7 14.1 0.070
TX 145 6.5 115 0.022
TX 14.6 28.7 21.9 0.754
TX 14.7 42.6 19.1 1.159
TX14.8 22.8 13.5 0.370
TX15.1 5.6 5.5 0.009
TX15.2 11.0 12.0 0.065
TX15.3 9.5 9.7 0.041
TX 15.5 34.4 11.3 0.538
TX 15.6 38.7 17.3 1.033
TX-16.1 7.8 12.5 0.040
TX-16.2 235 23.4 0.467
TX-16.3 23.8 26.8 0.646
TX-16.4 14.0 18.7 0.152
TX-16.5 7.7 9.4 0.027
TX-16.6 7.0 7.4 0.018
TX-16.7 25.1 27.0 0.642
TX-17.1 24.8 14.2 0.400
TX-17.2 24.1 12.1 0.275
TX-17.3 8.9 10.3 0.042
TX-17.4 6.5 9.7 0.019
TX-17.5 8.7 11.3 0.039
TX18.1 18.1 12.1 0.188
TX18.2 25.5 16.0 0.468
TX18.3 9.8 7.5 0.040
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Ma cay DBH cm H m V_m3

TX-19.1 14.6 11.3 0.109
TX-19.2 31.1 15.0 0.701
TX-19.3 12.3 7.1 0.052
TX-19.4 33.8 23.0 1.319
TX-19.5 10.0 8.3 0.039
TX-19.6 10.5 8.6 0.044
TX-19.7 7.6 6.3 0.019
TX-19.8 11.2 8.4 0.055
TX-20.1 23.7 13.4 0.299
TX-20.2 18.0 14.6 0.235
TX-20.3 22.5 15.6 0.337
TX-20.4 7.2 8.5 0.024
TX-20.5 5.0 6.3 0.009
TX-20.6 30.5 15.8 0.679
TX-20.8 8.1 13.2 0.043
TX-20.9 6.5 8.1 0.017
TX11TA 7.0 8.5 0.027
TX12TA 17.0 13.9 0.234
TX13TA 36.0 19.5 1.258
TX14TA 26.0 175 0.654
TX15TA 41.0 23.8 2.207
TX16TA 34.0 18.3 1.024
TX21TA 20.0 14.8 0.330
TX22TA 8.5 9.0 0.039
TX23TA 14.0 12.6 0.149
TX24TA 6.5 8.8 0.026
TX3.1TA 17.0 14.8 0.264
TX32TA 26.0 13.5 0.397
TX3.3TA 7.0 7.1 0.019
TX34TA 33.0 27.3 2.131
TX35TA 37.0 21.8 1.619
TX36TA 56.0 24.7 3.637
TX37TA 8.5 10.5 0.053
TX3.8TA 45.0 25.0 2.756
TX41TA 9.8 12.5 0.090
TX42TA 25.4 21.0 0.899
TX43TA 53.5 23.5 3.104
TX44TA 49.0 22.8 2.596
TX45TA 15.2 17.0 0.296
TX4.6 TA 325 23.0 1.502
TX51TA 8.5 12.4 0.073
TX52TA 16.0 13.0 0.190
TX5.3TA 8.0 7.8 0.027
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Ma cay DBH cm H m V_m3

TX54TA 14.0 14.8 0.202
TX6.1TA 9.0 11.6 0.069
TX6.2TA 46.0 25.0 2.841
TX6.3TA 52.5 26.2 3.727
TX6.4TA 23.0 16.5 0.493
TX6.5TA 30.5 24.2 1.517
TX6.6 TA 18.0 16.5 0.352
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Phu luc 17: Dir lidgu dung treng va carbon dit (SOC) cac 6 nghién ciru

S6 hi¢u Pia phuong Loai dat Pa me Khdi Khdi | V dat uot Dung %C | SOC
miu lwgng lwgng (cmd) trong tan/ha
miu dat | kho (g) kho dat
() (g/cm?)

TXIDTB | Quang Truc - Tuy Puc - Pak | Dat d6 chua, rat nghéo ba zo Mic ma axit 500 315.0 | 422.5293 0.746 | 2.03 75.7
Noéng

TX2DTB | Quang Tryc - Tuy Pirc - Dak | Pét giau mun , nau do Bazan 500 320.0 | 385.8025 0.829 | 2.10 86.9
No6ng

TX3DTB | Quang Truc - Tuy Pt - Dak | Dét giau mun , nau do Bazan 500 321.0 | 425.9307 0.754 | 1.22 45.8
Noéng

TX4DTB | Quang Tryc - Tuy Ptic - Dak | Pét do chua, rat nghéo ba zo Mic ma axit 500 322.0 | 392.1261 0821 1.25 51.1
No6ng

TX5D TB Quang Truc - Tuy btic - bak Dit d6 chua, rat nghéo ba zo Mic ma axit 500 325.0 | 419.8153 0.774 1.88 72.6
Noéng

TX6D TB Quang Truc - Tuy btic - bak Dit d6 chua, rat nghéo ba zo Mic ma axit 500 333.0 | 457.6659 0.728 2.15 78.2
No6ng

TX7DTB | Quang Truc - Tuy Puc - Pak | Pat do chua, rat nghéo ba zo Mic ma axit 500 320.0 | 459.1368 0.697 | 3.22 112.2
Nong

TX8DTB | Cty Ln M'Prik - Pak Lak Dat xam c6 tang loang 16 do Phién sét 500 406.3 | 344.5306 1.179 | 3.22 189.7

vang
TX9DTB | Cty Ln M'Prik - Pak Lak Dat xam c6 tang loang 16 do Phién sét 500 410.0 | 291.5170 1.409 | 2.32 163.4
vang

TX 10D TB | Cty Ln Krong Bong - Pak Lik | Pat xam tang mit gidu min Mic ma axit 500 365.0 | 330.2510 1.105 | 1.48 81.6

TX 11D TB | Cty Ln Krong Bong - Pak Lik | Dt xam tang mit gidu min Mic ma axit 500 383.0 | 339.9048 1.127 | 2.16 121.4

TX 12D TB | Cty Ln K'Nat - K'Bang - Gia Dat do chua, rat nghéo ba zo Bazan 500 400.0 | 349.4060 1.145 | 2.29 131.2
Lai

TX13D TB | Cty Ln M'Prik - Dak Lak Dat x4m soi san sau Phién sét 500 404.1 | 358.6801 1.126 |  1.70 95.7

TX14 D TB | Cty Ln M'Prik - Dak Lak Dat xam sdi san sau Phién sét 500 441.2 | 312.3048 1413 | 1.74 123.2

TX 15D Cty Ln M'Prik - Bak Lak Dat x4m soi san sau Phién sét 500 451.3 | 290.3600 1.554 | 1.72 133.8

TB
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S0 hiéu Pia phuong Loai dat Pa me Khéi Khéi | V dat uot Dung %C | SOC
mau lugng lwgng (cmd) trong tan/ha

miu dat | kho (g) kho dat

(9) (g/cm?)
TX 16D TB | Cty Ln Krong Bong - Pak Lak | Pat xdm tang rat mong Mic ma axit 500 357.5 | 300.6615 1.189 1.48 87.9
TX 17D TB | Cty Ln Krong Bong - Pak Lik | Pat xam c6 tang loang 16 do Mic ma axit 500 382.0 | 336.2475 1.136 | 1.48 83.9
vang

TX 18D Cty Ln K'Nat - K'Bang - Gia Dat nau Mic ma axit 500 317.4 | 348.9184 0910 | 2.29 104.3
TB Lai
TX 19D Quéng Truc - Tuy Pic - Dak | Dat giau mun , ndu do Bazan 500 328.1 | 369.8225 0.887 | 2.10 92.9
B Noéng
TX 20D Quang Truc - Tuy Ptc - Pak | Dat do chua, rat nghéo ba zo Mic ma axit 500 315.6 | 371.1952 0850 | 1.88 79.7
B No6ng
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Phu luc 18: Dix liéu SOC véi cac nhan té sinh thai

Maso o P_mm_nam Tkk (0C) pH dat Maso_dame TAGTB tan ha SOC tan _ha

TX1 2418 22.2 6.3 1 1545 75.7
TX2 2418 22.2 6.8 2 69.2 86.9
TX3 2418 22.2 6.5 2 104.0 45.8
TX4 2418 22.2 6.2 1 121.9 51.1
TX5 2418 22.2 6 1 345 72.6
TX6 2418 22.2 6.4 1 336.6 78.2
TX7 2418 22.2 6.8 1 253.1 112.2
TX8 2100 25 6.8 3 360.5 189.7
TX9 2100 25 5.7 3 358.0 163.4
TX10 1750 27 6.3 1 246.6 81.6
TX11 1750 27 4 1 191.1 121.4
TX12 2500 23 6.8 2 208.5 131.2
TX13 2100 25 7 3 66.5 95.7
TX14 2100 25 7 3 302.3 123.2
TX15 2100 25 6.5 3 123.8 133.8
TX16 1750 27 6.2 1 364.4 87.9
TX17 1750 27 6.3 1 194.3 83.9
TX18 2500 23 7.5 1 119.6 104.3
TX19 2418 22.2 6.7 2 263.2 92.9
TX20 2418 22.2 6.7 1 235.7 79.7
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Phu luc 19: Dix liéu sinh khéi va carbon cia tham muc tham twoi, gé chét ¢ cac 1am phan

Maso o Tthai DTC Bhg _tan_ha Bli_ tan_ha Bdw tan_ha Chg_tan_ha Cli_tan_ha Cdw_tan_ha

TX1 A1 0.7 0.29 8.99 0.00 0.10 2.54 0.00
TX2 Al 0.5 0.27 8.76 0.00 0.10 2.45 0.00
TX3 1B 0.7 0.31 7.89 0.00 0.11 2.51 0.00
TX4 1B 0.8 241 8.70 0.00 0.92 2.85 0.00
TX5 A 0.5 1.01 16.61 0.00 0.39 5.92 0.00
TX6 I11A3 0.8 19.12 107.80 0.00 6.65 30.17 0.00
TX7 I1A3 0.8 0.00 0.77 0.42 0.00 0.25 0.23
TX8 11A2 0.8 0.15 0.75 0.14 0.05 0.27 0.07
TX9 A2 0.8 0.00 0.60 0.28 0.00 0.21 0.15
TX10 11A2 0.8 0.40 2.48 6.08 0.17 1.11 3.05
TX11 AL 0.8 0.34 0.88 0.76 0.14 0.31 0.40
TX12 A2 0.5 0.53 0.70 0.19 0.28 0.39 0.10
TX13 1Al 0.7 0.00 1.77 10.09 0.00 0.62 5.30
TX14 I1A3 0.8 0.31 1.02 0.00 0.11 0.36 0.00
TX15 1Al 0.7 0.01 1.05 0.00 0.00 0.37 0.00
TX16 I1A3 0.8 0.33 1.10 0.51 0.12 0.39 0.27
TX17 11B 0.8 0.11 0.54 0.04 0.04 0.19 0.02
TX18 1Al 0.4 0.44 0.45 0.00 0.16 0.16 0.00
TX19 I1A3 0.8 0.55 1.73 1.12 0.20 0.61 0.59
TX20 1B 0.7 2.97 10.72 7.16 1.06 3.78 3.76
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Phu luc 20: Gia tri sinh khéi, carbon va diéu tra Iam phan cia cac & nghién ciru

Maod | XUTM YUTM N/ha BA m2 | M_m3 | TAGTB | TBGTB | TAGTC TBGTC TTB TTC_ tan_ha | TBt ha | TCt_ha
ha ha tan_ha |tan_ha |tan_ha tan_ha tan_ha

TX1 765,440 1,344,734 1180 29 205 155 26 72 11 181 84 190 162
TX2 755,717 1,334,079 610 10 99 69 9 32 4 78 36 87 126
TX3 756,819 1,333,820 1932 19 155 104 14 49 6 118 55 126 103
TX4 762,276 1,337,696 1372 19 179 122 16 57 7 138 64 149 119
TX5 762,009 1,338,083 2200 9 51 34 5 16 2 40 18 58 97
TX6 763,364 1,341,051 1522 43 478 337 43 158 19 380 177 507 292
TX7 755,056 1,353,301 1920 44 346 253 39 119 17 292 135 293 248
TX8 256 041 1402 240 1065 42 538 361 42 169 19 403 188 404 378
TX9 255,915 1,402,011 1054 44 511 358 46 168 21 404 188 405 352
TX10 238,352 1,370,892 935 34 361 247 31 116 14 278 129 287 215
TX11 237,569 1,371,652 983 27 271 191 26 89 11 217 101 219 223
TX12 239,966 1,575,157 1025 34 285 209 32 98 14 240 111 242 243
TX13 258,775 1,390,477 985 11 97 67 9 31 4 76 35 88 137
TX14 259,252 1,390,739 1415 44 425 302 42 142 18 344 160 345 283
TX15 257,884 1,391,237 370 17 166 124 18 58 8 142 66 143 200
TX16 245,912 1,387,143 1485 49 524 364 49 171 22 413 192 415 281
TX17 243,873 1,388,813 3330 39 275 194 30 91 12 224 103 225 187
TX18 237,859 1,565,734 2375 24 172 120 18 56 7 137 63 138 168
TX19 746,239 1,352,425 1335 38 332 263 44 123 20 307 143 310 238
TX20 746,732 1,352,766 1780 38 331 236 34 110 15 269 125 290 213

Al 747,937 1,356,116 1800 48 331 253 44 119 19 297 137

A2 747,895 1,355,662 1530 23 154 117 20 55 9 138 64

A3 747,395 1,354,992 1470 39 293 215 34 101 14 249 115

A4 746,055 1,354,289 1300 92 800 665 120 310 58 784 369
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Maod | XUTM YUTM N/ha BA m2 | M_m3 | TAGTB | TBGTB | TAGTC TBGTC TTB TTC_ tan_ha | TBt ha | TCt_ha
ha ha tan_ha |tan_ha |tan_ha tan_ha tan_ha
A5 745,751 1,354,897 1750 62 523 391 60 183 27 452 210
A6 746,055 1,354,921 910 27 192 146 24 68 11 171 79
A7 761,003 1,342,569 1160 35 269 200 32 94 14 232 107
A8 759,554 1,342,093 1580 53 459 335 50 157 22 385 179
A9 746,975 1,358,447 1360 19 129 94 15 44 6 109 50
Al0 746,960 1,358,965 2420 51 357 258 41 121 17 299 138
All 750,636 1,351,420 1540 35 296 209 30 98 13 239 111
Al3 744,673 1,360,931 1230 64 727 533 71 249 33 604 282
Al4 746,146 1,360,081 890 26 224 159 22 74 10 181 84
Bl 765,117 1,343,514 1030 37 331 235 33 110 14 268 124
B2 759,814 1,336,089 670 26 257 186 25 87 11 211 98
B3 740,277 1,360,296 1640 53 539 390 53 183 24 444 207
B4 756,557 1,351,561 2000 40 340 241 34 113 15 275 127
B5 757,015 1,360,316 1180 27 235 166 24 78 10 190 88
B6 740,956 1,360,379 1280 73 755 545 74 255 33 620 289
B7 754,626 1,351,281 1570 48 460 329 45 154 20 374 174
Cl 746,282 1,352,373 1240 48 491 349 47 163 21 396 184
C2 746,339 1,352,679 1640 47 424 298 42 140 18 340 158
C3 746,784 1,353,278 1460 26 229 158 22 74 9 179 83
C4 746,825 1,353,526 1430 25 222 152 20 71 9 172 80
C5 746,784 1,353,676 1670 30 246 177 26 83 11 204 94
Cé6 747,149 1,352,584 1520 21 166 117 17 55 7 134 62
C7 747,660 1,351,913 2320 59 553 378 50 177 21 428 198
C8 747,034 1,352,232 1930 52 534 362 46 170 20 408 189
C9 746,906 1,352,064 1490 38 390 268 34 126 15 302 140
D4 762,154 1,340,708 1350 21 194 131 17 62 7 148 69
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Maod | XUTM YUTM N/ha BA m2 | M_m3 | TAGTB | TBGTB | TAGTC TBGTC TTB TTC_ tan_ha | TBt ha | TCt_ha
ha ha tan_ha |tan_ha |tan_ha tan_ha tan_ha
D5 762,760 1,339,803 1340 32 301 218 31 102 14 249 116
D6 767,827 1,345,511 1140 23 175 124 18 58 8 142 65
D7 767,754 1,345,127 750 24 220 159 23 74 10 182 84
D8 767,567 1,345,192 940 19 165 116 16 54 7 133 61
D9 767,064 1,344,992 850 32 362 250 32 117 14 282 131
D10 767,044 1,344,881 1270 29 257 178 25 83 10 202 94
1 763,040 1,344,332 1100 36 332 234 32 110 14 267 124
2 762,845 1,344,446 850 32 280 204 31 96 13 235 109
3 762,627 1,344,296 910 48 638 421 47 197 21 468 218
4 761,915 1,343,822 740 36 418 285 35 134 15 320 149
5 763,053 1,343,657 1360 25 280 180 21 84 9 201 93
6 763,564 1,345,620 1590 22 228 151 19 71 8 170 79
7 764,135 1,346,008 740 26 255 181 25 85 11 206 96
8 765,233 1,345,840 1460 34 242 179 29 84 12 208 96
13 762,254 1,345,440 640 13 107 72 10 34 4 82 38
15 765,579 1,344,262 690 31 286 201 28 94 12 229 106
16 764,266 1,343,966 390 28 249 189 29 89 13 219 102
21 761,640 1,344,624 1860 22 193 129 17 60 7 146 67
22 764,209 1,344,158 660 22 225 158 21 74 9 179 83
23 764,964 1,345,072 1300 34 275 198 30 93 13 228 106
24 765,363 1,344,960 1890 25 208 144 20 68 9 164 76
27 764,327 1,342,306 1710 48 463 324 44 152 19 367 170
29 762,182 1,344,268 250 15 179 121 14 57 6 136 63
30 762,171 1,343,096 1080 32 414 282 33 132 15 315 147
32 764,332 1,341,824 1100 42 508 331 38 155 16 369 171
33 763,193 1,343,849 1020 28 305 207 25 97 11 232 108
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Maod | XUTM YUTM N/ha BA m2 | M_m3 | TAGTB | TBGTB | TAGTC TBGTC TTB TTC_ tan_ha | TBt ha | TCt_ha
ha ha tan_ha |tan_ha |tan_ha tan_ha tan_ha
34 763,265 1,343,228 90 23 401 262 27 123 12 289 135
35 763,755 1,343,964 670 20 207 140 17 66 7 157 73
36 762,441 1,343,740 730 30 395 266 30 124 14 296 138
40 762,070 1,343,343 980 49 426 308 45 144 19 353 164
41 763,347 1,343,997 700 22 182 134 21 63 9 155 72
42 763,701 1,345,113 1140 23 214 150 21 70 9 171 79
43 764,265 1,345,012 1330 45 396 284 41 133 18 325 151
44 764,446 1,344,368 1630 37 358 249 33 117 14 282 131
45 763,455 1,343,660 1070 23 222 159 22 75 10 181 84
46 762,337 1,344,180 940 24 221 155 21 73 9 176 82
47 764,669 1,345,012 860 37 409 274 33 129 14 308 143
48 765,086 1,344,859 870 21 174 124 18 58 8 143 66
49 763,809 1,345,900 710 23 187 135 20 63 9 156 72
51 763,601 1,343,734 1260 39 346 242 34 113 14 276 128
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Phu luc 21: Dir liéu téng lweng carbon 1am phan va cac nhan té sinh thai ¢ cac 6 mau nghién ciru

Ma o Xa Huyen Tinh XUTM YUTM Tthai DTC % Vi Do Hphoi Do P Do_am_KK Tkk Ket_cau Ketvon_% Da_noi pH Day_dat Dame Maso Loaidat TTB TTC B TC_t_ha
B tri doc caom mm_nam % dat % dat cm dame tan_ha tan_ha t ha
X1 Quang Tuy bik 765440 1344734 AL 0.7 70 4 7 63 843 2418 83 22.2 1 0 0 6.3 >50 Mic 1 Pit do chua, 181 84 190 162
tam Pirc Néng ma axit rét nghéo ba
z0
X2 bak Tuy bak 755717 1334079 1AL 0.5 15 2 0 0 376 2418 83 222 0 0 6.8 >50 Bazan 2 Dit giau 78 36 87 126
Ngo Puc Néng mun , ndu do
TX3 bik Tuy bik 756819 1333820 1B 0.7 70 4 12 62 520 2418 83 22.2 1 0 0 6.5 >50 Bazan 2 Pat giau 118 55 126 103
Ngo Puc Néng mun , ndu do
TX4 bak Tuy bak 762276 1337696 1B 0.8 70 4 15 270 619 2418 83 222 1 0 0 6.2 >50 Miéc 1 Dﬁt do chua, 138 64 149 119
Ngo bic Néng ma axit rat nghéo ba
70
TX5 bik Tuy bik 762009 1338083 1A 0.5 4 10 340 648 2418 83 22.2 1 0 0 6 >50 Miéc 1 Dﬁt do chua, 40 18 58 97
Ngo birc Néng ma axit rat nghéo ba
70
TX6 Quang Tuy bik 763364 1341051 111A3 0.8 70 4 15 130 574 2418 83 222 1 0 5 6.4 >50 Miéc 1 Dét do chua, 380 177 507 292
Tan bic Néng ma axit rat nghéo ba
z0
X7 Quang Tuy bik 755056 1353301 111A3 0.8 0 5 5 25 860 2418 83 222 1 0 0 6.8 >100 Miéc 1 Dét do chua, 292 135 293 248
Truc Puc Noéng ma axit rat nghéo ba
z0
TX8 Krong Madrak bik 256041 1402240 11A2 0.8 30 4 25 150 584 2100 83 25 1 175 2.5 6.8 >100 Phién 3 Dét xam c6 403 188 404 378
A Lak sét tang loang 15
do vang
X9 Krong Madrak bik 255915 1402011 11A2 0.8 20 4 23 125 642 2100 83 25 1 0 7 57 >50 Phién 3 Dét xam c6 404 188 405 352
A Lak sét tang loang 15
do vang
TX10 Yang Krong bik 238352 1370892 11A2 0.8 20 4 10 210 1068 1750 82 27 1 25 7.5 6.3 >100 Méc 1 Dit xam ting 278 129 287 215
Mao Bong Lak ma axit mat giau
mun
TX11 Yang Krong bik 237569 1371652 AL 0.8 15 4 18 250 1013 1750 82 27 2 0 3.55 4 >50 Miéc 1 Dit xam tang 217 101 219 223
Mao Bong Lak ma axit mit giau
mun
TX12 K Bang Gia 239966 1575157 11A2 0.5 10 2 5 70 675 2500 80 23 1 0 0 6.8 >100 Bazan 2 Dfit do chua, 240 111 242 243
Lai rat nghéo ba
70
TX13 Cu Madrak bik 258775 1390477 AL 0.7 40 4 28 280 403 2100 83 25 2 0 0 7 >50 Phién 3 Dét xam soi 76 35 88 137
San Lak sét san sau
TX14 Cu Madrak bik 259252 1390739 111A3 0.8 15 4 36 300 495 2100 83 25 1 5 7.5 7 >100 Phién 3 Dét xam soi 344 160 345 283
San Lak sét san sau
TX15 Ea Madrak bak 257884 1391237 1AL 0.7 10 4 35 60 440 2100 83 25 1 0 5 6.5 >100 Phién 3 it xam soi 142 66 143 200
Trang Lak sét san sau
TX16 Cu Krong bik 245912 1387143 1IA3 0.8 25 4 22 129 681 1750 82 27 2 0 0 6.2 >100 Mic 1 Dit xim ting 413 192 415 281
Dram Bong Lak ma axit rét mong
TX17 Cu Krong bak 243873 1388813 1B 0.8 40 2 0 0 691 1750 82 27 2 10 0 6.3 >100 Mic 1 Dit xam 6 224 103 225 187
Dram Béng Lk ma axit tang loang 18
do vang
TX18 Loku Kbang Gia 237859 1565734 AL 0.4 0 5 10 50 476 2500 80 23 1 0 53.75 75 >100 Mic 1 Dit nau 137 63 138 168
Lai ma axit
TX19 Quang Tuy bik 746239 1352425 111A3 0.8 30 2 0 0 824 2418 83 222 1 0 0 6.7 >100 Bazan 2 Dit giau 307 143 310 238
Truc Purc Néng mun , ndu do
TX20 Quang Tuy bak 746732 1352766 1B 0.7 30 4 10 10 811 2418 83 22.2 1 75 10 6.7 >100 Mic 1 Dal do chua, 269 125 290 213
Truc birc Néng ma axit rat nghéo ba

z0
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Ma o Xa Huyen Tinh XUTM YUTM Tthai DTC % Vi Do Hphoi Do P Do_am_KK Tkk Ket_cau Ketvon_% Da_noi pH Day_dat Dame Maso Loaidat TTB TTC B TC_t_ha
B tri doc caom mm_nam % dat % dat cm dame tan_ha tan_ha t ha
Al Quang Tuy bak 747937 1356116 1B 0.8 15 4 12 285 842 2418 83 22.2 1 0 0 6.9 >50 Bazan 2 Dat do chua, 297 137
Truc buc Noéng rat ngheo
kiem
A2 Quang Tuy bak 747895 1355662 1B 0.7 5 2 7 70 865 2418 83 22.2 1 0 0 6.8 >50 Bazan 2 Dat do chua, 138 64
Truc buc Noéng rat ngheo
kiem
A3 Quang | Tuy bik 747395 1354992 | IIA2 0.8 10 2 6 90 832 2418 83 222 2 0 0 6.9 >50 Bazan 2 Dat do chua, 249 115
Truc buc Noéng rat ngheo
kiem
A4 Quang Tuy bak 746055 1354289 1AL 0.7 4 28 150 729 2418 83 22.2 3 0 50 6.8 >50 Bazan 2 Dat giau 784 369
Truc buc Néng mun, nau do
A5 Quang Tuy bak 745751 1354897 A2 0.8 10 2 8 120 804 2418 83 22.2 2 0 0 6.4 >50 Bazan 2 Dat giau 452 210
Truc Puc Néng mun, nau do
A6 Quang Tuy bak 746055 1354921 1AL 0.8 5 2 6 180 838 2418 83 222 1 10 0 6.8 >50 Bazan 2 Dat giau 171 79
Truc Puc Néng mun, nau do
A7 Quang | Tuy bik 761003 1342569 | 11IA2 0.6 30 4 13 130 756 2418 83 222 1 0 0 6.9 >50 Bazan 2 Dat do chua, 232 107
Tam buc No6ng rat ngheo
kiem
A8 Quang | Tuy bik 759554 1342093 | 1AL 0.5 30 4 16 60 679 2418 83 222 1 0 0 6.8 >50 Bazan 2 Dat do chua, 385 179
Tam birc Néng rat ngheo
kiem
A9 Quang | Tuy bik 746975 1358447 | 11IA2 0.8 5 4 10 240 820 2418 83 222 1 6.8 >100 Bazan 2 Dat do chua, 109 50
Truc birc Néng rat ngheo
kiem
A10 Quang | Tuy bik 746960 1358965 | I1IA2 0.8 5 4 10 260 789 2418 83 222 1 0 0 6.8 >100 Bazan 2 Dat do chua, 299 138
Truc birc Néng rat ngheo
kiem
All Quang Tuy bak 750636 1351420 1B 0.7 10 4 20 130 865 2418 83 222 2 0 0 6.8 > 100 Bazan 2 Dat do chua, 239 111
Truc birc Néng rat ngheo
kiem
Al13 Quing | Tuy Pak 744673 | 1360931 | IIIA3 0.8 5 4 7 222 625 2418 83 222 2 10 10 6.9 > 50 Bazan 2 Dat giau 604 282
Truc Dirc Néng mun, nau do
Al4 Quang | Tuy bik 746146 1360081 | 11IA2 0.8 4 27 320 776 2418 83 222 3 0 0 6.8 >100 Bazan 2 Dat do chua, 181 84
Truc ol Néng rat ngheo
kiem
B1 Quang Tuy bik 765117 1343514 AL 0.7 20 4 10 170 799 2418 83 22.2 1 0 0 > 100 Bazan 2 Dat do chua, 268 124
Tam birc No6ng rat ngheo
kiem
B2 Quang Tuy bak 759814 1336089 1AL 0.5 50 4 8 305 591 2418 83 22.2 1 0 0 > 100 Bazan 2 Dat giau 211 98
Tam birc No6ng mun, nau do
B3 Quang Tuy bik 740277 1360296 A3 0.8 50 4 7 30 400 2418 83 22.2 2 10 30 6.9 > 50 Bazan 2 Dat giau 444 207
Truc buc Néng mun, nau do
B4 Quang Tuy bak 756557 1351561 1B 0.8 30 3 15 250 831 2418 83 22.2 2 10 3 6.5 >50 Bazan 2 Dat do chua, 275 127
Truc ol Néng rat ngheo
kiem
B5 Quang Tuy biak 757015 1360316 | I11A2 8 15 5 16 330 804 2418 83 22.2 2 20 0 6.9 >50 Bazan 2 Dat do chua, 190 88
Truc bue Néng rat ngheo
kiem
B6 Quang Tuy bik 740956 1360379 | 1IA3 0.8 50 4 25 120 428 2418 83 222 2 7 80 >50 Bazan 2 Dat giau 620 289
Truc buc Néng mun, nau do
B7 Quang Tuy bik 754626 1351281 | 1lIA2 0.8 30 4 12 260 833 2418 83 222 2 7 0 6.7 >50 Bazan 2 Dat do chua, 374 174
Truc birc Néng rat ngheo
kiem
c1 Quang Tuy bik 746282 1352373 | 1IA3 0.8 20 4 10 30 792 2418 83 222 1 0 0 6.8 > 100 Bazan 2 Dat do chua, 396 184
Truc birc Néng rat ngheo
kiem
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Ma o Xa Huyen Tinh XUTM YUTM Tthai DTC % Vi Do Hphoi Do P Do_am_KK Tkk Ket_cau Ketvon_% Da_noi pH Day_dat Dame Maso Loaidat TTB TTC B TC_t_ha
B tri doc caom mm_nam % dat % dat cm dame tan_ha tan_ha t ha
C2 Quang Tuy bak 746339 1352679 A2 0.8 10 4 8 330 817 2418 83 22.2 1 0 0 6.8 > 100 Bazan 2 Dat do chua, 340 158
Truc buc Noéng rat ngheo
kiem
C3 Quang Tuy bak 746784 1353278 1B 0.7 5 4 10 80 853 2418 83 22.2 2 20 0 6.8 > 100 Bazan 2 Dat do chua, 179 83
Truc buc Noéng rat ngheo
kiem
C4 Quang Tuy bik 746825 1353526 1AL 0.7 15 4 5 120 828 2418 83 222 2 10 0 6.6 >100 Bazan 2 Dat do chua, 172 80
Truc buc Noéng rat ngheo
kiem
C5 Quang Tuy bak 746784 1353676 1AL 0.7 10 4 7 85 826 2418 83 22.2 2 10 0 6.7 > 100 Bazan 2 Dat do chua, 204 94
Truc birc Néng rat ngheo
kiem
C6 Quang Tuy bik 747149 1352584 11B 0.6 15 4 7 180 820 2418 83 222 1 0 0 6.8 >100 Bazan 2 Dat do chua, 134 62
Truc Puc Noéng rat ngheo
kiem
c7 Quang Tuy bik 747660 1351913 11A2 0.8 10 4 9 100 812 2418 83 222 1 0 0 6.7 >100 Bazan 2 Dat do chua, 428 198
Truc Puc Noéng rat ngheo
kiem
c8 Quang Tuy bik 747034 1352232 1AL 0.7 5 4 5 170 840 2418 83 222 1 0 0 6.6 >100 Bazan 2 Dat do chua, 408 189
Truc Puc Noéng rat ngheo
kiem
Cc9 Quang Tuy bik 746906 1352064 1AL 0.7 5 4 5 330 840 2418 83 222 1 0 0 6.7 >100 Bazan 2 Dat do chua, 302 140
Truc birc Néng rat ngheo
kiem
D4 bak Tuy bak 762154 1340708 1B 0.8 4 17 315 601 2418 83 222 1 0 0 6 > 100 Bazan 2 Dat do chua, 148 69
Ngo birc Néng rat ngheo
kiem
D5 bak Tuy bak 762760 1339803 1B 0.6 26 4 15 115 680 2418 83 222 1 0 10 6 > 100 Bazan 2 Dat do chua, 249 116
Ngo buc No6ng rat ngheo
kiem
D6 Quang Tuy bak 767827 1345511 1B 0.7 30 4 10 180 858 2418 83 22.2 1 0 0 6.3 > 100 Bazan 2 Dat do chua, 142 65
Tam birc No6ng rat ngheo
kiem
D7 Quang Tuy bak 767754 1345127 1AL 0.6 25 4 10 45 824 2418 83 22.2 1 0 0 6 > 100 Bazan 2 Dat do chua, 182 84
Tam ol Néng rat ngheo
kiem
D8 Quang | Tuy Pak 767567 | 1345192 1B 0.6 40 | 4 9 45 874 2418 83 222 1 0 0 6.2 >100 Bazan 2 Dat do chua, 133 61
Tam ol Néng rat ngheo
kiem
D9 Quang Tuy bik 767064 1344992 A2 0.7 10 4 9 330 804 2418 83 22.2 1 0 0 6.1 > 100 Bazan 2 Dat do chua, 282 131
Tam birc No6ng rat ngheo
kiem
D10 Quang Tuy bik 767044 1344881 11B 0.7 40 4 9 270 817 2418 83 22.2 1 0 0 6.2 > 100 Bazan 2 Dat do chua, 202 94
Tam birc No6ng rat ngheo
kiem
1 Quing | Tuy Pak 763040 | 1344332 | IIIA2 0.7 20 | 4 8 339 766 2418 83 222 1 0 0 6 >100 Bazan 2 Dat do chua, 267 124
Tam ol Néng rat ngheo
kiem
2 Quang Tuy bik 762845 1344446 A2 0.7 50 4 10 50 766 2418 83 222 1 6.3 >70 Bazan 2 Dat do chua, 235 109
Tam birc Néng rat ngheo
kiem
3 Quang Tuy bik 762627 1344296 A2 0.8 20 4 8 190 783 2418 83 22.2 1 0 0 6 > 150 Bazan 2 Dat do chua, 468 218
Tam birc Néng rat ngheo
kiem
4 Quang Tuy bik 761915 1343822 A2 0.8 30 4 16 260 827 2418 83 22.2 2 0 0 6.3 > 100 Bazan 2 Dat do chua, 320 149
Tam birc Néng rat ngheo
kiem
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Ma o Xa Huyen Tinh XUTM YUTM Tthai DTC % Vi Do Hphoi Do P Do_am_KK Tkk Ket_cau Ketvon_% Da_noi pH Day_dat Dame Maso Loaidat TTB TTC B TC_t_ha
B tri doc caom mm_nam % dat % dat cm dame tan_ha tan_ha t ha
5 Quang Tuy bak 763053 1343657 1B 0.6 70 2 0 0 783 2418 83 22.2 1 0 0 > 100 Bazan 2 Dat do chua, 201 93
Tam buc Noéng rat ngheo
kiem
6 Quang Tuy bik 763564 1345620 1AL 0.7 20 4 6 65 754 2418 83 222 1 6.5 >100 Bazan 2 Dat do chua, 170 79
Tam buc Noéng rat ngheo
kiem
7 Quang Tuy bik 764135 1346008 11B 0.5 50 4 12 355 803 2418 83 222 1 6.3 >100 Bazan 2 Dat do chua, 206 96
Tam birc Néng rat ngheo
kiem
8 Quang Tuy bak 765233 1345840 1B 0.7 4 14 858 2418 83 22.2 1 0 0 6.5 > 100 Bazan 2 Dat do chua, 208 96
Tam birc Néng rat ngheo
kiem
13 Quang Tuy bak 762254 1345440 A2 0.5 40 4 26 5 799 2418 83 222 1 0 0 6.5 > 100 Bazan 2 Dat do chua, 82 38
Tam buc No6ng rat ngheo
kiem
15 Quang Tuy bak 765579 1344262 1B 0.6 70 4 8 50 808 2418 83 222 1 0 0 6.5 > 100 Bazan 2 Dat do chua, 229 106
Tam buc No6ng rat ngheo
kiem
16 Quang Tuy bik 764266 1343966 11A2 0.7 20 1 10 55 677 2418 83 222 3 0 50 6.2 >30 Bazan 2 Dat do chua, 219 102
Tam buc No6ng rat ngheo
kiem
21 Quang Tuy bik 761640 1344624 11A2 0.6 30 4 16 30 788 2418 83 222 1 6.4 >100 Bazan 2 Dat do chua, 146 67
Tam birc Néng rat ngheo
kiem
22 Quang Tuy bak 764209 1344158 A2 0.8 30 4 9 240 730 2418 83 22.2 3 0 0 6.4 >50 Bazan 2 Dat do chua, 179 83
Tam buc No6ng rat ngheo
kiem
23 Quang Tuy bak 764964 1345072 A2 0.8 20 4 10 843 2418 83 222 1 6.8 40 Bazan 2 Dat do chua, 228 106
Tam birc Néng rat ngheo
kiem
24 Quang Tuy bak 765363 1344960 111A2 0.8 20 5 70 828 2418 83 222 1 0 0 6.5 >100 Bazan 2 Dat do chua, 164 76
Tam birc No6ng rat ngheo
kiem
27 Quing | Tuy Pak 764327 | 1342306 | IIIA2 0.7 50 | 4 15 320 692 2418 83 222 1 > 100 Bazan 2 Dat do chua, 367 170
Tam birc No6ng rat ngheo
kiem
29 Quang Tuy bik 762182 1344268 11A2 0.6 20 4 25 65 810 2418 83 222 1 6.2 >100 Bazan 2 Dat do chua, 136 63
Tam birc No6ng rat ngheo
kiem
30 Quang Tuy bik 762171 1343096 111A3 0.8 30 2 754 2418 83 222 1 6.3 Bazan 2 Dat do chua, 315 147
Tam ol Néng rat ngheo
kiem
32 Quang Tuy bik 764332 1341824 11A2 0.8 20 4 6 170 742 2418 83 222 1 >100 Bazan 2 Dat do chua, 369 171
Tam ol Néng rat ngheo
kiem
33 Quang Tuy bik 763193 1343849 11A2 0.8 80 4 6 350 777 2418 83 222 1 >100 Bazan 2 Dat do chua, 232 108
Tam ol Néng rat ngheo
kiem
34 Quang Tuy bak 763265 1343228 111A3 0.8 80 4 32 90 723 2418 83 222 1 0 80 >100 Bazan 2 Dat do chua, 289 135
Tam bue Néng rat ngheo
kiem
35 Quang Tuy bik 763755 1343964 1AL 0.3 25 4 25 130 703 2418 83 222 2 0 20 6.5 55 Bazan 2 Dat do chua, 157 73
Tam bue Néng rat ngheo
kiem
36 Quang Tuy bik 762441 1343740 A2 0.8 25 2 0 786 2418 83 22.2 1 0 0 6 > 100 Bazan 2 Dat do chua, 296 138
Tam bue Néng rat ngheo
kiem
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Ma o Xa Huyen Tinh XUTM YUTM Tthai DTC % Vi Do Hphoi Do P Do_am_KK Tkk Ket_cau Ketvon_% Da_noi pH Day_dat Dame Maso Loaidat TTB TTC B TC_t_ha
B tri doc caom mm_nam % dat % dat cm dame tan_ha tan_ha t ha
40 Quang Tuy bak 762070 1343343 111A2 0.7 30 2 10 782 2418 83 222 1 0 0 6.4 Bazan 2 Dat do chua, 353 164
Tam buc Noéng rat ngheo
kiem
41 Quéng Tuy bak 763347 1343997 1B 0.7 40 4 9 15 762 2418 83 222 1 >100 Bazan 2 Dat do chua, 155 72
Tam buc Noéng rat ngheo
kiem
42 Quang Tuy bak 763701 1345113 11A2 0.8 25 4 8 16 741 2418 83 222 3 6.5 20 Bazan 2 Dat do chua, 171 79
Tam birc Néng rat ngheo
kiem
43 Quang Tuy bak 764265 1345012 111A2 0.6 50 3 33 40 771 2418 83 222 2 0 30 6.4 >100 Bazan 2 Dat do chua, 325 151
Tam buc Noéng rat ngheo
kiem
44 Quang Tuy bak 764446 1344368 11A2 0.6 30 4 10 320 771 2418 83 222 1 0 0 6.6 >100 Bazan 2 Dat do chua, 282 131
Tam buc No6ng rat ngheo
kiem
45 Quang Tuy bak 763455 1343660 11A2 0.7 30 4 45 140 754 2418 83 222 2 0 0 6.3 >100 Bazan 2 Dat do chua, 181 84
Tam birc Néng rat ngheo
kiem
46 Quéng Tuy bak 762337 1344180 111A2 0.7 30 2 4 50 832 2418 83 222 1 0 0 6.5 >100 Bazan 2 Dat do chua, 176 82
Tam buc No6ng rat ngheo
kiem
47 Quang Tuy bak 764669 1345012 11A2 0.7 20 4 5 230 825 2418 83 222 1 0 0 6.7 >100 Bazan 2 Dat do chua, 308 143
Tam buc No6ng rat ngheo
kiem
48 Quang Tuy bak 765086 1344859 11A2 0.6 20 4 18 150 826 2418 83 222 1 0 0 7 >100 Bazan 2 Dat do chua, 143 66
Tam buc No6ng rat ngheo
kiem
49 Quang Tuy bak 763809 1345900 11A2 0.7 40 4 18 65 763 2418 83 222 3 0 0 6.5 20 Bazan 2 Dat do chua, 156 72
Tam buc No6ng rat ngheo
kiem
51 Quang Tuy bak 763601 1343734 11A2 0.7 80 4 14 80 732 2418 83 222 1 0 0 >100 Bazan 2 Dat do chua, 276 128
Tam birc No6ng rat ngheo
kiem
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Phu luc 22: Dir liéu tudi cay theo DBH va H

DBHc |H_ | A DBHc |H_ |A- DBHc |H_ |A- DBH_c A- DBHc |H_ |A- DBHc |H_ |A- DBHc |H_ |A-
m m year m m year m m year m Hm|year | m m year | m m year m m year
5.1 7.1 5 8.7 6.5 10 11.2 | 116 14 275 | 154 18 165 | 11.8 24 344 | 11.3 35 35.1 24 52
6.5 7.5 5 6.4 7.4 10 11.6 9 14 5.7 8.7 18 20.3 | 10.6 24 23.7 | 134 35 154 | 19.6 52
5 7.9 5 8 9.8 10 8.2 8.3 14 8.8 | 105 18 176 | 17.2 25 24 | 204 36 265 | 175 53
9.4 9.1 6 10.2 | 10.2 10 5.6 8.8 14 7.6 9.4 18 18.1 | 12.1 25 22.1 18 37 28.7 | 219 54
6.5 8 6 8.3 7.3 10 7 7.4 14 16,5 | 20.8 18 151 | 141 26 305 | 158 37 33.8 23 54
6.5 8.1 6 5.6 55 10 7.6 6.3 14 10.8 | 10.6 18 158 | 12.9 26 56.7 | 229 38 38.6 22 58
8.6 8 7 8.3 7 11 9| 124 15 9.5 9.7 18 15.9 | 19.2 27 324 | 239 38 25.1 27 62
7 9.5 7 8.6 9.5 11 8.6 9.9 15 78| 125 18 16.5 15 28 228 | 135 38 25.5 16 62
6.1 5.5 7 5.8 5.3 11 7.7 9.4 15 11.2 8.4 18 9.3 | 112 28 15 | 144 39 47.8 21 64
154 9.8 7 11 8.3 11 9.9 11 15 126 | 15.3 19 18 | 146 28 26.8 | 14.8 39 55.4 | 26.5 71
7.5 9 7 7.9 | 105 11 8.1 8.9 15 115 | 132 19 225 | 156 28 24 | 146 39 40.4 22 71
5.2 4.7 7 6.4 6.1 11 7 8.2 15 178 | 155 19 184 | 16.7 29 22 | 214 39 30.8 | 236 71
4.7 5.3 7 8.9 6.5 12 10.6 | 10.8 15 10.2 9.5 19 18.9 | 13.1 29 21.7 ] 155 40 345 | 195 73
6.5 | 115 7 6.8 6.9 12 10 | 116 15 7.5 8.7 19 146 | 113 29 9.8 | 16.6 40 426 | 19.1 81
5 6.3 7 11.3 ] 131 12 6.6 6.5 15 10.7 | 141 19 28.3 21 30 9.8 7.5 40 76.0 | 275 106
6.7 3.9 8 10.2 8.9 12 121 | 127 16 11 12 19 24.4 22 30 19.6 | 16.5 41
12.2 8.8 8 6.5 9.7 12 183 | 153 16 9.7 | 10.7 20 16.9 | 145 30 24.4 16 42
8.8 9.6 8 114 | 10.9 13 101 | 125 16 158 | 15.3 20 38.7 | 17.3 30 19.6 15 42
7 7.8 8 11.6 11 13 5.9 7.4 16 185 | 15.6 20 208 | 225 30 17.1 | 16.1 43
101 | 128 8 8.7 | 113 13 15,5 | 10.7 16 9] 115 20 33.1 | 196 31 23.2 | 18.2 44
5.6 4.5 8 10 8.3 13 8.1 6 16 7.9 9.9 21 248 | 14.2 31 27.1 | 18.8 46
8.1 | 13.2 8 10.5 8.6 13 7.9 8.4 16 8.9 | 10.3 21 60.8 22 32 235 | 234 46
13 | 138 9 7.2 8.5 13 7.7 9.4 16 193 | 175 22 18.3 4.3 32 23.8 | 26.8 46
8.2 | 119 9 9.4 8 14 7.3 10 16 11.1 12'2 22 16.6 | 10.2 33 26.8 | 20.5 48
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141 | 103 9 13.1 9.4 14 5.3 6.9 17 8.3 9.2 22 374 | 241 33 39.8 | 22.2 49
6.8 6.3 9 71| 104 14 7.6 | 10.2 17 12.3 7.1 22 20.1 | 13.2 34 245 | 25.2 50
9.3 7.3 9 8.9 8.8 14 7.3 9.4 17 123 | 132 23 14 | 187 34 241 | 121 51
7.2 7.6 10 13 | 15.2 14 13.7 10 17 99 | 139 23 119 | 128 35 311 15 51

10.8 9.7 10 9.7 7.7 14 9 7.8 17 88| 131 24 364 | 185 35 316 | 215 52
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Phu luc 23: Dix liéu 61 & mau s& dung lap quan hé sinh khéi, carbon trén méit dat véi chi sé anh vé tinh SPOT5

Stt X Y S6 higu 6 Trang D) tan Do cao N | BA (m%ha) | M (m%nha) TAGTB | TAGTC
mau thai che (m) (cay/ha) (tan/ha) | (tan/ha)
rung

1 747895 1355662 A2 11B 0.7 865 1530 23.41 154.5 117.2 54.9

2 746055 1354921 A6 1AL 0.8 838 910 26.78 191.8 146.2 68.5

3 746784 1353278 C3 11B 0.7 853 1460 26.21 228.6 157.6 73.9

4 746784 1353676 C5 1Al 0.7 826 1670 30.37 246.3 177.4 83.1

5 767827 1345511 D6 11B 0.7 858 1140 22.70 174.9 123.6 57.9

6 767567 1345192 D8 11B 0.6 874 940 18.99 165.0 116.2 54.5

7 763679 1345601 6 1AL 0.7 754 1590 22.20 228.4 151.2 70.8

8 762259 1345448 13 11A2 0.5 799 640 12.54 107.0 72.3 33.9

9 764266 1343966 16 1H1A2 0.7 677 390 27.86 249.2 189.4 88.6

10 761640 1344624 21 11A2 0.6 788 1860 22.49 193.2 128.8 60.4
11 764209 1344158 22 11A2 0.8 730 660 21.55 225.5 158.1 74.0
12 765474 1345021 24 11A2 0.8 828 1890 24.74 208.1 144.0 67.5
13 763755 1343964 35 1Al 0.3 703 670 19.59 207.4 139.9 65.6
14 763347 1343997 41 1B 0.7 762 700 21.88 182.0 134.3 62.9
15 763701 1345113 42 11A2 0.8 741 1140 23.38 213.9 150.1 70.4
16 763455 1343660 45 11A2 0.7 754 1070 22.85 222.5 1594 74.6
17 762337 1344180 46 11A2 0.7 832 940 23.57 220.9 155.0 72.6
18 765086 1344859 48 11A2 0.6 826 870 21.27 173.6 124.2 58.2
19 763809 1345900 49 11A2 0.7 763 710 22.53 187.4 135.5 63.5
20 747395 1354992 A3 11A2 0.8 832 1470 39.32 292.7 215.0 100.8
21 750636 1351420 All 1B 0.7 865 1540 34.88 295.9 209.2 98.1
22 756557 1351561 B4 1B 0.8 831 2000 39.81 339.7 240.9 112.9
23 762760 1339803 D5 11B 0.6 680 1340 32.26 301.3 218.2 102.1
24 762845 1344446 2 11A2 0.7 766 850 32.15 279.5 204.0 95.6
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Stt X Y So higu 6 Trang D) tan Do cao N | BA (m%ha) | M (m%nha) TAGTB | TAGTC

mau thai che (m) (cay/ha) (tan/ha) | (tan/ha)

rung

25 765579 1344262 15 11B 0.6 808 690 30.55 286.1 201.5 94.4
26 764964 1345072 23 11A2 0.8 843 1300 34.09 275.1 198.2 92.9
27 764446 1344368 44 11A2 0.6 771 1630 37.41 357.8 248.7 116.5
28 763601 1343734 51 1H1A2 0.7 732 1260 39.37 346.0 241.9 113.4
29 746055 1354289 A4 1AL 0.7 729 1300 91.94 800.3 664.7 310.4
30 745751 1354897 A5 11A2 0.8 804 1750 62.01 522.6 391.5 183.3
31 759554 1342093 A8 1Al 0.5 679 1580 52.60 458.9 335.0 156.9
32 754626 1351281 B7 11A2 0.8 833 1570 47.93 460.2 329.1 154.1
33 746282 1352373 Cl I11A3 0.8 792 1240 47.82 491.4 348.9 163.3
34 747660 1351913 C7 11A2 0.8 815 2320 59.00 552.9 378.1 177.3
35 767064 1344992 D9 11A2 0.7 804 850 32.15 362.4 250.3 117.2
36 762627 1344296 3 11A2 0.8 783 910 48.12 637.9 421.3 197.3
37 764213 1342290 27 11A2 0.7 692 1710 48.11 462.7 323.6 151.6
38 762171 1343096 30 111A3 0.8 754 1080 32.47 414.2 281.8 131.9
39 763265 1343228 34 11A2 0.8 723 90 23.28 401.1 262.0 122.6
40 762441 1343740 36 11A2 0.8 786 730 29.97 394.9 265.6 124.3
41 764265 1345012 43 11A2 0.6 771 1330 44,98 396.0 284.0 133.1
42 759814 1336089 B2 1Al 0.5 591 670 25.81 257.3 185.8 87.0
43 746825 1353526 C4 1Al 0.7 828 1430 25.34 221.8 151.8 71.2
44 747149 1352584 C6 11B 0.6 820 1520 20.84 165.7 117.4 55.0
45 762154 1340708 D4 1B 0.8 601 1350 20.61 194.2 131.2 61.5
46 767754 1345127 D7 1AL 0.6 824 750 23.59 220.5 159.0 74.5
47 767044 1344881 D10 11B 0.7 817 1270 29.47 256.9 177.9 83.4
48 764134 1346007 7 1B 0.5 803 740 26.14 255.2 181.1 84.8
49 765233 1345839 8 11B 0.7 858 1460 33.99 242.0 179.3 84.0
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Stt X Y So higu 6 Trang D) tan Do cao N | BA (m%ha) | M (m%nha) TAGTB | TAGTC

mau thai che (m) (cay/ha) (tan/ha) | (tan/ha)

rung

50 762181 1344267 29 1H1A2 0.6 810 250 14.64 179.5 121.4 56.8
51 761003 1342569 A7 11A2 0.7 756 1160 35.29 268.7 200.1 93.8
52 765117 1343514 Bl 1Al 0.7 799 1030 36.85 331.5 234.8 110.0
53 763040 1344332 1 11A2 0.7 766 1100 35.60 331.9 234.3 109.8
54 763355 1343612 33 11A2 0.8 777 1020 27.82 304.9 206.7 96.8
55 746339 1352679 C2 11A2 0.8 817 1640 46.57 423.9 298.0 139.6
56 747034 1352232 C8 1Al 0.7 840 1930 51.93 534.3 362.3 169.8
57 746906 1352064 C9 1Al 0.7 840 1490 37.67 389.8 268.0 1255
58 761915 1343822 4 1H1A2 0.8 827 740 36.27 418.4 285.2 133.6
59 764476 1341907 32 11A3 0.8 742 1100 41.61 507.8 331.0 155.1
60 762070 1343342 40 11A2 0.7 782 980 48.89 426.4 308.4 1445
61 764669 1345012 47 11A2 0.7 825 860 37.11 409.5 274.5 128.6
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Phu luc 24: Dix lieu TAGTB theo phan c4p anh tw déng 3 l6p

So hieu o TAGTB t _haomau TAGTCt haomau Class_Name | Class_Id

A8 335 157 | Class 1 1
41 134 63 | Class 1 1
15 201 94 | Class 1 1
44 249 117 | Class 1 1
D9 250 117 | Class 1 1
43 284 133 | Class 1 1
42 150 70 | Class 1 1
D8 116 54 | Class 1 1
13 72 34 | Class 1 1
6 151 71 | Class 1 1
Ab 146 68 | Class 1 1
27 324 152 | Class 2 2
30 282 132 | Class 2 2
45 159 75 | Class 2 2
16 189 89 | Class 2 2
22 158 74 | Class 2 2
46 155 73 | Class 2 2
2 204 96 | Class 2 2
21 129 60 | Class 2 2
48 124 58 | Class 2 2
24 144 68 | Class 2 2
23 198 93 | Class 2 2
D6 124 58 | Class 2 2
49 135 63 | Class 2 2
B7 329 154 | Class 2 2
All 209 98 | Class 2 2
B4 241 113 | Class 2 2
C1 349 163 | Class 2 2
C5 177 83 | Class 2 2
A2 117 55 | Class 2 2
D5 218 102 | Class 3 3
34 262 123 | Class 3 3
51 242 113 | Class 3 3
36 266 124 | Class 3 3
35 140 66 | Class 3 3
3 421 197 | Class 3 3
C7 378 177 | Class 3 3
Ad 665 310 | Class 3 3
Ab 391 183 | Class 3 3
A3 215 101 | Class 3 3
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Phu luc 25: Dir ligu TAGTB véi cac chi s6 DN caa 4 band anh SPOT

Maso o X Y bl b2 b3 b4 TAGTB TAGTC
t ha t ha

1 763040 | 1344332 79 44 171 75 234.3 109.8
2 762845 | 1344446 77 44 167 75 204.0 95.6
3 762627 | 1344296 79 44 178 74 421.3 197.3
4 761915 | 1343822 78 44 167 74 285.2 133.6
6 763679 | 1345601 80 46 164 71 151.2 70.8
7 764135 | 1346008 80 47 157 69 181.1 84.8
8 765233 | 1345840 80 47 166 73 179.3 84.0
13 762259 | 1345448 78 45 156 71 72.3 33.9
15 765579 | 1344262 80 47 160 73 201.5 94.4
16 764266 | 1343966 79 45 165 73 189.4 88.6
21 761640 | 1344624 81 46 172 77 128.8 60.4
22 764209 | 1344158 84 48 179 82 158.1 74.0
23 764964 | 1345072 81 48 169 73 198.2 92.9
24 765474 | 1345021 84 50 181 83 144.0 67.5
27 764213 | 1342290 81 48 168 82 323.6 151.6
29 762182 | 1344268 80 45 176 74 121.4 56.8
30 762171 | 1343096 82 46 177 75 281.8 131.9
32 764477 | 1341908 81 47 185 82 331.0 155.1
33 763356 | 1343612 81 46 187 82 206.7 96.8
34 763265 | 1343228 82 46 193 80 262.0 122.6
35 763755 | 1343964 86 50 191 87 139.9 65.6
36 762441 | 1343740 82 47 185 81 265.6 124.3
40 762070 | 1343343 82 46 190 82 308.4 144.5
41 763347 | 1343997 81 46 160 70 134.3 62.9
42 763701 | 1345113 78 45 160 72 150.1 70.4
43 764265 | 1345012 77 44 154 67 284.0 133.1
44 764446 | 1344368 79 46 163 71 248.7 116.5
45 763455 | 1343660 80 45 180 76 159.4 74.6
46 762337 | 1344180 81 46 177 77 155.0 72.6
47 764669 | 1345012 77 45 166 70 274.5 128.6
48 765086 | 1344859 79 46 175 76 124.2 58.2
49 763809 | 1345900 83 48 176 76 135.5 63.5
51 763601 | 1343734 83 47 192 84 241.9 113.4
All 750636 | 1351420 76 42 176 79 209.2 98.1
A2 747895 | 1355662 80 46 178 81 117.2 54.9
A3 747395 | 1354992 76 41 200 88 215.0 100.8
A4 746055 | 1354289 83 49 184 89 664.7 310.4
A5 745751 | 1354897 83 45 195 79 391.5 183.3
A6 746055 | 1354921 75 40 173 72 146.2 68.5
A7 761003 | 1342569 78 44 182 76 200.1 93.8

214




Masoo| X % bl b2 b3 pa | TAGTB | TAGTC
t ha t ha
A8 759554 | 1342093 77 | 165 75 335.0 156.9
B1 765117 | 1343514 82 8|  1n 74 234.8 110.0
B2 759814 | 1336089 76 B3| 17 80 185.8 87.0
B4 756557 | 1351561 84 50| 180 78 240.9 112.9
B7 754626 | 1351281 80 45| 175 75 329.1 154.1
c1 746282 | 1352373 73 20| 180 75 348.9 163.3
c2 746339 | 1352679 75 | 192 83 208.0 139.6
c3 746784 | 1353278 78 | 179 77 157.6 73.9
c4 746825 | 1353526 77 3| 19 84 151.8 712
Cs 746784 | 1353676 79 8| 167 90 177.4 83.1
Cé 747149 | 1352584 75 0| 187 80 117.4 5.0
c7 747660 | 1351913 75 20| 186 80 378.1 177.3
c8 747034 | 1352232 77 2| 104 82 362.3 169.8
Co 746906 | 1352064 74 | 191 79 268.0 1255
D10 767044 | 1344881 82 8| 161 70 177.9 83.4
D4 762154 | 1340708 78 45| 161 81 131.2 615
D5 762760 | 1339803 80 4| 198 80 218.2 102.1
D6 767827 | 1345511 86 53] 171 76 123.6 57.9
D7 767754 | 1345127 84 50| 164 72 159.0 745
D8 767567 | 1345192 81 48| 158 70 116.2 545
D9 767064 | 1344992 83 20| 164 70 250.3 117.2
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