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Forests are the "lungs" of the Earth, determining the quality of breath for
humans and all living beings! Tropical rainforests are vital carbon sinks, absorbing
CO2, contributing to reducing CO2 concentration, and mitigating global warming. A
wide range of forest restoration, protection, and sustainable development solutions are
of particular interest to many nations because the area and volume of natural forests
worldwide are increasingly shrinking due to the conversion of natural forests into
Industrial plantations, replacement of natural forest areas with industrial agricultural
land, forest fires, natural disasters, droughts, floods, and forest overexploitation
caused by humans.

To be fully aware of economic, livelihood, environmental, and biodiversity
values of natural forests, the application of technology in monitoring, inventorying,
predicting, and calculating timber volume, carbon stock, and CO2 absorption capacity
of natural forests is a extremely crucial method in the current context for farmers iIn
particular, and emitting corporations and state management agencies in general.



SECTION A- MAPPING AND DATABASE
DEVELOPMENT



Technical process for mapping and database development

Collecting documents and data regarding boundary records, and

S regional planning information
Interpreting forest status and boundaries through remote sensing
Step 2 |technology, aerial and satellite image analysis combined with GIS
system
Conducting field survey: Boundary measurement, location, status
Step 3 . S
and management identification
Office processing: Creating a current status map, updating
Step4 | management data fields in the GIS system; preparing an explanatory
report
Step 5 | Printing output
Step 6 Signed acknowledgement by stakeholders (neighboring management

entities and local authority)

Step 7

Records storage




1. Legal basis:

- Laws and regulations related to land and forestry of each country.

2. Collecting documents and data:

- Collecting data on existing boundaries within the survey area (management
entity’s boundaries and other boundary types).

- Collecting data on forestry planning, and local land use planning and plans for the
survey area.

- Collecting data including aerial and satellite image.

3. Preparation:

- Printing documents for field survey

- Allocating manpower, and preparing equipment and tools

- Working with stakeholders and preparing action plans



4. Processing data, interpreting forest current status and boundaries through
remote sensing technology, aerial and satellite image analysis combined with
GIS system.

- Based on the survey area boundaries, use aerial and satellite image to interpret the

current status, identify boundaries, and process data using professional GIS software.
 Applicable software:

+ Mapinfo:

pitney bowes f@@n Version 15.0

MapInfo Pro”

Pitney Bowes and the Corporate logo and Maplnfo are trademarks of Pitney Bowes Inc. or a subsidiary. All
other trademarks are the property of their respective owners.
©2014-2015 Pitney Bowes Inc. All rights reserved.




+ Qgis: ~ " long term release

QGIS 316

Hannover

+ArchS: AI’CGISC ArcMap"”




 Other utility software:
+ Microstation with VietmapXM:

&

Protected by US and internationa! copynght laws as describad in "Help About”

Copynght {c) 2012, Bentley Systems, Inc.

AUTODESK"
AUTOCAD'

+ AutoCAD: r——

- #\ AUTODESK



- A processed output displays the total area boundaries and color-coded forest
land plot status in the GIS system.




- GIS data structure displays information including geographic location,

coordinates, area, condition, planning status, and other information.
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5. Conducting field survey:

- Use coordinate measurement devices to relocate, remeasure boundaries, and re-
determine the actual current status. Measurement devices that can be used include:

* Dual-frequency GPS unit utilizing a Base Station, a CORS station of the

Department of Surveying and Mapping, or a private CORS station
(positional accuracy of £2 cm)
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Dual-frequency GPS unit structure

<eai-1me-ninemauc
Apsitional Accuracy +/- 2 cm or 50

' Same Satellite Constellation
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 Electronic theodolite (positional accuracy of £0.2 mm)




« Handheld GPS unit (positional accuracy of £2 m) is preferred for forestry
surveys due to its mobility and negligible positional error within the acceptable
tolerance.
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- The required coordinate system applied in the area of Ha Tinh province is the
national Projection VN2000, with a central meridian of 105°30' and a projection
zone of 3°.

No Coordinate X(m) Coordinate (m)
1 469873 2037572
2 470216 2037541
B8 470516 2037188
4 470588 2036509
5 470535 2036366
6 470703 2035931
7 470776 2035937
8 470873 2035804
9 470793 2035554
10 470129 2035287
11 470094 2035282
12 469973 2035302
13 469918 2035462
14 469615 2035742
15 469448 2035989
16 469141 2036522
17 468935 2036634
18 468718 2036589
19 468685 2036744
20 468599 2036891
21 468593 2037091
22 468835 2037469
23 469143 2037472
24 469282 2037525
25 469655 2037579

- Coordinate with neighboring management entities to reidentify and remeasure the
boundary demarcation line



6. Office processing:

a. Creating a current status map:

- Use the measurement data collected from the field to create a current status map
which will be then edited by applying professional GIS software mentioned above.

BAN PO PIEU TRA, PANH GIA HIEN TRANG RUNG PHUC VU CONG TAC KIEM KE RUNG
CUA TRUNG TAM NGHIEN CUU SINH THAI NHAN VAN VUNG CAO
Dia dié¢m: Tiéu khu 68, 70 - xa Son Kim 1 va Ti¢u khu 72 - xd Son Kim 2, huyén Huong Son, tinh Ha Tinh

TY LE 1: 5000




b. Developing GIS database :
- Updating and supplementing information such as management entity-related
Information and other information based on the edited map data and the actual field

survey data.

é Tinh Huyen Xa TK Khoanh Lo DTich LDLR Mgo Mtn MalLR3 QH3LR Churung Locu LDLRcu LDLRtheoTT33

g Huyén Hong Son Xa SonKim 1 70 2 6  0.14 TXB 0 NQH  Trungtam sinh thai nhan van viing cao TXB

- Tinh Ha Tinh Huyén Hong Son Xa SonKim 1 70 2 5 0.72 DTK 0 NQH Trung tdm sinh théi nhan van ving cao DT1
Tinh Ha Tinh Huyén Hong Son Xa SanKim 1 70 2a 1 0.22 DTK 0 NQH Trung tam sinh thai nhan van ving cao DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 2 3.72 TXB 0 NQH Trung tam sinh thai nhan van ving cao TXB
Tinh Ha Tinh Huyén Hong Son X& SonKim1 70 3 10 3.00 DTK 0 NQH Trung tdm sinh théi nhan van ving cao DT1
Tinh Ha Tinh Huyén Hong Son X&SonKim 2 72 3a B 0.79 TXB 1 PH Trung tdm sinh théi nhan van ving cao 4 txb TXB
Tinh Ha Tinh Huyén Hong Son X& SonKim 1 70 2 12 1.49 TXB 1 PH Trung tdm sinh thai nhan van vingcao 7 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa Son Kim 2 72 3a 8 0.07 TXB 1 PH Trung tdm sinh thai nhan van vingcao 6 txg TXB
Tinh Ha Tinh Huyén Hong Son Xa Son Kim 1 70 2 11 1.58 TXB 1 PH Trung tdm sinh thai nhan van ving cao 6 txb TXB
Tinh Ha Tinh Huyén Hong Son  X& Son Kim 2 72 4 0.29 TXB 1 PH Trung tdm sinh théi nhan van ving cao 2 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 3a 7 0.22 TXB 1 PH Trung tdm sinh théi nhan van vingcao 5 txg TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 1 1.12 TXB 3 SX Trung tdm sinh théi nhan van ving cao 1 dt1 TXB
Tinh Ha Tinh Huyén Hong Son X& SonKim1 70 3 4 0.11 DTK 3 SX Trung tdm sinh théi nhan van ving cao 1 dt1 DT1
Tinh Ha Tinh Huyén Hong Son X& SonKim1 70 2 15 049 TXB 1 PH Trung tdm sinh théi nhan van vingcao 9 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa Son Kim 1 70 2 3 0.16 TXB 1 PH Trung tdm sinh thai nhan van ving cao 2 dt1 TXB
Tinh Ha Tinh Huyén Hong Son Xa Son Kim 1 70 2 2 045 DTK 1 PH Trung tdm sinh thai nhan van ving cao 2 dt1 DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim 1 70 2 1 0.03 DTK 1 PH Trung tdm sinh théi nhan van ving cao 1 dt1 DT1
Tinh Ha Tinh Huyén Hong Son Xa SanKim2 72 2 6 2.16 TXB 1 PH Trung tam sinh théi nhan van ving cao 4 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim 1 70 5 10 0.56 TXB 1 PH Trung tdm sinh théi nhan van ving cao 4 txn TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 26 244 TXB 3 SX Trung tdm sinh théi nhan van ving cao 1 txb TXB
Tinh Ha Tinh Huyén Hong Son X&SonKim 2 72 3a 9 1.70 TXB 1 PH Trung tdm sinh théi nhan van vingcao 7 txb TXB
Tinh Ha Tinh Huyén Hong Son X&SonKim1 70 3 12 0.95 DTK 3 SX Trung tdm sinh thai nhan van ving cao 4 txn DT1
Tinh Ha Tinh Huyén Hong Son Xa Son Kim 1 70 3 13 0.13 DTK 3 SX Trung tdm sinh thai nhan van ving cao 4 txn MN
Tinh Ha Tinh Huyén Hong Son Xa Son Kim 2 72 3a 2 2.93 TXB 1 PH Trung tdm sinh théi nhan van ving cao 1 txn TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 3a 1 0.01 DTK 1 PH Trung tdm sinh théi nhan van ving cao 1 txn MN



/. Preparing an explanatory report

8. Printing output:

- Printing the map, explanatory report and other paper data.
9. Signed acknowledgement by stakeholders:

- Acknowledgement signed by neighboring management entities (to avoid further
conflicts)

- Acknowledgement signed by local authority to serve as a legal basis.
10. Records storage



SECTION B - FOREST SURVEY




Technical process for forest survey

Interpreting forest classification status through remote sensing

Step1 |technology, aerial and satellite image analysis combined with GIS
system
Step 2 | Standard plot design and layout
Conducting forest field survey: Redetermining forest classification
Step 3 :
status boundaries, standard plot survey
Office processing: Editing the forest classification status map;
Step 4 | calculating timber volume, carbon stock, and converting the CO2

absorbed by the forest area; preparing an explanatory report.




1. Interpreting forest classification status through remote sensing technology, aerial
and satellite image analysis combined with GIS:

- Based on the measured and edited boundaries of the forested areas, aerial and satellite
Images are used to interpret the current forest classification status, demarcate the
classification boundaries, and process data using GIS software.

- Processed output displays
color-coded forest categories with

status labeling including timber

forests, bamboo forest, mixed forests, etc.




. Standard plot design and layout :

Based on the interpreted data, calculate the area extraction ratio and the number
of standard plots to be surveyed to ensure compliance with the regulations on
forest survey, inventory, and monitoring of forest changes Iin each country.
According to the Vietnam's regulations, the area extraction ratio for the standard
plot survey is as follows:

Use standard plots with an area of 1,000 m2 for natural forests with an area
greater than 2,000 ha.

Use standard plots with an area between 500 m2 and 1,000 m2 for natural forests
with an area less than 2,000 ha; the area extraction ratio for the survey Is
between 0.01% and 0.1%.

Use standard plots (classified by tree species, age class) with an area between
100 m2 to 500 m2 for planted forests; the area extraction ratio for the survey Is
between 0.01% and 0.05%.

In case the standard plot area to be surveyed is smaller than the prescribed area,
then take the minimum as the prescribed standard plot area.



- Standard plot design and layout: It is necessary to research and take into
account the following factors to ensure a perfect combination of practical scientific
application and traditional cultural values, providing a comprehensive view of the
ecosystem, and facilitating practical application and community acceptance.

« Standard plot determination by direction of Sun, Water and Wind

e Standard plot determination by spiritual functions, religion belief and religious
practices

» Standard plot determination by elevation and topographic features
« Standard plot determination by timber volume

« Standard plot determination by diameter class

« Standard plot determination by species diversity



- Calculation of area and number of sample plots to be established (select 500m2
standard plots):

Table of parameters and indicators for standard plot establishment at CHESH

Area for Number of REIEIEIEE
Area for standard plot  Total standard

Forest Forest plot Extraction plot establishment standard plot  standard (500m?)  plots to be

; ; 2
status area (ha) ratio (ha) establishment plots (5_00m ) for established
(m2) required
assessment
TXG 2.75 0.1% 0,.003 28.0 1 1 2
TXB 114.32 0.1% 0.114 1,143.0 3 1 4
TXN 196.63 0.1% 0.197 1,966.0 4 1 5

TOTAL 313.7 0.1% 0.314 3,137.0 8 3 11



- Result of standard plot calculation and location distribution (500m2 standard
plot):

Standard plot
location
> Standard plot
number




3. Forest field survey:

- Re-determine the current forest classification status boundaries. In cases where the
classification boundaries differ from the interpreted boundaries, use positioning
devices to remeasure.

- Based on the calculated number of standard plots to be established and the
coordinate positions of the designed standard plots, use positioning devices to Input
the coordinates and locate the standard plot to be established. (In complex terrain, the
on-site standard plot position may be adjusted from the original design, but the
relocation must be within 50 meters).

- Upon reaching the designated standard plot, pinpoint the coordinates of its center
and four corners. Use a tape measure to accurately adjust and level the plot's length
and width. (Rectangular standard plots measuring 25 x 20 meters are preferred).

* Content of standard plot survey and data collection :

 Determine the name of tree species

 Determine the tree quality (good, medium, bad)

« Measure the clear bole height

» Measure the tree diameter at breast height of 1.3m



Standard plot survey and data collection form
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Standard plot survey form of CHESH
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4. Office processing:

a. Updating data on forest classification status:

- Based on the measurement data collected from the field, the current forest
classification status is edited onto a map, and the forest status classification data is
updated. GIS software is utilized for data processing.

é Tinh Huyen Xa TK Khoanh Lo DTich LDLR Mgo Mtn MalLR3 QH3LR Churung Locu LDLRcu LDLRtheoTT33

g Huyén Hong Son Xa SonKim 1 70 2 6  0.14 TXB 0 NQH  Trungtam sinh thai nhan van viing cao TXB

- Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 2 5 0.72 DTK 0 NQH Trung tam sinh thai nhan van ving cao DT1
Tinh Ha Tinh Huyén Hong Son X& SonKim1 70 2a 1 0.22 DTK 0 NQH Trung tdm sinh thai nhan v&n ving cao DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 2 3.72 TXB 0 NQH Trung tam sinh thai nhan van ving cao TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 10 3.00 DTK 0 NQH Trung tam sinh thai nhan van viung cao DT1
Tinh Ha Tinh Huyén Hong Son X3 SonKim 2 72 3a 6 0.79 TXB 1 PH Trung tdm sinh thai nhan van ving cao 4 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 2 12 1.49 TXB 1 PH Trung tam sinh thai nhan van viingcao 7 txb TXB
Tinh Ha Tinh Huyén Hong Son X& SonKim2 72 3a 8 0.07 TXB 1 PH Trung tdm sinh thai nhan van ving cao 6 txg TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 2 11 1.58 TXB 1 PH Trung tam sinh thai nhan vén ving cao 6 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 2 4 0.29 TXB 1 PH Trung tam sinh thai nhan van ving cao 2 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 3a 7 0.22 TXB 1 PH Trung tam sinh thai nhan van vingcao 5 txg TXB
Tinh Ha Tnh Huyén Hong Son Xa SonKim 1 70 3 1 1.12 TXB 3 X Trung tdm sinh thai nhan van ving cao 1 dt1 TXB
Tinh Ha Tinh Huyén Hong Son X& SonKim1 70 3 4 0.11 DTK ) SX Trung tdm sinh thai nhan van viing cao 1 dt1 DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 2 15 0.49 TXB 1 PH Trung tam sinh thai nhan van vingcao 9 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 2 2 0.16 TXB 1 PH Trung tam sinh thai nhan vén ving cao 2 dt1 TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 2 2 0.45 DTK 1 PH Trung tam sinh thai nhan van ving cao 2 di1 DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim 1 70 2 1 0.03 DTK 1 PH Trung tam sinh thai nhan van ving cao 1 dt1 DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 2 6 2.16 TXB 1 PH Trung tam sinh thai nhan van ving cao 4 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 5 10 0.56 TXB 1 PH Trung tam sinh thai nhan vén ving cao 4 txn TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 26 244 TXB 3 SX Trung tam sinh thai nhan van ving cao 1 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 3a 9 1.70 TXB 1 PH Trung tam sinh thai nhan van ving cao 7 txb TXB
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 12 0.95 DTK 3 55X Trung tam sinh thai nhan van ving cao 4 txn DT1
Tinh Ha Tinh Huyén Hong Son Xa SonKim1 70 3 13 0.13 DTK 3 SX Trung tdm sinh thai nhan van ving cao 4 txn MN
Tinh Ha Tinh Huyén Hong Son Xa SonKim 2 72 3a 2 2.93 TXB 1 PH Trung tam sinh thai nhan van viing cao 1 txn TXB
Tinh Ha Tinh Huyén Hong Son X& SonKim 2 72 3a 1 0.01 DTK 1 PH Trung tam sinh thai nhan van viing cao 1 txn MN



b. Calculating timber volume :
- Based on the measurement data collected in the standard plots, the timber volume is
calculated using the formula: M = G x Hvn x F1.3

Where:

M: Timber volume of each tree (m3)

G: Cross-sectional area of the tree measured at 1.3 meters height (m2)

Hvn: Clear bole height (m)

F1.3: Form factor (F1.3 = 0.45 for natural forests and 0.50 for planted forests)

G Is calculated using the formula: G = (m x D2) /4 (m2) or G = 0.785 x D2

D: Tree trunk diameter, measured in (cm), must be converted to (m)

n. Constant = 3.14
- Once the timber volume in the sample plots is obtained, it is converted to a per-
hectare basis. Based on the timber volume per hectare, detailed status classifications
are applied to different forest status categories (rich forest, medium forest, poor
forest, etc.). The specific application methods vary depending on the regulations of
each country.
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Local name of trees

Sung nudc
Nang cui
Téau
Ngat
D¢
Chay
Sp
Sp
Chay
Truong nudce
De vang
Chua luy
Tau
Cheo
Truong
Tram
Tau
De gung
Vang danh
Nho ndi
Ngat
Chua khet

D1.3 (cm)

28,5
8,5
8,5
11,5

14,0
7,5
8,5
7,0

13,0

15,5

28,5

31,0

80,0

16,0
6,0
7,0

15,0

27,0
8,0

18,5

16,0

31,5

Hvn (m)

18
10
7
11
10
6
6
7
11
8
12
17
18
12
6
8
13
11
7
12
13
16

Quality

QO O T O T H T T O HLQH T DT T o oL 9 00O o

G of each
tree (m?)
0,06
0,01
0,01
0,01
0,02
0,00
0,01
0,00
0,01
0,02
0,06
0,08
0,50
0,02
0,00
0,00
0,02
0,06
0,01
0,03
0,02
0,08

Timber volume/ha
94,36 m®/ha

(Poor timber
forest)



c. Calculating carbon stock in biomass:

Bao Huy formula
C_AGB=Exp(-3,40031-0,819475xL.n(DBH)+0,787115xL.n(HXxDBH?)+ 0,673237xLn(WDxDBH?))

Where:
« C_AGB is the carbon stock in the above-ground biomass for each tree (kg/tree)
* DBH is the diameter at breast height of 1.3m (cm)
* H Is the clear bole height (m)
* WD is the wood density of the tree species. In this calculation, WD = 0.55 taken as the average
wood density of tree species in Southeast Asia.

- Calculating carbon stock in the below-ground biomass (C_BGB) using the following formula:
C _BGB=C_AGBxR
Where:
« C_BGB is the carbon stock in the below-ground biomass (ton)
* R the ratio of the above-ground biomass and below-ground biomass (R=0,20 when C_AGB/ha
< 58.75 t/ha, and R=0.24 when C_AGB/ha > 58.75 t/ha)

- Calculating total carbon stock in total biomass using the following formula:
C total=C_AGB+C BGB

Where:
e C _total is the total carbon stock in the total biomass (above and below-ground biomass) (t)




d. Calculating CO2-e absorbed by forest trees:
CO24=CiotaXCF

Where:
e CO2,, Is the CO2 equivalent captured by forest trees (tons of CO2-¢)
e C,.., IS the total carbon stock in the total biomass (above and below-ground biomass) (t)
e CF is the conversion rate from C to CO2 (CF=3.67)

5. Preparing a explanatory report
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