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01. IPCC guideline and LULUCF

Importance of NDC and National GHGI (Greenhouse Gas Inventory)

•Paris Agreement has every parties report the
Nationally Determined Contribution (NDC) to
UNFCCC every five years.

•NDC includes the national strategy and plan for
climate change mitigation and adaptation.

• “Land use and Forest management” become
highlighted as one of ways to achieve
mitigation target in NDC because according to
IPCC 6th report, one of the main three carbon
emission drivers was deforestation and forest
degradation.

•Therefore, appropriate “Land use and Forest
management” could contribute to climate
change mitigation.

Nationally Determined Contribution

•National Greenhouse Gas Inventory (GHGI) is
one of methods to estimate national carbon
emissions into five categories.

•LULUCF, one of inventory categories and the
only one including carbon sink, is considered as
key contributions for preventing climate change.

•Under LULUCF, it is essential to identify
individual land use representations such as
Forest land, Cropland, Grassland, Settlements,
Wetland and Other land.

•Land cover classification is one of commonly
used methods to distinguish each land use and
it helps to estimate land-based inventory,
correctly based on land use sectors.

National Greenhouse Gas Inventory



01. IPCC guideline and LULUCF

Estimation of LULUCF using IPCC Guideline

• IPCC Guideline(GL) provides “Methodologies for
estimating anthropogenic emissions by sources
and removals by sinks of greenhouse gases”.

•Therefore, if any country does not have its own
methodologies, IPCC GL could be a good
reference to estimate national GHGI.

•For estimating LULUCF, area of individual land
uses should be clear, and it is related to
‘Approach (level of Activity data)’. Improved
Approach means Land Use and Land-Use
Change spatially explicit.

•The other key factor is levels of methods ‘Tier’.
Higher Tier means country-specific and uses
models to estimate LULULCF.

IPCC Guideline

• It is essential to develop national land use data
for improving level of Approach and Tier.

•Also, national land use data is helpful to
estimate LULUCF itself, establish MRV* system
and design climate change mitigation strategy
under NDC.

*MRV: Monitoring, Reporting, and Verification 



01. IPCC guideline and LULUCF

Major considerations for Estimation: Approach and Tier 

Methodology for National Greenhouse Gas Inventory

Approach - Activity Data

Methodology

Tier – Method and Carbon Emission Factor

Methodology

Equations and default parameter values are 
provided.

Same as Tier 1 but applies country- or region-
specific emission and stock change

Higher order methods are used, including models 
and inventory measurement systems tailored to 
address national circumstances 

Approach 1

Approach 2

Approach 3

Basic <Land-Use> data (Statistical or survey data)

Survey of <Land Use> and <Land-Use Change>

Spatially explicit <Land Use> and <Land-Use 
Change> data

Tier 1

Tier 2

Tier 3

using “Time-series Land Cove map”



02. Research on LULUCF
• Research in Korea University

• Other Developing Countries



02. Research on LULUCF

Research in Korea University

• Construction of land-use change matrix and estimation 
of greenhouse gas inventory focusing on settlements 
in South Korea (Choi et al., 2023)

• Comparing Sampling and Wall-To-Wall Methodologies 
to produce geographically explicit land use data for the 
report on GHG Inventory of the LULUCF Sector in 
South Korea (Park et al., 2018)

National Greenhouse Gas Inventory for the LULUCF 
(Land Use, Land Use Change and Forest)

• Quantifying impacts of National-Scale Afforestation on 
Carbon Budget in South Korea from 1961 to 2014
(Kim et al., 2019)

• Estimation of carbon storage based on individual tree 
detection in Pinus densiflora stands using a fusion of 
aerial photography and LiDAR data in the central South 
Korea (Kim et al., 2010)

Estimation of Forest Carbon Budgets 
(storage and sequestration) in South Korea

Choi et al., 2023 Kim et al., 2019



02. Research on LULUCF

Research in Korea University

• Selecting tree species for use in North Korea’s forest 
restoration (Choi et al., 2016) & Estimation of future 
carbon budget with climate change and reforestation 
scenario in North Korea (Kim et al., 2016)

• Research on forest structure and carbon dynamics in 
Brunei Darussalam (Lee et al., 2017) & Research on 
land cover change in third pole of Asia, Ethiopia, etc.

Evaluation on the Carbon Storage in North Korea 
and Land Cover Change in Other Countries

• Evaluation on forest cooperation feasibility through 
REDD+ strategic system in Vietnam (Hong et al., 2022)

• Analysis and evaluation of A/R CDM projects in India 
for abroad afforestation project (Yoo et al., 2021)

International Forest Cooperation (REDD+)

Kim et al., 2016 Hong et al., 2016



02. Research on LULUCF

Projects in Other Developing Countries

Country Papua New Guinea Guinea-Bissau

Project Second National REDD+ Forest Reference Level (2023) Forest Reference Emission Level (2019)

Activity
Data

• Satellite imagery
- Land use change: Landsat7 & 8
- supplementary: World-View, QuickBird, Ikonos, 
SPOT, Sentinel 2A/2B, Global forest change data 
(Hansen)

• Satellite imagery
- Land use change: Landsat7 & 8
- supplementary: 

Method
• Visual interpretation & Sampling

(0.04 degree & 0.02 degree, total 25,279 points)
• Software & Tools: Collect Earth

• Maximum Likelihood classification algorithm, 
Visual interpretation & 
Random stratified sampling (25m * 25m)

• Software & Tools: ENVI, Collect Earth

Selecting sample points 
using Collect Earth

Land Use Change matrix by forest type (2000 – 2018)

Error Matrix
by Forest Cover Change 
Matrix

364 Plots to construct FREL



03. Current LULUCF in Samoa

• Activity Data, Tier, and Approach of LULUCF of Samoa

• Limitations



03. Current LULUCF in Samoa

Activity Data, Tier, and Approach of LULUCF of Samoa

•FRA could provide various information related with land cover including forest
resources.

1. Forest Resources Assessment (FRA)

•It contains land area in Samoa including forest, other wooded land, and other land.

National ClassPdfdaf

Mangrove Forest

Closed Forest

Medium Dense Forest

Open Forest

Secondary Forest 

Forest Plantation

Scrub

Coconut Plantation etc.



03. Current LULUCF in Samoa

Activity Data, Tier, and Approach of LULUCF of Samoa

•In 2014, Samoa developed the NFI data with Japan International Cooperation System
(JICS).

•It contains the forest survey plots, allometric equation for carbon stock estimation etc.

2. National Forest Inventory (NFI) Tier 1



03. Current LULUCF in Samoa

Activity Data, Tier, and Approach of LULUCF of Samoa

•There is a National Land Cover Map which represents spatial information on land
classes in Samoa including forests, mangroves, and plantations etc.

•It is divided with the criteria having homogeneous characteristics on land surface.

3. National Land Cover Map 2013 Approach 1?



03. Current LULUCF in Samoa

Limitations

•In order to use a land cover map in REDD+, it must be able to reflect the past and
present situations about land in detail. It could be used for monitoring forest area
change.

•In Samoa, spatial data for land cover map do not exist after 2013.

•In addition, NFMS (National Forest Monitoring System) emphasizes consistency with
other statistics and data through TACCC (Transparency, Accuracy, Completeness,
Comparability, and Consistency).

•It is necessary to figure out the consistency for data convergence at the spatial
level.

1. Absence of Spatial data and low consistency



03. Current LULUCF in Samoa

Limitations

•It should be possible to compare land cover by year. For this, technology to produce
land cover map using satellite images or aerial photographs is required.

•Therefore, it is important to secure land use classification technology through
satellite image analysis.

•A monitoring system using remote sensing techniques suitable for national
circumstances is needed.

•So, Datafication of information for system construction is a crucial process.

2. Absence of Technical skills and National systems
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• Available Data: National Data, Global Open Source Data, 
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04. Methods to improve LULUCF in Samoa

Available Data: National Data, Global Open Source Data, and Satellite Imagery

•ESA World cover map 2020 and 2021

•Landsat 8 satellite imagery (from Google earth engine)

•Land Cover Map 2013

1. Available Data



04. Methods to improve LULUCF in Samoa

Available Data: National Data, Global Open Source Data, and Satellite Imagery

•Collecting the existing worldwide land cover data from the ESA

•Rasterizing the former land cover map of SAMOA

•Building an accurate labeling data by combining the aforementioned data

•The land cover map which includes a total of 12 classes

2. Labeling data preprocessing

ESA 
World Cover Map

(2020, 2021) 

SamFRIS Map
(2014)

(Format : JPEG)

Rasterizing to 
GeoTiff using GCP 

Extracting the same 
land cover classes

Land Cover Map 
(Labeling data)

<Research flow to build labeling data>



04. Methods to improve LULUCF in Samoa

Available Data: National Data, Global Open Source Data, and Satellite Imagery

• Insufficient land cover classes
• Limitation of world cover data

• Inaccurate location information
• Limitation of land cover description

ESA World Cover Map

SamFRIS 2014



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

•QGIS provides plugin, Semi-Automatic Classification Plugin, for supervised classification
of remote sensing images.

•The plugin could be used for analyzing remote sensing images by directly drawing
region of interest (ROI).

3. Classification – QGIS



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

3. Classification – QGIS

•There are limitations to classify land covers in Samoa where it has complex land cover
and forest type.

•Therefore, state-of-the-art techniques are needed such as AI and Machine Learning etc.



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

•Landsat 8 has 6 spectral bands and 2 types of filter on each band are applied for this
study

•A total of 18 spectral bands and DEM were used as a feature data

4. Classification – ML

Land Cover Map 
(Labeling data)

Landsat 8
(2013)

Digital 
Elevation Model

(DEM)

Feature Data

Random Point 
Sampling

(n = 1,637,324)

<QGIS>

True Color(R, G, B) False Color1 (NIR, R, G) False Color2 (SWIR, NIR, R)

Low-pass Filter High-pass FilterDEM



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

•The whole analysis is processed in QGIS and Python

•Python provides various ML algorithms and Random Forest classifier is applied in this
study

4. Classification – ML

Land Cover Map 
(Labeling data)

Landsat 8
(2013)

Data 
Preprocessing
(in Python)

Digital 
Elevation Model

(DEM)

Feature Data

Training Classification 
Algirothms

(Random Forest)

Training/Testing Split

Model Selection

Hyper-Parameter 
Tuning

Performance 
Evaluation

Random Point 
Sampling

(n = 1,637,324)

Time-series
Land Cover Map

Landsat 8
(2018, 2023)

Landsat 8
(2018, 2023)

<QGIS> <Python>



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

•Random Forest algorithms show about 0.65 values on all performance indicator

•This results are triggered by imbalance classes ratio of labeling data

4. Classification – ML

Accuracy AUC Recall Precision F1 Kappa

Mean 0.6658 0.9277 0.6658 0.6649 0.6634 0.6126

Std 0.0013 0.0003 0.0013 0.0014 0.0014 0.0015



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

4. Classification – ML

<Labeling data> <Land Cover Map 2013>



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

4. Classification – ML

<Land Cover Map 2018> <Land Cover Map 2023>



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

4. Classification – ML



Available Methods: GIS tool and AI

04. Methods to improve LULUCF in Samoa

4. Classification – ML

2013 2018 2023

Land Cover Classes Area(ha) Ratio Var vs last 5 yrs Area(ha) Ratio Var vs last 5 yrs Area(ha) Ratio Var vs last 5 yrs

1 Medium Forest 68248.8 0.23 - 69135.84 0.24 ↑ 58024.71 0.20 ↓

2 Open Forest 52897.14 0.18 - 48745.8 0.17 ↓ 56837.43 0.19 ↑

3 Secondary Forest 40964.67 0.14 - 51804.09 0.18 ↑ 52975.26 0.18 ↑

4 Forest Plantation 6322.32 0.02 - 5375.43 0.02 ↓ 7981.65 0.03 ↑

5 Coconut Plantation 48503.07 0.17 - 52835.85 0.18 ↑ 54478.89 0.19 ↑

6 Mixed Crop 23316.66 0.08 - 15081.57 0.05 ↓ 13510.17 0.05 ↓

7 Built up Area 11825.64 0.04 - 13818.06 0.05 ↑ 13481.64 0.05 ↓

8 Scrub / Grassland 35829.81 0.12 - 31729.59 0.11 ↓ 30904.56 0.11 ↓

9 Permanent water bodies 846.54 0.00 - 922.23 0.00 ↑ 953.46 0.00 ↑

10 Herbaceous wetland 28.17 0.00 - 2.88 0.00 ↓ 1.53 0.00 ↓

11 Mangroves 315.81 0.00 - 255.87 0.00 ↓ 331.11 0.00 ↑

12 Barren land 3326.31 0.01 - 2717.73 0.01 ↓ 2985.3 0.01 ↑

Total 292424.9 1 292424.9 1 292465.7 1

<Land Cover Change Matrix Table>
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• International Cooperation: REDD+ 



05. Suggestion for LULUCF of Samoa

Suggestion 1: National DB and management system for LULUCF 

•Sampling is a method based on statistical sampling
to estimate greenhouse gas emissions and
sequestration in the LULUCF sector.

• It involves collecting and analyzing data only from
selected areas, rather than including all regions or
land-use categories. This helps reduce the time and
cost involved in creating the inventory.

1. Sampling

•An approach to construct an inventory that
includes all regions or land use categories.

• It involves analyzing all land within the target
area to accurately estimate greenhouse gas
emissions and sequestration.

2. Wall-to-Wall 

Collect Earth Point Sampling and Wall-to-Wall Mapping Method 
(Source: PNGFA)

Methodologies for Monitoring LUC



05. Suggestion for LULUCF of Samoa

Suggestion 1: National DB and management system for LULUCF 

•The IPCC refers to three general tiers for
estimating emissions/removals of GHGs based
on data availability and classification criteria

•Appropriate data collection and analysis are
essential for methods to estimate greenhouse
gas emissions and sequestration effectively

✓ Wall-to-Wall method requires detailed and
comprehensive data to analyze all land within
the target area

✓ Sampling method focuses on selected sample
areas, making specific data for those samples
crucial

•Therefore, it is important to collect and produce
suitable data for the analysis, and they need to
be managed under the National Database
system.

The example of available Data for LULUCF matrix and Forest CO2  storage estimation analysis  
(Source: Park et al. 2018)

National Database for Monitoring LUC



05. Suggestion for LULUCF of Samoa

Suggestion 2: International Cooperation: REDD+ 

• REDD+ is a voluntary climate change mitigation approach aims to provide incentives to developing countries to reduce emissions
from deforestation and forest degradation, conserve forest carbon stocks, sustainably manage forests and enhance forest carbon
stocks

• To support the implementation of REDD+ and capacity building for practitioners in Samoa, we will provide a manual that
offers instructions for land use classification and forest carbon estimation

Implementation of REDD+ in Samoa
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