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1. Introduction
The Federal Republic of Nigeria welcomes the invitation to submit a Forest Reference Emission Levels
(FREL) on a voluntary basis as expressed in Decision 12/CP.17, paragraph 13. This FREL submission is in
the context of results-based payments for the implementation of reducing emissions from deforestation
and forest degradation, and the role of conservation, sustainable management of forests and
enhancement of forest carbon stocks (REDD+) under the United Nations Framework Convention on
Climate Change (UNFCCC).

The government has followed the guidance provided by the UNFCCC through the decisions taken at the
Conference of the Parties (CP), notably the modalities for forest reference emission levels and forest
reference levels in Decision 12/CP.17 and the guidelines for submission of information on reference levels
in the Annex of Decision 12/CP.17. This submission does not prejudge or modify any of Nigeria’s Nationally
Determined Contributions (NDCs) or Nationally Appropriate Mitigation Actions (NAMAs) pursuant to the
Bali Action Plan.
The Government intends to take a step-wise approach to its national FREL development as stated in
Decision 12/CP.17, paragraph 10. As such, the current FRL reflects the best available information at the
time of submission at sub-national level. The scope and methodologies applied can be modified whenever
improved data becomes available. The historical period considered, and/or the construction approach
could also be revised.

2. FREL development process
The construction of the FREL was initiated during a workshop under the auspices and coordination of the
Federal Ministry of Environment’s Federal Department of Forestry from 24th to 26th May 2016, with
support from the FAO-UN REDD Programme. The process was chaired by the National Secretariat of
REDD+ hosted within the Federal Department of Forestry. Stakeholders drawn from various ministerial
departments, universities and research institutions, NGOs, and CSOs from States and Federal Government
participated in the workshop. Details of those involved can be consulted in Appendices 5 and 6. The
technical team for the construction of the FREL is composed of national foresters, natural and
environmental scientists, GIS and remote sensing experts drawn from relevant sectors and the mapping
agencies of the Government, with technical support from a team of experts and consultants from FAO.
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The entire FREL process was also subjected to a wider stakeholder consultation and review to ensure that
it reflects the expectations of all stakeholders, and to also consider technical inputs from this broader
group.

3. Scale of FREL: Area covered
While recommending that countries develop national FREL, the UNFCCC also suggest that countries could
start at sub-national level as an interim measure, depending on national circumstances. Nigeria opted for
a nested REDD+ programme in which the Cross River State was selected as pilot State. Nigeria’s REDD+
Programme envisioned a two-track approach to achieve REDD+ readiness, based on: (i) the development
of institutional and technical capacities at Federal level, and (ii) consolidating four key UNFCCC
requirements for REDD+ Readiness (Warsaw Framework elements) on a pilot basis in Cross River State:
REDD+ Strategy, Safeguards Information System, Forest Monitoring System, and Forest Reference Levels.
FRELs has therefore been developed at CRS level as an interim measure.
The choice of CRS as pilot State was guided by the fact that it contains almost; 50% of the remaining
tropical high forest in Nigeria, and secondly, the forest policies and governance favoured forest
conservation and management, with CRS Forestry Commission playing a crucial role.
3.1 Geographical location and Vegetation of Cross River State
Cross River State is situated between latitudes 5° 32'N and 4° 27'N and longitudes 7° 50’E and 9° 28'E
(Figure 1) and occupies about 20,156 km2. The ecological zones present in Cross River State as
documented by Oyebo et al. (2010) include: lowland rainforest, freshwater swamp forest, the mangrove
vegetation, coastal vegetation, montane vegetation, savanna like vegetation, and wetlands (Figure 2).
The lowland rain forest covers extensive areas in the centre, north and east of Cross River State, and is
contiguous with the forests of South West Cameroon. Although significant areas have been converted
into agricultural farmlands and natural forests have been disturbed by indiscriminate felling and wood
removal, the State is still home to the largest contiguous and well-preserved fragments of natural forest
in Nigeria.
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Figure 1. Map of Nigeria showing the location of Cross River State (CRS)

Figure 2. Vegetation Map of Cross River State (Adapted from Flasse Consulting)
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The Mangrove forest in the State forms a narrow belt along the coast and in the estuary of Cross River.
Mangroves are dominated by the following species: Rhizophora racemosa, R. mangle, Avicennia africana
and Laguncularia racemosa. R. racemosa is the biggest of the Rhizophora spp, and can attain heights of
up to 40 meters and accounts for up to 95% of the species content of the mangrove forest. However, the
mangroves are threatened by the exotics Nypa Palm, Nypa fruticans, that was introduced into Calabar
and Oron between 1906 and 1912 from South East Asia. The palm tends to form pure stands and isolate
endemic mangrove trees.
The freshwater swamp forest forms a wide belt immediately north of the mangrove vegetation zone, and
has more open canopy and dense tangled undergrowth. It is usually flooded during the wet season and
dries out during the dry season leaving portions of dry forest floor interspersed with permanent pools of
water. Much of this vegetation type has been converted to agricultural and urban lands, and the original
swamp forest remains mostly on alluvial sites along the major rivers: The Cross River, Calabar River and
Great Kwa River.

The coastal vegetation is found at the outer edges of the mangroves and is composed of a mosaic of
forest, thickets, and mangroves. Prevalent species include Chrysobalanus orbicularis, Conocarpus erectus,
and Hibiscus tiliaceus.
The montane vegetation is predominant in the north eastern parts of the State on the Oshie Ridge of the
Obudu Plateau around the border with Cameroon to the east and Benue State to the north. The highest
peak is about 1,819 m above sea level. The vegetation type includes the lowland rain forest in the low
lying areas progressively enriched with montane elements. The common woody plant species include
Xylopia Africana, Rauvolfia vomitoria, Tabernaemontana ventricosa, and Voacanga trouarsii.
The savanna-like vegetation, probably attenuated variants of degraded rainforest occurs in the central
(Yakurr) and northern (Obudu) areas of the State. These formations are characterized by relic rain forest
species such as Celtis zenkeri, Cola gigantea, Anthonotha macrophylla and Treculia africana.
The wetlands in Cross River State are found at the Cross River Estuary, the Cross River Flood Plains at
Obubra as well as scattered swamps or flood plains. They are made up of a mixture of seasonally flooded
riparian lowland forests and tall grass swamps in the catchments of Cross River and its Enyong creek
tributary. Some of the plant species found in these wetland areas include: Nymphaea lotus, Vossia
cuspidata, Echinochloa pyramidalis, E. stagnina, Ragmites sp, Leersia hexandra, Ipomoea asarifolia and
Mimosa pigra.
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4. Scope: Activities, Pools and gases included
4.1 Activities included
The Cancun Agreement defines REDD+ activities as follows: reduction of emissions from deforestation,
reduction of emissions from forest degradation, sustainable management of forests, enhancement of
forest carbon stocks, and conservation of forest carbon stocks. Deforestation is the conversion of forest
land to non-forest land (cropland, grassland, settlement, wetlands and other lands). Forestland is
considered as in the forest definition adopted for Nigeria (see section 6), and any conversion below the
threshold of forest definition is considered deforestation. Forest degradation results in the loss of carbon
stocks and biodiversity in the forest remaining forests category, while enhancement is the enrichment in
carbon stocks and biodiversity in forest remaining forest. While forest degradation (from logging, fuel
wood extraction, charcoal production, forest fires, etc.) constitute a significant source of emissions, it has
not been included in the present FREL due to lack of reliable, accurate and consistent data at state and
federal levels. However, it is envisaged that forest degradation will eventually be included in a stepwise
manner, as data becomes available. Nigeria has promoted natural forest restoration and plantation
silviculture that leads to reduction in emissions from deforestation and forest degradation. However, no
reliable data on forest degradation is available, so has this REDD+ activity has not been included in the
present FREL submission. There is also no reliable data for sustainable management of forests to be
included. The area of afforestation (enhancement of forest carbon stocks in forest land remaining forest
land) was also assessed by Nigeria but the confidence value is currently very large and it still needs to be
investigated how to assess the associated removal factor from the NFI data. Hence, only deforestation
has been considered in the present FREL submission.
4.2 Pools included
While IPCC recognises six carbon pools: above ground (live tree) biomass, belowground (live tree)
biomass, deadwood (standing and lying/down), litter, and soil organic carbon; only significant pools need
to be included (cf. SBSTA Decision from COP17). Key category analysis is needed to determine which
carbon pools should be included to capture significant emissions and removals from changes in forest
cover, taking into account their magnitude and cost-effectiveness to monitor the pools. The above-ground
biomass constitutes the main component/largest pool and has been included in the FRELs/FRLs.
Belowground biomass constitutes a significant pool; however, its estimation is expensive and was
indirectly undertaken using IPCC default root-to-shoot (R/S) ratio. Deadwood also constitutes a significant
pool to be included, however, the deadwood pool was not consistently estimated during the inventory
(see section 5.2). Soil organic carbon (SOC) is an important carbon pool, however major changes only
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occur when forest is converted to non-forest, and after a long time. It has not been considered in the
present submission due to lack of data, and also data collection is expensive. Litter and non-herbaceous
biomass pools constitute a small proportion of biomass and has not been included.
4.1
Gases included
Among the three greenhouse gases associated with land use change emissions, namely carbon dioxide
(CO2), methane (CH4), and nitrous oxide (N2O), CO2 is the main gas emitted in the forest sector. However,
significant non-CO2 gases (CH4 and N2O) can also be emitted when land use change is as a result of fire
incidences. No accurate statistics exist for forest fires. Methane is also produced when mangroves are
disturbed, but no data exist in Nigeria at the moment. Therefore, only CO2 emissions have been
considered in the present submission.

5 Estimation of Historical Emissions
IPCC (GPG 2003 and Guidelines for National GHG Inventories in AFOLU, 2006) provides the framework for
estimating emissions and removals of CO2 in the AFOLU sector. Two basic inputs needed are: Activity data
(AD: i.e. changes in areal extent of forest land (ha/year)) and emission factors (EF: that is,
emissions/removals of GHG per unit area: tCO2/ha of deforestation). The product of AD by EF produces
an estimate of the amount of emissions/removals in a given year as a result of the activity.
IPCC present three approaches (1-3) for estimating AD and three Tiers (1-3) for estimating EF. The higher
the approach or Tier, the more accurate/reliable are the estimates obtained. The estimation of historical
emissions therefore requires estimates of historical activity data and emission factors.
5.1 Activity Data
Activity data is mostly obtained from land use change studies using satellite imagery. Several land use
studies have been undertaken in Nigeria; however, their use is limited due to the fact that they were
sample-based (not ‘wall-to-wall’), and used different methodologies and classification systems. The only
study that produced wall-to-wall estimates of land use change was the 1976/78 and 1993/95 Vegetation
and Landuse Assessment by FORMECU, Federal Department of Forestry. The study also produced a
national classification system for Nigeria that is being used for reporting of global forest assessment (e.g.
FRA2015 for Nigeria).

In the absence of consistent datasets, the National Space Research and

Development Agency (NASRDA) of Nigeria was contracted by FAO to design and undertake a “wall-towall” spatially-explicit study at Cross River State. The study led to the production of land use and land use
change data and maps for 2000-2007-2014 time periods or epochs (NASRDA 2015). The national classes
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were also aggregated into the six IPCC classes. However, accuracy assessment was done only for each
time period and not between time periods or for transitions.
The map area of deforestation between 2000-2014 as assessed by the NASRDA maps is 332,338 ha (or
23,738 ha/yr). This assessment was compared with the tree cover loss assessment from the Global Forest
Change product from the University of Maryland (Hansen et al 2013) which for the period 2004-2014
consisted of 42,382 ha (or 4,238 ha/yr). The large discrepancy between these two assessments suggested
the need for an accuracy assessment of change (loss) as assessed by both maps and also provided an
indication that the use of map areas (or pixel counts) are not very reliable. For this reason, Nigeria
proposes to use area statistics based on reference data following the procedure described in Olofsson et
al 2014 which can be considered a combination of a wall-to-wall map including change classes and samplebased reference data. In this method, one of the maps is used to stratify the reference data points to be
collected to ensure sufficient representation in the rare classes of change (forest loss and forest gain). The
resulting area statistics are referred to as stratified area estimations. Reference data concerns
interpretations of satellite data of greater quality with respect to both resolution and accuracy than
remote sensing-based map data. GFOI (2016) suggests for accuracy assessment and estimation to be valid
for an area of interest using the familiar design- or probability-based framework (McRoberts, 2014), the
reference data must be collected using a probability sampling design, regardless of how the training data
used to classify for example a satellite image are collected. Probability sampling designs to consider are
simple random (SRS), systematic (SYS), stratified random (simple random sampling within strata) or
systematic (systematic sampling within strata) (STR), and two-stage and cluster sampling. Nigeria used
stratified random sampling using the global forest change map (also referred to as Hansen map) for
stratification into forest loss, forest gain, stable forest and stable non-forest. The minimum number of
reference data points to be collected per stratum were assessed following the formulas by Cochran (1977
in Olofsson et al 2014). This method assesses the accuracy of the map and stratified area estimates based
on the reference data with associated confidence intervals.
Nigeria assessed the overall weighted accuracy of both the NASRDA map (2000-2014) and the Hansen
map (2004-2014), which were 33% and 83% respectively. Based on the higher accuracy of Hansen and the
fact that Nigeria considers the period 2004-2014 more representative for future deforestation expected
in absence of REDD+ implementation than the period 2000-2014, currently the Hansen map is used for
stratification. However, Nigeria is currently working on a direct change assessment based on the NASRDA
2014 map hoping to use this in the future. The stratified area estimation using the Hansen map was
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undertaken using the reference data generated by the Nigeria REDD+ Team with the aid of Collect Earth
tools. The results of the AA are found in Table 1 and Appendix 1
Table 1. Results of Stratified Area Estimation for Forest Gain
Results stratified area
estimation
Weighted overall accuracy Hansen map

83%

Stratified Area Estimate loss

15,440 ha/yr

Confidence Value loss

+/- 34%

Stratified Area Estimate gain

6,029 ha/yr

Confidence Value gain

+/- 57%

Forest area

1,668,352 ha

As the above Table indicates, Nigeria also assessed the stratified area estimate of forest gain which
corresponds to the afforestation area. However, as the confidence value currently exceeds 50% and
because Nigeria has not yet considered how to best approximate the associated removal factor (the
carbon removals per hectare afforested land), this activity is not yet included in this Forest Reference
Emission Level. Nigeria plans to include this activity in a future submission, if possible by reducing the
confidence value, and approximating the removal factor, if possible using the NFI data.
In total 428 reference points were collected and independently interpreted by two different interpreters.
Of the total of 476 points collected, 48 were excluded because of low confidence while 428 were included.

5.2

Emission factor estimation

Emission factors are derived from forest inventory data. However, a review of historical inventories in
Nigeria and CRS indicated a lot of limitations in their usage for biomass estimation, and carbon stocks; and
hence, their use for estimating emission factors for REDD+ purposes. The inventories were originally
designed for timber volume estimation for commercial trees and not for all trees, and estimations were
limited to bole volume, and not all carbon pools. In order to circumvent this situation a forest carbon
inventory was designed and implemented at CRS. The study was jointly funded by UN REDD Programme
and GCF (Governors Climate Fund). A total of 80 sample plots were established for field data collection.
The spatial distribution of the plots is shown in Figure 3. The sampling frame was overlaid on the 2014
land use map produced by NASRDA (2015) while information from a preliminary inventory by Winrock
International was used to optimize the design.
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5.2.1

Inventory Design

The sampling design consisted of nested sample plots that were randomly distributed across 13 land use
categories of CRS as depicted in the current 2014 land use thematic map for the state, prior to the
commencement of the field work. The plot distribution aspect was guided by two criteria – (i) extent of
each of the 13 land use categories; and (ii) carbon contribution in each of the land use categories. 16 plots
were established in the tropical high forest, 12 in the open forest, 13 in farm land/fallow lands, 8 in
mangroves, 11 in swamps, 6 in montane forest, 5 in derived savanna, 3 in Gmelina plantations and 3 in
grazing fields. A stratified random sampling design was used in order to capture spatial variability of landuse types and forest carbon stocks.
5.2.2. Sample plots layout and data collection

Each plot was composed of four nested sub-plots of 35m x 35m (Nest 1), 25m x 25m (Nest 2), 7m x 7m
(Nest 3), and 2m x 2m plot (Nest 4) (Figure 4). In Nest 1 all living and dead standing trees greater than 50
cm dbh were measured for dbh. Trees between 20 cm and 50 cm were measured in Nest 2, while those
between 5 cm and 20 cm were measured in Nest 3. Saplings were identified by species and counted on a
2m x 2m (Nest 4). Standing and lying dead wood was collected, but was not used because decomposition
classes were not consistently assessed in all plots.
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Figure 3. Spatial distribution of sample plots used in the study

Figure 4. Nested plot design for data collection
For data collection in mangroves, three (10x20 m) plots were laid on 100 m transects at 10 m intervals
as shown in Figure 9 (cf. Ajonia 2008).
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Figure 5. Transect sample plots for mangroves data collection

5.2.3. Data Analysis
5.2.1.1

Above Ground Biomass

The conversion of field data collected to biomass and carbon stocks require the use of biomass allometric
equations. In the absence of country-specific allometric equations, a pan-tropical allometric equation by
Chave et al (2014) below was used to estimate above ground biomass from field measurements.
𝐴𝐺𝐵𝑒𝑠𝑡 = (0.0673𝜌𝐷 2 𝐻)0.976
Where:
AGBest = above ground biomass (kg)

 =species wood density (g/cm3)
D=diameter at breast height (cm)
H=tree height (m)
The equation also requires an estimate of tree height, and wood density. Given that tree heights were not
measured during the inventory, we resorted to the use of a height-diameter equation developed by
Feldpausch et al (2012) for West Africa:
H=53.133*(1-EXP(-0.0331*DBH^0.839),
while wood density estimates were obtained from Zanne et al. (2009).
For above ground biomass for mangroves the following equations for all mangrove species by Komiyama
et al (2005) is the most widely used (cf. Komiyama et al. 2008; Kauffman and Donato, 2012; Allemayehu
et al. 2014.):
For above ground biomass (including stilt): 𝑊𝑡𝑜𝑝

5.2.1.2

= 0.251. 𝜌. 𝐷2.46 : R2=0.98, n=104

Below Ground Biomass

The estimation of below ground biomass (BGB) is difficult and expensive to undertake in most tropical
high forest, and few country-specific allometric equations exist for BGB. Most projects or studies therefore
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resort to the use of a proxy root-to-shoot (R/S) ratios (Kauffman and Donato, 2012). In the present study
we used a ratio equation for moist tropical forests developed by Mokany et al. (2006; also reported in the
IPCC 2006 AFOLU), which predicts below ground biomass (BGB) based on above ground biomass (AGB) as
follows:
𝑩𝑮𝑩 = {

𝟎. 𝟐𝟑𝟓 ∗ 𝑨𝑮𝑩 𝒊𝒇 𝑨𝑮𝑩 > 62.5𝒕 𝑪/𝒉𝒂
𝟎. 𝟐𝟎𝟓 ∗ 𝑨𝑮𝑩 𝒊𝒇 𝑨𝑮𝑩 ≤ 𝟔𝟐. 𝟓 𝒕 𝑪/𝒉𝒂

Belowground biomass for mangroves (excluding stilt) was estimated using the following equation by
Komiyama et al (2005) :

𝑊𝑟𝑜𝑜𝑡 = 0.199. 𝜌0.899 𝐷2.22
R2=0.95; n=26.
5.2.2

Estimation of Carbon content

The carbon content of biomass was estimated by applying a conversion factor of 0.47 to total biomass,
while the carbon dioxide equivalent (CO2e) was computed by multiplying the carbon content by 3.67
(44/12) (IPCC 2003, 2006). Table 2 present summary results for the estimation of above ground biomass
(AGB), below ground biomass (BGB) and carbon stocks for different forest types at Cross River State.
Biomass and carbon stocks for Forestland was estimated as a weighted average of the mean values
estimated for different forest types (open forest, tropical high forest, montane forest, mangrove forest,
etc.) using stratified sampling technique (cf. Freese 1976; Avery and Burkhart, 2002).
Table 2. Summary results for above ground biomass (AGB), below ground biomass (BGB) and carbon
stocks for different forest types at Cross River State
Land use Type
Derived Savanna (4)
Farmland(9)
Gmelina
Montane (7)
Open Forest (14)
Swamp (7)
Tropical High
Forest (15)
Mangroves (7)
Forest Land*

ABG
(t/ha)
99.65±132.6

ABG
(tC/ha)
46.84±62.30

BGB
(tC/ha)
20.91±28.4

ABG
(tCO2/ha)
171.73±228.5

BGB
(tCO2/ha)
76.67±104.20
60.57±42.69

Total Biomass
(tCO2/ha)
248.0±332.6

80.58±56.8

37.87±26.69

16.52±11.64

138.86±97.87

162.85±54.3

76.54±25.56

34.11±8.98

280.64±93.71

125.08±32.92

405.72±126.00

709.88±245.74 333.65±115.50
311.41±119.7
2
146.36±56.27

154.74±53.47

1223.37±423.50

567.37±196.04

1790.73±619.53

67.57±27.45

536.67±206.32

247.76±100.66

784.43±306.92

35.92±24.41

15.67±10.65

131.70±89.51

57.44±39.04

189.15±128.55

249.90±89.38

115.82±43.66

916.32±327.73

424.68±160.10

1341.00±487.78

178.87±99.00

163.15±72.24

655.85±363.00
676.23±116.38

598.23±264.89

1254.08±626.59

184.42±31.74

94.10±16.18

345.04±59.32

1021.23±175.28

76.42±51.94
531.71±190.1
7
380.57±210.6
4
392.39±68.88

199.4±140.5
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*Forest Land values were calculated as a weighted average of the means from the different forest type
estimates.

6. Forest Definition
When submitting a FRELs/FRLs to the United Nations Framework Convention on Climate Change
(UNFCCC), countries are expected to provide a definition of what they mean by forest in their FREL/FRL
construction and, demonstrate how the definition is in line with the definition used in the national GHG
inventory or in other international reporting. Forest definition in the context of REDD+ has to take into
account UNFCCC thresholds which are currently defined as follows:
-

Minimum tree crown cover between 10 and 30%

-

Minimum land area between 0.05 and 1 hectare

-

Minimum tree height between 2 and 5 meters (at maturity in situ)

Hitherto, Nigeria had not got a forest definition, but had been using the FAO FRA definition as follows:
“Land spanning more than 0.5 hectares with trees higher than 5 meters and a canopy cover of more than
10 percent or trees able to reach these thresholds in situ. It does not include land that is predominantly
under agricultural or urban land use”.

During the workshop of 24th to 26th May 2016, participants went through brain storming sessions in order
to craft a forest definition for FREL purposes. An initial stage involved an appraisal of existing definitions
and/or descriptions of forest in the forest laws, policies and Acts and other documents. After general
heated discussions, a technical working group was tasked to work on the draft version (see Appendix 5).
They explored and reviewed some policy documents, at Federal and State levels, in order to have an indepth understanding of what the law and policies documents consider as forest across the different
States. Based on the above background information, participants arrived at the following functional forest
definition for FREL/FRL in Nigeria.

An ecological community predominated by trees and other layers of woody plants with a minimum area
of 0.5ha, a minimum tree height of 3metres, and a minimum tree canopy cover of 15%, or stands with
potentials to reach the above thresholds in situ.
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7. Transparent, complete, consistent and accurate information
7.1. Transparent information
During the development of the FREL document, all processes followed and methodologies used for the
estimation of activity data and emission factors were documented in a transparent manner. Some
information is provided in the appendices to this document. All maps used for estimating activity data
have been referenced, and both metadata and spatial datasets are available in a spatial database. Also for
the estimation of emission factors, based on forest inventory data, all calculations have been done in a
transparent manner. The spreadsheets are available, and some detail results have been included in the
Appendix to this document.
7.2. Complete information
Annex I in Decision 12/CP.17 indicates that complete information means information provided that allows
for the reconstruction of forest reference emission levels and/or forest reference levels. All information
used in the context of the construction of the present FREL has been developed by Nigeria, and allows for
the reconstruction of the FREL and is publicly available. Nigeria also ascertains that all information used
for the construction of Nigeria’s FREL will be uploaded to the website and is available for download.
7.3. Consistent information
Consistency with the national greenhouse gas inventory paragraph 8 in Decision 12/CP.17 establishes that
FRELs and/or FRLs shall maintain consistency with anthropogenic forest related greenhouse gas emissions
by sources and removals by sinks as contained in the country’s national greenhouse gas inventory.
Compared to the second National GHG Inventory submitted by Nigeria in its Second National
Communication, there was no clear forest definition used.
7.4. Accurate information
7.4.1 Accuracy of the estimated activity data

The qualitative assessment of land use maps for the years 2014 produced from the spatially explicit study
by NASRDA (2015) was done. Same process was repeated for Hansen maps for the purpose of comparison.
The results of the comparative analysis informed the decision to opt for Hansen datasets for the creation
of new change layer through direct change assessment using FAO-SEPAL platform at FAO Rome. Reference
data were generated by Nigeria REDD+ technical team for the accuracy assessment using NASRDA and
Hansen maps stratifications. (Appendix 1)
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7.4.2. Uncertainty of the estimated emission factor

The estimation of emission factors is associated to many sources of uncertainty, including the use of
default values, sampling errors and bias from field measurements, etc. All biomass estimates (Table 2)
from the inventory were reported with 95% uncertainty values associated with the estimates (Appendix
2). Also, Table 3 gives 95% uncertainty estimates for above and below biomass carbon pools for different
land use types. The Derived savannah has a very high uncertainty values (> 100%), followed by farmland
(>70%), Swamp (>60%) and mangroves (>40%). The high uncertainties are also linked to the small sample
sizes for those land uses. However, the weighted average for all forest land estimates has an uncertainty
value of 17.2%.
Table 3. Uncertainty estimates (95% confidence intervals) for carbon pools by land use types
ABG
BGB
Total Biomass
Land use Type
tCO2/ha
tCO2/ha
tCO2/ha
Derived Savanna
Farmland
Gmelina
Montane
Open Forest
Swamp
Tropical High Forest
Mangroves
Forest Land
(Weighted Average)

133.0%
70.5%

135.9%
70.5%

133.9%
70.5%

33.4%

26.3%

31.1%

34.6%

34.6%

34.6%

38.4%

40.6%

39.1%

68.0%

68.0%

68.0

35.8%

37.7%

36.4%

55.3%

44.3%

50.0%

17.2%

17.2%

17.2%

8. FREL/FRL Construction
8.1. Reference Period
The initial reference period will include data from 2004 to 2014, and annual historical deforestation rates
will be considered during this period.
8.2. Average Method
The calculations gave a weighted average CO2 equivalent of 1021.23 ± 175.28 tons of CO2e/ha
(Se=17.2%=Uncertainty); and the GFC estimated annual deforestation rate for the period 2004-2014 was
15,440 ± 34% ha/yr (Activity Data).
Therefore, the annual emissions for the period 2004-2014 was estimated as the product of the average
annual deforestation (Activity Data: AD) and the estimated CO2 e per hectare (Emission Factor) as follows:
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Annual Emissions [Total Biomass] = AD x EF = (15,440 x 1021.23 = 15,677,791.2± tons CO2e/; and the 95%
confidence interval is [10,347,342.2 or 21,008,240.2] tons CO2e/year.

9. Areas for future improvement
The initial inventory was deigned to collect data for standing live and dead trees as well as lying deadwood.
Data was collected for deadwood, unfortunately the decomposition classes for standing deadwood were
not noted, so the data could not be analysed, and has been left out in the present FREL submission.

As an improvement, future work will include the deadwood carbon pool, for example, in the ongoing FCPF
project, FAO is supporting Nigeria to undertake a forest carbon inventory at National Level in order to upscale the present sub-national FREL, measures will be put in place to ensure the best data is collected.
Furthermore, height measurements during the study were ocularly appreciated, so were not used as
inputs into the biomass estimation allometric equation. During the on-going study, laser dendrometers
(TruPulse 200B) will be used to measure tree height in the field.

Checking the quality of reference data for the estimation of Activity Data is another area for future
improvement. By this, we intend to adopt a third-party interpretation of the reference data where
disagreements between two first-hand interpreters to further validate and improve accuracy of the data.
Furthermore, we will also want to stratify the Activity Data in the future by forest type.
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11. Appendices
Appendix 1. Statistical details of the Stratified Area Estimation for Forest Gain
Error matrix (values in matrix are samples)

Map data

2000-2010

Reference data
Forest Forest
Stable
loss
gain
Forest

Stable nonforest

Total samples
in map class

User's
accuracy

26
24

12%

310
68

89%

Forest loss

3

1

17

5

Forest gain

2

2

17

3

Stable Forest

16

6

276

12

Stable non-Forest

12

5

11

40

Total reference samples
per class

33

14

321

60

Producer's accuracy

9%

14%

86%

67%

8%
59%

428
Overall
accuracy

75%

Weighted PA
3%
0.56%
Weighted OA
Proportional error matrix (samples in agreement/diagreement divided by total samples in map class)

83%

Reference data

Map data

Forest loss

Forest gain

Stable Forest

Stable non-forest

Map area (ha)

Forest loss

0.12

0.04

0.65

0.19

42,382

Forest gain

0.08

0.08

0.71

0.13

4,069

Stable Forest

0.05

0.02

0.89

0.04

1,780,546

Stable non-Forest

0.18

0.07

0.16

0.59

324,535

m

2,151,532

Weighed proportional error matrix in ha (proportional agreement/disagreement weighed by area class)
Reference data
Forest loss

Map data

Forest loss

4,890

Forest gain
1,630

Stable Forest
27,712

Stable non-forest
8,150

Forest gain

339

339

2,882

509

4,069

Stable Forest

91,899

34,462

1,585,260

68,924

1,780,546

Stable non-Forest

57,271

23,863

52,498

190,903

324,535

Adjusted area
154,399
More step by step adjusted area for deforestation:

60,294

Map area

Commission errors

Omission
errors

42,382

37,492

149,509

1,668,352

Map area
42,382

268,487

Adjusted area =
map area - over
detection + misses

Map area loss

42,382

154,399.44

Adj area loss

154,399

CI loss

53,248

Error matrix of standard error
Reference data

Page 25 of 32

Map data

Forest loss

1.58431E-06

Forest gain

1.18797E-08

Stable Forest

0.000108492

Stable non-Forest

4.9352E-05

Total

0.00015944

Standard error
95%Confidence Interval
95%Confidence Interval as percent of adjusted area

5.74025E07
1.18797E08
4.20681E05
2.31338E05
6.57878E05

3.51303E-06

2.4109E-06

3.21292E-08

1.70096E-08

0.00021643

8.24757E-05

4.60472E-05

8.22533E-05

0.000266022

0.000167157

27,167

17,451

35,092

27,817

53,248

34,204

68,780

54,521

34%

57%

4%

20%

Appendix 2. Results for Data Analysis of Forest land using stratified sampling formulae
Tot_Biomass
(tCO2/ha)
Surface Area

Gmelina

MonF

OF

THF

Mangrove

Total

157742.4

93874.41

312291.4

236029.9

49152.25

849090.36

nh

3

7

14

15

7

46

nh-1

2

6

13

14

6

41

0.1225

0.1225

0.1225

0.1225

0.06

0.55

1287693

766322

2549318

1926775

819204

7349311

N

405.72

1790.73

784.43

1341

1254.08

50.72

669.87

531.56

880.81

677.5

(Nh*Sh)^2

4.26563E+15

2.64E+17

1.836E+18

2.88022E+18

3.08037E+17

(Nh*Sh)^2/nh

1.42188E+15

3.76E+16

1.312E+17

1.92015E+17

4.40053E+16

4.06254E+17

sy

86.72656355

Nh*mean

522442828.8

1.37E+09

2E+09

2583804864

1027347561

7505631705

Yst

1021.270091

Plot Size
Nh
mean
SD

Sum(Nh*mean)

t
95% Confidence
Interval=t*sy

tsy

Surface Area

Gmelina

MonF

OF

THF

Mangrove

95% CI_Upper

1196.55

Total

157742.4

93874.41

312291.4

236029.9

49152.25

849090.36

nh

3

7

14

15

7

46

nh-1

2

6

13

14

6

41

0.1225

0.1225

0.1225

0.1225

0.06

0.55

1287693

766322

2549318

1926775

819204

7349311

125.08

567.37

247.76

424.68

598.23

Plot Size
Nh
mean

175.2809233
845.99

Coeficient of variation (CV)
BGB(tCO2/ha)

2.02

95% CI_Lower

Uncertainty=(CI/mean)*100

N

Stderr

17.2%
8.5%
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SD

13.25

211.97

174.34

289.1

286.42

2.9111E+14

2.64E+16

1.975E+17

3.10283E+17

5.50543E+16

(Nh*Sh)^2/nh

9.70365E+13

3.77E+15

1.411E+16

2.06855E+16

7.8649E+15

4.65264E+16

Nh*mean

161064648.1

4.35E+08

631618916

818262677

490072508.6

2535806701

(Nh*Sh)^2

Sum(Nh*mean)

sy

29.34967668

Yst

345.0400502

t
95% Confidence
Interval=t*sy

tsy

2.02
59.31790925

95% CI_Lower

285.72

95% CI_Upper

404.36

Uncertainty=(CI/mean)*100

17.2%

Coeficient of variation (CV)
AGB(tCO2/ha)
Surface Area

Gmelina

mean
SD

THF

Mangrove

236029.9

49152.25

849090.36

3

7

14

15

7

46

2

6

13

14

6

41

0.1225

0.1225

0.1225

0.1225

0.06

0.55

1287693

766322

2549318

1926775

819204

7349311

N

280.64

1223.37

536.67

916.32

655.85

sy

57.58436106

Yst

676.2310834

37.72

457.91

357.34

591.8

392.49

(Nh*Sh)^2

2.35922E+15

1.23E+17

8.299E+17

1.3002E+18

1.03381E+17

(Nh*Sh)^2/nh

7.86406E+14

1.76E+16

5.928E+16

8.66803E+16

1.47687E+16

1.79103E+17

Nh*mean

361378180.7

9.37E+08

1.368E+09

1765542187

537275052.7

4969832667

Sum(Nh*mean)

t
95% Confidence
Interval=t*sy

tsy

Surface Area
nh
nh-1
Plot Size
Nh
mean
SD

Gmelina

MonF

OF

THF

Mangrove

2.02
116.382335

95% CI_Lower

559.85

95% CI_Upper

792.61

Uncertainty=(CI/mean)*100

17.2%

Coeficient of variation (CV)

BGB(tC/ha)

8.5%

Total

312291.4

nh-1
Nh

OF

93874.41

nh
Plot Size

MonF

157742.4

8.5%

Total

157742.4

93874.41

312291.4

236029.9

49152.25

849090.36

3

7

14

15

7

46

2

6

13

14

6

41

0.1225

0.1225

0.1225

0.1225

0.06

0.55

1287693

766322

2549318

1926775

819204

7349311

N

34.11

154.74

67.57

115.82

163.15

sy

8.004254801

Yst

94.10044105

3.61

57.81

47.55

78.84

78.11

(Nh*Sh)^2

2.16092E+13

1.96E+15

1.469E+16

2.30757E+16

4.09447E+15

(Nh*Sh)^2/nh

7.20307E+12

2.8E+14

1.05E+15

1.53838E+15

5.84924E+14

3.46047E+15

Nh*mean

43923210.32

1.19E+08

172257387

223159045

133653159.8

691573424.1

Sum(Nh*mean)

Stderr
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t
95% Confidence
Interval=t*sy

tsy

Surface Area

Gmelina

MonF

OF

THF

Mangrove

77.92

95% CI_Upper

110.28

Uncertainty=(CI/mean)*100

17.2%

93874.41

312291.4

236029.9

49152.25

849090.36

nh

3

7

14

15

7

46

nh-1

2

6

13

14

6

41

0.1225

0.1225

0.1225

0.1225

0.06

0.55
7349311

Nh

1287693

766322

2549318

1926775

819204

mean

76.54

333.65

146.36

249.9

178.87

SD

10.29

124.89

97.46

161.4

107.04

1.75572E+14

9.16E+15

6.173E+16

9.67095E+16

7.68912E+15

5.8524E+13

1.31E+15

4.409E+15

6.4473E+15

1.09845E+15

1.33221E+16

98560026.91

2.56E+08

373118117

481500996

146531049.3

1355393429

(Nh*Sh)^2
(Nh*Sh)^2/nh
Nh*mean

N

Sum(Nh*mean)

sy

15.70507235

Yst

184.4245528

t
95% Confidence
Interval=t*sy

tsy

Surface Area
nh
nh-1

Gmelina

MonF

OF

THF

Mangrove

2.02
31.74113522

95% CI_Lower

152.68

95% CI_Upper

216.17

Uncertainty=(CI/mean)*100

17.2%

Coeficient of variation (CV)
AGB(t/ha)

8.5%

Total

157742.4

Plot Size

16.1772024

95% CI_Lower

Coeficient of variation (CV)
AGB(tC/ha)

2.02

8.5%

Total

157742.4

93874.41

312291.4

236029.9

49152.25

849090.36

3

7

14

15

7

46

2

6

13

14

6

41

0.1225

0.1225

0.1225

0.1225

0.06

0.55

1287693

766322

2549318

1926775

819204

7349311

N

162.85

709.88

311.41

531.71

380.57

21.89

265.71

207.36

343.41

277.75

(Nh*Sh)^2

7.94541E+14

4.15E+16

2.794E+17

4.37812E+17

5.17717E+16

(Nh*Sh)^2/nh

2.64847E+14

5.92E+15

1.996E+16

2.91875E+16

7.39596E+15

6.27317E+16

sy

34.07978288

209700815

5.44E+08

793882979

1024485372

311764529.7

2883830154

Yst

392.3946178

Plot Size
Nh
mean
SD

Nh*mean

Sum(Nh*mean)

t
95% Confidence
Interval=t*sy

tsy

2.02
68.87781049

95% CI_Lower

323.52

95% CI_Upper

461.27
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Uncertainty=(CI/mean)*100
Coeficient of variation (CV)

17.6%
8.7%
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Appendix 3. List of participants at the drafting of the FREL
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Appendix 4. List of participants at the validation of the Draft FREL and Draft NFMS documents
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