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EXECUTIVE SUMMARY

This document presents the national forest reference level (FRL) for Ghana to the UNFCCC. Ghana’s FRL
will serve as the baseline for measuring emissions reductions from the implementation of activities
targeted at reducing emissions from deforestation and forest degradation, whilst recognising the role of
conservation, sustainable forest management and carbon stocks enhancement (REDD+) under a results-
based payment framework. This document and accompanying materials offer detailed information on
historical emissions from all included REDD+ activities, as well as methods applied and data sources used
to derive estimates of emissions and removals.

Ghana’s envisaged REDD+ programs outlined in the National REDD+ Strategy represent an ambitious and
genuine commitment to lowering emissions from the land use sector whilst achieving significant co-
benefits such as poverty reduction and enhanced agricultural productivity. Through Ghana’s ongoing
partnership with the Forest Carbon Partnership Facility (FCPF), significant efforts have been made to
finalise Ghana’s first sub-national REDD+ programme, christened the Ghana Cocoa Forest REDD+
Programme (GCFRP). The GCFRP is targeted at the cocoa-forest mosaic landscape of Ghana’s High Forest
Zone with an objective of reducing emissions attributed to expansionist agricultural activities as well as
other drivers of deforestation and forest degradation in the programme area. In accordance with
UNFCCC guidelines, Ghana’s REDD+ programs and FRL are being developed in a manner that is:

e Transparent — comprehensive and clear documentation of methods and data

e Complete — As noted in decision 12/ CP.17, ‘complete’ means the provision of information that
allows for the reconstruction of forest reference emission levels and/or forest reference levels.

e Accurate — estimates are neither underestimated nor overestimated, as far as can be judged.
Consistent — Emissions during the historical time period have been estimated in a manner that is
consistent and shall remain functionally consistent during the REDD+ Program. Methodologies
and data are also consistent with guidance agreed by the COP.

The steady expansion of Ghana’s agricultural and industrial sectors has brought considerable economic
growth, yet have come at an environmental cost. Having lost over 60% of its primary forest cover from
1950 to the turn of the last century (2.7 million hectares)!, Ghana’s deforestation rate has been
approximately 3.5% per year (311,879.8 ha/year) since 2001. Recent years have also seen a marked
increase in the deforestation rate. From 2012 to 2015, the annual deforestation rate in Ghana rose to
524,489 ha per annum.

1FAO, 2010.Global Forest Resources Assessment.Main report. Available at
http://www.fao.org/docrep/013/i1757¢e/i1757e.pdf
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This high rate of deforestation in Ghana is of major national concern as forests provide many ecosystem
services and functions that support the country’s predominantly agrarian economy. Furthermore,
Ghana is currently a net emitter of CO; emissions, and thus contributes to the global imbalance of
greenhouse gases driving climate change. As such, Ghana has turned to REDD+ as a mechanism to
address these challenges.

Ghana began its engagement in REDD+ in 2008 through the World Bank’s Forest Carbon Partnership
Facility (FCPF). In 2016, it submitted a draft Emission Reduction Program Document (ER-PD) for the sub-
national Ghana Cocoa Forest REDD+ Programme (GCFRP), which is concentrated in the High Forest Zone
(HFZ). As is fully described in this document, the National FRL was developed based on work completed
for the draft ER-PD. The national FRL is therefore congruent and methodologically consistent with the
sub-national FRL. The methodologies applied are also consistent with UNFCCC guidelines and the FCPF
Methodological Framework.

The key components of Ghana’s FRL are as follows:

e Activities covered are deforestation, forest degradation from legal and illegal logging,
forest degradation from fire, forest degradation from woodfuel collection, and carbon
stocks enhancement from forest plantation establishment.

e The historic reference period is 2001-2015and was selected based on the availability of
land cover maps and the desire to include additional years to better represent more recent
emissions associated with deforestation.

e Historical emissions from deforestation, forest degradation, and removals from carbon
stock enhancement activities were estimated using data and methods that can be
primarily considered Tier 2 and 3 levels (T2 and T3). The table below summarizes the data
sources for activity data and emission/removal factors.

Activity Activity Data Emission/Removal Factor
Deforestation Landsat satellite imagery Field data collected by GFC (T3),
(T3) Peer-reviewed published

literature: Kongsager et al.
(2013) (T2), IPCC defaults i.e.

Tier 1 (T1)
Degradation by legal logging Ghana Forestry Commission Field data collected by GFC (T3)
(GFC) records (T3)
Degradation by illegal logging Peer-reviewed published Field data collected by GFC (T3),
literature: Hansen et al. but for legal practices. lllegal
(2012) for Ghana (T2/T3). logging specific measurement

However, for single point in
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time thus represents a proxy needed in the future.
(T1)
Degradation by fire MODIS Burned Area Product Field data collected by GFC (T3)
(T2/3) for stocks.T1 assumptions for
emissions.
Degradation by fuelwood Global spatial datasets Plot data, forest inventories,
collection (T2/3), international empirically-derived maps of
databases (T1/2/3) biomass distribution (T2),
IPCC defaults (T1)
Enhancements GFC records (T3) Peer-reviewed published
literature (T2/3) and IPCC
defaults (T1)

e Pools and greenhouse gases (GHGs) were selected separately for each activity based on
the expected magnitude of the change in stock in a given pool as well as the resources
required to collect accurate and precise data.

The average annual historical emissions from all activities 2001-2015 was estimated at 61.2 million
tCOze yr! and the average annual removals were 569.3 thousand t COe yr!. Over 65% of emissions
were due to deforestation, while legal and illegal logging made up 27% combined. Fuelwood and forest
fire accounted for a minimal percentage of total emissions, making up just 6% and 1% respectively.
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Emissions From RL Activities
0.92%

0
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Figure 1 Contribution of Emissions Per REDD+ Activity

Based on the analysis of historical emissions and an assessment of the likely trend in deforestation in the
future, Ghana has developed its National Forest Reference Level utilising the simple historical average
approach. Ghana’s national forest reference level is therefore estimated as 60,670,197 tCO,e/ per
annum.

The total uncertainty for the national FRL is 11.1%. In accordance with decision 12/CP.17, Ghana
will undertake stepwise improvement of its national FRL as better datasets and more advanced
methodologies become available. During the period of measurement and reporting against the FRL.
Ghana will undertake further studies to update emission factors associated with the conversion of
forests to tree crops. In addition, further work is also envisaged for the determination of nationally
specific removal factors for non-teak forest plantations to replace the IPCC default values utilised in
the development of the national FRL. For illegal logging, Ghana will explore alternative approaches
for collecting activity data or systemically replicate the methodology applied by Hansen et al (2012)
to ensure that activity data are estimated every two years. During the MRV phase, the WISDOM
model for estimating emissions from woodfuel extraction will also be customised to meet Ghana’s
specific national circumstances and needs.
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BACKGROUND

In accordance with decision 12/CP.17, Ghana has deemed it appropriate to submit its proposed
forest reference level (FRL) for consideration by the United Nations Framework Convention on
Climate Change (UNFCCC).There are two main components of the FRL: (a) establishment of Ghana’s
historical emissions profile considering the selected REDD+ activities and (b) the development of
the proposed FRL. This report presents an overview of the data and methodologies used to
estimate the historical emissions profile as well as details of how these baseline emissions were
applied for the development of the FRL. The information presented is intended to be transparent,
complete, consistent with UNFCCC guidance, accurate and guided by the most recent IPCC
guidance and guidelines. We request the Secretariat to make this information available on the
UNFCCC REDD web platform and hereby request a technical assessment of Ghana’s initial proposal.

1.1 REDD+ in Ghana

The total forest area in Ghana in 2000 was 8.9 million ha. Out of this forest cover, 4.7 million ha
was lost between 2001 — 2015. Ghana’s forest exists three main ecological zones; the High Forest
Zone (HFZ), Transitional Zone (TZ) and the Savannah Zone (SZ). These zones have been delineated
based on climatic factors, notably rainfall and temperature. The main ecological zones are
subdivided into nine forest strata.

Ghana’s high forest Zone (HFZ) in the southwestern part of the country falls within the biodiversity
hotspot of the Upper Guinean forests of West Africa, one of the 36 most important biodiversity
areas in the world.2 The Transitional Zone exists in the mid-part of the country. It portrays
characteristics of both the High Forest and Savannah Zones. The Savannah Zone mainly exists in the
northern part of the country, but stretches further south into the east coast. These three main
ecological zones are subdivided into strata as defined in section 3.1.

With a current rate of deforestation and forest degradation (3.51 % annual loss of forest cover in
Ghana), Ghana's forest resources face pressures from mining, agricultural encroachment, legal and
illegal logging, woodfuel harvesting, wildfires and infrastructure development. Ghana’s economic
growth and achievements have come at a significant cost to its forests. Having lost over 60% of its

2Ghana Forestry Commission. 2015. Ghana National REDD+ Strategy. Available at:
https://www.forestcarbonpartnership.org/sites/fcp/files/2016/Sep/Ghana%27s%20National%20REDD%2B%20Stra
tegy%20Dec%202015.pdf
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primary forest cover from 1950 to the turn of the last century (2.7 million hectares)?, and
considering the current deforestation rate of approximately 3.51% per year (311,879.8ha/year)
since 2001 and a marked increase between 2012 and 2015 of 524,489ha/year, the future of
Ghana’s forests is an issue of major concern.

Forest degradation and deforestation pose a significant threat to Ghana for two main reasons.
Forests provide many ecosystem services and functions that support the country’s predominantly
agrarian economy. Therefore, the continual loss of Ghana’s forests poses severe challenges to
Ghana’s economy as well as the capacity of forest ecosystems to sustainably supply critical goods
and services for the country. In addition, deforestation is a major global contributor to climate
change. Ghana therefore runs the risk of remaining in its present status of a net emitter of CO; if it
is unable to halt deforestation and forest degradation. Given that climate change poses myriad
threats to Ghana as a result of projected increases in temperature and changes in rainfall patterns,
the effort to mitigate and adapt to climate change is of paramount importance to all Ghanaians.

Ghana began its engagement in REDD+ in 2008 with the development of its Readiness Project Idea
Note (R-PIN), and in 2010 received approval of its REDD+ Readiness Preparation Proposal (R-PP)
from the Forest Carbon Partnership Facility (FCPF). Since 2010, Ghana has been focusing on REDD+
Readiness under the FCPF REDD+ Readiness programme, building the needed capacity,
understanding, architecture and systems to support the implementation and monitoring of REDD+
projects and programmes. In April, 2017, Ghana submitted its Emission Reduction Program
Document (ER-PD) to the Forest Carbon Partnership Facility (FCPF) for its sub-national Ghana Cocoa
Forest REDD+ Programme (GCFRP), which will be undertaken in the HFZ (see figure 1).

3FAO, 2010.Global Forest Resources Assessment.Main report. Available at
http://www.fao.org/docrep/013/i1757e/i1757e.pdf
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Figure 2: Ghana's forest ecosystem types in the FCPF GCFRP area in Ghana's high forest zone, and administrative regions

1.2 Application of UNFCCC Modalities to Ghana’s FRL

Within the context of the United Nations Framework Convention on Climate Change (UNFCCC or
Convention), REDD+ REL/RLs serve two purposes.® First, FRLs establish a business-as-usual (BAU)
baseline against which actual emissions are compared, whereby emission reductions are estimated
as the difference between FRLs and actual emissions. In this sense, FRLs depict what the emissions

4 Meridian Institute. 2011. “Modalities for REDD+ Reference Levels: Technical and Procedural Issues.” Prepared for
the Government of Norway, by ArildAngelsen, Doug Boucher, Sandra Brown, ValérieMerckx, Charlotte Streck, and
Daniel Zarin.Available at: http://www.REDD-OAR.org.
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scenario would be in the absence of REDD+ implementation, and thus provides the basis for
measuring its success. Second, FRLs are needed to determine the eligibility of UNFCCC Parties for
international, results-based support for REDD+, and to calculate that support on the basis of
measured, reported, and verified emission reductions.

The creation of forest FRLs as benchmarks for assessing performance are guided by modalities
contained in UNFCCC Conference of Parties (COP) decisions, most notably decision 12/CP.17 and its
Annex. These modalities state that when establishing FRLs, Parties should do so transparently
taking into account historic data and adjusting for national circumstances in accordance with
relevant decisions of the COP>. A step-wise approach is allowed that enables Parties to improve the
FRL by incorporating better data, improved methodologies and, where appropriate, additional
pools. FRLs are expressed in units of tons of CO, equivalent (CO.e) per year and must maintain
consistency with a country’s greenhouse gas inventory (according to 12/CP.17, Paragraph 8). In
response to the guidelines for submissions of information on FRLs provided in decision 12/CP.17, a
summary of Ghana’s decisions on these modalities is given in Table 1

Table 1: UNFCCC modalities relevant for Ghana’s national FRL

Reference Description Ghana’s Proposal

to

Guidelines

Decision Allows for a Ghana has noted key areas in the national FRL
12/CP.17 step-wise where improvements will be undertaken
Paragraph approach through a stepwise approach.

10

Decision Pools and gases Pools:

12/CP.17 included - Aboveground biomass is the most
Annex, significant pool for forests in Ghana.
paragraph Included for all activities.

(c) - Belowground biomass is significant.

Included for all activities.

- Litter included for completeness for
deforestation estimates

- Deadwood included for deforestation
and degradation by legal/ illegal
logging.

- Soil is a significant for deforestation.

Decision 4/CP.15, paragraph 7.
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Reference Description Ghana’s Proposal
to
Guidelines

- HWP included for degradation by
logging (legal/ illegal).

- CO; always accounted for emissions
and removals

- CHas and N,0 accounted for fires that
cause deforestation and degradation.
Converted into CO,e

Decision Activities - Deforestation

12/CP.17 included - Forest degradation from woodfuel
Annex, collection, forest fire, legal timber
paragraph logging, illegal timber logging

(c) - Carbon stock enhancement for

removals from forest plantations that
have been planted “on-reserve”
forestlands® and off-reserve forestlands
established under the National Forest
Plantation Development Programme

(NFPDP).
Decision Definition of - 15% canopy cover,
12/CP.17 forest used is - minimum height of 5 meters, and
Annex, same as that - minimum area of 1 hectare’
paragraph used in national
(d) GHG inventory
Decision The information GHG estimates were developed integrating
12/CP.17 should be 2006 IPCC Guidelines.®
Annex guided by the

most recent
IPCC guidance

5All wooded vegetation demarcated and gazetted as forest reserves and national parks. They are constituted by
statutory regulation and managed by the Forestry Commission of Ghana, for the provision of environmental and
ecosystem services, production of timber for commercial purposes and protection and management of wildlife
resources.

7 Note: Tree crops, including cocoa, citrus, oil palm (in smallholder or estate plantations), and rubber are not
considered to be forest trees. Timber tree plantations are considered forest under the national forest definition
8 |PCC 2006 Guidelines for National GHG Inventories, Volume 4 AFOLU (IPCC 2006 AFOLU)
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Reference
to
Guidelines

Description

and guidelines.

Ghana’s Proposal

Decision To submit Forest degradation and deforestation pose a
12/CP.17 information and significant threat to Ghana for two main
. rationale on the reasons. Forests provide many ecosystem
Paragraph development of services and functions that support the
9 FRLs/ FRELs, country’s predominantly agrarian economy. In
including details addition, deforestation is a major global
of national contributor to climate change through CO,

circumstances
and on how the
national
circumstances
were considered

emissions. Ghana therefore runs the risk of
remaining in its present status of a net emitter
of CO, if it is unable to halt deforestation and
forest degradation. REDD+ will serve as an
important pathway for Ghana to maintain the
ecological integrity of its forest cover whilst
contributing to national efforts aimed at
mitigating climate change. Ghana’s FRL will
therefore provide the baseline that will enable a
robust assessment of Ghana’s efforts towards
addressing emissions from the forestry sector.

Ghana completed its third national communications, first biennial update report and third national
inventory report for submission to the UNFCCC in 2015. This submission and associated work predated
the work undertaken to develop Ghana’s national FRL. Construction of the FRL involved further
refinement to the methods used in the GHGI and also included data from additional years.
Consequently, some differences exist in the estimated emissions for the national FRL and GHGI reports.
The methods and approaches used for the national FRL will however form a basis for Ghana’s next GHG
reporting for AFOLU (land sub-sector). Consequently, consistency will be fully attained in Ghana’s GHGI
and the FRL during the next reporting to the UNFCCC.
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1.3 Key Definitions

Deforestation

Deforestation is the human induced loss of forest cover below the thresholds used to define forests
in Ghana i.e. a minimum canopy cover of 15 per cent, a minimum tree height of 5m and a minimum
area of 1 hectare.

Forest degradation

Forest degradation is the utilization of forest resources in forestland remaining forestland that
leads to the reduction of canopy cover but does not lead to the loss of forest cover below the
minimum canopy threshold as given in the definition of forests. This reduction in canopy cover
leads to a decline in the supply of benefits from the forests including the sustainable supply of
wood, biodiversity, carbon and other services. In Ghana’s context, degradation is generally driven
by legal and illegal logging, fuelwood extraction and wildfire.

Carbon Stocks Enhancement

In the context of REDD+, Carbon Stocks Enhancement (CSE) denotes the suite activities which
results in an increase in carbon stocks in forestland remaining forestland and through the
conversion of the other land uses to forestland. The full suite of CSE activities therefore include
natural and assisted regeneration (including enrichment planting), afforestation and reforestation.
However, as a result of data limitations during the development of the FRL, Ghana included only
forest plantations established under the National Forest Plantation Development Programme,
which is government’s flagship forest plantations programme targeted at restoring degraded forest
reserves whilst encouraging afforestation in areas outside the gazetted forest reserves.

Managed lands

Ghana adopts the IPCC definition of managed lands, which designates them as lands where human
interventions and activities are undertaken towards the attainment of specific social, cultural,
environmental and economic goals. Managed lands are therefore lands which are impacted by
anthropogenic actions. If the managed land category is forests, then it is referred to as managed forest
lands. In Ghana’s context all lands are considered as managed and are impacted by various human
activities.

For example, all native forests where no logging/ wood fuel collection occurs are purposively designated
as protected areas through formal or customary arrangements. In areas outside the gazetted forest
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reserves, this category of forests are situated within sacred groves which often serves as the burial
grounds for traditional heads/ Kings and/or have significant cultural significance. Sacred groves are
forests preserved by native authorities using cultural norms, taboo, customs and traditions of the local
people. They are protected mainly for spiritual purpose and provision of environmental services but are
not legally constituted. Historically, traditional rulers used various myths, taboos and other beliefs to
manage these forests and their resources. Such regulations play a major role in the conservation of
natural resources, species and ecosystem®. The designation of these areas as protected is therefore a
purposeful management intervention and consequently, these forests are therefore not considered as
‘unmanaged’ in Ghana’s context.

Likewise, all forest reserves in Ghana are under the direct management of the Forestry Commission of
Ghana. As part of this mandate and in order to ensure that there is a perpetual flow of environmental
and economic benefits from forests, a portion of the reserves are set aside as protected areas (e.g. in
Protection Working Circles, Globally Significant Biodiversity Areas (GSBAs) etc.). In order to ensure that
these areas are well-protected, the Forestry Commission have dedicated staff who carry out patrols and
monitoring of these areas to prevent encroachment and other illegal activities (e.g. illegal logging). The
‘protection status’ given to these areas is therefore a management strategy and therefore in the context
of Ghana, these protected forests are also designated as ‘managed’ forestlands.

1.4 Forest Policies and Measures

A number of national policies, strategies and development provide a sound enabling environment for
the implementation of initiatives targeted at reducing emissions from Ghana’s forestry sector. These
policies and measures are outlined below (

% Johan, C., & Carl, F. (1997). The relations among threatened species: Their protection,and taboos. Conservation
Ecology[online] 1(1): 6. Available at URL:http://www.consecol.org/vol1/iss1/art6/
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Table 2).
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Table 2: Overview of relevant National Policies, Strategies and Development priorities to mitigate emissions

National  Policies,
and Development

Relevant
Strategies

Priorities

An Agenda for Transformation:
The Coordinated Programme of

Economic and Social
Development Policies (2014-
2020)

Ghana’s Shared Growth and

Development Agenda Il (GSGDA)
and attainment of the
Millennium Development Goals
(MDGs) (2014-2017)

National Climate Change Policy
(2012)

National Climate Change Policy
Action Programme for
Implementation: 2015-2020

The Revised Forest and Wildlife
Policy (2012)

Ghana Forest Plantation Strategy
2016-2040

The National Land Policy (1999)
with the associated Land
Administration Project (Phase 1)

Overview

This Agenda outlines medium-term policy interventions for effective natural resource
management which covers:

Biodiversity and protected area management;

Land management and restoration of degraded forests;
Wetlands and water resources management;

Community participation in natural resources management; and
Climate variability and change

P oo gy

The policy has three distinct pillars: private sector competitiveness, human resource
development, and good governance with civic responsibility. The medium-term
development plan will promote reforestation programmes, enforce bye-laws on illegal
lumbering and encourage the establishment of community woodlots.

National Climate Change Policy (NCCP) 2012 has the vision of ensuring a climate
resilient and climate compatible economy while achieving sustainable development
through equitable low carbon economic growth.

The purpose of the national climate change master plan is to put in place robust
measures needed to address the challenges posed by climate change and climate
vulnerability. Policy Focus Area 4 seeks to design and implement interventions that
increase carbon sinks.

This is the parent sector policy aimed at the conservation and sustainable development
of forest and wildlife resources in Ghana.

The goal of this strategy is to achieve sustainable supply of planted forest goods and
services to deliver a range of economic, social and environmental benefits.

The policy outlines specific actions that are consistent with the Mission and Vision of
the Forestry Commission and the goals of REDD+.

Under security of tenure and protection of land rights, it clearly states that decision-
making with respect to disposal of land should take into consideration:

e The natural resources of the land;

e Conservation of land for future generation;

e Protection of land rights of the present generation; and

e Accountability to the subjects for whom the land is held in trust.
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National Environment Policy
2014

Low Carbon Development
Strategy (2016)

Forest Law Enforcement,

Governance and Trade (FLEGT)

The National Tree Crops Policy

Ghana Cocoa Sector
Development Strategy (CSDS) II,
2015

National Climate Smart
Agriculture and Food Security
Action Plan (2016-2020)

National Riparian Buffer Zone
Policy 2011

Ghana National Bioenergy Policy
2010 - Draft

Ghana Strategic Investment
Framework (GSIF) for
Sustainable Land Management
(SLM) (2009 - 2015)

Sustainable Development Goal

The National Environment Policy commits to the principle of optimum sustainable
exploitation of the ecosystem resources. The policy recognizes serious environmental
challenges including loss of biodiversity, land degradation, deforestation and
desertification, wildfires, illegal mining, air and water pollution facing Ghana.

The overall objective of this strategy is to contribute to global climate change mitigation
through the development of an economically efficient and comprehensive Low Carbon
Development Strategy (LCDS) for Ghana together with a monitoring reporting and
verification system and an action plan.

Forest Law Enforcement, Governance and Trade (FLEGT) Initiative (as part of the
Voluntary Partnership Agreement (VPA)), and the projects under Ghana’s FIP all provide
a strong set of complementary channels for addressing the major drivers of
deforestation and degradation in Ghana, and for moving forward in a performance-
based and climate-smart manner.

The policy states the vision as “a competitive and sustainable tree crops sub-sector,
with focus on value chain development and improved technologies to create job
opportunities, ensure food enhance the environment and

security, improve

livelihoods.”

The focus of the CSDS Il is on sustainability through economic empowerment of
smallholder cocoa farmers. The vision is to create a modernized, resilient and
competitive cocoa environment where all stakeholders strive toward a sustainable
cocoa economy in which farmers and their communities can thrive.

The Action Plan is an effort to translate to the ground level the broad national goals and
objectives in climate-smart agriculture.

The Ghana Riparian Buffer Zone Policy aims at ensuring that all designated buffer zones
along rivers, streams, lakes, and reservoir and other water bodies shall be sustainably
managed for all.

The Bioenergy policy paper addresses the policy issues and recommendations for
achieving the overall objectives of the Government in ensuring sustainability of the
bioenergy sector.

The goal of the GSIF was to “support the country’s priorities in improving natural
resource based livelihoods by reducing land degradation, in line with the Millennium
Development Goals 1 (Extreme Poverty and Hunger) and 7 (Extreme Environmental
Sustainability).

The Sustainable development goals are a set of global development goals adopted to
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2015

end poverty, protect the planet and ensure prosperity for all. Each goal has specific
targets to be achieved over the next 15 years (2016-2030).

Ghana REDD+ Strategy

The GRS seeks to significantly reduce emissions from deforestation and forest
degradation over the next twenty years, whilst at the same time addressing threats that
undermine ecosystem services and environmental integrity so as to maximize the co-
benefits of the forests
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RATIONAL AND JUSTIFICATION OF GHANA'’S DECISIONS FOR
THE FRL

2.1 Scope of Activities

Ghana hasincluded emissions from deforestation and forest degradation (legal and illegal logging,
fuel wood and fire) as well as removals from carbon stock enhancement from tree plantations for

land that is considered “on-reserve” X

Emission from deforestation are substantial in Ghana accounting for about 40 MtCO,e per annum
since 2001 or 65% of emissions from the forestry sector (Figure 2).

Emissions from fire are negligible (0.7 MtCO,e /yr' at 1% of total emissions), but is particularly
important in the northern savanna vegetation zone, which represents 62% of emissions from forest
degradation associated with fire. Similarly, emissions related to fuel-wood collection (3.5 MtCO.e
yr, about 6% of total emissions) are most substantial in the savanna vegetation zone.

Ghana has a developed logging sector that accounts for 3.5Mt CO,e emissions annually on average
(6% of total emissions). Although more precise estimates are not available, studies indicate that
emissions from legal logging are less than a third of those of illegal logging activities that are
estimated at about 13.2 M tCO,e emissions per year which relates to 21% of total emissions (see
annex A for more detail).

10 “on-reserve” refers to all wooded vegetation demarcated and gazetted as forest reserves and national parks.

They are constituted by statutory regulation and managed by the Forestry Commission of Ghana, for the provision
of environmental and ecosystem services, production of timber for commercial purposes and protection and
management of wildlife resources.
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Emissions From RL Activities

0.92%

m Deforestation  ® Logging = lllegal Logging ™ Fire = Fuelwood = Enhancements

Figure 3: Relative emissions from REDD+ activities in Ghana.

2.2 Forest Definition

Following Ghana’s National REDD+ Strategy®!, the definition used for Ghana’s forest definition is a
minimum of 15% canopy cover, minimum height of 5 meters, and minimum area of 1 hectare,
based on thresholds set by the IPCC for these structural parameters and the Marrakesh Accord.
This definition is in line with the definition used in the most recent National Greenhouse Gas
inventory.'?

In Ghana’s context, agricultural tree crops, including cocoa, citrus, oil palm (in smallholder or estate
plantations), and rubber are not considered to be forest trees. Timber tree plantations are
considered forest under the national forest definition.

11GoG, 2015. National REDD+ Strategy.
12 Republic of Ghana, National Greenhouse Gas Inventory Report, July 2015. Table 72.
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Agreement on this definition was reached following an intense consultative process in which three
options were debated and discussed amongst a broad group of stakeholders. Consensus was reached on
the definition stated above based on the strength of arguments adduced, however, it is important to
note that not all participants in the process agreed with the outcome as they felt that the canopy cover
and height parameters would exclude much of northern Ghana from participating in REDD+. It is noted
that the UNFCCC will accept only a single forest definition for each country, and there is no option to
provide different forest definitions for different ecological zones. However in completing the national
FRL, it has become clear the forest definition does not exclude the North as significant patches of forests
were captured in the national land cover maps. During the data collection process for development of
the maps, it was realised that the forest vegetation in the Northern Savanna fully meets the thresholds
used to define Ghana's forests. It is worth noting that the Savanna Zone had the highest area deforested
per ecological zone in the country (i.e. over 138,867 ha of forest loss per annum).

Ghana also adopts the IPCC definition of forestland which “includes all land with woody vegetation
consistent with thresholds used to define Forest Land in the national greenhouse gas inventory. It also
includes systems with a vegetation structure that currently fall below, but in situ could potentially reach
the threshold values used by a country to define the Forest Land category"'®* On the basis of this
definition, Ghana considers agroforestry systems (where the shade trees meets the forest definition
parameters) and early stage forest plantations (which are yet to meet the forest definition thresholds
e.g. 1 —3 year old teak plantations) as forests.

2.3 Scale

Ghana has developed a subnational FRL for the HFZ under the GCFRP, which has been submitted to
the FCPF. For this submission to the UNFCCC, Ghana has decided to submit a national FRL which
includes the GCFRP, so as to include estimated emissions across the country. The methods used for
emission estimates are the same for both the subnational and national FRL and so any emission
reductions credits purchased under the GCFRP can be readily subtracted from an eventual national
program.

2.4 Pools and Gases

Pools for Ghana were selected separately for each activity included in the FRL (Table 3). The
selection of pools was based on the expected magnitude of the change in stock in a given pool as a
result of the selected activity as well as the resources required to collect accurate and precise data.

13 p. 4.75, Ch.4, Vol. 4, 2006 IPCC Guidelines
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For degradation caused by legal or illegal logging and fuel-wood, the soil carbon pool was not
included because it has been shown that selective logging has no impact on soil carbon over a large
concession because of the small area impacted.' Litter was also not included in degradation
because like the soil pool the impact is very small due to the small area impacted by logging.

For fire, all pools where included except for soil, as emission from soil are not significant under fire.

For carbon stock enhancement, only above ground and below ground biomass are included as the
other pools are not a significant source of additional removals.

Table 3: Carbon pools selected to include in the FRL according the activity

Activity AG BG Litter Harvested

Biomass Biomass Wood
Products

Deforestation X X X X X

Degradation X X X X

from illegal

and legal

logging

Degradation X X X X

from fire

Degradation X X

from fuel-

wood

Carbon stock X X

enhancement

The selection of greenhouse gases for Ghana includes CO; only. The exception is the non-CO, gases
(nitrous oxide, N>O, and methane, CH,) that are included in the estimates of emissions from fire
based on the IPCC 2006 AFOLU method and factors and converted to CO»e.

¥Johnson, D. W. and P. S. Curtis. 2001. Effects of forest management on soil C and N storage: meta analysis. Forest
Ecology and Management 140:227-238
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2.5 Historic Time Period

The reference period for the construction of the FRL is from 2001-2015, and historical emissions were
estimated based on locally developed data and land cover maps. This period was selected because of the
availability of wall-to-wall national land cover maps for 2000 and 2010. As detailed in Annex E, most of
the imagery used for the 2000 map was obtained from late 2000 and early 2001. Specifically, 11 out of
the 16 scenes used for the map were dated late 2000 or early 2001. Consequently, the 2000 map rather
reflected Ghana’s land cover as at the end of 2000 (or beginning of 2001). For deforestation analyses,
2001 therefore served as the first full accounting year of the reference period. Additional activity data
for deforestation were created for 2012 and 2015 (i.e. new wall-to-wall maps) to provide the most
accurate representation of Ghana’s emission profile. The other activities used annual activity data for
each year of the reference period with the exception of degradation by illegal logging and woodfuel
extraction which used a single data point as a result of the unavailability of additional accurate and
reliable historical data.

2.6 Current and projected drivers of deforestation

The assessment of the trend and drivers of deforestation completed during the development of the
forest reference level has provided further evidence to confirm the strongly held notion that agriculture
is the prime driver of deforestation in Ghana. A study completed during the preparation of Ghana’s
REDD+ Readiness Plan Idea Note (R-PIN) in 2008 estimated that agricultural expansion accounts for 50
per cent of deforestation in Ghana. The significance of agriculture as a driver of deforestation has also
been well articulated in various research papers and other national documents, for example, Ghana’s ER-
PIN, Ghana’s Forest Plantation Strategy, Forest Preservation Programme (2012), Bowers et. al (2017)®
etc.

For the national FRL work, conversion of forests to cropland was estimated to account for about 53 per
cent of deforestation during the reference period (2001 — 2015) making it the most important driver of
deforestation in Ghana. This conversion is largely driven by the expansion of annuals (which accounts for
about 80 per cent of deforestation resulting from agricultural expansion). Tree crop expansion,
particularly cocoa, oil palm and rubber, cumulatively account for the remaining 20 percent of conversion
of forests to agriculture. Agricultural expansion into forested areas occurs primarily in the High Forest
Zone (HFZ) — the HFZ exists in the southern one-third of Ghana where the climatic and soil conditions are
very suitable for various agricultural activities.

15 Bowers, S, Ryan, C, Jones, XH (2017). Understanding agriculture drivers of deforestation through
remote sensing: opportunities and limitations in sub-Saharan Africa. IIED Working Paper. IIED, London.
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The second biggest driver of deforestation is conversion to grassland, accounting for about 44 per cent
of deforestation in the reference period. Conversions to grassland occur mainly in Ghana’s savannah and
transitional zones where wildfire and pastoral activities are predominant; and forest ecosystems are
fragile and therefore subject to change with relatively minimal disturbance.

Ghana recorded a marked increase in deforestation during the last three years of the reference period
(2012 - 2015). Although there have not been any government policies which facilitated deforestation
from 2012 - 2015, Ghana faced a major economic recession during this period. According to the World
Bank'®, Ghana’s GDP shrunk from 47 Billion USD in 2013 to 37 billion USD in 2015. This economic
downturn led to government’s decision to seek an Extended Credit Facility (ECF) Programme (Bail-out)
from the IMF. This period was generally characterised by a high rate of unemployment (that resulted
from layoffs, lack of new employment opportunities etc.) as well as other economic challenges. These
factors contributed to drive deforesting activities across the country through unsustainable agricultural
expansion, illegal logging and illegal mining.

In Ghana, agriculture tends to have an easier entry point compared to other economic activities (in
terms of the low start-up costs and generally its informal nature). Consequently, the economic decline
led to a shift of labour to agricultural activities. Agricultural activities in Ghana are not only informal and
subsistent but also rely on unsustainable expansionist farming approaches for yield increment. Thus, an
increase in labour and desire for increment in yields as a safety net during the economic recession
resulted in the high loss of forest cover from the agricultural drivers during the period (i.e. 2012 — 2015).
Likewise, there was also significant shift of labour to illegal mining, which also contributed to worsening
of deforestation in Ghana during that period. Mining generally contributes directly to deforestation
whereas it can reinforce agricultural expansion into forested areas. For example, illegal surface mining
(popularly referred to as ‘galamsey’ in Ghana) has resulted in the conversion of about 3 per cent of
cocoa farms®. This trend leads to the relocation of some farmers into forested areas to ensure
continuity of their farming activities.

Furthermore, this period was characterised by increased investment in infrastructure and buildings,
which is seen as a safe haven for investments during economic difficulties. For example, data from the
FRL analysis shows that from 2012 — 2015, conversion of forests to settlements/ bare land accounted for
4.25 percent of deforestation whereas this conversion accounted for 0.67 percent of deforestation from
2001 — 2012 where Ghana enjoyed progressive economic growth.

16 http://data.worldbank.org/country/ghana
17 Expert information from Ghana Cocoa Board officials.
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The trend of high deforestation during the end years of Ghana’s reference period is corroborated by the
results of an independent study undertaken by ‘Mighty Earth’ in 2017 and based on high resolution data
sets from Hansen et al/ UMD/ Google/ USGS/ NASA. The study looked at the impact of cocoa (Ghana's
major agricultural commodity) to forest loss in Ghana from 2001 — 2014. The results clearly confirm the
trend of high forest loss in 2013 — 2014 relative to the preceding years (almost 300% increment)*®,

Based on the historical drivers, a number of factors are likely to affect the future trend of deforestation
in Ghana. The new government, sworn in on 7" January 2017, has initiated steps towards addressing the
economic challenges. Currently, interest rates and inflation are generally declining whereas the national
currency has remained stable. Ghana can therefore project that the economy is likely to recover over the
next few years. In addition, there has been massive government effort to curb the high incidence of
illegal mining. Several foreigners involved in illegal mining have been arrested or deported whereas
special law courts have been set up purposely to speedily adjudicate issues on (illegal) mining.
Furthermore, the media and civil society organisations have formed a coalition to campaign against
illegal mining. These measures are not only contributing to curbing illegal mining but are also raising the
environmental consciousness of the populace. In recent times, there has also been improved
coordination amongst key land-based government agencies. For example, for the first time, the Forestry
Commission and Ghana Cocoa Board are collaborating to develop Ghana’s Cocoa Forest REDD+
programme targeted at enhancing cocoa yields, improving shade cover in cocoa farms whilst reducing
deforestation associated with cocoa production. These measures are likely to result in a decline of
deforestation in Ghana.

On the other hand, there are prevailing actions that may enhance deforestation. The government has
recently launched a ‘planting for food and jobs’ programme with an objective of increasing production
and achieving food security. Such measures, if not well implemented and properly managed, could lead
to significant increase in deforestation as a result of the expansionist nature of farming in Ghana.
Additionally, tree crops such as oil palm, rubber and cocoa are steadily expanding in the Ashanti, Central
and Western regions at the expense of forests. For example, Rubber Plantations Ghana Limited intends
to expand its plantations from 550 ha as at the end of 2015 to over 7,200ha through an outgrower
scheme by 2018. The trend of expansion of tree crops are projected to continue in the future and
thereby put significant pressure on Ghana’s forests.

18 please refer to the ‘loss m2’ tab of this dropbox folder:
https://www.dropbox.com/sh/ir7yb87tvsk12hd/AABmgL7SVcnaKRg3SsfnvkyDa?dI=0. The maps are also available
here: https://mapforenvironment.org/map/view/379/Deforestation-in-Cacao-producing-Region-of-Cote-dIvoire-
and-Ghana#6.78/7.506/-5.998



https://www.dropbox.com/sh/ir7yb87tvsk12hd/AABmgL7SVcnaKRg3SsfnvkyDa?dl=0
https://mapforenvironment.org/map/view/379/Deforestation-in-Cacao-producing-Region-of-Cote-dIvoire-and-Ghana#6.78/7.506/-5.998
https://mapforenvironment.org/map/view/379/Deforestation-in-Cacao-producing-Region-of-Cote-dIvoire-and-Ghana#6.78/7.506/-5.998
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Generally, there is also an anticipation of an increasing global market for cocoa, other agricultural
products, minerals and timber particularly as a result of increasing demand from Asia. For example, as a
result of high demand for Rose wood in Asia, export of the commodity increased from 8m3 in 2004 to
20,804.527m?3 in 2014 in Ghana. For indicative purposes only, in January, 2016 alone, 8731.278m? of rose
wood was exported. Hence, without a coherent and concerted action to address deforestation, this
increasing demand of forest and agricultural products will lead to an increase in deforestation.

As a result of these factors, Ghana projects that deforestation could still be problematic but the rate of
increase may decline in the future. As a result, Ghana opts for the adoption of simple historical average
approach for projection of its deforestation rates. In addition, forest degradation is projected to remain
at about the average level recorded during the historical period. An increasing population is projected to
increase the demand for timber and woodfuel, however, this increase is likely to be offset in the future
by an increasing shift to substitutes (for example, Ghanaians are increasingly adopting steel trusses
instead of wood trusses for roofing whereas it’s projected that domestic energy will be diversified to
include other alternatives such as LPG. In addition, the initiatives which have been put in place to control
deforestation will have a rippling effect on limiting forest degradation. Consequently, Ghana wishes to
project its national emissions on the basis of the simple historical average approach.
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2.7 Adjust for National Circumstances

According to Decision 12/CP.17 |l. Paragraph 9, countries can submit information and rationale on
the development of FRLs, including details of national circumstances and if adjusted include details
on how the national circumstances were considered. However, Ghana does not wish to adjust its
FRL to national circumstances as the national consensus is that emission reported during the
reference period are representative of current emissions.
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HISTORICAL EMISSIONS METHODS

The development of the FRL and MRV is divided into steps based on the three key activity types
(Figure 3). In addition, degradation is broken down further into four separate activities:
degradation from legal timber harvest, degradation from illegal timber harvest, degradation from
woodfuel collection, and degradation from fire. The section below provides details on the inputs
used to develop historical emissions to support the establishment of the FRL, and the estimation of
current emissions to support the establishment of an MRV system.

‘\ KEY
Future Projection of -
Emissions -
Policy
DN

Intermediate
outcome

Emission
Reduction from
Forest
Enhancement

Emissions
from Forest
Degradation

Emissions
from
Deforestation

Figure 4: Framework for the National Forest Monitoring System to provide key input into the historical emissions for
Reference Level Development and the Measuring, Reporting and Verification System.?

1% Based on Brown S., F. Casarim F., K.M. Goslee, A.M. Grais, T.H. Pearson, S. Petrova, E.Swails, S.M. Walker. 2013.
Technical Guidance Series for the Development of a National or Subnational Forest Monitoring System for REDD+.
Developed by Winrock International under the LEAF Program.
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3.1 Stratification

The forests in Ghana are very diverse in terms of species composition and ecological landscape,
which is influenced by soil structure and rainfall regime. Consequently, forest management in
Ghana is structured to address the diversity of the forest resources within and across the ecological
landscape.?°

Guidance issued by the IPCC in the development of greenhouse gas inventories for AFOLU requires
stratification of forest lands. The Forest Preservation Programme (FPP) which conducted wall-to-
wall mapping of forest resource in Ghana reported transformation of the forest structure and
condition between 1990 and 2010. The information gathered under this program provided baseline
information on the vegetation cover for Ghana to define the forest classes. The strata are divided
into ecozones (see figure 4) and each ecozone is categorized into open and closed forest (see
definitions below).

Dry Semi deciduous forest (inner and fire zone)

It has a wide range of annual rainfall (1000 -1500mm), it is heavily degraded because of frequent
wildfires. Large portion of the gazetted natural forests have been converted to plantations. The
vertical structure is between 30-45-m. Most gazetted forest reserves are found within this zone.

Evergreen forest moist

This is forest that remains green throughout the year and does not shed its leaves. Tree upper
canopy trees grows up to 43m high. This stratum is very rich in species diversity and annual rainfall
ranges from s 1500-1750mm. The soil PH is 3.8-4.3.

Evergreen forest wet

This is forest that remains green throughout the year and does not shed leaves. Upper canopy trees
rarely exceed 40m high. This stratum is very rich in species diversity and annual rain fall exceeds
1750mm. The soil PH is 3.8-4.3.

20yakubu M. 2015. Standard Operating Procedure 004 — Stratification of Lands. Prepared in collaboration with and
Indufor/Forest Consult/GISD for the Ghana Forestry Commission.
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Figure 5: Ecological zones in Ghana.?!

Moist semi deciduous south east forest

A mixture of evergreen and deciduous species. It is the most productive among the forest zones.
Density is lower - about 100 trees/ha, but majority of commonest species in Ghana achieve their
greatest frequency in this zone. Tree height in the upper canopy is between 50-60 m. The soil PH is
5-4 and comparatively richer than the evergreen forest. Annual rain fall is 1250-1750mm.

21 Map prepared by the GIS and mapping unit at RMSC, 2014
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Moist semi deciduous north west forest

Has similar attributes to the Moist semi-deciduous south east forest. Most of the gazetted forest
reserves are found within this zone.

Savanah woodland

Woodland vegetation found in the northern and coastal savannah of Ghana. Northern savannah is
mainly woodlands and grass mosaic. Trees can grow above 5 meters. However, along rivers and
streams, the tree height can reach up to 20 meters and usually forms a closed canopy. The forest in
this zone is fire prone, and fire is sometimes used as management for the range lands.

Southern Marginal

The Southern Marginal forest is shorter than 30m, has thick undergrowth and may include high
densities of multiple species.

Upland Evergreen

This is forest that remains green throughout the year and does not shed leaves. Upper canopy trees
exceed 43m high. Very rich in species diversity and annual rain fall exceeding 1250-1750mm. The
soils are much richer than the moist and wet evergreen, however species diversity is much lower.

Ghana’s forest cover can also be categorized into open and close forests depending on the canopy
cover thresholds:

Closed canopy forest

Under the Forest Preservation Programme Ghana’s forest was classified according to the extent of
canopy cover. The closed canopy forests are those with canopy cover exceeding 60%. It exhibits
typical high forest characteristics with a 3-layer vertical structure namely; the upper, middle and
ground layers. They are mainly found in the gazetted forest reserves and national parks of Ghana.
This category of forest according to the Resource Management Support Centre (RMSC)
categorization which is based on the amount of light that penetrates the forest floor and is referred
to as condition score varying from 1 to-6 in order of good to bad condition, have condition score 1
and 2.
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Open canopy forest

This is modified or disturbed natural forest which has 15 - 59 % canopy cover (FPP, 2010.) They
may also have a three vertical layer structure: an upper layer which is made up of isolated mature
trees; the middle layer is made up of saplings and shrubs; and a ground layer which is dominated
by grass. In most instances, the middle and ground layers are merged and constitute the dominant
layer in the open forest. Open canopy forests exists mainly outside the gazetted forest reserves.
Degraded forest reserve with condition score 4 and above also fall into this category.

3.2 Deforestation

Activity data

Activity data were obtained from the 2000, 2010, 2012 and 2015 land cover maps based on 30 m

.22 The 2000 land cover map was used to establish

resolution Landsat imagery classified using NDV
the time-zero forest extent for Ghana that was then used to develop a forest “mask.” Losses in
forestland cover, i.e. deforestation, were only counted if pixels classed as forest in the 2000 forest

mask changed to non-forest in a subsequent land cover map (see figure 5).

For the GCFRP Accounting Area a separate study of plantations of agricultural tree crops was
conducted using high-resolution imagery (methods in Annex B), to allow removal of agricultural
tree areas from deforestation totals and addition to the deforestation totals of areas where
agricultural tree plantations replaced natural forest. This step was undertaken to ensure that
plantations of agricultural tree crops were not accounted for in the FRL.

Total deforestation was estimated as the sum of all the pixels in the 2000 forest mask that changed
to non-forest between 2000, 2010, 2012 and 2015. The annual historical average was derived by
dividing total deforested area (2001-2015) by the number of years (15):

Annual average activity data = total deforestation / number of years

Areas of deforestation caused by fire were identified using the MODIS burned area product, as
discussed below in the degradation by fire section. Areas identified as burned and also as
deforested were assumed to be deforested by fire. Since the land use maps used for deforestation

2| and cover maps developed by the Forest Preservation Programme (FPP) project for 2000 and 2010%%; remote
sensing analysis conducted by RMSC for 2013 and 2015, Applied Geo-Solutions (AGS) remote sensing analysis on
differentiating natural forest from tree crops (see Annex C).
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accounting were not annual but the burn scar maps used for forest fire accounting were annual, it
was assumed that any fire registered in the deforestation period was associated with the
deforestation event and any additional fires were in an agricultural (outside REDD) context. Thus no
degradation is recorded by fire if a fire occurs in the same period as deforestation. Deforestation
fires were only tracked for one year for each of the three deforestation periods. The year at the
beginning of each deforestation period was used; meaning deforestation fires were only accounted
for in 2001, 2010 and 2012.
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Figure 6: Deforestation in Ghana between 2001 and 2015.

The activity data for deforestation is presented in table 3 below.
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Table 4: Activity data for deforestation in Ghana between 2001 and 2015

Open

Forest 852,565 13,244 | 2,207 6,622 89,715 801,388 1,015 15,517 11,265 7,353 | 1,800,891
Closed

Forest 153,624 17,829 | 2,972 8,915 | 112,741 65,595 187 2,144 4,029 3,456 371,491
Total 1,006,189 | 31,073 | 5,179 15,536 : 202,456 866,983 1,202 17,661 15,294 10,809 : 2,172,382
Open

Forest 348,161 4,818 803 2,409 34,253 389,530 549 2,968 2,458 1,265 787,214
Closed

Forest 56,282 7,290 | 1,215 3,645 46,617 28,722 45 318 548 452 145,134
Total 404,443 12,108 : 2,018 6,054 80,870 418,252 594 3,286 3,006 1,717 932,348
Open

Forest 487,743 7,436 | 1,239 3,718 55,738 751,970 568 58,433 5 2,677 | 1,369,528
Closed

Forest 76,686 8,481 | 1,413 4,240 65,119 37,655 396 9,031 12 907 203,939
Total 564,429 15,917 : 2,653 7,958 | 120,857 789,625 964 67,465 17 3,584 | 1,573,467

Emission Factors

Deforestation emission factors were developed according to the stock-difference?® approach
provided by the IPCC Guidelines (2006), and represents the difference between the pre-
deforestation carbon stocks and post-deforestation carbon stocks for each stratum (see Eq. 1).

EFdef(t,X,y)= (Cbl'o.pre(x)_Cbio.post(t,y)+ ASOC(t)) *44/12 + Lfire Eq 1
Where:

EFaefixy) =Emission factor for year t for deforestation for stratum x and driver y, tCO,e ha™
Chioprery  =Carbon stock in biomass in stratum x, prior to deforestation, t C ha™

Chio.postity) =Carbon stock in biomass in year t post-deforestation, for driver y,t C ha™

ASOCy = Change in soil carbon stocks in year tfollowing deforestation, t C ha™

44/12 = Conversion factor from carbon to CO,

23UNFCCC, 2006.IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4: Agriculture, Forestry and Other Land Use
(AFOLU), Generic Methodologies Applicable to Multiple Land-Use Categories, http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 02 Ch2 Generic.pdf
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Lire = Emissions from burning, including non-CO, gases such as methane and nitrous
oxide, expressed in CO; equivalents, tCO,e ha™

The total biomass carbon stock for each stratum is the sum of all carbon stocks from measured
pools (Equation 2), excluding soil carbon pool, which is reported separately.

Chio.pre(x) = (Cagb(x)+Cogb(x+Caw(x)Ciit)+Cuegi) Eq.2
Where:
Chioprery  =Carbon stock in biomass in stratum x, prior to deforestation, t C ha™
Cagb(x) = Carbon stock in aboveground live tree biomassin stratum x, t Cha™
Chgbix) =Carbon stock in belowground live tree biomassin stratum x, t C ha™
Cawix) =Carbon stock in deadwood poolsin stratum x, t C ha? (includes both standing
and lying deadwood)
Clit(x) =Carbon stock in litterin stratum x, t C ha™
Cuegix) = Carbon stock in non-tree vegetationin stratum x, t C ha?(includes shrubs,

sapling, and herbaceous understory)

Strata were identified through the Forest Preservation Programme (FPP) Mapping of Forest Cover and
Carbon Stock in Ghana project and represent all relevant IPCC land cover classes. In some strata, where
open forests were converted to plantations of agricultural tree crops, the change in carbon stocks
resulted in net removals. As this is assumed to introduce perverse incentives into the REDD+
programme, an emission factor of zero was applied.

The EF for deforestation are given in Table 4 below.

Generally, there are significant differences in the EFs of closed and open forests in the High Forest Zone.
Closed forests in this zone are characterized by high density of large dominant over storey trees. This
occurrence suggests a greater biomass per hectare. Open forest, on the other hand, are created as a
result of disturbance in relatively intact forest. Disturbance in the form of fire and harvesting leave gaps
in the forest structure. The gap is filled by lower wood densities, light demanding species, saplings and
non-woody plants. Total biomass from this vegetation is minimal relative to the closed forests, hence
the difference in emission factors between the two forest categories.

For the full methodological approach, see Annex A.
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Table 5: Emission factors for all strata

Forest carbon Stratum/ Forest type Land Cover EF (t CO2e/ha)

Wet evergreen

Closed forest Cropland 584.1
QOil Palm 389.3
Citrus 318.9
Rubber 191.3
Cocoa 318.9
Grassland 520.2
Wetlands 521.3
settlement 589.5
Bareland/other 698.6

Open Forest Cropland 202.6
QOil Palm 7.9
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 138.7
Wetlands 139.9
settlement 208.1
Bareland/other 317.2

Moist Evergreen

Closed forest Cropland 650.9
Oil Palm 507.8
Citrus 437.4
Rubber 309.8
Cocoa 437.4
Grassland 642.5
Wetlands 639.8
settlement 704.6
Bareland/other 808.3

Open Forest Cropland 119.2
Oil Palm 441
Citrus 0.0
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Rubber 0.0
Cocoa 0.0
Grassland 174.3
Wetlands 176.1
settlement 210.5
Bareland/other 265.6

Moist Semidecidious SE

Closed forest Cropland 473.1
Qil Palm 446.4
Citrus 376.0
Rubber 248.4
Cocoa 376.0
Grassland 571.6
Wetlands 578.4
settlement 608.6
Bareland/other 656.9

Open Forest Cropland 55.0
Qil Palm 41.8
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 166.1
Wetlands 173.8
settlement 198.0
Bareland/other 236.7

Moist Semidecidious NW

Closed forest Cropland 223.5
Oil Palm 93.1
Citrus 22.7
Rubber 0.0
Cocoa 22.7
Grassland 219.8
Wetlands 225.1
settlement 255.9
Bareland/other 341.6

Open Forest Cropland 99.6
Qil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 106.0
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Wetlands 112.0
settlement 138.0
Bareland/other 216.0

Upland Evergreen

Closed forest Cropland 387.1
QOil Palm 244.1
Citrus 173.7
Rubber 46.1
Cocoa 173.7
Grassland 373.1
Wetlands 376.1
settlement 431.9
Bareland/other 521.2

Open Forest Cropland 119.4
Oil Palm 23.9
Citrus 0.0
Rubber 0.0
Cocoa 173.7
Grassland 149.8
Wetlands 155.9
settlement 190.5
Bareland/other 245.9

Dry Semideciduous inner zone

Closed forest
Cropland 277.7
Oil Palm 25.6
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 157.9
Wetlands 157.6
settlement 234.8
Bareland/other 360.9

Open Forest Cropland 172.2
Qil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 104.2
Wetlands 107.6
settlement 160.0
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Bareland/other 246.4

Dry Semideciduous fire zone

Closed forest Cropland 117.9
Oil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 60.8
Wetlands 70.6
settlement 113.6
Bareland/other 182.4

Open Forest Cropland 132.1
Oil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 82.3
Wetlands 84.8
settlement 127.8
Bareland/other 229.9

Savannah

Closed forest Cropland 160.9
Oil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 27.3
Wetlands 81.9
settlement 137.7
Bareland/other 221.1
Water 68.9

Open Forest Cropland 155.0
Oil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 21.4
Wetlands 76.0
settlement 131.8
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Bareland/other 221.1

Southern Marginal

Closed forest Cropland 171.2
Oil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 95.9
Wetlands 115.6
settlement 157.4
Bareland/other 224.3

Open Forest Cropland 122.3
Oil Palm 0.0
Citrus 0.0
Rubber 0.0
Cocoa 0.0
Grassland 43.6
Wetlands 63.0
settlement 106.4
Bareland/other 175.9

3.3 Degradation from legal timber harvest

Calculations and final estimation of emissions follow the methods outlined by Pearson et al.
(2014)**. This method combines data on harvest volume (activity data) with an emission factor that
reflects three emission sources that occur as a result of logging:

1. emissions from the milling, processing, use and disposal of the felled timber-tree,

2. emissions from incidental damage caused by the timber-tree fall and cutting of the log in
the forest, and

3. emissions from infrastructure associated with removing the timber of the forest (e.g. skid
trails, logging decks and logging roads).

The total emission factor from selective logging is estimated as the sum of three factors:

24 pearson T.R.H., Brown, S. andCasarim, F. 2014. Carbon Emissions from Tropical Forest Degradation Cause by Logging. Environ. Res. Lett. 9
034017 (11pp).Winrock International. Available at:
http://www.winrock.org/sites/default/files/publications/attachments/Pearson%20et%20al%202014%20Logging.pdf
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TEF = ELE + LDF + LIF

Where:

TEF Total emission factor (t CO; m3)

ELE Emissions from extracted log (t CO, m™)
LDF Logging damage factor (t CO, m?3)

LIF Logging infrastructure factor (t CO; m?3)

A committed emissions approach is employed in the calculations to simplify the carbon accounting
process. This means that all emissions are accounted in the year of the logging event.

The TEF is then multiplied by annual timber extracted, in cubic meters per yr. from 2001-2015.
Further detail on the methodology and assumptions made can be found in Annex B.

The legal timber harvest measurement approach is a direct accounting method using locally
generated activity data and emissions factors — as such it is not a proxy-based approach. The
activity data is the recorded volumes of extracted timber, emission factors are derived from field
measurement in Ghana and capture the change in carbon stocks as a result of the extracted
volumes. For the sake of precision, the method does not look at the difference in forest carbon
stocks with and without logging, which would be challenging and imprecise to measure. Instead,
the change associated directly with each extracted cubic meter is estimated. The method thus
involves only measurement of trees that have been felled or accidentally killed. As the
measurement takes account of the whole dead trees, dead wood stocks and arguably even litter
are effectively captured. The method also tracks the biomass extracted from the forest in the
timber logs and thus captures harvested wood products, however, the simplifying assumption of
committed emissions is applied so the only storage in wood products is the stock estimated to still
be in use 100 years after harvest.

Activity data

Ghana has timber extraction data for the entire historical period 2001-2015. These data present
the total volumes of timber extracted annually by species and by administrative unit (region and
locality) based on the Tree Information Forms (TIFs). These data are summed annually across
administrative units to calculate total volumes.

Emission Factors
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Emission factors were derived from the methods in Pearson et al. (2014) and field data collected by
the Ghana Forestry Commission in May 2016. The method takes a committed emissions approach.
For harvested wood products, a 30-year half-life is used following the IPCC (2006)?® default value
for solid wood (Table 12.2), any products still in use 100 years after harvest are considered
permanently sequestered. Further details are provided in Annex A.

The calculated values are summarized in Table 5 below,

Table 6: Estimated EF value for llegal timber harvest and associated uncertainty

Uncertainty

Emission from Extracted Log ELE 0.74 0.02
Logging Damage Factor LDF 2.46 0.17
Logging Infrastructure Factor LIF 0.50 0.13
Total Emission Factor TEF 3.75 0.21

3.4 Degradation from illegal timber harvest

The approach for illegal timber harvest should be considered as a proxy method, as it relies on
numbers for activity estimation from a published study for one point in time. The emission factors
are Tier 2 and follow the same assumptions as legal logging. The method involves only
measurement of trees in Ghana that have been felled or accidentally killed. As the measurement
takes account of the whole dead trees, dead wood stocks and arguably even litter are effectively
captured. The method also tracks the biomass extracted from the forest in the timber logs and thus
captures harvested wood products, however, the simplifying assumption of committed emissions is
applied so the only storage in wood products is the stock estimated to still be in use 100 years after
harvest.

Activity Data

2SUNFCCC, 2006.IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4: Agriculture, Forestry and Other Land Use (AFOLU), Generic
Methodologies Applicable to Multiple Land-Use Categories, http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 02 Ch2 Generic.pdf
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Yearly activity data on the amount of timber harvested illegally in Ghana are not available at this
time (but will become so as the MRV system is implemented). Instead, a number of studies have
been conducted that provide estimates on the amount of illegal timber harvest. The study,
‘Revisiting lllegal Logging and the Size of the Domestic Timber Market (Hansen et al. 2012) provides
activity data on historical illegal timber harvest for Ghana’s FRL.

Hansen et al (2012) estimated illegally logged timber at 4.1 million m* per year in 2009 nationally.
These numbers will be improved in a step-wise manner as Ghana develops a measurement system
for illegal timber.

Emission Factor

Illegal timber harvest does not differ in felling practices from legal timber harvest. Differences arise
in the milling efficiency (chainsaw milling in the forest), and in extraction (milled timber carried out
by hand rather than skidded out) (see Annex A for further detail on the methodology used and
Table 6 for the emission factors).

Table 7: Estimated EF value for illegal timber harvest and associated uncertainty.

Value
Factor (tCO2/m3) Uncertainty
Emission from Extracted Log ELE 0.76 0.03
Logging Damage Factor LDF 2.46 0.17
Total Emission Factor TEF 3.22 0.17

3.5 Degradation from forest fire

The measurement approach for fire uses spatial data to capture area burned annually and IPCC
factors to derive emission factors. The biomass values input incorporate live biomass (above and
belowground) as well as down dead wood and litter as stocks impacted by degradation caused by
forest fires. These stocks are derived from the FPP (as for deforestation).
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Total emissions from forest fire were estimated using Equation 2.27 from IPCC (2006)%:
Lire = A * Mp % Cp % Gop ¥ 1073
Where:

Lsi.= amount of greenhouse gas emissions from fire, tonnes of each GHG
A = area burnt, ha
Mg= mass of fuel available for combustion dry tonnes biomass ha

C= combustion factor (proportion of pre-fire biomass that burns; from Table 2.6 IPCC 2006
GL), dimensionless; default value for tropical moist forest is 0.32 (less intense) to 0.50
(more intense), dimensionless

G~ emission factor, g kg™ dry matter burnt (from Table 2.5 IPCC 2006 GL) for each GHG as
follows: 1580 for CO,, 6.8 for CH4, and 0.20 for N,O.

For degradation from forest fire, Equation 2.27 was used to calculate emissions from CO;, N,O and
CH,4. However, for areas of deforestation that coincided with burned area; Equation 2.27 was only
used to calculate emissions from N,O and CHa, given that the CO, was calculated using the gain-loss
method. In this sense, there were no overlapping of emissions calculations or double-counting.

Activity Data

The MODIS burned area product was used to identify areas that experienced emissions due to
forest fire between 2001-2015. Only forest areas that remain forested and where forest fires occur
but cause no change in land use were counted as forest degradation. Any areas that burned and
were identified as deforestation were removed from degradation forest fire accounting. The
analysis of agricultural tree plantations (methods discussed in Annex B) was used to adjust the
burned area totals to account for fires that occurred on agricultural tree plantations rather than
forestland in the high forest zone, yet were classified as forestland by the land cover maps. Many
areas experienced fires in several of the reference period years (Figure 6).Outside of the GCFRP,
areas that experienced fires and then subsequently experienced deforestation were common. In
these areas, the fires that occurred in prior periods before the deforestation event were accounted
for as forest fires that cause forest degradation.

26 |PCC (2006) Guidelines for national greenhouse gas inventories. Volume 4: Agriculture, Forestry, and Other Land Use. http://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html
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Figure 7: Forest fire occurrence in Ghana from 2001 - 2015
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Emission Factor

Emission factors for fire are a combination of several factors: the biomass available for combustion
(Ms), the combustion factor (C¢), and the emission factor (Ges) for each key gas. Mg values were the
same as used for deforestation, corresponding to the sum of the biomass stored in aboveground,
belowground, deadwood, and litter pools in each of the ecozones. The combustion and emission
factors were taken from IPCC (2006) Tables 2.6 and 2.5 respectively. One combustion factor,
corresponding to primary tropical forests, was applied to all ecozones. Emission factors for tropical
forests were applied for the three included gases, CO,, CHs, and N,0.

Table 8: Combustion and emission factors applied for forest fire accounting.

All gases 0.36 IPCC Table 2.6

CO; 1580 IPCC Table 2.5
CH,4 6.8 Tropical forests
N,O 0.2 Tropical forests
CH4 28 IPCC 2013

N20 265 IPCC 2013

3.6 Degradation from Woodfuel

The measurement approach is to model supply and demand of fuelwood. This analysis was
conducted for a single point in time. It can be considered a proxy-based approach. The supply of
fuelwood captures the losses that occur to both above and belowground tree biomass when trees
are felled for timber. Other pools are considered insignificant with degradation through fuelwood
extraction.

The Woodfuel Integrated Supply/Demand Overview Mapping (WISDOM)?”2 gpproach is used to
estimate carbon emissions from woodfuel use. The WISDOM approach models demand and supply

2ZThttp://www.wisdomprojects.net/global/ Developed by Bailis et al. (2015)
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dynamics and produces an estimate of non-renewable biomass (in tonnes) that is extracted for
woodfuel use. Emissions can then be estimated by converting the estimate of non-renewable
biomass into carbon, and then into CO, emissions.

An expansion factor of 1.32 was applied to the WISDOM estimates of non-renewable biomass to
conservatively estimate the total biomass that is emitted as a result of woodfuel harvesting that
results in forest degradation. This factor was taken from the American Carbon Registry’s Energy
efficiency measures in thermal applications of non-renewable biomass methodology®, based on the
CDM-approved methodology AMS-II.G, Version 05.0. This factor of 1.32 was based on the
assumption that for every unit of biomass extracted from the forest, an additional 10% is left in the
field from uncollected aboveground biomass. A further 20% was conservatively estimated to
remain from root biomass. These factors, multiplied together, produced a 1.32 expansion factor.

It must however be noted that the WISDOM model estimates the proportion of total fuelwood
removed that is not renewable, thereby leading to forest degradation. The estimates were
therefore done on the basis of live trees extracted and not deadwood.

Estimates of CO, emissions from woodfuel use in Ghana are available for the year 2009 produced
using the WISDOM approach® at the district level (a full list of district-level non-renewable biomass
estimates and emissions are included in Section 4.2). These estimates serve as a Tier 2 estimate of
woodfuel emissions, but are not accompanied by uncertainty estimates. Instead, to be highly
conservative an uncertainty equal to 50% of the given values will be applied. The estimates are for
the year 2009, and therefore do not offer multiple data points with which to develop a true
historical average of woodfuel emissions. Nevertheless, annual emissions for 2009 was used to
represent annual emissions for each year in the historical reference period. Future work will create
annual data while increasing the precision of woodfuel use estimates. Ghana therefore intends to
keep this approach and improve the time series in time, following a step-wise approach (Paragraph
10, decision 12/CP.17). This improvement will be achieved through annual estimation of emissions
from degradation attributable to woodfuel using the WISDOM approach.

28Bailis et al. (2015).The carbon footprint of traditional woodfuels. Nature Climate Change 5, 266-272.
http://www.nature.com/nclimate/journal/v5/n3/full/nclimate2491.htmI?WT.ec id=NCLIMATE-201503
2http://americancarbonregistry.org/carbon-accounting/standards-methodologies/energy-efficiency-measures-in-thermal-
applications-of-non-renewable-biomass/acr-ams-ii-g_v-5-0 final.pdf
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http://americancarbonregistry.org/carbon-accounting/standards-methodologies/energy-efficiency-measures-in-thermal-applications-of-non-renewable-biomass/acr-ams-ii-g_v-5-0_final.pdf
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3.7 Enhancement of carbon stocks

The measurement approach relies on national statistics on areas planted in forest reserves, and
applies removal factors representing the growth of planted trees. Ghana-specific numbers are
included for teak but IPCC defaults are applied for other species. Only accumulation in above and
belowground live tree biomass is included. All other pools are insignificant and given the increase in
sequestration in the implementation case versus the FRL, any exclusion of pools is conservative.

The National Forest Plantation Development Programme (NFPDP) has engaged in a range of tree
planting activities including a variety of species (Tectona grandis, Cedrela odorota, Gmelina spp.,
Terminalia superba, Triplochiton scleroxylon, Mansonia altissima, Khaya anthotheca, Terminalia
ivorensis, Pycnanthus angolensis). Teak is the dominant species planted in Ghana,hence activity
data and removal factors for enhancement are categorized into two sub activities:

1. Establishment of teak species
2. Establishment of other broadleaf species

Historical removals from enhancement activities in Ghana are accounted for using an approach based on
IPCC (2006) equations 2.9, 2.10 and 2.15 whereby annual removals from planted areas beginning in 2002
are accounted for in a cumulative fashion over the course of the historical reference period. As
plantation activities are subject to failure due to management or natural causes, a plantation failure rate
derived from NFPDP data, was applied to discount activity data accordingly.

In Ghana, exotic timber species, mainly Teak (Tectona grandis), Cedrela (Cedrela odarata) and
Gmelina (Gmelina arborea) constitute over 70% of forest plantations and their rotation or harvest
cycle is about 25 years. The harvesting cycle for indigenous trees species grown in plantations is
usually site and species-specific. They however have a relatively longer harvest cycle (an average of
about 40yrs).

Activity Data

While spatial data were not available on area planted, historical tabular data are organized into
hectares planted per forest reserve. The NFPDP collects data for on and off reserve tree
establishment across Ghana, and include a number of programmes that took place along different
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timeframes between 2002-2015: Government Plantation Development Programme (GPDP),
Modified Taungya System (MTS), Community Forestry Management Project (CFMP), Model
plantations, and other on-reserve planting programmes as well as the expanded forest plantation
development programme (which included plantations establishment in the off-reserve areas)
(detailed in Annex A).

To account for plantation failure, the recorded annual area planted nationally was discounted
based on official statistics from the NFPDP. These official statistics reflect the two distinct periods
of activities that the NFPDP undertook, whereby the 2001-2009 period reflected plantation
activities in forest reserves largely led by the public sector. Starting in 2010, activities shifted
toward issuing private sector companies leases to establish plantations within forest reserves and
outside forest reserves. This shift in activities and management appears to have resulted in
significantly different plantation failure rates:

On-Reserve Success Rates

e 2001-2009: “Survey and Mapping of Government Plantation Sites Established between
2004 and 2009 in some Forest Reserves of Ghana” stated that 44.9% of the planted area
was estimated to have failed during this time period. Thus, a success rate of 55.1% was
applied.

e 2010-2012: The NFPDP 2013 Dataset on Final Verification Nationwide included estimates
of survival percentage per forest reserve, and that was used to derive an survival
percentage of 75.43%

e 2013: The NFPDP 2013 Dataset on Final Verification Nationwide included estimates of
survival percentage per forest reserve.

e 2014 and 2015: Data on plantation area were provided directly by the GFC and assumed to
already be discounted for survival.



GHANA'’S NATIONAL FOREST REFERENCE LEVEL

Off-Reserve Success Rates:

2010-2012/ 2014 - 2015: The off-reserve survival rates are the averages of the individual small holder
plantations established in off-reserve areas from 2010 — 2012 under the National Forest Plantation
Development Programme. The survival rates are 62% for 2010, 57% for 2011, and 64% for 2012. Due to
lack of data, the average survival rate (i.e. 61%) for 2010 — 2012 was applied for the 2014 and 2015 off-
reserve plantations.

2014 - 2015: The off-reserve survival rates was determined from large scale forest plantations registered
under the NFPDP.

The failure rates applied above only considered the failure during the first years of establishment.
Generally, a plantation becomes fully established after the first 3 — 4 years, and failure rates
become negligible. The above failure rates were applied across board for the respective years.

The adjusted annual estimates for area planted were then divided according to species
composition, so that appropriate removal factors could be applied. The total estimated area of
successful plantations was assumed to be comprised of 70% teak species and 30% other broadleaf
species. This assumption about species composition was made based on expert opinion as well as
a review of NFPDP data.

Removal Factors

Specific removal factors for both teak and other broadleaf species were developed based on
published studies that offered regionally appropriate estimates of the carbon stocks in these two
types of plantations.

For teak plantations, the study conducted by Adu-Bredu S., et al. 20083! tree carbon stocks in teak
stands in different ecological zones in Ghana was used to develop removal factors. For teak species
planted in forest reserves located within the Ghana Cocoa Forest REDD+ Program (GCFRP) area, the
estimated carbon stocks for teak stands in the ‘Moist Evergreen Forest’ ecological zone was
applied: 97.69 Mg C ha(includes both above and belowground tree carbon stocks). To derive an
annual removal rate, the total carbon stocks for teak were divided by the length of their rotation

31Adu-Bredu S., et al. (2008). Carbon Stock under Four Land-Use Systems in Three Varied Ecological Zones in Ghana.
Proceedings of the Open Science Conference on Africa and Carbon Cycle: the CarboAfrica project, Accra, Ghana,
25-27 November 2008. Available at http://www.fao.org/3/a-12240.pdf
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cycle, which according to subject matter experts was determined to be 25 years. The final removal
factor of 14.3 t COy/ha was then calculated by applying the molecular weight ratio of carbon
dioxide to carbon, of 44/12.. The natural and anthropogenic disturbances were integrated based on
data from official reports on plantation failure/survival rates in Ghana. The field data are
periodically collected by forest rangers in various districts of Ghana.

Non-teak broadleaf species:

Due to a lack of data available on carbon stocks in tree plantations in Ghana, IPCC AFOLU Vol. 4
default values from table 4.8 reflecting aboveground biomass in forest plantations were applied.
Values for ‘Africa broadleaf >20 years’ for three ecological zones in Ghana (tropical rain forest,
tropical moist deciduous forest, and tropical dry forest) were averaged to get 173.3 t d.m. ha-1,
which was converted to t C/ha by applying a factor of 0.5 to get 87 t C/ha. The belowground
biomass value was then generated by applying a root-to-shoot ratio of 0.235 for
tropical/subtropical moist forest/plantations >125 Mg ha (Mokany et al.2006), to get 20 t C/ha.
The total aboveground biomass in non-teak broadleaf species was thus estimated to be the sum of
below and above-ground biomass stocks: 107t C/ha.The annual removal rate was determined by
dividing the carbon stocks by the length of the average rotation cycle, as determined by subject
matter experts to be 40 years. The final removal factor in t CO2 ha was calculated by applying the
molecular weight ratio of carbon dioxide to carbon, of 44/12 to get 9.3 t CO»/ha.

Removal factors are summarized in the table 8 below, but more comprehensively elaborated in
Annex A.
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Table 8. Removal Factors

Species Ecological Zone Removal factor t Source
COz/ha
Teak GCFRP  Area (Moist 14.3 Adu-Bredu S., et
Evergreen Forest) al. 2008
Non-teak All 9.3 IPCC AFOLU Vol.

4 table 4.8 and
Mokany et al.
2006
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HISTORICAL EMISSIONS RESULTS

The annual emissions and removals defined in the FL are estimated according to the following

equation:

FREL

= (CDefOTREL + CDegTadREL (LTH) + CDegTadREL (ITH) + CDegradREL (F) + CDegradREL (FW)

Where:

FREL

CDeforgg,

CDegradpgg, (LTH)

CDegradgg;, rm)

CDegradgpg, ()

CDegradgg;,rw)

CEnhancgg,

+ CEnhancgg;)

Projected annual emissions and removals from the forest sector summed
across all strata; t COx-e/yr

Predicted annual emissions from deforestation in each stratum;t CO,-e/yr

Predicted annual emissions from forest degradation on forestland remaining

forestland from legal timber harvest;t CO»-e/yr

Predicted annual emissions from forest degradation on forestland remaining

forestland from illegal timber harvest;t CO,-e/yr

Predicted annual emissions from forest degradation on forestland remaining

forestland from fire;t COx-e/yr

Predicted annual emissions from forest degradation on forestland remaining

forestland from woodfuel;t CO,-e/yr

Predicted annual emissions from afforestation and reforestation; note net
removals from the atmosphere are depicted by a negative sign;t CO»-e/yr

The annual average emissions for the 15-year period between 2001-2015 from deforestation was
40.3 million tCOe. Emissions were highest from the moist evergreen ecozone, which accounted for

28% of the total emissions nationally (Figure 7).
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Figure 8: Relative emissions from deforestation by ecozone

4.1 Emissions from deforestation

The annual average emissions for the 15-year period from 2001 to 2015 from deforestation was
40,295,807 t COe (Table 9). Emissions from deforestation appear to increase significantly between
the years 2010 and 2015.

Emissions were highest from the moist evergreen ecozone, which accounted for 28% of the
national total (Figure 8). The GCFRP area makes up 67% of the national deforestation emissions,
while 33% come from elsewhere in the country.
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Figure 9: Historical emissions from deforestation, showing average and trends for both the GCFRP and the entire country.

Table 9: Emissions from deforestation for Ghana from 2001 - 2015.

Closed forest 10,183 4,778,097 0 4,778,097

Wet evergreen Open forest 10,846 1,869,878 0 1,869,878

Closed forest 12,882 7,240,562 4 7,240,566

Moist evergreen Open forest 35,659 4,209,970 0 4,209,970
Closed forest 10,569 4,683,551 770 4,684,321

Moist semidecidious SE Open forest 21,325 1,579,874 768 1,580,642
Closed forest 6,057 640,919 90 641,009

Moist semidecidious NW Open forest 20,786 1,731,150 4,020 1,735,170
Closed forest 577 155,783 0 155,783

Upland evergreen Open forest 559 181,808 0 181,808
Closed forest 2,867 253,901 1,586.06 255,487

Dry semideciduous (fire zone) | Open forest 18,381 1,989,275 15,522.80 2,004,798
Closed forest 1,371 321,403 336.25 321,739

Dry semideciduous (inner zone) | Open forest 16,407 2,438,718 3,738.80 2,442,457
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Closed forest 3,313 201,488 2,033.68 203,522

Savannah Open forest 135,555 7,490,214 30,993.90 7,521,208

Closed forest 218 33,040 0 33,040

Southern marginal Open forest 4,323 436,228 83.40 436,311

Total GCFRP 129,445 | 27,071,593 5,652 27,077,245
Total rest of country 182,435 | 13,164,268 54,295 13,218,563
Total country 311,880 | 40,235,860 59,947 40,295,807

4.2 Emissions from degradation from timber harvest

Emissions from legal timber harvest

The annual average emissions over a 15-year period between 2001-2015 from legal logging was
3,539,922 t COze between 2001-2015. In general, emissions were higher at the beginning of the
reference period, with 2002 having the highest amount of emissions (5.0 M t CO,e). After a sharp
decrease between 2002 and 2004 emissions fluctuate near the FRL average before a short spike in
2013 of roughly 3.7 M tCO,e. In 2014 and 20015 emissions decreased steadily (see Figure 10).

6,000,000

5,000,000

4,000,000

/\_
3,000,000 \ = (Ghana Total
Average Ghana
2,000,000 y =-93532x+4E+06
R?=0.4205
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Figure 10: Historical emissions from legal timber harvest from 2001 - 2015.
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lllegal timber harvest

The annual average emissions from illegal logging over a 15-year period from 2001-2015 were

13,202,000 tCO-e.

4.3 Emissions from wood fuel

Using the data for woodfuel from 2009 as a proxy for the average emissions from woodfuel over
the reference period the average annual emission between 2001 and 2015 were 3,489,048 t COze.
The areas with greatest emissions come from the more populated regions of Northern (1.3M t
CO,/yr) and the Brong Ahafo region (over 700 thousand t CO,/yr). The location reflects where the
fuelwood is removed from the forest which in many cases may differ from the consumption
location (for example fuelwood harvested in northern Ghana are mainly transported to Accra).

Table 10: national emissions from woodfuel

Region Emissions t CO2/yr

Greater Accra 61,894.08
Ashanti 319,442.69
BrongAhafo 762,135.05
Central 115,503.01
Eastern 199,840.69
Northern 1,256,295.96
Volta 388,585.04
Upper East 171,883.97
Upper West 203,505.34
Western 9,961.90
Total 3,489,048
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Figure 11: Proportion of national fuelwood emissions per region

4.4 Emissions from degradation from fire

The annual average emissions from forest fire between 2001-2015 were 712,766 tCOze. In general,
emissions were higher in the first half of the reference period, with 2001 having the highest
amount of emissions (Figure 12). Emissions were highest from the savannah ecozone (Figure 13).
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Figure 12: Yearly emissions due to forest fire during the reference period
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Figure 13: Relative emissions from forest fire in the nine ecozones
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4.5 Removals from enhancement of carbon stocks

The annual removals from plantations on forest reserves nationally during the reference period
were approximately 569,344 t COze.yr?, with removals increasing from 58,191 tCO,e in 2002 to
1,051,272 tCOze in 2015.

Historic Removals
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Figure 14: Historic national removals in tCO,e-yr?!

4.6 Total Emissions

When summed, the average annual emissions from 2001-2015 were 61,239,542 tCOe yrland the
average annual removals were 569,344 tCO,e yr. Over sixty-five percent of emissions were due to
deforestation, while legal and illegal logging made up 27% combined. Fuelwood and forest fire
accounted for a minimal percentage of total emissions, making up just 6% and 1% respectively
(Figure 15).
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Figure 15: Relative emissions from each REDD+ activity
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4.7 Uncertainty

The uncertainty analysis for Ghana takes into consideration uncertainty from every source of emissions
(i.e. deforestation, degradation from fire, fuel wood collection, legal and illegal logging) as well as
removals from carbon stock enhancement, for their respective activity data and emission/removal
factors.

Uncertainty estimates are reported for each activity in Appendix A. Uncertainty is currently estimated
using an error of propagation approach. A Monte Carlo analysis requires data on probability distributions
within source data. Ghana has taken the approach of completeness in terms of reporting activities.
However, this has only been possible through the use of proxy and indicatory data and conservative
assumptions in some instances. Specifically, for illegal logging and fuelwood activity data estimates are
based on research done for one point in time, for a single date during the reference period. Therefore,
there is no information on how emissions may vary year to year. This represents a significant uncertainty
that in Ghana’s National FRL is represented by the conservative assumption of 50% uncertainty for these
activities, based on the expert opinion of researches that developed those studies. Such an uncertainty
would seem to lead to the requirement for a Monte Carlo simulation to determine summed uncertainty.
However, this high uncertainty exists solely due to the lack of data that would be needed in order to
conduct a Monte Carlo simulation. This paradoxical situation precludes a Monte Carlo analysis at this
time.

Ghana is planning on improving data on illegal logging and fuelwood degradation emissions. These
improvements will occur in a stepwise manner (as discussed in this section below), which will allow the
use of a Monte Carlo analysis in the future.

Identification and assessment of sources of uncertainty

Summation of errors follows the propagation of errors approach described in equations 3.1 and 3.2 of the IPCC
(2006) (equations 12.1 and 12.2 respectively). Errors were weighted (Eq. 12.2) where errors were propagated for
parameters with the same units of measurement.

Eq. 121
(Eq. 3.1 of
the IPCC
(2006))

Utotar = \/Ulz + UZ2 +t UTZL

Where:
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Utota1 = percentage uncertainty of the product of quantities (half the 95% confidence interval, divided by the total
and expressed as a percentage);

U; = percentage uncertainty associated with each of the quantities.

VU *x1)% + (Uy * x5)2 + -+ + (Uy * x,)2 Eq. 12.2
Vrotar = [, + %5 + - + %] (Eq. 3.2 of
the  IPCC

(2006))

Where:

Utotar = percentage uncertainty of the sum of quantities (half the 95% confidence interval, divided by the total
(i.e. the median) and expressed as a percentage). The term “uncertainty” is based on the 95% confidence interval

x; y U; = absolute uncertainty and associated percentage uncertainties, respectively.

The propagation of errors approach to uncertainty assessment in the reference level has many steps which are
detailed below. Source uncertainty parameters are given in the text, in the tables below in Appendix A and
adjoining spreadsheets (as referenced below)3?.

A. Deforestation

- For each of the ten forest carbon strata/forest types (wet evergreen; moist evergreen; moist semi-
deciduous SE; moist semi-deciduous NW; upland evergreen BY open / closed forest) uncertainty was
propagated across carbon pools representing the uncertainty for pre-deforestation carbon stock.
Uncertainty numbers for pools were derived from the data collected under the FPP project. The exception
was soil carbon where data and uncertainties were derived from the IPCC. In all cases uncertainties were
weighted by the size of the pool using equation 12.2 (3.2 in IPCC 2006) (see spreashsheet “National
Emissions and Removals Calculation Tool_2017” for further detail).

U _ \/(UncAGB * Stockagg)? + (Uncggg * Stockggg)? + «++ + (Uncgy * Stocksgi)?
pools |Stockagg + Stockggg + ++ + Stocksy; |

- The uncertainty in the predeforestation stock was then propagated with post deforestation stock
uncertainty (cropland; plantations — oil palm, citrus, rubber, cocoa; grassland, wetlands, settlements,
bareland/other). Again, equation 12.2 was used weighting uncertainty by the size of the stock (see
spreadsheet “National Emissions and Removals Calculation Tool_2017” for further detail).
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(Uncpgg * Stockprg)? + (Uncpost * Stockpost)?
Unp =
EF |St0CkpRE + StOCkPOSTl

- Uncertainty in the activity data was calculated using the equations of Olofsson®. It is important to note,
that the accuracy assessment was conducted for a subset of the country in the high forest zone and does
not cover the entirety of the area studied for the National FRL. However, this accuracy assessment is the
best estimate available at this time.

Using the confusion matrices for each of the three change periods (2000-2010; 2010-2012; 2012-2015) a
standard error and confidence interval was calculated. Dividing by the total area of change gives the
percent uncertainties: 2000-2010 = 4.7%; 2010-2012 = 14.7%; 2012-2015 = 10.2%. See spreadsheets.3*

- The uncertainties in activity data and emission factors were propagated using equation 12.1

Utotar = "UKD + Ugg

- Uncertainty in non-CO2 gas emissions was the final addition. Equation 12.1 was used to combine
uncertainties in the forest stocks, combustion factors and emission factors for N20 and CH4 (see
spreadsheet “National Fire Emissions” and “Emissions and Removals Calculation Tool_2017" for further
detail).

— 2 2 2
UCH4/N20 - \/Ustocks + Ulombustion T UCH4/N20EF

J (((FireEmissions1 %0.721) % Ugys)” + ((FireEmissiong, * 0.278) * Uyzo) o +... )

U = - — - —
nonco2 (FireEmissiong, + FireEmissiong,+...)

Where 0.721 and 0.278 are the proportions of fire emissions derived from methane and nitrous oxide respectively,
and S1, S2...Sn represents strata (e.g. wet evergreen, moist semideciduous SE etc).

\/(Utotal,tl * En'liSSiOnCO2t1)2 + (UnonCOZ * EmiSSionnonCOZ)z

Ud =
efor,tl . ; i 1
f |Emlsswnc()2,t1 + Emlsswnnoncozﬂ|

- Annual uncertainties for the years 2005 to 2014 were then combined weighted by annual emission using
equation 12.2 (see spreadsheet “National Emissions and Removals Calculation Tool_2017” for further
detail)

33 QOlofsson, Foody, Stehman and Woodcock. 2013. Making better use of accuracy data in land change studies:
Estimating accuracy and area and quantifying uncertainty using stratified estimation. Remote Sensing of
Environment 129: 122-131.

34 See spreadsheet named: “ERPD_GCFRP Olofsson 2000-2010”; “ERPD_GCFRP Olofsson 2010-2013” and
“ERPD_GCFRP Olofsson 2013-2015”
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Udefor

—— 7 — 7 — >
_ \/(Udefor,tl * Emlsswndefor,tl) + (Udefor,tz * Emlsswndefor,tz) + -t (Udefor,tlo * Emlsswndefor,tlo)
|Emissiony, + Emissiong, + -+ + Emission,q|

B. Timber Harvest

Uncertainties of the three components of the emission factor (ELE; LDF; LIF) were combined using equation 12.2
weighted by the size of the component factors (see spreadsheet “ERPD_GCFRP Logging Data EF” for further
details).

U o J(Uncgg * EFgp)? + (Uncypr * EFipp)? + (Uncye * EFyp)?
ERlogging |EFg e + EF pp + EFyr|

For legal logging the volume statistics are assumed to be complete. For illegal logging where data are from a single
point in time the emission factor uncertainty is propagated with the conservative assumption of uncertainty using

Equation 12.1.
U, g = |Upq + UZ
IllegalLogging AD,IL EF,IL

As described under deforestation uncertainties were combined across carbon stocks, fire emission factors and

C. Fire

uncertainties in the fire area estimations.

D. Woodfuel

As data are from a single point in time a conservative assumption of 50% uncertainty was applied. This assumption
was confirmed by the developer of the WISDOM model.

E. Combining Uncertainties

The uncertainties from each of the component sources were combined using Equation 12.2 weighted by the size of
the source (see spreadsheet National Emissions and Removals Calculation Tool_2017 for further detail).

Uor = \/(Udefor * Edefor)2 + (ULL * ELL)Z + (UIL * EIL)Z + (UFire * EF‘ire)2 + (UFuel * EFuel)2 + (UEn * EEn)2
kL IEdefor + ELL + EIL + EFire + EFuel + EEnl
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Where: defor = deforestation, LL = legal logging, IL = illegal logging, Fire = Fire emissions, Fuel = Woodfuel
emissions, En = enhancement

U = uncertainty, E = emission
Quantification of uncertainty in FRL setting

Details of uncertainty quantification methods are given under the relevant section for each activity
in Annex A. Summation of uncertainties used the propagation of error approach with weighting.

Table 11: Uncertainty per activity

Activity Uncertainty

Deforestation 1.4%
Legal Timber Harvest 5.7%
lllegal Timber Harvest 50.0%
Woodfuel 50.0%
Fire 21.7%
Enhancement 24.9%
Total 11.4%

Total uncertainty for the FRL is 11.4% (uncertainty as a percentage of the mean). This is
predominantly determined by the dominance of emissions from deforestation (65%).

How uncertainties will be reduced

Uncertainty in deforestation emissions are low and cannot be meaningfully reduced further
through MRV changes. However, further work in the future, will include assessment of activity data
with confusion matrices for the whole country and updating of emission factors with field data
collection.
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Uncertainty in legal timber harvest is equally low through excellent field data collection by the
Forestry Commission and activity data through national statistics.

In contrast, the uncertainty in illegal logging emissions is high due to the use of proxy. This
uncertainty should be reduced through the development of a specific monitoring program to
capture annual activity data from illegal logging.

Fuelwood emissions, are also highly uncertain, predominantly because they result from an analysis
at a single point in time. Uncertainty will be reduced through implementation of the MRV plans.

Fire emissions are on par with those from fuelwood (just 5 % of total emissions). As such the 23%
uncertainty is considered reasonable.

Uncertainty in sequestration will be reduced through implementation of the MRV system and in
particular with the development of country-specific removal factors for non-teak tree plantations.
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5.1 Overview of potential options for creating FRLs

Among the international community, the following options for projections have been discussed as
being applicable for national and subnational FRL: (1) historical average, (2) continuation of the
historical trend and (3) adjusted to national (subnational) circumstances.

The average FRL is set as continuation of historical average, which can have different implication
for countries or provinces. Countries or provinces with rapidly increasing emissions from
deforestation will have difficulties to achieve deep emission cuts necessary to maintain their
historical average, while countries or provinces with historically decreasing emissions will achieve
their emissions cuts with fewer efforts.

The continuation of historical trend FRL requires assessment of the historical data for presence of
a statistical trend. Countries with increasing emissions will project increasing trend for the RL, while
countries with decreasing historical emissions will project decreasing trend for RL, making the cuts
in emissions for both scenarios more affordable.

The adjusted for national (subnational) circumstances FRL requires more detailed analysis and
justification that the historical drivers of deforestation and forest degradation are expected to
change in the future that will result in an increase of emissions. However, for most countries an
upward adjustment may be difficult to justify and will likely affect only those countries that have
high forest cover and historically low rates of deforestation and emissions.

Following the Carbon Fund Methodological Framework® developed by the World Bank Forest
Carbon Partnership Facility (FCPF),Ghana’s GCFRP Emission Reduction Program was submitted as
an average FRL.

35pyblished for review on September, 5, 2013
https://www.forestcarbonpartnership.org/sites/fcp/files/2013/Dec2013/FCPF%20Carbon%20Fund%20
Meth%20Framework%20-%20Final%20December%2020%202013%20posted%20Dec%2023rd.pdf
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https://www.forestcarbonpartnership.org/sites/fcp/files/2013/Dec2013/FCPF%20Carbon%20Fund%20Meth%20Framework%20-%20Final%20December%2020%202013%20posted%20Dec%2023rd.pdf
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5.2 Proposed National Forest Reference Level

The historical annual emissions show an increasing trend for deforestation in particular (see section
4.1), which is the largest source of emissions for Ghana. Emissions from deforestation increased
from 2010 to 2015. However, based on the assessment of how the drivers of deforestation will play
out in the future (please refer to Section 2.6), Ghana wishes to establish its national FRL based on a

simple historical average approach.

The actual and projected emissions for the National reference level are shown in Table 12 .



GHANA'’S NATIONAL FOREST REFERENCE LEVEL

Table 12: Reference period and projected reference level for Ghana

Net Emissions (tCOze yr?)

2001 53,104,369
2002 53,497,447
2003 52,943,681
2004 50,882,032
2005 51,489,074
2006 50,815,205
2007 50,895,609
2008 51,463,425
2009 50,723,961
2010 50,525,758
2011 81,127,473
2012 81,264,036
2013 77,672,818
2014 77,049,050
2015 76,599,024
PROJECTION
2016 60,670,197
2017 60,670,197
2018 60,670,197
2019 60,670,197
2020 60,670,197
2021 60,670,197
2022 60,670,197
2023 60,670,197
2024 60,670,197
2025 60,670,197
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6. STEPWISE IMPROVEMENTS

6.1 Deforestation

Activity data for deforestation will continue to be updated biennially to comply with UNFCCC-
recommended reporting norms. Land cover maps will continue to rely on Landsat imagery,
although future maps will use Landsat 8 imagery rather than Landsat 7. Images from other sources
will be considered, especially radar-derived products such as PALSAR that avoid the issue of cloud
cover, which is a common problem in Ghana. Pre-processing and classification will be standardized
in the future to ensure greater compatibility between maps for more accurate change detection,
and a standard country mask will be used to ensure accurate mapping along Ghana’s borders.

In accordance with paragraph 10 of decision 12/ CP.17 which allows for a stepwise approach in the
development of FRLs through the incorporation of better data and improved methodologies,
Ghana will implement a number of approaches to ensure that land use maps are developed and
used for emissions analysis. Ghana was unable to fully develop land use maps at this stage.
However, extensive ground truthing was undertaken to collect training data sets for classification
of the land cover maps. This dataset therefore enabled Ghana to link some management
interventions to the classified land cover maps which was then used as a proxy for land use.

Ghana faces significant challenges in enforcement of land use plans particularly in areas outside the
gazetted forest reserves as a result of the prevailing land tenure system. The land use in the off -
reserve areas is therefore very dynamic (for example, it’s possible for areas previously used for
agriculture to be converted to settlements or mining within a very short period of time). The issue
of land use planning is therefore a key component of several emerging land-based projects/
programmes. As these programmes evolve, Ghana hopes that enforceable land use plans backed
by the requisite legislation will be developed. Such a major step will ensure that Ghana is able to
develop realistic land use maps which can support emissions estimations. Thus, demonstration of a
change in land use through remote sensing will be attained through monitoring over several years
and consequently Ghana will build into its NFMS specific strategies to detect and map LU and LU
change from remotely-sensed data. However, until wall-to-wall national land use maps are
developed, Ghana will undertake its monitoring of deforestation by using land cover backed by
extensive ground truthing as proxy for land use, as undertaken during the development of the
national FRL to ensure consistency.
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Research will be conducted on post-deforestation carbon stocks within Ghana to replace the
literature-based stocks used in this FRL. This will allow for more accurate emission factors by better
guantifying the growth of non-forest land cover types after deforestation events.

Ghana also acknowledges that natural regeneration is possible on deforested and degraded areas.
Although, there are site-specific studies available on natural regeneration3?’, these studies are
limited in scope (focussed on only specific forest reserves). In effect, there is currently insufficient
data to accurately estimate removals from regeneration and this is compounded by difficulties in
the use of remote sensing to estimate the early stages (first five years) of natural regeneration. In
the ensuing years, studies will be undertaken at a national scale (off- and on-reserve) to develop
removal factors, species diversity and growth rates associated with natural regeneration after
deforestation and forest degradation events. Efforts are being made under current forest sector
projects (e.g. UK Space Agency/ Ecometrica Forest 2020 project) to quantify post-logging gains and
natural regeneration during the ‘monitoring’ period. Areas to be targeted under this intervention
include assessment of regeneration in logging gaps, skid trails, enrichment planting sites and
abandoned sites cleared for agricultural expansion.

6.2 Carbon stock Enhancements

A centralized, comprehensive database of carbon stock enhancements undertaken under the
NFPDP would represent a stepwise improvement of measurement and monitoring for this activity.
The database would maintain the following data on carbon stock enhancement activities needed
for accurate measurement and monitoring of this REDD+ activity:

e Spatial data on annual area planted under NFPDP funding. This would include shapefiles of

planted areas;

e Verified area planted;

e Species composition;and

e Estimated plantation survival rates:

o Data collected in field surveys to verify area planted and estimate survival rate
(within the year planting occurred)

36 Duah-Gyamfi, A et. al (2014). Natural Regeneration Dynamics of tree seedlings on skid trails and tree gaps
following selective logging in a tropical moist semi-deciduous forest in Ghana. Open Journal of Forestry. Vol. 4, no.
1, pp. 49 - 57.

37 Wiafe, DE (2014). Tree Regeneration after logging in rain-forest ecosystem. Research Journal of Biology. Vol. 2,
pp. 18 —28.
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o Ongoing performance of planted area through assessment of a sample of all on-
reserve planted areas using Google Earth

6.3 Timber Harvesting

Legal Timber Harvesting

The main improvement necessary for legal timber harvest is to improve the logging infrastructure
factor (LIF) estimate. This can be done by correlating the measurements taken in the fieldwork
undertaken in May 2016 by the Forestry Commission with timber extracted for those specific
locations.

lllegal Timber Harvesting

Given the nature of this activity, it is difficult to gather comprehensive estimate of total timber
extracted from illegal practices. However, it will be important to develop a systematic approach to
assess the impact of this activity on the REDD+ FRL’s total emissions.

The AD used for the FRL provides an estimate of timber volume for the year 2009 based on the
methodology used by Hansen et al. 2012. While this estimate provides a useful proxy for the FRL,
the study has not been replicated to date.

The Forestry Commission has begun gathering data on illegal logged timber based on what rangers
at the district level confiscate from illegal loggers. These data exist for 2013-2015 and so could be a
source of data for monitoring illegal timber harvesting in the future. However, it should be noted
that these data are based on what rangers are able to confiscate from forest reserves and thus
represent only a portion of the actual illegally logged timber. Furthermore, at this stage, it is
understood that these data remain incomplete, even within the forestry reserves.

Among the various efforts to improve data collection on illegal harvesting of tree resources include

e Introduction of confiscated lumber database that enables the District Offices of the Forest
Services Division (FSD) to capture data on confiscated lumber pieces and converts them into
volumes. Copies of these data are sent from the various FSD Regional Offices to RMSC for
compilation of annual estimates on confiscated lumber

e In the case of confiscated round logs, Tree Information Forms (TIFs) and Log Measurement
Conveyance Certificates (LMCCs) are issued to the rightful TUC Holder of the area;
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Currently, all the various databases are being harmonized to fit into the new Wood Tracking System
(WTS) being developed under the FLEGT/ VPA programme. This central database could be an important
first step towards collecting illegal logging data on an annual basis.

Incentives should be provided to rangers and other staff of the Forestry Commission to encourage
a significant increase in monitoring of this activity nationally, using the reporting methods
developed by RMSC. These data can be aggregated at the FSD’s District Manager level and reported
back to RMSC.

The other option is to follow the methods outlined in Hansen et al 2012 and conduct a similar
study, systematically to establish estimates every two years.

6.4 Woodfuel Collection

While the analysis of emissions from historic woodfuel collection generated for the development of
the national FRL represents what can be considered an IPCC Tier 2 approach (see Bailis et al.
2015%), there are opportunities for stepwise improvements to the emission estimates by
integrating more spatially explicit or country-specific data inputs to the WISDOM model.
Furthermore, the emissions estimated for the FRL represent those for the year 2009, and thus
updated data to apply to the WISDOM model will be necessary for tracking emissions during the
MRYV period.

The following suggestions for updating and improving WISDOM estimates for Ghana were
developed in association with Rudi Drigo, the co-author of the WISDOM model. Stepwise
improvements could be made both in the data applied to the WISDOM model, along with the
development of in-country capacity for applying the model. Updates to estimated emissions from
woodfuel use would be necessary for monitoring emissions from this activity.

The WISDOM model can be tailored to fit Ghana’s needs in terms of geographic scope, and consists
of modules on demand, supply, integration and woodshed analysis. Each module requires different
competencies and data sources and its contents are determined by the data available or, to a
limited extent, by the data purposively collected to fill critical data gaps. Information of relevance
to wood energy comes from multiple sources, ranging from census data to local pilot studies or
survey data.

38http://www.nature.com/nclimate/journal/v5/n3/full/nclimate2491.html?message-global=remove
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Demand:

Woodfuel demand is largely a function of population and population density, infrastructure,
household energy supply needs, and access to woodsheds. As such, the following sources of data
can support the estimation of woodfuel demand specifically for Ghana and its ecozones:

e Population census

e Spatial data on infrastructure (e.g., roads, gas pipelines)
e Topography

e Surveys of household energy needs and use

Supply:

Woodfuel supply is a measure of both the existing biomass in woodsheds as well as their
productivity. Productivity is an important consideration as it accounts for the ability of biomass
stocks to regenerate once harvested for woodfuel use).

The following sources can contribute to the estimation of woodfuel supply in Ghana:

e Biomass Stocks (stocks could be tailored to match FPP data)
e Productivity (mean annual increment)

Integration

Use of spatial data to estimate the demand and supply balance of woodfuel, specific to the desired
spatial resolution. This will identify areas of deficit, surplus, and can help plan for future scenarios.

Woodshed analysis

The analysis for the delineation of woodsheds in Ghana, i.e. supply zones of specific consumption
sites requires additional analytical steps that may be summarized as:

e Mapping of potential “commercial” woodfuel supplies suitable for urban, peri-urban and
rural markets.

e Definition of woodsheds, or woodfuel harvesting areas, based on the level of commercial
and non-commercial demand, woodfuels production potentials and physical/economic
accessibility parameters. Estimation of harvesting sustainability, of woodfuel-related fNRB
values at subnational level and of woodfuelinduce forest degradation rates.
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6.5 Forest fire

Although the MODIS burned area product will continue to be used in the short term, more
accurate, higher-resolution alternative activity data sources will be researched for long term use.
These could include a Landsat-based burned area product or higher-resolution data sources. This
higher-resolution option would allow for more accurate detection of small degradation fires that
likely go undetected by MODIS. Research will be performed to calibrate such burned area products
to Ghana specifically instead of using global algorithms.

Research will also be conducted to provide more accurate, ecozone-level combustion factors to
improve the emissions estimations from fire.
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ANNEX A: METHODOLOGIES FOR ESTIMATING EMISSIONS
AND REMOVALS AND UNCERTAINTY ANALYSIS

Methods

Deforestation

Emission Factors

In accordance with the stock-difference3® method, C emissions were estimated as the difference in
carbon stocks before deforestation and the carbon stocks following deforestation, including carbon
in living and dead biomass*® and carbon released from the soil. The emission factor is calculated as
follows:

EFdef(t,x,y)= (Cbio.pre(x) - Cbio.post(t,y)+ Asoc(t)) *44/12
Where:

EFqefitxy = Emission factor for year t for deforestation for stratum x and driver y, tCO,e
ha™

Crioprey = Carbon stock in biomass in stratum x, prior to deforestation, t C ha™
Chio.postity) = Carbon stock in biomass in year t post-deforestation, for driver y, t C ha™
ASOC; = Change in soil carbon stocks in year t following deforestation, t C ha™
44/12 = Conversion factor from carbon to CO,

Pre-deforestation carbon stocks include all carbon pools (aboveground carbon, belowground
carbon, deadwood, litter and soil). Estimates of the magnitude of carbon stocks in these poolswere
mostly derived from the results of a forest biomass mapping and inventory project undertaken
through the Mapping of Forest Cover and Carbon Stock in Ghana project (conducted under the
Forest Preservation Programme (FPP), through support from the Government of Japan).

392006 AFOLU Guidelines, Chapter 2 Generic Methodologies Applicable to Multiple Land-Use Categories,
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 02 Ch2 Generic.pdf

“OFor Ghana’s reference level for deforestation emissions,carbon stored in harvested wood products was not
included
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The only carbon pool for which FPP data were not used for pre-deforestation carbon stocks was the
deadwood carbon pool, as stocks appeared to be significantly over estimated*!. Instead, the
default proposed in the UNFCCC A/R Working Group Guidelines was applied for this pool
(aboveground carbon stocks multiplied by 0.06)

The Wet Evergreen, Open Forest stratum did not have data on belowground carbon stocks, so the

Mokany (2006) root-to-shoot ratio of 0.2 was applied to the aboveground carbon stocks to derive
an estimate.

Pre-deforestation carbon stocks were calculated as follows:

Cbio.pre(x) = (Cagb(x)+Cbgb(x)+cdw(x)+Clit(x)+cveg(x))

Where:

Chioprey = Carbon stock in biomass in stratum x, prior to deforestation, t C ha™

Cagbix) = Carbon stock in aboveground live tree biomass in stratum x, t C ha

Cogbix) = Carbon stock in belowground live tree biomass in stratum x, t C ha

Cawix) = Carbon stock in deadwood pools in stratum x, t C ha? (includes both standing

and lying deadwood)
Clit(x) = Carbon stock in litter in stratum x, t C ha®
Cregiy) = Carbon stock in non-tree vegetation in stratum x, t C ha™ (includes shrubs,

sapling, and herbaceous understory)

Applied Pre-Deforestation Carbon Stocks:

41This was explained in the FPP Report on Mapping of Forest Cover and Carbon Stock in Ghana (2013) pp.128:
“Deadwood in large quantities was discovered in moist evergreen plots, most like due to trees felled on the cocoa
farms admitted to expand into the forest reserves and palm pruning residues of palm trees in off-reserve areas.”
Nevertheless, when plot deadwood carbon pool estimates were extrapolated to per-hectare values were
unrealistically high (e.g. Moist Evergreen Closed Forest 2914 t CO2/ha and Moist Semi-deciduous NW Closed forest
399 t CO2/ha - over double the aboveground tree biomass).
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Confidence interval (95% of the mean +/- %) noted in parenthesis.
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Wet Evergreen Closed 124.1 7.9 7.4 2.7 142.2
Forest
(0.7) (108.0) (32.0)
Open 30.3 6.1 1.8 0.0 38.1
Forest
(2.3) (N/A) (N/A)
Moist Closed 140.0 23.5 8.4 2.7 174.5
Evergreen Forest
(0.2) (28.0) (33.0)
Open 41.5 3.0 2.4 1.1 47.9
Forest
(0.8) (48.0) (192.0)
Moist Closed 124.6 23.2 7.4 0.0 155.2
Semideciduous Forest
SE (0.6) (23.2) (46.0)
Open 35.5 7.6 2.1 3.5 48.7
Forest
(1.4) (171.0) (55.0)
Moist Closed 41.5 15.3 2.4 2.2 61.3
Semideciduous Forest
NW (0.2) (12.0) (23.0)
Open 18.3 9.0 1.0 2.2 30.5
Forest
(0.3) (31.0) (50.0)
Upland Closed 73.4 23.5 4.4 1.4 102.6
Evergreen Forest
(0.4) (99.0) (36.0)

42No uncertainty is provided in brackets for this pool as it was calculated as a proportion of the AGB pool, in
accordance with IPCC methods.
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Open 27.0 12.8 1.6 1.1 42.5
Forest
(0.8) (47.0) (67.0)
Dry Closed 254 14.7 1.4 1.4 42.85
Semideciduous | Forest
Inner Zone (5) (N/A) (5.0)
Open Forest 16.4 10.1 0.9 1.19 29.2
(0.8) (24.0) (47.0)
Dry Closed 15.3 3.1 0.9 0.0 19.29
Semideciduous | Forest
Fire Zone (3.5) (N/A) (N/A)
Open Forest 12.8 7.9 0.7 1.6 23.1
(0.5) (N/A) (N/A)
Savannah Closed 17.7 3.55 1.06 0.0 18.79
Forest
(1.3) (N/A) (N/A)
Open Forest 13.6 4.6 0.8 1.6 22.34
(0.5) (57.0) (26.0)
Southern Closed 11.7 16.91 0.67 2.18 31.49
Marginal Forest
(3.7) (27.0) (123.0)
Open 9.3 6.82 0.51 0.55 17.14
Forest
(2.7) (55.0) (108.0)

Post-deforestation carbon stocks correspond to the land uses comprised of IPCC land use classes
(forest land, cropland, grassland, wetlands, settlement, and other land), and their carbon stocks
were derived from a combination of sources including:

1) Cropland: Given the complex set of post-deforestation land uses found in Ghana, particularly
due to the wide range of agricultural land uses, the ‘cropland’ post-deforestation land use was
subdivided into:
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a) Cropland: The FPP project collected data on cropland carbon stocks for each stratum,
reflecting all cropland (currently cropped or in fallow), rice fields, and agro-forestry
systems. Estimates included above and belowground carbon stocks (other carbon pools in
cropland are not considered significant), and post-deforestation carbon stocks were
calculated as follows:

Cbio.post(y,t) = (Cagb(y)+cbgb(ylt))
Where:

Chio.postty,yy = Carbon stock in biomass in land use y at time t, post-deforestation, t C
ha™

Cagb(y) = Carbon stock in aboveground live tree biomass in land use y, t C ha

Chabiy,1) = Carbon stock in belowground live tree biomass in land use y at time t*, t
Chal

b) Agricultural Tree Crop Plantations:Carbon stocks in agricultural tree crop plantations were
treated as a time-weighted average of stocks in the cycle, and were sourced from Konsager
et al. (2013)*s study of carbon stock accumulation potential of tree plantations in Ghana.
The values for plantation carbon stocks represent time-averaged carbon stocks for a 30-
year rotation, based on the results of that study, as cited in a presentation by the same
author.

7. The study only estimates aboveground carbon stocks, so belowground carbon stocks were
derived by applying Mokany (2006) root-to-shoot ratio of 0.2 for tropical moist semi-
deciduous forest with aboveground biomass stocks <125 t d.m. ha.

2) Grassland: FPP data were applied where available per strata, otherwise the IPCC default of 3.1t

C/ha was applied.

3) Wetlands: Assumed to be zero

4) Settlement: FPP data were applied where available per strata, otherwise post-deforestation
carbon stocks were assumed to be zero.
5) Bareland/other: Assumed to be zero

4 If roots remain following deforestation, pre-deforestation belowground carbon stocks are assumed to
decompose over 10 years. Therefore post-deforestation below-ground carbon stocks are estimated as Cogb(xt-1) —
(Cogb(/10), where t equals years following deforestation.

4Konsager et al.The carbon sequestration potential of tree crop plantations.Mitigation Adaptation Strategies for
Global Change (2013) 18:1197-1213. Time-averaged results from

http://orbit.dtu.dk/files/55883745/Carbon Sequestration.pdf
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Applied Post-Deforestation Carbon Stocks:

Wet
Evergreen
Cropland Cropland 25 FPP data
Plantations 0il Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
IPCC Grasslands Table
3.4.2 value for tropical
Grassland 3.1 moist & wet
Wetlands
settlement 0
Bareland/other 0
Moist Cropland
Evergreen Cropland 36 FPP data
Plantations 0Oil Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
Grassland 0.0 FPP data
Wetlands 0
settlement 0
Bareland/other 0
Moist Cropland
Semidecid
uous SE Cropland 46 FPP data
Plantations 0Oil Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
IPCC Grasslands Table
3.4.2 value for tropical
Grassland 3.1 moist & wet
Wetlands
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Moist
Semidecid
uous NW

Upland
evergreen

settlement

0.00

Bareland/other

Cropland
Cropland 28 FPP data
Plantations Oil Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
Grassland 3.27 FPP data
Wetlands 0
settlement 2.18 FPP data

Bareland/other

Cropland
Cropland 31 FPP data
Plantations Oil Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
IPCC Grasslands Table
3.4.2 value for tropical
Grassland 3.1 moist & wet
Wetlands
settlement

Bareland/other

semldemd
uous
Inner

Cropland
Cropland 14 FPP data
Plantations 0Oil Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
IPCC Grasslands Table
3.4.2 value for tropical
Grassland 3.1 moist & wet
Wetlands 0
settlement 0.00
Bareland/other 0
Cropland Cropland 13 FPP data
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semidecid
uous Fire
Plantations 0il Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
Grassland 1.36 FPP data
Wetlands 0
settlement 0
Bareland/other 0
Savannah Cropland Cropland 12 FPP data
Plantations 0il Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
Grassland 15.82 FPP data
Wetlands 0
settlement 0
Bareland/other 0
Southern Cropland
Marginal Cropland 9 FPP data
Plantations Oil Palm 36 Kongsager et al. 2013
Citrus 55 Kongsager et al. 2013
Rubber 90 Kongsager et al. 2013
Cocoa 55 Kongsager et al. 2013
Grassland 6.82 FPP data
Wetlands 0
settlement 0
Bareland/other 0

Changes in soil carbon stocks are related to the post deforestation land use and were estimated
using the IPCC 2006 guidelines whereby changes in soil carbon stocks are based on the use of soil
factors that account for how the soil is tilled, the method of management, and inputs in the post
deforestation land use. This method is described through the following equation:

ASOC = Cooil — (Csoit * Fuu * Fme * Fi)

Where:
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ASOC = Soil carbon emitted, t C ha™

Csoit = Carbon stock in soil organic matter pool (to 30 cm); t C ha™

Fiu = Stock change factor for land-use systems for a particular land-use,

dimensionless (IPCC AFOLU GL)
Fue = Stock change factor for management regime, dimensionless (IPCC AFOLU GL)
Fi = Stock change factor for input of organic matter, dimensionless (IPCC AFOLU GL)

The change in soil carbon stocks is assumed to occur over a 20-year time period, but for simplicity
in accounting emissions are considered to be committed and to occur at the time of conversion.

Non-committed emissions are difficult to use in the context of a reference level. Equation 2.25, in
Chapter 2 of Volume 4 requires estimated emissions to be divided by 20 years as a default. In the
context of reference levels, applying IPCC Guidelines strictly would lead to errors as the reference
period is 15 years. The IPCC approach would only include between 1 to 15 of the 20 years of
emissions and as it is linear that would only include between 5%-75% of emissions. Therefore, using
equation 2.25, in Chapter 2 of Volume 4 of the 2006 IPCC Guidelines, artificially underestimates the
reference level and overestimates every year of deforestation reductions during the monitoring
period. For this reason, Ghana believes that in the context of a reference level (vs a yearly inventory)
the committed approach more accurately reflex the reality on the ground.”

The following factors and assumptions were made for each strata:

o CROPLAND: Applied Table 5.10 in 2006 IPCC Guidelines FLU value for shifting cultivation,
shortened fallow based on FAO Country Paper on Ghana, "Shifting cultivation (also known
as "slash and burn") is the main farming practice in Ghana, ... land is left to fallow for some
time (3 - 5 years, depending on the availability of land for farming."*

o FLU: Long-term cultivated Tropical moist =0.48
o FMG: reduced tropical moist/wet = 1.15
o Fl: Medium, dry and moist/wet = 1.0

%M. 0. Abebrese, 2002. ROPICAL SECONDARY FOREST MANAGEMENT IN AFRICA:Reality and perspectives, Ghana
Country Paper. Availableat: http://www.fao.org/docrep/006/j0628¢e/j0628e53.htm
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e PLANTATIONS: Plantations assigned following factors:
o FLU: Long-term perennial tree crops = 1.0
o FMG: No till, tropical, moist/wet = 1.0
o Fl: Medium, dry and moist/wet = 1.0

e  GRASSLAND: IPCC Table 6.2, FMG: Moderately degraded grassland

e WETLANDS: As seen from activity data, the areas converted to wetlands over the reference
period were along the coast, so it was assumed this was due to flooding. As such, zero
emissions were assumed.

e SETTLEMENT: From IPCC Chapter 8, "for the proportion of the settlement area that is
paved over, assume product of FLU, FMG and Fl is 0.8 times the corresponding product for
the previous land use (i.e., 20% of the soil carbon relative to the previous land use will be
lost as a result of disturbance, removal or relocation);"

e BARELAND/OTHER: “Other Land” includes bare soil, rock, ice, and all unmanaged land areas
that do not fall into any of the other five land-use categories. Assumed to be land devoid
of vegetation and likely to be at some point in a cropping cycle. Therefore, the same values
for cropland were applied.

o FLU: Long-term cultivated Tropical moist = 0.48
o FMG: reduced tropical moist/wet = 1.0
o Fl: Medium, dry and moist/wet = 1.0

Activity Data

Activity data for deforestation consisted of four land cover maps for the years 2000, 2010, 2012,
and 2015. All maps used Landsat 7 and 8 images, with the 2010 map using ALOS images in addition
to Landsat images. For the 2010 map, efforts were made to harmonize it with the 2000 map to
ensure comparability and change calculation. The 2000 and 2010 maps were produced during the
FPP project, while the later maps were produced in 2016 by the RMSC of the Ghana Forestry
Commission. Due to the difficulty of mapping differences between open forest, grassland and
cropland in Ghana using an automated classification software, these maps will continue to be
refined using a stepwise approach. Some of the issues that will continue to be addressed in the
reference period maps include:

e The 2015 map has very high level of open forest all over the country. There is a huge shift
from grasslands to open forest between 2012 and 2015 that could complicate accounting
in the future.

e Inthe 2012 map, there are some areas in water bodies that have grassland pixels in the
middle of the lakes. Although not large areas, it would be useful to revise the water body
extents to ensure consistency with previous maps.
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e There are large areas in the Upper East region in the 2012 map that appear to change
drastically from the 2010 map, mostly confusion between cropland, grassland and open
forest. This may be due to seasonal differences in imagery dates.

Due to the similarity in the spectral signature of agricultural tree crops, especially cocoa, rubber, oil
palm and citrus, in the cocoa growing area the land cover maps were not able to distinguish these
non-forest plantations from natural forestlands. For this reason, a high-resolution remote sensing
methodology was applied (as described in Annex B), to determine the proportion of the mapped
forest that is actually agricultural tree plantations. This analysis was able to distinguish areas of
forestland, cocoa, plantation (which included rubber, oil palm, and citrus), and other non-
plantation and non-forest land cover types. The results showed that of the areas mapped as
deforestation in the land cover maps, between 1-4% were actually transition of cocoa to non-
plantation non-forest types, and between 12-39% were actually transition of plantation to non-
plantation non-forest types, depending on the ecozone (Figure Al). Emissions from deforestation
were subsequently reduced by the percentage of mapped deforestation that was determined to
actually be movement of agricultural tree plantations to non-plantation non-forest land cover

types.
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Al. Result of high resolution analysis, showing percentage of areas classified as deforestation that were actually
transition of agricultural tree plantations to non-plantation non-forest land cover types.

The high resolution analysis was also applied to determine the percentage of area classified as
forest remaining forest in the land cover maps that was actually forest transitioning to agricultural
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tree plantations (and thus qualifying as deforestation). Results showed that of all the classes that
the land cover maps classified as forest remaining forest, forest to cocoa made up between 12-18%
and forest to plantation made up between 2-5% (Figure A2).Emissions from deforestation were
subsequently increased by the percentage of mapped forest remaining forest that was determined
to actually be deforestation resulting from movement of forest to agricultural tree plantations.

L
BO%
b2
0%
0%
0%

Iloist Maoist Lipland Moist Wet evergreen
Semidecidious Semidecidious  Evergreen Evergreen
WA SE
m Forest to Foirest B Forest to Cocoa B Forast to Plantation
mCocoato Cocoa B Cocoa to Plantation m Plantation to Plantation

B Plantation to Cacoa

Figure A2. Result of high-resolution analysis, showing percentage of areas classified as forest remaining forest that
were actually transition of forestland to agricultural tree plantations.

FPP Sampling approach and plans for future improvements

Under the FPP, LIDAR footprints covering the nine ecological zones of Ghana were taken to support the
following tasks:

a. To estimate biomass;
b. Develop country specific allometric equations; and
c. To calibrate ALOS 2010 image for mapping (wall to wall) of the forest resources.

Six hundred (600) sampling plots using the cluster plot design were laid along the LIDAR strip and
covered the nine ecological zones. Each cluster comprised three plots located at 50m intervals along and
500m between clusters. The dimensions of the main plots were 20mx 20m. In these plots, all trees with
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dbh > 10cm were assessed. Diameter and height of trees with dbh > 5cm but <10cm were measured in
the 10m by 10m sub plots while trees of size 2 cm- 5cm were measured in the 5m by 5m plots. Non-tree
and soil samples were collected from two 1m? subplots located on the south-west — north-east diagonal
line, 5 meters apart from the plot centre

—~
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Figure A3: Design of plot used in the FPP work

The plot size was taken to match the pixel size of ALOS which was used for Ghana’s national wall to wall
mapping in 2010. The coordinates for all the four corners and the centre were taken for the main plot
and for each cluster using the Global Navigational Satellite Systems (GNSS). The first corner coordinate
was tied to a geological survey department pillar located in the political district closest to the plot. The
essence of this action is to enable the Forestry Commission to be able to easily relocate plots for re-

measurement in the future.
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As part of Ghana’s MRV design, Standard Operating Procedures (SOPs) have been developed. The SOPs
recommend that the dimensions of the plot sizes should be 30m? to match the pixel size of Landsat

which is more likely to be used by Ghana for future monitoring activities.

Prior to the FPP work, Ghana already had 600 Permanent Sampling Plots (PSPs) spread across the High
Forest Zone. These plots have centre coordinates, compass bearing and distance schedules which

ensures that they are easily reached for re-measurement.

Under the FPP, additional 600 plots were established across all nine ecological zones. In total, Ghana has
1200 sampling plots spread across the nine ecological zones of Ghana. The shapefiles of the plots have
been archived by the Mapping/ GIS Unit of the Resource Management Support Centre (RMSC) of the

Forestry Commission.

Another important task undertaken during the FPP was the development of wall to wall maps of the
country for 1990, 2000, 2010. These maps were completed in 2012. Furthermore, for the construction of
the National Forest Reference Level, Ghana developed two additional wall-to-wall maps for 2012 and

2015.

The inventory protocols developed under the FPP and the design of Ghana’s MRV have been
mainstreamed into the forest inventory framework of the Forestry Commission and are applied

whenever an inventory is undertaken even in a pilot area.

Ghana is in partnership with the UK Space Agency and Ecometrica under the Forest 2020 International
Partnership Program to undertake forest monitoring using earth observation applications. The project
will address the challenges identified in the development of the National Forest Reference Level
including improving methods for isolating tree crops from natural forest, mapping of natural
regeneration through remote sensing, mapping the mangrove forest as a separate entity and developing

algorithms to address cloud cover and haze.
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Destructive sampling under the FPP

Within the constraint of time and difficulties associated with destructive sampling, 116 trees were
captured from the different ecological zones as shown in Table 4 .

Table 13: Distribution of destructive sampled trees and their diameter classes in various ecological zones

Broad Diameter class Total
Ecological
Zones

0-20 21-40 41-60 61-80 81-100 | 101- 121- 141-

cm cm cm cm cm 120cm | 140cm | 160 cm
Dry 14 4 5 5 2 30
Mangrove | 20 20
Moist 5 17 9 3 1 1 1 1 38
Wet 7 15 1 1 4 28
Total 46 36 15 9 3 5 1 1 116

Detailed information for each destructively sampled tree is provided in Annex F.
Enhancement

Removal Factors

Teak:
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The study conducted by Adu-Bredu S., et al. 2008% assessing tree carbon stocks in teak stands in
moist evergreen forest in Ghana was used to develop removal factors for teak stands in Ghana.
The value of 97.69 Mg C ha? included both above and belowground tree carbon stocks.

Assuming a 25-year rotation cycle’, that value was divided by 25 and then multiplied by (44/12) to
derive an annual removal rate (removal factor) of 14.3 t CO, hat yr?.

Non-teak broadleaf species:

Due to a lack of data available on carbon stocks in tree plantations in Ghana, IPCC AFOLU Vol. 4
default values from table 4.8 reflecting aboveground biomass in forest plantations were applied.
Values for ‘Africa broadleaf >20 years’ for three ecological zones in Ghana (tropical rain forest,
tropical moist deciduous forest, and tropical dry forest) were averaged to get 173.3 t d.m. ha-1,
which was converted to t C/ha by applying a factor of 0.5 to get 86.7 t C/ha. The belowground
biomass value was then generated by applying a root-to-shoot ratio of 0.235 for
tropical/subtropical moist forest/plantations >125 Mg ha (Mokany et al.2006), to get 20.36 t C/ha.
The total aboveground biomass in non-teak broadleaf species was thus estimated to be the sum of
below and above-ground biomass stocks: 107.01 t C/ha.

Assuming a 40-year rotation cycle®, that value was divided by 40 and then multiplied by (44/12) to
derive an annual removal rate (removal factor) of 9.3 t CO; ha yr.The values and sources used to

estimate for both removal factors are summarized below:

Species Source
Teak, AGB & BGB 98 Mg C ha Adu-Bredu S., et al. 2008
GCFRP
Area Rotation cycle 25 years Expert opinion
Final RF 14.3 t CO: ha

4Adu-Bredu S., et al. (2008). Carbon Stock under Four Land-Use Systems in Three Varied Ecological Zones in Ghana.
Proceedings of the Open Science Conference on Africa and Carbon Cycle: the CarboAfrica project, Accra, Ghana,
25-27 November 2008. Available at http://www.fao.org/3/a-12240.pdf

47 Based on expert opinion

48 Based on expert opinion
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Species Value Unit Source
yr
Non-teak AGB 173 t dm. IPCC AFOLU Vol. 4 table 4.8 above-
ha-1 groundbiomass in forest plantations.
broadleaf
87 Mg C ha
BGB 20 Mg C ha Mokany et al.2006
107
Rotation cycle 40 years Expert opinion
Final RF 9.3 t COz ha
yr

Activity Data

Activity data were derived from official records of NFPDP activity, which document hectares of on-
reserve planting by reserve. Spatial layers of the country and forest reserves were combined to

calculate removals occurring only in on-reserve plantations within the country.

For both GCFRP and National estimates of removals from enhancement activities, a number of

adjustments and assumptions were made to accommodate data gaps and limitations.

While the NFPDP was launched in September 2001, records reflect planting only began in
2002. As such, there were zero activity data for 2001.

Complete annual data on plantation activity for MTS, CFMP, GPDP, and Model programs
were not available (i.e., in some cases, multi-year totals were only provided). As such, the
total area planted in Ghana forest reserves up to 2009 was divided across the years the
program was in operation to get annual activity data.

The estimated annual rates were then adjusted to account for plantation failure. The
plantation failure rates which were used to adjust annual totals were derived from GFC
reports and other national data. Failure rates were converted to success rates (1-failure
rate) and total area planted was multiplied by the success rate value. and are summarized
below.

o Failure rate 2001-2009: 44.9% / success rate: 55.1 % (Source: Survey and Mapping
of Government Plantation Sites Established Between 2004 to 2009 in Some Forest
Reserves in Ghana)

o Failure rate 2010-2012: 24.57 % / success rate: 75.4% (Source: NFPDP dataset
‘2013 Final Verification Nationwide’. Calculated based on the average survival rate
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recorded.)
o Actual estimates for rates of survival per forest reserve were available for the year
2013, so activity data for 2013 were not adjusted.
o 2014-2015: Pre-adjusted.
e With the exception of 2013 data, the records did not include information on species
composition. As such, it was assumed that 70% of the planted species were teak and the
other 30% were other mixed species.
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NFPDP Programs Dates of Operation Years
GPDP 2004-2009
MTS 2002-2009
CFMP 2005-2009
Model 2007-2009
Other (Private Developers & Expanded Program) 2001-2015

Legal Timber Harvesting

The calculations of total emissions from logging are a result of a multiplication of total emission
factor (TEF) (in t CO2.m3) by the activity data (m? extracted) for each year.

Activity Data

Ghana has timber extracted data for the entire historical period 2001-2015. These data present the
total volumes of timber extracted annually by species and by administrative unit (region and
locality) based on the Tree Information Forms (TIFs). This data is summed annually across
administrative units to calculate total volumes by areas of interest.

Emission Factors

The three components of the logging emission factor were calculated using the methods in Pearson
et al. (2014) and using field measurements taken by the Ghana Forestry Commission following the
standard operating procedures in Annex C. This method accounts separately for three emission
sources that occur as a result of logging:

1. emissions from the subsequent milling, processing, use and disposal of the felled timber-
tree,

2. emissions from incidental damage caused by the timber-tree fall and cutting of the log in
the forest, and

3. emissions from infrastructure associated with removing the timber out of the forest (e.g.
skid trails, logging decks and logging roads).
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All emissions sources are associated with the volume of timber extracted (e.g. m3) to allow for
simple application of timber harvesting statistics. As such, the total emission factor from selective
logging is estimated as the sum of three factors:

TEF = ELE + LDF + LIF

Where:

TEF Total emission factor (tCO2.m?)

ELE Emissions from extracted log (tCO2.m)
LDF Logging damage factor (tCO2.m3)

LIF Logging infrastructure factor (t CO2.m?)

A committed emissions approach is employed in the calculations to simplify the carbon accounting
process. This means that all emissions are accounted in the year of the logging event.

To estimate ELE, an average wood density (in g cm-3) weighted by the volume extracted of each
species from the activity data is calculated, so that the average wood density (and therefore ELE)
would reflect the species most harvested in Ghana.The applied wood density of 0.39 t/m3 was
calculated as the weighted mean of harvested species from the database of legally harvested trees
between 2000 and 2015. The chainsaw milling efficiency applied is 50% as identified by the
Forestry Commission and through literature revue (Hansen et al, 2012). The ELE reflects the
proportion of carbon dioxide still sequestered in harvested wood products 100 years after initial
harvest (considered to be permanently sequestered). A half-life of 30 years and a decay rate of
0.023 are applied as given in Table 12.2 in IPCC 2006*.

The ELE factor covers the emissions from the log extracted from the forest. For this log, a proportion is
lost through milling. Of the remaining quantity, a proportion is considered to remain sequestered for a
period of time exceeding 100 years and therefore is assumed to be effectively permanent.

The simplification employed here is to immediately commit the emissions that occur between years 1
and 100 and consider the remaining proportion to be permanently sequestered. Ghana’s choice of 100
years is to reflect the atmospheric residence of CO, as is used for the global warming potential of
methane or nitrous oxide. A spread sheet model where emissions are applied each year is possible for

49 IPCC (2006) Guidelines for national greenhouse gas inventories. Volume 4: Agriculture, Forestry, and Other Land
Use. http://www.ipcc-nggip.iges.or.jp/public/2006g|/vol4.html
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accounting. However, this may be problematic for the reference level. The use of non- committed
emissions will underestimate the reference level and inflate emissions during the monitoring period

The IPCC calculation approach is applied using a decay curve approach with the IPCC default of a 30 year
half-life for solidwood.

To calculate the mass remaining in use after 100 years the initial mass is multiplied by the fraction that is
established in equation 1 below, using the decay coefficient established using equation 2.

M1/MO = e-kt (Eq. 1)

Where

M1 = mass at time 1 (100 years in our case)
MO = initial mass

K = decay coefficient, yr-1

t =time, yr (100 years)

The K coefficient can be calculated as:
K=-(0.69/1) (Eq. 2)
Where 0.69 is the natural log of 0.5 (where M1/MO = 0.5)

The IPCC (2006) gives two half-life values:
Solidwood products 30 years
Paper products 2 years

Estimate for LDF are based on the measurements taken from the field work conducted by Ghana FC
in May 2016, using the SOPs in annex C.

For skid trails it was assumed that creation of trails would avoid trees with a diameter greater than
20cm at breast height. The proportion of forest biomass represented by trees less than 20cm was
calculated from the dataset of Napier and Kongsager (2011).°° Across ten plots these trees
represented 12% of the forest biomass (95% Cl = 4.8%). This proportion was applied to the carbon
stock derived from the FPP inventory dataset.

*ONapier, J. and Kongsager R. (2011).The breakeven price of REDD-credits: a case study from Kade, Ghana.Master
Thesis, Technical University of Denmark.
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From measurement of 164 skid trails by the Ghana Forestry Commission in May 2016, the mean
width was 4.6m (95% Cl = 0.64m). For five skid trails the associated extraction volume was
determined, and through integration with trail length a skid trail emission factor was derived.

For logging roads, the mean width was calculated from 11 roads measured by the Ghana Forestry
Commission in May 2016 (5.3m +/- 0.65; mean +/- 95% Cl). A per length of road emission was
calculated from this width and the carbon stock from the FPP inventory dataset. However, no
volumes could be paired with emission per length of road. This correlation instead had to rely on
the study of Medjibe et al (2013) from Gabon.**Medjibe et al determined road construction of 1 m
per cubic meter of log extracted.

For logging decks volume correlations were similarly unavailable. The Medjibe et al study
determined logging decks represent 1.6 square meters of area per cubic meter of log extracted.
This paired with FPP inventory data produced a decks emission factor.

lllegal Timber Harvest

The calculations of total emissions from illegal logging will mirror those used for legal logging with
the multiplication of total emission factor (TEF) (in tCO2 m3) by the activity data (m? extracted).

Activity Data

Yearly activity data on the amount of timber harvested illegally in Ghana are not available.
However, a number of studies have been conducted that provide estimates on the amount of
illegal timber harvest. We will use the estimates from of one of these studies - ‘Revisiting Illegal
Logging and the Size of the Domestic Timber Market (Hansen et al. 2012).>?Hansen estimated illegal
logged timber at 4.1 million m? per year.

Emission Factor

The emission factor for illegal timber harvest follow the same methodology as for legal timber
harvest. The measurements taken in the field in May 2016 by the Forestry Commission were used
to estimate TEF for illegal as well as legal timber harvest. As for legal logging a committed emissions
approach is taken.

51Medjibe, V.P., Putz, F.E., Romero, C. (2013) Certified and uncertified logging concessions compared in Gabon:
Changes in stand structure, tree species, and biomass. Environmental Management. DOl 10.1007/s00267-012-
0006-4

>2Hansen, C.P., L. Damnyag, B.D. Obiri and K. Carlsen 2012. Revisiting illegal logging and the size of the domestic
timber market: the case of Ghana International Forestry Review Vol.14(1), 2012 39
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The extracted log emissions (ELE) were calculated with the following assumptions:

- The species harvested reflect the same species distribution as species legally harvested
in Ghana;

- The logs are chainsaw milled in the forest;

- The resulting products are solidwood products.

Based on the findings of Hansen et al. (2012) the chainsaw milling efficiency applied is 27%. The
applied wood density of 0.39 t/m? was calculated as the weighted mean of harvested species from
the database of legally harvested trees between 2000 and 2015. The ELE reflects the proportion of
carbon dioxide still sequestered in harvested wood products 100 years after initial harvest
(considered to be permanently sequestered). A half-life of 30 years and a decay rate of 0.023 are
applied as given in Table 12.2 in IPCC 2006>.

Based on an understanding of illegal timber practices by the Forestry Commission, LDF is assumed
to be identical to the factor used for legal timber harvesting.

LIF is assumed to be nullified as illegal timber harvested either use infrastructure created by legal
timber harvesting practices.

Degradation from Fire

Total emissions from forest fire calculated using Equation 2.27 from IPCC (2006)>:
Lrire = A% Mg % C % Ggp * 1073

Where:

Lsi.= amount of greenhouse gas emissions from fire, tonnes of each GHG

A = area burnt, ha

M= mass of fuel available for combustion tonnes ha-1

C= combustion factor, dimensionless

Ge= emission factor, g kg dry matter burnt

53 IPCC (2006) Guidelines for national greenhouse gas inventories. Volume 4: Agriculture, Forestry, and Other Land
Use. http://www.ipcc-nggip.iges.or.jp/public/2006g!/vol4.html
54 IPCC (2006) Guidelines for national greenhouse gas inventories. Volume 4: Agriculture, Forestry, and Other Land
Use. http://www.ipcc-nggip.iges.or.jp/public/2006g|/vol4.html
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Activity Data

The activity data represents the total area burnt during the reference period. The MODIS Burned
Area Product was used, which gives monthly totals of burned area at the 500m scale across the
globe. The following steps were taken to process this data for the reference period:

e C(Clip the global dataset to Ghana.

e Combine the monthly burned area pixels to create yearly burned area maps, from 2001-
2015..

e Divide burned area between areas of forest remaining forest between 2001-2015 and
areas of deforestation, both according to Ghana’s national land cover maps. Burned area
on all other land cover types was discarded. This was done to differentiate between forest
fires that result in degradation and fires that result in deforestation, since deforestation
fires will be accounted for separately.

The high-resolution analysis (described in Annex B) was used to determine the percentage of fires,
mapped as deforestation fires, were actually fires occurring on agricultural tree plantations
transitioning to non-plantation non-forest lands. A proportion of deforestation fires were removed
from deforestation accounting corresponding to this percentage. The high-resolution analysis was
also used to determine the proportion of fires, mapped as degradation fires, were actually on areas
of: 1) agricultural tree plantations remaining plantations (and thus neither degradation nor
deforestation fires), and 2) forest transitioning to agricultural tree plantations (and thus being
deforestation fires). A proportion of deforestation fires were removed for degradation accounting
corresponding to the percentages of these areas (and a proportion was added to the deforestation
accounting).

Emission Factors

There are three parameters that make up the emission factor: the biomass available for
combustion (Mg), the combustion factor (Cs), and the emission factor (Ges).

Biomass available for combustion

The biomass available for combustion refers to all the biomass in the forest that is subject to
burning by fire. Generally, only part of the overall biomass in the forest is subject to burning. The
carbon pools that are subject to burning depend on the fire regime in the area; if surface fires are
common, generally only the pools close to the forest floor are included (litter, deadwood, shrubs,
grasses, small trees, and topsoil organic carbon). If canopy fires are common, a greater proportion
of the larger trees may be available for combustion as well.
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For this FRL, it was assumed that all forest biomass was subject to burning. This assumption was
made due to the nature of the activity data from the MODIS burned area product. The burned area
product generally detects only larger fires, given that it is a satellite product viewing primarily the
forest canopy, has a spatial resolution of 500m. Therefore, fires must kill relatively large sections of
the canopy in order to be detected by MODIS, and it is assumed that if the canopy is being burned,
the understory biomass is also subject to burning.

For areas that burned in multiple years, a reduced biomass available for burning value was used,
which was equal to the original biomass multiplied by the combustion factor and by the number
times the area had burned. For example, if an area burned for the second time in specific year, the
original biomass was multiplied by the combustion factor and by 2.

Combustion factors

Combustion factors refer to the fraction of Mg that is actually combusted during fire. C; depends
largely on climate and ecosystem, since combustion will be more complete under dry, hot
conditions. Defaults from IPCC>*were used since country-level data was not available.

Emission Factors

Emission factors in Equation 2.27 refer to the amount of each GHG that is emitted when a certain
amount of dry matter is burned. The reference level accounts for the major GHGs emitted during
biomass burning, which are CO,, N,O, and CHs. Since these emission factors are fairly constant
across forest types, IPCC (2006) defaults from Table 2.5 were used for Ges.

Parameter Tables and Uncertainty Details

Deforestation

Activity Data

55 Factors from Table 2.6 of IPCC (2006)
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Description of the
parameter including
the time period
covered (e.g. forest-

cover change
between 2000 - 2005
or transitions
between forest

categories X and Y
between 2003-2006):

Landsat imagery classified using NDVI. Forest cover change between 2000-
2010-2012-2015. Stratified between “open” and “closed” forest, within five
ecological zones (wet evergreen, moist evergreen, moist semi-deciduous SE,
moist semi-deciduous NW, upland evergreen).

Explanation for which
sources or sinks the
parameter is used
(e.g deforestation or
forest degradation):

Deforestation

Data unit (e.g. ha/yr):

Average ha/yr

Source of data (e.g.
official statistics) or
description of the

method for
developing the data,
including (pre-

)processing methods
for data derived from
remote sensing
images (including the
type of sensors and
the details of the
images used):

Land cover maps developed by the Forest Preservation Programme (FPP)
project for 2000 and 2010°%; remote sensing analysis conducted by RMSC for
2012 and 2015, Applied Geo-Solutions (AGS) remote sensing analysis on
differentiating natural forest from tree crops (see Annex C).

Discussion of key
uncertainties for this
parameter:

For the 2000 and 2010 images, accuracy assessment was completed on the
2010 land cover map using verification data from 2,213 field locations all
across Ghana. Once the 2010 map was well established (as good an accuracy
as could be produced within resource constraints) the same land cover

56 Forest Preservation Project. 2013. Report on Mapping of Forest Cover and Carbon Stock in Ghana. Executed by PASCO
Corporation, Japan in collaboration with FC-RMSC, CSIR-FORIG and CIRT-SRI, Ghana
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classification methods were applied to 2000 land cover map. The 2012 and
2015 maps were produced replicating the same methodology, to the extent
possible, that was used for the 2000 and 2010 maps.

Key uncertainties include error in remote sensing classification due to haze,
cloud cover, stripping from a Landsat 7 satellite malfunction, differences in
seasonal greenness, and reflectance differences between Landsat images.

Estimation of Accuracy Assessment has been completed for all the maps utilized for the
accuracy, precision, deforestation analysis (i.e. the 2000, 2010, 2012 and 2015 maps):
and/or  confidence

. 1. 2000 map: 500 data points generated from Google Earth were utilized to
level, as applicable

assess the accuracy of this map. The assessment yielded an overall accuracy of

and an explanation of 81.7%
assumptions/method
ACCURACY ASSESSMENT — 2000 MAP

ology in the
Class Reference | Classified | Number | Producers | Users Kappa

estimation: Name Total Total Correct Accuracy Accuracy PP
Closed forest 40 43 33 81.25% 75.58% 0.7346|
Open forest 163 152 136 81.87% 88.85% 0.8334
Water body 11 15 11 100.00% 70.00% 06234
Grassland 100 104 82 82.00% 78.85% 0.7354|
Settlement / Bare ground 45 49 37 82.22% 76.29% 0.7394
Cropland 125 129 103 32.00% 79.77% 0.7302
Wetland 11 5 5 52.63% 100.00% 1
Other land 5 3 4 77.78% 100.00% 1
Total S50 500 407
Overall Classification Accuracy  81.70%
Overall Kappa Statistics 0.7644

20.

2. 2010 map: 2,213 field points were utilized for accuracy assessment of the 2010
map. The overall accuracy for this map is 83.87%.
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3.

Table 2-10: Accuracy Assessment Result of LU Map of 2010

Reference 2 Users

Classifie data Forest land | Cropland | Grassland | Settlements | Wetlands 2:: lers:‘?d Accuracy

data (%)
Forestland 20 48 39 0 0| 0| 607] 8567
Cropland 57 4 48 1 o 2 601 203
Grassland 55 44 0 o| 9 492 7805
Settl 17 13 12 1 5 331 85.50
Wetlends 0| 0| 1 0| 0| 153 9935
Otherland 2 0| 3 0 : 2 276
Reference Total 651 598 487 284 153 40 "
Producer
Accuracy (%) 79.88| 82.44 78.85 99.65 99.35|  60.00] -

2012 map: Accuracy assessment was completed using historical field data and
data generated from Google earth. A total of 400 points were used. The overall
classification accuracy is 82.75%.

Accuracy Assessment — 2013 map

Class Reference | Classified | Number | Producers | Users

Name Totals Totals Correct | Accuracy | Accuracy Kappa
Close forest 54 55 51 94.44% 92.73% 0.9159
Open forest 146 148 129 88.36% 87.16% 0.7978
Water 20 20 20 100.00% 100.00% 1
Grass 67 73 53 79.10% 72.60% 0.6709
Settlement 15 8 8 53.33% 100.00% 1
Cropland 88 %0 65 73.86% 72.22% 0.6439
Wetland 2 2 2 100.00% 100.00% 1
Otherland 8 4 3 37.50% 75.00% 0.7449
Totals 400 400 331

Overall Classification Accuracy = 82.75%

Overall Kappa Statistics = 0.7739

4.

21.

2015 map: Accuracy assessment of the 2015 map was done utilizing 1,000 field
data points. The overall accuracy is 80.1%.

22.




GHANA'’S NATIONAL FOREST REFERENCE LEVEL

Accuracy Assessment — 2015 map

Class Reference Classified Number | Producers Users

Name Total Total Correct Accuracy Accuracy Kappa
Closed forest 80 87 76 0.95 0.8735 0.7346
Qpen forest 331 263 255 0.7703 0.9696 0.8334
Water body 21 25 21 1 0.84 0.6936
Grassland 200 186 154 0.77 0.8279 0.7356
Settlement/Bare

ground / 90 142 84 0.933 0.5915 0.7394
Cropland 250 275 189 0.756 0.6872 0.7302
Wetland (Swampy) 19 15 15 0.7894 1 1
Other land 9 7 7 0.7778 1 1
Totals 1000 1000 801

Overall Classification Accuracy = 80.1%

Overall Kappa Statistics = 0.7644

An assessment of the accuracy of the change between the three time periods was
also conducted consisting of 6,317 verification points using 15m resolution ASTER

imagery. Details of the methodology is attached, and the confusion matrices are
repeated below:

2000 - 2010
reference ("truth")
Change No Change  Total
Change 391 146 537
map ("predicted") No Change 44 2348 2392
Total 435 2494 2929
Area of deforestation 1,033,265 | ha
Confidence interval 48541.58

Derived uncertainty = 4.70%
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2010 - 2012
reference ("truth")
Change No Change  Total
Change 9 94 103
map ("predicted") No Change 97 1494 1591
Total 106 1588 1694
Area of deforestation 481,002 | ha
Confidence interval 68355.29

Derived uncertainty = 14.2%

2012 - 2015
reference ("truth")
Change No Change  Total
Change 37 155 192
map ("predicted") No Change 184 1318 1502
Total 221 1473 1694
Area of deforestation 930,031 | ha

Confidence interval 94882.69
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Derived uncertainty = 10.2%
Thus for the activity data the applied uncertainty numbers were:

4.7% for 2000 — 2010, 14.2% for 2010 — 2012, 10.2% for 2012 - 2015

Emission Factors

Description of Difference in carbon stocks (pre and post deforestation land cover) per stratum.
the parameter Strata were identified through the Forest Preservation Programme (FPP) Mapping of
including the Forest Cover and Carbon Stock in Ghana project. and represent all relevant IPCC land
forest class if cover classes.

applicable:

Carbon pools:

Pre-deforestation land use stocks: Aboveground biomass, belowground biomass,
deadwood, litter, non-tree vegetation, soil carbon stocks. Data on carbon pools were
sourced from the FPP Mapping of Forest Cover and Carbon Stock in Ghana project.

Post-deforestation land use carbon stocks:

e Cropland:

o Herbaceous and shifting cultivation: Aboveground biomass,
belowground biomass, deadwood, litter, non-tree vegetation, soil
carbon stocks. Data on carbon pools were sourced from the FPP
Mapping of Forest Cover and Carbon Stock in Ghana project.

o Plantations: Aboveground biomass and belowground biomass
(other carbon stocks conservatively omitted). Aboveground
biomass values sourced from Konsager et al. (2013)*’ and
belowground biomass stocks were determined by applying a root-
to-shoot ratio developed by Mokany et al. (2006)°8.

Grassland®®: aboveground biomass. Values derived either from the FPP Mapping of

Forest Cover and Carbon Stock in Ghana project or IPCC default values.

Wetlands, settlement®, Water and bareland/other: carbon stocks assumed to be

5’Konsager et al.The carbon sequestration potential of tree crop plantations.Mitigation Adaptation Strategies for Global Change (2013) 18:1197—
1213. Time-averaged results from http://orbit.dtu.dk/files/55883745/Carbon_Sequestration.pdf

*8Mokany K, Raison R.J, Prokushkin A.S 2006 Critical analysis of root: shoot ratios in terrestrial biomes. Global Change Biol. 12, 84-96.
doi:10.1111/j.1365-2486.2005.001043 x.

% Except for moist evergreen and moist semideciduous NW forest strata where FPP data were available on carbon stocks for grassland and all
carbon pools were included (aboveground biomass, belowground biomass, deadwood, litter, non-tree vegetation, soil carbon stocks



http://orbit.dtu.dk/files/55883745/Carbon_Sequestration.pdf
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zero.

Data unit (e.g.
t COz/ha):

t CO2e/ha

Source of data
(e.g. official
statistics, IPCC,
scientific
literature) or
description of
the
assumptions,
methods and
results of any
underlying
studies  that
have been
used to
determine
the parameter:

Pre-deforestation carbon stocks:

e Data were derived from the Forest Preservation Programme (FPP) which
conducted the Mapping of Forest Cover and Carbon Stock in Ghana project.
Data from this project offered estimates of all forest carbon pools, including
soil.

e Deadwood carbon stocks appeared to be significantly over estimated,
however, so the default proposed in the UNFCCC A/R Working Group
Guidelines was applied for this pool (aboveground carbon stocks multiplied
by 0.06)

Post-deforestation carbon stocks:

e Cropland: FPP data on cropland carbon stocks per strata, reflecting all
cropland (currently cropped or in fallow), rice fields, and agro-forestry
systems

e Plantations: Kongsager et al. 2013. Only above and belowground carbon stocks
included. Belowground carbon stocks derived by applying Mokany (2006)%*
root-to-shoot ratio of 0.2

e Grassland: FPP data where available or IPCC default of 3.1t C/ha

e Wetlands: assumed to be zero

e Settlement: FPP data where available assumed to be zero

e Bareland/other: assumed to be zero

e Water: assumed to be zero

Discussion of
key
uncertainties
for this
parameter:

Forest carbon stock data are taken from the FPP project that estimated confidence
intervals (95% of the mean) for the 6 forest carbon pools for each stratum.

Generally, the FPP plot-based mean values are generated with small number of field
plots for each of the ecological zone that leads to relatively high uncertainty. This will
be decreased as more data are collected as the programme progresses.

Estimation of

60 Except for the moist semideciduous NW forest strata where FPP data were available on carbon stocks in settlement and all carbon pools were

included (aboveground biomass, belowground biomass, deadwood, litter, non-tree vegetation, soil carbon stocks)

61Mokany K, Raison R.J, Prokushkin A.S 2006 Critical analysis of root : shoot ratios in terrestrial biomes. Global Change Biol. 12, 84-96.
doi:10.1111/j.1365-2486.2005.001043.x.
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accuracy,
precision,
and/or
confidence
level, as
applicable and
an explanation
of
assumptions/
methodology
in the
estimation:

Wet evergreen

Cropland  (herbaceous
Closed forest Cropland 14.2
and fallow land)
oil
Plantations Pal 21.9
m
Citr
27.9
us
Rub 366
ber '
Coc
11.8
oa
Grassland 11.0
Wetlands 21.5
Settlement 6.9
Bareland/other 18.1
Cropland  (herbaceous
Open Forest Cropland 28.6
and fallow land)
Qil
Plantations Pal 57.1
m
Citr
64.1
us
Rub 70.5
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Pal

ber
Coc
36.7
oa
Grassland 5.5
Wetlands 36.6
Settlement 0.5
Bareland/other 36.3
Moist Evergreen
Cropland herb
Closed forest Cropland ropian (herbaceous 8.6
and fallow land)
Qil
Plantations Pal 16.8
m
Citr
22.7
us
Rub
31.2
ber
Coc
8.0
oa
Grassland 5.0
Wetlands 6.3
Settlement 33
Bareland/other 10.0
Cropland (herbaceous
Open Forest Cropland 16.8
and fallow land)
Plantations Qil 43.6
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m
Citr
51.3
us
Rub 50.9
ber ’
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31.7
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Wetlands 41.4
Settlement 13.7
Bareland/other 33.7
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233
us
Rub 320
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0a

Bareland/other 9.1
Cropland  (herbaceous
Open Forest Cropland 20.1
and fallow land)
oil
Plantations Pal 425
m
Citr
50.2
us
Rub 8.9
ber '
Coc
17.9
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Grassland 27.1
Wetlands 36.6
Settlement 17.1
Bareland/other 31.0
Moist Semi-deciduous NW
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m
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ber ’
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13.4
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us

Grassland 5.4
Wetlands 10.0
Settlement 2.5
Bareland/other 15.9
Cropland  (herbaceous
Open Forest Cropland 17.0
and fallow land)
oil
Plantations Pal 56.0
m
Citr
63.2
us
Rub 69.9
ber ’
Coc
24.6
oa
Grassland 12.0
Wetlands 19.0
Settlement 4.4
Bareland/other 25.3
Upland Evergreen
Cropland herbaceous
Closed forest Cropland P ( 20.5
and fallow land)
oil
Plantations Pal 29.7
m
Citr
35.8
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Closed forest

Rub 44.5
ber ’
Coc
16.7
oa
Grassland 22.8
Wetlands 26.3
Settlement 13.7
Bareland/other 25.1
Cropland  (herbaceous
Open Forest Cropland 23.2
and fallow land)
Qil
Plantations Pal 45.7
m
Citr
53.9
us
Rub 62.3
ber ’
Coc
32.5
oa
Grassland 14.7
Wetlands 43.0
Settlement 7.2
Bareland/other 32.6
Dry Semi-
Deciduous Inner
Zone
Cropland
21.5
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Uncertainties represent 95% confidence intervals as a percentage of the mean

Timber Harvest — Legal

Activity Data

Description of the Average volume of the logs extracted annually from 2001-2015
parameter including the
time period covered (e.g.
forest-cover change
between 2000 - 2005 or
transitions between forest
categories X and Y
between 2003-2006):

Explanation for which Degradation from legal timber harvest
sources or sinks the
parameter is used (e.g
deforestation or forest

degradation):

Data unit (e.g. ha/yr): m3/yr

Source of data (e.g. official These data present the total volume of logs extracted annually by
statistics) or description of species and by administrative unit (region and locality) based on the
the method for developing Tree Information Forms (TIFs).

the data, including (pre-
)processing methods for
data derived from remote This is derived from diameter measurements at both ends of the
sensing images (including
the type of sensors and the
details of the images

bole in cm as well as the length of the bole in meters. The
parameters measured are then used to estimate the volume using
Smalian’s formula

used):

Discussion of key This is a forest concession census of actual timber volume extracted,
uncertainties for this so very small uncertainty is assumed—most likely as measurement
parameter: error of the logs (diameters, lengths and number of logs). Standard

operating procedure used for these measurements should minimize
this, however.
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Estimation of accuracy,

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

This is a forest concession census of actual timber volume, so very
small uncertainty is assumed—most likely as measurement error of
the logs (diameters, lengths and number of logs). Standard operating
procedure used for these measurements should minimize this,
however.

Emission Factors

Description of the
parameter including the
forest class if applicable:

The emission factor for selective logging activity in Ghana, including
emissions from extracted logs, logging infrastructure, and logging
damage.

Data unit (e.g. t COz2/ha):

t COz/m?3

Source of data (e.g. official
statistics, IPCC, scientific
literature) or description of
the assumptions, methods
and results of any
underlying studies that
have been used to
determine the parameter:

Field data collection by the Forestry Commission is the main source
of data.

Additional assumptions and data sources are explain in more details
in see Annex B.

Discussion of key
uncertainties for this
parameter:

The standard operating procedures (Annex D) followed minimizes
the uncertainty associated with data collection. Other sources of
uncertainty include:

- The average milling efficiency associated with legal timber
harvest is based on a literature view and reported averages
from the Forestry Commission.

Estimation of the weighted average of wood density based on
Ghana Forestry Commission estimates per species logged.

A half-life of and a decay rate are applied as given in Table
12.2 in IPCC 200652,

carbon stock derived from the FPP inventory dataset.

no volumes could be paired with emission per length of road.
This correlation instead had to rely on the study of Medjibe

62 Footnote 53
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et al (2013) from Gabon.%

- For logging decks volume correlations were similarly
unavailable. This correlation instead had to rely on the
study of Medjibe et al (2013) from Gabon.% This paired
with FPP inventory data produced a decks emission factor.

Estimation of accuracy, The emissions factors are developed based on 243 logging gaps
precision, and/or measured by the Forestry Commission.

confidence level, as

applicable and an The extracted log emission (ELE) had an uncertainty equal to 2.5% of
explanation of the mean at the 95% confidence level.

assumptions/methodology The logging damage factor (LDF) had an uncertainty equal to 6.9% of

in the estimation: .
the mean at the 95% confidence level.

The logging impact factor (LIF) had an uncertainty equal to 26% of
the mean at the 95% confidence level.

Using a weighted propagation of errors approach the total emission
factor (TEF) had an uncertainty equal to 5.7% of the mean at the
95% confidence level.

Timber Harvest — lllegal

Activity Data

Description of the parameter The activity data for illegal timber harvest at this stage will consist of the
including the time period peer-reviewed literature estimate of Hansen et al. (2012). Hansen estimated

covered (e.g. forest-cover illegal logged timber at 4.1 million m3 per year in 2009.

change between 2000 - 2005
or transitions between forest
categories X and Y between
2003-2006):

Explanation for which sources Degradation from illegal timber harvest
or sinks the parameter is used
(e.g deforestation or forest
degradation):

83Medjibe, V.P., Putz, F.E., Romero, C. (2013) Certified and uncertified logging concessions compared in Gabon: Changes in stand structure, tree
species, and biomass. Environmental Management. DOI 10.1007/s00267-012-0006-4
5Medjibe, V.P., Putz, F.E., Romero, C. (2013) Certified and uncertified logging concessions compared in Gabon: Changes in stand structure, tree
species, and biomass. Environmental Management. DOI 10.1007/s00267-012-0006-4
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Data unit (e.g. ha/yr):

m3/yr

Source of data (e.g. official
statistics) or description of
the method for developing
the data, including (pre-
)processing methods for data
derived from remote sensing
images (including the type of
sensors and the details of the
images used):

HANSEN, C.P., L. DAMNYAG, B.D. OBIRI and K. CARLSEN 2012. Revisiting
illegal logging and the size of the domestic timber market: the case of Ghana
International Forestry Review Vol.14(1), 2012 39

It can also be expected that this number is an underestimate as illegal
logging is believed to have increased in recent years. This will be
conservative as actual illegal volumes are monitored under MRV

Discussion of key
uncertainties for this
parameter:

Uncertainty is unknown so at this stage prior to an illegal logging monitoring
system in Ghana. Given the numbers here result from a single study in a
single year, to be highly conservative an uncertainty value is used that is
equal to half the value of the parameter.

Estimation of accuracy,
precision, and/or confidence
level, as applicable and an
explanation of
assumptions/methodology in
the estimation:

50% uncertainty is assumed. 4.1 million m3/yr + 2.05 million m3/yr

Emission Factors

Description of the
parameter including the
forest class if applicable:

The emission factor for illegal logging activity in Ghana, accounting
for emissions from extracted logs and logging damage.

Data unit (e.g. t CO2/ha):

t COz/m?3

Source of data (e.g. official
statistics, IPCC, scientific
literature) or description of
the assumptions, methods
and results of any
underlying studies that
have been used to
determine the parameter:

Field data collection by the Forestry Commission is the main source
of data.

Additional assumptions and data sources are explained in further
detail in Annex 7.
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Discussion of key
uncertainties for this
parameter:

Following the standard operating procedures (Annex 9) minimizes
the uncertainty associated with data collection. Other sources of
uncertainty include:

The average milling efficiency associated with legal timber
harvest is based on literature review.

Estimation of the weighted average of wood density based on
Ghana Forestry Commission estimates per species logged.

A half-life of and a decay rate are applied as given in Table
12.2 in IPCC 2006%.

Carbon stock derived from the FPP inventory dataset.

Estimation of accuracy,

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

The emissions factors are developed based on 243 logging gaps
measured by the Ghana Forestry Commission.

The extracted log emission (ELE) had an uncertainty equal to 3.7% of
the mean at the 95% confidence level.

The logging damage factor (LDF) had an uncertainty equal to 6.9% of
the mean at the 95% confidence level.

Using a weighted propagation of errors approach the total emission
factor (TEF) had an uncertainty equal to 5.3% of the mean at the
95% confidence level.

Forest Fire

Activity data

Description of the
parameter including the
time period covered (e.g.
forest-cover change
between 2000 - 2005 or
transitions between forest

Burned area for forest remaining forest between 2001-2015.

85 |PCC (2006) Guidelines for national greenhouse gas inventories. Volume 4: Agriculture, Forestry, and Other Land Use. http://www.ipcc-

nggip.iges.or.jp/public/2006gl/vol4.html
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categories X and Y
between 2003-2006):

Explanation for which Forest degradation
sources or sinks the
parameter is used (e.g
deforestation or forest

degradation):
Data unit (e.g. ha/yr): Ha
Source of data (e.g. official MODIS burned area product

statistics) or description of
the method for developing
the data, including (pre-
)processing methods for
data derived from remote
sensing images (including
the type of sensors and the
details of the images

used):

Discussion of key Given large pixel size (500m?), the MODIS product is unlikely to

uncertainties  for this capture small degradation fires. Surface fires are also unlikely to be

parameter: captured as mortality of canopy vegetation is limited and cannot be
detected by satellite images. Other potential remote sensing errors
include: haze from smoke, cloud cover and coastal moisture effects.

Estimation of accuracy, According to Roy and Boschetti (2009)%, average MODIS burned

precision, and/or area agreement with Landsat-measured burned area is 96%.

confidence level, as

applicable and an

explanation of

assumptions/methodology
in the estimation:

66 Roy DP and Boschetti L (2009) Southern Africa validation of the MODIS, L3RC, and GlobCarbon burned area products. IEEE Transactions on
Geoscience and Remote Sensing: 47(4).
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Emission Factors

Description of the
parameter including the
forest class if applicable:

Biomass available for combustion

Data unit (e.g. t CO2/ha):

tC/ha

Source of data (e.g. official
statistics, IPCC, scientific
literature) or description of
the assumptions, methods
and results of any
underlying studies that
have been used to
determine the parameter:

Forest Preservation Programme (FPP) forest carbon stock inventory
collected through Mapping of Forest Cover and Carbon Stock in
Ghana project.

Discussion of key
uncertainties for this
parameter:

Forest carbon stock data are taken from the FPP project that
estimated confidence intervals (95% of the mean) for the 6 forest
carbon pools for each stratum.

Generally, the FPP plot-based mean values are generated with small
number of field plots for each of the ecological zone that leads to
relatively high uncertainty. This will be decreased as more data are
collected as the programme progresses

Estimation of accuracy,

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

Wet evergreen

Closed
Forest 11.4
Open Forest 1.8

Moist Evergreen

Closed
Forest 5.0
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Open Forest 27.2

Moist Semi-deciduous SE

Closed
Forest 5.8
Open Forest 29.0

Moist Semi-deciduous NW

Closed
Forest 4.3
Open Forest 11.4

Upland Evergreen

Closed
Forest 23.9
Open Forest 15.3

Dry Semi-Deciduous Inner Zone

Closed Forest 2.7

Open Forest 9.9

Dry Semi-Deciduous Fire Zone

Closed Forest 2.6
Open Forest 0.3
Savannah

Closed Forest 1.0
Open Forest 135

Southern Marginal

Closed Forest 18.4
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Open Forest 39.2

Uncertainties represent 95% confidence intervals as a percentage of the mean

Description of the
parameter including the
time period covered (e.g.
forest-cover change
between 2000 - 2005 or
transitions between forest
categories X and Y between
2003-2006):

Emission factor

Explanation for  which
sources or sinks the
parameter is used (e.g
deforestation or forest
degradation):

Forest degradation

Data unit (e.g. ha/yr):

G kg dry matter burnt

Source of data (e.g. official
statistics) or description of
the method for developing
the data, including (pre-
)processing methods for
data derived from remote
sensing images (including
the type of sensors and the
details of the images used):

IPCC (2006) Table 2.5

Discussion of key
uncertainties for this
parameter:

Taken from IPCC (2006)

Estimation of accuracy,

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology

Uncertainty as given by IPCC (2006) are as follows as a percentage of
the value:

C0O2: 6%
CHa: 29%
N20: 100%
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in the estimation:

Woodfuel

Description of the
parameter including the
time period covered (e.g.
forest-cover change
between 2000 - 2005 or
transitions between forest
categories X and Y between
2003-2006):

Woodfuel emissions 2001-2015

Explanation for  which
sources or sinks the
parameter is used (e.g
deforestation or forest
degradation):

Forest degradation

Data unit (e.g. ha/yr):

t CO2/yr

Source of data (e.g. official
statistics) or description of
the method for developing
the data, including (pre-
)processing methods for
data derived from remote
sensing images (including
the type of sensors and the
details of the images used):

WISDOM Model Inputs:
Supply - Biomass + Productivity:

e  Biomass Stocks (woody AGB without twigs and stumps)
*  Geo-referenced plot data from field surveys
*  Forest inventories of specific locations forest/vegetation
types
*  Empirically-derived maps of biomass distribution (Saatchi
et al. 2011; Baccini et al. 2012)
e Productivity: Stock and Mean Annual Increment (IPCC)

Demand:

o GLOBAL Gridded Population Maps and Data
e Global Administrative Unit Layers
e International databases of forestry/energy statistics
o FAOSTAT
International Energy Agency
United Nations Energy
National-level data sources
World Health Organization databases on house hold
fuel choice

o O O O
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Discussion of key The model combines a wide array of datasets and approaches and thus

uncertainties for this there is no single associated uncertainty estimate. As the numbers used
parameter: result from a single year in the reference period, to be highly
conservative prior to systematic collection of woodfuel data in Ghana,

an uncertainty equal to 50% of the parameter value is assumed.

Estimation of accuracy, Uncertainty as a percentage of the parameter value: 50%

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

Enhancement

Activity Data

Description of the Average annual area of forests planted into the forest reserves

parameter including the between 2001-2015, discounted by plantation failure rates.
time period covered (e.g.
forest-cover change
between 2000 - 2005 or
transitions between forest
categories X and Y

between 2003-2006):

Explanation for which Carbon stock enhancements
sources or sinks the
parameter is used (e.g
deforestation or forest

degradation):

Data unit (e.g. ha/yr): Hectares planted/yr

Source of data (e.g. official
statistics) or description of

National Forest Plantation Development Programme official
statistics.

the method for developing
the data, including (pre-
)processing methods for
data derived from remote
sensing images (including

The NFPDP collects data on for on-reserve tree establishment across
Ghana, and include a number of programmes that took place along
different timeframes between 2002-2015: Government Plantation
Development Programme (GPDP), Modified Taungya System (MTS),
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the type of sensors and the
details of the images
used):

Community Forestry Management Project (CFMP), Model
plantations, and other on-reserve planting programmes (detailed in
Annex B).

While spatial data were not available on area planted, historical
tabular data are organized into hectares planted per forest reserve.
For the development of historical removals within the GCFRP
Accounting Area, it was necessary to isolate how many hectares
were planted in forest reserves located within the ER-Programme
area (GCFRP Accounting Area). Shapefiles of forest reserve
boundaries were used to delineate which forest reserves were
located within GCFRP Accounting Area boundaries, and only those
inside the GCFRP Accounting Area were included. For plantings in
forest reserves that fell both within and outside the GCFRP
Accounting Area boundary, the proportion of the forest reserve
inside and outside the boundary was calculated, and the only
proportion of planted area within GCFRP Accounting Area boundary
was applied. However, for the national FRL, all the areas planted
(both within and outside the GCFRP were included).

To account for plantation failure, the recorded annual area planted
was discounted based on official statistics from the NFPDP. These
official statistics reflect the two distinct periods of activities that the
NFPDP undertook, whereby the 2001-2009 period reflected
plantation activities in forest reserves largely led by the public
sector. Starting in 2010, activities shifted toward issuing private
sector companies leases to establish plantations within forest
reserves. This shift in activities and management appears to have
resulted in significantly different plantation failure rates:

e 2001-2009: “Survey and Mapping of Government
Plantation Sites Established between 2004 and 2009 in
some Forest Reserves of Ghana” stated that 44.9% of the
planted area was estimated to have failed during this time
period.

e 2010-2015: The NFPDP 2013 Dataset on Final Verification
Nationwide included estimates of survival percentage per
forest reserve. The average survival percentage for 2013
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was reported as 75.43%, and thus a failure rate of 24.6%
was applied. For the year 2013, actual survival rates per
forest reserve were used rather than the average.

The adjusted annual estimates for area planted were then divided
according to species composition, so that appropriate removal
factors could be applied. The total estimated area of successful
plantations was assumed to be comprised of 70% teak species and
30% other broadleaf species. This assumption about species
composition was made based on expert opinion as well as a review

of NFPDP data.
Discussion of key The activity data used for the estimation of removals was derived
uncertainties for this from national census data, reported by the National Forest
parameter: Plantation Development Programme. As such, no uncertainty is
assumed.
Estimation of accuracy, Effectively zero uncertainty is assumed for this parameter.
precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

Removal Factors
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Description of the
parameter including the
forest class if applicable:

Calculated removal factor for carbon stock enhancement through
plantation of teak in forest reserves (AGB and BGB)

Data unit (e.g. t CO2/ha):

tCO2/ha

Source of data (e.g. official
statistics, IPCC, scientific
literature) or description of
the assumptions, methods
and results of any
underlying studies that
have been used to
determine the parameter:

Published literature (Adu-Bredu S., et al. 2008%7) on total tree
carbon stocks in teak stands in moist evergreen forest in Ghana (98
Mg C/ ha) (included both aboveground and belowground carbon
stocks). To derive annual emissions, carbon stocks in teak stands
were divided by their rotation length of 25 years: 14.3 t CO2 ha yr.

Discussion of key
uncertainties for this
parameter:

Adu-Bredu et al. (2008) was completed using temporary sample
plots following standard operating procedures for the measurement
of terrestrial carbon.

Estimation of accuracy,

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

While only the total tree carbon stocks were used for the
development of removal factors, an estimation of statistical
accuracy was offered in the form of the mean, minimum, and
maximum carbon values for the total carbon stocks of the teak
stands studied in the moist evergreen forest strata, as well as the
standard deviation:

Mean: 138

Minimum: 133

Maximum: 144

Based on these values a conservative value for uncertainty is 6% of
the mean.

57Adu-Bredu S., et al. (2008). Carbon Stock under Four Land-Use Systems in Three Varied Ecological Zones in Ghana. Proceedings
of the Open Science Conference on Africa and Carbon Cycle: the CarboAfrica project, Accra, Ghana, 25-27 November 2008.
Available at http://www.fao.org/3/a-12240.pdf
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Description of the
parameter including the
forest class if applicable:

Calculated removal factor for carbon stock enhancement through
plantation of trees (non-teak) in forest reserves (AGB and BGB)

Data unit (e.g. t CO2/ha):

tCO2/ha

Source of data (e.g. official
statistics, IPCC, scientific
literature) or description of
the assumptions, methods
and results of any
underlying studies that
have been used to
determine the parameter:

IPCC AFOLU Vol. 4 table 4.8 above-ground biomass in forest
plantations.  Values for ‘Africa broadleaf >20 years’ for three
ecological zones in the Accounting Area (tropical rain forest, tropical
moist deciduous forest, and tropical dry forest) were averaged, and
converted to carbon (86.65 t C/ha). The belowground biomass value
was generated by applying a root-to-shoot ratio of 0.235 for
tropical/subtropical moist forest/plantations >125 Mg ha-1 (Mokany
et al.2006)%. To derive annual emissions, carbon stocks in non-teak
forest reserves were divided by their rotation length of 40 years: 9.3
t COz2 hayr.

Discussion of key
uncertainties for this
parameter:

For the development of this parameter, IPCC defaults for
aboveground biomass in forest plantations in Africa were applied.
Given they are continental averages for all broadleaf species,
uncertainty can be assumed to be high.

As belowground biomass stocks are produced using a root-to-shoot
ratio (Mokany et al., 2006)%, and therefore values are tied to the
estimates for aboveground biomass.

Estimation of accuracy,

precision, and/or
confidence level, as
applicable and an
explanation of

assumptions/methodology
in the estimation:

No uncertainty values were offered in the IPCC tables (both IPCC
2003 and 2006) for this parameter, while there is uncertainty in the
specific number for removal stock the scale of the variation is
constrained biologically. Thus here, a 33% is adopted.

Summed Uncertainties

%Mokany K, Raison R.J, Prokushkin A.S 2006 Critical analysis of root: shoot ratios in terrestrial biomes. Global Change Biol. 12, 84-96.
doi:10.1111/j.1365-2486.2005.001043 x.
59Mokany K, Raison R.J, Prokushkin A.S 2006 Critical analysis of root : shoot ratios in terrestrial biomes. Global Change Biol. 12, 84-96.
doi:10.1111/j.1365-2486.2005.001043.x.
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Activity Sources Summed Uncertainty
of
Uncertai
nty
Deforest Uncertain
ation ty in
remote
sensing
of land
cover
maps as Wet evergreen
identified
in the Closed Cropland (herbaceous
Cropland 21.4
confusion forest and fallow land)
matrices
Plantati Qil
27.1
Sampling ons Palm
uncertain -
Citru
ty for the . 32.1
measure
ment Rub 40.0
data for ber '
emission
factors”® Coco 19.9
a
Grassland 19.4
Wetlands 26.8
Settlement 17.4
Bareland/other 24.1
Open Cropland (herbaceous
P Cropland P ( ! 32.8
Forest and fallow land)
Plantati QOil >9:3

70 Spreadsheets show calculation of uncertainty across pools for the emission factors. Combination with activity data relies of the 84% accuracy
of classification (thus 16% uncertainty)
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ber ’
Coco
35.5
a
Grassland 30.9
Wetlands 44.3
Settlement 21.1
Bareland/other 37.3
Moist Semi-deciduous SE
Closed Cropland Cropland (herbaceous 181
roplan .
forest P and fallow land)
Plantati oil
23.6
ons Palm
Citru
28.3
s
Rub
35.8
ber
Coco
17.9
a
Grassland 17.0
Wetlands 20.0
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Settlement 16.6
Bareland/other 18.4
Open Cropland (herbaceous
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45.4
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ber ’
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a
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Wetlands 39.9
Settlement 23.4
Bareland/other 34.9
Moist Semi-deciduous NW
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s
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ber ’
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20.9
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Grassland 16.9
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factors

Sampling
uncertain
ty for
emission
factors

CHs 48.0
N,O 107.0
Open Forest

CO2 36.7
CHa 46.7
N,O 106.4
Moist Evergreen

Closed Forest

CO2 37.0
CHa 46.9
N,O 106.5
Open Forest

CO2 45.6
CHa 54.0
N,O 109.8
Moist Semi-deciduous SE

Closed Forest

CO2 371
CHa 47.0
N,O 106.5
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CO2 46.7
CHa 54.9
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N,O 110.2

Moist Semi-deciduous NW
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N,O 106.4
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Upland Evergreen
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N.O 109.0
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CHa 46.7
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ANNEX B. MAPPING UNSHADED COCOA AND
MONOCULTURE PLANTATIONS IN THE HIGH FOREST ZONE
OF GHANA

Background and Introduction

Ghana has been mapping land cover change with a focus on the broad conversion of forest to non-
forest.

The goal of the work conducted by AGS was to evaluate the feasibility of and create a system for
mapping cocoa and large monoculture plantations like oil palm, rubber, and citrus as separate from
their current inclusion as either forest or non-forest. Additionally, the AGS team was to lead a
capacity building workshop in Ghana outlining results and sharing the methods employed in this
mapping exercise.

The primary objective of the project was to evaluate the feasibility of separating cocoa and
monoculture plantations from forest, as measured by level of effort required and accuracy of
resulting product. To meet this objective, the AGS team developed a method for detailed
classification and created initial maps for a reference period (2000 and 2012), and for 2015 for
MRV. The improved mapped areas of cocoa and monoculture plantations will be used to exclude
cocoa and monoculture plantation areas from further tracking because they don’t meet the
definition of forest, thereby improving the forest/non-forest maps.

Forests are defined as one hectare contiguous areas with at least 15% canopy cover from trees 5
meters or taller. The only exception to this is monoculture plantations, which, while meeting this
definition, are not considered forest. Cocoa farms with canopy coverage of more than 15% from
shade trees are considered forest under this definition.

Methods

Mapping detailed land cover classes such as unshaded cocoa and monoculture plantations requires
higher quality imagery (i.e. imagery with limited atmospheric variability) because the differences
between the spectral and textural signature of the target classes to be mapped can be subtle. We
acquired Landsat data from the USGS (http://earthexplorer.usgs.gov/), with a focus on scenes with
limited clouds and atmospheric contamination (i.e. haze). Our focus here was on the southern
central portion of Ghana in the High Forest Zone, tiles 194055 and 194056. Given our criteria for
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the highest quality imagery, we selected images from the dates 7 May 2002 (2002127), 23
December 2013 (2013357), and 21 December 2015 (2015355).

The Landsat imagery from the USGS are provided as digital numbers (DN). We converted these
simplified measurements of radiance to surface reflectance using our open source Geospatial
Image Processing System (GIPS). This system is freely available at http://gipit.github.io/gips/.
Within this system, atmospheric correction is performed with the 6S model (Vermote et al. 1997).
Clouds and thick haze are masked with a modified version of the ACCA algorithm (Irish et al. 2006).
Additionally, the image acquired in 2015 has missing data due to the Scanline Corrector Failure on
Landsat 7 (Williams et al. 2006). No sufficiently cloud- and haze-free data were available in 1999,
2000, or 2001 for either Landsat 5 or 7 nor in 2015/early 2016 from Landsat 8.

Via the GIPS software, we generated several vegetation indices. Vegetation indices are intended to
isolate attributes of the land surface and reduce residual atmospheric and sun-sensor geometry
effects. Here, we used the indices listed in Table 1B. These indices were stacked the two tiles
(194055 and 194056) were merged into a single raster. This raster was used as input into our
classification system.

Table 1B. Landsat and PALSAR indices

NDVI (NIR — Red) / (NIR + Red)

LSWI (NIR — SWIR1) / (NIR + SWIR1)

SATVI (SWIR1 — Red / (SWIR1 + Red + L) ) * (1+L) - (SWIR2/2)

NDTI (SWIR1-SWIR 2)/(SWIR 1 + SWIR 2)

Brightness 0.3561(Blue) + 0.3972(Green) + 0.3904(Red) + 0.6966(NIR) + 0.2286(SWIR 1) +

0.1596(SWIR2)

Greenness -0.3344(Blue) - 0.3544(Green) + -0.4556(Red) + 0.6966(NIR) - 0.0242(SWIR 1) -
0.2630(SWIR2)

Wetness 0.2626(Blue) + 0.2141(Green) + 0.0926(Red) + 0.0656(NIR) - 0.7629(SWIR 1) -
0.5388(SWIR2)

MSI SWIR 1/NIR

RFDI (HH = HV) / (HH + HV)
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For the generation of the 2015 maps, we also used SAR backscatter from PALSAR2, available as
mosaics from the Japanese Space Agency (JAXA,;
http://www.eorc.jaxa.jp/ALOS/en/palsar_fnf/data/index.htm), in addition to the Landsat. We
converted the digital numbers provided in the mosaics to sigma nought backscatter. In addition to
the HH and HV polarizations, we generated two indices HH/HV? and RFDI ((HH — HV)/(HH + HV)).
These observations are originally provided in geographic coordinates at the 0.000222 degrees
spatial resolution. We reprojected and resampled the data using nearest neighbor to match the
Landsat 30 m grid (UTM zone 30 WGS84 datum).

The classification approach applied here is supervised, meaning training or calibration data were
required. We collected calibration data from two primary sources. The team collected 97
observations, primarily of cocoa, in April 2016. These observations included digitized field
boundaries of the observed areas. For the cocoa class, we used only those with less than 15%
shade or tree canopy cover. Additionally, we digitized polygons for cocoa, oil palm plantations,
natural forest, citrus plantations, rubber plantations, settlement, water, grassland, and crop land
(Figure 1B). The boundaries for these areas were digitized using high resolution imagery from 2015,
as well as 1997-2003 for the 2002 map and 2012-2013 for the 2012 map. Indications of land use
type were guided by NCRC field sampling points (for citrus and rubber) and Oil Palm Grower
Association shapefiles (for oil palm). In total, we used 554 polygons for calibration and validation of
the 2015 map, 484 polygons for the 2012 map, and 268 polygons for the 2002 map
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For supervised classification, we used our General Automated Remote Sensing Classification Tool
(GARSeCT) to create maps. GARSeCT is a Random Forest classifier (SciKits-Learn python module)
wrapped in python code to facilitate the efficient application of remote sensing classification. A
Random Forest classifier falls under the general category of “Machine Learning” methods. It is an
“Ensemble Learning” algorithm, meaning that several models are combinedto solve a single
prediction problem. In this case, each component model application is a Classification Decision
Tree. A Decision Tree asks a series of binary questions which maximize the information we get
about the response variable (class). It performs a “greedy search”, asking which one binary
question will maximize the info about Y (the class)?Each root node produces two daughter nodes.
At each daughter node, we repeat recursively. The advantages of using a decision tree classifier
include ease of use, sensitivity to linear and non-linear relationships, provision of information on

Figure 1B: Example of calibration and validation polygons digitized using Google Earth Pro

feature importance, and general avoidanceof overfitting.



GHANA'’S NATIONAL FOREST REFERENCE LEVEL

NDVI > 0.42

NDVI > 0.65 LSWI < 0.23
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Figure 2B: Example classification tree (for illustration only).

The stacks of processed raster data and digitized training data are provided as input to GARSeCT.
We performed separate classifications for 2002, 2013, and 2015. GARSeCT returns a classified map,
cross-validation results, and maps of likelihood of class membership. We ran GARSeCT using 100
trees. Each tree relies on a different subset of data for training, and therefore, can produce
different classifications for each pixel, thereby “casting a vote” for class membership for each pixel.
These “votes” are tallied and captured in the likelihood of class membership maps, and the class
with the most votes for each pixel is reported in the classification map.

We visually inspected the resultant maps. There was some general concern that our approach was
over predicting cocoa at the expense of forest. Any 1 ha area with tree canopy cover of more than
15% from trees over 5 m is considered forest. We adjusted our classification maps using the class
likelihood maps. We set a forest threshold of 10% in 2002, 5% in 2013, and 20% in 2015, meaning
any pixel with a forest class likelihood over this threshold is re-classified as forest. Additionally, we
performed manual clean-up by digitizing areas of known error and correcting the classification.

Uncertainty in mapped area estimates of class were assessed using the methods outlined in
Olofssonet. al. 2014.

Results
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Consistently, we found that tasseled cap (TC) wetness, SATVI, TC-brightness, and NDVI provided the
most predictive power. In the 2015 classification, the four metrics derived from PALSAR provided
the least predictive power. Our results showed significant confusion between some classes,
particularly the plantation classes. Specifically, oil palm (59%) and rubber (60%) showed low
reliability or user’s accuracy. We post-processed the classification maps to simplify the
classifications to four classes: cocoa, plantation (from oil palm, rubber, and citrus), forest, and other
(from settlement, water, grass, and crops). For 2015, out of sample user’s accuracy was 77% for
cocoa, 81% for plantation, 96% for forest, and 97% for other. For 2002 and 2013, out of sample
accuracy was generally lower: 50% and 80% for cocoa, 63% and 80% for plantation, 69% and 78%
for forest, and 85% and 89% for other.

The Project Area (i.e. high forest zone) of Ghana covers more than 7.5 million ha. The two Landsat
path/rows selected for this demonstration analysis cover approximately 5.5 million ha (72%) of the
Project Area. In reality, due to the heavy data loss from clouds, haze, and SLC off, true coverage of
the Project Area in this analysis totals 1.4 million ha (18%) in 2002, 2.0 million ha (26%) in 2013, and
3.0 million ha (40%) in 2015. The land cover change transition pairs require a clear observation at
both time one and time two, reducing the area covered again. The 2002 to 2013 transition period
covered only 700,000 ha, while the 2002 to 2015 transition period covered approximately 1.0
million ha. Mapped area fraction within each class changes from year to year based on a) land use
change and b) the changing area of analysis due to changing available data.

We estimated uncertainty in the mapped area fraction of each class in each year’s map using the
approach outlined in Olofsson et al. 2014. The percent areas are presented with 90% confidence
limits. We did not estimate the uncertainty in land cover change directly because reference data
identifying the change or static nature of reference areas were not collected as part of this project.
We only have reference data for the land cover state, not change.

Table 2B.Area fraction in each general class in each of the three mapped years, with 90% confidence limits.
2002 2013 2015

low | mapped | high low | mapped | High low | mapped | high

Cocoa 0.0% 1.8% 57% | 5.2% 6.7% 83% | 14.7% | 15.4% | 16.1%

Plantation | 5.8% | 11.3% | 16.7% | 0.0% 3.2% 6.6% | 3.1% 4.0% 4.8%

Forest 53.0% | 63.2% | 73.4% | 60.8% | 68.0% | 75.2% | 58.8% | 61.6% | 64.5%
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Other 18.8% | 23.7% | 28.7% | 18.6% | 22.0% | 25.4% | 18.1% | 19.1% | 20.0%

Discussion and future steps

The maps created as part of this demonstration highlight that accurate maps of cocoa and
plantations can be created for Ghana, but some considerable limitations exist. When mapping
cocoa and large-scale industrial monoculture plantations, we encountered two primary limitations:
a) limited historical remote sensing imagery and b) limited historical reference data for calibration
and validation of the maps. These two limitations are considerable. The resulting maps created
here show that 2015 maps were the most accurate and covered the most area. These are maps for
which there is a significantly larger library of reference data. 2015 is also the only time period with
PALSAR data available, although as noted above, the independent variables derived from PALSAR
were among the least predictive. These results highlight that the development of spatially detailed
and accurate historical maps of cocoa and plantations for the reference period is challenging. This
challenge is even more apparent when moving from static land cover maps to land cover change
maps. When deriving land cover change statistics, errors in the combined static maps are
compounded, often resulting in very high uncertainty in land cover change. Moving forward in
time, the primarily limitations to developing these maps will fade. Operational RADAR sensors have
been launched by JAXA (e.g. PALSAR) and ESA (e.g. Sentinel 1), while additional optical sensors are
coming online as well (e.g. Sentinel 2A and B). Field campaigns to observe and record the
boundaries and characteristics of cocoa and monoculture plantations can be designed and
deployed at regular intervals. The growing library of reference data will result in improved maps for
the years to come.

It is also important to note that the final maps created here are only as accurate as the reference
data used to create them. While we used more than 50 digitized polygons of cocoa as reference for
the 2015 map, we relied on many digitized polygons generated via visual interpretation of high
resolution optical data on Google Earth Pro. While these areas visually match the field surveyed
cocoa farms, additional uncertainty remains. In particular, fallow areas may appear similar to young
cocoa farms in the high resolution imagery. If a mistake in classification is made at the FRL, these
errors will propagate through to the final maps.

A parallel question exists that can guide the evaluation of whether or not to pursue the mapping of
cocoa and monoculture plantations. What are the emission factors associated with conversion of
forest to a) cocoa and b) monoculture plantations (oil palm, rubber, and citrus)? Are the emission
factors for these conversion fates significantly different? The answer to this question informs the
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decisions regarding the value of separating these tree crop types. If the emission factors for these
three fates are largely the same, separating the three plantation types provides little additional
value, and effort should be put elsewhere. If the emission factors differ, value can be gained from
accurately separating the three plantation types, and this mapping is worth substantial effort.

In summary, while this analysis highlights that it is possible to discriminate cocoa and monoculture
plantations from forest, this successful discrimination requires access to data that are not abundant
during the reference period, including cloud- and haze-free moderate resolution optical data, L-
and C-band RADAR data, and an extensive library of reference data.

Recommended additional analysis and improvements to the process

The maps created here do not have a minimum unit size below the pixel resolution. It may be
appropriate to eliminate plantations under a certain size and classify these as forest.

Texture metrics, including standard deviation and spatial co-occurrence, were generated from a 90
x 90 meter moving window. These texture metrics as generated here, failed to improve the
classification performance, most likely because the spatial scales of the features on the landscape
(e.g. tree crops, roads) are often smaller than the 90 m scale offered by this texture analysis. We
propose as an improvement, the use of the Landsat 15 meter panchromatic band for assessing
texture.

Via JAXA, we acquired quad pole fine beam PALSAR backscatter data at 10 m spatial resolution for
a subset of southern Ghana. The additional spatial resolution and polarity are likely to produce
more accurate classification results. We recommend a further exploration of the improvements
likely provided by the inclusion of quad pole radar data. While these additional activities will not
improve FRL because radar data are not ubiquitous during the reference time period, radar data is
likely to play a large role in forest monitoring in the tropics in the years to come due to a
proliferation of sensors and an insensitivity to cloud cover.

Software and Training Description

Stephen Hagen and Lindsay Melendytraveled from the AGS offices in New Hampshire, USA to
Kumasi, Ghana to conduct a workshop on 11-13 July 2016. The workshop was conducted at the
Forestry Commission offices with approximately 25 participants from Ghana. The workshop was
designed to communicate and discuss the initial results of the cocoa and plantation mapping, as
well as install software and train the attendees in how to use the software for land cover mapping.
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The workshop opened with introductions and high level discussions of how the maps created via
this analysis fit into Ghana’s overall needs as part of the Carbon Fund project. During the opening
talks and discussions, the training team installed the required software on the participants’
computers. The software installation included VirtualBox which then ran an Ubuntu 16.04
operating system. The workshop continued with an overview description of how the mapping was
conducted, and a detailed description of each step of the process. During the evening of Day One,
the AGS team worked to resolve some technical issues preventing the software from running on
some computers.

Day Two included hands-on use of the software for mapping land use by the participants. Frequent
discussions regarding cocoa definitions and potential challenges for this type of mapping were
engaged. Day Three concluded the hands-on training, and an introduction to uncertainty
assessment using Olofsson et al. 2014 as a guide was presented. The workshop concluded with
more robust discussion. The AGS team made two primary recommendations to the workshop
participants: 1) install the software presented here on a robust server with multiple processors and
substantial RAM; 2) train 1-3 team members to be proficient in python programming. The
recommendations were based on the fact that 1) the software used here requires substantial
memory and was designed to run on powerful servers instead of laptops; 2) the software as
implemented is designed to work for a narrow range of applications and can be edited to fit a
broad range of applications.
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Introduction and How to Use this Document

The active and important role vegetation and soil play in the global carbon cycle and global climate
change is now internationally recognized. Vegetation and soil can act as both a net source and a
net sink of greenhouse gas (GHG), depending on how the land is managed. Alterations in land use
management techniques that result in changes to net GHG emissions are now a significant
component to the regulatory and voluntary actions taking place globally to combat climate change.

The purpose of this document is to provide standard field measurement approaches to assist in
guantifying the amount of carbon stored within the various organic pools found within a landscape.
The methods presented in each Standard Operating Procedure (SOP) have been developed over
time by foresters and ecologists to accurately and efficiently estimate carbon stocks.

The SOPs are grouped by purpose. The first set of SOPs are general and can be used for many field
measurement goals. A set of SOPs are also presented on the measurement of all the carbon pools.
These can be used to estimate the standing stock of a carbon pool within a stratum. Another set of
SOPs are presented to estimate the emissions resulting from selective logging. Various SOPs are
also presented on estimating canopy cover. These SOPs should only be used when the purpose of
data collection is known.

This manual does not specify guidance on stratification, sampling design, sampling intensity, the
spatial distribution of sampling points, pool measurement selection, or the methods needed to
transform field measurement data into carbon stock estimates. Therefore, additional guidance is
required prior to any field data collection.

The SOPs present a generic approach that will be appropriate for most land cover types,
ecosystems, and locations. However, all the field measurement methods presented in this
document may require adaptation for the specific ecosystem, land cover, and vegetation type in
the location where sampling will take place.
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The SOP manual is also not specific to any regulatory or voluntary market standard such as the
Clean Development Mechanism (CDM), Climate Action Reserve (CAR), American Carbon Registry
(ACR), Verified Carbon Standard (VCS), CarbonFix, or PlanVivo.

Therefore, it is imperative that methods presented here are adapted into a specific SOP manual,
developed for a specific field measurement campaign. The particular adaptations required should
be conducted by a forester or ecologist with detailed knowledge in field carbon stock measurement
and in the particular carbon market regulatory requirements.

In addition, the SOPs should not be conducted without receiving extensive field training in the
measurement methods performed by a qualified forester or ecologist.

It is expected that this manual will be updated overtime as the carbon market changes and as
terrestrial carbon science evolves. Therefore, it is recommended that prior to use, users visit
Winrock International’s website to determine if a more recent version is available at
www.winrock.org/ecosystems

SOP Field safety

No matter what activities are engaged in or where they are carried out, safety is the first priority
and all precautions must be well thought out in advance and then strictly adhered to. Planned field
activities must remain flexible and allow for adjustments in response to on-the-ground assessments
of hazards and safety conditions. Accordingly, field personnel must be vigilant and always avoid
unnecessary risks.

Field crew members in particular must be well prepared. It is recommendedthat personnel
engaging in field activities hold general first aid training and if possible training in CPR.

The following guidelines will apply to all field-based activities:

e Mandatory buddy system. Field crews will include no less than two people who must be
directly accompanying each other for the entire duration of field work.ldeally field crews
should include a minimum of three people; in case of an accident resulting in injury one
person may leave to seek help while another person stays with the injured crew member.

e For each day in the field, specific location and scheduling information must be logged in
advance with a point person who can be reached at any time during the anticipated
duration of field work. While in the field, crews should check in with their designated point
person once per day.
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e Each independent crew must carry a radio, satellite phone or cell phone provided by the
institution. Crews should make sure to check batteries each time before entering the field.

e Trip planning will include identification of the nearest medical facility and specific
directions to reach that facility. When in areas with poisonous snakes, advance
communication should be made to verify that appropriate antivenins are available. Where
applicable, hunting regulations should be checked with local state agencies prior to field
work.

e Personnel will carry personal and institutional insurance cards with them at all times. As
well, personnel will carry identification and, if possible, institutional business cards at all
times.

o Field crews will carry a first aid kit with them at all times. First aid kits should contain
Epinephrin/Adrenalin or an antihistamine for allergic reactions (e.g. bee/wasp stings). Sun
block and insect repellent should be carried in the field.

e Where poisonous snakes are common, snake chaps are recommended. In the event of
snake bite, the victim should be taken immediately to a medical facility. Conventional
“snake bite kits” (e.g. suction cups, razors) have been proven ineffective or even harmful
and should not be used.

e Basic field clothing should be appropriate for the range of field conditions likely to be
encountered. This will include: sturdy boots with good ankle support or rubber boots, long
sleeves and pants, rain gear, and gloves. Blaze orange (vest or hat) is recommended when
and where hunting may be taking place. Where necessary, to avoid extended contact with
plant oils, ticks, and/or chiggers, a change of clothes should be made at the end of each day
in the field and field clothes should not be reworn without first laundering.

e Ensure personnel stay sufficiently hydrated and carry enough clean water for the intended
activity. Carry iodine tablets or other water purification tablets in case there is a need to
use water from an unpurified source.

e Heightened caution should be given while operating any motor vehicle, particularly on
backcountry roads where conditions are unreliable and rights-of-way are often not
designated or adhered to. ATVs should always be operated at low speeds (<15 mph).

e Some plots may be too hazardous to sample. Situations include: plot center on a slope too
steep to safely collect data (i.e., >100% slope or on a cliff); presence of bees; volcanic
activity; illegal activities; etc. When hazardous situations arise, a discussion should be
conducted among the team members to assess the situation.

SOP Quality Assurance/Quality Control



GHANA'’S NATIONAL FOREST REFERENCE LEVEL

Those responsible for aspects of data collection and analysis should be fully trained in all aspects of
the field data collection and data analyses. Standard operating procedures should be followed
rigidly to ensure accurate measurement and remeasurement. It is highly recommended that a
verification document be produced and filed with the field measurement and calculation
documents that show that QA/QC steps have been followed.

Quality Assurance
Data collection in field:

During all data collection in the field, the crew member responsible for recording must repeat all
measurements called by the crew member conducting the measurement. This is to ensure the
measurement call was acknowledged and that proper number is recorded on the data sheet. In
addition, all data sheets should include a ‘Data recorded by’ field with the name of the crew
member responsible for recording data. If any confusion exists, the transcribers will know which
crew member to contact.

After data is collected at each plot and before the crew leaves the plot, the crew leader shall
double check to make sure that all data are correctly and completely filled. The crew leader must
ensure the data recorded matches with field conditions, for instance, by verifying the number of
trees recorded.

Data sheet checks:

At the end of each day all data sheets must be checked by team leaders to ensure that all the
relevant information was collected. If for some reason there is some information that seems odd or
is missing, mistakes can be corrected the following day. Once this is verified and potential mistakes
checked, corrected data sheets shall be handed over to the person responsible for their safe
keeping while the crew is still in the field. Data sheets shall be stored in a dry and safe place while
in the field. After data sheets have been validated by crew leaders, the data entry process can
commence.

Field data collection Hot Checks:

After the training of field crews has been completed, observations of each field crew and each crew
member should be made. A lead coordinator shall observe each field crew memberduring data
collection of a field plot to verify measurement processes and correct any errors in techniques. It is
recommended that the crew chiefs switch to a different crew to ensure data collection procedures
are consistent across all field crews. Any errors or misunderstandings should be explained and
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corrected. These types of checks should be repeated throughout the field measurement campaign
to make sure incorrect measurement techniques have not started to take place.

Data Entry checks:

To ensure that data is entered correctly, the person entering data (whether during fieldwork or
after a return to the office) will recheck all of the data entered and compare it with the original
hard copy data sheet before entering another sheet. It is advised that field crew leaders either
enter the data, or participate in the data entry process. Crew leaders have a good understanding of
the field sites visited, and can provide insightful assistance regarding potential unusual situations
identified in data sheets. Communication between all personnel involved in measuring and
analyzing data should be used to resolve any apparent anomalies before final analysis of the
monitoring data can be completed.If there are any problems with the plot data (that cannot be
resolved), the plot should not be used in the analysis.

Quality Control
Field measurement error estimation

A second type of field checkis used to quantify the amount of error due to field measurement
techniques. To implement this type of check, a complete re-measurement of a number of plots by
people other than the original field crews is performed. This auditing crew should be experienced
in forest measurement and highly attentive to detail. One gap per concession should be randomly
or systematically chosen to be re-measured. Field crews taking measurements should not be aware
of which gaps will be re-measured whenever possible.

After re-measurement, data analysis is conducted and biomass estimates are compared with
estimates from the original data. Any errors discovered could be expressed as a percentage of all
plots that have been rechecked to provide an estimate of the measurement error.

For all the verified plots:

Measurement Error (%) _|(t C/na of measured plot - t C/ha of remeasured plot)
| tC/ha of remeasured plot

x100

This error level will be included in the carbon stock reporting.
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Data Entry quality control check:

After all data has been entered into computer file(s), a random check shall be conducted. Sheets
shall be selected randomly for re-checks and compared with data entered. Ten percent of all data
sheets shall be checked for consistency and accuracy in data entry. Other techniques such as data
sorting and verification of resulting estimates shall be employed to ensure data entered properly
corresponds to field sites visited. Personnel experienced in data entry and analysis will be able to
identify errors especially oddly large or small numbers. Errors can be reduced if the entered data is
reviewed using expert judgment and, if necessary, through comparison with independent data.

Framework for estimation of carbon stock damage from selective logging

Selective logging is the harvesting of a proportion of the trees in a stand or forest. Selective logging
may be used to manage even or uneven-aged stands with the goal of protecting forest soils,
maintaining or improving wildlife habitat, increasing site productivity, or improving tree species
diversity. There will be auxiliary damage to the forest carbon stock during selective logging; from
broken branches on remaining trees to the creation of new roads and the clearing of areas for
logging decks. The calculation of forest carbon stock damage from selective logging involves the
use of several SOPs.

Estimation of carbon stock damage from selective logging involves the following SOPs:

LOCATING FELLED TREES

CARBON STOCK DAMAGE DUE TO TREE FELLING

AREA OF CANOPY OPENING

CROWN AREA FROM THE GROUND

CARBON STOCK DAMAGE DUE TO LOGGING EXTRACTION

ua b WN -

Locating felled trees

Field Equipment:

GPS receiver

Locating felled trees in a dense forest is not always an easy job. It is best to have a person familiar
with the logging process in the area to act as a guide. If a guide is not available, it is best to start at
a logging deck and systematically walk all skid trails radiating out from the logging deck. One
systematic method is to use the clockwise method, start with a skid trail at the north or nearest to
the northern direction from the center of the logging deck. Next proceed with the next closest skid
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trail in a clockwise direction. Look for signs of felled trees such as stumps, broken or bent branches
in the standing trees, or canopy openings.

Carbon stock damage due to tree felling

Field Equipment:

Flagging

GPS receiver

DBH tapes

DME or other distance measuring equipment
Machete or knife

Permanent marking pen

Compass

Large diameter calipers

Laboratory Equipment:

Drying oven

Laboratory scale

This SOP describes the methodology for estimating the biomass remaining in the forest that has
been selectively logged. The concept underlying these methods is based on the “Gain-Loss”
method described by the IPCC (2006). Measurements in the “Logging Plots” should be
conductedsoon after the tree is felled (within approximately 3 months).

Estimating carbon emissions due to selective logging practices consists of an investigative activity,
where field technicians must take accurate measurements. Amongst the measurements taken in
the field, DBH and dimensions of the removed log are especially important. These measurements
must be accurate and reflect the real conditions in the field. It is not always possible to measure
DBH because part of the bole where one would measure it (see ‘Measuring Trees’) is removed.
Thus, when DBH measurement is not possible, other measurements must be used to extrapolate to
DBH.
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Measurements on felled tree:

1.

Locate stump and crown of logged tree. Be sure to verify that the crown is from the
selected stump by determining the angle of the tree fall, species and distance from stump.
Search the surrounding area for other potential stumps.

Measurements on the stump of the tree (should be taken with calipers):
a. Measure the height of the remaining stump (Hstump)-
i. If stump is taller than 1.3m and not buttressed, measure DBH.

b. Measure the diameter (d) at the top of the stump (ds). This measurement is very
important as measurement of DBH is often not possible.

i. If the tree is not buttressed, measure the diameter as in a tree (wrapping
the tape around the stump).

ii. If the tree is buttressed, measure the height of the buttress (Hputtress) and
the diameter at the top of the buttress, which can be either top of the
stump or top of a piece that was cut from bottom of the log. Measure
diameter of buttressed tree using a watch and taking three measurements
total: 12-to 6, 2 to 8, 4 to 10,where 12 o’clock always points due north
when diameter measurement is horizontal, or upward to the sky when
diameter is vertical (i.e. piece lying on the ground). The average of these
three measurements will be the diameter of the stump (ds)

If a section(s) of the bole of the tree is cut and left in the forest (i.e. will not be removed),
measure the length (/riece) and the diameters at the bottom (dpiece-s) and top of the piece
(dpiece-7). If piece is buttressed, measure diameter using a watch and taking three
measurements total: 12-to 6, 2 to 8, 4 to 10, where 12 o’clock always points due north
when diameter measurement is horizontal, or upward to the sky when diameter is vertical
(i.e. piece lying on the ground).

Measure the diameter at the top cut where the log was removed (d7).If diameter of top of
the tree is irregular, measure diameter using a watch and taking three measurements total:
12-to 6,2 to 8, 4 to 10, where 12 o’clock always points upward to the sky.

Measure the length of the log (l,g). The length of the log is the distance between the edge
of the stump and the top cut as shown in figure below. This distance can often be the
distance between the top of the piece and the bottom of the crown left in the forest. This
measurement is crucial and requires high level of accuracy, even though it may require
some judgment.

Important:
a. Iftree has not yet been removed, field crew must assess location where bole will

be cut at the bottom (if lower portion of bole will not be taken as a log) and at the
top (at the base of the crown), and then measure this distance, which represents
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the length of the log. Expert knowledge will be necessary to accurately ascertain
where the cuts will occur — this should be attained by having team members who
have previously participated in tree harvests.

b. If tree has moved during or after felling (i.e. slid due to slope, dragged with skidder
to facilitate consecutive cuts, etc), field crew must assess the distance it moved (i.e.
distance from stump or top of the piece to bottom of the log) to accurately
measure the length of the log. The distance the felled tree has moved can be often
identified by saw-dust vestiges in the forest floor indicating wood cutting, dragging
marks from the bole scrapping the forest floor, dragging markings from skidder or
skidder-cable on the forest floor, etc.

6. Measure the avoidable merchantable waste in the main stem after bole branches off, from
the top cut to the minimum diameter accepted by the mill. Measure the length (/amw) and
the top diameter of this piece (damw-1).

sij;‘ﬁ

Measurements required in a logging plot.

Where:
1. Length of the log (/og)
2. DBH
3. Diameter at the top cut (d7op)
4. Diameter of the stump (Dswmp) (and diameter of bottom of the log if no piece present —

dBottom)

Height of the stump (Hstump)

Length of the piece (/piece)

Diameter of the bottom of the piece (dpiece-s)

Diameter of the top of the piece (dpicce-7)(and diameter of bottom of the log — dsottom)

o N WU
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Different scenarios may be faced by field crews when implementing the “Logging Plots”. Thus a
diagram outlining the different possibilities and providing the appropriate measurements to
conduct under such circumstances is provided below.

Felled log
NO present? taml YES
[]

buiirgsiidv [s tree buttressed?

(N0 | ' -l —
AN

NO
[} -
Is there 1+ piece of log
remaining?

Is the stump >1.3 m in|
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height ? YES
— 1 = =
~ =N

Is there 1+ piece of [s there 1+ piece of
log remaining? log remaining?
m-Llm mm-LlE
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Diagram of different possibilities faced by field crew.

Below are the measurement field crew should take from felled tree under the different
circumstances encountered in the field.

Option A

Take measurements:1, 2, 3, 4, 5,
Option B

Take measurements:1, 2, 3, 4, 5, and, if possible, measure the height of the buttress (Hguttress)-

Option C

Take measurements:1, 4, 5, Also estimate the length of the log (3) and, if possible, measure the
height of the buttress (Hsuttress)-

Option D
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Take measurements:1, 4, 5, 6, 7, 8. Also estimate the length of the log (3) and, if possible, measure
the height of the buttress (Hauttress).

Option E

Take measurements:1, 4, 5. Also estimate the length of the log (3).

Option F

Take measurements:1, 4, 5, 6, 7, 8. Also estimate the length of the log (3) and, if possible, measure
the DBH (2) in piece of log.

Option G

Take measurements:1, 2, 4, 5. Also estimate the length of the log (3) and, if possible, measure DBH

(2).
Option H

Take measurements:1, 2, 4, 5, 6, 7, 8. Also estimate the length of the log (3), if possible, measure
DBH (2).

Incidental damage measurements:

When a timber tree is felled, it incidentally damages the residual stand in two main ways: 1) by
knocking down, uprooting or breaking other trees and 2) breaking off large branches of surviving
trees. Measurements of incidental damage should be conducted as follow:

1. Walk along the area where timber tree fell in a clockwise direction starting from the stump,
and identify all trees significantly damaged and branches broken off due felling the timber
tree.

a. Measure the DBH (210 cm) and note the species of all trees that are either
uprooted or are snapped 1m or less above ground. Follow good practices outlined
in ‘SOP for Measurements of Trees’ for measuring DBH. Do not measure any pre-
existing dead trees.

i. Classify the damaged trees into the following classes:
1. Uprooted, lying on ground (G)
2. Crown snhapped off (S)
Note:Bent or leaning trees are conservatively assumedto not be dead and will
survive.
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b. Measure diameter of all significant braches (base diameter 210 cm) that have been
damaged by felling the timber tree:

8. Note: It is very important that any large branches on the forest floor be clearly
identified as originating from a surviving tree and not from an already measured
damaged tree to prevent double counting. Efforts must also be taken to ensure
branches were snapped during tree fall and do not represent down dead wood
predating the harvest. Such branches should be sound, and have evidence of being
relatively recently fallen (e.g. presence of leaves, twigs, complete bark, etc.).

Area of canopy opening

Field Equipment:

GPS receiver

Laser Range Finder

This SOP is used to estimate the area of canopy opening created when a tree is selectively logged in
a forest. This method will be most accurate if done relatively soon after the tree is cut. This will
most often be done in conjunction with ‘SOP Carbon stock damage due to tree felling’.

1. Locate stump and crown of logged tree. Be sure to verify that the crown is from the
selected stump by determining the angle of the tree fall, species and distance from stump.
Search the surrounding area for other potential stumps.

2. Walk around the entire gap, locating every section of gap formed. Mentally divide the gap
into different non-overlapping ovals or rectangles. Shapes must either be either: oval,
circle, rectangle or square. There must be direct vertical penetration of light to the forest
floor to qualify as gap. They cannot be complex shapes unless detailed angles are taken).
Draw shapes onto data sheet.

3. Measure and record the length and width or diameter of the appropriate shape.
Remember — to measure the area of an oval one must measure diameter of major axis and
minor axis.
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Carbon stock damage due to log extraction

Field Equipment:
GPS receiver

Laser Range Finder or Measuring tape

This SOP describes the methods used to estimate the carbon damages from the construction
infrastructure used to remove logs out of the forest, such as:skid trails, new haul roads, and logging
decks. The methods will be most accurate if done soon after the tree is cut. This will most often be
done in conjunction with ‘SOP Carbon stock damage due to tree felling’.

Assumptions

In this SOP, skid trail is a pathway travelled by ground skidding equipment while moving trees or
logs to a landing. A skid trail differs from a skid road in that the ground surface is mainly untouched
by the blades of earth moving machines. A logging deck is the centralized location where logs are
gathered, delimbed and cut to length if necessary, and loaded on to log trucks for transport. A
road is used by log trucks to take logs from the logging deck and ends at a pre-existing road or
highway.
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Skid trails:
In areas where skid trails are wide and completely cleared of vegetation:

1. Measure width of all skid trails at various random locations (at least 20 measurements per
skid trail)

2. Measure DBH and species of all trees along the side of the skid trails that are clearly
damaged (snapped or uprooted) due to skid trails construction.

3. Use tracking feature of the GPS to track entire length of skid trails.
a. Collect waypoints at beginning and end of skid trail.

»

Calculate the area of skid trails by multiplying the average width by the total length

5. Multiply area of skid trails by carbon stock of stratum where skid trail is constructed. Note:
This carbon stock impacted by skid trails is often smaller the total forest carbon stocks as
skidder do not kill all trees to haul logs out of the forest, especially the trees with large DBH
(e.g. DBH>50cm).

6. Divide result from 4 by cubic volume extracted from the gaps associated with the
measured skid trail

7. Average across the skid trails measured in the concession

Skid trail in Guyana Skid trail in Brazil

In areas where skid trails are narrow paths into the forest with live vegetation on the ground:

1. Measure the DBH and species of all trees clearly damaged (snapped or uprooted) due to
skid trails construction.

2. Use tracking feature of the GPS to track entire length of skid trails.
a. Collect waypoints at beginning and end of skid trail.
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3. Divide result from 2 by cubic volume extracted from the gaps associated with the given skid
trail.
4. Average across the skid trails measured in the concession
9.

Logging decks:

1. Measure at least 20 logging decks per concession by breaking down the area of the
logging deck into simple geometric shapes (square, rectangle or circle). Draw sketch of
the shape of entire logging deck in datasheet. Measure the sides/diameters of all
shapes imagined, and record measurements in respective place (i.e. aside of drawn
geometric shape) on the datasheet.

2. Multiply area of deck by carbon stock of stratum where deck is constructed.

s R
- O

Logging deck in Guyana

Roads

To calculate the impact of logging roads aerial imagery can be used to correlate area of roads with
a measured stock for unlogged forest per unit area. If aerial imagery is not available:

Measure width of all haul roads at various random locations

2. If length of haul roads are not reported. Use tracking feature of the GPS to track entire
length of roads. Otherwise, use reported length of logging roads.

a. Collect waypoints at beginning and end of haul road.
3. Calculate the area of roads by multiplying the average width by the total length.
Multiply area of road by the carbon stock of stratum where road is constructed.
5. Divide result from 4 by cubic volume extracted in the area where the roads are found for
that year.

E
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Logging road in Guyana
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TIMBER TREE MEASUREMENTS

Date \ \
Plot ID #: Location: Coordinate System:
Crew chief: Data recorded by: # people in crew:
Start Time: End time: Total Time:
minutes
Camera Number: Photo Number(s):
Forest type
Additional notes describing plot area:
Timber Tree 1 Timber Tree 2
Species: GPS Accuracy: (m)  Species: GPS
Accuracy: (m)
GPS Coordinarte: E: N: GPS Coordinarte: E: N:
Tree Buttressed: L ves Tree Buttressed: L ves
[l L]
Not Not
Height of the buttress (cm) Height of the buttress (cm)
(HButtress) (HButtress)
Diameter of stump top (ds): (cm) Diameter of stump top (cm)
(ds):
Height of the stump (Hs): (cm) Height of the stump (Hs): (cm)
DBH(dbh): (cm) DBH(dbh): (cm)
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Log diam. (cm) Log diam. (cm)
Section 1: bottom Sectionl: bottom
(dPiece-B): (dPiece-B):

diam. (cm) diam. (cm)
top(dPiece— top(dPiece—
T)Z T)Z

length (cm) length (cm)
(IPiece): (IPiece):

Log diam. (cm) Log diam. (cm)
Section 2: bottom Section bottom
(dPiece—B)5 2: (dPiece—B):

diam. (cm) diam. (cm)
top(dPiece— top(dPiece»
7): 7):

length (cm) length (cm)
(IPiece): (IPiece):

Length of Log (liog): (m) Length of Log (liog): (m)
Log: L] Present Log: [ Present
[l L]
Absent Absent
Diameter at top cut (d7): (cm) Diameter at top cut (d+): (cm)
Length of avoid. merchant (m) Length of avoid. (m)

waste (lavw) merchant waste (lavw)
Diam. top of avoid. Diam. top of avoid.
merchant waste(davw.7) merchant waste(davw.7)

Sketch of Canopy Gap: Canopy Opening Dimensions:

DAMAGED TREES MEASUREMENTS
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Damage type: (S) snapped, (U) uprooted, or (B) branch (if larger than 10 cm in diameter)

Specie D T Specie D T Species D T Bra D D Le
s B y S B y B y nch 1 2 n
H p H p H p es gt
e e e h
SKID TRAIL DATA SHEET
Skid Trail ID: Location: Date:
/ /
Crew Chief: Coordinate System:

Skid Trail Widths: (m)

Fatally Damaged trees: (S) snapped, (U) uprooted
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D T D T D T D T

B y B y B y B y
ec H p ec H p ec H p ec H p
ie e ie e ie e ie e
s s s s
Skid Trail ID: Location: Date:

/ /

Crew Chief: Coordinate System:

Skid Trail Widths: (m)

Fatally Damaged trees: (S) snapped, (U) uprooted
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D T D T D T D T

B y B y B y B y
ec H p ec H p ec H p ec H p
ie e ie e ie e ie e
s s s s
Skid Trail ID: Location: Date:

/ /

Crew Chief: Coordinate System:

Skid Trail Widths: (m)

Fatally Damaged trees: (S) snapped, (U) uprooted
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D T D T D T D T
B y B y B y B y
ec H p ec H p ec H p ec H p
ie e ie e ie e ie e
s s s s
LOGGINGDECK DATA SHEET
Date: / /
Logging Deck ID: Location:
Polygon ID: (Using polygon feature of GPS)  OR
Coordinate. System:  GPS Waypoint E:
Logging Deck Dimensions: Sketch of Logging Deck:
Logging Deck ID: Location:
Polygon ID: (Using polygon feature of GPS)  OR

Coordinate. System:  GPS Waypoint E:
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Logging Deck Dimensions:

Sketch of Logging Deck:

Logging Deck ID:

Polygon ID:

Coordinate. System:  GPS Waypoint E:

Location:

(Using polygon feature of GPS)  OR

N:

Logging Deck Dimensions:

Sketch of Logging Deck:

Logging Deck ID:

Polygon ID:

Coordinate. System: WGS84

Logging Deck Dimensions:

GPS Waypoint E:

Location:

(Using polygon feature of GPS)  OR

N:

Sketch of Logging Deck:

Logging Deck ID:

Polygon ID:

Location:

(Using polygon feature of GPS)  OR

Coordinate. System:  GPS Waypoint E: N:

Logging Deck Dimensions: Sketch of Logging Deck:

ROAD DATA SHEET

Road Track ID: Location: Date: / /
Road Type: Crew Chief: Coordinate System:

Road Width: (m)
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Road Track ID: Location: Date: / /

Road Type: Crew Chief: Coordinate System:

Road Width: (m)
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Road Track ID: Location: Date: / /

Road Type: Crew Chief: Coordinate System:

Road Width: (m)
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ANNEX D: SUMMARY OF PUBLICATIONS USED FOR THE
ESTIMATION OF POST-DEFORESTATION CARBON STOCKS

The study assessed the aboveground C sequestration potential of four major plantation crops — cocoa
(Theobroma cacao), oil palm (Elaeis guineensis), rubber (Hevea brasiliensis), and orange (Citrus sinesis) —
cultivated in the tropics. Measurements were conducted in Ghana and allometric equations were
applied to estimate biomass. The largest C potential was found in the rubber plantations (214 tC/ha).
Cocoa (65 tC/ha) and orange (76 tC/ha) plantations have a much lower C content, and oil palm (45
tC/ha) has the lowest C potential, assuming that the yield is not used as biofuel. There is considerable C
sequestration potential in plantations if they are established on land with modest C content such as
degraded forest or agricultural land, and not on land with old growth forest. We also show that simple C
assessment methods can give reliable results, which makes it easier for developing countries to partake
in REDD+ or other payment schemes. The study was undertaken at the Agricultural Research Centre in
Kade. The study site exists as an ecotone between the the moist semi-deciduous and the moist
evergreen ecological zones.

Several of the tree crops thrive mainly in the High Forest Zone and as the study site is located at the core
of this zone, existing as an ecotone between two of the main ecological zones in this landscape, the
carbon stocks determined from the study were applied nationally. However, Ghana acknowledges that
this study may not be fully representative of all the ecological zones in the country which support tree
crop plantations. Ghana will therefore ensure that further data is collected, through a stepwise process,
to increase representativeness.
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ANNEX E: IMAGE DATES FOR 2000 MAP

Landsat Enhanced Thematic Mapper plus (ETM+) images (spatial resolution 30m) of 2000-2001 were

used for LU classification for 2000 Epoch. All 16 scenes is in Table 18 below and the path and row for the

scene are shown in the table below.

List of Landsat ETM+ used for 2000 Epoch Land Use Classification

SN | Landsat Scene Identifier Path/Row Date Acquired Cloud Cover (%)
1 LE71920562001094EDCO00 P192/R056 2001/4/4 0.4
2 LE71930532000339EDCQ0 P193/R053 2000/12/4 0.0
3 LE71930542000339EDCO00 P193/R054 2000/12/4 0.0
4 LE71930552000339EDCO00 P193/R055 2000/12/4 3.4
5 LE71930562000035EDC00 P193/R056 2000/2/4 0.0
6 LE71940522000314EDCO00 P194/R052 2000/11/9 0.2
7 LE71940532000314EDCO00 P194/R053 2000/11/9 0.0
8 LE71940542001012EDCQ0 P194/R054 2001/1/12 0.0
9 LE71940552000074EDCO00 P194/R055 2000/3/14 6.8
10 | LE71940562001092EDCO00 P194/R056 2001/4/2 5.1
11 | LE71940572000138EDCO00 P194/R057 2000/5/17 10.0
12 | LE71950522000305EDC00 P195/R052 2000/10/31 0.1
13 | LE71950532000353EDC00 P195/R053 2000/12/18 0.0
14 | LE71950542001051EDC00 P195/R054 2001/2/20 0.0
15 | LE71950552000033EDC00 P195/R055 2000/2/2 0.0
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16 | LE71950562000033EDCO00 P195/R056 2000/2/2 0.0
& oow o 00
10" 00N -10° 00°N
o' 00" & 00N
¢ oow o 00
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Coverage of Landsat TM/ETM+ Path/Row
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ANNEX F: DESTRUCTIVE SAMPLING

A FOR DEVELOPING ALLOMETRIC ABOVE-GROUND AND BELOWGROUND BIOMASS MODELS

Ecozone | FR Site Tnb Species Local Name Guild LatN LongW| Elevation(m) SDen Brden StWLT BrWitT LfWtT AGwt(kg) | RtWt(kg)| Ht(m)POM (m)D (cm) C_Branch(%) C_Butt C_Leave C_Root C_Stem
\WE_ME | Boin River 1 1 Khaya ivorensis Dubini NPLD 5,7761] 2,9895 225 0,546 0,609 11879,553| 3295,896| 552,468 15727,917 54,47 3,79 112 35,75 47,4 47,5 | 48,6| 49,225
\WE_ME | Boin River 1| 2|Terminalia superba Ofram Pioneer| 5,7845| 2,9878| 162 0,564 0,674 14773,112] 2140,031] 570,154 17483,297 65,5 5,4 106,5 46,7428571| 48,15 46 48,083
\WE_ME | Boin River 1| 3| Cylicodiscus gabunensis SB 5,7761| 2,9895 225 0,784 371,797 13,366 2,869 388,032 61,621 27,33 2,18 21,8 47,4 47,4
\WE_ME | Boin River 1| 4| Celtis mildbraedii Esa SB 5,7761 2,9895 225 0,612 0,729, 706,895 27,315 13,197 747,406 93,382 29,22 1,92 36,7 49,4 43,7 | 49,3 49,4
\WE_ME | Boin River 1 5| Antiaris toxicaria NPLD 0,519 0,557 50,559 1,685 0,852 53,096 24,066 15,2 1,31 15,8 47,6 44,7 48,3
\WE_ME | Boin River 1| 6|Nesogordonia papaverifera SB 5,7904( 2,4292 214 0,610 0,657| 510,869 24,464 9,386 544,719 159,756 28,5 2,05 28,4 45,8 44,8
\WE_ME | Boin River 1) 7| Celtis mildbraedii Esa SB 5,7759| 12,9895 214 0,708 699,285 105,025 5,126 809,437 117,977, 26,6 1,3 31 29| 429 44,4 48,35
\WE_ME | Boin River 1) 8 Trichilia prieureana NPLD 5,7759| 2,9898| 232 0,599 88,053 21,060 4,952 114,066 21,810, 15,3 1,3 16,4 46,6 47,05
\WE_ME | Boin River 1) 9| Diospyrus mannanaii SB 5,7759) 2,9898 232 0,581 10,830 6,497 2,316 19,643 7,346/ 9,08 1,3 8,8 49,1

\WE_ME | Boin River 1| 10 Entandrophragma cylindricum NPLD 5,7758| 2,9898 232 0,654 0,716 216,362 0,106 0,138 216,606 29,947 18,32 1,3] 23,4 48,1 48,7 48,85
\WE_ME | Boin River 1) 11| Pycnanthus angolense NPLD 5,7774| 12,9876 246 0,307 0,575 212,239 30,962 7,715 250,916 93,942 22,98 1,3 31 43,1 47,6 | 47,7 47,4
\WE_ME | Boin River 1) 12| Diospyrus soubreanaii SB 5,7774| 12,9876 246 0,617 0,766 2,002 0,826 0,339 3,167 0,831 6 1,3 3,8 48,2 46,8

ME Totua 2| 1 Milicia excelsa Odum Pioneer| 5,9227| 2,392 123 0,528 0,750, 10191,093| 2265,044] 198,223 12654,361 45,8 1,4 112 47,2| 45,85 41,8 34,1
ME Totua 2| 2| Pouteria altissima Asanfena NPLD 5,9226| 2,3917| 109 0,613 1,113 62,875 0,307 0,046 63,228 18,206, 9,5 1,3 15,8 49,5 46| 49,1 49,8
ME Totua 2| 3|Sterculia rhinopetala Wawabema NPLD 5,9231 2,3917| 111 0,532 0,401 464,631 4,676 0,886 470,194 82,097| 21,85 1,31 29,3 47,9 45,1 47,75
ME Totua 2| 4 Celtis mildbraedii Esa SB 5,9233| 2,3908| 114 0,816 0,792 196,612, 15,583 4,025 216,220 32,207 19,3 1,3 17,8 48,8 42,7 | 47,6] 47,1
ME Totua 2| 5|Cola latelatea Watapuo beree NPLD 5,7774| 12,9876 92 0,575] 0,509, 267,552 47,389 2,188 317,129 81,642 17,3 1,3 26,5 48,1 45 39,9
ME Totua 2| 6| Strombosia glaucescens SB 5,9229| 12,3907 127 0,803 0,497| 2039,477, 190,183, 16,125 2245,785 235,248 40,6 1,31 39,5 48,6 46,1 | 48,8| 45,967
ME Totua 2| 7| Chrysophyllum perpulchrum |Atabene NPLD 5,9229| 2,3908| 127 0,653 0,651 2361,319 351,136 8,656/ 2721,111] 382,807 39,87 2,6/ 56,2 48,4 43,8 | 48,5| 46,667
ME Totua 2| 8 Sterculia rhinopetala Wawabema NPLD 5,9229 2,3905 116 0,569, 0,678 616,150 22,453 2,896 641,499 80,533 36,16 1,3 27,6 46,4 45,7 44,7
WE Draw River 3| 1 Piptadeniastrum africanum |Dahoma NPLD 5,2105 2,2522 97 0,528 0,659, 308,794 60,633 27,799 397,226/ 197,399 23,2 1,3 29 48,5 47 49,2
\WE Draw River 3| 2| Diospyrus sanza-minika SB 5,2101| 2,2515 79 0,639 0,940, 118,096 22,701 6,999 147,796 23,197, 20 1,3 16,7 48,9 47,14 49,25
\WE Draw River 3| 3|Ceiba pentandra Onyina Pioneer| 5,2105 2,2521 86 0,188 0,331 91,390 3,722 1,726 96,838 18,952 14,05 1,3 35 48,2 44,8 | 47,8 46,675
\WE Draw River 3| 4 Ceiba pentandra Onyina Pioneer| 5,2098| 2,2528] 91 0,329 0,485 257,127, 47,339 24,726 329,193 29,937 18,73 1,03 34,4 47,7 45,6 48,4
'WE Draw River 3| 5| Musanga cecropioides Odwuma Pioneer| 5,2099| 2,2528 89 0,292 0,422 147,833 79,172 23,280 250,285 37,950 17,2 1,3 26,1 47,9 46,3 48,15
\WE Draw River 3| 6| Diospyrus sanza-minika SB 5,21 2,2528 87 0,715] 0,949, 151,234 29,132 10,640 191,006 51,607| 15,12 1,3 22, 48,4 46,6 49,2
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\WE Draw River 7|Khaya ivorensis Dubini NPLD 5,2125 2,251 111 0,572 1,061 12181,747| 5903,010, 583,404 18668,161 49,85 1,7/ 109,8 48,95 47,4 48,533
'WE Draw River 8 Cynomentra ananta Ananta SB 5,2125| 2,2508| 93 0,907 0,868 5546,141f 1150,444) 115,274 6811,859| 814,786 42,1 2,4 73,2 47,4 45 23| 48,7| 49,225
MSNW  |Ayum 1] Celtis mildbraedii Esa SB 6,7179| 2,6946 280 0,547 0,794 150,996 199,034 73,217 423,247 47,714 19,7 1,3 17,9 46,6 40,5

MSNW  |Ayum 2| Chrysophllum subunudum Adasema SB 6,7179| 2,6945 284 0,543 0,484 248,821 14,847 6,211 269,880 147,356| 14,9 1,3 27,8 48,5 44,5 47,8
MSNW [Ayum 3| Piptadeniastrum africanum Dahoma NPLD 6,7207| 2,6934 292 0,608 0,584{33311,059| 14442,367| 653,028 48406,454 61 5,8 159,3| 48,8666667 46,4 49,6
MSNW [Ayum 4| Ceiba pentandra Onyina Pioneer 6,716 2,697 273 0,133 0,468 223,532 118,688| 20,884 363,105 74,260 21,9 1,3 44,5 48,3 43,5 48
MSNW |[Ayum 5| Terminalia superba Ofram Pioneer 6,716 2,6969 280 0,409 0,712 217,830 57,758 13,125 288,714 93,860 19,97 1,3] 30,1 47,9 44,1 49,8
MSNW  |Ayum 6| Ficus vogeliana Opanto Pioneer| 6,7161| 2,6974 265 0,318 0,451 1116,607| 1344,011 43,358 2503,976 29,5 1,8 66,5 47,6 43,1 49,1
MSNW |Ayum 7| Triplochiton scleroxylon Wawa Pioneer| 6,7162 2,6974 293 0,357 0,546/ 1365,357| 508,812 83,960 1958,129 34,21 1,31 53,8 49,4 45,4 49,1
MSNW  |Ayum 8| Fumtumia elastica Fruntum NPLD 6,7186| 2,6961 290 0,401 0,634 159,729 19,022 14,161 192,912 17,33 1,3 25 48 46,2 49
MSNW  |Ayum 9| Mansonia altissima Oprono NPLD 6,7209| 2,6962 283 0,568 0,688 3501,605| 487,979 72,681 4062,265 37,3 1,3 66,3 45,5 45,1 49,3
MSNW  |Ayum 10| Alstonia boonei Sinuro Pioneer| 6,7213| 2,6964 279 0,318 0,497 132,792 4,958 2,411 140,160 17,76 1,3 28,9 48 15 48,6
MSNW |Ayum 11{ Fumtumia elastica Fruntum NPLD 6,7209| 2,6963 281 0,429 0,640, 526,009 101,635 28,010 655,654 29,67 1,3 34,2 48,2 46 49,45
Sav Kwame Danso 1 Vetillaria Paradoxa Nkotodua NPLD 7,7226 0,8014 162 0,556 0,663 15,890 14,453 5,768 36,111, 25,574 5,5 1,31 11,7 44,7 46,7

Sav Kwame Danso 2| Daniellia Oliveri Senya Pioneer| 7,7224| 0,8013 161 0,527 0,668 2364,364 2908,161 39,698 5312,223 22,1 1,3 90 47,9 45,4 48,5
Sav Kwame Danso 3| Parkia clapertoniana Dawadawa Pioneer| 7,7227| 0,8014 164 0,585 0,763 529,900 277,909 42,476 850,285 13,25 1,3 53] 48,4 47,2 49,7
Sav Kwame Danso 4{ Pterocarpus orinacious Pioneer| 7,7227| 0,8016| 161 0,561 0,657 18,264 39,713 1,876 59,853 17,128 11,7 1,3] 11,3 48,7 45,8 39
Sav Kwame Danso 5| Daniellia Oliveri Senya Pioneer| 7,7227| 0,8016| 162 0,460 0,706 27,115 50,421 1,865 79,401 8,68 1,3] 13,9 45,5 43,6

Sav Kwame Danso 6| Pterocarpus orinacious Pioneer| 7,7226| 0,8015 163 0,531 12,463 24,220 1,408 38,091 9,377 7 1,3] 10,4

Sav Kwame Danso 7| Bridelia ferruguinea Esereso opam Pioneer| 7,7227| 0,8015 162 0,554 0,689 4,788 9,162 1,425 15,375, 4,381 4,9 1,3 8,8 46,9 44,1

Sav Kwame Danso 8| Parkia clapertoniana Dawadawa Pioneer| 7,7231] 0,801 161 0,498 0,646 13,357 15,356 2,836 31,549 19,087, 6,87 1,3 11,4 46,6 46,6

Sav Kwame Danso 9| Afzelia africana Papao NPLD 7,7332| 0,8006 153 0,646 0,742 855,693 1345,614 76,380 2277,687, 17,3 1,3 63| 45,6 49,2
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Sav Kwame Danso 10| Afzelia africana Papao NPLD 7,7332| 0,8007 153 0,551 0,625 37,062 9,744 2,143 48,949 15,729 7,75 1,3] 15,3 46,6 45,1

Sav Kwame Danso 11| Afzelia africana Papao NPLD 7,7332| 0,8008 152 0,506 0,763 38,985 33,965 6,001 78,951 18,835 14,3 1,3 15,3 48,1

Sav Kwame Danso 12| Vetillaria Paradoxa Shea butter tree Pioneer | 7,7337| 0,8001 153 0,267 0,523 1,230 2,573 1,348 5,151 10,070 4,17 1,3 6,6 29,8 46,8

Sav Kwame Danso 13| Vetillaria Paradoxa Shea butter tree Pioneer | 7,7336 0,8 151 0,432 0,589 2,175 3,243 1,304 6,723 2,683 3,68 1,3 7 47,1 46,5

Sav Kwame Danso 14| Anogeissus lelocarpus Kane Pioneer | 7,7325| 0,8005 148 0,727 0,718 51,204 16,801 2,550 70,554 29,477 9,7 1,3 14,2 46,4 44,8

Sav Kwame Danso 15| Anogeissus lelocarpus Kane Pioneer | 7,7322| 0,8009 148 0,657 0,709 44,957 70,859 7,706 123,523 36,345 10,62 1,3 11,4 47,7 44

Sav Kwame Danso 16|Lannea velutina Kuntunkuri Pioneer | 7,7198| 0,8007 160 0,488 0,494 409,226 304,560 53,709 767,495 14,9 1,3 43,7 45,2 44,4 48,7
Sav Kwame Danso 17| Ceiba pentandra Onyina Pioneer | 7,7163| 0,7985 166 0,355 0,630, 1469,438 319,847| 43,600, 1832,884 21,78 1,3 82 43,5 42,6 48,3
MSSE | Nkrabea 1| Triplochiton scleroxylon Wawa Pioneer | 6,0267| 1,5073 139 0,391 0,466/ 10931,251| 3280,250( 199,496 14410,997 51,22 6,3| 114 47,8333333 43,6 48,9
MSSE | Nkrabea 2| Celtis mildbraedii Esa SB 6,024/ 1,5085 134 0,713 0,744 754,717 61,572 1,936 818,225| 184,520/ 31,95 1,3 33,2 48 43,1 49,4
MSSE | Nkrabea 3| Hymenostegia afzelii Takorowa SB 6,0257| 1,5085 135 0,736 0,762 247,215 502,097 25,786 775,098 75,766| 18,57 1,31 23,8 47,7 45,1 49,5
MSSE | Nkrabea 4 Trichilia prieureana Kakadikuro NPLD 6,0258| 1,5085 130 0,576 0,590 228,242 200,348 57,030 485,620, 70,621 16,47 1,31 315 48,2 45 49,5
MSSE | Nkrabea 5| Sterculia rhinopetala Wawabima NPLD 6,0257| 1,5085 142 0,533 0,475 476,154 19,803 15,373 511,331 74,777 26,95 1,3 27,5 47,7 45,6 47,8
IMSSE Nkrabea 6| Ficus exasperata Nyankyerene Pioneer | 6,0254| 1,5091 133 0,315 0,495 93,922 26,886 6,964 127,773 19,298 19,3 1,3] 21,5 48,3 38,5 48,7
MSSE | Nkrabea 7| Celtis zenkari Esakoko NPLD 6,0254| 1,509 133 0,541 0,630 30,331 3,711 1,438 35,481 14,683 14,72 1,31 10,5 48,2 40,4

MSSE | Nkrabea 8 Milicia excelsa Odum Pioneer | 6,0279| 1,5069 129 0,536 0,724| 12090,887| 2829,120( 318,622 15238,629 48,88 1,3 128,8 47,1 419 | 49,6 48,5
MSSE Nkrabea 9 Newbouldia laevis Sesemasa Pioneer | 6,0254| 1,5091 121 0,471 0,469 71,101 5,132 0,783 77,017 16,821 16,5 1,3 15,4 48 45,6

MSSE | Nkrabea 10| Guarea cedrata Kwabohoro SB 6,0254| 1,5091 120 0,485 0,508, 51,269 4,485 1,311 57,065 8,604/ 14,65 1,31 12,5 48,5 45,6 49
MSSE | Nkrabea 11{ Musanga cecropioides Odwuma Pioneer | 6,0255| 1,5092 129 0,229 0,374/ 232,258 135,805 33,396 401,459 108,607, 23,5 1,3 38 48,9 45 47,8
MSSE | Nkrabea 12{Khaya ivorensis Dubini NPLD 6,0257| 1,5092 125 0,396 0,528 689,596 249,612 61,619 1000,827 27,2 1,3 42 47,1 45,6 48,9
MSSE | Nkrabea 13| Funtumia africana Okae NPLD 6,0251| 1,5119 127 0,303 0,487 360,086 53,197 10,038 423,321 28,39 1,3 36 48,3 45,5 49,3
MSSE | Nkrabea 14| Ceiba pentandra Onyina Pioneer | 6,0255| 1,5117 128 0,176 0,365 204,189 47,296 12,681 264,165 26,5 1,3 37,6 44,9 48,7
MSSE | Nkrabea 15| Myrianthus arboreus Nyankuma SB 6,0267| 1,5116 134 0,512 0,388 134,966 141,599 66,477 343,042 13,17 1,3 26,9 49,2 44,2 49,1
UE Atiwa 1| Pycnanthus angolensis Otie NPLD 6,2396| 0,5581 810 0,370 0,515 3606,338 979,597| 101,729 4687,665 31,1 3,06 84 48,65 20 49,3
UE Atiwa 2| Nauclea diderrichii Kusia Pioneer | 6,2412| 0,5571 822 0,613 0,567 716,067 129,688 26,343 872,098 24,6 1,3 33,5 49 47,7 49,7,
UE Atiwa 3| Albizia zygia Okoro NPLD 6,2413| 0,5572 829 0,570 1,314 1536,926 727,714| 65,405 2330,045 27,63 1,44/ 48,4 43,3 47,5 49,4
UE Atiwa 4 Triplochiton scleroxylon Wawa Pioneer 6,232 0,5528 655 0,289 0,488 1116,185 209,248| 49,810 1375,243 35,3 2 54 49 46,6 49,6
UE Atiwa 5| Tricalysia discolor Kwae coffee SB 6,2436| 0,5559 820 0,312 0,545 6,163 23,592 5,624 35,379 7,78 1,3 8,8 48,9 46,3 47,6
UE Atiwa 6| Bussea occidentalis Kotoprepre NPLD 6,2436| 0,5559 820 0,775 0,693 2960,047 786,401| 106,669 3853,117 32,8 1,3| 57,6 46,9 49,6
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UE Atiwa 7| Terminalia ivorensis Emire Pioneer | 6,2454| 0,5576 818 0,431 0,753 2131,571 798,490 22,606 2952,667 36,37 1,3 57,8 48,9 47 49,5
UE Atiwa 8| Lophira alata Kaku Pioneer | 6,2457| 0,5587 819 0,812 0,802] 5529,834| 1288,418 16,694/ 6834,946 38,32 1,3 79,6| 48,8666667 47,6 49,7
UE Atiwa 9 Kunsonia bankoansis Kwaebofre Pioneer | 6,2447| 0,5568 814 0,298 0,408, 1220,708 423,302 13,279 1657,289 28,59 3,4 60,4 44,8 45,3 49,5
UE Atiwa 10 Musanga cecropioides Odwuma Pioneer | 6,2457| 0,561 819 0,234 0,398 310,771 97,158 35,203] 443,132 23,41 1,5 38,8 48,8 49,6
UE Atiwa 11{ Funtumia elastica Fruntum NPLD 6,2458| 0,5612 820 0,384 0,562 232,267 137,759 30,109 400,135 24,45 1,3 26,8 47,6 45,5 49,3
UE Atiwa 12| Ceiba pentandra Onyina Pioneer | 6,2458| 0,5611 815 0,214 0,446 434,373 197,015 49,646 681,034 25,45 1,3 43 48,2 44,3 49,2
Mangrov Mangrove 1/ Rhizophora racemosa Red mangrove Pioneer | 5,8325| 0,7786 7 0,679 0,506 55,766 15,742 16,084 87,593 26,614 14,84 1,3 13| 47,2 46,5
Mangrov Mangrove 2| Avicemia nitid W.mangrove Pioneer 5,828 0,777 12 0,582 0,689 55,826 56,637 15,865 128,328 9,4 1,3 17,9 47,8 38,9
Mangrov Mangrove 3| Avicemia nitid W.mangrove Pioneer 5,828 0,777 12 0,612 0,582 11,912 15,526 5,299 32,738 7,26 1,3 9,1 48,7 39,2
Mangrov Mangrove 4f Avicemia nitid W.mangrove Pioneer 5,828 0,777 9 0,534 0,588 28,275 10,084 3,686 42,045 8,49 1,3 14,6 47,3 38,2
Mangrov Mangrove 5| Avicemia nitid W.mangrove Pioneer | 5,8246| 0,7763 10 0,608 0,627 34,911 27,659 9,497 72,068 8,15 1,3 14,5 41,8
Mangrov Mangrove 6| Avicemia nitid W.mangrove Pioneer | 5,8246| 0,7763 10 0,571 0,672 3,422 2,554 1,941 7,917 4,96 1,3 7,5 48,5 41,7
Mangrov Mangrove 7| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 9 0,664 0,736 1,994 2,273 1,531 5,797 9,255 5,2 1,3 5 49,2 45,2
Mangrov Mangrove 8 Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,649 0,796 2,453 8,672 4,701 15,827 19,774 4,53 1,3 5,7 48,7 44,8
Mangrov Mangrove 9| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,760 0,877 5,380 1,519 9,489 16,389 43,365 6,23 1,3 5,9 47 46,5
Mangrov Mangrove 10| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,885 0,733 1,746 1,981 1,950 5,676 14,073 5,08 1,3 4 48,2 44,9
Mangrov Mangrove 11| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,715 0,784 20,355 14,814 2,034 37,202 20,060 7,9 1,3] 11,5 48,15 44,4
Mangrov Mangrove 12| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,728 0,728 7,345 3,334 2,316 12,995 11,470 7,43 1,3 6,1 48,5 45,8 49,4
Mangrov Mangrove 13| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,782 0,743 3,088 1,532 1,863 6,482 17,655 6,73 1,3 4,2 48,6 44,7
Mangrov Mangrove 14| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,710 0,839 4,457 4,569 4,270 13,296 25,487 6,17 1,3 5,5 48,3 45,4 47,2
Mangrov Mangrove 15| Rhizophora racemosa Red mangrove Pioneer | 5,8303 0,77 10 0,816 0,794 0,461 2,708 4,676 7,845 2,638 4,8 1,3 2,3 46,9 44,2 47,6
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Mangrov Mangrove 16| Avicemia nitid W.mangrove Pioneer | 5,8299| 0,7733 8 0,596 0,621 10,648 12,950 4,421 28,018 6 1,3 9,4 48 42,9 48,6
Mangrov Mangrove 17| Avicemia nitid W.mangrove Pioneer 5,83| 0,7733 8 0,634 0,748 8,992 13,362 4,093 26,447 5,69 1,3 8,2 46,6 41,4 48,9
Mangrov Mangrove 18| Avicemia nitid W.mangrove Pioneer | 5,8287| 0,7719 9 0,670 0,565 15,896 18,087 9,193 43,176 5,56 1,3 11,1 49,5
Mangrov Mangrove 19 Avicemia nitid W.mangrove Pioneer | 5,8287| 0,7724 7 0,570 0,641 28,428 36,225 10,211 74,865 6,75 1,3 15,5 48,4 43,1

Mangrov Mangrove 20| Avicemia nitid W.mangrove Pioneer | 5,8287| 0,7724 7 0,592 0,701 10,804 14,265 3,373 28,442 5,76 1,3 9,1 48,8

DSDF Afram H.waters 1 Albizia zygia Okoro NPLD 7,1718| 1,743 455 0,556 0,779 1993,842| 1260,137| 135,896 3389,875 30,6 1,3| 57,7 36,8 47,1 49,3
DSDF Afram H.waters 2| Chrysophyllum perpulchrum | Atabene NPLD 7,1723| 1,7432 447 0,643 0,603 3593,469 970,060| 298,288 4861,817 37,7 3,8 64,1 48,3 43,8 49
DSDF Afram H.waters 3| Broussenatia papyverifera Yorke Pioneer | 7,1723| 1,7434 449 0,390 0,472 738,256 61,367 8,316 807,939 23,8 1,6/ 43,3 48,6
DSDF Afram H.waters 4| Alstonia boonei Sinuro Pioneer | 7,1724| 1,7428 448 0,280 0,378] 24,456 4,643 2,201 31,300 10,4 1,3| 17,7 49,4 44,5 47,7
DSDF Afram H.waters 5| Sterculia tragacantha Sofo Pioneer | 7,1717| 1,7446 446 0,323 0,399 1022,735 142,048 20,491 1185,274 29,1 1,8/ 61,1 47,6 44,6 48,4
DSDF Afram H.waters 6| Petersianthus macrocarpus Esia Pioneer | 7,1727| 1,7444 440 0,616 0,617 1599,496 250,518 34,610| 1884,625 31,43 1,3 59,3 48,5 47,2 49,7
DSDF Afram H.waters 7| Pycnanthus angolensis Otie NPLD 7,1731) 1,744 464 0,408 0,356 1788,402 308,283| 127,580| 2224,264 25,62 13| 72,6 49,2 47,5 49,4
DSDF Afram H.waters 8| Trichilia prieureana Kakadikro NPLD 7,1728 1,7439 469 0,404 0,635 30,271 44,267 10,780 85,318 10,5 1,3 14 47,7 44,8 48,9
DSDF Afram H.waters 9| Ficus exasperata Nyankyerene Pioneer | 7,1715 1,746 431 0,471 0,558 186,340 271,785 6,331 464,455 13,56 1,3| 34,7 46,8 39,6 48,6
DSDF Afram H.waters 10| Funtumia africana Okae NPLD 7,1728| 1,7464 426 0,396 0,501 150,364 27,694 11,166 189,224 21,82 1,3 231 49,1 47,4 49,8
DSDF Afram H.waters 11 Khaya anthotheca mahogany NPLD 7,1737| 1,7463 434 0,556 0,523 355,419 78,032 87,133 520,585 23 1,3| 275 47,1 44,9 49,3
DSDF Afram H.waters 12| Albizia adianthifolia Pampena NPLD 7,1736| 1,7462 435 0,478 0,650 2102,232 939,891 95,864| 3137,987 35,9 1,3 72 48,6 47,7 49,5
DSDF Afram H.waters 13| Triplochiton scleroxylon Wawa Pioneer | 7,1718| 1,7462 432 0,290 0,357 493,113 40,735 18,069 551,917 29,73 1,3 40 47,8 45,8 48,8
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