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1. ONTRODUCTI ON

This report presents an analysis of several forest inventories that have been undertaken over the
past ten years, by the Government of Malawi (GoM) with financial and technical support from
different international donors and actors. This includes data recently collected with support from the
USAID/Malawi-funded Protecting Ecosystems and Restoring Forests in Malawi (PERFORM)
project.

The report includes the background on these inventories and presents the sampling design for the

data collected in the first ever National Forest Inventory (NFI) conducted in 2018 by the GoM, with

support from PERFORM. Also included is an analysis of the 2018 NFI data as well as data from the

consolidated, previously-conducted inventories. This analysis provides estimates on national

bi omass and carbon stock figures for Mal awi s Mi omb
forest inventories done in Malawi, this report offers the nation, and the Malawi Reducing Emissions

from Deforestation and Forest Degradation (REDD+) Program (MRP), the foundation for a

consistent, standardized, and systematic approach to future forest inventories and monitoring,
reporting, and verification (MRV) campaigns and ser
National Forest Monitoring System (NFMS).

1.1 BACKGROUND ON PERFORM

Protecting Ecosystems and Restoring Forests in Malawi (PERFORM) is a five-year project funded
by USAID/Malawi and implemented by a consortium led by Tetra Tech ARD?. The objectives of the
project are:

REDD+ (Reducing Emissions from Deforestation and Degradation) readiness is advanced
Low-emissions land use opportunities are increased in targeted geographies

Low-emissions development capacities are improved

Pathways for sustainability are instituted

a c 0w npoRE

CDCS (Country Development and Cooperation Strategy) priorities of integration and
institutional strengthening are advanced

PERFORM is a core component of environment programn
Objective Assistance Agreement with the Government of Malawi (GoM) and is the flagship

implementation vehicle for the low-emissions partnership between the United States Government

and the GoM. PERFORM was des.i gtarm GrowthoandaDevelgpmenwi t h Mal
Strategy (MGDS) and to promote the more efficient, equitable, and sustainable use of Malawian

forests and soils.

The services that Miombo woodlands provide to Malawians are numerousd including food, water,
and fuel. However, these woodlands are decreasing at one of the highest rates in southern Africa
due to Mal awi 6s unsustainabl e wadgpoorfgriouituald f uel s (ch
practices, | imited economic choices, and high popul

! Key consortium members include Total LandCare (TLC), Winrock International (Winrock), Michigan State University (MSU),
World Resources Institute (WRI), and the Center for Environmental Policy and Advocacy (CEPA).
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and its partners, on REDD+, works to tackle these interrelated issues and to quantify their impact on
Mal awi 6s forest sltocks through an NF

1.2 PURPOSE OF THIS ANALYSIS

Before 2018, Malawi had never completed an NFI. Although localized inventories have been

conducted in the over the last decade, the results of these smaller-scale efforts were never

aggregated, and these efforts did not cover the extensive forested areas in the north or south of

Malawi and alone were unable to provide a representative data set of the ecological condition,

bi omass stocks or biodiversity distribution of the col
an analysis thereof, Malawi has been unable to make defensible estimates of forest stocks which

are critical for forest carbon or forest biomass change estimates.

A national field based forest inventory, or NFI, was identified by the GoM as a key milestone to

establishing the NFMS, and was thus earmarked by the DoF and the MRP as a priority for the

country. This inventory was designed to give Malawi a nationally-derived estimate of its forest

stocks that can be used to inforemmurecesnagement of the coc

Furthermore, carbon stock values estimated from the NFI 2018 analysis found in this document can
be used to develop emission factors for national greenhouse gas (GHG) emission estimate for
national and project-scale monitoring and planning activities, including National Communications to
the UNFCCC and MRYV data for REDD+. This NFI analysis also provides information on non-carbon
dimensions of forest conditions in Malawi such as species richness and canopy density that are of
interest to a broad range of potential management objectives for natural and indigenous forests.

1.3 INVENTORIES TO DATE

Several site-based forest inventories have been conducted in Malawi over the past ten years by the

GoM with support from various international donors and actors. These inventories have been done
primarily to inform site-b ased f orest management, or to inform the c¢
readiness. While many of these inventories have been successfully implemented and executed,

their scope has been limited to specific geographies, typically in protected areas and forest

reserves.

Following guidance from the Director of Forestry, PERFORM supported the GoM to develop an NFI
that consolidated and built directly on these past site-based forest inventories. This complementary
and comprehensive NFI effort was done to build nati one
readiness and to provide the fundamental information needed to estimate and report carbon stocks
and fluxes of carbon stocks to the United Nations Framework Convention on Climate Change
(UNFCCC) and to develop the scientific methods necessary to formulate targeted interventions and
to support the solicitations of funding from potential bilateral and multilateral donors to address
deforestation and forest degradation in Malawi. Specifically, data from four previous forest
inventories in addition to supplementary data collected in 2018 was used to calculate the estimates
of forest carbon stocks in Malawi?. Table 1 summarizes the characteristics of the forest inventories
used in this analysis.

2 Note: Additional forest inventories were conducted during this time, most notably through the Kulera Landscape REDD+
Activity, but to date the collected data has not made available to the GoM, so could not be included in the NFI.
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Table 1 |

Summary of Past Forest Inventories Done in Malawi

Inventory

Title

JICA

SADC-GIZ

USAID-
PERFORM

WAG

2011
2012

2013

2016

2016

Sampling
Strategy

Systematic
Random
Sampling

Stratified
restricted
random

sampling

Random
sampling

Random
sampling

N

Plots

278

137

86

33

Plot
Design

Nested
circular,
single
plots
(0.1ha)

Nested
circular, t-
shaped
cluster
plots (3
subplots,
0.38ha
total)

Nested
circular, t-
shaped
cluster
plots (3
subplots,
0.38ha
total)

Nested
circular t-
shaped
cluster

Geographical

Focus

17 Forest
Reserves

across Malawi

Large
horizontal

band on land
across central

Malawi

Three Forest
Reserves:
Liwonde,
Ntchisi, and
Perekezi

Thuma Forest

Reserve &

Dedza-Salima

Escarpment
Forest
Reserve

Approach
to Land
Cover

Plots
established
in pre-
determined
locations
regardless
of land
cover type

If cluster
center was
notina
forested
area, the
plot was
moved to
an area
entirely
within a
forested
condition

Plots
established
in pre-
determined
locations
regardless
of land
cover type

Unknown

Data
Collected

DBH, tree
height,
clear
length,
crown
diameter,
species

DBH, tree
height,
species,
deadwood
(standing
and lying)

DBH, tree
crown,
species,
deadwood
(standing
and lying),
litter, soil

DBH

The first of the four inventories was the Forest Resource Mapping project sponsored by the Japan
International Cooperation Agency (JICA) initiated in 2010, which among other tasks, produced land
use, land use change, and forestry (LULUCF) and forest resource maps, and conducted a forest
biomass field survey in seventeen forest reserves across Malawi. Data were collected from 278
nested circular plots to evaluate tree biomass following a systematic random sampling approach.
This inventory collected necessary data to estimate forest carbon stocks according to the selected
allometric equation. The data collected included: diameter at breast height (DBH), tree species and
tree height recordings as well as tree crown diameter.
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Figure 1 | T-Shaped Nested Cluster Plot Design

As shown in Figure 1, there were three nested plots for each cluster. In each plot of the cluster,
trees were measured for aboveground biomass (AGB) and deadwood. The sampling point design
was also applied in the field inventories under PERFORM to efficiently collect data on both large
and small trees. During PERFORM inventories, the fixed radius plot was circular with concentric
plots at the following radii:

1 06 m Radius Circular Plot i small trees 51 15 cm diameter at breast height (DBH)
1 12 m Radius Circular Plot i medium trees 157 30 cm DBH

20 m Radius Circular Plot i big trees > 30 cm DB

The second inventory was conducted under the Development of Integrated Monitoring Systems for
REDD+ in the Southern African Development Community (SADC) program, sponsored by the
German International Development Agency (G1Z). This inventory involved a transboundary field
inventory carried out in Malawi and Zambia. In this inventory, a swath of land across the central part
of Malawi and the eastern province of Zambia totaling 26,000 km2 was surveyed through a stratified,
restricted random approach.

In 2016, the GoM undertook site-based forest inventories in the Liwonde, Ntchisi, and Perekezi
Forest Reserves through the support of PERFORM. As in the SADC-GIZ inventory, a t-shaped
cluster plot design was followed with circular nested plots (Figure 1). A total of eighty-six clusters
were established in which data were collected on DBH, deadwood (standing and lying), canopy
cover, and litter. Soil samples were also collected for laboratory analysis.

Finally, in 2016, the Wildlife Action Group (WAG), working through the DoF, conducted forest

inventories within the Thuma Forest Reserve and the Dedza-Salima Escarpment Forest Reserve.
These inventories followed a random sampling approach that collected data from thirty-three t-
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shaped nested cluster plots (Figure 1). The Thuma and Dedza-Salima Escarpment inventories only
recorded tree DBH.

:I Protected Areas

Inventoried Areas

:] Protected Areas

I PERFORM 2016

I sADc 2013 Sample Plots

I JicA 2011 +  JICA2011
Thuma-Dedza * PERFORM 2016

B FERFORM 2016 / JICA 2011 +  SADC 2013

Thuma-Dedza / JICA 2011 Thuma-Dedza

Figure 2 | Sampling Frames Associated with Past Inventory Efforts (left) and NFI 2018
Plot Allocations (right)
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2. GAMPLI NG DESI
PROCESS

This section details the steps taken to derive the sampling strategy used in the 2018 NFI, and
includes the geographic distribution of plots, use of geographic stratification, estimation of required
number of measurements, and ultimately, the plot allocation results.

The inventory was designed by a working group comprised endorsed by the Director of Forestry,
which included personnel from the DoF (inclusive of FRIM and MCFW), as well as well as
representatives from academia, and PERFORM. The team designed the NFI during extended
working sessions on March 26-28™, and June 5-7t, 2018 (Annex 6.1).

2.1 Sampling Design Objectives

Several principles including cost effectiveness, minimal precision standards, and a desire to build on
past inventory efforts informed the development of the 2018 NFI sampling design. Regarding
precision, the inventory was designed to target the smallest number of inventory plots possible in
order to achieve a biomass stock estimate with a half width of the 95% confidence interval equal or
lower than the 10% of the mean.

This level of accuracy and certainty was deemed an appropriate starting point for the national
inventory during the working group meetings. This random allocation of sampling units also allowed
for the incorporation of prior inventories into the sample design and permitted augmentation of the
sample at a higher level of intensity in the future, if needed. Key decisions made through the initial
consultative design process are as follows:

1  Focus on landscapes in Malawi where forests are more intact/dense, including Forest
Reserves and customary land landscapes, identified by the working group
1  Use of random sampling

1  Use of t-cluster plots with same nest sizes as SADC-GIZ, USAID-PERFORM and WAG
inventories

1  Stratify forests based on anticipated canopy density using remote sensing-derived fractional
cover maps

2.2 Summary of National Forest Inventory 2018
Sampling Approach

The overall process used to reach the final sampling strategy for the 2018 data collection is detailed
below. It should be noted that after the initial stage of data collection, a second round was
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undertaken that used a modified sampling strategy to account for data shortcomings of the first
round.

1. Collated past inventory data and coordinates and entered into a tabular form to create a
consistent spatial projection

2. Converted tree-level measurements into plot-level measurements using consistent allometric
equations for AGB and BGB (where tree-level measurements were available)

3. Selected a pilot sample from past inventory plots to use in calculating expected variance in
each stratum (dense, medium, sparse forests)

4. Cleaned data by removing outliers and questionable coordinates

5. Experimented with several stratification approaches and applied a landscape-based approach
that grouped lands into larger contiguous zones generally no smaller than 25km?2

6. Compared pilot samples to stratification and produced estimates of N required per stratum with
an added 20% safety margin on target N

7. Distributed plot points within the sampling frame using the random stratified sampling design
8. Collected initial field data from targeted plots and evaluated initial results

9. Revised approach by no longer pre-stratifying and instead pre-screening target plots using
Google Earth to avoid unnecessary field team travel to non-forest plots; collected remaining
field data

10. Harmonized all data using post-stratification into forest and non-forest areas based on the 10%
canopy cover outlined in the National Forest Definition, using visual imagery assessment on
Google Earth

2.3 Inventory Consolidation and Standardization

Each prior inventory used as pilot data (Table 1) was converted from its stored format into a tree list
containing the measurements of each unique tree, and a plot list containing measurements specific
to each plot. For inventories using cluster plots, the plot list referred to subplots.

2.3.1 Data Cleaning

The following steps were taken to clean the data from previously conducted forest inventories:
1. Diameter/height plots were produced to check for unrealistic values of either. For instance, a
stem recorded having a height of 150 meters, was corrected to have a 15 meter height.

2. Plots were mapped. Coordinates that were obviously incorrect were corrected in the following
cases:

a. When the x and y coordinates were reversed, they were corrected.

b. When the coordinates for one plot in a cluster of three were dramatically different than the
rest of the plots in the unit, the coordinates were revised to correlate with the other plots in
the unit.

c. When a plot was in an incorrect location, it was discarded.
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2.3.2 Unit Summary

The unit (cluster of plots) was used as a conservative summary of the plot-level data in the cluster
analysis and was used to create parity between the JICA inventory and the other inventory data. A
unit-level summary of the plots was created by first summing the biomass of the trees calculated at
the plot-level and then taking the average biomass as well as the x and y coordinates for each plot
as the unit summary. Biomass outliers (greater than 1.5 times the 3rd quartile above the mean)
were removed from the dataset.

2.4 Stratification

Stratification in an NFI is used to reduce the total number of measurements required to reach a
target level of precision. Stratification is accomplished by spatially segmenting the landscape into
categories based on any combination of factors related to ecological, biological, management,
social, and proximity considerations of the landscape. Malawi's forests exhibit a wide range of
conditions related to natural geographic variation and history of human utilization.

PERFORM supported the DoF, and more broadly the National Forest Monitoring System (NFMS)
working group to explore several approaches to stratification. The approach ultimately selected
used a landscape-scale stratification to develop the initial plot allocation for the 2018 NFI. However,
when an opportunity was presented to collect additional data beyond the first plot allocation,
stratification was abandoned as initial analysis did not did not reveal that stratification efforts were
producing significantly improved precision.

The first stratification approach considered, but not adopted, was a 30-m pixel-based map of three
forest types, derived from a "fractional cover" vegetation index applied to Landsat imagery (Figure
3, left). These class definitions were modeled on the proposed Malawi Land Use/Land Cover
Classification Schema (MLULCCS), whereby, forests are segmented into Managed and
Unmanaged, and Unmanaged Forests are further segmented by Dense, Moderate, and Sparse
Forest (Annex 6.2). Thereafter, PERFORM led the Government of Malawi through a visual
interpretation-based accuracy assessment exercise and found these fractional cover-derived
stratification maps, when reclassified into MLULCCS classes of Dense, Medium and Sparse along
cutoffs proposed by the United States Forest Service (USFS), accuracy was below the 90%
threshold generally considered for forest maps under REDD+ programs.

The second approach built on the fractional cover map, but rather than considering each pixel
individually, a spatial averaging technique using a moving 3-km radius window was undertaken in a
geographic information system (GIS) software to produce a map of large contiguous "landscape"
blocks with smooth borders. The GoM working group (WG), on June 5-7t, 2018, agreed that the
landscape-scale stratification would be adopted. This stratification was then used as the basis for
the initial plot allocation. This aggregation-based approach recognized that national-scale remote
sensing in Malawi can convincingly identify the dominant land cover patterns of regions, but is not
appropriate for pixel-by-pixel, high accuracy mapping. In the landscape-based stratification, class
definition is intended to convey the fraction of the area of each stratum that meets the national
forest definition, rather than any notion of the prevailing canopy cover of those forests that are in the
stratum, and therefore, by design, include both forest and non-forest lands at the minimum mapping
unit of a 0.5-ha parcel.

The NFI design was ultimately amended to remove references to map-based stratification and to
simplify the sampling frame into a single homogeneous stratum.

Malawi National Forest Inventory 2018 Analysis Report, January 2019






