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1. Introduction

In the context of global climate change, the forssttor is a major player in net
carbon emissions (Nabuues al., 2007; Hanley, 2007). But within the forest secto
itself choices must be made regarding the bestaumnoption for cutting emissions,
because resources for carbon mitigation are limitgatticularly for developing
countries like Malawi. Making such a policy decisicequires information on the
costs and benefits of different mitigation optioms addition to their carbon
implications (Makundi and Sathaye 1999). Hence ntlagor objective of this paper is
to identify carbon mitigation options and analykeit costs, benefits and impact in
the forest and land use sector in Malawi. In patdicwe want to identify a number of
options that are likely to provide the desired $bng products and services at the least

cost and minimum negative environmental and saciphcts.

Forests in Malawi play an important role in botltciaband economic development of
the country. Forests supply about 93 percent ofcthentry’s energy needs, provide
timber and poles for construction and industriak,usupply non-timber forest

products for food security and income, support Wédand biodiversity, and provide

recreational and environmental services. Amongetih@ronmental services provided
by forests is carbon sequestration. Carbon se@iestris the uptake and storage of
carbon on land which reduces atmospheric accurounlaind thus delays its impact on

global climate.

Despite the important role that forests play in &bl forest resources are under
threat. For instance, in 1975, 57 percent of Malewas classified as forest while in
2000 only 28 percent was classified as forest. Otkeords show considerable
reduction in forestland from 4.4 million hectares 1972 to around 1.9 million in

1992. Deforestation rate is estimated at 2.8gu#rper annum, but is highest in the

northern region where the rate is at around 3.dguetmper annum (EAD, 1998; 2001).

Causes of deforestation can be classified intoethesels: indirect or underlying
causes; direct or immediate or proximate causes; @redisposing conditions



(UNFCCC, 2006; Barbiert al., 1994). Underlying causes of deforestation are
broader economic, political, cultural, demographied technological forces that
underpin proximate causes. Proximate causes ofetgédion are those activities that
directly remove forest cover and include agric@dtuexpansion, logging and forest
fires. Predisposing conditions are not directlynatirectly linked to the act of clearing
land but belong to a category of generic social gemyraphical issues that determine
whether land can be cleared or not. Examples ieckm/ironmental factors such as

land topography and soil fertility.

In Malawi the major indirect causes of deforestatiwe high population growth and
increased woodfuel demand while the direct causesagricultural expansion and
wild forest fires (DREA, 1994). Malawi’s populatias estimated at 11 million. Its

growth rate of about 2 percent per annum exertatgreessure on forest land and
resources. The demand for woodfuel for instanceeeds available sustainable
supply and the deficit is increasing every year1899 the deficit was 5.8 million

cubic metres and it is estimated to grow to 1Oiamlicubic meters by the year 2010
(NEC, 2000). Household use, tobacco leaf curingkdourning, fish processing, tea

processing and beer brewing amongst others caagegh woodfuel demand.

Rapid expansion of agriculture from the mid 1975lgte 1980s led to extensive
deforestation. Agricultural land under estate famgnincreased from 67, 000 hectares
in 1967 to 850,000 hectares by 1998. It is estithateat 95 percent of rural
households have only a hectare or less as farmldedce smallholder farmers
migrate on to steep slopes, riverbanks and/or ecbrapon forest reserves in search
of farmland, thereby, causing further forest anmalldegradation (DREA, 1994).

Wildfires burn and destroy considerable amountfor#st resources every year. For
example, in 2001, 64 fire-devastating incidenceseweecorded national wide,
damaging a total of 1,520.04 hectares. This reptedea decrease in hectares burnt
since in the years 1998, 1999, and 2000 the to& burnt were 5,026.1, 1,912.34
and 1,657.8 hectares respectively (DOF, 2002).

The destruction of forests through burning and diegaof woody biomass results

directly to significant contribution of carbon ttet atmosphere. However, the



expansions of forests and maintenance of existengds can capture carbon from the
atmosphere and maintain it on land over decaddsus,Tit is import for Malawi to
identify mitigation options in the forest and lande sector that would reduce the
atmospheric accumulation of carbon thereby delayimgmpact on global climate

change.
2. Carbon Mitigation Models in Forestry

The literature presents a number of models that umed in analysing carbon
mitigation potential in forestry. The models can daegorised into top-down and
bottom-up modefs(Makundi and Sathaye, 1999; Nabuurs et. al., 2008p-down

models are used for global assessment of foregjatidn potential, while bottom-up

models are used for country, regional or continexgaessment.

A number of studies have used top-down modelsgesasglobal mitigation potential
of forests. Recent examples as presented by Naletials (2007) include: Sohngen
and Sedjo, (2006); Sathageal. (2007); Benitez-Poncet al. (2007); Vuureret al.
(2007); Waterloat al. (2003); Strengerat al, (2007); and Riahét al. (2006). These
studies offer roughly comparable results and ptesetarge potential for climate
mitigation through forest activities. For instancesults from these studies indicate
that the global annual potential in 2030 is apprately 13,775 MtC@year (at
carbon prices less than or equal to 100 US$/t C&2percent of which could be
achieved under a price of 20 U$/t €@labuurset al., 2007).

Global top-down models provide broad trends bug ttail than bottom-up models.
Bottom-up models are mostly useful for studyingigaition options that have specific
sectoral, technological and economical implicatioi$iese models include the
Comprehensive Mitigation Assessment Process (COM@&thaye and Meyers,
1995) and COPATEmodel (Makundgt al., 1991, Makundét al., 1995).

! Other models such as Markal-Macro combine bottpnand top-down approaches but such models
are currently not used in forestry.

2 COPATH takes its name from the initials of the earf its component modules which are carbon
uptake, other land uses, pasture, agriculture hangest.



COMAP is intended to guide an analyst in undertglancomprehensive assessment
of the role of the forest sector in a country’sraie change mitigation effort (Sathaye
and Meyers, 1995). It mainly aims at finding teadt expensive way for government
and private companies of providing forest prodwstd services while reducing the
most amount of carbon emitted from the land ustosé®akundi and Sathaye, 1999).
In using the model, the first step is to identifydacategorize the mitigation options
that are suitable for implementation in a counfrige next step is to determine the
forest and agricultural land area that might beilalbke to meet current and future
demand, for both domestic consumption and expartpl8s land in the future if
available can be considered for carbon sequestragiod other environmental
purposes. In many countries there may not be entargh available. In such cases
some of the wood demand may have to be met throvgbased wood imports or
through using substitutes for forest products. Thlternative combinations of future
land use and wood product demand patterns will teadifferent scenarios of the
future. But a baseline scenario is chosen agaihgthathe others are compared. The
baseline scenario predicts the level of forest lasthe absence of any intervention

measures.

Then, the potential for carbon sequestration arstiscand benefits per hectare of each
scenario are determined. This information is usegistablish the cost effectiveness of
each mitigation option and its ranking among otle@tions. Furthermore, this
information, in combination with land use scenarissused to estimate the total and
average cost of carbon sequestration or emissidoctien. Finally the barriers,
policies and incentives needed for the implememnatif each scenario are explored.

Several country studies have used the COMAP madektimate carbon mitigation
potential and cost and benefit of different forggtritigation options. For instance
most developing countries have used the COMAP muodereparation of national
communications to the Conference of Parties of Wmited Nations Framework
Convention on Climate ChangeOther examples include the climate change studies

under the United States Country Studies Prografhméhe Asia Least Cost

? http://unfcce.int/national _reports/non-annex_i_patéitems/2979.php
* http://www.gcrio.org/CSP/index.html




Greenhouse Gas Abatement Strategy sttid&esd country studies carried out under

the auspices of the F7 Tropical Forestry Climatar@fe Research Netwdrk

Sathayeet al. (2001) and Makundi and Sathaye (2004) report ath@useven country
studies that were carried out under the Tropicakstoy Climate Change Research
Network. These studies were carried out in Braziljna, India, Indonesia, Mexico,
Philippines, and Tanzania. The authors compriserisede (2001) for Brazil; Xet

al. (2001) for China; Ravindranaghal. (2001) for India; Boer (2001) for Indonesia;
Maseraet al. (2001) for Mexico; Lasco and Pulhin (2001) #hilippines; and
Makundi (2001) for Tanzania. Using data on a pectdre basis on carbon
sequestration, emission avoidance, and costs argfitsefrom these studies, Sathaye
et al. (2001) and Makundi and Sathaye (2004) estimabstteffectiveness indicators
based on monetary benefits per t C, total mitigatiosts and carbon potential. The
results of the analysis showed that about halhefdumulative mitigation potential
(of about 6.9 Gt C) between 2000 and 2030 in twerseountries could be achieved
at a negative cost and the other half at a coséxmeding US$100 per t C. Negative
cost indicated that non-carbon revenue is sufficieroffset the direct cost of these

options.

COPATH is a spreadsheet model for estimating cadraissions and sequestration
from deforestation and harvesting of forests. Thedeh has two parts, the first
estimates carbon stocks, emissions and uptakesibabke year, while the second part
forecasts future emissions and uptake under vasoesarios. The forecast module is
structured after the main modes of forest convars agriculture, pasture, forest
harvesting and other land uses. Thus, the modelsalfor the use of forest inventory
data to estimate carbon stocksd predicts carbon emissions and sequestratioer und
various land use policieSCOPATH has been used in a number of studies inmgjuthe

F7 Tropical Forestry Climate Change Research Nétvwatudies (Makundiet al
(1995). However, unlike COMAP, COPATH does notlgsa the costs and benefits

of different mitigation options but only focuses thxeir carbon implications.

® http://www.rrcap.unep.org/projects/algasd
http://www.adb.org/Documents/Reports/ALGAS/defadp

® http://www.epa.gov/sequestration/mitigation.hthese studies were coordinated by the Lawrence
Berkeley National Laboratory and the United St&asironmental Protection Agency.




This study uses the COMAP model because it meetslgactive which is to analyse
the costs, benefits and impact of carbon mitigatptions in the forest and land use
sector. Furthermore, because this model is widséd in most developing countries,

it will make our results easily comparable to thosether countries.

3. The COMAP Model

The COMAP framework is a spreadsheet model that mEXCEL. It has four main
modules namely Forestation, Protection, Bioenergy Biomass. With the exception
of Biomass module, the rest correspond to the rhgas of mitigation options in
forestry. Each module has a set of sub-modulesgiware used to analyze specific

options.

3.1 Forestation Option

This option includes all projects and policies imted to re-plant an area, ranging
from natural reforestation, enhanced natural retaten, afforestation, short rotation
forestry, agroforestry, community and urban forgsttc. Where non-forest tree
plantations such as rubber are not included undeicwdtural sector mitigation

assessment, then they can be analysed under tdisleras afforestation/reforestation
options. The sub-modules are run under differemd lase categories with input data
for area (ha), carbon density, rates of growth iofmass and cost and benefits. All
modules are run for both baseline and mitigatie@nados. The model then calculates
the annual changes in carbon stocks and the desttigéness indicators associated

with the scenarios.

3.2 Protection Option

Some of the low cost and most effective mitigatbgtions involve protecting existing

forests from being deforested and/or degradedjigad carbon emission. There are
a number of options which call for halting defoedtn of a given forest in a region
or conversion of a threatened forest into a pretéarea. The forest protection

module uses data on area under relevant categbraeass density, carbon stocks,



carbon sequestration rates, and costs and bertefiestimate the associated annual
and cumulative changes in carbon stocks and theeti@stiveness indicators for the
mitigation policy. This is done for both baselinedamitigation scenarios so as to

obtain net reduction in carbon emission.

3.3 Bio-Energy Option

This bio-energy mitigation option analyses the stlion of GHG-intensive
products such as the use of sustainably grown kEsn(aiofuel) substituting fossil
fuels. This may delay the release of carbon from fussil fuels for as long as the
fossil fuels remain unused. Other examples inclimdeuse of efficient stoves and
charcoal kilns, wood-derived from renewable sounvben used as a substitute for
wood obtained from depleted natural forests, ared ube of biomass products to

replace emission-intensive products such as canctgel, and plastics.

3.4 Biomass Module

The biomass module is actually a biomass balanauleaimed at tracking demand
and supply of forest products in the sector. Thigmportant since one of the main
roles of the forestry sector in any country is teetthe current and projected biomass
demand such as for fuelwood, industrial wood, awinsvood. These demands can be
supplemented by imports when necessary. When timamd on biomass exceeds the
rate of growth, a decline in the size of the forestate (deforestation) or degradation
of the biomass density becomes evident. Indeed amyncountries some of the
mitigation options can not be implemented withauaagements for meeting biomass

demands, including imports to cover biomass dsficit

Given the population increase and declining lanodpctivity in many developing
countries, more and more forestland is being cdadeto agricultural land for food
production and other farm output. Furthermore, dtemd is also converted to
infrastructure and human settlements. Thus, iesessary to analyze the current and
projected changes in land use patterns and thétingsahanges in biomass supply,

with a goal to match it with the demand on biomdsse biomass module is used to



track the dynamics of land use patterns over tin@uding changes in biomass pools,

product supply and demand.

3.5 Cost-effectiveness Indicators

COMAP model generates a number of cost-effectivemeticators which can help us
to compare and select from different mitigationiaps. These indicators include net
present value (NPV) of benefits per hectare andtqane of carbon, initial cost of
forest protection per hectare and per tonne of argripresent value of costs
(endowment cost) per hectare and per tonne of naroed the benefits of reduced

atmospheric carbon (BRAC).

The NPV of benefits provide the net direct ben&fibe obtained from a project or a
mitigation scenario. For most plantation and madaigeests this is expected to be
positive at a reasonable discount rate. For optsuth as forest protection, the NPV
indicator can also be positive if indirect beneéitel forest values are included.

The “initial cost of protection” does not includettdire discounted investments costs
that are needed during the implementation of th&oop This indicator simply

provides information on the amount of resourcesliired to establish the project.

The present value of costs is the sum of estabéslhiwosts and the discounted value
of all future investment and recurring costs durihg lifetime of the project. This
indicator is also referred to as endowment costliee it provides an estimate of

present value of resources necessary to maintaiprtiject for its duration.

The BRAC indicator expresses the net present vafua project in terms of the
amount of atmospheric carbon reduced, taking ictmant the timing of emission
reduction and the atmospheric residence of thetemndarbon. Thus, it estimates the
benefit of reducing atmospheric carbon instead emfucing net emissions. The
formulation of the indicator varies with the ratewvehich economic damage might

increase.

4. Baseline Scenario



The baseline scenario represents a set of assumapgioout the likely changes in
land-use and land-cover patterns in a country basedistorical data and emerging
demographic and economic trends (Sathaye et. @01)2 It is therefore defined in
several different ways depending on the underpgrassumptions. Three main
typologies of baseline definitions found in theelld@ture are the economic efficient
case, the business-as-usual case, and the most ¢kse (Halsnaest al., 1999).
Under the economic efficient case, the economysssimed to utilise all production
factors efficiently implying that the implementatiof mitigation options will always
have a positive cost. The business-as-usual casmsiructed on the assumption of a
continuation of current trends in production, canption and land use activities,
while the most likely case is a compromise betwdlea two. It assumes a

transformation of the economy to efficient utilisat of all factors of production.

A common method used to specify a baseline scensreéxtrapolation of current
trends of land use, tree planting and forest ptmie@s well as consumption of forest
products and services into the future (Makundi &athaye, 1999). This would
represent the business-as-usual case. A recommemetbdd, however, is to use end-
use scenarios, which are mainly driven by the ptajas of the demand for wood
products and for land in a country (Makundi anch@g¢, 1999; Sathaye and Meyers,
1995). This would involve describing existing lamek distribution among and within
sectors, the rate at which land is being convefteth one use to another, and
identifying the factors that drive land use chandeactors such as population and
economic growth rates would have to be used tcapgtate future changes in land

use. Such as an analysis would represent the ikelst tase.

However, construction of the most likely scenasoquite complex. In its simplest
form, current consumption per capita is projectet ithe future, by adjusting for
factors such as population growth and national nmeoThis can be improved by
making further adjustments using known or estimanedme elasticities of demand
for the product in question. A slightly difficultay of constructing the most likely
scenario involves statistical estimation of a paguconsumption function, using a
few explanatory variables to get the necessaryficagfts for making projections. A

more rigorous variation of the statistical approaoolves econometric analysis of
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the product market (both demand and supply), plasise of some form of a land-use
allocation model for tracking the required forestas needed to meet such demands.
Thus, in general the application of this methodunexs a good amount of data on
production, consumption and price structure of filb@st products, and applicable
factors of production and technology. This typedata is rarely available in most
developing countries including Malawi, and as stith method is not widely used in

the forest sector (Sathaye and Mayers, 1995).

Due to lack of sufficient data (as explained abptes study uses the business-as-
usual approach in constructing the baseline scenkriparticular, future forest land
has been projected by linear extrapolation of th& frends. The main source of data
for this extrapolation has been the various repgrsduced by the Food and
Agriculture Organisation (FAO) of the United Natgnsuch as the State of the
World’s Forest reports (FAO, 2003; 2005a; 2007¢ thlobal Forest Assessment
reports (FAO, 2001; 2006), and the Global Foressodee Assessment 2005:
Malawi Country Report (FAO, 2005b). Additional imfoation was obtained from the
Malawi forest resources mapping and biomass assegssomdertaken jointly by the
Department of Forestry in the Ministry of Mines,tNial Resources and Environment,
and the SSC Satellitbild of Swedish Space Corporan 1992/93 (DOF,1993).

4.1 Land Area Change

In this assessment, land in Malawi has been cladsifito inland water bodies, forest
land, and other land. Inland water bodies incluatellIfor all major rivers, lakes and
water reservoirs. Forest land is all land spanmmage than 0.5 hectares with trees
higher than 5 meters and a canopy cover of mone 1l@apercent, or trees able to
reach these thresholds situ. It does not include land that is predominantlyglem

agricultural or urban land us@ther land includes all land that is not classified as

“Forest”. Thus, it includes all land that is un@gricultural and urban land Use

The total land for Malawi is the sum of these thoa¢egories and is estimated at
11,848,000 hectares. Table 1 shows the changasdndrea for these categories from

" Some of this land may have some tree cover fafaggstry or urban forestry purposes and can be
sub-categorised as “Other land with tree cover”.

11



1990 to 2005. The table shows that other land le&s increasing overtime while
forest land has been declining. The figures indi¢hat in general there is an annual
loss of 33, 000 hectares of forest land represgiftifi percent (FAO, 2007). This rate
has been used to project change in forest lanthéobaseline scenario. It is estimated
that at this rate forest land will decline to 2,500 hectares by 2030. The figures
suggest that the decline in forest land is mainlg tb the conversion of land from

forestry to agriculture and urban developments.

Table 1: Changes in Land Area: 1990 — 2005

Category Area (1,000 hectares)

1990 2000 2005
Forest 3,896 3,567 3,402
Other Land 5,512 5,841 6,006
Inland Water, 2,440 2,440 2,440
Bodies
Total 11,848 11,848 11,848

Source: FAO (2007; 2005b)

4.2 Forest Area Change

In this assessment, forest land has been classifiecbrimary (natural) forest land,
modified (disturbed) natural forest land, and puitke plantation forest land.
Primary forest land is forest land containing natspecies, where there are no clearly
visible indications of human activities and whehe tecological processes are not
significantly disturbed. It therefore includes solaed in game reserves and national
parks. Modified natural forest land is that landhaturally regenerated native species
where there are clearly visible indications of hanaativities. Productive plantation
forest land is the land of native or introducedcsp® established through planting or
seeding mainly for the provision of wood or non-wamwods. It therefore includes all
land for private and public forest plantations imlslvi. The total forest area for each

year is equal to the sum of these three categories.
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Although total forest area has been declining, taléon forest and modified natural
forest areas have been increasing over time whilmgpy forest land has been
declining together with the decline in total for&std. This information is depicted in
Table 2. The figures in Table 2 imply that the aadriass of primary forest land was
39,7000 hectares between 1990 and 2000, and 3®@€@res between 2000 and
2005 (FAO, 2005b). At this rate and without anyigaition measures, the area for
primary forest is projected to decline to 142,0@@thres in 2030 and to completely
disappear by 2040. Thus, the fall in forest land ba traced to the disturbance and

loss of primary (natural) forests due to humanvéas.

Table 2: Changes in Forest Area: 1990 - 2005

Category Area (1,000 hectares)

1990 2000 2005
Forest 3,896 3,567 3,402
Other Land 5,512 5,841 6,006
In Land Water Bodies 2,440 2,440 2,440
Total 11,848 11,848 11,848

Source: (FAO, 2005b)

4.3 Forest Growing Stock and Biomass

In this assessment forest growing stock has befmedeas volume over bark (0.b.) of
all living trees more than 5 cm in diameter at btdeeight. It includes the stem from
ground level or stump height up to a top diametét om, and also includes branches
to a minimum diameter of 2 cm. The average volursed is 109.5 ftha (FAO,

2005b). This volume is more applicable to natunad$ts and not to planted forests.

Biomass has been divided into above-ground bionfA§3B) and below-ground
biomass (BGB). It does not include dead wood bianAbove-ground biomass is all
living biomass above the soil including stems, gigmbranches, bark, seeds and
foliage. Below-ground biomass is all living biomasfslive roots. Fine roots of less

than 2mm diameter are excluded because these coHanot be distinguished
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empirically from soil organic matter or litter. Thalculation of biomass is based on

growing stock and is given by:

AGB = Growing stock * wood density * BEF
BGB = AGB *0.24

where wood density = 0.58 tonnes/rand BEF (biomass expansion faffor 1.2.
The factor 1.2 has been used considering that besndown to 2 cm were included in
the growing stock figure (FAO, 2005b).

5.  Mitigation Options

Major mitigation options for the forestry sectondae classified into two basic types.
The first type involves expanding the stand ofdraad the pool of carbon in wood
products and the second type involves maintairfiegeixisting stands of the trees and
proportion of forest products currently in use. Bxpion of tree stands withdraws
carbon from the atmosphere and maintains it on. Istaintaining existing stands can
be achieved through reduced deforestation, forestegtion, or more efficient
conversion and use of forest products. It therekeeps the avoided carbon emissions

from entering the atmosphere for the duration efghol maintenance.

Other mitigation options include the use of woodaaied from renewable sources
like forest plantations as a substitute for noreregble emission sources, such as
fossil fuel, and forest management activities tlead to an increase in stand-level
forest carbon stocks. Fuel substitution delaysdease of carbon from the fossil fuel
for as long as one continues to use wood from ewahle source instead of the fossil
fuel. In the same way, wood derived from sustamaurces, can be used as a
substitute for wood fuel derived from depletabldura forests. This also delays
carbon release from the unsustainable sourcesaigatiind Meyers, 1995). Forest
management activities that lead to an increasetanddevel forest carbon stocks

include harvest systems that maintain partial tooeser, minimize losses of dead

8 A factor for converting volume (in cubic metres)diomass (in tonnes)
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organic matter or soil carbon by reducing soil enosand practices that avoid slash

burning and other high-emission activities (Nabwatia., 2007).

Based on the baseline scenario outlined above arikdeomitigation options available,
it is apparent that Malawi needs two interventiongrder to check forest depletion.
The first intervention should involve maintainingisting stocks through forest
protection and conservation and the second intéorershould involve expanding
carbon sinks through reforestation and afforestatAfforestation is the planting of
forests in bare land while reforestation is thelaefing or natural regeneration of
deforested land. The difference between the twogatepends on the period of time

that land has remained bare.

Mitigation options in the bio-energy field can bgsessed under the energy sector.
Similarly, agroforestry as a mitigation option tpand carbon sinks can best be dealt

with in the agricultural sector.

51 Forest Protection and Conservation

From the baseline scenario, it has been establidtegdVialawi loses an average of
33,000 hectares of forest land every year. It hathér been noted that within the
forest sector, an average of 39,600 hectares ofapyi forest land is been lost every
year due to human encroachment. It therefore falthvat one of the measures that

the Malawi government need to undertake is to ptgigmary forests.

Thus, in the mitigation scenario, it is assumed #uequate steps are taken to ensure
that primary forests are effectively protected #rat 3,336,000 hectares of forest land
estimated for 2007 remains protected until 2030pdnticular we assume that the
departments of Forestry, and Parks and Wildlifé lagl able to play a more effective
role in protecting natural forests than they do ntivmas been suggested for instance
that the management of plantation forests be tuowedto private concessionaires, so
that the Department of Forestry devotes it effortmtanagement of natural forests
(Hecht, 2006). Our approach assumes that the rfegtor contributing towards poor
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forest protection is inadequate financial resoufce$Ve therefore assume that
improved forest protection can be attained by phog adequate financial resources
to the departments involved in forest protectiom ananagement. With adequate
financial resources, the departments will be aldeimprove their fire control
measures, and law enforcement activities such afiscating more illegal forest
products like charcoal, firewood and timber, ancesting more encroachers. Thus,
the departments will be able to effectively redémest fires, illegal cutting down of
trees, charcoal burning, agricultural encroachmeants$ other practices that degrade
natural forests. In this way, protection will chettie increase in carbon emissions

entering the atmosphere.

5.2 Reforestation/Afforestation Option

The reforestation/afforestation mitigation optioepdnds on the availability of
suitable land for tree-planting. The question teaiften asked is whether developing
countries have enough land for climate mitigati@tivities. At a glance, the high
population densities and low agricultural produtyivnay suggest that there might
not be enough land to be used for forestation progres. However, when an
assessment of degraded I#hds undertaken in a country, the results usuatigws
large amounts of degraded land available for fatest (Makundi and Satahye, 2003;
Sathayeet al., 2001, Nijnik, 2005). Assessments of this typeynadso provide
information on the tree species that are suitalde land under a particular
silvicultural (forestry) zone, and on estimatedtsaand benefits of afforestation for
each spatial unit of the forest classification (iNj 2005). Malawi is yet to carry out
such a comprehensive assessment of degraded laini$ #wvailable for tee-planting,

defined across silvicultural zones.

This mitigation option has, nevertheless, beenrmo@ted to account for the Tree
Planting for Carbon Sequestration and other EcesySiervices Programme, initiated
by the Malawi government in 2007. The overall objex of the programme is to

increase the area under forest cover in Malawi mdeo to enhance carbon

° The Department of Forestry for instance is fundely a fifth of its overall financial requiremerits
a year.

9 This is land that either originally contained fstseor that has been left fallow and agricultuneds
longer practiced for various social and economisoas.
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sequestration and other ecosystem services thariluge to the reduction of
greenhouse gases, in particular carbon dioxide¢henatmosphere. The programme
promotes tree planting and forest management bgdimids and institutions. This
programme will enable Malawi to contribute to thtamment of the objective of the
United Nations Framework Convention on Climate @gwhich aims at promoting

the stabilization of the emissions of man-mademnease gases into the atmosphere.

The programme is being implemented in all the 188stituencies of the country.
Individuals and farm families are provided with ing and training so that they can
create their own tree nurseries and tree plan@tiBarticipants in this programme
should have some land which is to be devoted te tmanagement for a period
ranging from 15 to 30 years depending on the tpexiss planted. Fast growing
indigenous and exotic tree species are being pexmstich askhaya anthotheca
(mbawa) andtucalyptus spp. (bluegum). Each constituency has an allocatf 5
farmers growing 3 to 5 hectares of trees, therebgting a national wide maximum
of 4,825 hectares of plantation annually and al wit&4,125 hectares in the initial
five years. The estimated cost for the initial @ngeof the programme is about MK2
billion (approximately US$ 14.6 millidh) (Malawi Government, 2006).

6. Mitigation Analysis Results

For simplicity the mitigation analysis results gresented by option, starting with the
forest protection and conservation option. The adges are projected up to 2030 with
2000 as the base year. Under each option we anahgeresent carbon pool and
flows, monetary costs and benefits of mitigationialhincludes cost-effectiveness

indicators.
6.1  The Discount Rate
The cost-effectiveness indicators generated by CONWelude net present value of

benefits per hectare and per tonne of carbon. almilation of present value of the

stream of costs and benefits require assumptiogaradeng the discount rate. Two

1 At a rate of 1US$ = K137.
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approaches to discounting have been noted by Hadstaal. (1999); an ethical
(normative) approach based on the rates of disctattought to be applied and a
descriptive (positive) approach based on the i@tdsscount that are actually applied.
The ethical approach leads to the use of low salsglount rates of around 3 per cent
while the descriptive approach leads to the usehigh private discount rates

(sometimes as high as 20 per cent).

Apart from the choice of the correct discount rédtegre is also the question of
whether the assumption behind the use of a conslisnbunt rate is appropriate.
Hapburn and Koundouri (2007) argue convincinglyt i@ use of constant discount
rate is unjustifiable particularly for medium-tef@0 years) and long-term (120 years)
forest projects. Instead they recommend the usenefdeclining discount rates. This
is based on the argument that the future statdnedfetonomy and the appropriate
discount rate are uncertain. Thus, under the comgditof risk and uncertainty the
discount rate should decline with time. For shertt projects (30 year) however,
they conclude that the use of a constant discaiatwill generally be appropriate.

In addition to discounting future costs and besetitere is also the issue of whether
or not future carbon reductions (emissions) shdadliscounted when compared to
present reductions (emissions). The justification dliscounting is that emission
reduction in terms of reduced impacts has a timexifip value. In particular it is
argued that discounting implies that a unit of carbemoved from the atmosphere at
a future date is worth less than if the same umitememoved today. Discounting
carbon therefore increases the importance of anyooasequestration particularly

when it occurs in the near future (Van Kooetial., 2004)

Based on the above arguments, a discount rate pédGent is used. This is the rate
that is used by most studies that analyse foresgation potential using the COMAP
model and by multilateral banks in evaluating forpsojects in most developing
countries (Sathayest al, 2001; Makundi and Sathaye, 2003). However, for
comparative purposes, a low social discount raté pér cent has also be used. This
ethical discount rate is favoured by governmenterwianalysing forest policies
(Hanley and Spash, 1993). Furthermore, the estmatif the BRAC indicator

assumes that the economic damage caused by atmiosgrbon increases at the real
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societal rate of discount. However, since the aislgnly covers a maximum period

of 30 years, the time-declining discount rates hasebeen used.

6.2 Forest Protection and Conservation

In this scenario, it is assumed that adequate stepsaken to ensure that 3,336,000
hectares of forest land estimated for 2007 remarstected until 2030. The
protection intervention starts in 2007.

6.2.1 Carbon sequestration

In order to determine the carbon pool and sequestrander the forest protection

option, biomass density, soil carbon density amtbaacontent of biomass were used.
In the baseline scenario, we started with a biondassity of 95 tonnes /hectare for
the year 2005 (FAO, 2007). We assume that the l@srdansity declines at a rate of
2% per annum under the baseline scenario but thatreases at a rate of 2% per
annum under the mitigation scenario. Thus, under ldaseline scenario, biomass
density declines to 57 tonnes per hectare in 203®wnder the mitigation scenario

it rises to 144 tonnes per hectare.

Carbon density in living biomass is obtained by tiplying the biomass density by a
carbon ratio for each scenario. The carbon ratieesdetween 0.45 and 0.55 for most
vegetation. In this analysis, we assume that theocaratio is 0.5 and that it is the
same for both baseline and mitigation scenariosisThiomass carbon declines from
52 tC/ha in 2000 to 29 tC/ha in 2030 in the basedicenario but increases to 72tC/ha
in the mitigation scenario. This represents anayemannual net uptake of carbon by
forests of about 1 tC/ha per year, which is comyaréo the average uptake used in
other similar studies (Nijnik, 2005). We also assuthat the soil carbon density
remains unchanged at 100tC/ha in the baseline sodmat that it increases at a rate
of 1% per year in the mitigation scenario, therebégching a level of 126 tC/ha in
2030. Adding the biomass and soil carbon densiggthe total carbon density for
each year under each scenario. Total carbon detesttyases from 152 tC/ha in 2000
to 129 tC/ha in 2030 for the baseline scenario ibateases to 198 tC/ha in the

mitigation scenario.
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Multiplying the total carbon density (tC/ha) by tleexd area (ha) under each scenario
gives the pool (tC) of carbon for each year. Siteecarbon density and the land area
decline in the baseline scenario, the carbon peolines from 544 MtC in 2000 to
332 MtC in 2030. In the mitigation scenario it ieases to 659 MtC by 2030 (Figure
1).
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Figure 1: Total carbon pool under forest protection

6.2.2 Monetary costs and benefits

In the baseline scenario, the cost of forest ptimeds set to be $1.5/ha/year. This has
been estimated based on the actual budget expenditw/iphya Plantations (DOF,
2001). It has been used on the assumption thastf@ameas in Malawi are poorly
protected due to the insufficient funds actuallyerdp for forest protection and
management. In the mitigation scenario, the costor#st protection increases to
$5/halyear. This is based on the approved budgierates for the Viphya Plantations
(DOF, 2002) which we assume that if actually diskedr could provide adequate

protection to the areas.

An average figure of $50/hal/year has been usedénbiseline scenario as the
opportunity cost of land or the benefits from laxmhversion. This is based on the fact

that some of the land is converted to commerciahiiag such as tobacco growing
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while some of it is used for subsistence farmingug, the land that is used for
commercial farming will have conversion benefitsatthwill be greater than

$50/halyear while those used for subsistence faymiili have conversion benefits
which will be less than $50/ha/year. There is pparstunity cost of land under the

mitigation scenario since no land conversion ocomder the forest protection option.

For benefits of protection a default value of $2ykar has been used in the baseline
scenario. A higher value should be used in thegatitbn scenario since mitigation

reduces degradation of the vegetation in the predeareas.

Total costs and benefits are determined by aggrep#te costs and benefits for the
baseline and mitigation scenarios. Thus, the neéfitefor the baseline scenario for
each year is obtained by subtracting the total obgtrotection from the sum of all

benefits of land conversion and the benefits fraredsts. The net benefit for the
baseline scenario declines from about $3,417,00200l to about $2,938,000 by
2030. The net benefit for the mitigation scenarw €ach year is obtained by
subtracting the sum of all costs of protection ukohg the opportunity cost of land

from the total benefits of protection. However, tiet benefit of forest protection as a
mitigation option is very sensitive to changeshe value of benefits obtained from
protection. For benefit values of less than $29#ar, the net benefit of protection is
negative. Higher values can be justified by inahgdindirect benefits of forest

protection such as watershed protection and sabi@n control, though their

computation is usually controversial. The mitigatioption uses a benefit value of
$40/halyear which is less than the benefit frond laonversion of $50/hal/year. This

justifies the need for continued protection.

6.2.3 Cost-effectiveness Indicators

Table 3 presents cost-effectiveness indicatorsrgézs: by COMAP for two discount
rates: 3 per cent and 10 per cent. The results shawthe cost-effectiveness indictors
are very sensitive to changes in the discount Fadeinstance the net present value of
benefits is positive at 10 per cent discount rat r@egative at 3 per cent discount rate.

Negative net benefits have been recorded up to ¢gre discount rate.
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Table 3: Cost-effectiveness indicators under protéion option

Discount Indictor
Rate NPV of benefits | Initial cost of Present value ofBRAC
Protection costs
$IC $/ha $IC $/ha $icC $/ha $IC
3% | -5.69| -523.32 0.05 5 11.20 1029 -0.43
10 % 0.52| 47.50 0.05 5 1.43 131 0.04

6.3. Reforestation/afforestation Option

Under this mitigation option, 4,825 hectares ofdlas to be reforested each year
starting from 2007 to 2011 bringing in a total @225 hectares of additional forest
land by 2011. The carbon gains, costs and benefid the cost-effectiveness

indicators of this project are presented below.

6.3.1 Carbon sequestration

The information needed to estimate carbon poolgHerreforestation option include
biomass density, soil carbon density, and carbartecd of biomass. In the baseline
scenario, we assume that the biomass density rerfiged at 20 t/ha until 2030. We
also assume a carbon ratio of 45 per cent sinceetlhee degraded lands. Thus,
multiplying the biomass density by the carbon raives the carbon density of 9
tC/ha per year. The soil carbon density is assutmdxe 70 tC/ha, again since this is
degraded land which has undergone a lot of humstnrances like cultivation. Thus,

in the baseline scenario, the carbon pool is estidhat 79 tC/ha.

Reforestation in the mitigation scenario has thteemital to increase carbon density
through increased carbon in vegetation, soil, dgmmimg matter and wood products.
For vegetation carbon, we assume that the plamecdes has a rotation period of 15
years, a yield (mean annual increment) of 12 tormfidsomass per hectare per year,
and a carbon ratio of 0.5 (since this is underdioy. We also assume that soil carbon
increases at 2 tC/ha over the rotation period ofedys, and then remains fixed in the

soil in perpetuity. Decomposition is equivalent $toring carbon. Thus, the

22



decomposition of biomass on land also createsck stbcarbon. In this analysis we
assume that the decomposition period is 6 yeadsttaat the amount of decomposing
carbon left behind is 6 tC/ha/year. If the forestducts are renewed continually, they
store a stock of carbon over an infinite periode Bmount of carbon stored in the
form of products will depend on the product lifdellonger the product life the more
carbon will be stored away. In this assessmentasgeime that the average product

life is 30 years, and the amount of carbon in tteelpct is 30 tC/ha.

The total stored carbon by the mitigation optiorthie sum of carbon in vegetation,
soil, decomposing matter and wood (forest) produldiss amounts to 128 tC/ha. The
pool of carbon for the reforestation scenario i8 Hfum of carbon stored by the
mitigation scenario and the baseline soil carbdms gives a pool of 198 tC/ha.

Multiplying the total carbon density (tC/ha) by tleexd area (ha) under each scenario
gives the total pool (tC) of carbon for each ydaor the baseline scenario, this is
fixed at about 2 MtC per year. However, for theigaition scenario, this increases to
about 2.5 MtC in 2007, 4 MtC in 2010, and stabgiz¢ about 4.8 MtC per year from
2011 to 2030 (Figure 2).
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Figure 2: Total carbon pool under reforestation prgramme
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6.3.2 Monetary costs and benefits

In the baseline scenario, the cost of reforestatms been assumed to be $5/hal/year.
In the mitigation scenario, reforestation incurdiah (establishment), recurrent, and
monitoring costs. These costs have been estimatedthe Tree Planting for Carbon
Sequestration and other Ecosystem Services Progegabudget. According to the
programme budget, the average establishment cabbist US$616/ha, recurrent cost
is 4US$/ha, and monitoring cost is US$8/ha (Mal@avernment, 2006).

In the baseline scenario, the annual benefits btaifrom working the degraded
lands have been assumed to amount to $10 /ha.hEomitigation scenario the
benefits are derived from the sale and utilisatbtimber, non-timber forest products
such as firewood, honey, mushrooms, orchids, eitt,carbon offsets. It is assumed
that timber production will contribute $150/ha cgithe harvest years. A non-timber
benefit of $5/ha is assumed for 2007, and thiseim®es overtime to a modest
maximum of $15/ha in 2015. According to the progmrerdocument, the government
is also to provide incentives to the participantshis programme. The incentives
include a payment of U$234 per hectare in the fired second year for successful
planting, managing and protecting the trees, antll@%er hectare in years 3 to 5 for
effective protection and management of the tréddsad been assumed that the sale of

carbon offsets will take place in the year 2012rathe establishment phase.

The total costs and benefits of the degraded lantise baseline scenario amount to
$120,625 and $241,250 per year respectively, gianmet benefit of $120,625 per
year. In the mitigation scenario, the net preseitier of benefits is sensitive to the
price of carbon. The price of long term carbon sstyation ranges between $5 and
$15 per tonn€. For any price less than $7 per tonne, the restgmt value of benefits

is negative. The conservative price of $7 per tavfrearbon has therefore been used.

6.3.3 Cost-effectiveness indicators

Table 4 presents the cost-effectiveness indicteregated by the COMAP model.

12 These figures are from the Plan Vivo used by ttiefiurgh Centre for Carbon Management Ltd
(http://lwww.planvivo.org/fx.planvivo/scheme/buyerspx)
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The NPV of benefits provided by the reforestatisagpamme is negative both at 3
per cent and 10 per cent discount rate. This issagprising considering that the

programme has very high establishment costs avega§bl6/ha. The cost of

establishing a forest plantation, excluding theaspmity cost of land was estimated

to range from $230 to $1000 per hectare with amamesof $400 per hectare (Sathaye
and Meyers, 1995 cited from Sedjo and Solomon, 1988

Table 4: Cost-effectiveness indicators for the refestation option

Discount Indictor
Rate NPV of benefits Initial cost of Present value dfBRAC
Protection costs
$IC $/ha $ic $/ha $ItC $/ha $IC
3%| -244.67| -28993.8 15.6| 1848.5| 269.81| 31972.5 -1.84
10%| -44.96| -5327.7 5 600 50 5977 -0.34

7. Conclusion

The major objective of this paper was to identifgrbon mitigation options and
analyse their costs, benefits and impact in thesfoand land use sector in Malawi. In
particular we wanted to identify a number of opsicdhat are likely to provide the
desired forestry products and services at the least and minimum negative

environmental and social impacts.

Forest mitigation options include maintaining eixigtstands of the trees through
reduced deforestation, or forest protection; expanthe stand of trees and the pool
of carbon in wood products through reforestatioogpgmmes; and providing wood
fuels as a substitute for fossil fuels. Two mitigatoptions have been analysed for
Malawi namely forest protection and reforestatilonthe forest protection option, we
assumed that adequate steps are taken to enstiBe3B6,000 hectares of forest land
is effectively protected until 2030. The reforestatoption takes into account the
Tree Planting for Carbon Sequestration and othesy{stem Services Programme,

initiated by the Malawi government in 2007. The graomme is to reforest about
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24,125 hectares of degraded land within five yedra cost of approximately $14.6
million. These mitigation options have been analysging the COMAP model.

Results from the analysis show that forest pradectian reduce carbon emissions in
Malawi at lower cost per tonne (or cost per hegtdran reforestation under the Tree
Planting for Carbon Sequestration and other EcemsysServices Programme.
However, our approach assumes that the major faotdributing towards poor forest
protection in Malawi is inadequate financial resms provided to protection agencies.
Government funding to forestry, national parks gache reserves has been very low
in most cases although there are some improveméhtss, reversing the current
trend in forest degradation will require a lot efources and new commitments from
the government, the private sector and non-govemtaheorganisations. The
resources will have to be used efficiently in impng human resources and
providing the required facilities and equipmentt Bunce resources could be just one
factor, we recommend further investigation on nametary measures that could be

undertaken to unsure that forests are effectivedyegted.

Although the reforestation option gives higher sdbtan the protection option, it has
greater potential as a mitigation option. Whateeded is detailed information on the
amount and type of degraded land that is availdbieforest expansion. Thus,
Malawi needs to carry out a comprehensive assessaofedegraded land that is
available for tee-planting, defined across silvigrdl (forestry) zones, because cost
per tonne of carbon (or per hectare) varies adarss type and tree species. With

such information, a new reforestation programmelmaanalysed.
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