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Executive summary

The resources provided by Malawi’s Mount Mulanje are under threat. This area of unique
biodiversity and endemic species is being encroached upon by cultivators, harvesters of timber,
charcoal-makers, fire-setting hunters, and, according to some, even staff of the Forest
Department responsible for its sustainable management. At the same time, the mountain
provides a broad range of natural resources and environmental services to the people who live
near it, including food, fuel, medicines, and, most importantly, pure clean water from its many
rivers and streams. If the encroachment is not stopped, all of the other services will be stopped,
to the detriment of those who live in Mulanje and Phalombe Districts. The cost of replacing
those services is likely to be much greater than the costs of preventing encroachment, and the
benefits reaped in the short run by those responsible for encroachment are likely to be far lower
than the benefits of sustainable use of the mountain.

This study looks at the values of Mount Mulanje from an economic perspective, in order to
estimate how much the mountain contributes to the economic well-being of the surrounding
community, and how those contributions will evolve over time under several different
management scenarios. Several interesting results emerge from this work:

The total value of flows from the mountain in 2005 is estimated to be close to six hundred
million kwachas, of which more than half comes from domestic use of fuelwood. Cedar
harvesting, most of which is illegal, comes a distant second at about seventy million
kwachas, and drinking water is a close third. Tourism, which is sometimes expected to
create economic incentives for resource conservation, is estimated at less than three million
kwachas in 2005, so it is not likely to achieve the goals sometimes expected of it.

In 2005 the use of fuelwood from the protected area exceeded its sustainable yield
including the dead wood shed by the trees by about a factor of three. Fuelwood demand is
going to grow with population growth, while the current excess of demand over supply
means that the stock of forest must be mined rather than harvested sustainably. Supply will
therefore decline over time until there is no forest left.

If business continues as usual in the region, we anticipate that miombo woodlands on the
mountain will be gone by 2011, and afromontane forests by 2016. With greatly improved
forest management and improved Forest Department operations, the lifespan of miombo
may be extended to 2014 and of afromontane until past 2023, which is the endpoint of our
projections. Once the forests are gone, we assume that most of the other non-timber forest
products will also be depleted.

This suggests that strategies designed to improve management of natural woodlands cannot
prevent them from being destroyed. Instead, we must look to strategies to reduce demand
for fuelwood, by developing other sources of energy for the region.

The data from which we have arrived at these conclusions are very imprecise. If any
management decisions are to be made based on this work, it is essential that this study be
followed up with collection of primary data in the Mulanje area to assess the validity of our
results.

All of the results of this study, including the spreadsheets and full text of the underlying

references, are being distributed on CD through COMPASS and MMCT, and are available on
the web at www.joyhecht.net.
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1. Introduction

The resources provided by Malawi’s Mount Mulanje are under threat. This area of unique
biodiversity and endemic species is being encroached upon by cultivators, harvesters of timber,
charcoal-makers, fire-setting hunters, and, according to some, even staff of the Forest
Department responsible for its sustainable management. At the same time, the mountain
provides a broad range of natural resources and environmental services to the people who live
near it, including food, fuel, medicines, and, most importantly, pure clean water from its many
rivers and streams. If the encroachment is not stopped, all of the other services will be stopped,
to the detriment of those who live in Mulanje and Phalombe Districts. The cost of replacing
those services is likely to be much greater than the costs of preventing encroachment, and the
benefits reaped in the short run by those responsible for encroachment are likely to be far lower
than the benefits of sustainable use of the mountain.

This study looks at the values of Mount Mulanje from an economic perspective. We are
interested in understanding who receives economic benefits from the mountain now, through
their direct consumption of the products of its forests or use of the abundant water flowing in its
streams and rivers. While these things are not sold for hard cash, and so are not included in
national economic statistics, they nevertheless have considerable economic value to those who
use them, and can be understood as “income in kind.” If nature did not provide those
resources, residents of local communities would have to find the funds to buy them, and would
be that much poorer as a result.

When we know the economic value of the mountain, we know what its neighbors will lose if
the resources continue to be destroyed, and what we can hope to retain indefinitely if the
mountain can be managed sustainably. The aim of this study, therefore, is to develop the
economic information with which to show what Mount Mulanje gives us now, and what we
will lose if we do not show better stewardship in the coming year.

This study has been a joint effort of COMPASS Il and the Mulanje Mountain Conservation Trust
(MMCT). Both organizations are interested not only in the results of this work, but in expanding
the application of economic approaches to resources management in Malawi. For this reason,
we are making all of the materials underlying this work available to interested users, including
the complex spreadsheet in which the underlying data are stored, the assumptions embedded,
and the calculations made. We are also distributing all of the references from which we
obtained data or background information in digital form, so users of this work can see where
our inputs come from. For copies of the CD containing this material, please contact COMPASS
or MMCT. All of this material is also available on the web at http://www.joyhecht.net.
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2.  About the Study

What are we studying?

This study is estimating the economic value of the resources being used from the Mount
Mulanje Forest Reserve. We begin by estimating how much was used in the base year, 2005,
and calculating its economic value. We then project physical availability and monetary value
of the resources provided by the natural forests (though not the plantations) under four different
scenarios.

Business as Usual: This scenario assumes that management of the forest is unchanged.
Demand for resources will increase with population growth, to a point at which they will be
completely depleted because demand exceeds sustainable yield.

Scenario 2, Improved Forest Management: Under this scenario, the combined effect of a
number of different projects and activities designed to increase resource-dependent incomes
and improve forest management is anticipated to raise the mean annual increment for miombo
woodlands throughout the protected area from a current level of 2.0 cubic meters per hectare to
an extremely optimistic level of 4.5 cubic meters per hectare. In addition, introduction of
improved cookstoves and compressed rather than baked bricks will reduce demand somewhat,
and the expansion of efficient resource-dependent economic activities will increase incomes
from aquaculture and irrigated agriculture at least for as long as there are still forests on the
mountain.

Scenario 3, More Effective Forest Department Role: In addition to the assumptions of scenario
2, this scenario assumes that the Forest Department is able to play a more effective role on the
mountain than it does at present. We assume that management of the plantations is turned over
to a private concessionaire, so Forest Department staff can devote their time to management of
the natural forests. We further assume that the Forest Department is able to retain the revenues
they receive for logging permits and other fees, and that they collect all that is owed including
all of the fees for removing headloads of wood from the protected area. This would greatly
increase their revenues, as the headload fees would amount to over forty million kwachas per
year. We then assume that with its greater resources and more limited responsibilities, the
Forest Department staff are able to reduce forest fires, illegal cedar cutting, charcoal burning,
agricultural encroachment, and other harm to the resources.

Scenario 4, Additional Plantations: The last scenario assumes that in addition to the previous
changes, about 7700 hectares of now-vacant land within the protected area is planted with
eucalyptus to be used for fuelwood. This scenario makes some unrealistic assumptions, notably
that even if miombo is still available at little or not cost, local residents can be induced to burn
eucalyptus instead. Moreover it does not address the question of whether the eucalyptus would
be sold, or would be available at no price for people to simply harvest and use; by not factoring
in a price elasticity of demand it implicitly assumes the latter. This makes it rather unrealistic. It
does show, however, that if demand were shifted away from the miombo woodlands, they
would survive much longer, buying time to address the problem of finding alternatives to
fuelwood as a source of household energy.

Scale of the analysis

Four distinct scales could be relevant to this study:
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The Forest Reserve. This is the area whose value we are trying to estimate; it is where the
degradation is occurring and endemic species still survive. Hardly anyone lives in the reserve,
but many people engage in economic activities there.

The immediate mountain region. This is the area from which people will walk to the mountain
to gather resources, and is the area that the Mount Mulanje Conservation Trust (MMCT) uses to
define scope the scope of its activities. People who live in this region comprise most of the
direct users of resources from the mountain. They also cause much of the degradation of the
mountain, through unsustainable harvesting practices; therefore in addition to being users, they
are potential protectors of the resources. This region has been defined as a seven-kilometer
buffer around the boundary of the protected area.

People who use gravity-fed water. People throughout the districts of Mulanje and Phalombe
obtain their water from the mountain, through gravity-fed systems or directly from watercourses.
These people benefit from protection of the forests on the mountain, even if they live too far
from the mountain to make direct use of other resources.

The country as a whole. This includes users and suppliers of resources such as charcoal,
ecotourism services, products marketed outside the region, and minerals if they were to be
exploited.

The study focuses on the second and third groups, since they include the communities that
benefit most directly from the mountain’s resources. Our data on the circulation of mountain
resources outside of the local region are extremely limited; further data on this group would be
of considerable interest if they were available, however.

Background Spatial Data

This study depends on a set of spatial imagery about the forest reserve and the 7 kilometer
buffer around it, developed for us by DAI staff in the United States. (Bouvier 2006) This
showed the outline of the protected area and the buffer and land cover within them. From the
National Statistical Office, we obtained data on the population and number of households in
the districts of Mulanje and Phalombe and the population and number of households in the
buffer. We assumed that only people within the buffer zone would actually walk to the
protected area to obtain resources, although we did not assume that everyone in the buffer
obtained their resources from the mountain. The calculation or estimation of the share of buffer
zone households using each resource is one of the areas of uncertainty in certain key results of
the study.

Figures 1 and 2 show the land cover in the protected area and the buffer. While they are
difficult to interpret in black and white, a few items can be observed. The darkest areas in
Figure 1 are afromontane forest, and the lightest shaded area forming a band on the northern
and eastern slides of the mountain are miombo woodlands. The very narrow strip of slightly
darker shading at the northeast edge of the protected area is assumed to be agricultural
encroachment. The white spots are cloud cover, while the medium shading covering most of
the mountaintops is high grassland. In the buffer zone, the quite small dark areas where
unprotected land juts into the protected area are miombo woodlands, while the medium shaded
areas south of the mountain are tea plantations.

Joy Hecht - Valuation of Mulanje Mountain COMPASS / MMCT, April 2006 3
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Figure 1. Land cover in the Mulanje Mountain Forest Reserve, 2002 (Source: Bouvier 2006)

Figure 2. Land cover in the 7-km buffer zone, 2002 (Source: Bouvier 2006)

Table 1 summarizes the areas in each land cover class, and shows their change over time. The
2002 data on hectarage in miombo woodland and afromontane forest are a key input into our

calculations.
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Table 1. Land cover in the Mulanje Forest Preserve and the 7-km buffer zone

1973 1989 2002 73-89 89-02 73-02
Afromontane Forest 9,292 6,140 7,928 -3,158 1,788 -1,369
Miombo Woodland 14,584 11,552 12,976 -3,077 1,424 -1,653
High grass 12,124 16,586 17,920 4,467 1,334 5,800
Rock 2,562 4,944 2,777 2,386  -2,167 218
Bare soil / no vegetation 10,351 2,834 2,318 -7,458 -516 -7,975
Plantation 851 1,337 3,292 491 1,956 2,447
Disturbed/shrub/re-growth 3,032 9,403 5,585 6,349 -3,818 2,531
Total classified area 52,796 52,796 52,796 0 1 -1
Cloud cover - unclassified 3516
Classified plus unclassified 56,312
Plantations in the 7km buffer zone 10,450 7,295 7,162 -3,155 -133 -3,289

How to value the mountain’s resources

Valuation of environmental goods and services is a major subject within the field of

environmental economics, and has been the focus of much research in the past two decades.
Through this work, economists have developed many methods for valuing the non-marketed

services of the environment. These include sophisticated models for estimating demand for

products, analyzing how environmental degradation affects crop yields or other plant growth,

tracking expenditures made to protect against environmental degradation, and so on. The
approaches used in this study are among the simplest, however, and do not involve any
sophisticated modeling.

Many of the prices used in this study come from surveys carried out by other researchers,

through which they identified the prices of forest products. We have borrowed their data,
adjusting for inflation as necessary. In conducting this study we have not had the time to

do primary data collection; had we had the time, we could have done market surveys to

obtain prices for many of the products extracted from the forest. The use of data from other

sources is approximate; however it does enable us to calculate rough values, which are
sufficient to set priorities for primary data collection in the future.

In a few cases the value of gathered resources has been based on the time required to

collect them multiplied by the prevailing rate for ganyu labor." The logic for this approach
is that the user of the resources may have a choice between putting her labor directly into

collecting them, or working for money and buying them; in that case the amount she would
earn if she sold her labor should be equivalent to what she would spend to buy the product.

Some forest products are sold by government at prices set by decree; these prices are
obtained from the appropriate government agencies. This applies to permit fees for cutting

plantation and natural woods, drinking water prices in urban areas, and fees for various
tourism activities.

The price data are combined with information on the quantities used of each mountain resource

to estimate total value. In many case quantity data can be harder to obtain than prices. The
sources are similar, however. Other studies have estimated quantities used of a number of
these resources, including fuelwood, thatch, poles, and drinking water in rural areas.

Government agents collect data on permits sold, visitor-nights at the mountain hut system, and

' Ganyu is the Chichewa term for unskilled day labor.
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drinking water provided to those whose use is metered. The tea estates provided data about
their use of irrigation water, and a few projects provided data about small-scale irrigation. In a
number of cases we had to rely on the best estimates of people with field experience in
Mulanje, who had a sense for how much people rely on mountain resources, or how much they
consume of certain products.

The results obtained in this way are not precise. This point cannot be overemphasized. Our
confidence in the precision of these figures is low. While setting a margin of error with such
inexact data is hard, we might place it at plus or minus thirty to fifty percent. This greatly limits
how these data can be used. They cannot be used by anyone who needs reliable data on which
to make operational decisions about projects on the mountain.

Our data can, however, be used to give a broad sense of the scale of the resource problems on
the mountain, and in particular how the different resources compare to each other in their
contribution to household incomes and in the extent to which they are threatened by overuse.
As the results of this study will show, there is enormous variability in the economic value of the
different resources from the mountain. Even given the very high estimated margin of error, the
patterns showing which are economically most important are reliable. Thus results of this study
are valuable in showing us what is driving the possible loss of resources on the mountain, and
where additional data collection is essential in order to better understand the situation on
Mount Mulanje.

Joy Hecht - Valuation of Mulanje Mountain COMPASS / MMCT, April 2006 6



3. Data Sources and Valuation Methods

The data in this study were obtained largely from the literature and from government records.
This section provides an overview of how we estimated current use and value of each resource,
and how we did projected each under the four scenarios. For the full detail on our
methodology, it is essential to study in detail the spreadsheet through which this analysis was
conducted; this is available from COMPASS Il or MMCT or on the web at www.jhecht.net.

Fuelwood (worksheet: Hhold wood)
The value of fuelwood was estimated in a number of steps, with a few key assumptions:

We located four different studies that estimated how much fuelwood is used per household
in Malawi, and two that estimated prices for fuelwood.? We essentially averaged these, to
arrive at an annual household use figure of 2,371 kilos and a market value of 2.35 kwachas
per kilo, or an annual value per household of 5,567 kwacha. Of course this is not
household expenditure on wood; very few households in this area buy fuelwood. Rather, it
is the market equivalent of resources that they obtain in kind, by expending their own labor
to collect it.

Using measurements of the weight of miombo species (Abbot and Lowore 1999), we
estimated the volume of wood used per household at 2.486 cubic meters per year.
Converting weight to volume is essential to compare household use with forest growth,
because the latter is typically measured in volume.

The total household consumption in the buffer zone, based on these estimates, would be
241,500 cubic meters per year. However, we do not think that everyone in the buffer zone
obtains all their fuelwood from the protected area; other sources include community wood
lots, tea wood, crop residues, miombo woodlands outside the protected area, and so on.
We assumed that 60% of household fuelwood comes from the protected area and the
remaining 40% from other sources. This gave us a 2005 volume of wood from the
protected area of about 145,000 cubic meters, valued at about 323 million kwacha.

The assumption that 60% of household fuelwood comes from the protected area is crucial to all
of the analysis that follows. It is an estimate, based on the impressions of MMCT staff who work
closely with communities in Mulanje and Phalombe; it is not a measured value. A number of
factors went into the decision to use this figure. There is very little wood growing in the buffer
zone, so some of the MMCT staff initially assumed that all fuelwood had to come from the
protected area. However, seven kilometers is a fairly long distance to walk to collect wood, so
we thought those on the outskirts of the buffer might be looking for wood elsewhere.

We also expected considerable variation across the buffer zone. The southern side of the
mountain is very steep, and has very little of the preferred miombo woodland growing on it.
Obtaining wood in that part of the forest would be very difficult. However that portion of the
buffer zone houses most of the tea plantations, which are in the process of ripping out old tea
and replacing it with higher-performing clonal species. The old tea wood is given to the
workers to burn, and constitutes a significant source of energy for some households. The
northern and eastern sides of Mulanje and Mchesi (which is also part of the protected area) are
still heavily covered with miombo woodlands, so we expected that more people in those areas

2 Brouwer et al 1997; Simons cited in Lowore 2003; Killy Sichinga (COMPASS Il staff) personal
communication; Abbot and Homewood 1999.
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will obtain wood from the forest than in the southern areas. The south-eastern portion of the
buffer is actually in Mozambique, and has not been included in our study, since we do not have
population data for Mozambique. For those near the border, less densely-settled Mozambique
may provide more sources of wood than lands within the buffer in Malawi. After discussing all
of these issues and reasons for spatial variation, we settled on 60% as an estimate of wood
coming from the protected area. However this is obviously no more than a somewhat-informed
guess. If any decisions are to be made based on these data, some primary data collection must
be done to derive a better understanding of how much household fuelwood really comes from
the protected area.

Tracey Konstant’s (February 2000) study of the use of forest resources around Mulanje sheds
some additional light on this issue. Her results are consistent with an estimate of sixty percent
of household fuel coming from the forest reserve. However, she does not provide the exact
data, only graphs, so this is not exact. Moreover, her interviews did not ask the quantity of
wood used from each source; she identified primary and alternate sources of household fuel but
not the quantities of each. In addition, due to bridges being washed out in the rainy season, she
was not able to conduct interviews to the north of the mountain, so that area is not represented
in her data. The greater availability of miombo on the north side of the forest reserve suggests
that more protected area wood will be used there than on the south; however this is speculation
in the absence of more specific data.

The business as usual projection of fuelwood use assumes that demand will grow at the same
rate as population; population growth projections come from the National Statistical Office, and
are based on the 1998 census. We assume that all demand will be met by miombo woodlands
for as long as they last. When they have been completed depleted, demand is expected to shift
to afromontane forest. However, because afromontane forest is less accessible and less
desirable as fuelwood, we assume that instead of 60% of household demand being met by the
protected area, the share drops to 30% at that point. This assumption serves as a proxy for the
impact of increased scarcity on use, as well.

In the second scenario, we expect that demand will be reduced somewhat through the
introduction of improved cookstoves and compressed rather than baked bricks. On the supply
side, we assume that the mean annual increment of miombo woodlands rises from 2.0 to 4.5
between 2005 and 2010.

In the third scenario we assume that the areas lost to fire and agricultural encroachment drop by
factors of four and three, respectively, due to improved policing by the Forest Department. We
also expect demand from the protected area to drop because of effective collection of the 7-
kwacha fee per headload by the Forest Department. The amount by which it will decrease is
determined by what economists call the price elasticity of demand, i.e. the percent change in
consumption in response to a 1% change in price. Based on the literature on forest economics
(Arnold et al 2003), we have estimated the price elasticity of demand for fuelwood to be about
1; that is, if the price goes up by 1%, the quantity used will drop by 1%. Based on the time
required to collect fuelwood and the price of labor, the 7-kwacha headload fee is equivalent to
a 12% increase in the price of wood. We therefore assume that wood use will drop by 12% in
response to the imposition of this fee.

In the fourth scenario, the new plantations are introduced as an additional supply of wood, to
be consumed before miombo woodlands or afromontane forests. Once they have grown to
maturity, we expect that demand will first be met by sustainable harvesting of those forests, and
only once that supply has been consumed will it be met from miombo woodlands.
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The supply assumptions are crucial to understanding how fuelwood demand drives this study.
In the business as usual scenario we assume a mean annual increment of 2.0 cubic meters per
hectare, and a dead wood shedding (or “slash”) rate of 1.46 cubic meters per hectare (the
former an accepted rule of thumb for degraded miombo woodlands, the latter from Abbot and
Homewood, 1999.) We estimate hectares lost to fire and agricultural encroachment, as
discussed below. The significant excess of demand over sustainable yield (including slash)
means that forest will be cut at far beyond the sustainable yield. Thus every year the volume of
available wood drops, leading to less growth the next year. By combining the demand growth
projections with the supply projections we can determine in what year there will be no forest
left in the protected area.

Drinking Water (worksheet: water use)

Rural drinking water use is neither monitored nor paid for in rural areas, so our estimates of use
and values are based on data from urban areas where it is metered and billed. The estimation
steps are as follows:

From dwelling unit data from the 1998 census, which asked about source of household
water, we determined the share of rural households in Mulanje and Phalombe that use
gravity-fed water. All gravity-fed water in the two districts comes from the protected area, so
we did not limit our analysis to the buffer zone. We did not consider whether the quality or
quantity of ground water may also be affected by forest degradation on the mountain, as this
goes beyond the scope of this study.

From the Southern Region Water Board (SRWB), we obtained monthly data for 2004 and
2005 on the total quantity consumed in urban areas, amount billed, and prices for each
consumer group; households with direct hookups, households using metered community
water points, commercial organizations, and institutions. All SRWB water is gravity fed, so
there was no need to be concerned that some of these data should not be included in our
study.

We assumed that urban households on standpoints use the same amount of water as rural
households on standpoints. Since census data tell us how many rural households are on
standpoints, we extrapolated from urban standpoint water use figures to estimate rural water
use.

The SRWB water price is about 46 kwacha per cubic meter through individual connections
and 12 kwacha per cubic meter at community standpoints. We used the SRWB standpoint
price to value all gravity-fed household drinking water in rural areas.

We assumed that all commercial institutions and institutions are served by the water board,
and therefore did not estimate any additional unpaid use for them.

In all of the projections, we assumed that once all forest cover is gone from the protected area,
the availability of drinking water will drop by 25% due to siltation of the intakes or greater
seasonable variability in water flows.

Cedar (worksheet: Cedar)

Two studies provide data on the extent of Mulanje cedar, one from 1989 (Sakai May 1989a) and

the other from 2004 (Makungwa 2004). By comparing their data, we estimated the overall
annual loss of cedar hectarage and volume. Several things contribute to that loss; legal cutting
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of dead cedar, illegal cutting of live and dead cedar, fire, and aphids (a parasite that kills live
cedar). We assumed that the same overall rate of cedar loss would continue under the business
as usual scenario; the challenge is to estimate the causes of cedar loss.

We had two data sources on permits to remove dead cedar, one from Makungwa, who
averaged data over several years, and the other from the Mulanje Forest Department, for 2004.
We used the Makungwa figures, as he had access to more primary data than we did. This
accounted for 400 cubic meters of a total annual loss of 5611 cubic meters. Based on
discussions with Julian Bayliss, MMCT ecologist, we estimated that of the remaining 5211 cubic
meters lost, 4800 is live cedar, and of that, 2400 is illegally cut and the rest lost equally to fires
and parasites. Of the 411 cubic meters of lost dead cedar that is not harvested legally, we
assumed that half is harvested illegally and the rest lost to fires. Based on his research on cedar,
Julian estimated a mean annual increment of 1 cubic meter per hectare.

Based on these numbers, we calculated for how many years cedar would continue to be
available under the business as usual scenario. The second scenario does not make any
change, but in the third and fourth scenarios we assume that the Forest Department will prevent
all illegal cutting, and loss to fire will drop due to improved Forest Department fire prevention.

Thatch (worksheet: Hhold NTFPs)

From Simons (1997), cited in Lowore (2003), we have data on the number of bunches of thatch
used per year in an average household and the price of a bunch of thatch in 1997. We updated
the price to 2005 kwacha to determine average household expenditure now. Based on
discussion with Gerard Meke at FRIM we assumed that 80% of thatch in the buffer zone comes
from the protected area. This allowed us to calculate the total number of bunches and value of
thatch from the protected area.

We project thatch use to increase with population growth in all four scenarios.
Agricultural Encroachment (worksheet: encroachment)

Although agricultural encroachment harms the forest and reduces yields from fuelwood and
NTFPs, it creates agricultural revenue as well, and must therefore be included in the analysis.
We estimated the area encroached on so far using the 2002 satellite imagery developed by DAI
(Bouvier 2006). We assumed that bare land at the edges of the protected area is in fact
agricultural encroachment; based on this, we calculated that 1,934 hectares of land in the
protected area are now being cultivated. The value of this land was calculated by assuming a
maize yield of 800 kilos per hectare, and a price of 1,000 kwacha per 50-kg bag. Prices are
higher in drought years (like this one); this is a typical price. Based on this price we estimated
the total value of maize grown within the protected area.

We experimented with two methods for estimating the land area lost to agricultural
encroachment. The first calculates encroachment based on population increase, assuming that
availability of non-encroached land becomes increasingly tight so the rate of encroachment will
be higher in the future than it has been in the past. The second projects the rate of
encroachment based on land cover change from 1973 to 1989 to 2002 (Bouvier 2006). We
used the first method in subsequent calculations, because we expect land supply to be more
restricted in the future than it has been in the past. In particular, the 1990s saw decreasing
population in Mulanje and Phalombe as many of the Mozambican refugees fleeing the civil war
in their country returned home, so encroachment rates were very low. We therefore assumed
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that in the future 15% of the new households formed because of population growth would
encroach into the protected area in order to obtain land on which to grow crops.

This rate does not change in the second scenario. In the third and fourth scenarios, however,
we assume that the Forest Department is more effective in preventing encroachment, so only
5% of new households are expected to cultivate protected area land.

Poles (worksheet: Hhold NTFPs)

We have data from Simons (1997), cited in Lowore (2003), on the average days of labor
required to gather the poles needed for an average traditional house. We multiplied the labor
figure by the price of ganyu labor in the Mulanje area to obtain the value of poles per house.
We used NSO data from the 1998 census to calculate the number of households in the buffer
zone who live in traditional structures. Of those we assumed that 50% obtain their poles from
the protected area. We further assumed that a traditional pole and mud house must be replaced
every two years. This enabled us to calculate the number of new houses built each year, and
therefore the value of poles used in new home construction each year.

We expect the use of poles to increase with population growth in all of the projections.
Tea Irrigation (worksheets: water use, Tea estate irr.)

Quantifying the water used for tea irrigation was easy, as the manager of Lujeri generously
provided his full data on 2004 irrigation. We used this to estimate irrigation of clonal tea on
Eastern Produce estates as well. Only newly planted clonal teas are irrigated; the traditional
teas are rain-fed. We have data from both companies on their hectarage in clonal tea, so we
could calculate water used per hectare by Lujeri and apply that rate to Eastern Produce.

Estimating the value of that water is more difficult. The tea estates purchase permits to extract
water for irrigation, but the permit price is a flat fee and is not based on the amount of water
extracted. Each year the estates replace up to 2% per tea of their total tea area with clonal teas;
this enabled us to estimate a growth rate for tea irrigation for all four projection scenarios. We
assumed that the availability of irrigation water would drop gradually as forest on the mountain
degrades, leveling off at 25% starting levels once there is no forest left on the mountain. This
assumption is consistent across the four projections.

In agricultural economics, the ordinary way to estimate the value of an input such as water
would be to calculate the value of the crop with and without that input, and attribute the
difference in value to the additional input. This was not possible, for two reasons. First, we do
not have any financial data on the tea estates. More importantly, however, irrigated and non-
irrigated teas are two different varieties. The difference in value, therefore, cannot be attributed
only to the water inputs; it is also due to introduction of a new variety of tea.

Very few countries charge for irrigation water. Where they do, the fee is generally intended to
cover the costs of delivery rather than the scarcity value of water. The tea estates have installed
their own irrigation systems and do not depend on public infrastructure such as dams, so they
have borne the delivery costs already. It is not clear whether irrigation water is in fact scarce,
and therefore whether any scarcity pricing system would be justified. To determine that, we
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would need to carry out hydrological studies on Mulanje which are beyond the scope of this
project, and which have not been conducted by anyone to our knowledge.’

When farmers do pay for irrigation water, they generally pay much lower prices than domestic
users. With that in mind, we have estimated the value of tea irrigation water at half the price of
rural water use, or about 6 kwacha per cubic meter. Compared with other irrigation water
prices this is probably too high.

The issue of tea irrigation water pricing is important if we are interested in encouraging water
users to protect the forests that now contribute to the quality of that water. If the forests are
degraded, those who use gravity-fed water for drinking, irrigation, or aquaculture will lose some
or all of the water on which they depend. Depending on how much they use, the value of that
water in their activities, and the alternatives to using that water, they may be willing to pay to
ensure that the gravity-fed water will continue to be available. Since the tea estates use more
water than any other individuals, and may have more financial resources available for source
water protection, the question of how much they might be willing to pay to ensure access to
water is an important one.

We do not have enough information to assess whether or how much water users (particularly
the tea estates, but aquaculturalists and drinking water users as well) might be willing to pay for
water. Discussions with the directors of Lujeri and Eastern Produce in November 2005 suggest
that neither feels the profitability of their tea is threatened by forest degradation on the slopes
above them, in which case they will not feel it necessary to invest further in watershed
protection. They also suggest that their profit margins are small, as Malawi tea is a small player
subject to world prices. If source water protection seems useful, this may warrant more
investigation in the future.

Fuelwood for Brick Burning (worksheet: Bricks)

We have data on use of fuelwood in burning bricks from two studies, one of Uganda and the
other of Malawi. (World Bank/UNDP et al 1989, Zingani 2005, respectively). In Uganda they
appear to use much larger bricks than in Malawi, as each one weighs 5.85 kilos. However, the
Uganda study indicates how many bricks are needed to make houses according to the number
of rooms in the house, whereas the Malawi study does not allow us to estimate how many
bricks would be used, only the quantity of wood required to fire them. We have, therefore,
used the Ugandan rather than the Malawian data, although we have provided both sets of
information in the spreadsheet and the references.

The Uganda study provides data on the quantity of wood required to fire a load of bricks, the
number of bricks per load, and the number of bricks required to build houses of sizes varying
from one to six rooms. From the 1998 census, we have data on the number of permanent
houses in the same size classes for Mulanje and Phalombe. Assuming that 80% of permanent
houses are made of burnt brick, we calculated the number of permanent houses of each size in
the buffer zone, the bricks required to build those houses, and the quantity of wood required to
fire those bricks. Since commercial brick-makers are known to buy fuelwood from plantations
in the region, and Konstant (2000) reports that in 2000 brick burning did not affect the
availability of fuelwood resources, we assumed that only 20% of wood for firing bricks comes
from the protected area. Based on this assumption, we calculated the quantity and value of
wood from the protected area used to fire brick. Because we assumed that only 20% of wood

* A team funded by the Scottish Executive and organized by Paul Shaw (www.geovision.co.uk) may be
undertaking such work in the next six months; however their funding is not yet certain.
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for brick burning comes from the protected area, our numbers are relatively low. A lot of other
wood is required for these bricks; however it does not affect the protected area under our
assumptions.

In the business as usual scenario, we expect the use of wood to rise with population growth. In
the second scenario, we expect it to drop somewhat as some burnt bricks are replaced with
compressed bricks. We do not anticipate any further change in fuel use for brick manufacture
in the third and fourth scenarios.

Beekeeping (worksheet: honey)

Estimates of the current level of beekeeping activity were provided by Moffat Kayembe of
MMCT. Data on the cost structure of beekeeping activity, including consolidation, transport,
and retailing, come from a study carried out by Kadale Consultants (2005). We applied the
Kadale data to estimate beekeeping revenue within the Mulanje area and elsewhere in the
country.

In the business as usual scenario, we assume that the level of beekeeping in the region will be
unchanged. In the second scenario, we initially anticipated that it would increase and become
more profitable, as the Malawi gold standard techniques are applied by beekeepers. However,
the beekeeping experts who conducted the gold standard analysis considered productivity in
the Mulanje area to be too low to support expanded honey production. We therefore projected
no increases in output under any scenario. In all four projections, we assume that once the
protected area forests are gone, all beekeeping will end, since the pasture for the bees will have
been destroyed.

Tourism (worksheet: tourism)

We have data on visitor nights in the huts on Mount Mulanje from two sources, the Forest
Department offices in Mulanje and Phalombe, and InfoMulanje, a visitor center in Mulanje
BOMA. Although both sets of data are fully presented in the worksheet, the consensus of
MMCT staff was that the Forest Department data would incorporate all of the InfoMulanje data,
so our calculations are based only on Forest Department data. We are missing data on visits to
the mountain by members of the Blantyre-based Mulanje Mountain Club (MMC). Club
members pay for hut nights through the club, not through the Forest Department, and we were
not able to obtain the MMC records for this study. Our figures are therefore somewhat
underestimated.

Although the Forest Department data are in some respects insufficient, we estimated the number
of visitor nights, the number of days for which porters and guides were hired, forest entry fees,
and parking fees. Porter and guide fees go to community members; all other fees go to the
Forest Department. This enabled us to estimate annual community and Forest Department
revenue for 2004.

In the business as usual scenario we assume no growth of tourism over time. In the other three
scenarios we assume a 3% growth in tourism revenue per year, as a result of increased efforts to
market Mulanje as a destination. In all four projections we assume that once the forest cover is
gone, tourism will drop off by 25%.

Crafts (Worksheet: crafts)
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The data on returns to woodcarving and crafts sales are based on discussions with the vendors
at the Mulanje Forest Department headquarters in Likhabula. They provided a basis for
estimating their costs and net income and the size of the industry as a whole. This is probably
an underestimate, since it does not include curio sellers whose wares are not sold through
shops in either Likhabula or Chitikale. It also does not include the revenues to merchants who
purchase in the Mulanje area for sale elsewhere in Malawi or in other countries.

We do not anticipate any increase in craft sales in any of the projections.
Charcoal (Worksheet: charcoal)

Our data on current charcoal use are based on estimates of current volume by Carl Bruessow of
MMCT; thus they are very crude guesses. In the business as usual scenario, we project that they
will increase at twice the population growth rate of Blantyre. We do not expect any change in
the second scenario, but in the third and fourth scenarios we anticipate that with improved
Forest Department performance charcoal burning will be controlled somewhat. In those
scenarios we expect it to increase by the change in Blantyre population rather than twice that
change.

Aquaculture (Worksheet: aquaculture)

Our data on the cost structure for aquaculture come from two sources, the National Strategic
Aquaculture Plan (Malawi Department of Fisheries 2005) and a study carried out by ICLARM
(ICLARM 1991). We obtained estimates of the quantity of aquaculture activity in Mulanje and
Phalombe from John Makina of the Shire Highlands Sustainable Livelihoods Programme in
Mulanje.

In the business as usual scenario, we assume that there will be no growth in aquaculture. In the
subsequent scenarios, projections of future returns to aquaculture are based on the cost
structure developed in conjunction with the Malawi gold standard for aquaculture and estimates
of how many fish farmers would adopt the gold standard techniques in Mulanje and Phalombe.
We further assume that once all of the forest on the mountain is gone, the resulting degradation
of water quality due to sedimentation will make aquaculture impossible.

Rope (Worksheet: Household NTFPs)

We have estimates of household use of and expenditure for rope from a study by Gacheke
Simons, cited in Lowore 2003. We assumed that half of the rope used by households in the
buffer zone comes from plants in the protected area. In all four projections we assume that use
of rope will grow with population, and that once all of the forest cover is gone the supply of
rope will be gone as well.

Plantation sawlogs, poles, and fuelwood (Worksheet: Comm. wood)

We have data on quantities sold and revenues received for sawlogs, poles, and fuelwood (and
associated permit revenues) from the Forest Departments in Mulanje and Phalombe. We have
assumed that these will not change in the business as usual scenario or scenario 2. However
Scenarios 3 and 4 assume that the management of plantations in the protected area will be

privatized, in which case the Forest Department will no longer receive these revenues.

Fires (Worksheet: forest fires)
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Fires on the mountain, deliberately set by hunters and Forest Department staff, accidentally set
by pitsawyers or through fire break management, or naturally set by storms, have burned much
of the Mulanje forests. We obtained data from the Forest Department offices in Mulanje and
Phalombe concerning the areas damaged and completely destroyed in protected area
plantations between 1992 and 2004, and compared them with similar data from the
FORINDECO study (2000). We equated one hectare of damaged forest with 0.5 hectare of
destroyed forest to come up with an average area destroyed each year over that time period,
and to calculate the share of the plantation land burning each year. Through discussions with
Gerard Meke (FRIM), we estimated that plantation burns much faster than miombo woodlands
and somewhat faster than afromontane forests. Assuming that fire strikes evenly throughout the
forest, we assumed that if (based on our calculations) 4.5% of the plantations burn each year,
then 3.0% of afromontane forests would burn and 1.0% of miombo woodlands. Applying these
ratios, we calculated the amount of miombo and afromontane forest expected to burn each
year.

We projected forest loss due to fire in the business as usual scenario and scenario 2 by applying
these rates of loss. In scenarios 3 and 4 we assumed that better management by the Forest
Department would reduce the hectares lost to 25% of the initial levels.

Missing data

We have no data on several NTFPs of interest; mushrooms, grazing, wild honey, gathered fruits,
medicinal plants, and hunting. Of these, medicinal plants may be of the great economic
interest, because they are exported to South Africa, Mozambique, and other countries in the
region. Returns to hunting are probably very low; however the harm caused by fires set by
hunters is high, so additional information about hunting would be of interest.

Bauxite

The possibility of mining bauxite on Mount Mulanje is conspicuously absent from this study.
Bauxite is known to exist under the south western part of the mountain, and its mining has been
under discussion in the country for several decades. In 1994 a Canadian company, Met-Chem,
prepared a feasibility study for the exploitation of this resource. (Met-Chem 1994) Since then,
the project has been included in the government’s investment plan, but no one has followed up
on it.

We have chosen not to include bauxite in this study for two reasons. First, an analysis of the
possible returns to bauxite mining, or benefits of the project to the country or the Mulanje
region, goes far beyond both the scope of our effort and the skills we bring to the work. It
might be feasible to estimate the loss of mountain resources that would result from mining, but
we could not balance that with estimates of the revenue it would bring.

Second, perhaps conveniently, no mining company has expressed interest in pursuing these
resources. They are located on top of the plateau, at 2000 meters, and it is a given in the Met-
Chem study that a road could not be built up the mountain to bring in machinery and workers
or remove ores. Bringing the resources from Mulanje to a port would be costly as well; the
nearest one would be a full day’s drive away at Beira in Mozambique. Moreover, there is an
effort underway to declare Mulanje a world heritage site. If this happens, then any efforts to
mine the bauxite would likely meet with strong resistance from international NGOs. While
they do not always succeed in blocking projects, international NGOs can create considerable
delay and bad publicity. All of these factors are probably contributing to the lack of commercial
interest in Mulanje bauxite. The resource is not rare, and there are surely easier places to mine
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than on the top of a very steep 2000 meter plateau with no access to ports and the potential for
vocal international opposition.

We have, therefore, concluded that the mining of Mulanje bauxite is not a serious threat, and
have omitted it from our work.
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4. Results

Current Use of Mulanje Resources

Table 2 provides an overview of the estimated value of resources obtained from the mountain in
2005, in current kwacha. The first data column of the table shows the value accruing to people
who live in the area, either through their consumption of mountain resources, or through
revenues that they earn by selling products made at least in part with mountain resources. The
second data column shows how much the Forest Department collects in fees and permit
charges for use of mountain resources. It is frequently asserted that in fact much of what they
collect stays with the officers who collect it rather than being recorded as official revenue; these
data only include recorded revenues, and do not include estimates of bribes paid. The last
column indicates revenues accruing elsewhere in the country. These will arise when mountain
goods are sold elsewhere in Malawi or in other countries, as is the case with crafts, honey,
medicinal plants, and possibly other products. We only have data on these revenues for honey;
the question marks indicate amounts which we know exist but cannot estimate.

Table 2. Value of Mulanje resources, 2005, in kwacha

Value added in | Forest Department Value added outside
Activity Mulanje/ Phalombe Revenue Mulanje/ Phalombe
Household fuelwood use 323,190,649 29,345
Cedar sales (legal and illegal) 74,299,847 3,923,852
Gravity-fed drinking water 71,843,416
Thatch for domestic use 32,371,059
Agricultural output on
converted land 30,944,000
Tea irrigation 20,157,587
Poles for home construction 17,789,401
Fuelwood use for bricks 4,526,003
Honey 2,008,920 18,180,000
Crafts sales 1,587,600 ?
Tourism 1,396,600 1,411,000 ?
Smallholder irrigation 1,332,000
Charcoal 784,750
Aquaculture 734,310
Rope 145,916
Plantation sawlogs 371,840
Plantation poles 1,278,584
Plantation fuelwood 1,727,757
Mushrooms gathered NO DATA
Grazing NO DATA
Honey gathering - wild NO DATA
Gathered fruits NO DATA
Medicinal plants NO DATA
Hunting NO DATA
Total value from forest-based
activities 583,112,058 8,742,378 18,180,000

As the table shows, fuelwood is by far the most valuable resource obtained from the mountain,
accounting for more than half the total revenue. Cedar and drinking water come a distant
second; most of the cedar is harvested illegally. The third group of significance includes poles,
thatch, irrigation water for tea, and the value of agricultural output on land that has been
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cultivated within the protected area. The uncertainties in estimating a price for tea irrigation
water, discussed above, make this a somewhat unreliable figure.

Tourism contributes very little to the economic value of the mountain. This is of interest, since
there is often hope that a strong environment-based tourism industry would create an incentive
for local communities to protect natural resources. This seems unlikely. While the small group
of individuals for whom tourists are a source of revenue may come to appreciate protection of
the mountain’s resources, they are unlikely to carry much weight with the much larger group
that uses the fuelwood. Moreover, tourism on Mulanje is largely driven by the mountain itself,
not its biodiversity, and it has no large mammals of the sort that attract significant tourist
numbers. All of these factors suggest that tourism is not likely to be a significant driver for
conservation of the mountain’s resources.

Projections

The projections are carried out in two steps. The first step is to project demand for and supply
of fuelwood from the protected area in physical terms, distinguishing between miombo
woodlands and afromontane forests and identifying the point at which natural forests have been
completely depleted. We assume that all consumption comes from the miombo woodland until
it has been depleted, at which point it shifts to the afromontane forests at half the rate at which
miombo was consumed. The second step is to calculate the value of each resource in the
future, based on our estimates of the quantity that will be available under the four scenarios.
Our projections extend to 2023, because that is how far the NSO population projections go.

These kinds of projections - and the rather Malthusian conclusions that can result — have been
the subject of forest and fuelwood work in resource-dependent countries for several decades.
As discussed in Arnold et al (2003), the 1980s saw a proliferation of calamitous warnings about
fuelwood shortages. These did not come to pass, however; fuelwood use did not grow with the
rate of population growth, and forests were not wiped out.

Subsequent research found many factors that may explain why the dire predictions were wrong.
The early studies assumed that the natural growth of living forests was the only source of
fuelwood, whereas in fact much wood use actually came from brush and dead wood.
Households were observed to rely on crop residues when wood was not available, and to shift
to foods requiring less cooking when energy was in short supply. When fuelwood was
purchased rather than gathered, households responded to scarcity-induced price increases by
shifting to other fuels, including charcoal.

They also found that tree-planting programs intended to meet local fuelwood needs did not
accomplish that goal. If they planted trees at all, rural communities preferred to use them as a
source of income rather than a source of fuel, and to make due with other sources for energy.
Similar findings have emerged anecdotally in Malawi, where community plantations are
reported to be clearcut for sale and the cash diverted to other uses, rather than maintained as a
sustainable source of fuelwood.*

Improved cookstoves have similarly not taken hold as a strategy to reduce fuelwood use.
Several factors may come into play here. Some stoves are quite expensive for households to
buy, and if fuel is free (even though scarce), they may prefer to allocate cash resources to other
purchases. Inexpensive clay stoves are reported to be too flimsy and break too quickly to be
worth using. Moreover, in Malawi the fire serves not only for cooking, but also as a focus of

4 Personal communication, Eston Sambo, March 2006.
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social activity, as people congregate around its warmth and light to chat in the evening. An
efficient stove that emits no light or excess heat will not provide the focus for a social gathering
that a cooking fire does; indeed, households with efficient stoves may still wish to build the fire
for social reasons.’

In our projections we have included the factors that may mitigate the impacts of population
growth on fuelwood use in Mulanje in several ways. We have accounted for the dead wood
shed by natural forests, and have anticipated that the rate of fuelwood extraction from natural
forests will decrease once the resource becomes scarcer. We have estimated the impact on
demand of an effectively-implemented headload fee. We are, in effect, assuming that these
adjustments capture the impact of fuelwood scarcity in the protected area on its use,
incorporating shifts from protected area to community forests, from protected forest to other free
energy sources such as crop residues, from protected area forest to purchased fuels, and actual
decrease in energy use.

In our projections we have made very optimistic assumptions about the possibility of improving
forest management. The second scenario assumes that the mean annual increment of miombo
woodlands will go up to 4.5, which is higher than any observed growth rates for miombo, and
is based on the guesses of government foresters as to what might be achieved with optimal
knowledge about how to manage these ecosystems. Moreover, we assume that this will be
achieved across the entire miombo woodland in the protected area, which is certainly beyond
the implementing capacity of the projects and organizations now working to improve forest
management in the region. The third scenario goes further, and assumes that the Forest
Department staff will be willing and able to reduce encroachment, fires, illegal harvests of cedar
and other species, and charcoal-making, and will honestly collect headload fees so the
resources can be used for forest management work. These assumptions are also unrealistically
optimistic; more accurate ones might show the forest degrading faster than we have suggested.

Our estimates are therefore very inexact. We did not do primary data collection for this study;
this is entirely based on other estimates, some of which were made for other parts of Malawi or
other countries. We do not know what the actual patterns are of fuelwood use in the region,
nor do we have accurate local data with which to reliably estimate the impact of scarcity or an
increase in price. If the results of this analysis are to be used, it is essential that the data be
collected to determine what fuelwood patterns actually look like.

With that caveat, Table 3 shows Table 3. Lifespan of Woodlands

the lifespan of the miombo Miombo Afromontane

woodlands and afromontane Business as Usual 2010 2016

forests under our four scenarios. Scenario 2 2011 2018

Tables 4 and 5 help explain the Scenario 3 2014 declining in

results shown in Table 3. Table 4 2023
Scenario 4 almost gone in 2023 | healthy in 2023

shows the components of demand

for fuelwood. It highlights that household use overwhelmingly dominates the other uses under
all four scenarios.

Table 5 compares demand for and supply of wood, showing that demand for wood greatly
exceeds the yield from the forest provided both by natural growth (mean annual increment) and
by natural shedding of dead wood (slash). As the table shows, even in 2005 demand is almost
six times the sustainable yield from the forest (mean annual increment plus dead wood). As
population grows, the excess of demand over supply will be met by cutting down whole areas

> Personal communication, Karen Edwards, April 2006.
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of forest. That, in turn, will reduce the next year’s natural growth and slash, since fewer
hectares of forest are available to grow or shed dead wood.

Table 4. Demand for Fuelwood at five-year intervals, in cubic meters

2005 2010 2015 2020 2023
Business as Usual
Household use 144,900 181,550 222,690 271,721 307,204
Brick Baking 1,928 2,242 2,570 3,164 3,664
Charcoal 515 789 1,144 1,618 1,988
Total, BAU 147,343 184,580 226,405 276,503 312,856
Scenario 2
Household use 144,900 170,580 209,398 260,351 297,665
Brick Baking 1,928 1,513 1,702 2,095 2,426
Reduction in Demand with Improved
Stoves 0 -2,995 0 0 0
Charcoal 515 789 1,144 1,618 1,988
Total, Scenario 2 147,343 169,886 212,243 264,063 302,078
Scenario 3
Household use 127,512 150,239 176,097 207,040 229,476
Brick Baking 1,928 1,513 1,702 2,095 2,426
Reduction in Demand with Improved
Stoves 0 -2,995 0 0 0
Charcoal 515 640 774 923 1,025
Total, Scenario 3 129,955 149,397 178,572 210,057 232,926
Scenario 4
Household use 127,512 150,239 176,097 207,040 229,476
Brick Baking 1,928 1,513 1,702 2,095 2,426
Reduction in Demand with Improved
Stoves 0 -2,995 0 0 0
Charcoal 515 640 774 923 1,025
Total, Scenario 4 129,955 149,397 178,572 210,057 232,926

The second scenario, in which we assume that natural growth increases to a wildly optimistic
level, shows very little impact on the life span of the forest. This is a very significant result. The
strategy for forest management in recent years is based on the idea that if communities take
responsibility for their own forest, and have an economic interest in ensuring their protection
because they are earning higher incomes that depend on the forest, then they will ensure that
the forest around them is harvested sustainably rather than mined. However, the fact that even
with an MAI of 4.5 the miombo woodlands will still be gone by 2012 means that the available
forest land cannot be sufficient to meet the demand of the existing population. In the short run,
individual communities may be able to manage the forests around them sustainably. Over
time, however, the pressure from fuelwood demand means that villages that do not have
enough forest to meet their needs will unavoidably overrun the nicely managed forests of the
villages that do have enough. Given the current population level and the amount of land, mean
annual increment would have to be at least 15 for the existing natural forest to sustainably meet
the fuelwood needs of everyone in the region.

This is why we introduced the fourth scenario, in which eucalyptus is planted in open space
within the forest preserve. Eucalyptus does have an MAI of about 15, so it could grow fast
enough to meet the needs of the population in the region. And indeed, the results of that
scenario suggest that if households could be induced to burn eucalyptus instead of miombo
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Table 5. Demand for and supply of wood, in cubic meters

2005 2010 2015 2020 2023
Business as Usual
Demand, m3/year 144,900 181,550 222,690 271,721 307,204
Miombo:
Volume of available dead wood 18,941 15,752 0 0 0
Natural growth of this forested area 25,952 21,583 0 0 0
Afromontane:
Volume of available dead wood 11,573 9,837 8,101 0 0
Natural growth of this forested area 15,856 13,478 11,099 0 0
Scenario 2
Demand, m3/year 144,900 170,580 209,398 260,351 297,665
Miombo:
Volume of available dead wood 18,941 15,752 0 0 0
Natural growth of this forested area 25,952 48,561 0 0 0
Afromontane:
Volume of available dead wood 11,573 9,837 8,101 0 0
Natural growth of this forested area 15,856 30,325 24,973 0 0
Scenario 3
Demand, m3/year 127,512 150,239 176,097 207,040 229,476
Miombo:
Volume of available dead wood 18,941 17,957 0 0 0
Natural growth of this forested area 25,952 55,358 0 0 0
Afromontane:
Volume of available dead wood 11,573 11,139 10,705 10,271 10,010
Natural growth of this forested area 15,856 34,338 33,000 31,662 30,860
Scenario 4
Demand, m3/year 127,512 150,239 176,097 207,040 229,476
Miombo:
Volume of available dead wood 18,941 17,957 16,672 15,199 14,166
Natural growth of this forested area 25,952 55,358 51,397 46,855 43,671
Afromontane:
Volume of available dead wood 11,573 11,139 10,705 10,271 10,010
Natural growth of this forested area 15,856 34,338 33,000 31,662 30,860

woodlands, the natural forest could be protected for an extended period of time or perhaps
indefinitely. This is, of course, one element of the Malawi government’s energy strategy.
However, as mentioned above, tree planting programs have not typically been effective as a
way to meet local fuelwood demand. While in biological terms eucalyptus plantations could
replace miombo woodlands and allow them to regrow, it will hard to induce households to
burn eucalyptus when the natural forests are still there and could be cut instead.

The large pressure on the forest from fuelwood demand raises the question of whether any
supply-side approaches can ensure protection of natural forests or a sustainable supply of
fuelwood and NTFPs. It also forces us to think about whether our concern with regard to the
Mulanje forests is conservation of the protected area, or improving well-being of the local
communities. Our initial assumption was that local well-being would in fact be maximized
through sustainable management of the forests. Our results suggest, however, that energy
demands cannot come close to being met by sustainable forest management. A strategy that
somehow guaranteed sustainable resource use (if we could find one, short of putting a fence
around the whole forest) would force thousands of households to find other sources of energy.
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While they would still benefit from the NTFPs, in the short run that would probably be more
than counterbalanced by the loss of energy resources.

This does not mean that we should give up on sustainable forest management; after all, limited
use of miombo woodlands and full access to NTFPs is still much more valuable than the BAU
scenario, in which there will be neither fuelwood nor NTFPs in fairly short order. However it
does suggest that demand side efforts to reduce the pressure on the forest will be essential if we
are to arrive at sustainable use. If we cannot reduce pressure on the forests from fuelwood
demand, then in due course the forests will be gone, and scarcity will force households to find
other sources of energy. If we could find a way to force that switch now instead of waiting for it
to happen as an outcome of scarcity, then the community would clearly be better off; however
this may be very difficult in practice.

So far we have considered physical data on the availability of wood and possible loss of the
forests. Table 6 summarizes the monetary values of resources from the mountain. A few points
jump out at us. First, fuelwood continues to account for more than half of the value of the forest
until the year when it runs out altogether. (The shaded areas highlight the returns after
fuelwood has run out.) When fuelwood runs out, the value of all other resources from the
mountain drops precipitously, as we assume that once there is no more fuelwood many other
NTFPs cease to be available as well.

We know that the fuelwood available from the mountain is not sufficient to meet the needs of
the community no matter how it is managed. If we can find a way to shift demand away from
the protected area forests so that they are managed sustainably, then we will retain the value of
the NTFPs. For this reason it is useful to look at the value of those resources separately from
fuelwood, to see which strategy will maximize them. Tables 6 and 7 both shed some light on
this issue. As they show, the value of the non-timber resources is highest under scenario 2 and
lowest under scenario 3. The increase in the second scenario over BAU is due to increases in
revenue with new projects, and to longer life of the forests. Since we assume that NTFPs are
available for as long as the forests exist, the extension of the life of afromontane forest to 2018
from 2016 under BAU increases the value of the NTFPs somewhat. The significant drop in the
value of NTFPs in the third scenario is due to the loss of illegal cedar harvests, which accounted
for a large share of the NTFP revenues.

Scenario 3 also has the lowest returns to the community when fuelwood is included, because
fuelwood use drops in scenario 3 with the enforcement of the headload fees. Those returns
continue for much longer than in scenario 2, since miombo woodland is not depleted within
the time frame of our projections. However the stock value of the mountain, shown in Table 7,
is still lowest in the third scenario. Although the returns last longer under scenario 3, even at a
10% discount rate, which is much lower than prevailing interest rates in Malawi, they are far
enough in the future that they barely affect the net present value of the mountain’s resources.
This is consistent with the problems of the country; people with very low incomes generally
cannot afford to make decisions based on long-run returns, and short-run revenues loom much
larger than more modest but sustainable ones. Were management decisions to be based on
these NPVs, it would appear rational to exploit the forests at an unsustainably high rate.

In practice, of course, maximizing the monetary value of the mountain is not an adequate basis
for making management decisions in the region. Such decisions should be made based on
maximizing overall well-being of the surrounding communities, not only returns to them from
the mountain. This study does not analyze how to do that. Such analysis would factor in all
information about local energy sources, not only the energy that comes from the mountain.
Although we can speculate about other energy sources, and some studies (e.g. Konstant 2000)
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Table 6. Monetary Values of Mulanje Mountain Resources, in 2005 kwacha

Total, with fuelwood
Forest Department

732,110,393

Revenue 8,742,378 4,436,431 4,436,431 4,436,431 4,436,431 4,436,431 4,436,431 4,436,431 4,436,431
Scenario 2

Sub-total, w/out fuelwood 225,157,682 226,862,877 158,006,276

Total, with fuelwood 706,143,468 729,148,016 682,468,101

Forest Department

Revenue 9,198,299 9,255,187 5,389,929 5,450,282 4,978,879 5,026,900 5,076,361 5,127,307 5,179,781
Scenario 3

Sub-total, w/out fuelwood 163,780,816 165,951,455 167,902,534 170,462,940 172,982,316 175,779,049 178,781,504 181,994,891 185,355,665
Total, with fuelwood 568,818,610 584,147,222 599,742,569 616,504,559 634,009,539 652,667,909 672,333,164 693,020,310 714,670,700
Forest Department

Revenue 63,598,734 65,525,549 67,522,674 69,596,850 71,768,150 74,053,405 76,455,553 78,976,815 81,618,689
Scenario 4

Sub-total, w/out fuelwood 189,666,885 193,304,154 196,638,286 196,035,317 199,550,502 203,214,773 206,983,568 210,860,634 211,200,744
Total, with fuelwood 594,704,680 611,499,920 628,478,320 642,076,936 660,577,725 680,103,632 700,535,228 721,886,053 740,515,780
Forest Department

Revenue 63,598,734 65,525,549 67,522,674 69,596,850 71,768,150 74,053,405 76,455,553 78,976,815 81,618,689
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Business as Usual
Sub-total, w/out fuelwood | 226,469,504 233,481,275 234,478,471 235,354,656 236,111,055 216,561,444 216,015,349 217,313,047 218,587,448 219,972,264
Total, with fuelwood 549,660,152 583,802,121 600,826,873 618,193,112 635,873,311 633,652,771 650,828,540 670,238,609 690,056,067 710,636,596
Forest Department
Revenue 8,742,378 8,742,378 8,742,378 8,742,378 8,742,378 8,742,378 8,742,378 8,742,378 8,742,378 8,742,378
Scenario 2
Sub-total, w/out fuelwood 226,469,504 233,602,256 235,941,325 238,086,932 239,375,854 240,052,679 220,756,414 220,580,481 221,984,209 223,505,299
Total, with fuelwood 549,660,152 583,923,101 596,547,794 609,174,236 621,091,447 632,675,454 624,554,465 642,663,686 662,894,759 684,012,101
Forest Department
Revenue 8,742,378 8,784,708 8,828,308 8,873,216 8,919,471 8,967,114 8,986,840 9,037,385 9,089,445 9,143,068
Scenario 3
Sub-total, w/out fuelwood | 162,057,763 165,775,404 168,764,537 171,739,849 173,869,182 175,317,773 176,998,585 178,644,425 180,256,304 161,697,362
Total, with fuelwood 446,465,534 469,263,459 482,432,966 495,863,985 508,708,266 521,113,905 533,990,363 547,072,898 560,399,606 554,022,197
Forest Department
Revenue 47,172,509 48,618,237 50,112,325 51,651,517 53,233,023 54,854,207 56,513,514 58,210,371 59,947,239 61,739,245
Scenario 4
Sub-total, w/out fuelwood 162,057,763 165,775,404 168,764,537 171,739,849 173,869,182 175,317,773 176,998,585 178,644,425 182,315,271 185,985,432
Total, with fuelwood 446,465,534 469,263,459 482,432,966 495,863,985 508,708,266 521,113,905 533,990,363 547,072,898 562,458,573 578,310,267
Forest Department
Revenue 47,172,509 48,618,237 50,112,325 51,651,517 53,233,023 54,854,207 56,513,514 58,210,371 59,947,239 61,739,245

2015 2016 2017 2018 2019 2020 2021 2022 2023
Business as Usual
Sub-total, w/out fuelwood 221,476,233
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Table 7. Net Present Values Under Two Discount Rates

Discount Rate: 10%
Community Revenue Without
Fuelwood

Community Revenue With
Fuelwood

Forest Department Revenue
Community and FD Revenue

Scenario:

1,610,147,784

4,216,379,960
65,077,778
4,281,457,738

Improved
Forest
Management

1,716,481,939

4,532,035,868
68,937,395
4,600,973,263

Improved
Forest
Department

1,430,183,570

4,475,259,167
482,421,707
4,957,680,875

Plantations

1,500,595,215

4,545,670,812
482,421,707
5,028,092,519

Discount Rate: 27%
Community Revenue Without
Fuelwood

Community Revenue With
Fuelwood

Forest Department Revenue

Community and FD Revenue

802,104,246

2,105,366,972
31,053,592
2,136,420,563

826,011,023

2,143,811,627
31,886,963
2,175,698,589

619,502,580

1,826,936,962
193,271,327
2,020,208,289

630,060,947

1,837,495,329
193,271,327
2,030,766,656

shed some non-quantitative light on the question, we are not including that in our calculations,
nor would we have enough information to do so had that been our aim. An analysis of the
economic well-being of the surrounding communities would have to consider whether
alternative energy sources are free or must be bought; if they are not paid for in cash, the
analysis would have to factor in the labor required to collect or grow them. When fuelwood
runs out on the mountain, all energy will have to come from other sources, which are likely to
be more expensive than gathering wood from the mountain. Indeed, assuming that local
citizens are rational decision-makers, the alternate energy sources must be more expensive (or
inferior); otherwise households would use them instead of wood from the mountain.
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5. Recommendations: Where do we go from here?

This study has provided an interesting framework for analyzing the use and value of resources
from the Mulanje forest reserve, and has generated provocative, if imprecise, results. Several
next steps may be useful for those who wish to apply and build on this work.

Confirm these results with better data on household resource use in Mulanje

We have made major assumptions about the use of fuelwood and other resources from the
protected area. If any decisions are to be considered based on this work, it is essential to collect
reliable primary data with which to confirm or contradict our assumptions. Such a data
collection effort need not be a huge project, but it does need to be designed with considerable
attention to issues of which data are needed, and how and where to collect them.

In general, we want to know how much households use of each of the available sources of
energy, where they get each source, and what they use it for. Everyone uses energy for cooking
and in some seasons heating; some households may also use it for activities such as fish
smoking, beer-making, or other economic activities. For each energy source (e.g. fuelwood,
charcoal, paraffin, crop residues, electricity, etc.) we would like to know whether they
purchase, collect, or cultivate it; where they get it; how much they pay; or how much time they
spend collecting or cultivating. For wood, we would like to know how much of each species
they use.

As we think about data collection, we must consider how broadly we want to cast the net on
the information sought. Since this study considers NTFPs as well as fuelwood, it will certainly
make sense also to ask questions about poles, thatch, fruits, mushrooms, medicinal plants, and
other possible forest products while we are doing survey work. It is also useful to consider
whether we want to expand our survey design to capture information of use for other related
studies. For those interested in gender issues, for example, knowing who collects and uses each
product, particularly differentiated by gender, will be interesting. For those interested in the
impacts of HIV/AIDS, identifying differences based on household composition or (if it is
possible to find out) the presence of people with the disease, may also be important. While
these issues are beyond the scope of the present study, it is possible that the marginal cost of
asking additional questions will be very low, whereas the resulting database might have much
greater value to a broad group of analysts if they were included. We would not want to take on
all the data collection needs of other researchers, of course; however if modest additions to our
survey are of great value to others, it is important to consider whether they are possible.

A number of different strategies may be adopted for gathering this information, as evidenced by
the work of others who have surveyed fuel use in Malawi (e.g. Brouwer et al 1997, Abbot and
Homewood 1999, Chikoko 2002, Fisher 2002, Konstant 2000, personal communication with
Killy Sichinga). Among the data collection strategies, we may identify:

Select a sample of households and measure energy sources and use within each home.
Weigh and measure all wood coming into the household when it arrives. Each day at the
same time of day measure the size of the household wood pile to determine how much has
been used. ldentify the species of wood and ask household members where it came from
and how much time they spent collecting it. Survey household members about any other
energy sources and about energy purchases. Spend a week (or thereabouts) in each
household to obtain a reasonable sample of its energy use. This is time-consuming, which
would limit the number of households that can be surveyed; however the information
should be quite reliable.
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Travel with women when they collect wood, to determine exactly where and how far they
go, which species they collect, how much time they spend collecting wood. Weigh and
measure their headloads. This might be combined with the first strategy, so the women
accompanied are those from the households in which the data collectors are based.

Position the data collectors on trails or roads and intercept people carrying wood. Ask them
where they wood came from, whether they paid a headload fee, and where they are going
with it. Measure and weigh the wood, identify species. This may be more difficult than the
previous strategy for obtaining data on wood actually collected, as people intercepted on
the trail may be suspicious of the data collectors. On the other hand, it could be a more
efficient way to collect information than forming ties to individual households to observe
their fuel use patterns. Information collected on the trails would not tell us about uses of
other energy sources, however, so it would have to be supplemented with household
surveys or observation.

Survey households to collect the desired data, but do not actually observe their practices to
verify what they report. This is much simpler and quicker than the previous strategies, but
the information gathered will be less reliable.

In choosing among these options and identifying additional ones, it may be useful to contact
some of the researchers who have done similar work, to talk about the choice of data collection
strategy and determine which is most effective for different information needs.

The design of a data collection system will also have to consider where to collect the
information. We know that there is significant variation in resources around the mountain, and
we will need to ensure that we have a representative sample. The Konstant (2000) study
distinguishes among some of the regions around the mountain; her classifications should
provide at least a point of departure for identifying different use patterns for our data collection
work. The more care we take to distinguish among regional patterns, the more accurate our
data will be; however there is a tradeoff between this kind of precision and the time required to
collect the data.

Once we have identified regions for data collection, we will face the challenge of choosing
villages and households within villages. One of the issues of interest is how far people really
walk to take resources from the protected area, so we would like our sample within each region
to capture villages at a range of distances. Again, there will be a tradeoff between data accuracy
and time required for data collection. It may be better to survey only a few households in each
village, so that the villages surveyed can have great spatial dispersion; however this will require
building a base of trust in more communities, and will therefore take more time.

There will also be seasonal variation in the use of resources from the mountain. This may
provide more challenges than some of the other issues, because it may not be appropriate for
this data collection to extend over a full year. The tradeoffs between obtaining the information
quickly and understanding seasonal variation must be considered in designing the study, as
well.

Practical considerations arise in how such survey work can be carried out. At present neither
MMCT nor COMPASS has funding to collect this information. MMCT has conducted some
survey work in the Mkhumba region; however the data collected will not be useful for our
purposes because of the way in which the questions were asked. COMPASS has resources to
collect data in TA Laston-Njema, and MMCT will be carrying out that work. Those resources
could be used to build one small part of the database in which we are interested. If that is to be
done, however, the data collection work must be designed with the whole study in mind, to
ensure that the piece collected with the available funds will end up being compatible with what
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we hope might be collected later with other resources in other parts of the region. This is not as
easy as it sounds. When an individual project collects data, it can be hard to convince them to
think beyond their own immediate needs and constraints in the design of the data collection
effort; indeed, we were unable to do so with the MMCT survey work in Mkhumba. The same
problem is sure to arise with the Laston-Njema survey work.

If this survey work is done, it is essential that the resulting database be easily available to
anyone interested in using it, as long as confidentiality of individual respondents is protected.
Availability of statistical data is a major constraint on policy analysis in Malawi. Investments in
data collection are largely wasted if the data area not made available to all who wish to use
them. Too often, they are hoarded by those who collect them, and only completed analyses are
made public.

Other primary data collection

In addition to surveying households about their resource use, we are interested in obtaining
information about several other topics. Charcoal is one of these. To understand how the forests
are likely to evolve, we need better information about how much charcoal is now being taken
out of the forest, and how this is changing with the new road from Mulanje to Blantyre, and
how it may change with the planned road from Zomba to Phalombe. In other parts of the
country urban demand for wood and charcoal has depleted natural forests with unexpected
rapidity. We have not anticipated such depletion in our study, but it is a possibility that should
be investigated.

We have also flagged several NTFPs about which we have no data; hunting, medicinal plants,
mushrooms, fruits, and livestock grazing. Without any data, we have no way to estimate which
of these may have the greatest economic value. However we do know that medicinal plants
from Malawi are sold throughout southern Africa, suggesting that this may be an area worth
investigating further. We also know that there is very little wildlife to hunt on Mulanje, but the
fires set by hunters cause consider environmental damage. This may, therefore, also be an area
that warrants further investigation.

Energy Options Analysis

One of the major conclusions of this study is that sustainable use of the forest will depend on
the strategies to reduce demand for fuelwood and encourage use of other sources of energy. To
follow up on that observation, we must understand more about the energy options available to
people in the Mulanje area, their costs, and the economic, social, and cultural factors
influencing energy choices by the local population. These issues have certainly been studied
by other organizations, projects and analysts, so we should not reinvent the wheel in
investigating them for the Mulanje area. Learning more about the options, and perhaps tailoring
the findings to the region of interest to us, will be essential in following up on this work.

Part of the analysis of energy options will involve assessing how Mulanje households would
respond to fuelwood scarcity. Their strategies may involve reducing energy use altogether,
changing their diets to foods requiring less cooking, or burning crop residues or other waste.
They may change the way in which they manage community forests, relying on them for their
own energy rather than as an asset to be sold in case of sudden need for cash. If people are
forced to buy energy sources, this may affect the choices they make between fuelwood,
charcoal, and other fuels. Growth in demand for marketed fuelwood may lead to increased
imports from Mozambique or from relatively forest-rich regions of Malawi. It could also lead to
interest in exploiting Malawian coal as a source of household energy.
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There is interest in developing small-scale hydropower plants on Mulanje, and rural
electrification or solar power might become options in the region. Any of these strategies
would require analysis of the household costs involved in shifting to electricity as a source of
energy, since this would require considerable outlay for electric cookers. These factors must
also be factored into the analysis of energy options in the region as well.

Student work

One of the reasons for carrying out this study has been to broaden Malawian understanding of
the utility of economic approaches to environmental issues. For that reason, this work has been
presented to students at Chancellor College, the Malawi College of Forestry, and Bunda College
of Agriculture, and we have met with faculty from Mzuzu University although we were not able
to travel that far to meet with their students. Some of the topics raised in this study lend
themselves well to master’s theses or PhD dissertations; indeed, much of the primary data
collection on Malawian forestry has been done in the context of PhD dissertations (e.g. Fisher
2000, Chikoko 2002, Orr 2000). MMCT interns may also be well equipped to undertake some
of this research. Students and interns are of course a mixed bag from the employers’
perspective. They can be a source of free labor, but they require much more supervision than
professional staff. Moreover, for students in particular the work has to lead to a meaningful
thesis topic; they cannot be simply treated as data collectors. If appropriate supervision is
available and their topics can be defined clearly, however, engaging students in some of the
data collection and research coming out of this study may be a beneficial strategy both for the
students and for MMCT and COMPASS.

Several topics may be particularly suited to student work:

Data collection and analysis of fuelwood use, as described above. A year-long survey of
wood collection and use could provide the basis for a dissertation that would actually be of
use to others beyond the student.

Analysis of the economics of charcoal manufacture on the mountain and the distribution
network once it leaves the region. Since charcoal manufacture is not legal without a permit,
obtaining data may be difficult; however it is a topic worth considering.

Value chain analysis for medicinal plants from Malawi, not necessarily limited to those from
Mulanje. This would take the researcher beyond Malawi, since one of the main purposes
would be to understand how much is being earned outside the country from Malawian
medicinals.

Value chain analysis of crafts. Although not very important in our study, Mulanje crafts are
exported to other regions of the country and perhaps internationally. A value chain analysis
in this are would provide the basis for building broader markets for these products and
ensuring that the revenues flow back to the manufacturers.

Development of a better database on tourism visits and expenditures in the Mulanje area.
This may not furnish a solid research topic of interest to a student, but may be a useful task
for one of the MMCT tourism interns to undertake. In particular, it involves collecting the
data from the hut logbooks, as they apparently provide the most complete record of visitor
nights on the mountain.

Determining how natural resource use responds to changes in both price and income.

These values would be useful inputs into the design of policy strategies for managing natural
resources and increasing incomes in the region.
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Detailed financial analysis of the energy options open to residents of Mulanje and
Phalombe, in order to better understand how they would respond to changes in the
availability of fuelwood from the protected area.

User Pay Approach to Natural Resources

One of the questions underlying this study has been whether users of NTFPs might be willing or
able to pay for their resource use, and the funds used to ensure sustainable management of the
forest. Among the users, the tea estates seem most likely to have the funds. They also have the
largest financial interest in guaranteeing their access to the resources since clonal tea cannot
survive without irrigation. Whether this is a realistic scenario depends on two issues. First,
would the tea estates be willing to pay for water, and if so how much? Second, and perhaps
more importantly, how would the money be used and could the availability of funds actually
ensure protection of the forested buffers around water intakes?

This study has not provided enough information to answer this question. We did discuss it with
the directors of Lujeri and Eastern Produce, neither of whom seemed to feel that forest
degradation posed a serious threat to their estates. To the extent that it is a concern, they are
focused on technical solutions to ensure their own access to water, such as the construction of
reservoirs or restricting access to the forests immediately upstream from their estates. They are
aware that for all intents and purposes they do not pay for water. However, because they have
constructed their own water intakes and pipes, and water fees generally pay for water
distribution rather than the water itself, they would certainly argue that they should not be
paying for the water itself because no one else is required to do that.

On the other hand, if they felt that forest degradation threatened their irrigation water supplies
in ways beyond their own control, and if some sort of community fund could prevent that
threat, they might be willing to contribute to it if they could be guaranteed that it would reduce
the risk. We were, of course, unable to access financial information with which to estimate
their ability to pay for water protection, since such data are confidential. If they were willing to
contribute, the resources would probably go to strategies to reduce demand for wood rather
than to ensure sustainable forest management, since sustainable management will not be able to
meet all the needs of the community. On the other hand, the tea estates will not be concerned
about source water protection in areas away from their lands, so their contribution to such a
fund is not likely to address the problem elsewhere in the region of the mountain.

This issue may bear further investigation, but it does not seem likely to be a significant source of
funds with which to undertake activities to reduce pressure on the mountain.

Applying the approach elsewhere

The response to this work so far suggests that it has been interesting and provocative. An
appropriate next step may be to take a similar approach to considering resources elsewhere the
country. The watersheds of Lake Chilwa and Lake Malawi are good candidates for similar
analysis, as are other protected areas subject to over-exploitation. By making the full details of
this study public, we hope that it will serve as an example to others interested in undertaking
the same kind of analysis, with USAID support or through other venues.

Future analyses of this type may benefit from our work in several ways. First, of course, we
have made useful headway in collecting studies that provide data for valuation of Malawian
natural resources; this will save time for future researchers. Second, by modifying our
spreadsheets rather than building their own from scratch, other researchers may save time and
effort in constructing their analysis frameworks.
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Future work may also want to change our approach in certain ways. We have focused on the
value of the mountain itself, not on the economic well-being of the community of which the
mountain is a part. This might be handled differently in future work. For example, we have
approached the projections in terms of how much fuelwood and NTFPs would be from the
protected area under the four scenarios. Instead, we could have looked at broader energy and
resource consumption patterns in the surrounding community to see how they would change
under different protected area management strategies. This would engage us in considering the
broader economic structure of the region in relation to the protected area, rather than focusing
narrowly on the use of resources only from the forest preserve itself.

Future studies in at least some parts of the country may be able to use our results to plan for
primary data collection in the initial phases of their work, as well. One reason why we did not
collect primary data was that we did not know at the start of our effort which resources would
be most valuable, and therefore in what areas data collection would be cost-effective. With
hindsight, domestic fuelwood use clearly poses the greatest need for better data. Other
researchers in communities dominated by forests (rather than, say, Lake Malawi), may use our
experience to plan for such data collection from the start.

Conclusion
However future work is done, we do hope that this study will lead to a broader use of
economic approaches to understanding use of non-marketed natural resources in Malawi. We

also hope that future work will build on what we have done insofar as possible, treating it not as
a stand-alone study but as a building block to be used by others working in the same arena.
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