
POLICY IMPACT ON STAKEHOLDER BENEFITS AND RESOURCE

USE AND CONSERVATION IN MOZAMBIQUE:

THE CASE STUDY OF MOFLOR FOREST CONCESSION AREA AND

PINDANGANGA COMMUNITY AREA

by

Mario Paulo Pereira da Silva Falcao

Thesis presented for the degree of Ph.D. in Forestry at the University of

Stellenbosch

Promoters:

Prof. Coert J. Geldenhuys

Prof. Rashid U. Sumaila

April,2005



DECLARA TION

I, the undersigned, hereby declare that the work contained in this thesis is my own original

work and that i have not previously in its entirety or in parts submitted it at any university for

a degree.

SIGNATURE: DATE:

11

Stellenbosch University http://scholar.sun.ac.za



ABSTRACT

A case study in miombo woodlands was carried out in Pindanganga and MOFLOR forest

concession, Gondola and Dondo Districts respectively, in the centre of Mozambique, to analyse

the impact of alternative forest management regimes and sectoral and extra sectoral policies on

the well being of stakeholders and conservation of the woodlands. A system dynamics model,

MIOMBOSIM, based on game theory and implemented in POWERSIM was developed. The

analysis is based on a simulation model of the fluctuation over time of the human population,

forest dynamics, harvesting costs of the private sector, household consumption, commercial

outputs and prices (timber, charcoal, non timber forest products and domestic animals), using data

from field surveys and the literature. It also simulated the effects over time of changes in charcoal

production efficiency, sales amount and marketing prices of NTFPs, agricultural output prices,

off-miombo greater employment availability and a combination between the changes

(simultaneous increase in marketing prices ofNTFPs and agricultural output prices, simultaneous

increase in charcoal production efficiency and agricultural output prices, and simultaneous

increase in off-miombo greater employment availability and agricultural output prices). The

modelling approach chosen allows to evaluate management regimes taking into account the

different stakeholder interests, which are often conflicting.

This study shows that improvement in the well being of stakeholders and resource conservation

can be achieved with sound forest management practices. There is no management regime

capable of fully satisfying the goals of the stakeholders. The cooperative management option is

potentially beneficial to local communities if properly implemented and can improve the rural

livelihoods and the woodland resources condition. It also shows that regulated forest management

regimes incorporating social concerns or incorporating social and environmental concerns are

potentially more beneficial to the household sector than the open access regime.

Results found in the study show that an increase by 10% and 30% on charcoal production

efficiency can lead to an increase in the per capita benefits of the household sector by 3.0 to more

than 100%, but can not reach the poverty line (one dollar per day per person). An increase by

100% in the sales amount or 100% increase in market selling prices of NTFPs can lead to an

increase in the per capita benefits of the household sector. An increase in agricultural output

selling prices by 25% without any other incentive leads to agricultural expansion. An increase by

100% in off-miembo employment opportunities in the study areas has an insignificant impact on

resource use and conservation for the local communities due to the very low employment
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opportunities currently in place (0.008% in Pindanganga and 0.005% in MOFLOR area). A

combination of these two policies instruments under ceteris paribus condition can improve the

well being of the rural communities depending on the management regime option, but can not

reach the poverty line (one dollar per day per person). The ranking of the management regime can

change depending on the policy instrument applied.
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OPSOMMING

'n Gevalle-studie is in Miombo boomveld in Pindanganga en MOFLOR, onderskeidelik in die

Gondola en Dondo Distrikte in die sentrale deel van Mosambiek, uitgevoer om die impak van

alternatiewe bosbestuursisteme en sektorale en ekstra-sektorale beleide op die welstand van

belanghebbendes (stakeholders) en bewaring van die boomveld te ontleed. 'n Sisteem-dinamika

model, MIOMBOSIM, gebaseer op spel teorie (game theory) en ge-implementeer in

POWERSIM, was ontwikkel. Die analise is gebaseer op 'n simulasie-model van die fluktuasie

oor tyd van die plaaslike bevolking, bosdinamika, oestingskostes van die private sektor,

huishoudelike verbruik, kommersiële uitsette en pryse (hout, houtskool, nie-hout produkte en

huishoudelike diere), deur data van veldopnames en uit die literatuur te gebruik. Die invloede oor

tyd in veranderinge in effektiwiteit van houtskoolproduksie, verkoopsvlakke en markpryse van

nie-hout produkte, landbou uitsetpryse, beskikbare indiensneming buite die Miombo

boomveldgebiede, en 'n kombinasie tussen die veranderinge, is ook gesimuleer. Die gekose

modelleringsbenadering het dit moontlik gemaak om die bosbestuursisteme te evalueer met

inagneming van die verskillende en dikwels teenstrydige behoeftes van die belanghebbendes.

Die studie het getoon dat verbetering In die welstand van die belanghebbendes en

hulpbronbewaring bereik kan word met gesonde bosbestuurspraktyke. Geeneen van die

bosbestuursisteme kan die doelwitte van die belanghebbendes ten volle bevredig nie. Die

kooperatiewe bestuursopsie is potensieel voordelig vir die plaaslike gemeeskappe indien

behoorlik ge-implementeer, en kan die landelike lewensbestaan sowel as die toestand van die

boomveld as hulpbron verbeter. Gereguleerde bosbestuursisteme wat sosiale belange of sosiale-

omgewingsbelange insluit, is potensieel meer voordelig vir die huishoudelike sektor as die vrye

toegangsisteem (open access regime).

Resultate van die studie het getoon dat 'n toename van onderskeidelik 10% and 30% in

effektiwiteit van houtskoolproduksie kan lei tot 'n toename in per kapita voordele van die

huishoudelike sektor van 3.0% tot meer as 100%, maar kan nie lei tot 'n vebetering bokant die

armoedevlak nie (een VSA doller per dag per persoon). 'n Toename van 100% in die hoeveelheid

verkope of 'n 100% toename in die markverkoopsprys van nie-hout produkte kan lei tot 'n

toename in die per kapita voordele van die huishoudelike sektor. 'n Toename in die landbou

uitsetverkoopspryse met 25% sonder enige ander insentiewe lei tot landbou-uitbreiding. 'n 100%

Toename in indiensnemingsgeleenthede buite die Miombo boomveldgebiede in die studiegebiede
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het onbeduidende impakte op hulpbrongebruik en bewaring vir die plaaslike gemeenskappe as

gevolg van baie lae huidige indiensnemingsgeleenthede (0.008% in Pindanganga en 0.005% in

MOFLOR). 'n Kombinasie van die twee beleidsinstrumente onder toestande van ceteris paribus

kan die welstand van die landelike gemeenskappe verbeter afhangende van die

bestuursisteemopsie, maar kan nie die armoedsvlak oorskry nie (een VSA doller per dag per

persoon). Die rangorde van die bestuursisteem kan verander afhangende van watter

beleidsinstrument toegepas word.
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suMÁRIo
Urn estudo de caso foi realizado na floresta de miombo na área comunitária de Pindanganga e na

concessêo florestal da empresa MOFLOR em Savane, nos distritos de Gondola and Dondo

respectivamente, no centro de Mocambique, para analisar 0 impacto de diferentes regimes de

maneio florestal, de politicas sectoriais e extra sectoriais sobre 0 bern estar dos intervenientes e na

conservacáo dos recursos. Modelos baseados na teoria de jogos foram desenvolvidos. A analise é

baseada na simulacêo em modelos da flutuacáo no tempo da populacëo humana, dinámica da

floresta, custos de exploracáo do sector privado, consumo do sector familiar, precos de insumos e

produtos (toros, carváo, produtos florestais náo madeireiros e animais domésticos), usando dados

de trabalho de campo e da literatura. Os efeitos no tempo das mudancas nos niveis de eficiência

da producáo de carvêo vegetal, quantidades comercializadas e precos de mercados de produtos

florestais náo madeireiros, precos de produtos agricolas, melhores oportunidades de emprego fora

do sector agrário e a combinacëo de algumas destas mudancas foram simuladas. Os modelos

seleccionados permitem avaliar os regimes de maneio tomando em consideracêo os interesses dos

intervenientes, que sao muitas vezes conflituosos.

Os resultados mostram que melhorias no bern estar dos vários intervenientes e na conservacëo

dos recurs os podem ser alcancados através de boas praticas de maneio. Nêo existe urn unico

regime de maneio capaz de satisfazer em pleno os objectivos de todos os intervenientes. A opcao

de maneio cooperativo denotado aqui como maneio dos recursos naturais baseado nas

comunidades é potencialmente mais benéfico para as comunidades locais se for implementado de

maneira apropriada e poderá melhorar os niveis de subsistência das familias rurais e a condicáo

dos recursos. As analise mostraram também que regimes centralizados de maneio incorporando

aspectos sociais ou aspectos sociais e ambientais em simultáneo sao potencial mente mais

benéficos para 0 sector familiar quando comparados ao regime de acesso livre.

Resultados obtidos neste estudo mostram que urn aumento em 10% ou em 30% na eficiência da

producáo de carvëo vegetal poderá levar a urn aumento nos beneficios per capita dos sector

familiar de três a mais que 100%, mas este aumento náo é suficiente para tomar os beneficios do

sector acima da linha de pobreza de urn dólar Americano por dia por pessoa. Urn aumento em

100% na quanti dade vendida ou urn aumento em 100% nos precos de venda de produtos

florestais nëo madeireiros poderá levar a urn aumento nos beneficios per capita do sector familiar

e urn aumento nos precos de venda de produtos agricolas em 25% sem outro incentivo
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implementado poderá levar a expansëo da agricultura. Urn aumento em 100% nas oportunidades

de emprego fora do sector agricola e florestal nas áreas de estudo tern urn impacto insignificante

na utilizacëo e conservacëo de recursos para as comunidades locais devido ao muitissimo baixo

nivel de emprego no momento (0.008% da populacáo em Pindanganga e 0.005% em Savane). A

combinacao destes dois instrurnentos politicos na condicáo ceteris paribus poderá melhorar 0

bern estar das comunidades rurais dependendo do regime de maneio, contudo este aumento nëo é

suficiente tomar os beneficios do sector familiar superiores a Iinha de pobreza de urn dólar

Americano por pessoa por dia. 0 desempenho dos regimes de maneio com relacao aos beneficios

econêmicos e conservacëo dos recurs os podem alterar-se dependendo do instrumento politico

utilizado.
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1. INTRODUCTION

In Africa, the poverty is linked to the environment in a complex way. Rural households, i.e.

settled agriculturists, settled agropastoralists, nomadic pastoralistis and extractivist forest

dwellers, exploit the natural resources such as plants, animals, water, soil, and fisheries for

subsistence and income. Degradation of the resources reduces the productivity of these poor

people and makes them more susceptible to extreme events like changes in climate,

economics and politics (World Bank, 1996). Despite the huge variety of production types and

climatic zones in which households live, there are many ways in which rural households share

quite similar economic characteristics. According to Dasgupta (1993) and Cavendish (2001)

the rural households are generally either poor or have a low standard of living, they are at

considerable economic distances away from the formal markets, they are highly exposed to

risk, they have lower levels of human capital than their urban counterparts and low levels of

physical or productive capital.

Just as the case is with most countries in east and southern Africa, much of the natural forest

resource is affected by high incidence of poverty, and agricultural production characterized by

low input use and extensive land use that favour deforestation and land degradation. In

Mozambique, it is estimated that 4.2% forest cover is lost annually, the principal causes

being, land conversion to agriculture, tree felling for energy (charcoal and fire wood) and

construction material (Saket, 1999b). The inadequate agricultural practices based on slash and

bum methods, and exploitation of non wood products using uncontrolled fires often lead to

destruction oflarge tracts of forests by uncontrolled fires (Mlay et al., 2003).

In response to the economic problems that the country experienced since independence from

the colonial rule, Mozambique embarked on structural adjustment programmes in 1987.

Several macroeconomic policy reforms were initiated since 1987 accompanied by reform or

formulation of sectoral policies and instruments to rhyme with economy wide policies. The

key policy documents relevant to natural resource management include the agricultural policy

and strategy for implementation (Ministério da Agricultura ePescas, 1995), the land law of

1997 (AR 17/1997), the trade policy and strategy (Govemo de Mocambique, 1999), forest and

wildlife policy and regulation, food security and nutrition strategy (Govemo de Mocambique,

1998), national agricultural development program (Govemo de Mocambique, 1998), and

action plan for reduction of absolute poverty (Govemo de Mocambique, 2001).
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Mozambican government has developed legal and regulatory framework already in place. The

real challenge that the forest sector is facing now is to implement the provisions of the forest

policy and related legislation. This study is intended to establish the effects of some policy

changes on the status of the forest resources, and overall benefits accruing to society under

different forest management regimes.

The study is divided into SiX chapters. In chapter 1, the introduction, the problems,

hypothesis, research questions, importance of the study, definition of terms, and definition of

the assumptions, are outlined. This provides a basis for the game theoretic model. In chapter

2, the literature related to the problems that are faced in the research is discussed. The main

points of this chapter are: (i) problems with the vegetation of Africa in general, and then

specifically of the miombo woodlands and the Mozambican situation in terms of resource

degradation; (ii) the dependency of rural households on the surrounding resources for their

subsistence and income and how to maintain these, with the situation in Africa in general and

then Mozambique in particular; (iii) legislation, policies and strategies for management of

natural resources and their inadequacies to deal with the situation as briefly described in (i)

and (ii) above; (iv) forestry in Mozambique, its potentials and constraints, its focus mainly on

the timber sector and do not the broad-based use by rural people, and the issues of sustainable

forest management; (v) approaches to assess different options for integrated management of

the natural resources, through modelling; and lastly (vi) the problems associated with forest

appraisal and valuation to link the policy issues at macro-level with sustainable resource

management and rural economies.

In chapter 3 the research methods applied are described, which includes the description of the

study area, the conceptual model, the fieldwork, and the data analysis. Chapters 4 and 5

contain the research results and the discussion of the results, respectively. In chapter 6

conclusions and recommendations are drawn.

1.1. Problem statement

The forest sector in Mozambique is an important contributor for the economical growth of the

country, and plays a crucial role in terms of developing rural areas. According to Lutze

(200 I), in the long term, the sustainability of the forest eco-types is not secured. The main

2
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problems that rural communities are facing by using miombo woodlands in Sofala and

Manica provinces along the Beira corridor are the following (Mlay et al., 2000b):

a. Rural agricultural products and input markets are highly under-developed or absent and

agricultural practices currently being used are inadequate for sustainable natural resource

management. The uncontrolled use of fire in land clearing combined with a lack of

fertility maintenance input are the main limitations observed;

b. Rural employment alternatives are either absent or limited to petty trade and artisan

activities. In the absence of viable employment alternatives, exploitation of forest

products for commercial purposes is the only alternative to agriculture;

c. Charcoal and construction materials (poles, grass and bamboo) are the principal forest

products exploited for income purposes. Availability of markets and lack of alternative

employment opportunities are some of the key factors promoting their unsustainable

exploitation.

d. Traditional community institutions are not formally integrated m the administrative

structure;

e. Poor market access for agricultural products and farm inputs contribute to deforestation;

and

f. Land tenure is not viewed as resource tenure given its multiple use. At community level,

it hardly makes good sense to separate agriculture from forest resource management

given their close dependency and complementary to achieve the household goals.

Sumaila et al. (2003) have developed a systems dynamic model for manage miombo

woodlands. Mlay et al. (2003) based on this model studied the policy impact on stakeholder

benefits and resource use and conservation under different management regimes in

Mozambique. This systems dynamic model has a huge potential to be used by the forest

managers and policy makers, but does not take into consideration, within several aspects, the

following:

3
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(i) Dynamics of the human population (population growth increased and

decreased within the cutting cycle).

The deforestation is influenced by the population growth in rural and urban areas which

directly affects the forest resources demand (Conteh, 1997). The rural population growth has

impact on the resource use and conservation, and on the sectoral and extra-sectoral.

(ii) Less market demand for poles compared with the market demand for

firewood and charcoal.

The amount of fuelwood sold for commercial purposes is much higher than the amount sold

for construction poles and fencing, despite the fact that the market prices of poles area higher

than the firewood or charcoal and this tendency needs to be taken into consideration on the

model structure.

(iii) The allowable annual cut established in the management plans.

Annual Allowable Cut (AAC) is the volume of wood which may be harvested from a

particular area of forest in anyone year, whilst leaving enough stems to provide the next crop

(sustainability). The AAC helps the regulator to manage the woodlands in a sustainable

manner and can influence the choice of management regime.

(iv) The effect of transaction costs on the cooperative management regime which

affects the harvesting levels of the stakeholders.

The cooperative management regime whereby the household and commercial sectors

cooperate in management and utilization of the woodland resources is affected by the

transactions costs of the cooperation.

(v) Charcoal production efficiency variation.

The high demand for charcoal in the urban areas (Beira and Chimoio Cities) has led to

unsustainable demand for wood from miombo woodlands. The inclusions of variation of

charcoal production efficiency can partial help to evaluate the policy impact of new

production technologies on resource use/conservation.
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(vi) The dynamics ofnon-miombo activities over time within the cutting cycle.

The dynamic approach used in this research for the non-farm/non-miombo employment

opportunities helped to evaluate the policy effect when more opportunities were given at

miombo level.

(vii) The conflict between householder and commercial sectors through variation

in diameter class of tree species used for logs, charcoal, firewood and poles.

The mechanism of diameter class segregation included in the model allows constraining the

timber harvested by the commercial sector, according to the Forestry and Wildlife Policy

which states that the trees can be harvested for logging only if they have a Diameter at Breast

Height (DBH) of more than 30 em. It also highlights the conflict between the charcoal

producers of the household sector and the commercial sector for same tree sizes, where the

charcoal producers prefer to use trees with DBH between 15 and 35 em and the commercial

sector bigger than 30 em. In the model the trees are divided into four diameter classes (a =
1.. .4) and the activities of the commercial sector are constrained to the third and forth

diameters classes and household sector to the second and third classes.

(viii) The benefits from the NTFPs.

The household sector harvest wood and non-timber forest products from miombo woodlands

for their own consumption and for commercial purposes. The benefits from NTFPs may

influence the harvesting level of wood products and resource conservation depending on their

contribution on the total income of the community. The inclusion of the NTFPs benefits helps

to evaluate this resource on the miombo woodland use and conservation.

This research is design to improve the systems dynamic model developed by Sumaila et al.

(2003) based on the scientific information gaps stated before.
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1.2. Objectives of the study

The general objective of this study is to assess the socio-economic and environmental impacts

of the use of miombo woodlands resources and identify the most appropriate management

regime in a way that satisfies the achievement of the goals of the stakeholders in MOFLOR

forest concession (Savane) and Pindanganga.

This study has the following specific objectives:

a) Improve the game theoretic model developed by Sumaila et al. (2003) that integrates the

major uses of miombo woodlands, their interaction and dynamics;

b) Identify the most appropriate management regime and evaluate the socio-economic and

environmental impacts under the site-specific current conditions;

c) Test different categories of policy instruments (more details in sections 4.4.2 and 4.4.3) to

improve the understanding of the interaction between stakeholders and the influence of

different factors in management regimes.

1.3. Research questions

Based on the identified problems in the study sites, the following research questions arise:

(a) How does the management regime of miombo woodlands affect the deforestation

levels?

(b) What are the social, economic and environmental impacts on miombo woodlands of

different forest management regimes?

(c) How does the improvement in charcoal production efficiency affect the deforestation

of miombo woodlands?
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(d) How do increases in agricultural output prices or/and off-miombo opportunities affect

the level of deforestation?

(e) How does an increase in population size affect the forest resources 'and the social-

economic benefits coming from exploitation of the resources?

1.4. Hypotheses for the study

The study, based on the research questions, seeks to test various hypotheses related to

involvement of stakeholders (government, private sector and rural communities), as follows:

../ A Community Based Natural Resource Management (CBNRM) of miombo

woodlands taking into consideration transaction costs, leads to increase on the

resource conservation and reduction on stakeholders benefits compared to other

alternative management regimes;

../ Increases in efficiency of charcoal production; increase on off-miombo employment

opportunities; and decrease in agricultural price products or a combination of these

factors, tend to lead to less pressure on the miombo forest areas and eventually

reordering of property regimes;

../ The annual increase in population size, without improvement In agricultural

production technology will lead to deforestation;

../ Different management regimes can have different effect on woodland resources.

1.5. Importance of the study

On the one hand, unsustainable methods of using Miombo woodlands are causing

deforestation, environment degradation, and reduction in biodiversity and resource scarcity.

On the other hand, Mozambique needs to develop and strengthen the capacity to scientifically

manage the miombo woodland resources in order to maximise the socio-economic and

environmental benefits, reordering of property regimes through formulation of models that

combine the ecological and social-economic potentials.
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Forests are dynamic biological systems that are continuously changing over time, and a

dynamic game theoretic model has the potential to facilitate planning developments in the

woodlands, holds potential for analysing various policy implications about people and the

woodlands, as well as the desirability of various partnership arrangements for managing and

using the woodlands.

1.6. Definition of the terms

Household, in this study means "a unit of people, consisting of one or more persons - related

or not related by blood - usually living under one roof and/or making common provision for

food and other living arrangements" (Adegboyega et aI., 1997). Included in this group are

husband, wife, mother, father, children and other relatives found in the household. A head of

household is the person whom the members of the household accept as their leader. He/she

may be the sole provider for the household, and contributes to a single budget to prepare

meals and provide other essentials for the household.

Forest is a continuous stand of tall trees (10 to 35 meters), multi-layered structures in which

the crowns of individuals interlock and overlap (Geldenhuys, 1987).

Miombo is savanna woodland found in central, southern and eastern African, dominated by

the genera Brachystegia, Julbernardia and/or Isoberlinia, three closely related genera from

the legume family (Campbell et al., 1996).

Non-Timber Forest Products, for the purpose of this study, refer to market or subsistence

goods and services for human or industrial consumption derived from renewable forest

resources and biomass, bearing promise for augmenting real rural household incomes and

employment. The products include the use of plants for food, forage, fuel, medicine, fibre, as

well as mammals, birds, reptiles, and fishes for food. A similar definition was used by FAO

(1991).

Many different terms have been developed on the terminology to describe NTFPs. The FAO

has adopted the working definition that "non-wood forest products consist of goods of

biological origin other than wood, derived from forests, other wooded land and trees outside

forests" (FAO, 1999a).
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Peasants are householders who derive their livelihoods mainly from agriculture, utilise

mainly family labour in farm production, and are characterised by partial engagement in input

and output markets which are often imperfect or incomplete.

Transaction costs are all costs of entering into a contract, exchange or agreement: searching

for trading partners, screening potential candidates, obtaining and verifying information,

bargaining, bribing officials, transferring the product (including transport, storage and

packaging costs), and monitoring, controlling and enforcing the transaction. At best,

transaction costs are partly observable (Heltberg and Tarp, 2002). Key et al. (2000) made a

distinction between fixed or lump sum transaction costs, on the one hand, and variable,

proportional or per-unit transaction costs on the other hand. They show that both fixed and

variable transaction costs impact on market participation whereas supply decisions (amount

sold), conditional on market participation, only depend on variable transaction costs.

Measures such as distance, type of transport available and information variables are examples

of such exogenous transaction cost determinants. Measures of distance and transport are

expected to influence variable transaction costs, whereas information variables affect fixed

transaction costs (Heltberg and Tarp, 2002).

Woodland is an ecological designation for stands of trees in relatively dry regions with

pronounced seasonal effects and distinct physiognomic structural characteristics (Chidumayo,

1997). It is an open stand of trees in which the crowns of adjacent individuals may be in

contact but are not interlocking. Trees are more widely spaced and maybe up to one crown

diameter apart (Geldenhuys, 1987).
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2. BACKGROUND

2.1. Woodlands in Africa

Africa contains 650 million hectares of woodlands, corresponding to 17% of the world total.

African forests amount to 0.85 ha per capita, which is close to the world average. Almost all

forests are located in the tropical ecological domain, and Africa has about one-quarter of all

tropical rain forests. Only one percent of the forest area is classified as forest plantations

(Saket, 2001).

Forests have provided resources for industrialisation in many countries. They play an

important role in natural systems, in providing carbon sources and carbon sinks, as well as in

economic development. They serve as filters for the air we breathe and the water we drink

and they protect agricultural lands and residential areas from erosion, and avalanches. Forests

provide key habitats for diverse flora and fauna; they are places of recreation, worship, and

strength for the inner body (Sharma et al., 1992).

According to McMullan (1996), the world's forest resources are dwindling at unprecedented

rates in the tropics and losing diversity and productivity in some other regions. Most of the

world's natural resources are under public ownership and management objectives are often set

through local procedures and politics. The net change of forest area in Africa is the highest

among the world's regions, with an annual net loss, estimated at 5.3 million hectares

annually, corresponding to 0.78 percent annually (Saket, 2001).

2.1.1. Forest cover and change in forest cover

Global forest cover has been reduced by at least 20% since pre-agricultural times, and

possibly as much as 50% (FAO, 1999b). The greatest threats to forest resources and condition

today in the tropics are conversion to other forms of land use and fragmentation by

agriculture, overgrazing, fuelwood gathering, commercial logging, road construction,

resource privatisation, land speculation, fiscal incentives for land conversion, tenurial

policies, government development projects, and infrastructure and industrial development.

Logging and mining roads open up intact forests to pioneer settlement and to increase in

hunting, poaching, fires, and exposure of flora and fauna to pest outbreaks and invasive
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species. These direct causes of uncontrolled deforestation are driven by market and policy

failures, population growth and rural poverty, and the state of the economy (Brown and

Schreckenberg, 1998; FAO, 1999b; Holmgren, 2001). Table 1.1 indicates the global forest

area by region in 2000, as well as the net change in forest cover between 1990 and 2000.

2.1.2. The miombo ecosystem

Miombo woodland is the most extensive dry forest vegetation type in southern and central

Africa. It occurs in Angola, Malawi, Mozambique, Tanzania, Democratic Republic of Congo,

Zambia and Zimbabwe (Millington et al., 1986; Chidumayo, 1997) with a surface area almost

equal to the combined area of Mozambique, Malawi, Zimbabwe, Tanzania and Zambia. It

also influences the livelihoods of about 55 million people (White, 1983; Campbell et al.,

1996). Over most of its range, mature undisturbed miombo is deciduous woodland, i.e.

classified with savanna ecosystems but grades into seasonal closed dry forest (Frost, 1996).

Miombo woodland is dominated by the legume family Caesalpiniaceae with the most

important tree genera being Brachystygia, either alone or with Julbernardia, and Isoberlinia

(Lind and Morrison, 1974; Celander, 1983; White, 1983; Chidumayo, 1997). It contains a

wide range of other tree species and woody plants.

Climate, fire and human activities influence the dynamics of miombo woodlands. In the past,

the extent of miombo woodlands was only determined by climate. Small changes in climate

can have major impacts on the dynamics of miombo woodlands (Campbell, 1996). Presently

there is considerable human activity in the woodlands for domestic and industrial

consumption. The deforestation rates in parts of the miombo ecosystem, according to Hyden

and Seve (1993), were the highest in the world at that time.
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Table 1.1. Global forest area by region in 2000, showing natural and plantation forest areas

Total forest (natural forests and forests plantations) I

Land area Million %ofland % of all Net change 1990- Natural forests Forest plantation I

Region (Million ha) hectares area forests 2000 (million (Million ha) (Million ha)
ha/year) ,

Africa 2978 650 22 17 -5.3 642 8
Asia 3085 548 18 14 -0.4 432 116
Europe 2260 1039 46 27 0.9 1007 32
North, Central and 3892 1 435 77 37 -4.3 1407 28
South America
World Total 13064 3869 30 100 -9.4 3682 187
Source: Holmgren (200 I)
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Table 2.1 indicates the forest area (LAND SCAPE)
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2.2. Socio-economic values and uses

Miombo woodland is relatively sparsely inhabited due to low infertility of the soils, lack of

surface water and presence of various human and animal diseases (Celander, 1983). The

population varies from a few (typical average of about five persons/km') to 40 or more

persons/km". Due to these reasons and the fact that appropriate agricultural production

technology is largely lacking, the pattern of agricultural production is mostly extensive rather

than intensive and is predominantly shifting cultivation.

The miombo woodlands form an integral part of rural communities living in them or in their

proximity by providing building materials like poles, grass for thatching, medicines, timber

and other non-timber products (Chidumayo, 1997, Campbell et al., 1996 and many other

authors). The foods include bush meat, plant leaves, flowers, fruits, roots, honey, mushrooms

and edible insects. There are over 200 indigenous plants with edible parts in the miombo

woodlands, and of these about 150 are known to be eaten (Celander, 1983). There is also a

rich diversity of indigenous fruit trees, with over 50 fruit tree species being identified

(Maghembe et al., 1994). As most of these bear edible fruits, they are important sources of

vital nutrients for humans, they contribute significantly to diets of rural households, and they

are potential food reserves during seasonal food shortages and times of famine (Campbell,

1987; Saka and Msonthi, 1994).

The presence of a luxuriant grass layer rich in sugars and a tree layer rich in protein enhances

the potential for pastoralism in miombo woodlands (Lawton, 1982; Nduwamungu, 1996).

Further, the phenology of grasses and trees in miombo ensures availability of fodder almost

throughout the year, thus enhancing the potential of miombo for animal husbandry. However,

the tsetse fly (Glossina spp.) constrains the development of livestock as well as human

settlements in the miombo woodlands.

Wild animals and cattle browse many miombo woodland species of the herb, shrub and tree

layer. Grasses (Poaceae) and herbs of Asteraceae, Papilionaceae, and Rubiaceae are good for

browsing. There are 20-30 species of hoofed animals, which apart from tourism potential, can

be used as a protein source through game farming and game ranching. The elephant is the

largest animal in the miombo woodlands. Other large animals include zebra, giraffe, kudu,

warthog, impala, lion, buffalo, sable and roan antelopes and leopard. The species with the
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largest biomass per unit area in miombo are generally the wildebeest (Connochaetus

taurinus), waterbuck (Kobus defassa) and hartbeest (Alcephalus lichtensteiniiï, whose

biomass can exceed 200 kg/km" The bird fauna in miombo is rich in species but not in

individuals and its contribution to biomass is low (Celander, 1983; Nduwamungu, 1996).

2.3. Mozambican legislation, policies and strategies for the management of natural
resources

The Mozambican government has been effecting institutional changes over the past two

decades in the search for adequate policies and strategies for the management of its natural

resources. In 1995 the government approved the agricultural policy and strategy for

implementation (Ministério da Agricultura ePescas, 1995), in 1997 the government approved

a new Land Policy, followed by Environment Law (1997), in 1998 food security and nutrition

strategy and national agricultural development programme, in 1999 National Forestry and

Wildlife Policy (1999) and the trade policy and strategy, in 2000, the Decree Law of

Administrative Decentralisation (Decree Law No. 15/2000), in 2001 action plan for reduction

of absolute poverty and the Forest and Wildlife Regulation to guide the management of the

natural resources (Nhantumbo et ai., 2001; Serra, 2001; Wily and Mbaya, 2001; Mlay et ai.,

2003). The principal innovation in the National Land Policy is the explicit recognition of

traditional ownership systems (guided by traditional laws and rules) and the intention of the

government to design a strategy for their formalisation. A related aspect in this policy is the

empowerment of the local communities to participate in the delimitation of their community

areas and government recognition of this as a land use category (Nhantumbo, 1997; Wily and

Mbya, 2001).

The new National Forestry and Wildlife Policy empower local communities to own and

participate in the management of natural resources through community-based natural

resources management (CBNRM) initiatives. This policy will be implemented during the next

five years through the Agricultural Sector Investment Programme for Mozambique

(PROAGRI), approved in April 1998 (Brouwer and Falcao, 2001). In Mozambique the

Forestry and Wildlife Law (1999) establishes a process of participatory management of

resources in which a management council (conselho de gestiio) is created, which includes

members of the community, local government, private operators, and other associations

(Article 31, No.1).
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To date the State intends to manage the natural resources as joint ventures with the private

sector and the local communities (GOM, 1999). The National Environmental Law does not

explicitly recognise the contribution of the local communities towards the management of

natural resources, but serves as a basis for designing regulations intended to minimise

negative environmental impacts resulting from development activities and/or irrational use of

natural resources (Nhantumbo et al., 2001).

The Provincial Directorate of Agriculture and Rural Development issues licences for

exploitation of natural resources (forestry and wildlife) for commercial purposes and requires

payment of a fixed fee per unit harvested. For the logging enterprises such licences require the

payment of fixed fees per cubic metre of trees felled based on the quality of tree species

(GOM, 1999).

The new Forest and Wildlife Regulation (2002, Article 100, n" 1) establishes new harvesting

fees for commercial timber harvesting, fuelwood and construction material. It also has

established a harvesting fee for commercial exploitation of roots, wild-fruits, seeds and resins.

The harvest fees for timber are indicated in Table 2.2. The precious and first class species are

mainly for the export market, while the others are for local markets.

T bl 22 H f ti ti . Ia e .. arves mg ees or commercia purposes
Timber class Stumpage price Stumpage price

(Meticais* per cubic meter) (US$__Qercubic meter)
Precious 2.000.000,00 83.3
First class 500.000,00 20.8
Second class 300.000,00 12.5
Third class 200.000,00 8.3
Fourth class 100.000,00 4.2
*Rate of change: US$ 1= 24.000,00 Meticals
Source: GOM (2002).

The implementation of the forestry legislation is still limited for a number of reasons,

including lack of operational funds and equipment, understaffing, insufficient training of

technical staff and weak policing systems (Saket, 1999b; DNFFB, 2003).

2.4. Sustainable forest management in Mozambique: potentials and constraints

Developments in forest management over the past decade have focused on progress towards

sustainable forest management, an approach that balances environmental, socio-cultural and
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economic objectives of management in line with the Forest principles agreed at the United

Nations Conference on Environment and Development (UNCED) in 1992 (Wilkie, 2001).

Sustainable forest management (SFM) produces multiple resources, and is based on a holistic

approach that sustains the production of goods and services, and balances ecosystem

capabilities with social and economic needs. It seeks to maintain ecological and desired forest

conditions within which the sustained yield of products meet human needs. Maintaining the

forest as an ecosystem is the operational constraint. In SFM, each element of a resource

perceived by humans can be linked to all the other elements in the ecosystem, including the

flow of energy, and the cycling of carbon, water, and nutrients. Change in anyone of these

resources (such as harvesting) will affect all the others. SFM is ecosystem oriented, an

exercise in husbandry determined by the production of goods and services from the ecosystem

(Peng, 2000).

Wood and Non-timber Forestry Products (NTFPs) have been the main income generating

resources in developing economies in the tropics. NTFPs, by complementing timber-based

management, offer a basis for managing forests in a more sustainable way (FAO, 1999c).

Agenda 21, approved by the UN Conference on Environment and Development (1992), which

provides a global plan for action, has recognised the role of NTFPs in sustainable forest

management.

According to Matose and Wily (1996), in the last years of the 20th century there was a clear

move away from the centralised and state-driven forest and woodland management towards

decentralised, and mainly community-based regimes. In the course of this shift, the social

formation of the community and the institutions and mechanisms which support its

functioning as a management entity, are being defined in new and significant ways. The

adoption and implementation of the Community Base Natural resource Management

(CBNRM) approach in Mozambique was greatly influenced by neighbouring countries such

as Zimbabwe and Zambia (Anstey, 2001). In the management of natural resources, southern

African countries have some historical similarities in their regimes of management of natural

resources. During the colonial era, and post-independence, control of natural resources was

centralised under the national government. In the 1980s the new approach of decentralisation

and involvement of other stakeholders rapidly emerged and most countries of the southern

African region have embarked upon and adopted the new natural resources management

approach. Although all these similarities exist, and despite the fact that the CBNRM
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philosophy is common to them all, implementation differs from one country to another. The

new CBNRM approach attempts to share social and political power over natural resources

combining conservation and development and reflects a wider process of socio-political and

economic change that has occurred in the country (Hulme, 1997: Wainwright and

Wehrmeyer, 1998; Hulme and Murphree, 2001).

The first CBNRM project experience in Mozambique was launched in 1994 in the community

of Bawa, in the Tete Province, located on the border with Zimbabwe (Murphree, 1997; Wily

and Mbaya, 2001). This project, known as 'Tchuma-Tchato' was supported and funded by the

National Directorate of Forestry and Wildlife (DNFFB), Ford Foundation, International

Development Research Centre (IORC) and the International Union for Conservation of

Nature and Natural Resources (IUCN). The project was an attempt to solve a conflict that

existed between local inhabitants and wildlife as well as a conflict between a Safari operator

and local people. One aim was to control or minimize poaching which came from a number of

sources such as local residents, Zimbabweans and Zambians, and police and other

government officials (Nhantumbo, 2000).

The relative success of this programme has encouraged the rapid spread of new projects

over the country. For instance, four years after the establishment of the Tchuma-Tchato

project, about 40 projects were being implemented by different government institutions

and local and international NGOs through the financial support of international donors

(Nhantumbo, 2000; Anstey, 2001; Wily and Mbaya, 2001).

One other aspect in which the case of Mozambique differs from other southern African

countries is the fact that legally the community does not have the right to the revenues from

the use or exploitation of the natural resources. Only people from the Tchuma-Tchato project,

through a special inter-ministerial agreement, are allowed to have revenue benefits from safari

activities. This agreement, signed in 1995 by Ministers of Agriculture and Fisheries, Justice

and Plan and Finance, introduced new hunting taxes to the specific area of the project and

defined that 33% of the revenue from safari activities should revert to the community

(Madope, 1999). Elsewhere, in the absence of hunting taxes, the only way to guarantee

benefits is through interest groups for activities such as beekeeping, fishing, charcoal

production, so these are widely encouraged by the implementers of CBNRM projects.
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In the implementation of CBNRM, the principal aim is biodiversity conservation, and the

involvement of the community is viewed as strategy to minimise the problem of natural

resource degradation, given that the classic and centralised system of natural resource

management has shown itself inefficient in promoting and guarantee sustainability. The

approach works by involving other stakeholders, in particular rural communities (Serra,

2001).

2.4.l. Forestry sector in Mozambique

Mozambique is located in southern Africa between latitudes 10° 27' and 26° 52' South, and

longitudes 30° 12' and 40° 51' East. It covers 799 380 km2 (lNE, 1997). With an average per

capita Gross National Income (GNI) between 1993-1999, of US$ 220, Mozambique is one of

the poorest countries in the world according to the UNDP's Human Development Index, even

though it is endowed with abundant land, water, forest and wildlife resources that hold a

promising prospect for development (Dejene and Olivares, 1991; World Bank, 2001).

The vegetation cover in Mozambique includes the formations classified as high forest, low

forest, thicket, and wooded grassland. Mangroves extend over 77% of the national land

territory including the inland water bodies (Saket, 1994). The main forest eco-types found in

the country are evergreen forest, the Zanzibar/Inhambane evergreen and deciduous woody

vegetation, miombo woodlands, Colophospermum mopane woodland, mangroves and

grassland wooded or not (Figure 2.1).
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Figure 2.1. Mozambique land cover in 2002 (DNFFB, 2003)
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The population in Mozambique is predominantly rural and overwhelmingly poor. According

to the World Bank (2001),39% of the urban population in Mozambique is below the national

poverty line, using a standard of $1 a day, measured at 1985 international prices and adjusted

to local currency using purchasing power parities. Rural households are heavily dependent on

agriculture for income (Benfica, 1998) and home consumption of own agricultural production

accounts roughly for 40% of the expenditure by rural households.

Population growth has historically been a major factor influencing wood consumption and it

is not likely that the close relationship between population growth and growth in consumption

will change significantly in the foreseeable future (World Bank, 2001). According to INE

(1999) and World Bank (2001), the average growth rates of the population in Mozambique

differ between rural and urban areas (Table 2.3-).

T bl 23 A f h ti h h lati . Ma e .. verage rate 0 growt ort e uman popu anon III ozam ique
Place Population Rate of growth (%)
Maputo city 5,0
Urban areas 3,0
Rural areas 2,3

Source: !NE (1999); World Bank (2001)

The average Mozambican population density is only around 20 people per km2 (INE, 1999).

Social and physical infrastructure is totally inadequate as a consequence of war and policy

failure. Market segmentation is widespread, and the large rural population is poorly integrated

into food markets. Agricultural production systems are characterised by traditional labour-

intensive and low-productive farming methods, and problems of poverty, food insecurity and

aid dependence are widespread, even by African standards (Arndt et al., 2000). In

Mozambique more than 80% of the population relies on natural forestry resources to obtain

domestic energy. Williams (1993) estimates that 70-80% of urban households is using

woodfuel (fuel wood and charcoal) as the main source of domestic energy and entirely rural

households rely on these fuels for their domestic energy.

Sustained output growth is required, and the only sustainable way the many poor smallholders

can share in the growth process is through increased participation in output markets.

Transaction costs, risk and other factors create barriers or thresholds for households to

participate in crop markets, and understanding in more depth the decisions involved is

important for policy (Arndt et al., 2000).
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Woodlands are the most common vegetation type in the country. The most relevant broad-

leaved woodlands are Miombo and Mopane, followed by Cimbirre woodlands (FAO, 2002).
I

Mozambique, because of its geographical position and extension (about 2,700 km of

coastline), exhibits diverse climatic and edaphic conditions that contribute to creating diverse

ecosystems. The following forest types are found there: moist and dry deciduous forest, very

dry forest and hill and mountain forest (FAO, 1993,2002; Saket, 1994). The distribution of

total forest area by ecological zone is shown in Figure 2.2, where the area for mountainous

forest is insignificant.

I EI Rain Forest • Moist forest EDDry Forest I
1%

Figure 2.2. Mozambique distribution of total forest area by ecological zone (FAO, 2002)

Miombo in Mozambique extends from the Rovuma River in the North to the Limpopo River

mouth in the South. The common Mozambican miombo is dry, characterised by having a

canopy height of less than 15 m and vegetation that is floristically impoverished (White,

1983). It occurs in areas receiving precipitation less than 1000 mm per year.

Miombo woodlands in the country are mainly composed of deciduous woody vegetation

where Brachystegia spp., and Strychnos spp. are the dominant species in some locations.

Brachystegia is commonly associated with Julbernardia globiflora, Afzelia quanzensis,

Burkea africana, Brtdelta micrantha, Cynometra sp., Dalbergia melanoxylon, Millettia

stuhlmannii, Pterocarpus angolensis and Swartizia madagascariensis. These formations

occur over the majority of the country, and are confined in small-scattered areas in the

provinces of the south and the centre of the country (Saket, 1994). Miombo woodlands in

Mozambique offer a variety of forestry and wildlife products such as edible fruits and

animals, fuelwood, construction material and medicinal plants. They also provide

environmental services such as erosion control and the regulation of water supplies. All these
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significantly contribute to the livelihoods of the rural population in the miombo woodlands

region and particularly those in Mozambique (Mlay et. al; 2001).

i) Forest cover and change in forest cover

In Mozambique all the lands, and thus the resources, are owned by the State (Saket, 1999a).

The pressure on resources is mounting since the return of refugees following restoration of

peace in the country in 1992 (Saket, 2001). The total natural forest cover, changes in total

forest cover and plantation area in the country are indicated in Table 2.4.

Table 2.4. Forest cover, changes in forest cover and plantation area in Mozambique

Total natural Natural forest cover
forest change Plantations (000 ha)

(000 ha) 1990-2000
Area in Area in Annual Annual Total Annual Eucalyptus Pinus Other
1990 2000 change change area planting conifer

(000 ha) rate (%) rate ous
31238 30601 -64 -0.2 50 1 20 26 4

Source: Saket (2001)

The overall deforestation rate over the lO-year period of 1990-2000 in Mozambique was

equal to 0.2% per year (Table 2.4) and according to Saket (1994) this was due to the forest

clearings for agriculture, hunting, exploitation of construction material, frequent forest fires,

timber harvesting and woodfueJ collection. Each Province has its own rate of deforestation as

indicated on Table 2.5.

Table 2.5. Deforestation rates in Mozambique by Province from 1972 to 1990.

Region Provinces Deforestation rate (%)
M<l_I)_uto 19.86

Southern Gaza 0.92
Inhambane 4.94
Average 8.53
Zambézia 6.55

Central Tete 3.92
Manica 4.12
Sofala 4.47
Average 4.77
Niassa 1.36

Northern Cabo De!gado 2.93
Nampula 9.70
Average 6.39

Average for Mozambique 4.27
Source: Saket (1994)
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The timber volumes of productive forests and the Mean Annual Increment (MAl) of the

timber volume per hectare for the three main regions in Mozambique are indicated in Table

2.6. The MAl for the central region does not include the MAl for Tete Province due to the

lower average annual rainfall and humidity in that area. Based on rainfall and other criteria, it

was assumed that the MAl for Tete is the same as the value used in the southern region (0.744

m3/ha/annum). The timber productive types in the year 1994 had the capacity of yielding 9.03

m3 of timber per year including 1.22 m3 of timber with commercial value.

T bl 2 6 Pdf f t dMAH h M b'a e .. ro uc rve ores s vo urnes an ort e ozam ican regions.
Total Volume (mj) Total commercial MAl

Region volume (nr') (m' /ha/annum)
Southern 39908425 4614035 0,744
Central 215340021 36786 178 1,609
Northern 179638426 26702 106 1,360
Total 434886872 68102319 -------
Source: Saket(1994)

In Mozambique 40% of the country is burnt by fire every year and more than 80% of the

burnt area affected is forested (Saket, 1999). Forest fires are mostly caused by humans for

various reasons such as improving visibility for hunting, facilitating timber exploitation,

clearing land for agriculture, protecting households, opening land for settlement and charcoal

making. Fires are also frequently set during honey collection or cooking or accidentally by

cigarettes. Sometimes people set fires for no obvious reason. Forest fires started naturally, e.g.

by lightning, are rare (Saket, 2001).

Many forestry practitioners in the country do recognise that selective logging does not

directly deforest large areas (MPDARD, 2000; MPDARD, 2001; SPDARD, 2001).

Nevertheless, forest harvesting results in a limited forest area being cleared for logging roads

and installations, and often facilitates subsequent conversion of forest to agricultural land by

farmers (Saket, 1994).

ii) Forestry production

The forest and woodland of Mozambique contains highly valued natural forest timber species

for export. In the past about 20 million hectares in the country were covered by natural forest

with the potential to produce quality timber (Malleux, 1980; Saket, 1994). The fuelwood and

charcoal consumption in the whole country is equal to 17 324 000 m3 per year, sawnwood is
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40000 m3 per year, and pulp for paper 10000 m3 per year (FAO, 1999b). According to Fath

(2002) about 85% of the logging operations take place in Sofala, Manica, Zambezia, Nampula

and Cabo Delgado Provinces.

The main forest products which production is officially recorded in the country for internal

and external markets are timber logs, sawn timber, parquet, particleboard and veneer.

Mozambique annual production since 1993 is indicated on Table 2.7. The production capacity

has been increasing during the last decade as a result of peace, relatively good economic

environment and rehabilitation of the forest industry (Eureka, 2001).

Table 2.7. Mozambique forest production (103 m') between 1993 and 2003

Year

Product 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Logs 14.5 34.8 76.8 85.2 120.6 119.8 61.0 84.8 91.2 130.3 93.2

Sawn timber 29.9 29.5 41.3 43 32.6 28.2 15.3 19.4 29.6 29.4 29.2

Parquet 0.3 2.3 1.0 3.7 9.4 16.4 6.4 9.3 3.9 3.7 2.9

Plywood 0.1 0.0 0.07 0.7 1.0 0.7 0.6 0.8 0.7 0.7 0.1

Veneer 0.6 1.4 1.4 1.8 2.5 2.8 1.0 0.8 0.9 1.1 0.0

Poles 1.0 3.0 4.3 0.0 0.0 8.6 3.2 0.0 0.0 5.0 3.6

Particleboard 1.2 0.8 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Source: DNFFB (1991-2003)

The Mozambican recorded forestry production for exports between 1996 and 2002 is

indicated on Table 2.8. The main tree species exported are Dalbergia melanoxylon, Swartzia

madagascariensis, Combretum imberbe, Pterocarpus angolensis, Millettia stuhlmannii and

Afzelia quanzensis.

There are currently 133 wood based industries in Mozambique, these ranging from simple

carpentry shops to furniture manufacturing installations. However value added production

plays a minor role in both domestic and export markets. This is largely caused by the low

technological level of most existing facilities. This has meant that most companies operating

in the timber sector up until January 2003 preferred to export logs than to introduce primary

processing of timber (Eureka, 2001; DNFFB, 2003). The industry in Mozambique has a weak

processing capacity for being old and obsolete, has low timber recovery (30%) and the

production has in general low quality for export.
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Table 2.8. Forest sector production exported (103 nr') between 1996 and 2002

Product Year
1996 1997 1998 1999 2000 2001 2002

Logs 27.0 52.0 24.0 24.0 13.0 Na 65.0
Sawn 2.2 0.7 9.4 9.4 0.1 Na 4.9
timber
Parquet 0.1 1.9 3.7 3.7 75.9 Na 1.8
Veneer 0.4 0.01 0.1 0.1 0.0 Na 0.0
Plywood 0.0 0.0 0.0 0.0 0.0 Na 0.0
Poles 0.0 0.0 16.8 16.8 0.5 Na 0.0

Na - Not available
Source: DNFFB (2003)

The main constraints for the forest industry in Mozambique are low producing forests, high

costs, weak infrastructure, little new investment, either national or foreign, and lack of cheap

capital, lack of technology and access to technology, lack of skills, and lack of access to

expertise, skills training, foreign experts (Eureka, 2001; DNFFB, 2000, 2001, 2002, 2003).

The Mozambique forestry sector presents large differences between regions and enterprise

characteristics: in the North there are extensive forests, but relatively lower sawing capacities.

The Maputo area in the extreme south is the economic centre of the country and the demand

for sawn timber is high, although the forest areas in the south are small. The production value

of the forestry industry for sawn timber ranged from US$ 25 thousand to US$ 2.5 million for

the years 1997/98. The majority of the enterprises are cautiously optimistic with regard to the

future. Although they face different problems, such as insufficient infrastructure, a lack of

specialised labour and financing, the future prospects of the sector encourage the

entrepreneurs to invest in the sector (Lutze, 2001).

Kloeck-Jensen (1998) estimates that the official statistical data represents only 10% of what

was harvested in the country in 1998. The main reasons for inefficient statistical data

collection in the forest sector are lack of technical capacity at local and national levels, lack of

financial resources and equipment.

2.4.2. The agricultural sector in Mozambique

About 85% of Mozambicans live in rural areas and agriculture is the dominant sector in

Mozambique's economy (!NE, 1999). Agricultural production is carried out on family farms,

commercial farms (state and private), and cooperative farms. The livelihood of the vast
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majority of Mozambicans is based around the machamba family farm (plot). There are about

2.5 million family farms, with an average of 5 persons per family. Family farms use 90% of

the cultivated area and provide a livelihood for 80% of the population. About 94% of rural

households cultivate on average 2.4 ha and only 29% sell any crop output. Yields on family

farms are low, as they use traditional farming methods with little improved agricultural

inputs. With good weather conditions, however, family farms can produce enough food to

meet household needs and contribute about 50% of the marketed output. Most of these

farmers practice shifting cultivation, with fallow intervals of roughly seven years (Heltberg

and Tarp, 2002).

In terms of land size, 95% of all land holdings are less than 1.28 ha, 23% of which are

cultivated by female-headed households. These land holdings are cultivated using very basic

and traditional means, as low as 4% are irrigated, 10% use animal traction, and 2.7% apply

pesticides (INE, 2001).

According to the GOM (1997), all land is the property of the State and individuals and/or

groups have the right to use it for up to 50 years with a lease, except for family farms which

are not required to have a lease or pay tax as long as the land is occupied within the

regulations. The family sector has customary land tenure rights. Nearly all of the rural

population owns their land through customary law and the National Cadastral Service

(DINAGECA) does not provide titles to land acquired through customary law. The Land Law

prohibits the transfer of customary land through sale, rental or mortgaging, while it allows

inheritance of land with title. Local authorities have the right to adjust the amount of land

given to a family, depending on prevailing local conditions, while the commercial (private

and state farm) and cooperative sectors have leasehold tenure rights. Non-farm employment is

relatively rare in Mozambique rural areas, is distributed in an uneven manner and access to it

depends strongly on education and place of residence (Heltberg and Tarp, 2002).

2.5. Modellingnatural resource use

The theory of optimising peasant, techniques and tools have been used in the analysis of

natural forest management, and models applied for management of miombo ecosystems,

specifically those developed to Mozambique conditions, are discussed below. Other topics,
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such as stochastic models, non-linear programming and geometric programming, have their

potential to be used, but are not discussed because they were already evaluated by Sumaila et

al. (2003).

2.5.1. Models

Models constitute the preliminary stage of theory formulation, and are essential tools for

establishing forecasts and assessments (Jëbstl, 1995). Chopra and Kadekodi (1999) state that

the approaches for modelling the interactions between economic and environmental process

can be categorised in several ways. Another important distinction is that between evaluative

models (e.g., prescriptive or normative models) and descriptive models (e.g., analytical or

predictive models).

Analytical models are abstract, theoretical constructions. They include no empirical data, but

they present theories in a rigorous framework, which allow researchers to determine the

logical implications of their assumptions. They use formal mathematical equations, but these

equations have only algebraic expressions, and no numbers. Empirical models are the models

that relate specific concrete models, they quantify the relationship between variables, while

simulations models use parameters based on stylised facts drawn from various sources to

assess scenarios and the impact of policy changes (Chopra and Kadekodi, 1999; Kaimowitz

and Angelsen, 1998).

Kaimowitz and Angelsen (1998) also classified models based on two criteria: (i) scale, i.e.

household/firm, regional or sub-national, national; and (ii) method: analytical, simulation

mathematical programming, and regression models. They reviewed 150 economic models of

tropical deforestation to identify promising areas for future research. The effect of selected

variables on deforestation summarised by them is indicated in the following table. In

subsistence models the household objective is to reach a certain subsistence target of

consumption with the least possible amount of labour. In Chayanovian models the households

trade off consumption and leisure and in the open economy model the market is assumed to

be perfect. The effect of different variables on deforestation is indicated on Table 9.
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Table 2.9. The effect of exogenous variables on deforestation in open economy, subsistence
dCh . d Ian ayanovian mo es.

Effect on deforestation
Variable Subsistence Chayanovian Open economy

model model model
Higher agricultural prices Reduce Indeterminate Increase
Higher agricultural productivity Reduce Indeterminate Increase
Population growth Increase Increase No effect
Higher wa_ges NA (reduce) NA (reduce) Reduce

NA - Not applicable
Source: Kaimowitz and Angelsen (1998)

2.5.2. The theory of the optimising peasant

The theories that were evaluated in this study are those that integrate the consumption and

production decisions of the rural households. The aim of such theories is to achieve a more

accurate representation of the totality of economic behaviour encompassed in household

production. The theories related to economic behaviour of the commercial sector are not

going to be evaluated in this study because the Sumaila et al. (2003) model already applied

the best option.

The theory of the optimising peasant is divided into five alternatives of peasant household

economic behaviour, namely (i) the profit maximisation peasant; (ii) the risk-averse peasant;

(iii) the drudgery-averse peasant; (iv) the farm household peasant; and (v) the sharecropping

peasant. Each theory assumes that the peasant household maximises one or more household

objectives, and as a limitation the household or family is treated as a single decision making

unit. This means the objectives of the household head are assumed to represent the goals of all

household members. These theories neglect the social basis of the division of labour between

women and men in the household and also the differences in their command over resources

and income (Low, 1986).

The theories of the profit maximisation peasant and the risk-averse peasant take no account of

the consumption side of peasant decision-making. Peasants have a dual character as both

family and entrepreneur, consumer and producer and this is stated to be a most important

facet of the definition of the term peasant (Low, 1986; Ellis, 1993).

From the five alternatives of the theory of optimising peasant, only the drudgery-averse

peasant and the farm household peasant are going to be analysed here for being the
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alternatives that can be used to improve the model developed by Sumaila et al. (2003) under

the study site conditions.

a) The drudgery-averse peasant

In the 1920s, Chaynov (a Russian agricultural economist) developed a theory that emphasises

the influence of family size and structure on household economic behaviour which is referred

as the ''theory of the drudgery-averse peasant" because it centres on the choice between farm

work and leisure (Ellis, 1993).

The Chayanov farm household model focuses especially on the subjective decisions made by

the householders with respect to the amount of family labour to commit to farm production in

order to satisfy its consumption needs. This decision is seen as involving a trade-off between

the drudgery of farm work and the income required to meet the consumption needs of the

household (utility of income). The key assumptions as a microeconomic theory of peasant

household behaviour are the following:

(i) There is no market for labour, i.e., no hiring in or hiring out of labour by the

household. This means no wage work by family members outside the household;

(ii) Farm output maybe retained for home consumption or sold in the market, and is

valued at the market price;

(iii) All peasant households have flexible access to land for cultivation;

(iv) Each peasant community has a social norm for the minimum acceptable

consumption level; in other words, household motivation follows, in part, a social

perception of the minimum acceptable level of material income.

The economic problem of the peasant household as formulated in the Chaynov model is to

maximise utility, subject to the following constraints: (i) the production function; (ii) the

minimum acceptable income level; and (iii) the maximum number of working days available.

Assuming that it is the production function rather than one of the other constraints which is

binding, the solution to this problem occurs where the marginal rate of substitution of leisure

for income equals the marginal value product of labour.

Due to features of the Chayanov model, such as flexibility of access to land, and absence of,

or at least limited engagement in the labour market, it has been found more useful for
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explanatory purposes in the African context and was used to model African peasant

communities in Kenya, southern Africa and Zaire (Hunt, 1979; Levi and Havienden, 1982;

Low, 1986; Binswanger and McIntire, 1987; Shapiro, 1990).

b) The farm household peasant

Like all microeconomic models, the logic and predictions of Chaynov's theory is dependent

on initial assumptions. Under the farm household peasant theory, the discussion of the farm

household models will be focused on the impact of altering the key assumptions made on

Chaynov's theory.

Several models of farm household behaviour have been developed and tested using the new

household economics approach (Low, 1986). The Barnum-Squire farm household model and

Low farm household model will be discussed.

The Barnum-Squire farm household model provides a framework for generating predictions

about the responses of the farm household to changes in domestic (family size and structure)

and market variables (output and input prices, wage rates and technology). The assumptions

of this model, in contrast with those of the Chaynov model, are as follows:

(i) There exists a market for labour so that farm householders are able to hire in and

out labour at a given market wage;

(ii) Land available to the farm household is fixed, at least for the duration of the

production cycle under study;

(iii) Home activity and leisure are combined and treated as the same consumption

item for the purpose of the utility maximisation;

(iv) The household can choose between own consumption of output and sale of output

in order to purchase non-farm consumption needs;

(v) Uncertainty and behaviour toward risk are ignored.

The roots of the Low farm household model, as well as the Barnum-Squire farm household

model are partly in Chayanov and partly in new household economics. Low (1986) developed

a model that addresses agricultural production in African countries bordering South Africa,

which is the case for southern Mozambique (Maputo, Gaza and Inhambane provinces). A
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dominant feature of economic life in those areas is the proximity of a highly developed

market for wage labour. The assumptions made by Low (1986) are the following:

(i) The labour market exists and the wage rates vary for different categories of

labour, and especially between men and women. This differs from the single

market wage rate assumed in the Barnum-Squire model;

(ii) An indigenous land tenure system which permits flexible access to land for farm

households according to their family size. This is the same as in the Chayanov

model, and differs from the fixed land assumption of the Barnum-Squire model;

(iii) Semi-subsistence farm households for which the farm gate-price of food differs

from the retail price at which food can be purchased back from the market. This

contrasts with the single food price assumed in the Barnum-Squire model;

(iv) The widespread occurrence of food-deficit farm households with the hiring out of

family labour. This contrasts with the conditions informing the Barnum-Squire

model of food-surplus farm households which, mainly, hire in more labour than

they hire out.

2.5.3. Game theory

According to Sumaila (1999), game theory is very useful for analysing strategic interaction

between a finite numbers of agents. Game theoretic modelling has been used to consider non-

cooperative and cooperative outcomes between agents within alternative fisheries

management systems and property rights regimes.

Kant and Nautiyal (1993) using bilateral monopoly game theory shows that there is need for

the communities to share the benefits from forest resources to keep their interests in

cooperating with forest owner on forest join management. Cardenas et al. (2000) have study

the impact of external institutions such as rule and regulations imposed from outside

community on their behaviour. The results show that local environmental policies that are

moderate applied are ineffective comparing to a possibility to allow individual collectively

deals with local environment without intervention.

White (2000) has made a detailed review of game theory analysis for common property

resources. McCarthy (2000) developed a theoretic model based on game theory to analyse
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cattle production risk on free grazing areas. The results show that under cooperative

management regime, the producers are better off in terms of welfare and risk reduction.

Sumaila (1999) reviewed of game theoretic models for fish resources and notes that only a

few attempts have been made to develop empirical game theoretic model of fisheries. Sumaila

and Kowero (2003) have developed the first game theoretic model for the miombo woodland

management in southern Africa.

2.5.4. Techniques and tools

The most common used techniques to managed natural resources are linear programming,

multiobjective programming, and systems dynamic (Dykstra, 1984; Obiya et al., 1986;

Buongiorno, 1996).

a) Linear programming

The linear programming approach is the most widely used mathematical programming

method in natural resource management. It has been most broadly applied for all management

science techniques in natural resource management and related disciplines and is a powerful

technique for dealing with the problem of allocating limited resources among competing

activities (Dykstra, 1984). Linear programming has been used extensively in forest sector

modelling, especially where the spatial distribution of markets was important (Obiya et al.,

1986).

The general form of the linear programming problem is to maximize a linear function of a set

of variables or "activities", called the objective function. The objective function is subject to

linear constraints that link the activities together. The constraints may express either

objectives to be achieved, or limiting resources (Dykstra, 1984; Hiller and Lieberman, 1986).

b) Multiobjective programming

Under multiobjective programming only goal programming is described because it was used

for modelling in miombo woodlands. According to Dykstra (1984) and Hiller and Lieberman

(1986), many decision problems in natural resource management have multiple objectives.

The miombo woodlands, for example, are managed for multiple uses, such as timber, wildlife,
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NTFPs and outdoor recreation. Goal programming is an extension of linear programming and

is the most widely used technique for general multiobjective programming.

c) System dynamics and computer programs for SO

In contrast with econometrics and linear programming, system dynamics, as enunciated by

Forrester (1961, cited in Buongiomo, 1996) minimizes the importance of the concept of

equilibrium to focus on change. A system dynamics (SO) model views the world as a set of

differential equations. System dynamics dates back to the late 1950s, and interest in the

methodology grew rapidly during the 1960s and early 1970s. The initial focus was on the

application of SO to management issues, but was soon extended to the analysis of

environmental, social and macro-economic problems. Since the mid-eighties, there has been

renewed interest in applying SO to business policy and strategy problems (Smith and

Ackereb, 2001).

The system dynamics approach has limitations. First, in contrast with econometrics, it is not

statistically based; in fact the underlying philosophy gives little importance to the data.

Second, like econometrics, the description of the techniques of production tends to lack

realism, although this is not true of some models of forest growth. Third, and perhaps most

importantly, it abandons totally the concept of equilibrium, the touchstone of the theory of

competitive markets. The theory of market equilibrium is perhaps the jewel of economic

science (Buongiomo, 1996).

System dynamic models can be developed using several user-friendly modelling softwares

available. The most commonly used programs are Ithink, Powersim, Vensim, Stella, Simile,

Pascal, and Fortran (Lynam, 2001 among many other authors).

In this study POWERSIM is the simulation program that is going to be used to model

miombo woodlands. It was chosen based on the abilities to handle economic analysis and the

possibility to view it either in equation or diagram format. The diagram format contains the

diagrammatic representation of the model, and results from the simulation in tables and

figures. The equation format contains the general and adjustment equations of the model.
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2.5.5. Models applied to miombo ecosystems

Four different models applied to miombo woodlands in the southern Africa region were

identified. In this section the game theoretic model will be described in detail and other

models will be summarised.

a) Goal programming model for miombo woodlands

Nhantumbo and Kowero (2003) developed a model based on the Weighted Goal

Programming (WGP) for planning management and use of the woodlands as well as a

framework for policy analysis. The miombo woodland model (MIOMBOGP) is based in two

linked models (household and private sector models).

This model has a potential to be used to evaluate the impact of some government macro-

economic policies. In another study Nhantumbo et al. (2001) also applied a similar goal-

programming model in the southern Mozambique.

b) The miombo Ecosystem and Land Transformation model - MELT

This model was developed to help to understand the ways in which land use will change in

response to economic and climatic drivers and decision-making at the level of traditional

authorities. It takes a map of current land-use and models the changes to land-use through

time (Desanker, 2001). The model can answer the following questions:

(i) How will land be allocated to satisfy the demand for agricultural products in a

world experiencing rapid climate change?

(ii) How will shifting population distribution, changing productivity, fluctuations in

the demand for various agricultural products and the inertia of existing

agricultural infrastructure interact to produce future patterns of land cover?

(iii) How will these patterns and their level of fragmentation affect the ability of

natural systems to adjust to climate change?

(iv) What effect will policy decisions have on land cover and the ability of the land to

sustain ecosystem services?

(v) How do policies and decisions cascade across spatial and temporal scales?
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MELT takes as input potential vegetation and crop productivity maps from other models and

data sets. It also takes agricultural demand, including the harvesting of timber from natural

systems, from economic models. Additional inputs include population distribution, and data

describing existing infrastructure for agriculture and timber harvesting, such as nearness to

markets and transport, and non-spatial parameters such as information from yield tables for

various crops and timber types. The activities incorporated in MELT are assessment of land

productivity, natural succession, biome movement, estimation of productivity of existing

agricultural land inputs, estimation of timber yields from natural systems, estimation of

potential productivity of uncleared land, allocation of crop production to satisfy current

demand, abandoning of land surplus to requirements, and harvesting of timber.

c) A simulation model of miombo woodland dynamics under different management
regimes

Gambiza et al. (2000) developed a dynamic simulation model of the interactions in miombo

woodlands among tree growth, grass production, grazing, fire and harvesting in Zimbabwe, to

assist in understanding the longer-term dynamics of these woodlands under different kinds

and intensities of use. The model was developed mainly using relationships published in a

synthesis of miombo ecology (Frost, 1996). The model formed the core of a broader

ecological economic model of the people-woodland interactions so prevalent across much of

south-central Africa (Campbell et al. 2000). It comprised four interactive sub-models:

rainfall; grass production and fuel load; fire occurrence; and tree dynamics.

In particular, the model was developed to answer the following questions:

1. What effect does a removing harvestable tree have on woodland structure and thereby on

grass fuel loads, and how does this in turn influence fire frequency and intensity?

2. How is woodland structure affected by changing fire frequencies and intensities?

3. What is the sustainable level of commercial timber removal in terms of optimising the

regeneration and re-growth of harvested trees and the recruitment and growth of saplings?

4. What level of grazing by cattle is needed to significantly reduce fuel loads and hence fires?

5. What combinations of livestock and fire are needed to maximise production of commercial

timber?

6. Can management interventions in some of these ecological processes increase the level of

benefit derived from these woodlands by both commercial and subsistence users?
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d) Game theoretic model for miombo woodlands

Sumaila et al. (2003) developed a game theoretic model for miombo woodlands with two

users (household and commercial) controlled by a regulator. This model was adjusted by

Mlay et al. (2003) to the conditions in Mozambique at Dondo (Savane) and Nhamatanda

Districts within the Sofala Province and at Gondola and Manica Districts within Manica

Province. According to them, the model can be used to answer at least the following

questions:

1. How much harvest, discounted net benefits and employment do the commercial and

household users receive?

2. How much should each of the stakeholders invest to harvest and use the miombo

woodland resource?

3. What will be the resulting biomass of the miombo from such levels of harvests?

4. How does a sector policy regulation on minimum harvest diameter influence the

outcomes ofthe model?

5. Are the harvest levels that will emerge from various government regulatory policies

sustainable?

6. How does change In the subsistence Income to household users impact on the

outcomes of the model?

7. How does non-miombo income (income from employment opportunities outside of

miombo) change the various outcomes of the model?

Mlay et al. (2003) have evaluated econometric models, programming models, systems

analysis (including game theory), social accounting matrices and computable general

equilibrium models. They chose the dynamic game theoretic model due to its suitability for

policy analysis; the ability to model real agents behaviour; the capacity to handle various

stakeholders and their various conflicting goals; and the capacity to include ecological

considerations in the model. This is the model that is going to be used in this research.
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2.6. Forest appraisal and valuation

2.6.1. Appraisal of stumpage price

Standing price or stumpage price is the estimated or actual amount that buyers would pay for

standing timber in the forest for immediate harvesting. It is also known as a timber liquidation

value, and can be expressed as a sum per unit volume, or as a value per unit area. Since

harvesting occurs in the very near future, stumpage valuation involves no discounting

(Klemperer, 1996).

According to Davis and Johnson (1987), the general problems of stumpage appraisal are the

unknown purposes of seller or buyer and conditions of sale, estimating product selling value,

determination of production costs, problems of measurement, division of the conversion

return between a margin for profit and risk and stumpage, evaluation of time element where

stumpage purchased is cut and processed over a substantial time period, and differences in

species values.

There are two methods that can be used to calculate the stumpage price. These are conversion

return and appraisal stumpage price by comparable sales (Davis, 1966; Davis and Johnson,

1987; Klemperer, 1996).

a) Conversion return

According to Klemperer (1996), this method is also known as the Derived Residual-Value.

The value of standing timber is calculated as the difference between the selling value of the

products made from it and the stump-to-market processing costs. Stumpage value is

considered a residual value - a difference. It is the money remaining after production costs are

subtracted from a product's selling price. •

Davis (1966) suggests four ratios to calculate the Margin (M), which can then be subtracted

from the conversion return (CR) to obtain the stumpage price (S). These ratios are the

overturn ratio, the profit ratio, the selling value ratio, and the operating ratio.

b) Appraisal stumpage price by comparable sales

Within the market value comparison, there are various methods of estimating market

stumpage price. The first is to compare a prospective sale directly to the current market price,
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and the second is to calculate an income value for the sale and estimate the likely market price

from that calculation. Davis (1966) calls the direct and analytical approaches.

Standing price can also be calculated using regression analysis of a sample (or group) of tracts

already sold in a common time period and derives an equation that can predict the market

price of stumpage not yet sold. In this case, the stumpage price is the dependent variable, as a

function of several predictor variables (independent variables likely to affect stumpage price).

Stumpage price can also be calculated using values in use and market values. Stumpage

buyers who process the stumpage into other products take the value-in-use point of view to

estimate the return from using the stumpage in their own conversion business. Stumpage

sellers, either or private tree farms or public land, take the market value perspective and try to

estimate the likely selling value in the current market (Davis and Johnson, 1987).

The market evidence method for stumpage appraisal usually starts with an average stumpage

price and then makes an adjustment for the many ways in which the sale seems unusual, or in

other words, sets the stumpage value of a subject stand through comparison with the prices of

stumpage received for stumpage recently sold from stands with similar characteristics as the

subject stand. An individual observes the current market price for similar timber, compares

the sale to be evaluated to that observed, and estimates the market price of his sale based on

the comparison. The first step is to determine the current price. This task has the following

problems: stumpage prices for privately owned timber are difficult to observe because there

are seldom public records of the transactions, the price varies with the time of year, location

of the sale relative to the mill and to the market, other sale characteristics such as volume per

hectare and logging difficulty and other general timber supply and demand determinants.

Price also depends on buyer expectations of future market conditions. Sale comparison, the

second step, is accomplished with varying degrees of formality. It usually requires a mental

picture or description of an "average" sales characteristic (Leuschner, 1984).

2.6.2. Non-Timber forest products valuation

Non-Timber Forest Products (NTFPs) make a major contribution to food security and

sustainable livelihoods. Few countries assess the resource supplying NTFP or monitor their

contribution to national economy (FAO, 2001).
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Scientists and governments have overlooked the importance of NTFPs mainly because these

products are used mainly for rural subsistence or local markets. Government administration

has divided these products among forestry, agriculture and horticulture, statistics do not

recognize even nationally and internationally important non-timber forest commodities as

originating from forests. Modem forestry has favoured timber and large-scale enterprises, and

has generally regarded non-timber products as incidental (FAO, 1999c).

Although individual NTFPs are less economically significant than timber, as a group they can

sometimes contribute more to domestic and international economies on a per hectare basis

than timber. Most such products are consumed locally, but international markets for some

(such as rattan, palm oil, nuts, spices, and ornamental plants) already exist, and new markets

for fruits and medicine are developing (Sharma et al., 1992).

Armitage (1998) argues that the role of NTFPs should be clearly recognised in social,

environmental and economic terms in sustainable tropical forest management. The following

themes covering NTFPs should be considered when planning and implementing sustainable

forest management programs:

./ Encourage cooperation with rural communities having traditional relationships with

forests and recognise and accept that their interests in a range of NTFPs can increase

the forest revenue for rural communities;

./ Recognise the positive value of NTFPs, both saleable and non-saleable, m the

planned management of tropical production forests.

According to Wong et al. (2001), many efforts to classify NTFPs have been made, but there is

no single, commonly used classification. There are wide ranges of classifications for NTFPs,

though there is some consistency within disciplines. There is a number of general approaches

which classify varyingly according to products, end uses, taxonomy, management

characteristics, or life-form.

Despite the real and potential importance, national institutions do not carry out regular

monitoring of the resources or evaluation of the socio-economic contribution of NTFPs as

they do for timber and agricultural products. There is a serious lack of quantitative data at the

national level on NTFPs and even less on the resources that provide them. The most

important Non Wood Forest Products (NWFP) for the different African subregions, i.e.
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North, West, Central, East, Insular East and Southern Africa, are medicinal plants, edible

products (mainly edible plants, mushrooms, bushmeat and bee products) and fodder (Russo et

al.,2001).
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3. RESEARCH METHODS

This section begins with the description of the study sites, followed by description of the

conceptual model, field work methods, methods used to analyse the field data, estimation of

standing price, commercial harvesting costs, transaction costs, charcoal yield, with the

estimation of the subsistence income and ends up with calibration and validation of the

model.

3.1. Study sites

Two study sites, MOFLOR Forest Concession in Savane within Dando District and

Pindanganga Community Forest within Gondola District (Figure 3.1), were selected for this

research. They represent different forest management regimes (open access in the area that

was used as forest concession by MOFLOR company and community based natural resource

management in Pindanganga), and are two of the major suppliers of timber, firewood and

charcoal within Sofala and Manica Provinces (Table 3.1). These two sites make it possible to

analyse the interaction between the different stakeholders and between different activities, and

evaluate the socio-economic and environmental benefits for use of natural resources in

miombo woodlands and how it is influenced by sectoral and extra sectoral policies.

Table 3.1. First semester production and contribution of study sites to the total provincial
production

Amount produced % of the total Amount % of the total
Forest product in MOFLOR production of the produced in production of

Forest concession Sofala Province Gondola for the Manica
for the year 200 I the year 2001 Province

Charcoal (bags) 121,314.0 50.2 69,632.0 86.7
Poles (mj) 200.0 70.0 1,000.0 50.0
Firewood (mj) 500.0 74.6 3,312.0 35.5
Timber (mj) 3,840.0 23.7 59,862 35.6

Source: MPDARO (2002); MDDARD (2002); SPDARD (2002); SDDARO (2002).
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3.1.1. Location and access

MOFLOR forest concession is located in Savane Administrative Post, Dondo District in

Sofala Province. Pindanganga community forest is located in Gondola District in Manica

Province. Both provinces are situated in central of Mozambique along the Beira Corridor

(Figure 3.1). The distance between MOFLOR forest concession and the closest town (Beira)

is roughly estimated as 60 km while the Gondola study site is about 50 km from Chimoio.

The access to both sites is poor during the rainy season.

3.l.2. Climate, topography and land use

a) Gondola

The climate in Gondola is characterised as cool and wet; the mean annual temperature is

2l.50C with an average maximum of 26.6°C and average minimum of 16°C. The cooler

months start in May and end in August and the hotter months start in September and end in

April. The mean annual precipitation is about 1,080 mm and range between 900 to 1,400 mm,

concentrated in January and February (MINED, 1986; Costa, 1996). The dry season starts in

May and ends in September (INAM, 2000). The two main soil types in Pindanganga are

brown-grey sandy soils with some organic material and brown-red sand with a low deep and

low organic content. The woodland is mainly utilised for agriculture, hunting, for firewood

collection and charcoal making, construction poles and non-timer forest products (mainly

wild fruits, thatching grass, honey and, medicinal plants). It is also utilised as a grazing area in

a small scale.
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Figure 3.1. The two Districts, Dondo and Gondola, within which the study sites are located in

Mozambique (MINED, 1986)
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b) Savane

The climate in Dondo is characterised as wet tropical. The mean annual temperature is 24°C

with an average maximum of 32°C and an average minimum of 20°C. The cool months start

in May and end in August and the hotter months start in September and end in April. The

average total annual precipitation is 900 mm and ranges between 900 to 1,400 mm,

concentrated in January and February (MINED, 1986). The dry season starts in May and end

in September (lNAM, 2002). The predominant soil types in MOFLOR forest concession are

brown-grey sandy soils with low organic content, low fertility and low water retention

capacity. The average total annual raintall (mm) between 1979 and 1983 is indicated in Figure

3.2 (FAO, 1984).

33"30' 34"'1)0' 34-45'

~ t------,

Legend
Rainfall (mm)
.0-800
0800-1000
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_1200-1400

33-:10' 3-4"00' 34"30'

Figure 3.2. The average total annual rainfall (mm) inGondola and Dondo Districts (FAO,

1984).

3'5"1'5'

In both study sites, the land has been under state ownership since Independence in 1975 but,

as for much of rural Mozambique, the land is governed by a traditional system based on

lineage and headed by chiefs. To acquire land one has to make a request to the traditional

leaders. However, the forest is considered as common property, and everyone has the right to

harvest and use forest products and services as long as they respect the sacred forests (pereira,
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2000; Rungo & Taquidir, 2000a; Serra, 2001; SPDARD, 2001; MPDARD, 2001). Figure 3.3

illustrates the land cover of the study sites in 2003.

'-
- ï CU""'n--~_..-.......-........... ,.,..... ..._'-_ ..__ G.-

Figure 3.3. Land cover of the study sites Gondola and Dondo Districts in 2002 (DNFFB,

2003); Pereira (2000)

The woodland in MOFLOR forest concession area is mainly utilized for agriculture, hunting,

source of fuelwood, construction poles and non-timer forest products (mainly wild fruits,

thatching grass and, medicinal plants). It is also utilised as a grazing area in a small scale

comparing with Pindanganga site.

3.1.3. Natural resource availability and use

These two sites are relatively rich in both forest and wildlife natural resources. The standing

volume of miombo trees at DBH is equal to 37 m3Jha and 41 m3fha for MOFLOR forest

concession and Pindanganga, respectively (pereira, 2000; and MOFLOR, 2000). The land in

the study sites is used for agricultural production, as the community uses the forest and

wildlife resources to meet their basic needs and to generate income. Within Dondo District,

10,000 ha are under the forest concession of the MOFLOR Company for commercial timber

harvesting -. In Gondola, 36,512 ha fall under Pindanganga community forest management

45

Stellenbosch University http://scholar.sun.ac.za



program and the remaining forest area is under open access management regime (GDDAF

2000; DDDAF, 2000; MPDAF, 2001; and SPDAF, 2001).

3.1.4. Human population

From 1980 to 1994 the Mozambican society lived in a civil war situation. Unforeseen large

population concentrations were created around most of the large settlements, along the coast

and within relatively safe corridors. High levels of damage took place in the forest cover as a

result of harvesting wood for fuel, timber harvesting, building materials, and through forest

clearing for agriculture. This is the case in both Savane and Gondola. Table 3.3 indicates the

population size and the average agricultural plot size in the sites.

Table 3.3. Demographic data and average agricultural plot size of typical household in
MOFLOR ti . d Pi dan . tiorest concession an m iganga commumty orest

Dondo District Gondola District
Average farm size (ha) 2.6 3.5
Number of habitants per site 11,162 2,331
Average famil_ysize 6 6

Source: Mlay et al. (2001); Local Governments (2001)

Lower soil fertility in MOFLOR area which affects the agricultural productivity and

conditions for cattle grazing, proximity of this area to a bigger market for forest products less

endowed forest resource area are the main factors which are likely to make the two sites to

behave differently under different management regimes or policy intervention.

3.2. Conceptual model

3.2.1. Rationale for the model

Sumaila et al. (2003) have chosen the dynamic game theoretic model due to its suitability for

policy analysis; the ability to model real agent's behaviour; the capacity to handle various

stakeholders and their various conflicting goals; and the capacity to include ecological

considerations in the model.

In the conceptual model two groups of stakeholders are identified, the private/commercial

sector and local community/household sector who assumed to be are under the control of a
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regulator (the government). The government can be at the central/local/village level or any

other authority and is assumed to have as objective the maximisation of society benefits,

which include direct economic benefits, social benefits and environmental protection from the

use of miombo resources on a sustainable basis. The community's interest in miombo

woodlands is assumed to be based on the benefits that they can derive from wood and non

timber forest products harvested for consumption and sale, while the private sector's interest

is motivated by the profit derived from logging activities. A summary of the three different

versions of the model is presented below, based on some assumptions on the relationship

between the user groups and the regulator. The decision-making by the household and

commercial sectors on the use of miombo woodlands as defined in the theoretic games are

summarised in Figure 3.4. It is assumed that a fixed area (Nt) is available to the communities

of which Na is under agriculture cultivation and Nm is forested miombo woodlands.

The decision process of the commercial sector involves the determination of the amount of

timber to harvest annually (Hc) from the N, hectares of miombo resource available to

maximize the annual net benefits. The household sector is interested in maximizing utility of

time (maximizing benefits). They first decide on the amount of forest area available to be

concerted into agriculture in order to maximize their utility over time, secondly how much of

the miombo area is going to be cleared for agriculture (H.) and how much is for harvesting

wood products (Hm) and NTFPs (thatching grass and honey) and, lastly for the remaining

standing miombo area, how much is going to be allocated for poles harvesting (Hpo) and

charcoal making <Heh).
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I Total miombo land (N,) I

I I
Agricultural land (Na) Miombo (Nm)

I
I I

I Household use (Hh) I Commercial use (He)
J

J
I I

I Agricultural cultivation (Ha) I Wood and non-timber harvest (Hm) I
I

I I I
I Charcoal (ah) I Poles and bamboo (H~) I Thatching grass (Gr)

Honey (Hho)

Figure 3.4. Steps in decision making by the household and commercial sectors

3.2.2. Modelling miombo woodland dynamics

For modelling purposes, miombo woodland is defined as the land area on which the miombo

trees are standing and this is normalised to one for simulation. Based on the field experience

and according to Sumaila et. ai, (2003), at the start of the analysis, part of the woodland is

cleared for agricultural production while the rest remains forested. From the foregoing, the

stock dynamics of miombo woodland is represented by equation (3.1) where the volume of

study miombo per class diameter in this period (Na,,) is determined by the volume in previous

class (Na-h,-I); the survival rate (s) that is assumed to be constant for all diameter classes, the

volume in a given year (regeneration) and the amount of woodland resources used in this

period by the commercial H;,I and household H:,I users, respectively. Na,o is the initial
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standing volume of miombo at the start of the game, and E represents the miombo Mean

Annual Increment (MAl) to maintain the allowable cut of miombo. This MAl is set equal to

1.609 m3fha/annum (Saket, 1994). Equation (3.2) describes the growth per diameter class over

time of the miombo. The parameters E, <l> and yare ecological, they can be used to vary the

quality of the miombo stand (Frost, 1996).

N2,t s sN1,(t_I) + N1,(t_I) - HI~(t-1)

N3,t s sN2,(t_I) + N2,(t-I) - H~,(t_I) - H;,(t_I)

N4,1 ~ sN3,(t_I) + N3,(t-I) - H~,t_1

(3.1)

where

R,= any natural regeneration that takes place;

Na,!= volume in a class diameter a in a given year t (nr').

(3.2.)

From now on the subscripts a (a = 1,.., A) and t (t = 1,.., T) will be used to represent tree

diameter classes and harvesting periods (cutting cycle), respectively. Note that A and T

denote the last diameter class and last harvesting period, respectively. The superscripts c and

h are used to represent private/commercial and household sectors, respectively. The

harvesting activities for the household sector are taking place on the second and third

diameter classes and for the commercial sector are taking place on the third and fourth

diameter classes.

In the model, the grass production for household building was calculated using regression

equation (3.3), relating grass yield to total tree basal area (Frost, 1996). Because not all

herbaceous yields are used for building construction, in the model the grass production for

construction purposes is constrained to a maximum of 0.2% of total yield. Based on Frost

(1996), a maximum total yield was estimated as 4,000 kg of Dry Matter (DM) per ha.
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Y = 1878.4 X A-0.45 X F x 0.002 (3.3)

where

Y = amount of thatching grass sold (kg)

A = average basal area (mvha) of the miombo woodland

F = total forest area (ha)

g = growth rate in selling amount of thatching grass

t = harvesting periods (years).

3.2.4. Modelling household users ofmiombo

Following Sumaila et al. (2003), a non-separable household model is assumed since the local

communities operate in an environment with incomplete markets. A representative household

is assumed to maximise utility derived from income (I) and leisure (T=Lmax_L):

U(/,T) = (/ - /min r + v(Lmax
- Lr (3.4)

where

I = gross income of the household (US$/year)

T = leisure time of the household

Imin= subsistence consumption (US$/year)

Lmax= maximum labour available from the household

i = rural population growth rate (%)

t = harvesting period (year)

L = labour used by household in activities undertaken

a; ~ are the parameters of the utility function.

The shadow wage (z) is obtained by total differentiation of the utility function, equation (3.5),

and is presented in the following equation.

z = z( I L) = _ UT = vf3{I - / min ta
, UI a(Lmax - Lt: (3.5)
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The allocation of labour is made such that the marginal return to labour is the same across all

activities and equal to the shadow wage. The production activities performed by the

households are divided into five categories, namely: agriculture, animal production,

harvesting of miombo wood and non-timber forest products and non-farm/non-miombo

employment.

The gross income (I) and labour utilisation (L) are presented in the accounting equations (3.6)

and (3.7) respectively:

t, =lm +10 +!« +(Igr +lhJ+1an (3.6)

i, = i; + (La + Ln)+ LoJ! + Lgr + t.; + t.; (3.7)

where

Ih= household income (US$/year)

1m = Income from selling miombo products (US$/year)

la= Income from selling agricultural products (US$/year)

lOlT= Income from non-farmlnon-miombo activities (US$/year)

Igr= Income from selling of thatching grass (US$/year)

Iho= Income from selling honey (US$/year)

Ian= Income from animals sold (pigs, chickens and goats) in US$/year

L, = labour required for converting new land to agriculture (Mandays/year)

La= labour required to cultivate land currently under agriculture (Mandays/year).

The livestock included are chickens, goats and pigs. The wood products included are poles

(bamboo and native timber), wood fuel that includes only charcoal (firewood has been

excluded because there is little amount of it sold by the community), and NTFPs include grass

and honey.

Agricultural activities

Following Sumaila et al. (2001), total income from agriculture is the sum of the income from

the different agricultural enterprises practised by a typical household and area cropped (Ha).

Optimal use of purchased inputs is determined from an additive production function presented

in equation (3.8).
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x = a+bl +Cfd (3.8)

where

x = crop yield per hectare (kg/ha)

I = labour requirement per hectare (Mandays/year)

f = purchased fertilizer per hectare (US$/kg)

a, b, c, and d = parameters were estimated from household survey data.

In the study sites, the farmers do not apply fertilizers, which mean that f is equal to zero and

the production process will depend only on labour, in addition to land.

Optimal input use is derived from first order conditions of gross margin maximisation. On the

basis of optimal quantities of purchased inputs and corresponding yields, net income from

agriculture can be obtained on the basis of equation (3.9).

(3.9)

where

Pa= exogenous agricultural output price

Ha= total land under agriculture (ha).

Labour to be employed in agriculture (La) is expressed by equation (3.10).

(3.10)

Where Ha is total land under agriculture, which is equal to the sum of the initial land under

agriculture (Hi) and new land converted to agriculture (He) and I is labour required per

hectare.

The decision on whether to convert miombo woodlands to agriculture is made by comparing

the net benefits from a hectare converted to agriculture (Ba-zIe) with benefits from miombo

wood products per hectare (Bm). The benefits from one ha of agricultural land are expressed

by equation (3.11).
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(3.11 )

where zl are the clearing costs per ha of new agricultural land, x is crop yield per hectare, Pa

is exogenous agricultural output price.

The conversion cost should be convex in land cleared to reflect increased labour as distance

increases from the homestead. A convex labour function as presented in equation (3.12) is

used.

(3.12)

where

H, = new land converted to agriculture (ha)

Ie= labour requirement for clearing per hectare

g and t are parameters obtained from Sumaila et al. (2003).

The total labour required to convert land to agriculture is given by equation (3.13).

H. 1
L = Jgxfdx=g--Hf+1

n t + 1 no
(3.13)

If Ba-zle>Bmfor all positive values of Hn, land will be converted to agriculture. If Ba-zlc< Bm ,

then no conversion will take place. Conversion of miombo woodlands to agriculture will

continue until Ba-zle=Bm. In the conversion process there are one-time benefits coming from

the wood cleared (if it is used for poles, energy) which are accounted for in the model.

Miombo activities

Rural households are assumed to harvest wood products for energy (firewood and charcoal),

building poles, thatching grass and honey. Firewood is harvest by the households mainly for

their own consumption and charcoal for commercial purposes. The number of charcoal bags

(Hbg) produced from harvested miombo depends on the average timber density of miombo

trees (a = equal to 858 kg/nr' according to Bunstern, 1995), the charcoal production

efficiency (e); and the average weight of a charcoal bag (m). Timber density for each tree
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species is indicated in Appendix A. This functional relationship is expressed in equation

(3.14). The gross income from miombo activities is expressed in equation (3.15).

H _HoB
b -
g m (3.14)

1m =p (~HPOles)+ ~ Hchp (BI -B)
h,t p ~ a,t ~ al eh B

a=2 a=2

(3.15)

Where

Pp = Average roadside market price of poles ($/m3
)

a = Tree diameter class.

Hr:= Total volume of poles harvested at diameter classes two and three in a year

(nr')

Pch= Average roadside market price of a charcoal bag ($/bag)

Bl =New charcoal production efficiency (%)

a = Average timber density of miombo trees

The allocation of the total volume of harvested wood between poles (Hpo(a,t» and energy

(Hch(a,t» depends on the relative market prices of poles and charcoal and diameter classes. It is

given by equations (3.16) and (3.17), respectively. The market demand for poles is lower than

for the charcoal, although pole prices are higher and take into account the effect of relative

prices. The harvest amount of poles is constrained to the maximum average amount of poles

sold in the past years (500 m3 per year) in order to constrain the optimal amount of poles

allocated by the model. The amount of charcoal annual produced is restricted by the mean

Annual Allowable Cut (MAAC) established by the management plans. This figure was

established after asking the interviewed households and forest technicians about the harvest

levels of poles.

(3.16)

(3.17)
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The amount of miombo harvested is a function of the volume of standing miombo (Nca,t) per

timber class (a = 2 and 3) and labour allocated for this activity (Lm). A Cobb-Douglass

function used by Sumaila et al. (2003) was adjusted to include diameter segregation and is

expressed in equation (3.18).

3 1-1

H;I = Lqh(1+ih) N~:IL":"
a=2

(3.18)

Where

qh = household relative harvesting capacity parameter for removing miombo, is

assumed to be constant for all diameter classes;

ih = average growth rate of rural population (human population dynamics);

u, and \jf are partial elasticities of production (they vary between zero and one). Each

assumed to be 0.5 in the model (Mlay et al. 2003).

The amount of miombo harvested is limited to a maximum allowable cut established in the

management plans of the study sites, which was calculated based on the Mean Annual

Increment (MAl) of miombo forest in the study sites was calculated using regression equation

(3.19), relating miombo growth to precipitation (Saket, 1994).

MAJ = 0.05129 + 1.08171 x p2 (3.19)

where

P = Precipitation (meters)

Non-farm/non-miombo activities

The income obtained by households from off-farm/off-miombo activities (employment

opportunities) depends on the wage rate (w), on the labour allocated to these activities (Uf
)

and on the growth of the employment in non-miombo opportunities (e) over time (t) as

depicted by equation (3.20). The time factor in this was included after the government officers

suggested that the of-miombo employment opportunities in the sites will follow the

population growth established by INE (2001) and World Bank (2001).
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rt = wLot(l+ey (3.20)

3.2.5. Modelling commercial users

The commercial sector component of the model is simpler than the household sector since it

involves only one activity, i.e. logging. The decision here is how much miombo to harvest

each year in order to maximise total discounted benefits. The harvesting and net benefit

functions for the commercial sector are presented in equations (3.21) and (3.22), respectively.

4

He,1 = Lql(1+zy-1N:'tL~,1
a=3

(3.21)

Where

q = harvesting capacity parameter for the commercial sector and is assumed to be

constant for all tree diameter classes.

z = change in the commercial timber harvesting technology which is assumed to

improve 10% in every 10 years

Na•1 = standing volume ofmiombo trees (m3/ha) by the two last classes in a given

period

L~.I= labour allocated by the commercial sector by timber class.

The harvesting process for private sector is semi-mechanised. The commercial sector is

making a selective cut of trees while the households are doing total clearfelling of the

miombo area within diameter classes 2 and 3, which is one of the causes of the deforestation.

4

s., = PeLHa.t - kL~.t
a=3

(3.22)

where

k = wage rate exogenously determined

Pc = weighted price of a cubic meter of logs (1st, and 2nd timber classes which

corresponds only to the 3rd and 4th diameter class in the model)

b = 0.01
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The b factor is important because of strict concavity that is a necessary condition for

convergence of the variables in the model to their equilibrium values (Flam, 1993). In

addition, the small value assigned to b, ensures that the marginal cost of harvesting miombo

woodland can be considered constant for all practical purposes. The labour used by the

commercial sector is part of the labour available from the household sector.

3.2.6. Institutional aspects of the model

In Mozambique land belongs to the state and its use and the resources there in are regulated

by the government (GOM, 1997). This is done to maximise society-wide benefits, which

include direct economic benefits, social benefits (Bj) and environmental benefits (Be). The

problem the government or regulator faces is to determine the volume of miombo to be

harvested by each sector in each year in order to maximise society-wide total benefits on a

sustainable basis.

Defining Bh as household private net benefits and Be as commercial sector private net

benefits, the social (s) and environmental (e) benefits (B) can be presented as follows:

(3.23)

Be(N -H, - Hb) or Be(He + Hh)

Where:

OB OB
___ --"-s__ > 0 or s < 0
oeN -H, - Hs) o(He + Hh)

(3.24)

In the above equations eh and ee are parameters reflecting the social preference of society with

respect to a participant in harvesting miombo wood products. The parameters take a value of

o if there is no social preference and 1 if there is social preference. In the model, eh is

assigned a value of one and ee is assigned a value of zero indicating that the household sector

is given social preference relative to the commercial sector in harvesting miombo wood

products.
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3.2.7. The game theoretic models

Three principal game theoretic models were applied to study the use of miombo woodland

resources, namely, a command model, cooperative model (joint management) and non-

cooperative model (separate management). Each is briefly presented below.

a) Command model

This model assumes that the regulator (e.g. a central or local government) can dictate the

behaviour of the two sectors directly (decisions are centralised) through the allowable cut

established in the management plans of sites. The society wide net benefits are maximised

through the choice of the amount of labour to be used by the commercial and the household

sectors in each year over the time horizon of the analysis. The amount of labour employed

defmes the volume of wood products to be harvested by each sector. The volume of forest

products according to the management plans is the decision variable that the government uses

in managing these resources.

The maximisation of the total equivalent annual net discounted benefits (Bt) is represented in

equation 3.25 and it is subject to the usual ecological, household constrains (equations 3.1 and

3.5 described earlier) and non-negativity.

T

¥_axL [BI ]PI_I D
Lh L, 1=1

(3.25)

In the above equation:

1
PI-I = (1+rY-1 -P« =l,t=l, ...,T.

D = r(l+ry
(1+ r r -1
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where

p = discount factor

r = discount rate

D = factor to convert the net present value of the benefits to an annual value over the

harvesting period.

Depending on the values assigned to parameters ec , eh and e, different scenarios of the

command model can be looked at. Here, we look at three scenarios, namely, the scenario in

which the regulator is directly concerned with profits, social and environmental benefits but

favouring the household sector (ec =0, eh =1, and 9=1), the scenario in which both profits and

environmental benefits are considered «ec =0, eh =0, and B=l ) and the scenario in which both

profits and social benefits favouring the household sector are considered (ec =0, eh =1, and

B=O),

b) Cooperative model

Under the cooperative model that is participatory management of the natural forestry

resources, it is assumed that the two users (household and commercial sector) have incentives

to cooperate through joint maximisation of their benefits which are expressed as equivalent

annual income (EAI) as shown below. This relationship is subject to the usual ecological and

household constraints (equations 3.1 and 3.5 described earlier) and the non-negativity.

T

¥._axI [aph,J-1B:,t + (1- a )Pe,I-IB~,t]- Tc}lJ ,0:::; a s: 1
Lh,Lc 1=1

(3.26)

Tc is the transaction cost of management of miombo woodland in a participatory way. The

value assigned to the parameter Cl reflects the relative weight given to each sector under

cooperative management. In this research the parameter Cl was assigned the value 0.5

according to Mlay et al. (2003). It usually depends on the bargaining power of the user

(Munro, 1979).

59

Stellenbosch University http://scholar.sun.ac.za



According to Mlay et al. (2003), the householders and commercial sectors decision to jointly

manage miombo woodlands will depend on the additional net benefits gained relative to net

benefits forgone by not cooperating. The relative weight assigned to each sector in the

cooperative management regime is reflected by the preference parameter whose value varies

from 0 (giving all weight to the household sector) to 1 (giving entire weight to the

commercial sector). Taking into account that the harvesting practice of the commercial sector

is selective while the household sectors' harvesting practice is non-selective, if the intangible

benefits through cooperation are taken into account, incentive for cooperation by the

commercial sector under lower values of the preference parameter is feasible, and thus a

cooperation management regime giving equal weights to the two sectors (0.5) will be used as

reasonable to reflect the level of cooperation.

c) Non cooperative model

According to Mlay et al. (2003), in the non-cooperative model each of the different user

groups or stakeholders (commercial sector and household) is assumed to harvest

independently without taking into account the interest of other stakeholders. This model will

be used to mimic an open access management regime, currently the dominant management

regime under which miombo woodlands are being exploited in Mozambique (DNFFB, 2003).

The constrained maximisation problem for household is presented in equation 3.27.

3 T

A(_axL L (p c,l-1 B:,1)D
Lh 0=2 1=1

(3.27)

This relationship is subject to the usual ecological and household constraints (equations 3.1

and 3.5 described earlier) and the non-negativity.

Similarly, the non-cooperative management problem facing the commercial sector can be

stated as follows:

4 T

A(_ax L L(PC,t-IB;,JD
Lh.Le 0=3 1=1

(3.28)

60

Stellenbosch University http://scholar.sun.ac.za



Subject to the ecological and household constraints (equations 3.1 and 3.5 described earlier)

and non-negativity.

In the non-cooperative model in addition to all the es being zero, the first term in the stock

adjustment equation is set equal to zero.

The three models can be solved by introducing modified Lagrange multipliers and applying

non-smooth convex optimisation (Flam, 1993). Simulation of the models is based on the

numerical approach applied in Sumaila (1995, 1997) using systems dynamic simulation

package known as Powersim. It was developed by ModellData AS in Bergen, Norway.

3.2.8. Solving the model

To solve the above general models, appropriate Lagrange functions have to be developed

from the model outlined above. The Lagrange functions under the command model are

described as follow:

T

Lag =LP,_I x D[Bc (H;,,)+ Bh (H;,,)+ s,(BcH;", BhH;" )- BBe(H;" + H;" )]
,=1

T

+LA, [Na,('_I) +Ns, -H;" -H;,,]
'=1

T

+L ;[L, - t-; - La" - i; -Lgr" - LofJ" ]
,=1

(3.29)

where A and ~ are lagragian multipliers or shadow price of miombo trees and household

labour, respectively.

According to equation (3.29) in any given period (t) the equivalent annual discounted net

discounted of the marginal harvest by commercial sector plus the equivalent annual

discounted net marginal social benefit from exploitation of the resource by this group minus

the net marginal stock effect of their exploitation activities on the environment must equal the

shadow price of the miombo resource. Similar interpretation stems from equation (3.30),

related to harvesting activities of the household sector.

The first order conditions for optimisation are:
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(3.30)

êl.ag [ h h h ]--h- = o.; X D BBh / Beat + BBs / Beat -BaBe / Beat - At = 0Bt ,,'
a,t

(3.31 )

êl.ag c h
-- = Na(t-l) +Nat -Hat -Hat = 0BA ' , , ,

t

(3.32)

(3.33)

Following Sumaila et al. (2003), in the above system of equations, A and ~ are the Lagrangian

multipliers or the shadow price of miombo and household labour, respectively. Equation

(3.29) states that in any given period the equivalent annual value of the marginal harvest by

commercial users plus the discounted net marginal social benefit from the exploitation of the

miombo by commercial sector minus the net marginal stock effect of their exploitation

activities on the environment must equal the shadow price of the miombo resource. A similar

interpretation stems from equation (3.31), with respect to the harvesting activities of the

household users.

3.3. Field work

3.3 .1. Preliminary site assessment

After the identification of the study sites, an initial site assessment was applied preceding the

formal data collection and served to establish background information, to confirm and update

data collected from secondary sources; a familiarization of the sites; to obtain the list of

households living in that area; to identify the most important non-timber forest products

(NTFP) that generate income, based on the community perception; to obtain maps of detailed

administrative division and forest location; to identify key informants; to identify NGO's and

other institutions working there. The pre-testing of the questionnaire was carried out where

only three households per site were interviewed.

During the assessment, a group of households were asked to rank the NTFPs used by the local

communities to test the hypothesis that community does not equally weight the value of these

products. Fifty stones were used to rank the products. A similar method was applied in the
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Zambezi delta in assessing overall use value and perception of the local community of the

importance of wet areas (Turpie et al., 1999).

3.3.2. The sample survey design

The study sites were selected following Mlay et al. (2000c) to capture the following features:

presence of miombo woodlands; the degree of access to transport and markets; presence of

commercial logging in the study sites; and presence of activities of exploitation of forest

products (wood and NTFPs) for sale by households.

The target population is defined as households who use miombo woodlands for agriculture

and or for extraction of wood and NTFPs for household consumption and sale. In this study

the sample unit was a household (Mlay et al., 2000c).

For the data collection purpose, a sampling method involved a random selection of

households from listings prepared by village leaders in accordance with the definition of the

target population. According to FAO (1990), if the total number of households is bigger than

1000, the suggested sample should be at least equal to 50 households.

The total sample size for the study is 108 households of which 54 were selected from villages

or zones in Pindanganga, and the remaining 54 from villages in Savane, out of 1,858 and

2,233 listed households in Pindanganga and Savane, respectively. Since conditions were

considered to be more or less uniform, inter-village variation was assumed minimal and hence

there was no need for stratified or multi-stage sampling.

3.3.3. Survey instrument and implementation of the survey

To accomplish this research a combination of methods was used to generate the required

information. Thus the data were collected from both primary and secondary sources. A

structured questionnaire (refer to Appendix B), checklists for formal interviews and informal

discussions (refer to Appendix C) and participant observations were the methods used to

gather information from primary sources.
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The questionnaire was used to collect data from sampled households in face-to-face

interviews. It investigated aspects of household consumption of wood products and NTFPs,

activities, labour distribution by sex and age, management of miombo trees, and selling

activities. The checklists were used for focused discussion with key stakeholders including

relevant district officers and village government leaders, and local foresters.

The survey was carried out from September to November 2002 over a period of 12 weeks.

The survey was implemented with the help of interpreters in the local languages and with

local forest technicians. Both Portuguese and local languages (Chitwe and Chigorongose)

were used depending on the preference of the respondent.

At the end of each day of fieldwork, the questionnaires completed were reviewed and the

necessary clarifications were noted when it was necessary. Common problems were discussed

and clarified in a joint meeting with the president and vice-president of community

management project in Gondola and with one traditional and one government leader in

Savane.

Key informants, such as officers at the Provincial and District Directorate of Agriculture and

Fisheries, Administrators of Districts and Localities, traditional leaders, charcoal producers

and farmers in the sites were interviewed formally or informally, either individually or in

groups, depending on the conditions at the site. The field officers of the various international

organisations represented in the area were also interviewed to understand what they are doing

and how they are working with local institutions and the community in general.

The data collection was related to crop yields, wood and NTFPs prices were collected at the

Provincial and District offices of the Directorate of Agriculture and Fisheries. An appraisal in

various urban markets and rural roadsides gave the latest market prices of construction

material (poles, bamboo and grass), fuelwood (charcoal and firewood), logs, and honey

coming from the study areas. The actual surveyed farms did not collect the information

regarding crop yields due to the fact that farmers often had difficulty even recalling within-

year information on resource use when the operations have been conducted for several

months preceding the date of interview. The historical information regarding the amount of

NTFPs sold was gathered at the Provincial and District offices of the Directorate of

Agriculture and Rural Development and also discussed at community level. The actual
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consumption of honey was evaluated during the fieldwork through the households

interviewed.

The data collected from the secondary sources may be grouped into biological, economic, and

technical information. The biological data needed here relate to standing miombo volume,

diameter class distribution, cutting cycle, crop yields, and human population. Key economic

data such as market prices of harvested timber, construction material (poles, bamboo, grass)

and NTFPs; stumpage price; main agricultural outputs and inputs were to be collected.

Technical data included charcoal production efficiency and harvest capacity parameter. The

required data for the simulation model are indicated in Appendix D, as well as the Powersim

solution procedure for Pindanganga study site, as an example.

3.3.4. Limitations

In conducting the field survey, the following constraints were encountered:

(i) The households were requested to give the crop yield, farm size, markets prices, and

crop losses from previous year. Most of the them were unable to recall that

information;

(ii) The MOFLOR forest concession manager in the field was always trying to deny

access to the field information;

(iii) The charcoal producers were not comfortable of being asked questions about their

activity which is illegal and they were afraid of future actions against them;

(iv) All managers of the forest harvesting companies in the sites were not comfortable to

give information related to their production costs and revenues.

In general the information that the householders were unable to recall, such as crop yield for

the previous year and sales of agricultural outputs and inputs and NTFPs, was collected from

secondary sources and through community discussion groups. To overcome the charcoal

producers' resistance to supply reliable information, a detailed explanation of the academic

objectives of the work, informal meetings after working hours associated with drinking

traditional beer and in some cases providing transport for family members to school or to

charcoal production places, were the most effective measures.
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Comparison of the data from official reports and provided by forest companies, informal

meetings with the company managers in the field and in towns (Chimoio and Beira), detailed

explanation of the academic objectives of the work, and small group discussions organised by

the timber association in each province, were the main measure to ensure that reliable

information was obtained from the company managers.

3.4. Data treatment and analysis

Data treatment and analysis in this research was done based on the same methods used by

Mlay et al. (2002).

a) Codification, data entry and cleaning

The definition of variables and codification of outcome variables was undertaken during the

preparation of the questionnaire. Excel files were created, converted later to SPSS files and

the accuracy and consistency of data entry was checked through logical relationships between

variables.

b) Data transformation and definition of new variables

The labour supply per household was estimated on the basis of number of days and hours per

day each member of the household normally works. The total labour supply at household

level was divided into age class (k) and sex (1). The number of man-days of work per year for

individual i belonging to household j, age group k and of sex 1 (MijId)was calculated as

follows (equations 3.34):

m

LDijk! X Hijk! x 52
M i=l

ijk! - -'=------
8

(3.34)

Where

Dijld= number of working days for individual i belonging to household j age group k

and of sex 1;
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Mjjkl= number of man-days of work per year for individual i belonging to household

j,

age group k and of sex 1.

i = interviewed household 1; 2; ..... .m;

j = 1; 2; ..... ; 54;

k = age group (1 if age is 6 to 17 years and 2 if age is 18 to 65 years);

I = sex (1 iffemale, and 2 ifmale).

Dependency ratio (R) is the proportion of household members not involved in productive

activities (equation 3.35). Two definitions were used to define individuals not involved in

productive work. Active labour force is defined as being composed of individuals aged fifteen

years and above (INE, 1999; Mlay et al., 2002). According to INE (1999), the ratio of

dependent household members (household members less than 14 years old or more than 59

years old plus those with physical disabilities) to total household size is defined as the

dependency ratio. Bigsten et al. (2003) used the same definition but for ages of dependants of

below 15 years and above 65 years of age. The field observation showed that individuals of 6

years and above were involved in productive work.

R =di
I

(3.35)

Where

dj = number of dependants in household I

n, = the size of household i.

A typical household enterprise was defined as the crop enterprise combination with highest

frequency. A two-step process was used to identify a typical household enterprise. In the first

step a frequency distribution analysis was done to identify the four most frequent enterprises.

In the second step, the most frequent enterprise combination was identified from the 15

enterprise combinations from a table of frequency distribution.

Descriptive statistics were used to generate frequency tables, cross tabulations, measures of

central tendency (arithmetic mean and median) and dispersion (standard deviation).
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3.5. Standing price and harvesting costs of miombotrees

The records on national, provincial and district level reforestation/afforestation and

commercial harvesting costs for native timber in Mozambique are scant. There is no

reforestation programme with native or introduced species taking place in the study sites.

The timber market in the study sites is not very competitive and the number of sellers and

buyers is not big enough to allow the calculation of the stumpage price by comparable sales

method. To accomplish the objectives of this study, the stumpage price of the miombo trees

was calculated by the Derived Residual Value method (Klemperer, 1996).

The experience of tree production at the Faculty of Agronomy and Forest Engineering of

Eduardo Mondlane University and the reforestation program used by TeT forest concession

in Sofala province (White & White, 1999) with native tree species was used to estimate the

production and reforestation costs. The standing price of miombo trees was calculated as a net

present value of reforestation costs, weed control costs up to two years of age, forest

protection, conservation, and overhead costs over 30 years (cutting cycle) for the average

harvesting company operating at the sites.

Data to determine the harvesting cost of miombo trees for modelling had to be collected on-

site. The first step in data collection was to identify the typical harvesting company at the site

followed by the identification of the main activities practised by the company, production

costs and revenues.

3.6. Transaction costs

According to Zhang (2000), transaction costs need to be seriously considered in evaluation of

forest management and in formulating forest policy. In the survey, the transaction cost for

Gondola and Savane was determined based on the objectives and working experience of the

Pindanganga community management project. For this project the information collected

related to the composition of local committee members, number of meetings per month/year,

the human and financial resources used, number of people involved in patrolling and

monitoring the miombo woodlands and in enforcing the transaction.
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3.7. Charcoal yield

During the preliminary assessment of the study sites it was observed that the charcoal

production techniques in MOFLOR forest concession and Gondola were the same (section 4.2

gives detailed description of the charcoal production techniques). In the last few years some

charcoal producers have moved from Dondo (Savane), Nhamatanda and Gorongoza Districts

to Gondola looking for better forest areas with better road access. They introduced their

charcoal production techniques to the Gondola community members. The tree species used

for charcoal making are the same (Appendix F) and the most common type of charcoal kiln

used is called the three-arm kiln ("fomo de 3 bracos") which has more less three meters of

length. Based on these conditions, the sites were considered to be more or less uniform, inter-

site variation was assumed minimal and the charcoal efficiency was measured based on a

sample of 23 earth kilns.

For estimating the charcoal yield, the following measurements were taken:

The number of trees harvested;

The length of the logs and branches prepared to go to the kiln;

The diameter at mid point of the length of all logs prepared to go to the kiln;

The numbers and weight of the charcoal bags produced.

The volume of the timber in the kiln (V) was calculated based on the following equation:

V = 3.14 x (D )2 * L * N
4

(3.36)

where,

D = Average diameter of logs in the kiln (m);

L = Average length of logs in the kiln (m);

N =Number of logs inside the kiln.

The efficiency of kiln charcoal production (E) was calculated with equation 3.3 7.

E=~*100
Vx5

(3.37)

Where,
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Pcb = Total weight of charcoal produced (kg);

cS = Density of miombo wood in Mozambique (858 kg/nr');

3.8. Estimation of subsistence income for the community

The subsistence income for the community in the study sites was estimated from the total

number of households in the community, the typical household size and composition by age

and sex, consumption basket of food and non-food items, the minimum per capita caloric

requirements established and local market prices. The calories for the typical household was

converted into quantities of products and the monetary values were assigned using local

market prices. Negrêo et al. (2001) used li similar approach to estimate the expenditure of a

person at Mabalane jail. Table 3.5 indicates the minimum caloric requirements by age and sex

according to Mozambican Health Ministry (1991) and Negrêo et al. (2001).

Table 3.3. Estimated caloric requirements by age and sex.

Age category (years) Females Males
0-5 1217.5 1217.5
6-17 1983.3 2341.7
18-65 2300.0 3000.0. .Source: Mozambican Health Ministry (1991); World Health Organization (1985) .

The estimates of daily food consumption were aggregated to the household level to obtain an

estimate of the weekly total value of household food consumption. The consumption basket

of food items for one household was estimated based on information obtained through the

household questionnaire and from the food habits of the community. Thirty households in

each study site were visited twice over a seven-day period, and asked about what foods the

household had consumed and acquired through purchases, own production and transfers

received. The most common food items were registered in the questionnaires. All food

consumption was normalised to reflect the average consumption for a week period.

In the questionnaire the information about non-food expenditure was divided into the most

common consumable goods (medicines, soap, insect repellents, and other items) and the less

frequently consumed goods (clothing and footwear and many other durable goods). The

information for the most common consumable goods was obtained by asking the households

70

Stellenbosch University http://scholar.sun.ac.za



about the items acquired during the preceding month. The information about the less frequent

purchases was obtained based on recall during the three months preceding the fieldwork.

3.9. Calibration and validation of the model

According to Ruth and Hannon (1997) and Abbot et al. (1997), there are two ways to test a

model. First, one can withhold some of the basic data that were used. Another way is to

predict the condition in some heretofore unmeasured arena and then proceed to measure these

variables in the field.

The calibration and validation of the model in this research was performed using the

harvesting capacity parameter and evaluating the magnitude of benefits, resource use and

conservation with the stakeholders. Firstly the harvesting capacity parameter in the basic

models was arbitrarily set according to Mlay et al. (2003) and the modelling results were

discussed in November and December 2003 with MOFLOR manager, Harvesting Timber

Association for Manica and Sofala Provinces and technicians of provincial Directorate of

Forest and Wildlife at Manica and Sofala provinces and local committee members in

Pindanganga. Based on the discussions, the parameter was finally set as indicated on the

Table lD (appendix D).
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4. RESULTS

In this chapter, preliminary site assessment results, descriptive results, charcoal yield,

commercial timber harvesting costs, transaction costs of joint management of miombo

woodlands, community subsistence income and numerical results of dynamic game theoretic

model under different scenarios are described.

4.1. Descriptive results

The descriptive results of this research are not related directly to the objectives of the study.

These results will be fed into the game theoretic model and after running will produce the

basic modelling results of the study.

4.1.1. Preliminary site assessment

The site assessment was done through a meeting with community members and traditional

and government leaders to discuss local institutions, natural resource uses and problems that

the community are facing. In Pindanganga the meeting group was composed of three

traditional leaders (two secretarios and regulo), six charcoal producers, two local government

leaders, one technician from Manica Provincial Directorate of Agriculture and Rural

Development and eleven members of the local committee to manage miombo woodlands in

Pindanganga. Of the 23 persons that attended the meeting in Pindanganga, six were females.

In Savane the meeting was held in the presence of 25 persons, four of whom were females,

and the group was composed of one forest concession worker, two members of local

government, four traditional chiefs (one seeretario. two Mpfumos and one regulo ), seven

charcoal producers and seven householders living in the area.

During the assessment, the groups were put together to rank the NTFPs used by the local

communities. The first step of the meeting was to list on separate papers all the NTFPs that

are used by the community (first column of Table 4.1) and after a discussion they allocated a

certain number of stones for each product (columns two and three of Table 4.1) based on the

community perception.
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The first three most important NTFPs (highest score values) that generate income based on

the community perception (Table 4.l) for Pindanganga were honey, grass and bamboo, and

for the Savane were grass, bamboo and medicinal plants. In Pindanganga the local

government is promoting honey production as an alternative source of income and during the

preliminary assessment meeting all members stated that the production had increased

significantly and females were also getting involved. The first three products in Pindanganga

were incorporated in a dynamic game theoretic model. For the Savane site the first two

products were incorporated and the selling of medicinal plants was not included in the model

because it is done by only four households (traditional healers).

T bl 4 I A b f Il d nkNWFPa e verage num er 0 stones a ocate to ra s
Site

NTFP Savane Pindanganga
Traditional beer 3 2
Insects 2 1
Grass 16 11
Bamboo 9 7
Roots 2 1
Wild fruits 2 3
Mushrooms NU 1
Honey NU 13
Wild animals 6 3
Medicinal plants 7 4
Fish 2 3
Animal skins 1 1
TOTAL 50 50

NU - Not used by the local communities. In Savane, honey is not eaten because it is produced
from venomous plants. Mushrooms are not frequently seen and they are not eaten.

Based on the site assessment and questionnaire survey it was possible to describe the

traditional administrative structure existing in both sites, which is summarised in Appendix F,

as well as the development institutions working there. The local communities have a wide

range of problems. The following problems were identified: lack of employment, commercial

extraction of natural resources gives little benefits to the local communities who are the

owners of the resources, lack of veterinary services available for domestic animals, lack of

hospitals and health facilities, schools, roads and transport, frequent fires in forest areas, land

use conflicts, low prices for agricultural products and lack of markets for agricultural

products.
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4.2.2. Socio-demographic data on households

A total of 108 households were interviewed during the fieldwork. For each site, Pindanganga

and the Savane, 54 households were interviewed. Five and 13% respectively for Pindanganga

and Savane were female-headed households (widows or divorcees). Family composition by

sex and age are indicated in Table 4.2. In the MOFLOR forest concession area the typical

family consists of three adults (two women) and two children aged between six to 17 years. In

Pindanganga, household size averages around 6 persons, with a typical family consisting of

three adults, two children between six and 17 years of age and one child under five years of

age.

Table 4.2. Household characteristics in Pindanganga and MOFLOR forest concession area in
2001

Family Children Children Adult
composition by Average (0 to 5 yrs) (6 to 17 yrs) (18 - 65 yrs)

sex householdSite
Male Female size Male Female Male Female Male Female

MFC 2 3 5 0 0 1 1 1 2

1.4*

P 2 3 6 1 0 I 1 1 2

1.9*

* Standard deviation, MFC = MOFLOR forest concession area, P = Pmdanganga community
area

The dependency ratios of the household members for the two study sites are indicated in

Table 4.3. The value varies from 12% to 50%, depending on the definition of active labour.

Table 4.3. Dependency ratio of sampled households in Pindanganga and MOFLOR forest
concession area in 2001
Study site Dependency ratio 1a Dependency ratio 2 0

MFC 0.12 (0.15) 0.50 (0.16)
Pindanganga 0.14 (0.16) 0.49 (0.16)

a Dependency ratio 1 is based on field observation. Children from the age of 6 years are
involved in productive activities (harvesting, transport, domestic activities).
b Dependency ratio 2 uses the definition of active labour force according to !NE (1999).
Children younger than 14 years and adults above 59 years are defined as dependants.
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The survey shows that an estimate of 56% of the total population in Pindanganga is originally

from the area. In the Savane the figure drops to 40%. The majority of the population in both

sites has been displaced to villages along the Beira corridor during the civil war that ended in

1994. Only 30% of the interviewed households were able to communicate in Portuguese, the

official language of Mozambique. The characteristics of a typical household head in the two

sites in terms of mean age, period of residence in the area and years at school are summarized

in Table 4.4. The MOFLOR forest concession household head is slightly older with a longer

period of residence in the area.

Table 4.4. Age, period of staying in the site and education of the household head in the
Pindanganga and MOFLOR forest concession

MOFLOR forest concession Pindan anga
Max Min Max Min

Median Stdev value value Median Stdev value value
Age (yrs) 42.0 9.7 63.0 25.0 39.0 9.9 62.0 21.0
Length of stay 24.0 15.8 59.0 2.0 17.5 19.0 63.0 1.0
(yrs)
Education (yrs) 2.0 1.1 6.0 1.0 2.0 1.3 6.0 1.0

4.1.3. Household assets

The main household assets incorporated here are land, labour force for agriculture and

forestry activities, capital and access to credit. According to the traditional chiefs in both

study sites, all households have at least one parcel of land for agricultural purposes

(machamba). For each study site, the land of 35 households currently being used for

agriculture was measured and it was found that on average the households have access to two

agricultural plots in Pindanganga but only one plot in the Savane, and that the total size of the

plots was 1.3 and 2 ha respectively for MOFLOR forest concession area and Pindanganga

(Table 4.5). All interviewed households reported that the land is not sold and that there is

enough space to increase or get new plots for agriculture. The households in Pindanganga

have bigger average plot sizes for agriculture than the Savane because they are more

dependent on subsistence agriculture to satisfy their goals. In MOFLOR forest concession the

soils are less fertile, there is less annual rainfall and almost all households make charcoal for

commercial purposes.
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Table 4.5. Farm size, use status and mode of acquisition land in the study sites in
p. d d MOFLOR tim anganga an orest concession
Item MOFLOR forest concession Pindanganga
Average number of plots 1 1.8

_(0.6) (0.6)
Average total plot size (ha) 1.3 2

(0.7) (0.5)
Average duration of use (years) 1 3

(0.8) (14.3)
Plots under irrigation (ha) 0 0
Acquisition by inheritance (%) 81.5 77.8
Allocated by chief (%) 11.1 16.7
Cleared forest (%) 3.7 5.6
Allocated by village government (%) 3.7 0.0
* Values m brackets are the standard deviation.

No sampled households had any land that was irrigated. More than 77% of the households

received the land through inheritance, and some received their land through traditional chiefs

and local government (Table 4.5). Some households (3.7% in MOFLOR and 5.6% in

Pindanganga) first identified the land in an open access area and after clearing the forest, they

went to request permission from the traditional chiefs in the study areas (regulado). Chiefs are

also responsible for solving all land conflicts, in co-ordination with local government.

The potential labour for forestry and agriculture activities by sex and age for the average

family is indicated in Table 4.6. According to the interviewed households, children from zero

to five years of age do not get involved in productive activities while in general, children

between six and 17 years of age are involved on productive activities during half of the

working day. In Pindanganga and MOFLOR 99.6% and 98% of the rural labour force

respectively is employed in subsistence agriculture and forestry harvesting for charcoal

production.

The total potential labour for agriculture and forestry activities in Savane is 1055.4 man-days

per year for a typical household with 5 persons in the family (with 55.2% females) (Table

3.6). In Pindanganga the total potential labour is 969.5 man-days per year, of which 51.1% is

female labour.

The livestock kept by the local community in Pindanganga and the MOFLOR is poultry

(chickens, ducks, turkeys and pigeons), sheep, guinea pigs, goats and pigs. The percentage of

interviewed households involved in different types livestock rearing is indicated in Table 4.7.

76

Stellenbosch University http://scholar.sun.ac.za



Table 4.6. Potential labour for agriculture and forestry activities (Man-days per year) in the
P'd dMOFLORm anganga an

Family sex Children Children Adult

(0 to 5 yrs) (6 to 17 yrs) (18 - 65 yrs)

Site
Male Female Male Female Male Female Male Female

MOFLOR 472.5 582.9 0 0 198.3 247.5 274.2 335.4

Pindanganga 474.3 495.2 0 0 203.5 114.1 270.8 381.2

Table 4.7. The percentage of interviewed households that kept livestock in 2001 in the study
sites

Percentage of households involved in livestock production in their compound

Site Chickens Pigs Goats Ducks Pigeons Sheep Turkeys Guinea

pigs

MFC 98.1 7.4 16.7 14.8 3.7 0 1.9 1.9

P. 100 29.6 62.9 9.3 3.7 5.6 3.7 0

MFC =MOFLOR forest concession, P. = Pindanganga

The livestock kept by the typical household was defined on the basis of the four most frequent

types of animals found (Table 4.8). According to the interviewed households, these animals

are used to supply animal proteins to the family, as well as a source of income to pay school

fees, to buy medicines and clothes and to cover other small expenses. For both study sites, the

households do not have cattle due to the presence of tsetse flies (Glossina spp.), which

transmit sleeping sickness to cattle.
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Table 4.8. The average number of animals kept by the typical household in 2001 in the study
sites

Animals in the typical household compound
Site Chickens Pigs Goats

Median 12.0 1.0 1.0
MOFLOR

Stddev 6.0 1.0 2.0

Max value 30.0 5.0 9.0

Minimum value 0.0 0.0 0.0

Median 18.0 4.0 5.0
Pindanganga

Stddev 9.1 2.3 12.9

Max value 45.0 9.0 67.0

Minimum value 5.0 2.0 2.0

The information collected about the capital assets used for economic activities by the

households is indicated in Table 4.9. All households have hand tools to practise subsistence

agriculture (hand hoes and machetes) and they do not have access to tractors, even for hire.

Table 4.9. Utilisation of capital assets (%) by households in the study sites in 2001
Site

Equipment or tools MOFLOR Pindanganga
Hand hoe 100.0 100
Machete 100.0 98.1
Bush knife 100.0 100.0
Baskets 100.0 100.0
Chain saws 1.8 0.0
Power saws 0.0 0.0
Empt,y chavel bags 92.6 44.4
Radio 96.3 94.4
Bicycles 37.0 31.5

In general the households use machetes to fell miombo trees. Only one household in Savane

(MOFLOR forest concession) was using a chainsaw. It was reported that it is possible to hire

a chainsaw in Savane.
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For both study sites the local communities do not have access to credit facilities. There is no

financial institution/organisation or bank established locally and local community members

do not have any kind of traditional mechanism for credit.

4.1.4. Household economic activities

The basic activities undertaken by most households in the study sites are agricultural crop

production, livestock rearing and selling of charcoal and NTFPs. There is also non-farm

employment at a very small scale. The household livelihood activities and the importance of

the activities on the household perspective are indicated in Table 4.10. All interviewed

households do practice subsistence agriculture and all in Pindanganga do have livestock. In

Savane three households out of 54 did not have any kind of livestock in 2001 because they

only started living there in the last two years.

In MOFLOR the households have indicated that sale of forest products is the first source of

livelihood, mainly charcoal, while in Pindanganga it was chosen as second. According to

interviewed households in the MOFLOR, agricultural crops are second because of the poor

soil productivity and low rainfall, which leads to low yields.

Table 4.l0. The percentage of households practising the main sources of livelihood and the
. k . h b I h h lds i h dImportance ran given to t em >y sample ouse 0 SInt e stu ly areas

Household practising (%) Rank
Source MOFLOR Pindanganga MOFLOR Pindanganga
Agricultural crops 100 100 2 1
Livestock 94.4 100 3 3
Sale of forest products (charcoal, and 85.2 79.6 1 2
_poles)
Sale ofNTFP's (thatch) 9.3 63.0 2 4
Employment 9.2 3.7 5 N.O.
Small businesses 58.0 54.0 4 4
N.O. - Not observed within the Interviewed households

a) Agricultural crop production

Households in the MOFLOR and Pindanganga are involved in a number of agricultural

activities for cash and subsistence. The four most common crops produced by the households

79

Stellenbosch University http://scholar.sun.ac.za



in Pindanganga are maize, sorghum, cassava and beans and in the Savane are maize, rice,

sweet potatoes and cassava (Table 4.11). Maize and rice are the only two crops growing as

pure stands and other crops are consociated (grown in mixtures). Maize is the most commonly

grown crop for both study sites, grown by all households. Sorghum is the second most

frequent crop in Pindanganga and cassava in the MOFLOR. About 50% of the households

have cultivated beans.

T bl 4 11 P fh h ld i lved i d h da e ereentage 0 ouse 0 mvo ve m crop pro uction in t e stu ly srtes
Frequency (%)

Crop system MOFLOR Pindanganga
Pure maize 100 100
Sorghum-maize 66.7 92.6
Pure rice 72.2 N.O.
Beans (consociated) 57.4 46.3
Sweet potatoes (pure) 90.7 31.5
Cassava (consociated) 94.4 57.4
Sesame (consociated) N.O. 22.2
Ground nuts (pure) 44.4 38.9
Banana (consociated) 35.2 24.1
Pineapple (consociated) 9.3 7.4
Sugar cane (consociated) 75.9 N.O.
Yam (consociated) N.O. 1.9

N.O. - Not observed within the interviewed household's parcel of land for agricultural

All agricultural production is undertaken by hand and on the family farms, small parcels of

land are divided in general in two separate plots. Average seed amount (kglha) for each crop

grown under each cropping system is indicated in Table 4.12. The production levels are low,

with only limited volumes of each crop produced (Table 4.13). The average crop yields

(Table 4.13) were obtained from the records of 29 households under an agricultural project

denominated "SG 2000" in Gondola District Directorate of Agriculture and Rural

Development (GDDARD). In Savane the data from 65 households were used to get the

average yields. In both study sites no irrigation system was observed, nor was there any

application of fertilisers or pesticides and improved seed in the process of household crop

production.
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Table 4.12. Average seed amount (kg/ha) for each crop grown under each cropping system in
th tudes iy areas

Monoculture Consociation
Site Type of crop Mean Median Mean Median
MOFLOR Maize 19 11 18.7 20

Sorghum 8.8 5.0
Rice 12 10
Beans (nhemba) 11 11 9.7 3.7

Pindanganga Maize 13.9 13.3
Sorghum 7.6 6
Rice 7 5
Beans (nhemba) 2.7 1.9
Beans (manteigay 2 2
Beans Uugo) 2.9 2

Source: MPDARD (2002), MDDARD (2002), SPDARD (2002), SDDARD (2002)

T bl 413 A . Id il h d h . h t da e verage yie oreac crop grown un er eac croppmg system m tes u ly areas
Yield (kg/ha)

Study area Type of crop Monoculture Consociation
Maize 750 500
Sorghum NO 320

MOFLOR Cassava' NO 1,000
Rice 900 No
Beans 500 250
Maize 1,400 647

Pindanganga Sorghum N.O. 215
Cassava' N.O. 700
Beans 1,980 610

N.O.- Not observed
1 The cassava yield was estimated based on permanent plots established by the Gondola and
Dondo District, Directorate of Agriculture and Rural Development.
Source: MPDARD (2002), MDDARD (2002), SPDARD (2002), SDDARD (2002)

Table 4.14 indicates the land distribution by hectare between the four main crop types for a

typical household. The average size of the land under other crops is small.

Table 4.14. Land distribution (ha) between different crop types for a typical household
Crops system MOFLOR Pindanganga
Maize (pure stand) 0.5 1.0
Maize-sorghum 0.6 0.6
Rice (pure stand) 0.2 N.O.
Maize-beans N.O. 0.4
Total area (ha) 1.3 2.0

N.O. - Not observed.

b) Forestry production
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The two groups of stakeholders working in forestry are household and commercial timber

harvesting. The first sector is more oriented for charcoal production, which is the major

source of income. More than 80% of the households do sell charcoal on the roadside, while

5% and 34% of interviewed households in MOFLOR and Pindanganga respectively do sell

other types ofNTFPs.

The main productive forestry activities at the sites, given by sex and by end objective, are

indicated in Table 4.15. In general all forestry activities, except charcoal and honey

production, are done for home consumption. There is no relationship between the household

activity and the distance from homestead at the sites because the households have been

changing their huts as well as their agricultural plots every two or three years, to be closer to

the forest resources and to obtain fertile soils.

T bl 415 M . d ti ti t t iti . Pi d dMOFLORa e am pro uc rve ores ac lVIles m mangan a an
Type of MOFLOR Pindanganga
activity Distance from Done End Distance from Done by End

homestead by who' objective' homestead who' objective'
(km) (km)

Collection of 0.5-1 2 1 0.5-1 2 1
firewood 0.7* 0.7* 0.0* 0.8* 0.4* 0.0*
Making 5 to 6 1 2 5 to 6 1 2
charcoal 0.7* 0.0* 0.0* 0.7* 0.0* 0.0*
Collecting 2 to 3 4 1 1-2 3 1
fruits l.0* 0.5* 0.0* 0.8* 0.5* 0.0*
Thatching 1 to 2 1 1 1-2 1 1
grass 0.6* 0.3* 0.2* 0.6* 0.0* 0.3*
Harvesting 2 to 3 1 1 3 to 4 1 1
poles l.6* 0.0* 0.46* l.8* 0.0* 40.8*
Honey 5 to 6 1 2
collection 0.0* 0.0* 0.58*
l. Man; 2. Women; 3. All family members. 4. Women and children

2 l. Home consumption; 2. Sale; 3. Others (specify)
* standard deviations

According to the interviewed households, activities like charcoal making, harvesting poles,

honey collection and thatching grass, are done by the adult male members of the family due to

the heavy physical work involved. It was observed that some women do get indirectly

involved in charcoal making by helping their husbands carrying water when the combustion

process of charcoal production should be stopped, and from the year 2002, adult females were

going to be involved in honey production and selling.
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All interviewed households with special reference to women headed households mentioned

that economic hardships have led to changes in gender roles. Women are increasingly

expanding their roles away from domestic activities to income generating activities such as

trading in forest products, honey production, and petty business on local markets and

roadside.

The local community in the Savane is not involved in the management of forest resources, i.e.

they are not involved in deciding on managing the woodlands, implementation of woodland

management activities, monitoring activities undertaken in woodlands, decisions on sharing

forest benefits and protecting the woodlands (Table 4.16). The miombo woodlands in Savane

were open access areas until the end of 1999. From the year 2000 the forest area came under a

forest concession regime controlled by a private company called MOFLOR. The company

activities are limited to timber harvesting and transport to Dondo for sawmill processing. Its

activities are similar to an open access management regime. The harvesting operations are

taken without any involvement of the community household sector, in other words there is no

relationship between the stakeholders (householders and MOFLOR forest concession),

besides a few job opportunities. The lack of cooperation between the company and the

household sector is the main reason for the conflicts. It was reported by the MOFLOR

manager that householders do harvest good quality timber for charcoal making, which is

forbidden by law. During the fieldwork it was stated by several interviewed households that

the MOFLOR is degradating the timber resources.

The level of community involvement in management of forest resources in Pindanganga is

apparently better than in the woodlands of the MOFLOR. In Gondola, part of the total forest

area is under CBNRM (Pindanganga community project) since 1998. Almost one quarter of

the households in Pindanganga are not involved in monitoring activities undertaken in

miombo woodlands, less than six per cent do not get involved in the implementation of

miombo woodland management activities and protecting the miombo woodlands. Only

approximately 25% of the interviewed households are involved in decisions on sharing forest

benefits. It can be argued that this is contributing negatively to an increase in the deforestation

levels of the miombo woodland.
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Table 4.16. Level of community involvement in management of forest resources (% of
responses)

Level of involvement Study site
Activity MOFLOR Pindanganga

Highly involved 0.0 37.0
Deciding on managing the Moderately involved 0.0 37.0
woodlands Not involved 100.0 26.0

Total 100.0 100.0
Highly involved 0.0 27.8

Implementation of Moderately involved 1.9 66.6
woodland management Not involved 98.1 5.6
activities Total 100.0 100.0

Highly involved 0.0 16.7
Monitoring activities Moderately involved 1.9 57.4
undertaken in woodlands Not involved 98.l 25.9

Total 100.0 100.0
Highly involved 0.00 1.9

Decisions on sharing forest Moderately involved 0.00 24.1
benefits Not involved 100.0 74.0

Total 100.0 100.0
Highly involved 0.00 18.5

Protecting the woodlands Moderately involved 18.5 77.8
Not involved 81.5 3.7
Total 100.0 100.0

The information regarding the involvement of the community In management of forest

resources in Gondola needs to be carefully assessed. The information provided by households

under the Pindanganga community project creates the impression that good management

practices are applied in miombo woodlands that accords with the report of Forests and

Wildlife's expectations in Manica Province. However, observations during the fieldwork

showed that the community is not following the management plan in terms of the amounts of

timber harvested per year and are harvesting trees forbidden by Forest and Wildlife law for

charcoal production. The charcoal producers have moved to the interior of the forest where

government and community members cannot control their activities. In addition the

community is not involved in stopping uncontrolled burning of the miombo woodlands.

The interviewed households for both sites indicated that from the miombo woodlands they

most importantly get monetary/financial benefits, followed by the social and lastly

environmental benefits (Table 4.17). All interviewed households stated that because the '

financial benefits come first there is high pressure on the forest resources at the sites, which is
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also increased by lack of other job opportunities, lack of a market for agricultural products

and lack of ownership of the natural resources by the local community.

Table 4.17. Average households ranking of the benefits from the woodlands for the two study
sites
Benefit MOFLOR Pindan_g_an_g_a
MonetarylFinancial 1 (0.30)* 1 (0.42)
Social (cultural sites) 2 (0.35) 2 (0.52)
Environmental (rainfall, soil protection) 3 (0.4S} 310.29)
* Values 10 brackets are the standard deviation

The answers on the rank of the environmental benefits were more uniform compared to the

answers related to the rank for monetary/financial and social benefits in Pindanganga (Table

4.18). It shows clearly that the households are least interested in the protection of the

environment. In MOFLOR forest concession area, the community is not organized and has

already caused damage mainly by commercial charcoal making.

The availability of forestry resources since 1980 from the household perspective is indicated

in Table 4.18. People are generally aware that the availability of forest products is decreasing.

All households stated that the pressure on natural resources in the sites increased drastically

after the government's peace agreement in 1992. Forest products are sold to buyers coming

mainly from Chimoio, Dando and Beira cities.

Table 4.l8. Availability' of forest resources and products in the study areas estimated by the
. t . dh h Id . b th tud it10 erviewe ouse 0 s 10 0 S ly SI es
Product MOFLOR Pindanganga

1980- 1986- 1991- 1995 to 1980- 1986- 1991- 1995 to
85 90 95 2002 85 90 95 2002

Firewood 3 3 3 2 3 3 3 2
Charcoal 3 1 2 2 2 2 1 1
Sawn timber 3 2 2 2 1 2 1 2
Poles 3 3 3 2 3 3 1 2
Honey 3 3 3 3 3 3 3 1
Thatching 3 3 2 2 3 3 3 2
grass
Medicines 3 3 2 2 3 3 3 3
I l. Increased, 2. Decreased; 3. SamelNo change

According to the interviewed charcoal producers and householders, in the last seven years the

demand for charcoal has increased drastically, the availability of grass for thatching (lmperata

cylindrical, and Andropoganum spp.) and construction material (poles and Phragmites spp.)
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has reduced as a result of the population size increase, uncontrolled use of fire to open new

agricultural land and poaching small animals such as rats and rabbits.

Honey is used by local people to generate income, for brewing alcoholic drinks, preparation

of medicines and as a sweetener. From the survey carried out by this research it is estimated

that 2,000 hives have been placed in the forest and the community sold 10,000 litres of honey

in 2001. The hives are placed by local households living very close to the forest and by

outsiders, for example coming from Gorongoza District.

Honey production is also a factor that contributes to the destruction of miombo trees in

Pindanganga. Traditional bee keeping is done with bark hives, which involves total ring

barking of a portion of the bole of a large tree. Tearing off bark strips for cordage use in hive

making destroys saplings. The process also involves the cutting of host trees and fire is used

to keep the bees (Appis mellifera) away. Hives are placed deep in the forest many kilometres

from the villages and are suspended from high branches to avoid army ants. The destruction

of the trees is confined to certain species (Pterocarpus angolensis, Sclerocarya birrea,

Brachystegia spiciformis, Brachystegia boehmii, Brachystegia bussei and Julbernardia

globiflora) and in Pindanganga was estimated from the field work that at least 4,000 trees in

2001 were destroyed for honey production. The households in Pindanganga use fire to collect

the honey at night to avoid bee-stings. During the fieldwork and through an informal meeting,

15 households stated that they prefer the bark of Pterocarpus angolensis trees to make the

hives. On average each hive produces 5 to 10 litres of honey per year.

c) Non-farm and non-forest activities

Employment activities occurred informally in both study areas, such as local "ganho-ganho"

which is temporary work. Economic activities were restricted, due to lack of infrastructure

and transport, tended to be random and irregular, and consequently, products sold varied and

the time interval between the sales of products was not constant. In Pindanganga the

households reported that in 2001 the only significant job opportunity they had was related to a

company that was repairing the road, which employed no more than 50 persons for short

periods of time. MOFLOR forest concession only provides a few job opportunities to the

local communities. It employs on average about 25 persons from the local male rural

population. They are employed for timber harvesting and loading and they do not receive any
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training. Table 4.19 indicates the percentage of the interviewed householders involved in non-

farm, non-forest activities.

Table 4.19. Percent of householders involved in non-farm, non-forest activities in the study
areas

Stucly_site
MOFLOR Pindaf!.g_an_g_a

Casual employment 9.2 3.7
Artisan 1.9 1.9
Fishing N.O. 25.9
Repair of radios N.O. 1.9
Petty trade 94.4 96.3
Repair of bicycles N.O. 1.9
Making & sale of local beer 25.9 25.9
Working at forest concession 9.3 N.O.
N.O. - Not observed within the interviewed households

4.1.5. Income and expenditure

The interviewed households are involved in selling products such as clothes, maize, sorghum,

chickens, pork, goats and horticultural products (largely tomatoes and onions) at informal

markets. These activities are done by young women and children older than 10 years. Most

agricultural crops are sold locally through the many farmers along the roads.

Table 4.20 indicates the average quantity of the main types of domestic animals sold by

typical households in the study areas in 2001. These animals were sold in the local markets or

on rural roadsides. The market prices for domestic animals and main crops were derived from

an appraisal in the rural markets (Table 4.21 and 4.22).

Table 4.20. Average number of animals sold per household in 2001 in the study areas

Animals Sold
Site Chickens Pigs Goats

Median 5.0 1.0 0.0
MOFLOR Stddev 2.9 1.2 0.4

Max value 12.0 8.0 2.0
Min value 0.0 0.0 0.0
Median 6.0 0.0 1.0

Pindanganga Stddev 5.2 0.7 1.9
Max value 26 3.0 8.0
Min value 0.0 0.0 0.0
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Prices current at the time of the market survey (September-October 2002 and 2003) were the

primary source of the price data. The survey was done at informal and formal markets for

agricultural products.

Table 4.21. Average market price of animals sold in 2001(US$/unit) in the study areas
Study site

Type of animal MOFLOR Pindanganga
Chickens 0.61 0.55
Pigs 8.2 8.2
Goats 10.3 6.l

Comparing the animal selling prices for Savane and Pindanganga, goats and chickens were

more expensive in the Savane (Table 4.21). This is explained by the higher quantity of

domestic animals that the households have in Pindanganga (Table 4.8) and because the

Savane is located on the corridor that links provinces in the Central region of Mozambique to

the North.

T bl 422 A k . 2001 ba e verage mar et pnces m >ycrop
Price (US$/kg)

Crop system MOFLOR Pindanganga
Maize 0.12 0.12
Sorghum 0.21 0.21
Rice 0.12 ----

Beans 0.12 0.12

The main food items purchased by the households for consumption purposes are maize meal,

beans, vegetables, fruits, cooking oil, sugar and salt. The market prices of these products are

indicated on Table 4.23.

Table 4.23. Average market prices in 2001 for main food items consumed by the households
r . MOFLOR d Pi divmg at an 10 anganga

Average market price at Savane and Pindanganga
Mealae meal $0.1 per Kg
Beans $0.1 per Kg
Vegetables* $0.1 per Kg
Fruits** $0.1 per Kg
Cooking oil $1.2 per Liter
Sugar $0.5 per Kg
Salt $0.1 per Kg

*Includes: cabbage, garlic, carrots, lettuce and native vegetables.

** Includes: banana, papaya, cucumbers, watermelon, wild/native fruits and orange.
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The amount of forest products sold by the community and timber commercial harvesting

companies is indicated in Table 4.24. The market prices shown are the average prices in the

local markets or roadside within the study sites. There is no record at the Manica and Sofala

Provincial and District Directorate of Agriculture and Rural Development on harvest levels or

selling amounts of thatching grass, honey and other NTFPs. MOFLOR forest concession had

exported 298 m3 of sawn timber to South Africa in 2001 (SPDARD, 2002).

blTa e 4.24. The amount offorestry products and marketprices in the year 2001
MOFLOR Pindanganga

Quantity Price Quantity Price
Timber logs 3,840 mj $12.5 per mj N.O. $12.5 per mj
Charcoal 121,314 bags $0.51 per bag 30000 bags $0.49 per bag_
Thatching grass 5,000 bundles $0.21 per bundle 10,000 bundles $0.21 per bundle
Honey N.O. Na 10,000 litres $0.51 per litre
Poles 200 bundles $2.05 per mj 1,200 steres $2.05 per mj
Firewood 500 steres $0.6 per mj Ns $0.6 per mj

N.O. - during the fieldwork there was not observed any amount of timber logs harvested by
the communities. There was no private company harvesting logs.

Ns - Not sold.

Thirty households in each study site were visited twice over a seven day period and it was

found that during the period of a week the respondent householders had eaten flour of maize,

cassava, sorghum and millet, fresh cassava, sweet potatoes, groundnuts, as well as fresh or

dry fish and chicken meat. Based on these dietary habits of the communities, the daily

requirements of a food basket and the kilocalories necessary per person, based on the data

from Ministry of Health in Mozambique for the typical household composition by age and

sex, was developed for both sites (Table 4.25).

Regarding the household expenses, the typical household in Pindanganga and MOFLOR

spent on average US$ 32.50 and US$ 26.70 on cloth per year and most of the clothes were

bought from the local market. The majority of the clothes sold in the local market originated

from international aid and are cheaper than imported cloth.
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Table 4.25. The daily requirements of a food basket and required kilocalories for the typical
h h ld i P' d d MOFLOR ti .ouse 0 In In angang_aan orest concession area

Male and Male Female Male Female
female 6 to 17 yrs 6to17yrs 18 to 65 yrs 18 to 65 yrs

G to S yrs

Carbohydrates
in form of
maize meal'< 194.0 g 372.0 g 316.0 g 477.0 g 366.0 g
Proteins in form
of beans' 55.0 g 106.0 g 9l.0 g 136.0 g 105.0 g
Vegetables and
fruits 83.0 g 159.0 g 135.0 g 204.0 g 157.0 g
Lipids in form
of cooking oil 28.0 g 53.0 g 45.0 g 68.0 g 52.0 _g_
Sugar 28.0 g 53.0 g 45.0 g 68.0 g 52.0 g
Salt 3.0 g 5.0 g 4.0 g 7.0 g 5.0 g
Total (Kcal) 1218.0 2342.0 1983.0 3000.0 2300.0
1 The maize meal can be replaced by cassava meal, sorghum or millet
2 100 grams of cassava meal can be replaced by 225 grams of fresh cassava; and 100 grams of
fresh cassava can be replaced by 135 g of sweet potatoes.
3 100 grams of dry beans can be replaced by 60 grams of ground nuts; 100 grams of dry fish;
200-460 grams of fresh fish or 240 grams of chicken.

The average market prices in MOFLOR forest concession area and Pindanganga for maize

flour, beans, vegetables, fruits, oil, sugar and salt are indicated Table 4.26.

T bl 426 k f h d sa e . . Mar et prices 0 main ood items consumed by the commumty In t e stu 1y area
Item Prices
Maize flour (US$/kg) 0.4
Beans (US$/kg) 0.5
Fruits (US$/kg) 0.5
Vegetables (US$/kg) 0.5
Cooking oil (US$/litre) l.2
Sugar (US$/kg) 0.5
Salt (US$/kg) 0.1

Total annual subsistence income (US$), which was calculated based on the total annual

community caloric requirements and an annual cloth expense, was equal to US$ 677,470 and

US$ 732,531 for the Pindanganga community and MOFLOR forest concession area,

respectively (refer to Appendix D).

90

Stellenbosch University http://scholar.sun.ac.za



4.2. Charcoal yield

Charcoal is one of the major products of the Savane and Pindanganga miombo woodlands and

provides an important income for rural population. According to charcoal producers at the

sites, charcoal is produced in traditional earth kilns using logs with a diameter of greater than

7 cm and less than 40 cm. Smaller branches with butt girths of less than 7 cm are not used.

According to Chidumayo (1991) and Okello et al. (2001) this technology of charcoal

production is also used in all countries in the miombo region, except Zimbabwe.

According to producers, good properties for charcoal production are long burning, little

smoke, sparks or ash, and generation of high temperatures. The tree species used for charcoal

production in the study sites are indicated in Appendix F. The list presented in this appendix

includes 55 species from which Afzelia quanzensis, Dalbergia melanoxylon, Erythrophleum

surveolens, Millettia stuhlmannii, and Pterocarpus angolensis are forbidden by the National

Forest Law to be used for charcoal making (GOM, 1999).

Twenty-three kilns (12 in Savane and 11 in Pindanganga) were assessed as part of this study.

The entire process from harvesting the wood to charcoal production varied between 10 and 14

weeks. Charcoalers made all decisions concerning type of kiln, selection of wood,

arrangement of woody stacks, and time of pyrolysis.

From the 23 earth kilns measured it was found that the average charcoal production efficiency

for both sites is equal to 13.7% (Table 4.27) and on average each charcoal maker produced

two earth kilns (a total of 160 charcoal bags with average of 33 kg/bag) in 2001.

Table 4.27. Volume of timber in the earth kiln, charcoal production and charcoal efficiency
ti th dv sior e stu ly sites

Number of Wood Number of Average mass Charcoal
harvested volume in the charcoal bags of charcoal yield (%)

trees kiln (nr') produced bags (kg)
Average 24.9 (3.3)* 25.3 (5.8) 90 (5.5) 33.5 (2.0) 13.7 (2.4)
Maximum value 32.0 36.6 98.0 36.5 22.3
Minimum value 20.0 16.6 78.0 27.7 10.17
* Values III brackets are the standard deviations.
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4.3. Forestry costs

4.3.1. Transaction cost

The local committee responsible to manage miombo woodlands in Pindanganga was

composed of 40 community members, including 12 women and some traditional leaders. The

aim of the committee, according to its president is to "work and negotiate with timber

companies, mobilise the community to minimise uncontrolled fires and promote forest and

wildlife products such as honey, mushrooms, and timber, in order to achieve benefits for all of

the community". According to the vice president of the local committee, they have at least

four meetings per month (every Friday) where on average 40 people and two technicians from

the government (Manica Provincial Directorate of Agriculture and Rural Development) are

involved. The technician receives US$ 20 per working day in the community area and the

opportunity cost of labour for community members involved was assumed to be equal to the

minimum wage paid by the government to the people working in agriculture areas (405.6 US$

per year). Controlling and enforcing the transaction are the responsibility of the president and

vice-president of the committee, with contributions from eleven community members. Again

the labour is valued as equal to the minimum wage paid by the government to the people

working in agriculture areas.

According to the president and vice president of the committee, on average eight members of

the community use bicycle transport to attend the meetings and three radios are used to get

information. The value of these durable goods was estimated based on the assumption that the

radio and bicycle were bought as new at the time of the survey. The prices of the bicycles and

radios are indicated on the second column of Table 4.29 and they were derived from the

market survey conducted in the Pindanganga and MOFLOR (Savane) informal and formal

markets. The estimated depreciation rates for the two durable goods were based on their

estimated remaining lifespan. The estimated lifespan was based on informal consultations

with several members of the staff at the Department of Economics of Eduardo Mondlane

University and is shown in the third column of Table 4.28. A straight-line depreciation

method was used to compute an annual depreciation rate for each durable good and is

indicated in the last column of Table 4.28.
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Table 4.28. Estimated local market value and lifespan of durable goods in the study sites in
2001
Durable Estimated market value Assumed Residual Annual
good (US$/unit) remaining lifespan value depreciation

(in years) (US$/unit) (US$)
Radio 5.1 5 0.51 0.918
Bicycle 37 10 3.70 3.33

According to the head of the community management project, the project on average spent 30

US$ per field trip done by the technicians and this amount was used to cover fuel costs and

maintenance. Table 4.29 indicates the total transaction for the Pindanganga area (41,000 ha of

miombo woodland). The transaction cost per hectare of miombo woodland is equal to US$

2.26.

T bl 429 Ef ti fth tr ti t . Pi da e snma IOn0 e ansae Ion cos s ill In anganga
Description Total costs (US$ per year)
Two government technicians 1,920.00
Work of community members 25,958.40
Controlling and monitoring the resource (13 persons) 63,273.6
Bicycles and radios 29.39
Government car (fuel and maintenance) 1,440.00
Total transaction cost 92,621.39

The structure of the local committee of the CBNRM, the number of people involved, the

number of meetings and resources involved (eight bicycles and three radios) is assumed to be

the same for Pindanganga and Savane sites due to the lack of appropriate data. However, this

approximate estimate is better than to omit the transaction costs in the cooperative

management regime ofmiombo woodlands (community management).

4.3.2. Harvesting cost by commercial sector

The identification of the representative company for the Gondola was made in a round table

discussion with owners/managers of four timber companies operating in the site and with

involvement of the Harvesting Timber Association for Manica Province. For Savane the

choice was simpler because there is only one company operating in the forest concession area

(MOFLOR). All managers of the forest harvesting companies were reluctant to give

information about the financial records of the company.
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Firstly the typical company was defined in terms of operations, equipment and working

methods used for an average commercial timber harvesting company at Gondola. For Savane

the information was collected from MOFLOR. Table 4.30 indicates the harvesting costs of

felling, crosscutting and first transport for a typical commercial timber harvesting company

for the study sites. Chainsaws are used for felling and crosscutting and two teams (each team

consisting of two crosscut-saw operators and assistant) are responsible for this activity.

Extraction and transport teams are made up of a tractor or truck driver and assistant. Five

untrained workers are employed for loading, recruited in the villages within or adjacent to the

logging area. Tractors are used for skidding, loading and first transport and trucks with flat-

bed semi trailers for second transport. Similar harvesting and transport mechanisms were

found by Fath (2002) for commercial timber harvesting in the natural forests of Mozambique.

Table 4.30. Felling, crosscutting and first transport costs for typical commercial timber
harvesti d Il' .. h darvesting company an se mg pnce m t e stu .I)'_ area

Site
Pindanganga MOFLOR concession

Felling trees and crosscutting ($/mJ
) 3.50 3.00

Extraction (US$/m3
) 6.00 5.00

I st loading and 1st transport (US$/m3
) 18.50 15.00

Road maintenance (US$/mJ
) 4.00 4.00

Total harvesting cost on road side (US$/m~_) 32.00 34.0
Average selling price of logs on roadside (US$/mj

) 114.0 114.0

The total harvesting cost of logs on the roadside was calculated based on the assumption that

other forestry companies will pay the same salary that MOFLOR forest concession pays for

its company manager (292 US$/month) and it was assumed that for both sites the average

distance for log transport to the main log depot of the company is 100 km.

4.3.3 Standing price ofmiombo trees

The average production and reforestation costs of miombo trees in the sites are indicated in

Table 4.31. Based on the experience of TeT - Industrias Florestais. Ltda in Sofala Province

it is estimated that the weed control costs is approximately US$ 20 per ha per year during the

first two years.
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Table 4.31. Forestry activities and annual costs in MOFLOR forest concession

Year Activity Cost (US$/ha)
0 Reforestation 600
1 and 2 Weed control 20

For a cutting cycle of 30 years, US$ 1.00 per ha is the annual cost of forest protection and

conservation (fire protection) and forest overhead costs are US$ 100 per ha per year. The net

present value at discount rate of 15% (Mozambican Bank, 2002) was US$ 20 per cubic metre.

The stumpage price found in this research was US$ 20 per cubic meter. This figure was

obtained assuming that the trees harvested for commercial purposes by MOFLOR belong to

third and fourth commercial timber classes. This value is higher than the average harvesting

fees paid during the time of the investigation (US$ 16.7/m3
, refer to Table 2.7) and was closer

to the real value of a stumpage price of miombo trees.

The results indicated up to now (descriptive results, charcoal yield, market prices and forestry

costs) are required for simulation of the dynamic game theoretic model. These results are

summarised and they are indicated on Appendix D.

4.4. Modelling results

The basic modelling results are analysed under three categories of forest management

regimes, namely: (i) a category in which a regulator, which can be the government at

central/local/village level or any other authority, determines the annual harvesting levels by

household and commercial sectors based on the management plan in order to maximize

society-wide benefits, which include the direct economic benefits, social benefits and

environmental benefits (command models); (ii) A category in which the household and

commercial sectors at their own free will decide to cooperate on the harvesting levels for each

sector in order to maximise their joint net benefits (cooperative model). This model mimics

the community based natural resource management and the analysis is done taking into

consideration the transaction costs; and (iii) A category in which the household and

commercial sectors act independently, each setting its level of harvesting to maximize own

benefits (non-cooperative model). Since the non-cooperative model represents the forest

management practice applied for many years in Pindanganga and Savane, it will be used as a

reference point in all comparisons. The relative results for all comparisons are indicated in

AppendixH.
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4.4.1. Basic simulation results

Data used for the basic simulations were taken directly from the fieldwork report and

questionnaires or calculated from there. The impact of management regimes on the

stakeholder's benefits for both study sites is presented in Table 4.32. The relative impact of

management regimes on stakeholder benefits from miombo activities in Pindanganga and

MOFLOR, respectively is displayed on Figures 4.1 and 4.2.

The effect of management options on Equivalent Annual Net Discounted Benefits (EANDB)

of the stakeholders from miombo activities varies in terms of quantity and distribution

between the two sectors (Table 4.32). The difference in benefits between the two sectors

reflects the different market values of the products harvested and harvesting capacity. The

commercial sector derives more of the benefits under the non-cooperative management

regime. For both sites, non-cooperative management regime (open access or status quo) gives

the highest annual discounted net benefits from harvesting wood products to the commercial

sector. According to Mlay et al. (2003), for the commercial sector, non-cooperative

management regime is not the best option, but they can get into cooperative management

regime if the total benefits (tangible and intangible benefits) and the penalties for non

cooperation exceed the additional benefits emanating from non cooperative management

regime.

TABLE 4.32. Effect of management regime on Equivalent Annual Net Discounted Benefits
of stakeholders from sale of miombo wood and NTFPS products in Pindanganga (I) and
MOFLOR(II)
Study Management Equivalent Net Discounted Benefits (US$ per annum) Household
Site regime'' Commercial a Household Total EANDBc

NC (1) 443,519 (2) 107,469 (1) 550,988 0.03
COOP (4) 391,381 (3) 94,252 (4) 490,633 0.03

I CM-E (5) 230,371 (5) 37,507 (5) 267,877 0.01
CM-S (2) 433,173 (1) 107,761 (2) 540,934 0.03
CM-SE (3) 428,266 (4) 76,086 (3) 504,352 0.02
NC (1) 290,689 _(1) 62,820 (1) 353,509 0.015
COOP (3) 258,372 (3) 43,795 (2) 302,167 0.011

II CM-E (5) 15,587 (5) 2,235 (5) 17,821 0.001
CM-S (2) 290,447 (2) 61,826 (3) 352,273 0.015
CM-SE (4) 208,713 (4) 35,371 (4) 244,084 0.009

a The figures m parentheses represent the ranking of the management regime on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment
C Household EANDB (Equivalent Annual Net Discounted Benefits) = US$ per capita per day
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Figure 4.2. Relative impact of management regimes on stakeholder benefits from miombo

activities in MOFLOR concession

o Conmand social
• Command social and environmental
• Non-cooperative

• Command environmental
~ Cooperative

Commercial sector Total benefits
benefits

Household
benefits per
capita/annum

Household
benefits

97

Stellenbosch University http://scholar.sun.ac.za



The two first options leading to highest equivalent annual discounted net benefits from

miombo activities to the household sector are the command regime incorporating social

concerns and non-cooperative management regime for Pindanganga and non-cooperative and

command regime incorporating social concerns for MOFLOR forest concession, depending

on site-specific conditions. These differences are mainly explained by the poor soil fertility,

which leads to poor crop yields and high market demand for forest products from Beira

market.

The regulated option for environmental reasons leaves all stakeholders with lowest benefits in

both sites. This makes sense whereby because of the emphasis put by the regulator on

environment concern, more of the woodland resources are bound to be preserved thereby

resulting in less benefits.

As can be seen in Table 4.32, the total benefits for both sites, if the objective is to maximize

stakeholder's benefits, the highest equivalent annual net discounted benefits are achieved

under non-cooperative management regimes. Equivalent annual net discounted benefits

reduced to US$ 267 877 and US$ 17,821 per annum for Pindanganga and Savane,

respectively, when the objective is resource conservation. Pindanganga stakeholder's

currently obtain more benefits because they have an abundant supply while MOFLOR area is

relatively poor resource base. Within the regulated management arrangements (CM-E, CM-S

and CM-SE), depending on site-specific conditions, the management with social concerns or

with social and environmental concerns are potentially beneficial to local communities.

Table 4.32 reports the per capita household benefits from miombo sale of wood products and

NTFPs and, agriculture. The environmental and social environmental management regimes

are the least attractive. The best management regimes are command regime incorporating

social concerns, non-cooperative and cooperative, but under none of the management regimes

these benefits are superior to three percent of a US Dollar per day (97% below the poverty

line).

The impact of management regimes on forest resource use, labour employed, number of

charcoal bags produced and harvested volumes by sector for commercial purposes are

indicated in Table 4.33.
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Table 4.33. Effect of management regime on resources used, labour employed (%) and
. P' d (I) d MOFLO ti (II)conservation 10 10 anganga an R orest concession

Study lManagt. Converted Standing Labour" Charcoal Harvested volume (nr')"
Sites egime'' land (ha) a miombo (ha) Com. RH bags Com. RH Charcoal

~C (3) 236 (5) 3,891 10.1 6.7 (2) 25,546 6,000 11,666 8,329

~OOP. (1) 250 (3) 4,1 is 10.0 5.2 (3) 24,000 6,000 11,403 7,825

I ~M-E (5) 72 (1) 6,070 10.0 0.9 (5) 7,833 3,577 3,577 2,554

~M-S (2) 238 (4) 4,031 10.0 6.6 (1) 25,706 6,000 11,739 8,381

~M-SE (4) 253 (2) 4,331 9.9 4.0 (4) 19,511 6,000 10,068 6,361

~C (1) 137 (4) 548 9.9 4.3 (1) 13,455 4,523 6,166 4,387

~OOP. (3) 109 (3) 829 9.9 2.3 (3) 9,568 4,449 4,559 3,120

~ ~M-E (5) 10 (1) 14,625 9.9 0.0 (5) 1,002 485 45q 327

~M-S (2) 132 (5) 583 9.8 4.1 (2) 13,025 4,518 5,969 4,247

~M-SE (4) 73 (2) 1,552 9.8 0.9 (4) 7,136 3,242 3,270 2,327

"The figures in parentheses represent the ranking of the management regimes.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, RH = Household.

Figures 4.3 and 4.4 display the relative impact of management regimes on forest resource and

land conversion to agriculture in Pindanganga and MOFLOR concession, respectively.

In terms of the impact of different management regimes on forest resources, the best outcome

with respect to ecological health of the woodland is achieved under the command

environment regime for both sites, followed by the command regime incorporating social and

environmental benefits. The cooperative management regime is the third best option. The

environmental concerns mean that a larger area of forest cover has to be maintained to meet

people needs, while protecting the environment. Deforestation is highest under the non-

cooperative and social regimes in Pindanganga and MOFLOR forest concession, respectively.

As expected, the regulated system incorporating only environmental concern leads to the least

deforestation for both study sites, but it is the option least attractive to the household and

commercial sectors in terms of benefits they derive.
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Figure 4.3. Relative impact of management regimes on forest resource and land conversion to

agriculture in Pindanganga.
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Figure 4.4. Relative impact of management regimes on forest resource and land conversion to

agriculture in MOFLOR forest concession

Average annual forest area converted to agriculture for both sites is lowest under the

command regime incorporating environmental benefits. Depending on site-specific conditions

such as resources availability, soil fertility, human population size and their dynamics, the
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management options that lead to more conversion of forestland to agriculture are the non-

cooperative, cooperative and command with social concerns.

The results on harvested volumes by the two sectors do not include the waste brought about

by harvesting practice or volume harvested for other basic household needs. The actual

volume of miombo removed by the household would include the trees lost by fire (during

charcoal making) and trees felled during land conversion to agriculture but not transformed

into commercial products or other wood products harvested for basic household needs.

Regarding the impact on volume of wood products harvested, as expected, the trends

correspond to those of benefits derived from these products. In comparison with the non-

cooperative model that represents the practice commonly used for a long term in the past,

least volume is harvested under the command regime incorporating environmental benefits.

For the household sector, the highest volume of wood products is harvested under the

cooperative model in Pindanganga and the non-cooperative model in MOFLOR concession.

The relative impact of management regimes on volumes harvested, charcoal bags produced

and labour employed is indicated in Appendix H.

The household harvesting volumes in the dynamic game theoretic models are restricted

according to the allowed cut established by the management plans of the sites. This was done

to reflect what is happening in the field. Within the model structure, the harvesting volumes

for the commercial sector were limited to a maximum of 6,000 and 5,000 cubic meters per

year according to the Pindanganga and Savane management plans, respectively. For the

commercial sector, the average annual harvest under the regulated regime with environmental

concerns explicitly incorporated was about 60% and 72% of the harvest under open access for

Pindanganga and MOFLOR, respectively.

The commercial sector for both study areas employ much more labour than the household

sector (Table 4.33). This could be due to the fact that this sector is well developed in terms of

harvesting capacity (they use lorries, tractors and chain saws), has better financial capacity

and is profit oriented. The forest management regimes that lead to more labour employment

are non-cooperative and command model incorporating social concerns. The cooperative

arrangement is the third best option for both study areas.
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4.4.2. Sectoral policy impact under alternative management regimes

Under this section, the results of sectoral policies impact on alternative management regimes,

well-being of the stakeholders, miombo resource use and conservation are presented. The

sectoral policies considered are those related to increase in charcoal production efficiency,

increase in market selling prices of NTFPs (honey, chickens, pigs, goat and thatching grass)

and increase in sales ofNTFPs in the study sites.

a) Increase in charcoal production efficiency

A general improvement in the current charcoal production efficiency could be brought about

by, for instance, drying wood, better stacking methods, better process control or introduction

of new types of charcoal kilns. To assess the impact of such an increase, the dynamic game

theoretic model was simulated with an arbitrary increase of 10% and 30% on the current

charcoal production efficiency (13.7%). The 30% increase was chosen in order to target the

higher averages of charcoal yields obtained in the south of Mozambique (Joaquim and

Pereira, 2001) and in Kenya (Okello et al., 2001).

The impact of increasing charcoal production efficiency by 10% and 30% on alternative

management regimes and stakeholders benefits is indicated in Tables 4.34 and 4.35,

respectively. Appendix I displays the relative values (%) compared with non-cooperative

management regime and in brackets the relative values (%) compared with basic model of

each management regime.

An increase in charcoal production efficiency lead to an increase on the discounted net

benefits of households in Pindanganga, for all management options. In MOFLOR area (less

endowed forest resource area) the increase lead to conflicting trends depending on the

management regime.

Increasing charcoal production efficiency lead to changes in the economic performance of

management regimes in MOFLOR forest concession relative to the basic simulation results.

The largest increase in the discounted net benefits was observed under the command model

with social concerns and social and environmental concerns, where the discounted net

benefits relative to the base scenario was increased by at least 40% for both management
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regimes (refer to Tables 4.32 and 4.33). For non-centralised options (non cooperative and

cooperative management regimes) the effect of charcoal production efficiency increase was

felt more under in the cooperative management regime. These findings seem to be

conforming to reality bearing in mind that the regulator, for cooperative and the command

with social regimes, put more emphasis on the household sector.

TABLE 4.34. Effect of charcoal production efficiency increase by 10% on management
regime and net discounted benefits from sale of miombo wood and NTFPs products In

p. d (I) d MOFLOR (IItIn anganga an
Study Management EADNB (US$ per annum) Household
Site regime'' Commercial Household Total EANDBc

NC (1) 445,082 (3) 107,937 (1) 553,019 0.03
COOP (4) 393,224 (4) 100,552 (4) 493,776 0.03

I CM-E (5) 233,476 (5) 38,106 (5) 271,582 0.03
CM-S (2) 435,811 (2) 107,850 (2) 543,661 0.05
CM-SE (3) 432,638 (1) 103,808 (3) 536,446 0.05
NC (2) 290,236 (1) 62,840 (1) 353,076 0.015
COOP (3) 258,485 (3) 44,344 (3) 302,892 0.011

II CM-E (5) 16,278 (5) 2,293 (5) 18,571 0.001
CM-S (1) 290,245 (2) 60,711 (2) 350,956 0.015
CM-SE (4) 207,246 (4) 35,226 (4) 242,471 0.009

a The figures In parentheses represent the ranking of the management regimes on the basis of
Equivalent Annual Net Discounted Benefits (EANDB) within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB = US$ per capita per day

The relative impact of charcoal production efficiency by 10% and 30% on management

regimes, stakeholders' benefits and resource use and conservation is indicated in Appendix I,

Tables 1I and 21.

The annual discounted net benefits for the household sector from selling wood products from

miombo activities showed an increase across all alternative management regimes and the total

net benefits per capita per day from selling wood and non wood products increased, relative

to the non-cooperative model of basic runs in MOFLOR. The benefits decreased in

Pindanganga for cooperative and for command with social management options, where the

government is encouraging communities' participation in management of the woodlands. The

command regime accounting only for environmental benefits continued to be the least

beneficial management option.
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TABLE 4.35. Effect of charcoal production efficiency increase by 30% on management
regime and net discounted benefits from sale of miombo wood and NTFPs products in
Pindanganga (I) and MOFLOR (11)3 -
Study Management EADNB (US$ per annum) Household
Site regime" Commercial Household Total EANDBc

NC (1) 442,441 (IJ 107,872 (1) 550,313 0.028
COOP (4) 393,303 (3) 101,100 (4) 494,403 0.026

I CM-E (5) 240,059 (5) 39,380 (5) 279,439 0.011
CM-S (2) 431,967 (4) 83,233 (2) 515,201 0.028
CM-SE (3) 429,616 (2) 104,433 (3) 534,049 0.027
NC (2) 290,091 Jl) 63,389 ru 353,480 0.016
COOP (3) 258,412 (3) 44,548 (3) 302,660 0.011

II CM-E (5) 15,873 (5) 2,287 (5) 18,161 0.001
CM-S (1) 290,322 (2) 61,413 (2) 351,735 0.015
CM-SE (4) 208,869 (4) 35,635 (4) 244,504 0.009

3 The figures 10 parentheses represent the ranking of the management regimes on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB = US$ per capita per day

The increase by 30% in charcoal production efficiency lead to an increase in household per

capita benefits up to 1.3% in MOFLOR and up to 35.0% in Pindanganga. The household

benefits in MOFLOR were less sensitive to the changes in charcoal production efficiency than

in Pindanganga. This could be due to the fact that the majority of households in MOFLOR

forest concession area do produce charcoal for commercial purposes and the area is less

endowed in natural resources. The increase in the per capita benefits was not enough to raise

the income of household members above the poverty line of one dollar per day per person,

showing that forest policies on charcoal production efficiency by itself cannot fully address

the poverty problem of the local communities in the study sites.

The impact of the increase in charcoal production efficiency on the management regimes,

forest area converted to agriculture, area remaining with standing miombo, labour employed

and volumes harvested by sector in Pindanganga and MOFLOR are given in Tables 4.36 and

4.37. Appendix I display the relative values in comparison with non-cooperative.

The impact of increasing charcoal production efficiency in mitigating deforestation was most

pronounced as expected under the command model explicitly incorporating environmental

benefits. This management option produced the highest percentage of area of standing

miombo woodlands at the end of the simulation. The increase in charcoal efficiency was least

effective in mitigating deforestation under the non-cooperative model. These results seem to
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suggest that the management options which will minimise conflicts (command with social

and environmental concerns and the cooperative) between multiple objectives will be the

most beneficial.

Regarding the labour employment and comparing with the basic runs, an increase in charcoal

production efficiency did not affect the level of employment by the commercial sector, as

expected. There was an increase in the amount of labour employed by the household sector on

the centralised management regime with social concern and with social and environmental

concerns and reduced the labour employed on the cooperative management option.

Table 4.36. Effect of increase in charcoal production efficiency by 10% on management
regime, resources use and conservation in Pindanganga (I) and MOFLOR (IV
Study lManagt. Converted Standing Labour" Charcoal Harvested volume (rrr')"
Sites egime'' land (ha) miombo (ha) Com. RH bags Com. RH Ch

~C (3) 236 (5) 3,924 10.1 6.7 (1) 28,040 6,000 11,682 8,350

I
K;OOP (1) 254 (3)_ 4,080 10.0 5.3 0126,837 6,000 11,634 7,991
K;M-E (5) 73 (1) 6,028 10.0 0.9 (5) 8,704 3,625 3,636 2,592
K;M-S (2) 237 (4) 4,032 10.0 6.6 (2) 28,126 6,000 11,717 8,375
K;M-SE (4) 219 (2) 4,200 9.9 4.6 (4) 26,060 6,000 10,857 7,760
~C (2) 136 (4) 550 9.9 4.3 (2) 14,714 4,515 6,151 4,381

II
~OOP (3) 110 (3) 820 9.9 2.3 (3) 10,605 4,452 4,611 3,158
~M-E (5) 11 (1) 14,595 9.9 0.1 (5) 1,210 538 506 360
~M-S (1) 131 (5) 590 9.8 4.1 (1) 14,175 3,000 5,926 4,221
~M-SE (4) 72 (2) 1,564 9.8 0.9 (4) 7,770 3,219 3,248 2,314

a The figures in parentheses represent the ranking of the management regimes.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, RH = Household, Ch = Charcoal.

Comparing with the non-cooperative basic run, increase in charcoal production efficiency will

lead to an increase in the amount of charcoal bags produced for all sites and management

options. The average volume of miombo logs harvested by the commercial sector in Savane

increases for non-cooperative, command with environmental concerns and command with

social and environmental concerns, while in Pindanganga there was no change under all

management options, except under the command with environmental concerns as a result of

harvesting restriction according to the management plan. The largest increase is observed

under the command model incorporating social and environmental benefits (60%) in

Pindanganga, and in MOFLOR is observed under cooperative regime.
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Table 4.37. Effect of increase in charcoal production efficiency by 30% on management
. d conservati . P' d (I) d MOFLOR (Il)"regime, resources use an conservation m m anganga an

Study Managt. Converted Standing Labour" Charcoal Harvested volume (nr')"
Sites egime" land (ha) miombo (ha) Com. HH bags Com. HH Cho

NC (3) 233 (4) 3,851 10.1 6.7 (2) 33,483 6,000 11,594 8,309

I
COOP (1) 253 (3) 4,090 10.0 5.3 (3) 32,219 6,000 11,613 7,495
CM-E (5) 75 (1) 5,948 10.0 0.9 (5) 10,768 3,727 5,948 2,672
CM-S (2) 235 (4) 4,063 10.0 6.6 (I) 33,744 6,000 11,684 8,374
CM-SE (4) 218 (2) 4,201 9.9 4.6 (4) 31,352 6,000 10,856 7,780
NC (1) 136 (5) 549 9.9 4.3 (1) 17,754 4,513 6,169 4,406

II
COOP (3) 110 (3) 820 9.9 2.3 (3) 12,755 4,450 4,611 3,165
CM-E (5) 10 (1) 13,489 9.9 0.0 (5) 1,270 464 441 315
~M-S (2) 131 (4) 584 9.8 4.1 (2) 17,155 3,000 5,961 4,257
~M-SE (4) 72 (2) 1,551 9.8 1.0 (4) 9,405 3,244 3,268 2,334

"The figures m parentheses represent the rankmg of the management regimes.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, HH = Household, Cho= Fuelwood.

Within each management regime, an increase in charcoal production efficiency leady to

decreased deforestation for both study sities under cooperative management and command

environment regimes (relative values in brackets in Table 21, appendix I).

b) Increase in commercial sales and market prices ofNTFPs.

A general increase in the current commercial sales or selling market prices ofNTFPs could be

brought about by, for instance, improvement in road infrastructure, new markets closer to the

local communities or removal of explicit government taxes on NTFPs. To assess the impact

of such an increase, the dynamic game theoretic model was simulated with an arbitrary

increase by 100% in the current sales amount of NTFPs and an increase by 100% in the

market selling prices ofNTFPs.

The impact of increasing selling market prices of NTFPs on annual discounted net benefits

from miombo activities are presented in Table 4.38. Table 4.39 indicates the impact of

increasing commercial sales amount of NTFPs on annual discounted net benefits from

miombo activities. Appendix J displays the relative values (%) comparing with non-

cooperative management regime and in brackets the relative values (%) comparing with basic

model of each management regime.
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TABLE 4.38. Effect of increase in selling market prices ofNTFPs by 100% on management
regime and net discounted benefits from sale of miombo wood and NTFPs products in
p. d (I) d MOFLOR (I )in angang_a an I
Study Management EADNB (US$ per annum) Household
Site regime" Commercial a Household Total EANDBc

NC (1) 441,026 (1) 107,285 (1) 548,311 0.029
COOP (4) 391,272 (3) 99,933 (4) 491,205 0.027

I CM-E (5) 230,035 (5) 37,435 (5) 267,470 0.012
CM-S (2) 433,420 (2) 106,983 (2) 540,403 0.029
CM-SE (3) 426,737 (4) 84,347 (3) 511,084 0.023
NC (1) 290,660 (1) 62,978 (1) 353,638 0.016
COOP (3) 258,391 (3) 43,595 (3) 301,986 0.011

II CM-E (5) 17,223 (5) 2,474 (5) 19,697 0.061
CM-S (2) 290,486 (2) 60,417 (2) 350,903 0.015
CM-SE (4) 208,617 (4) 35,372 (4) 243,989 0.009

a The figures m parentheses represent the ranking of the management regimes on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB = US$ per capita per day

TABLE 4.39. Effect of increase in commercial sales amount of NTFPs by 100% on
management regime and stakeholders annual discounted benefits from sale of miombo
products in Pindanganga (I) and MOFLOR forest concession (II)
Study Management EANDBc Household
Site regime" Commercial a Household Total EANDBd

NC (1) 444,550 (2) 106,359 (1) 550,909 0.029
COOP (4) 391,267 (4) 100,003 (4) 491,270 0.027

I CM-E (5) 230,103 (5) 37,440 (5) 267,543 0.012
CM-S (2) 432,828 (1) 107,059 (2) 539,887 0.029
CM-SE (3) 432,728 (3) 102,894 (3) 535,622 0.028
NC (2) 291,342 (1) 62,842 (1) 354,184 0.015
COOP (3) 258,222 (3) 43,571 (3) 301,793 0.011

II CM-E (5) 16,835 (5) 2,412 (5) 19,247 0.001
CM-S (1) 291,358 (2) 61,005 (2) 352,363 0.015
CM-SE (4) 208,614 (4) 35,365 (4) 243,979 0.009

a The figures tn parentheses represent the ranking of the management regimes on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
cEANDB = Equivalent Annual Net Discounted Benefits (US$ per annum)
d Household EANDB are in US$ per capita per day.

An increase in selling market prices of NTFPs did not lead to a change in the ranking of the

management regimes, while an increase in the commercial sales of NTFPs lead to changes in

the ranking within each sector.
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With regard to discounted net benefits to the commercial sector and compared to the non

cooperative regime of the basic run (refer to Table 4.32), raising market selling prices by

100% increased the annual discounted net benefits under all management options for Savane,

and for Pindanganga it had a mixed behaviour depending on the management regime. Raising

the commercial sales of NTFPs reduced the benefits of this sector under all alternative

management regimes in Pindanganga (except for non-cooperative) and increased in

MOFLOR (except for non-cooperative). These results conform to a priori expectation since

selling NTFPs contributes to household economic benefits derived from miombo forest for

the householder sector. This scenario is in favour of the household sector, meaning that in

addition to the restriction on harvesting implied by the environmental concern, the

commercial sector is indirectly penalised by the social consideration favouring the household

sector.

The household annual discounted net benefits from selling of wood products from miombo

activities showed decreased behaviour across cooperative, non-cooperative, environmental

and social alternative management regimes in Pindanganga and increased in MOFLOR across

all management regimes. The total per capita per day (selling of wood and non wood

products) increased compared with basic runs for all regimes, excluding the environment and

the cooperative management regimes. The command regime, accounting only for

environmental benefits, was the least beneficial, with discounted net benefits being decreased

relative to the base scenario. The net benefits attained their highest value under the social and

environmental management option. The observed increase in household benefits per capita

per day from miombo activities was caused by an increase in harvesting of NTFPs and less

converted area to agriculture.

Using the non-cooperative model from basic runs as a reference, the command model

incorporating environmental benefits was the least beneficial, while the command with social

and environmental concerns, social concerns and the cooperative models were the most

beneficial. The increase of 100% in commercial sales or selling prices of NTFPs could lead to

an increase in household per capita benefits, but this was not enough to raise the income of

household members above the poverty line of one dollar per day per person, showing that

forest policies on NTFPs by themselves in the study sites do not address the poverty problem

of the local communities. In terms of per capita benefits, raising market prices ofNTFPs had

a similar effect as the effect of increasing the amount ofNTFPs sold.
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The impact of an increase in selling market prices of NTFPs by 100% and commercial sales

amount by 100% on the resource use and conservation is given in Tables 4.40 and 4.41,

respectively. The relative values obtained by comparing with the non-cooperative of basic

runs are indicated on Appendix J.

The average volume of miombo logs harvested and labour employed by the commercial

sector almost did not change under all management options. The largest decline was observed

under the command model incorporating environmental benefits. Comparing the alternative

management options with current practice (non cooperative model), the largest harvest

volume decline was observed under the command model incorporating social and

environmental benefits, while the volume harvested was least sensitive to increase selling

amount and prices ofNTFPs under the command model with social concerns.

The impact of increasing the commercial sales or prices of NTFPs in mitigating deforestation

was most pronounced, as expected, under the command model incorporating environmental

benefits. This management option showed the highest percentage of the area of standing

miombo woodlands at the end of the simulation. The increase in commercial sales and prices

are least effective in mitigating deforestation under the non-cooperative model. These results

seem to suggest that the most beneficial management options will be those that minimise

conflicts (command social environment and cooperative model) between multiple objectives.

Table 4.40. Effect of increase market selling prices of NTFPs by 100% on management
regime, resources use and conservation in Pindanga~a l!l and MOFLOR (I!t
Study Managt. Converted Standing Labour" Charcoal Harvested volume (m3)C
sites egime'' land (ha) miombo (ha) Com. RH bags Com. RH Cho

~C (3) 237 (5) 3,917 10.1 6.7 (2) 25,637 6,000 11,708 8,359

I
~OOP (1) 256 (3) 4,083 10.0 5.3 (3) 24,560 6,000 11,669 8,007
~M-E (5) 72 (1) 6,075 10.0 0.9 (5) 7,825 3,572 3,573 2,551
~M-S (2) 237 (4) 4,035 10.0 6.6 (1) 25,650 6,000 11,714 8,363
~M-SE (4) 216 (2) 4,246 9.9 4.4 (4) 23,379 6,000 10,67j 7,622
Nc _(1) 137 (5) 545 10 4 _(1) 13,313 4,522 6,192 4,406

II
~OOP (3) 109 (3) 831 9.9 2.3 (3) 9,541 4,450 4,5~ 3,111
~M-E (5) 11 (1) 14,62~ 9.9 0.0 (5) 1,085 525 497 353
~M-S (2) 132 (4) 586 9.8 4.1 (2) 12,998 4,520 5,95j 4,238
~M-SE (4) 73 (2) 1,552 9.8 0.9 (4) 7,140 3,240 3,272 2,328

a The figures in parentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, RH = Household, Cho= Fuelwood.
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Table 4.41. Effect of increase in commercial sales by 100% on management regime, resources
d tion i Pi d (I) d MOFLOR (II)ause an conserva Ion In In anganga an

Study ~anagt. Converted Standing Labour" Charcoal Harvested volume (nr')"
sites egime" land (ha) miombo (ha) Com. RH bags Com. RH Cho

Nc _f3) 235 (5) 3,878 10.1 6.7 (2) 25,389 6,000 11,595 8,278

I
~OOP (1) 256 (3) 4,083 10.0 5.3 (3) 24,580 6,000 11,679 8,014
~M-E (5) 72 (l) 6,075 10.0 0.9 (5) 7,826 3,573 3,574 2,552
tM-S (2) 237 (4) 4,040 10.0 6.6 (1) 25,672 6,000 11,724 8,370
CM-SE (4) 219 (2) 4,201 9.9 4.5 (4) 23,682 6,000 10,815 7,721
NC (1) 137 (5) 545 9.9 4.3 (1) 13,479 4,534 6,177 4,395
~OOP (3) 109 (4) 831 9.9 2.2 (3) 9,535 4,447 4,543 3,109

II ~M-E (5) 11 (1) 14,738 9.9 0.0 (5) 1,098 535 503 358
~M-S (2) 133 (2) 13,053 9.8 4.2 (2) 13,053 4,534 5,981 4,25_(i
~M-SE (4) 73 (3) 1,553 9.8 0.9 (4) 7,138 3,240 3,271 2,327

a The figures in parentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, RH = Household, Cho= Fuelwood.

For both study sities, within each management regime, an increase in commercial sales or

market selling prices ofNTFPs leady to decreased deforestation (relative values in brackets in

Table 2J, appendix J).

4.4.3. Impact of extra-sectoral policies under alternative management regimes.

The extra-sectoral policies considered in this research are agricultural performance and off-

miombo employment opportunities. Agricultural policy changes due to the strong link that

exists between subsistence agriculture and miombo woodlands. Agriculture is one of the main

causes of deforestation in Mozambique (Saket, 2001). Off-miombo policy changes due to the

influence on the pressure on miombo use to sustain the communities (Kaimowitz and

Angelsen, 1996).

a) The impact of agricultural performance

In this section the impact of agricultural performance (technology changes in agriculture

which lead to price increases of25%) on stakeholders' benefits, and deforestation in miombo

activities, is analysed. The impact of such an increase in stakeholders' benefits is indicated in
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Table 4.42. The impact on resource use and conservation is indicated in Table 4.43. Relative

results compared with the basic runs and within management regimes after parameter change

on dynamic game theoretic model are indicated on Appendix K, Tables IK and 2K.

TABLE 4.42. Effect of increase in selling market prices of agricultural products by 25% on
management regime and stakeholders annual benefits from sale of miombo products in
Pindanganga (I) and MOFLOR forest concession (II)
Study Management EANDB (US$ per annum)" Household
site regime" Commercial a Household Total EANDBd

NC (1) 443,149 (3) 125,927 (1) 569,076 0.032
COOP (4) 390,896 (4) 120,868 (4) 511,764 0.031

1 CM-E (5) 330,438 (5) 61,884 (5) 392,322 0.017
CM-S (3) 432,929 (2) 128,548 (3) 561,477 0.033
CM-SE (2) 434,405 (1) 129,011 (2) 563,416 0.033
NC (1) 163,199 (1) 60,372 (1) 223,571 0.015
COOP (3) 118,344 (3) 29,819 (3) 148,163 0.007

II CM-E (5) 2,304 (5) 517 (5) 2,821 0.000
CM-S (2) 134,672 (2) 48,260 (2) 182,932 0.012
CM-SE (4) 97,178 (4) 22,743 (4) 119,921 0.006

a The figures m parentheses represent the ranking of the management regime on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C EANDB = Equivalent Annual Net Discounted Benefits (US$ per annum)
d Household EANDB is in US$ per capita per day.

Table 4.43. Effect of increase in agricultural selling prices by 25% on management regime,
labour employed (%), resources use and conservation in Pindanganga (I) and MOFLOR (Il)"
Study Managt. Converted Standing Labour" Charcoal Harvested volume (m3t
sites egime'' land (ha) miombo (ha) Com. HH bags Com. HH Cho

NC (3) 246 (4) 3,806 10.1 6.7 (2) 24,543 6,000 11,512 8,002

1
COOP (1) 267 (3) 4,076 10.0 5.5 (4) 24,106 6,000 11,713 7,859
CM-E (5) 110 (5) 3,681 9.9 2.1 (5) 10,940 5,131 5,132 3,567
CM-S (2) 251 (2) 4,077 10.0 6.5 (1) 25,005 6,000 11,72~ 8,152
CM-SE (4) 245 (1) 4,098 9.9 5.1 (3) 24,420 6,000 11,454 7,962
NC (1) 105 (5) 1,690 9.9 5.2 (1) 9,020 2,539 4,323 2,941

II
COOP (3) 67 (3) 1,992 9.9 2.3 (3) 4,376 2,038 2,164 1,427
CM-E (5J 2 (1) 13,249 9.9 0.0 (5) 120 54 57 39
CM-S (2) 102 (4) 1,711 9.9 5.1 (2) 7,213 2,096 3,457 2,352
CM-SE (4) 45 (2) 2,389 9.8 1.3 (4) 3,163 1,509 1,516 1,031

a The figures in parentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, HH = Household, Cho= Fuelwood.
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Compared with the basic runs, an agricultural increase in the prices by 25% has reduced the

benefits of the commercial sector for both study areas, except for the cooperative management

option. For the household sector in Pindanganga where more subsistence agriculture is

practised, the per capita benefits were reduced for the centralised management regimes. In

MOFLOR, there was an increase in the per capita benefits of the command with social

concerns, command with social and environment concerns and a reduction in other

management options.

The increase in the agricultural prices has promoted agricultural expansion in Pindanganga

and reduced deforestation levels in MOFLOR compared with the basic runs. Labour

employment in general was reduced for both study areas.

For both study sities, comparing within each management regime, an increase agricultural

selling prices leady to increased deforestation and land expansion (relative values in brackets

in Table 2K, appendix K). The response to a price increase in forest conversion to agriculture

is more pronounced under the command model incorporating environmental benefits. The

result of this research conforms to Mlay et al. (2003) and Barbier's (2000).

b) The impact of off-miombo employment opportunities

The increases in off-miombo employment opportunities that can come about through

increasing investment in the study areas are due to economic growth or improvements in

social infrastructure (small scale industry for processing NTFPs, agricultural markets, etc.)

and will likely decrease the pressure on woodlands in order to sustain the resources

(Bluffstone, 1993; Holden et al., 1997).

To assess the impact of such a change in the community's economy, the dynamic game

theoretic model for the study sites was simulated with the off-miombo parameter set at 100%

higher than the current (0.008% in Pindanganga and 0.005% in MOFLOR area). The level of

increase corresponds to the expectation of the local government in the study sites. These

levels seem to be too high and they are related to possibility to find deposits of natural gas in

MOFLOR area and ecoturism in Pindanganga. Table 4.44 reports the net discounted benefits

of the stakeholders for the two study sites. The relative values (%) compared with the basic
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runs are indicated in Appendix L, Tables IL and 2L, as well as the relative values (%)

compared with basic model of each management regime (values in brackets).

TABLE 4.44. Effect of increase in off-miombo employment opportunities by 100% in
management regime and stakeholders annual benefits from sale of miombo products m
P' d (I) d MOFLO ilm anganga an R orest concession (II)
Study Management EANDB (US$ per annum) Household
site regime" Commercial Household Total EANDBc

NC (1) 442,498 (2) 107,377 (1) 549,875 0.028
COOP (3) 433,350 (1) 108,783 (3) 542,133 0.028

I CM-E (5) 230,371 (5) 37,511 (5) 267,882 0.011
CM-S (2) 436,139 (3) 107,618 (2) 543,757 0.028
CM-SE (4) 431,564 (4) 102,499 (4) 534,063 0.027
NC (2) 290,322 (1) 62,773 (1) 353,095 0.015
COOP (3) 258,384 (3) 43,726 (3) 302,110 0.011

II CM-E {5117,223 (5) 2,474 (5) 19,697 0.001
CM-S (1) 290,347 (2) 61,062 (2) 351,409 0.015
CM-SE (4) 208,716 (4) 35,379 (4) 244,095 0.069

a The figures in parentheses represent the rankmg of the management regime on the basts of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB are in US$ per capita per day.

From Table 4.44, the highest benefits for the commercial sector can be achieved under the

non-cooperative management regime followed by cooperative in Pindanganga and command

with social concerns in Savane. For the household sector, the cooperative option that is

currently in place is the best option in Pindanganga and the non-cooperative option in

MOFLOR, leading to the highest levels of deforestation in the sites (refer to Table 4.44).

Compared with the basic scenario, an increase in off-miombo employment generally lead to

an increase in stakeholder's benefits in MOFLOR. It has reduced the deforestation and more

labour was employed as a result of better financial means of the community. In Pindanganga,

there were some mixed impacts observed depending on the forest management regime. The

benefits for non-cooperative, cooperative and command with social concerns have increased.

The benefits for command with social and environment concerns have decreased and the

standing miombo area has increased. An explanation for the mixed direction of the impacts of

such increase may be partly due to the fact that this source of income constitutes only a small

part of the total income of the household and benefit very few households in the community

and the site is more endowed with natural resources than Savane. Table 4.45 reports the
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impact of an increase in off-miombo employment opportunities on resource use and

conservation in the study sites.

Table 4.45. Effect of increase in off-miombo employment opporturntres by 100% on
management regime, labour employed (%), resources use and conservation in Pindanganga (I)
and MOFLOR (lI)a
StudyManagt. Converted Standing Labour" Charcoal Harvested volume (rrr')"
sites egime'' land (ha) miombo (ha) Com. HH bags Com. HH Cho

Nc (3) 236 (5) 3,893 10.1 6.6 (3) 25,516 6,000 11,652 8,319
~OOP (2) 237 (3) 4,079 10.0 5.4 (2) 25,649 6,000 11,713 8,363

I ~M-E (5) 72 (1) 6,070 10.0 0.9 (5) 7,834 3,577 3,577 2,554
~M-S (1) 237 (4) 4,028 10.0 6.6 (1) 25,653 6,000 11,715 8,364
~M-SE (4) 217 (2) 4,216 9.9 4.5 (4) 23,510 6,000 10,736 7,665
~C (1) 137 (5) 548 9.9 4.3 (I) 13,444 4,518 6,161 4,383
~OOP (3) 109 {3) 829 9.9 2.3 (3) 9,552 4,450 4,552 3,114

II ~M-E (5) 11 (1) 14,628 9.9 0.0 (5) 1,084 525 497 354
~M-S (2) 133 (4) 582 9.8 4.2 (2) 13,049 4,516 5,980 4,257
~M-SE (4) 73 (2) 1,552 9.8 0.9 (4) 7,138 3,242 3,271 2,327

a The figures in parentheses represent the rankmg of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, HH = Household, Cho= Charcoal.

For both study sities, comparing within each management regime, an increase agricultural

selling prices leady to increased deforestation and land expansion (relative values in brackets

in Table 2K, appendix K).

Comparing the results from Table 4.45 and the basic runs, a greater availability of off-

miombo employment generally has induced a slightly lower pressure on forests. Same results

are found when comparing within each management regime (refer to Table 2K, Appendix K).

The small impact on the sites in terms of resource conservation can be explained by the fact

that the percentage of people benefiting from such increase is very small.

4.5.4. Interaction between sectoral and extra-sectoral policies

The policy combinations analysed are the following: a) Increase of selling market prices of

NTFPs by 25% and agricultural output prices by 25%; b)Increase of charcoal production
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efficiency by 30% and agricultural output prices by 25%; and c) Increase of off-miombo

employment by 100% and agricultural output prices by 25%.

a) Impact of an increase in selling market prices of NTFPs and agricultural output prices by

25%

The impact of the interaction of these two policy instruments on stakeholders benefits and

woodland resource use and conservation are presented in Tables 4.46 and 4.47, respectively.

Relative results compared with the basic scenario and within management regimes (value in

brackets) after price change in the dynamic game theoretic model are shown in Appendix M,

Tables 1M and 2M.

TABLE 4.46. Combined effect of increase in selling market prices ofNTFPs and agricultural
output prices by 25% on management regimes and stakeholders annual benefits in
Pindanganga (I) and MOFLOR (II)
Study Managt. EANDB (US$ per annum) Household
Site regime" Commercial a Household Total EANDBc

NC (I) 440,744 (3) 125,240 (2) 565,984 0.033
COOP (4) 391,349 (4) 120,732 (4) 512,081 0.031

I CM-E (5) 330,314 (5) 61,908 (5) 392,222 0.017
CM-S (2) 435,774 (1) 128,233 (3) 564,007 0.033
CM-SE (3) 433,340 (2) 128,154 (1) 561,494 0.033
NC (1) 290,342 (1) 88,950 iU 379,292 0.022
COOP (3) 258,794 (3) 66, III (3) 324,905 0.016

II CM-E (5) 15,192 (5) 3,035 (5) 18,227 0.001
CM-S (2) 290,174 (2) 81,985 (2) 372,159 0.020
CM-SE (4) 252,680 (4) 58,822 (4) 311,502 0.014

a The figures m parentheses represent the rankmg of the management regime on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB = US$ per capita per day.

The interaction of policies (increase in commercial sales or agricultural output prices) has not

lead to changes in the ranking of the management regimes within each sector compared with

the base scenario.

Impact of a simultaneous increase in selling market prices of NTFPs and agricultural output

prices by 25% under ceteris paribus affected the commercial indirectly through labour

supply. It affected directly the household sector which performed both activities. The annual

household discounted net benefits from wood products increased for all management regimes
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in relation to the base scenario, except for environmental reasons in Pindanganga. The

household net benefits per capita per day from wood, NTFPs and agriculture increased for all

management regimes in relation to the base scenario, except for the environment al concerns

in Pindanganga. In the case of the commercial sector, the annual discounted net benefits

increased, except for command with environmental concerns and cooperative in Pindanganga.

Table 4.47. Combined effect of increase in selling market prices of NTFPs and agricultural
output prices by 25% on management regime, labour employed (%), resources use and
conservation in Pindangan a (I) and MOFLOR (Il)"
Study Managt. Converted Standing Labour" Charcoal Harvested volume (nr')"
Sites egime'' land (ha) Miombo (ha) Com. HH bags Com. HH Cho

NC (4) 245 (4) 3,759 10.1 6.7 (2) 24,453 6,000 11,470 7,972
COOP (1) 267 (2) 4,077 10.0 5.5 (4) 24,112 6,000 11,716 7,861

I
CM-E (5) 110 (5) 3,683 9.9 2.1 (5) 10,952 5,129 5,137 3,571
CM-S (2) 250 (3) 4,073 10.0 6.5 (1) 24,984 6,000 11,719 8,146
CM-SE (3) 243 (1) 4,115 9.9 5.0 (3) 24,229 6,000 11,364 7,899

NC (1) 154 (5) 517 9.9 4.9 (1) 13,255 4,517 6,352 4,322

II
COOP (3) 125 (3) 769 9.9 2.4 (3) 9,915 4,458 4,903 3,233
CM-E (5) 10 (1) 13,113 9.9 0.0 (5) 882 447 422 287
CM-S (2) 139 (4) 626 9.8 3.7 (2) 11,941 4,514 5,722 3,893
CM-SE (4) 96 (2) 1,147 9.8 1.5 (4) 8,249 3,924 3,953 2,689

3The figures III parentheses represent the ranking of the management regime
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, HH = Household, Cho= Charcoal.

The net minimum subsistence requirements for MOFLOR area were more sensitive to the

changes on combined effect of increase on prices of agricultural products and market prices of

NTFPs because this area was more affected by the market demand for forest products from

Beira city and had lower crop yields.

The maximum harvested volume for the commercial sector was not affected by these policy

changes and were expected as a consequence of the restriction incorporated in the model for

the allowed cut volume of commercial timber (in accordance with the management plan). The

total volume harvested by the household has in general increased compared to the base

scenario, except for environmental reasons in Pindanganga.
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With regard to the combination of the policy impact on the woodland resource, it was

observed that the standing woodland decreased in relation to the base scenario, except for the

command with social concerns. This reduction was due to the significant impact of the

agricultural price increase and to the relatively lower weight ofNTFPs prices compared with

agricultural products (maize and sorghum) and wood products (timber, charcoal and poles).

Land conversion to agriculture (Table 4.48) resulting from the increase in agricultural output

prices has increased, as expected. The increase in net benefits from wood products to the

household sector resulted from the wood obtained in the process of land conversion to

agriculture.

Comparing within management regimes (value in brackets in Table 2M, Appendix M), the

simultaneous increase on NTFPs selling prices and increase on agricultural prices leady to

reduction on the deforestation, except for command social regime where the regulator more

efforts to the household sector.

Cropper et al. (1997) and Panayotou and Sungsuwan (1994) found similar results in two

separate studies on deforestation in Thailand. Deininger and Minten (1996) in Mexico found

also a significant positive relationship between deforestation and agriculture revenue increase.

Regarding labour employment, the commercial sector was not affected by this policy

combination. For the household sector, it has increased except for the command with social in

MOFLOR and non-cooperative in Pindanganga.

b) Increase in charcoal production efficiency by 30% and agricultural output prices by 25%

Table 4.48 presents the combined effect of increase in charcoal production efficiency by 30%

and agricultural output prices by 25% for Pindanganga and MOFLOR. For both sites, the

results reveal the trade-offs in the use of miombo resources for current economic gains versus

conservation of the resource biodiversity. If the objective was to maximise commercial

economic benefits without any special consideration given to social or environmental

concerns, equivalent annual net discounted benefits of US$ 439,780 and US$ 162,621 were

achieved by the commercial sector in Pindanganga and Savane, respectively. These net

benefits were reduced to US$ 391,517 and US$ 118,523 for Pindanganga and MOFLOR,

respectively, when the objective was to jointly maximize economic benefits and

environmental benefits. A similar trend was observed for household sector.
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TABLE 4.48. Combined effect of increase in charcoal production efficiency by 30% and
agricultural output prices by 25% on management regime and EANDB from sale of miombo
wood products and NTFPs products for Pindanganga (I) and MOFLOR (II)
Study Management EANDB (US$ per annum) Household
Site regime" Commercial a Household Total EANDBc

NC (1) 439,780 (3) 127,639 (1) 567,419 0.033
COOP (4) 391,517 (4) 121,636 (4) 513,153 0.031

I CM-E (5) 329,405 (5) 61,954 (5) 391,359 0.017
CM-S (2) 436,571 (2) 129,171 (2) 565,742 0.033
CM-SE (3) 432,907 (1) 129,908 (3) 562,815 0.033
NC (1) 162,621 (1) 59,746 (1) 222,367 0.015
COOP (3) 118,523 (3) 29,875 (3) 148,398 0.007

II CM-E (5) 2,016 (5) 445 (5) 2,461 0.000
CM-S (2) 133,670 (2) 48,509 (2) 182,179 0.012
CM-SE (4) 97,529 (4) 22,952 (4) 120,481 0.006

a The figures in parentheses represent the ranking of the management regime on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB = US$ per capita per day.

With regard to the policy combination impact, the above table shows changes in the ranking

of the management regimes compared with the basic runs, except for household sector in

Pindanganga. Compared with the basic runs (Appendix N, Table 2N) there was a mixed

behaviour in the stakeholder benefits.

A measure of miombo resource preservation is how much of the initial standing miombo

woodlands can be sustainable maintained in the long term, based on current consumption

patterns. The results in Table 4.49 show a marked trade-off between the "with" and the

"without" environmental concerns scenarios. For Pindanganga and for environmental

management regime, the long-term sustainable proportion of the resources was reduced to

about 93% of initial woodland. For MOFLOR, the current consumption implies close to 9.8%

of the initial stocks can be sustained in the long run (Table 4.49). The difference in sustained

stock tends to indicate that community and households do adjust their consumption in

response to scarcity.
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Table 4.49. Combined effect of increase in charcoal production efficiency by 30% and
agricultural output prices by 25% on management regime, labour employed (%), resources
use and conservation in Pindanganga (I) and MOFLOR (11)3
Study lManagt. Converted Standing Labour" Charcoal Harvested volume (m3)C
sites egime" land (ha) miombo (ha) Com. HH Bags Com. HH Cho

~C (3) 246 (4) 3,815 10.1 6.7 (2) 32,565 6,000 11,586 8,081

I
~OOP (1) 266 (2) 4,077 10.0 5.5 (4) 31,788 6,000 11,722 7,888
~M-E (5) 10Q (5) 3.599 9.9 2.1 (5) 14,403 5,115 5,124 3,574
~M-S (2) 248 (3) 4,073 10.0 6.6 (1) 32,911 6,000 11,709 8,167
~M-SE (4) 243 (1) 4,106 9.9 5.1 (3) 32,166 6,000 11,444 7,982
~C (1) 102 (5) 1,706 9.9 5.0 (1) 11,667 2530 4242 2895

II
~OOP (3) 67 (3) 1,993 9.9 2.3 (3) 5,755 2041 2165 1428
~M-E (5) 2 (1) 13.986 9.9 0.0 (5) 145 51 53 36
~M-S (2) 101 (4) 1,715 9.9 5.1 (2) 9,496 2078 3453 2356
~M-SE (4) 45 (2) 2,385 9.8 1.3 (4) 4,183 1515 1521 1038

"The figures in parentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, HH = Household, Cho= Charcoal.

In terms of labour employment by sector, the commercial sector continued to be the sector

that employs more labour compared with the household sector. Compared with the basic

scenario (Appendix N, Table 3N), the labour employment by the household sector has

reduced in Pindanganga for the non-cooperative management option, and in MOFLOR for

command with environmental concerns. Again the site-specific conditions playa role in these

changes.

Comparing within management regimes (value in brackets in Table 2N, Appendix N), the

simultaneous increase on charcoal production efficiency agricultural prices leady to reduction

on the deforestation in Pindanganga, except for command social regime where the regulator

more efforts to the household sector. For MOFLOR area, the deforestation has increased due

to poor soils which will not help an agricultural production increase.

c) Increase in off-miombo employment by 100% and agricultural output prices by 25%

Table 4.50 presents the impact of such an increase in the benefits of stakeholders. The

resource use and conservation benefits are shown in Table 4.51. The combination ofthese two

policy instruments will likely have a conflicting impact when compared with the basic
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scenario. The increase in off-miombo employment opportunities led to a decreased pressure

on forests and an increase in the agricultural output prices led to higher agricultural profits

and hence promoted the conversion of woodland to agriculture. Indeed this research shows

that such a combination of policy instruments led to increased stakeholder benefits for all

management regimes and study sites (refer to Appendix 0, Table 30). Regarding resource

conservation, these policy combinations led to resource protection for all management options

in Pindanganga. In MOFLOR the non-cooperative, cooperative and command social and

environment concern management regime was promoting deforestation, as expected due to

the fact that it favoured the harvesting activities by the household sector (Table 4.51).

TABLE 4.50. Combined effect of increase in off-miombo employment by 100% and
agricultural output prices by 25% on management regime and on EANDB from sale of
miombo wood products and NTFPs products in Pindanganga (I) and MOFLOR (II)
Study Managt. EANDB (US$ per annum) Household
site regime'' Commercial a Household Total EANDBc

NC (1) 442,778 (4) 115,265 (1) 558,043 0.03
COOP (2) 390,547 (2) 106,629 (3) 497,176 0.03

I CM-E (5) 257,383 (5) 44,122 (5) 301,504 0.01
CM-S (3) 433,168 (3) 116,576 (2) 549,744.05 0.03
CM-SE (4) 431,141 (1) 122,661 (4) 553,802 0.03
NC (1) 290,785 (1) 92,585 (1) 383,370 0.023
COOP (4) 258,362 (4) 65,349 (4) 323,710 0.016

II CM-E (5) 12,918 (5) 2,878 (5) 15,796 0.001
CM-S (2) 285,529 (2) 82,971 (2) 368,500 0.020
CM-SE (3) 265,694 (3) 65,725 (3) 331,420 0.016

a The figures In parentheses represent the ranking of the management regime on the baSIS of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Household EANDB = US$ per capita per day.

Comparing within management regimes (value in brackets in Table 20, Appendix 0), the

simultaneous increase on off miombo employment opportunities NTFPs selling prices and

increase on agricultural prices leady to reduction on the deforestation, except for command

social regime where the regulator promotes household activities.
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Table 4.51. Combined effect of increase in off-miombo employment by 100% and
agricultural output prices by 25% on management regime, labour employed (%), resources
use and conservation in Pindanganga (I) and MOFLOR (11)3
Study ~anagt. Converted Standing Labour" Charcoal Harvested volume (nr')"
Sites egime'' land (ha) miombo (ha) Com. HH Bags Com. HH Cho

~C (4) 218 (5) 3,904 10.1 6.6 (4) 26,145 6,000 11,556 8,524

I
~OOP (2) 241 (4) 4,092 10.0 5.4 (2) 25,195 6,000 11,63_18,215
K:M-E (5) 75 (1) 2,548.27 9.9 2.1 (5) 9,044 3,99_(i 3,998 2,949
K:M-S (1) 220 (3) 4,092 10.0 6.5 (1126,414 6,00Jl 11,675 8,612
K:M-SE (3) 218 (2) 4,093 9.9 5.3 (3) 26,206 6,000 11,583 8,544
~C (1) 140 (5) 512 9.9 4.9 (1) 14,157 1,845 6,424 4,616

II
~OOP (3) 116 (3) 771 9.9 2.4 (3) 10,399 4,450 4,914 3,390
~M-E (5) 8 (1) 11,942 9.9 0.0 (5) 80~ 383 36_(i 263
K:M-S (2) 119 (4) 696 9.8 3.3 (2) 12,06~ 4,441 5,475 3,934
K:M-SE (4) 90 (2) 1,029 9.8 1.7 (4) 9,13j 4,1~ 4,147 2,980

3The figures III parentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
C Com. = Commercial, HH = Household, Cho= Charcoal.
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s. DISCUSSION

In this chapter, the information discussed on sections 5.1 to 5.4 is not directly related with the

objectives of the study. It is secondary information that helps to clarify the models results, the

observed differences between management regimes or study sites.

5.1. Descriptive results

5.1.1. Socio-demographic data on households

The results show Manica and Sofala Provinces have 4.6 persons as the average size of

household, which is similar to the figures found by !NE (1999). Mlay et al. (2000) in a

household survey for the same study sites, found six persons per household but investigated a

smaller data set.

The dependency ratios for rural households in the study sites were 49% and 50% (for children

below 14 years as dependents) (Table 4.3), and is slightly lower than the Mozambique value

of 55.5%, with children up to 16 years defined as dependents (MPF et al., 1998). The

differences can be explained by specific site conditions (traditional practices, level of families

income, resources availability, and access to market) and the use of a lower age limit for

dependents. The lower dependency ratio observed from the field has implications for the

prevalence of child labour used by families without income.

In the study site children were involved in maize, sorghum and other crop types harvesting

and transport. They were also involved in firewood and wild fruits collection. They work

fewer hours than the adults. According to the interviewed households, the involvement of

children is seen as a working learning process. This involvement of child labour is not

preventing children to go to school.

In this study the literacy level was assessed by the number of years of education of the head of

the household, and this ranged between 1 and 6 years with an average of 2 years, in both

study sites (Table 4.4). Only 30% of the interviewed households speak Portuguese. The first

Mozambican national assessment of poverty done by MPF et al. (1998) found that only

l3.4% of the rural population in Mozambique had completed primary school education and
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41.3% speak Portuguese. The inability of the householders to speak Portuguese (Mozambican

official language), given the dependence of the rural population on the natural resources,

particularly on agricultural production, has negative implications for agricultural productivity

and contributes negatively to the management of natural resources.

5.1.2. Household assets

The total plot size in MOFLOR and Pindanganga was 1.3 and 2 ha respectively (Table 4.5).

According to!NE (2001) and IMF (2003), the average area cultivated annually per household

in central of Mozambique is 1.3 ha and farm size of between 0.2 and 2 ha accounted for 79%

of all cultivated land area. Although up to 12 hectares of land are available for cultivation per

household, 98% of the country's farms are smaller than three ha. The INE (2001) data were

estimated and do not come from field measurements. The data for Savane and Pindanganga

are within the size range reported by!NE (2001) and IMF (2003). Mlay et al. (2001) reported

average land size for agriculture in Gondola and MOFLOR forest concession to be 3.5 and

2.0 ha, respectively, based on questioning the households about the size of their agricultural

land. Because of the illiteracy of the population, these values do not reflect the real sizes

(over-estimate). In the Savane the total average plot size is smaller than that in Pindanganga

due to the Savane specific site conditions (charcoal production is the main activity, lower soil

fertility and marginal climatic conditions).

Table 5.1. Percentage of interviewed households that kept livestock in Pindanganga and
MOFLOR forest concession in 2000, with values from the present study between brackets.

Percentage of households involved in livestock in their compound
Site Chickens Pigs Goats Ducks
Savane 36.4 (98.1) 6.1 (7.4) 23.2 (16.7) 20.4 (14.8)
Gondola-Manica 62.5 (100) 15.8 (29.6) 60.5 (62.9) 13.2 (9.3)

The total potential labour for agriculture and forestry activities was 1055.4 man-days per year

in MOFLOR and 969.5 man-days per year in Pindanganga (Table 4.6) with five persons per

household. Mlay et al. (2001) found that the potential labour for MOFLOR forest concession

and Gondola was equal to 986 and 1,500 man-days per year, respectively, with an average

household size of six persons. These results differ between the two studies, probably because

ofthe differences in the sample size.
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According to Mucapana (2002), the livestock kept by the local community in Gondola-

Manica and Savane in 2000 were chickens, goats, ducks and pigs (Table 5.1, with values from

the present study between brackets).

Between August 2000 and August 2001, there was an increase in the number of households

rearing domestic animals (particularly chickens and pigs) and this was also stated in the

annual reports of MDDARD (2002) and SDDARD (2002). The government programme to

expand the livestock production at household level can explain the increase.

5.1.3. Household economic activities

a) Agricultural crop production

The main crops for household consumption recorded in this study are identical to the crops

recorded for MOFLOR forest concession (maize, sorghum, rice, cassava, beans and

groundnut) (PNUD and ACNUR, 1997a; !NE, 2001), and for Gondola maize, sorghum,

cassava, beans and groundnuts (INE, 2001). The crop yields obtained in this study (for

example, 1400 kg/ha in Pindanganga and 750 kglha in MOFLOR (Savane) for maize in

monoculture; Table 4.13) are lower than yields in the whole Gondola District, where

improved seeds and fertilisers were used, but no irrigation. In Gondola, the maize production

can reach 2,5 tons/ha as a pure stand, sorghum l,S ton/ha and rice 3,2 tonlha (MPDARD,

2001).

During the fieldwork it was observed that modem aid has diverted community agricultural

activities from relatively good traditional practices to dependency. In general this study

supports IMF (2001) that the main determinants of poverty in Mozambique are low levels of

education of working age household members, particularly women, high dependency ratio

rates in households, low productivity in the family agricultural sector, and poor infrastructure, .

especially in rural areas.

b) Forestry production

Many different NTFPs are produced and marketed by rural communities in the study sites.

Notable ones include (i) medicinal plants, (ii) grass, (iii) bamboo, (iv) reeds and (v) veldt

foods, such as wild vegetables, fruits and tubers. The degree to which they are marketed

depends on the distance to and from the markets. Medicinal plants are gathered in small
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quantities from dispersed locations throughout rural communities. The main markets are

located in urban centres, such as Beira and Chimoio. It would appear therefore that the cost of

transport is a major limiting factor to the commercialisation of medicinal plants owing to the

fact that the margin of profit is rather low.

Despite the role played by the honey for the local communities, there are no official

assessment methods available in Mozambique for quantifying the honey collected by the

households from the wild. In this research the honey production recorded focused only on

honey collected per hive for commercial purposes. Small quantities of wild honey collected

from natural hives by local households were ignored. A study on improving the honey

production techniques and adoption of more efficient data recording would be essential

monitor and develop this activity.

Smoke is used during honey collection. This method is harmful to the bees, adversely affects

the quality of the honey and is dangerous to the environment. Entire colonies are destroyed

and several uncontrolled fires result from this activity.

The traditional bee keeping technique used in Gondola district is also used in Kenya, Mau

complex and Arabuko-Sokoke forest reserves and national parks, in some forest reserves in

Malawi and Benin, (Houngnon, 1997; Makungwa, 1997; Mogaka, 1997).

No official figures are available for the amount of grass being removed from the forest for

thatching houses and for cattle fodder and the impact of thatching grass on the well-being of

forest-adjacent communities.

5.2. Income and expenditure

The total annual community income from forest products harvested and sold (charcoal,

firewood, thatching grass, honey and poles) in 2001, for MOFLOR and Pindanganga, was

equal to US$ 63,220 and US$ 24,360; respectively (Table 4.24). These income levels

represent less than US$ 5.7 per capita per year in Savane and US$ 2.2 per capita per year in

Pindanganga. Charcoal contributed 98% of the total community income in Savane and 60% in

Pindanganga.
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According to Article 15 of the Forest Law (GOM, 1999), the local community can harvest

forest and wildlife products for their own use according to community norms and customs.

However, to sell these products, a licence is required. In other words, the charcoal production

and marketing in Savane and Pindanganga is illegal according to the Forest Law, because

most of the producers do not have licences from the Provincial Directorate of Agriculture and

Rural Development for the commercial exploitation of trees.

The typical household in Pindanganga and Savane generates income from selling the

agricultural products, livestock, poles, thatching grass and charcoal. The Pindanganga typical

household also sells honey. The income for the typical household from selling domestic

animals in Savane is US$ 20.9 per year and for Pindanganga is US$ 31.4 per year, as

calculated from the number of animals sold in 2001 multiplied by the average market price

(Tables 4.1 and 4.22). The income from agricultural production was US$ 126 per year in

Pindanganga and US$ 118 per year in Savane (Table 1D in Appendix D). All interviewed

households stated that the income from these activities were not enough to cover all family

expenses and charcoal production for commercial purposes was very important as a source of

extra income.

The main reasons for the low level of income of the households in the study sites were poor

levels of education of economically active members of households, especially women, high

dependency rates in households, low productivity in the family agricultural sector, lack of

employment opportunities in the agricultural sector and elsewhere, poor development of basic

infrastructure in rural areas, isolation of communities due to the lack of adequate roads, and

therefore poor integration of rural markets to allow for the sale of agricultural surpl uses.

5.3. Charcoal yield

The harvesting of miombo woodlands is essential for the livelihood of the rural dwellers in

the study sites (employment, income, consumption goods and services). The harvesting is

stimulated by the purchasing power of urban dwellers. This can be seen in the growth in fuel

wood and charcoal consumption substituting electricity and gas as alternative sources of

energy, and the increased use of wood based products for building houses.

All the charcoal in the study sites is produced by the traditional earth kiln method. The

method consists of the following steps: (i) locating suitable trees; (ii) choosing the right place
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to build the kiln i.e. flat and sandy soils and closer to the trees; (ii) cutting the trees and

transporting them to the kiln site; (iv) gathering material necessary for kiln construction

(grass, clay/sand, and stones when available); (v) constructing the kiln; (vi) operating the kiln;

(vii) unloading the kiln; (viii) putting the charcoal into bags. The process of charcoal

production in the study area is labour intensive, mainly carried out by men and bears some

similarities to that in Kenya, Tanzania and Uganda (Luoga et al., 2000a and 2000b).

Charcoal production efficiency in this study was 13.7%, ranging between 10.2% and 22.3%

(Table 4.28). Charcoal yield investigated in the present study were low and similar to yields

from other earth kilns in Mozambique and elsewhere (Lew and Kammen, 1997; Okello et al.,

2001; Stassen, 2002). Efficiency varied between kilns, which though similar in design, are

usually different because the size, species and composition of wood used as well as the time

taken for carbonisation, are different. Pereira and Joaquim (2001) found for Licuati and

Chipango, Maputo Province (southern Mozambique) an average charcoal yield of 14.l% and

19.5% respectively, ranging between 6.1% and 35.5%. The efficiency of conversion of

Acacia drepanolobium wood to charcoal in Laikipia, Kenya, ranged from 10.2% to 18.2%,

with an average of 14.2% (Okello et al., 2001). More technologically advanced kilns such as

the Mark IV, Cusab Kiln, and Gayland Batch Charcoal Retort give higher efficiency rates of

25-32% (Cunningham, 1996; Lew and Kammen, 1997; Okello et al., 2001). These kilns

could significantly improve charcoal production in the rural areas. However, some of these

kilns have been tested in the South of Mozambique and the results showed that they are

usually out of the financial reach of most charcoal burners and they use much more labour

than the system applied now. This means they are unlikely to be implemented by the charcoal

burners.

5.4. Forestry costs

5.4.1. Transaction cost

According to Zhang (2000), transaction costs of community forest management or any other

forest community activity need to be considered in evaluation of forest management and

formulating forest policy. The estimation of transaction costs in this research was an attempt

to include these costs in cost-benefit analyses of the co-operative management regime.

In this research, these costs were estimated taking into account the Pindanganga CBNRM

experience and were extrapolated to MOFLOR forest concession area. Pindanganga CBNRM
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project is not the best example of community projects, due to the lack of full involvement of

the local community, but was the only project available within the study sites.

5.4.2. Harvesting cost by commercial sector

The average logging and first transport costs estimated in this research were $32 and $34 per

m3 for Gondola and MOFLOR concessions respectively. The logging and first transport costs

for forestry companies in the year 1996 in the country varied from $21 per m3 to $75 per rrr',

depending how efficient they were and the level of investment put into extraction machinery

and transport vehicles (Fath, 2002).

5.4.3 Standing price ofmiombo trees

In Mozambique, the stumpage price is the compensation paid for the use of tree resources. A

stumpage price of $20 per m3 was calculated, assuming that the trees harvested for

commercial purposes by the MOFLOR forest concession belong to the third and fourth timber

classes. This value is higher than the average harvesting fee that is paid (Table 2.2) and is

probably closer to the real value of a tree trunk in miombo trees. In general, the stumpage fee

is fixed at an extremely low level and does not reflect the economic cost of replacing the

forest resources (Brouwer and Falcao, 2001; Cuco, 1994). The stumpage price that companies

paid in 1994 varied from US$ 1.20 per m' for second-class species to US$ 3.60 per m3 for

precious species (Cuco, 1994). In 2001 the average stumpage price for miombo trees was

US$ 19.30 per m3 in Dondo, US$ 15.40 per m3 in Nhamatanda, and US$ 11.55 per m3 in

Gondola-Manica. These values were calculated by deducting the harvesting and transport

costs to the market, from the average market selling price of timber (Mlay et. al., 2002).

Dejene and Olivares (1991) argued that most woodfuel consumed in the major towns was

obtained from nearby rural areas without any stumpage fees being charged at all. Hence, the

absence of appropriate stumpage fees has given "free access" to the natural woodlands,

resulting in the depletion of forest resources. The nominal stumpage fee for woodfuel (used

for firewood and charcoal production) was about US$ 0.005 per cubic meter in 1990.

Brouwer and Magane (1999) found that this fee was insignificant and represents less than 1%

of the production cost structure. Forest Department officials admit that these fees are

insignificant (Kloeck-Jensen, 1998).
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The increase in the stumpage fees made by the Mozambican government in 2003 alone is

unlikely to avert deforestation and generate forest-based revenues, unless accompanied by

strengthening of the staff and institutional capacity in the government's Forest Department.

5.5. Conceptual model

The dynamic game theoretic model developed in this research is innovative and differs from

the model developed by Sumaila et al. (2003) by taking into account the following aspects:

(i) Dynamics of the human population (population growth increased and decreased

within the cutting cycle),

(ii) Demand for poles was restricted compared with the demand for firewood and

charcoal,

(iii) Demand from the commercial sector is restricted according to the timber and charcoal

allowable annual cut (harvest) established in the management plans,

(iv) The effect of transaction costs on the cooperative management regime which affects

the harvesting levels of the two sectors,

(v) Charcoal production efficiency,

(vi) The dynamics ofnon-miombo activities over time within the cutting cycle,

(vii) The conflict between householder and commercial sectors through variation m

diameter class aftree species used for logs, charcoal, firewood and poles,

(viii) The model accounts for the benefits from the NTFPs, and

(ix) The use of Equivalent Annual Income financial criterion that is calculated by

converting Net Present Values to an annual value paid at the end of each year over the

cutting cycle with interest calculated at the appropriate discount rate by sector

(household and private).

Sumaila and Kowero (2001) used the Chayanov farm household model to analyse the

economic household behaviour at the centre of Mozambique (Dando, Nhamatanda, Gondola-

Manica). Their model approach was also used in this research for being the most appropriate

to describe the small and not competitive economy in the study sites. The assumptions from

the Low household model and other household models described earlier, are unrealistic for

the study sites in the centre of Mozambique, as stated before.
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The human population dynamic approach incorporated into the household efficiency

parameter for removing miombo (equation 2.19) was also used by !NE (1997, 1999) and

World Bank (2001) to forecast the rural population growth over time in Mozambique. Conteh

(1997) also used the same equation to forecast human population in Sierra Leone.

Sumaila and Kowero (2001) used a Coubb-Douglas harvest function in the dynamic game

theoretic model and it was also applied in this research model. A Constant Elasticity of

Substitution function (CES) could also be used in the model, despite the fact that it is a more

general function.

Sukume and Guveya (2002), Mlay et. al. (2002), Kachule et al. (2002) in Zimbabwe,

Mozambique and Malawi used a cutting cycle of miombo woodlands of 30 years. According

to Chidumayo (200 1)1 the cutting cycle for miombo woodlands used to produce charcoal,

poles and timber varies between 30 and 50 years. In this research the cutting cycle chosen was

40 years which means that after this period it is possible to harvest miombo trees of the same

size to produce the same amount of timber and charcoal.

The dynamic game theoretic model as currently structured does not allow for adjustment in

demand in response to increase scarcity of the resources in the study sites. It does not

endogenously allow for the possibility of supply-induced changes in prices due to

productivity changes, thus not permitting the possibility of land intensification compensating

for increased yield, does not allow the analysis of food security of the rural community and do

not take into account the intangible or non-quantified cultural and spiritual benefits.

The biological model applied in this research does not perfectly capture the interaction

between the stakeholders. In addition, this study is deterministic and thus, cannot be expected

to give a perfect picture of the world under the miombo woodlands.

I Chidumayo, E.N., 2001. Personal communication. Maputo. Eduardo Mondlane University.
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5.6. Modelling results

5.6.l. Basic scenario

Regarding the calibration and validation of the model, all stakeholders within the commercial

sector involved on the round table discussions were comfortable with the figures obtained by

the basic models after the calibration (Tables 4.32 and 4.33) assuming that more than one

company will harvest using simple harvesting license or one company with financial capacity

such MOFLOR. For the household sector, the results were discussed with in Pindanganga

local committee members and they consider the results obtained as acceptable and suggested

that they could harvest more if they had better financial means. Same opinion was stated by

the local authorities in MOFLOR area.

The stakeholder's benefits in Pindanganga are higher than the MOFLOR (Table 4.32) due to

the better resource endowment in Pindanganga. Regarding resource preservation (Table 4.33)

MOFLOR has harvested less amount of resources compare with Pindanganga, and this can be

tends to indicate that stakeholders do adjust their consumption in resource scarcity.

Pindanganga householders and commercial sector consume more resources because they have

an abundant supply while MOFLOR stakeholders have reduced their consumption.

The high miombo consumption in Pindanganga translates in a high proportion of labour used

compared to MOFLOR. Results from Table 4.33 shows that a significant proportion of

miombo use in Pindanganga is from agriculture encroaching.

The results show that the regulated management regimes incorporating social or social and

environmental benefits provide higher benefits to the household sector than the open access

regime. This means that we can potentially improve the well-being of the rural communities

and encourage woodland conservation if these benefits were felt at the community level. Mlay

et al. (2003) got similar results for the centre of Mozambique, while Kachule et al. (2003)

found the same for Malawi.
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The results seem to suggest that household sector can get more benefits for centralised

management regimes which takes into account social aspects or social and environmental

aspects than the non-cooperative management regime. For these centralized management

regimes, Mlay et al. (2003) that the benefits have to flow from the regulator to the local

communities in order to minimize non compliance to sustainable forest management

activities. This can be guaranteed under decentralised management with local community

participation but with a clear definition of benefit-sharing arrangements. The cooperative

management regime, which already has legal support from property right protection, needs to

be promoted in association with policies and regulations which bring incentives to increase

the benefits from activities related with NTFPs, such as honey production, keeping domestic

animals, and the sale of thatching grass.

According to Mlay et al. (2003), the failure of these centralised options has resulted from the

lack of flow of such benefits to communities leaving in the proximities of such resources in

the form of investment in economic and social infrastructure. Therefore decentralization of

forest resource management to local levels with in built mechanism on benefit sharing

between the regulator and the communities have the potential to improve welfare. The other

alternative is partnership arrangement between the commercial sector and local communities

in managing and harnessing forest resources in areas in the proximity to these communities.

The Mozambican current land law and forest and wild life management policy provide a legal

basis for putting such arrangements into practice.

The experience is that centrally regulated regimes in Mozambique have not been effective in

redressing deforestation, land degradation and conservation. Although the government has the

obligation to support society-wide interests, in natural resource conservation and use,

experience shows that the policies adopted and instruments used for their implementation

have been ineffective. The fact that the social and economic benefits implied by the regulation

are not felt at community level, gives an incentive for non compliance which in turn is

facilitated by lack of institutional and financial capacity for enforcement (Mlay et al., 2003).

Mlay et al. (2003) found that the cooperative management regune is the second best

management option in terms of private benefits and total benefits for the two sectors in the

Mozambican provinces of Dondo, Nhamatanda and Gondola-Manica. In this research, the

cooperative option is ranked as the fourth option (and therefore less attractive) due to

inclusion of the transaction costs in the analysis.
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In the implementation of the cooperative management option (also known in Mozambique as

Community Based Natural Resource Management), the principal aim is biodiversity

conservation. The involvement of the community is viewed as strategic to minimise the

problem of natural resource degradation, given that the classic and centralised system of

natural resource management in Mozambique has shown itself inefficient in promoting and

guaranteeing sustainability. The approach works by involving other stakeholders, in particular

rural communities.

The results of this research indicate that the levels of deforestation are greater under open

access regimes. The factors that have contributed to high rates of deforestation and land

degradation in the study areas are incomplete property rights, poor agricultural practices,

weak institutional capacity to enforce existing legislation on use of forest resources and policy

failure in internalising the externalities arising from exploitation of forest resources.

Kaimowitz and Angelsen (1998) got similar results, using analytical models.

The cooperative management regime, taking into account the transaction costs, shows that

both the local communities and the commercial sectors can benefit from this arrangement.

Although the commercial sector will have to forgone some direct benefits in favour of the

household sector, the cost-saving which results from a reduction in conflicts between the two

sectors can induce this cooperation in management and utilisation of the woodland resources.

The stakeholder benefits found in this study are inferior to the benefits found by Mlay et al.

(2003). This can be explained by including transaction costs, diameter class segregation and

population dynamics over the cutting cycle, into this model. In the case of Mozambique,

where the Forest and Wildlife Law (GOM, 1999) permits communities to enter into

partnership with the private sector in its exploration of natural resources, the results show that

such cooperation is potentially beneficial to local communities if properly implemented.

5.6.2. Policy scenarios

Sectoral policies in the form of commercial sales and prices of NTFPs manifest their impact

on the woodland resource mainly through the household sector activities in the form of an

increase in household benefits from harvesting wood and non-wood products. The amount of

wood products harvested has decreased slightly.
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The extra sectoral policies, particularly those directed to promote agricultural production, can

have a positive or negative effect on forest development. Our results show that moderate price

increases in agriculture promote agricultural production through land expansion. Reduction in

land clearing for agriculture is achieved only if improvement in agriculture production

technology leads to a large increase in productivity. Also the impact of these policies on the

woodland resources and the welfare of stakeholders is influenced by the management regime

in place. Angelsen et al. (1996) in their study of 19 Tanzanian regions, have found a

significant increase in cropped area with increases in agricultural prices. Kaimowitz and

Angelsen (1998) stated that agricultural output price increases, without significantly altering

the demand for labour or capital, increase the amount of woodland cleared by each household.

The impact of the management regime and or policy intervention on the welfare of

stakeholders and on the ecology of the woodland resources will depend on the natural

resource endowment, and the initial socio-economic conditions on the ground. For example

the amount of charcoal bags produce in Pindanganga (area with more forest resources) is

bigger than the amount produced in MOFLOR area. The human population size is also bigger

in Pindanganga.

Policy changes in the household or commercial sector are likely to affect the state of affairs in

other sectors. While the general direction of policy or institutional change can be predicted,

the actual impact will reflect the initial conditions specific to a given site. In addition, the

results show that there is no management regime capable of satisfying all goals of the

stakeholders, meaning that some trade-off between goals is necessary. This means that a clear

definition of priorities is necessary.

The results found in this research for MOFLOR, regarding the impact of a greater availability

of off-farm employment have shown a reduction in pressure on the forests. Bluffstone (1993)

in a rural area in Nepal, Holden et al. (1997) in northern Zambia, Pichón (1997) in

Ecuadorian Amazon frontier, Kaimowitz and Angelsen (1998) in several places have found

similar results. For Pindanganga study area the deforestation levels are not affected by the

increase by 100% on the off-miombo employment. This could be explained by the fact that

the percentage of people benefiting from such increased availability of off-miombo

employment is very small and the area is relatively rich in forest resources compared with the

Savane study area.

134

Stellenbosch University http://scholar.sun.ac.za



A combination of two extra sectoral policy instruments, i.e. an increase in agricultural selling

market prices by 25%, and an increase in the availability of off-miombo employment by

100% under ceteris paribus condition, has shown a reduction in pressure on the forests and

can improve the well-being of the rural communities by 10 to 25%, but cannot fully address

the community poverty.

The policy analysis done in this research represents a small contribution to the overall

objective of the Mozambican Government expressed in the PARPA (Action Plan for the

Reduction of Absolute Poverty, 2001-2005) and by NEPAD (New Partnership for Africa

Development), which states a clear intention to reduce poverty.

The results of this research shows that the forest resources in Mozambique cannot be

managed under only one management alternative. The choice of the management option

depends on site-specific conditions (human population, demand for products, distance from

the market, production costs, selling prices, infrastructure, political environment, resource

availability, climate, education level of the people, soil fertility). For each alternative there is

a stakeholder trade-off in the use of miombo resources for current economic gains versus

conservation of the resource biodiversity.

Not all policy instruments available to understand the behaviour of stakeholders in the study

sites were used. Policy instruments such as economic recession, increase in stumpage fees,

forest and agricultural price dynamics, risk in agricultural and forestry production, HIV aids

could be used.

The two scientific papers were prepared from this research work are indicated in Appendix P.

5.7. Application of the game theoretic model

The game theoretic model developed further in this research is innovative as stated in

paragraph 5.5. It is a planning tool for management of miombo woodlands. It can be used at

national level by DNFFB and at provincial/district level by SPFFB to decide and monitor the

appropriated resource management practices. The managers of the forest concessions can also

use this planning tool for socio-economic and environmental analysis of the impact of their

activities. It can also be used to evaluate the impacts of partnership arrangements for

managing and using the woodlands and for academic/research purposes.
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The application of this game theoretic model at local institutions will need technical

assistance and approximately 10 days of training for somebody with high degree in forestry. It

was introduced to one forest technician in DNFFB, one in Sofala and one in Manica SPFFB.

In April 2005, it will be introduced and tested in UTA forest concession area in Sofala

province.

The efficiency of this tool can be monitored through discussion of results with stakeholders. It

requires fieldwork to collect economic, biological and social data. Most of the data needed are

available in the reports of the SPFFB (biology and availability of resources, human

population, management plans, production activities and yields).

The game theoretic model developed in this research can be used to answer at least the

following questions:

y' How much harvest, discounted equivalent annual net benefits and employment do the

commercial and household users receive?

y' How much should each of the stakeholders invest to harvest and use the miombo

woodland resource?

y' What will the resulting biomass of the miombo be from such levels of harvests?

y' How does a sector policy regulation on harvest diameter classes for timber and fuelwood

production influence the outcomes of the model?

y' Are the harvest levels that will emerge from various government regulatory policies

sustainable?

y' How do change in the subsistence income, charcoal production efficiency, loss of labour

due to HIV-AIDS, use ofNTFPs impact on the resource sustainability?

y' How does non-miombo income (income from employment opportunities outside of

miombo) change the various outcomes of the model?
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Main findings and conclusions

Improvements in well being of rural communities and resource conservation can be achieved

with sound forest management practices. There is no management regime capable of fully

satisfying all the goals ofthe stakeholders simultaneously.

The cooperative management regime or Community Based Natural Resource Management

(CBNRM) whereby household and commercial sectors cooperate in management and

utilisation of woodland resources is a better management regime to advocate.

Sectoral policies targeting NTFPs can lead to an increase in per capita benefits of the

household sector by 1 to 5%. Sectoral policies targeting charcoal production efficiency can

lead to an increase in per capita benefits of the household sector by 3% to 176%. If these

policies are applied in an isolated manner, they will not be enough to take household income

above the poverty line of one US$ per capita per day.

Extra sectoral policies promoting an increase in agricultural selling market prices without any

other incentive leads to agricultural expansion. The impact of a greater availability of off-

miombo employment has shown a reduction in pressure on forests. A combination of these

two policy instruments under ceteris paribus condition can improve the well-being of the

rural communities by 10 to 25%, but this is not enough to lift the households income above

the poverty line of one US$ per capita per day.

The dynamic game theoretic model presented in this research provides a tool for the process

of developing new policies and institutions governing resource use in Mozambique. The study

was deterministic and thus cannot be expected to give a perfect picture of the investigated

area. Nevertheless, the results of this study provide the relevant forest managers alternative

scenarios, which they can use in their selection of appropriate resource management practices.

6.2. Recommendations

The results as found in this study must not be considered of as something fixed or immutable.

Their magnitude and application depends on factors such as population size and distribution,

resource availability, infrastructure, economic environment in the area and outside (market
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demand for several products, operational costs, salaries and economic activities) and

harvesting technologies. This means that the outcomes will be different between remote rural

areas and marginal rural areas.

It is recommended that policy makers in Mozambique make use of the dynamic game

theoretic model as a planning tool in the process of developing new policies and institutions.

This can be done through a training programme for the technicians.

Regarding the NTFPs, the National Directorate of Forestry and Wildlife should establish at

national level a database and manual on methods to assess the amounts of NTFPs harvested

for commercial purposes. At provincial levels, the database can be used to establish the

annual allowable harvest level to guarantee the sustainability of the resources and to identify

potential risk areas or endangered areas.

The structure of dynamic game theoretic model developed In this research should be

improved in the following aspects:

(i) Allow for adjustment in demand in response to increased scarcity of the resources,

(ii) Take into consideration the risk of agricultural production (droughts and floods);

(iii) Allow for the possibility of supply-induced changes in prices due to productivity

changes, thus permitting the possibility of land intensification compensating for

increased yield; and

(iv) Take into consideration the wildlife dynamics.

The Government at provincial and local levels should improve the bee-keeping harvesting

technology in order to reduce wild fires and their impact on biodiversity in Pindanganga

CBNRM.

The poverty of the local communities could be better addressed by using an integrated policy

approach on resource use and conservation. The cooperative management of the resources

should be promoted. The following measures could be implemented:

a) Organize the charcoal producers in groups/associations for better negotiation of

selling prices and improved charcoal production efficiency;
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b) Because the market value of the most common NTFPs in the sites is very low, the

DNFFB should identify and promote new products such as medicinal plants,

fibre, bark and others. Honey processing technology should be promoted to add

market value;

c) In Pindanganga, Pungue River has the potential and could be used for eco-

tourism. There is need for a market analysis of the potential of various eco-

tourism activities such as bird watching, swimming and hunting;

d) Charcoal production is the main cash activity for the local communities. In order

to guarantee the sustainability of the activity, the communities and the

government should promote reforestation programs with appropriate exotic and

native trees for wood-energy;

e) Regarding the agriculture sector, there is a need to increase crop yields through

introduction of improved varieties, use of fertilisers, promotion of effective

traditional agricultural practices (agroforestry), introduction of new cash crops

and reduction in post harvest losses.
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APPENDIX A

Wood density of Mozambican tree species according to Bunstern (1995)
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Table lA. Wood densi of Mozambican tree s ecies (Bunstem, 1995)
Normal density (kg/nr') Basic density*

(12% humidi ) (k rrr')
851 684
790 692
654 564
1040 879
880 754
703 584
968 797

Scientific name

1023
717
710
914
885
1250
1330
980
1110
863
697
730
631
825

cacia robusta
ifzelia quanzensis
lbizia versicolor
mbligonocarpus andongens is
ndrostachys johnsonii
alanities maughamii
erchemia discolor
erchemia zeyheri
rachystegia boehmii
rachystegia spiciformis

Breonadia microcephala
urkea africana

Colophospermum mopane
albergia melanoxylon

Erythrophleum suaveolens
Guibourtia conjugata
ulbemardia globiflora
aya nyasica

igelia ofricana
ilicia excelsa
illettia stuhlmannii

647
terocarpus angolensis 636
hodognaphalon schumannianum 461

Spirostachys africana 1022
wartzia madagascariensis 1112
Terminalia sericea 740

827
592
588
736
761
1064
1152
840
922
707
599
629
538
714
540
558
376
861
950
630

Avera e 858.11 723.63
* ratio between dry wood weight and wet wood volume
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APPENDIXB:

HOUSEHOLD QUESTIONNAIRE FOR MODELLING MIOMBO WOODLAND IN
PINDANGANGAANDSAVANE

(et SEPTEMBER _IstNOVEMBER 2002)
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HOUSEHOLD QUESTIONNAIRE FOR MODELLING MIOMBO WOODLAND

A. GENERAL INFORMATION

Village name .

Division/locality District: .

Name of enumerator Date:

Name of respondent (optional) Sex:

Relationship to household head .

Note: the respondent must be a person very familiar with the household activities

A.I. Socio-demographic data of the household

1. Particulars of household head

1.1. Were you born in the village? (Yes/No) ..
1.2. If no, how long has your household lived in this village? (Years)
1.3. What is the number of family members living in the house? ..

1.4. Characteristics of the household

No of Relationship with Principal Days available Hours of
household Sex Age the household activities 1 for work per work per
member head week day

1
2
3
4
5
6
7
8
9
10

I ...Principal activities: 1. Crop production; 2. Livestock keeping; 3. FIrewood collection for
household consumption; 4. Cutting and selling as firewood; 5. Cutting and selling as poles; 6.
Charcoal production for sale; 7. Non-wood forest products collection; 8. Domestic activities;
9. Employed elsewhere; 10. Small/petty business; Il. Others (specify)
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A.2. ECONOMIC ACTMTIES

What are the main sources of livelihood in the household?
Source

Rank
Agricultural crops
Livestock
Sale offorest products (timber, poles, woodfuel)
Sale ofNWFPs (grass, honey, medicinal plants, etc.)
Employment
Small businesses
Remittances
Borrowed funding from relatives
Others (sJ>ecify)

A.2.1. AGRICULTURE
L· h d h . C b k ) d h diff f1Stt e major crops an t eir areas III rae ets un er t e itterent arming systems

Plot No Mono cropping Inter cropping Multiple cropping Others (specify)

1

2

3

A.2.2. LIVESTOCK ACTIVITIES

1. What livestock types do you keep?
Type Number
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A.3. FORESTRYACTIVITIES

1. Main forest activities
Type of activity Distance from Done by Season End Rank in

homestead whom done objective! terms of
time

consumed
Collection
firewood
Making charcoal
Collecting fruits
Thatching grass
Harvesting poles
Honey collection
Others (specify)

I 1. Home consumption; 2. Sale, 3. Others (specify)

2. Main non-timber forest products

2.1. Grass harvested
Number of grass bundle

Type of grass Collection time For For sale Average weight of
harvested (months - seasonality) consumption grass bundle

2.2. Poles harvested
Type Amount harvested (per year) Height and diameter
of for for sale

poles consumption amount price for consumption for sale

23 H II.. oney co eetion
Amount collected (per year)

Honey for for sale
collection consumption amount price
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A.4. NON-FARM ACTIVITIES

Type of activity Where Done by End Rank in terms of
performed whom objective' time consumed

1. Home consumption; 2. Sale; 3. Others (specify)

B. HOUSEHOLD PRODUCTION

B.l. LAND

1.1. General description

Plot No. Area (ha) Mode of acquisition I Current status' Years of cultivation
1
2
3
4
1Mode of acquisition: 1. Inheritance; 2. Purchase; 3. Rented; 4. Allocated by chief; 5.
Allocated by village govt.; 6. Cleared forest; 7. Borrowed; 8. Other (specify). 2 Current
status: 1. Currently under cultivation; 2. Fallow land; 3. Not in use; 4. Other (specify).

1.2. If land is purchased, what is the price per unit area?

1.3. Is it possible to increase the area under cultivation? (Yes/no) .

1.3. Level of community involvement in woodland management
(1=highly involved; 2=moderately involved; 3=not involved)

(i) Deciding on managing the woodlands .
(ii) Implementation of woodland management activities .
(iii) Monitoring activities undertaken in woodlands .
(iv) Decisions on sharing benefits .
(v) Protecting the woodlands .

1.3. How do you rank the following benefits from the woodlands?

Benefit Rank
Monetary/Financial
Environmental (rainfall, soil protection, etc.)
Social (cultural sites, etc.)
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B.2. LABOUR

2.1. Labour utilisation for agricultural activities

Plot No. Area: Crop

Fami!Y_labour
MALE FEMALE CHILDREN

Activity Month D. People Hrs D. People Hrs D. Peo_Q_le Hrs
Land clearing
Cultivation
Sowing
Sowing
Weeding
Weeding
Weeding
Weeding
Weeding
Transport

D. =Days

Plot No. Area· Crop
Non-family labour

Activity Month Days People Hours
Land clearing
Cultivation
Sowing
Sowing
Weeding
Weeding
Weeding
Transport

If labour is hired at community level, how much is paid?
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2.2. Family labour for domestic and non-farm activities

MALE FEMALE CHILDREN
Activity Month Days People Hours Days People Hours Days People Hours
Housekeeping
Cooking
RH firewood
collection
Fetch water
Building and
repair
Hiring out
labour*
Artisan work
Trading/selling
Others
(specify) ..* Indicate for what activity and amount paid

2.3. Hired labour

Activity Months Male Female Children Amount paid
Mode of payment

1. Agriculture
Land
preparation
Sowing
Weeding
Harvesting
Others
(specify)

2. Forestry
Tree felling
Other
(specify)
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B.3. INPUTUTILISATION

Monoculture crops

PI b C d hot num er ...... ro ) ...... area pante ......... a
Input Unit of measurement Quanti!Y_ Price/unit
Seed:

Local
Improved

Fertiliser (type)

Pesticides (type)

Others (specify)

IntercroppinglMultiple cropping

PI t b C d ho num er ...... rop ...... area pante ......... a
Item Multiple crop Intereropping

Crop} Crop2 CrC£ } CrC£2 CrC£3 Crop4
1. Seed
Variety

Local
Improved

Quantity
Price/unit
2. Fertilisers
Name
Quantity
Price per unit
Name
Quantity
Price per unit
3. Pesticides
Name
Quantity
Price per unit
Name
Quantity
Price per unit
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C. OUTPUTS

C.l. FORESTRY
1. Forestry production

Type of product Unit of measurement Months Quantity per week or month
Firewood
Charcoal
Sawn timber
Poles
Honey
Thatching Grass
Medicines

Handcrafts

Others (specify)

3 H d h . I f h tiow o you assess t e availability 0 t e ollowing? Give reasons.
Product 1980-85 1986-90 1991-95 1995 to now
Firewood
Charcoal
Sawn timber
Poles
Honey
Thatching Grass
Medicines
Handcrafts
Others (specify)

I l. Increased, 2. decreased, 3. Same/No change

D. SELLING ACTIVITIES
D.l. AGRICULTURAL SELLING

Types crop Quantity Price Market place a) Buyers bj

Dry Wet Dry Wet
season season season season

a) Market place: 1= Local; 2= Village town; 3=Clty
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b) Buyers: 1 = Middlemen; 2 = Retailers; 3 = Final consumers; 4 = Local; 5 = Others

D.2. FORESTRY PRODUCE

Product Quantity/month Price/unit Market place" Buyers"
Dry Wet Dry Wet
season season season season

1. Firewood

2. Charcoal
3. Poles

4.Sawn timber

5. Grass

6. Honey

7. Medicines

Others:

a) Market place: 1= Local; 2= VIllage town; 3=Clty
b) Buyers: I=Middlemen; 2=retailers; 3= Final consumers; 4= Local; 5=others

E. OFF-FARM INCOME

Activity Dry-season Wet-season In kind (state Application"
monetary value monetary value units)

Employment
Small business
(specify)
Remittances
Others

a) Application: 1= Consumption; 2= Investment
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APPENDIXC:

CHECKLIST FOR STAKEHOLDERS OF MIOMBO WOODLANDS IN MOFLOR

FOREST CONCESSION AREA AND PINDANGANGA
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Checklist for private sector

.,/ Type of business;

.,/ Number of years in business;

.,/ What types of forest products dealt with?

.,/ What type of species and preference;

.,/ Log prices over time (last 10 years);

.,/ Stumpage price;

.,/ Harvesting costs;

.,/ Involvement in forest management;

.,/ Equipment used (age, purchase prices);

.,/ Workers (number of people involved m harvesting, processmg, selling and their

salaries);

.,/ Taxes, royalty fees;

.,/ Selling markets;

.,/ What is the impression about new forest law and regulation;

.,/ How is the availability ofmiornbo trees since 1975;

.,/ Forestry inventories in the study sites;
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Checklist for Provincial and District Directorate of Agriculture and Rural Development

FORESTRY DEPARTMENT

./ Quantity of poles sold from Savane and Pindanganga over time (years or months);

./ Quantity of exploited and logs sold from Savane and Pindanganga;

./ Royalty fees (species, size, etc.);

./ Forestry inventories in the study sites;

./ Diameter class segregation;

./ Amount of grass sold over time (months or years);

./ Amount of honey sold over time;

./ Selling prices of logs per species;

./ Selling markets for timber;

./ Frequency of fires;

./ Transaction costs per hectare;

./ Off-miombo employments opportunities (current and future);

AGRICULTURE DEPARTMENT

./ Selling prices of maize, sorghum, rice over time;

./ Crop yields over time;

./ Transaction costs per hectare (annual budget, external funds, other financial support);

./ Agricultural incentives;

./ Off-miombo employments opportunities (current and future);
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Checklist for Administrators of Districts and Localities, traditional leaders,

../ Local institutions;

../ Off-miombo employments opportunities (current and future);

../ Agricultural incentives;

../ Interaction between the stakeholders on miombo woodlands;

../ Fire frequency;

../ Forestry inventories in the study sites;

../ Availability of forestry resources;

../ Use ofNWFPs

Checklist for charcoal producers

../ Species used preferred vs preference;

../ Charcoal production over time;

../ Charcoal production efficiency (volume in and amount of charcoal produced);

../ Problems;

../ Availability of forestry resources;

../ Royalty fees;

../ Uncontrolled fire;

../ Markets for charcoal;

../ How many people are involved on charcoal production;

../ Community management of rniombo woodlands;
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APPENDIXD:

DATA REQUIREMENTS FOR SIMULATION MODEL, SOLUTION PROCEDURE

IN POWERSIM IN THE STUDY SITES
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Table ID. Data requirements for the simulation model*

Units Pindanganga Savane
Data type
Amount of thatching grass sold Bundles/yr 1,000 1,500
Average basal area ofmiombo mLlha 6.9 5.2
Average family size 6 5
Average farm size ha 3.4 1.3
Charcoal production efficiency Percentage 13.7 13.7
Chicken price $/unit 0.55 0.82
Chickens quantity sold by the all Unit/year 23,046 9,718
community
Discount factor [0.909;0.89] [0.909;0.89]
Harvesting capacity parameter [0.0003;0.3] [0.0003;0.9]
Existing agric land ha 6,317.2 2,902.9
Forest area ha 36,512 15,000
Goat price $/unit 6.1 12.4
Goat quantity sold by the whole community Unit/year 4,754 662
Harvesting cost by commercial sector $/mj 2.5 2.5
Honey price $/litre 0.51 -----
Honey quantity Litres 10,000 -----
Number of families per site Persons 1,858 2,233
Off-miombo labour Percentage 0.008 0.005
Pig_price $/unit 9.2 8.2
Pigs quantity sold by the whole community Unit/year 1,153 207
Price of grass $/kg 0.01 0.01
Price of charcoal $/mj 1.7 1.7
Price of poles $/m3 2.05 2.05
Price of standing miombo $/m.l 11.5 11.5
Regeneration 0.012
Agricultural revenue per hectare $lha 126.0 117.7
Subsistence income for community $ 677,470 732,531
Survival (survival rate) 0.92
Standing miombo m3lha 37 28
Transaction cost (fixed cost) $/ha 2.26 2.26
Total man-days/year in the community Mandays/yr 1,657,283 2,172,378.2
Wage rate $ per year 405.6

* The human population growth in the study sites during the first 20 years of the simulation

period is equal to 1.2%; for the next 10 years is equal to 1.5% and for the last 10 years is

equal to 1.0% (!NE, 2001).
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THE POWERSIM SOLUTION PROCEDURE FOR NON-COOPERATIVE MODEL
IN PINDANGANGA

dim labour = (p=player, t=period)
init labour = 0.1
flow labour = +dt*Rate labour
doc labour = Effort level: initialized
dim Mu = (t=period)
init Mu = 1
flow Mu = +dt*RMu
doc Mu = Multiplier constraint for labour: initialized
dim Multiplier = (c=class,t=period)
init Multiplier = I
flow Multiplier = +dt*RMultiplier
doc Multiplier = Multiplier constraint for WLRs: initialized
dim WLR = (c=class,t=period)
init WLR = 1/(1+0.05)"'INDEX(t)
flow WLR = +dt*Rate WLR
doc WLR = Miombo woodland resources
dim Rate_labour = (p=player, t=period)
aux Rate_labour = IF((labour(p,t) +
0.01 *R_labour(p,t)/(l *TIME+ 1))<O,O,R_labour(p,t)/(1 *TIME+ 1))
doc Rate_labour = Rate of labour equation
dim Rate_WLR = (c=class,t=period)
aux Rate_ WLR = IF«WLR(c,t) +
0.01 *R_WLR(c,t)/(1 *TIME+l))<O,O,R_ WLR(c,t)/(1 *TIME+l))
doc Rate_WLR = Rate of stock equation
dim RMu = (t=period)
aux RMu = -Switch3(t)*S3fn(t)
doc RMu = Rate of effort multiplier
dim RMultiplier = (c=class,t=period)
aux RMultiplier = -Switch l(c,t)*SI fn(c,t)
doc RMultiplier = Rate of stock multiplier
dim Amount _of_thatching_grass _sold_by_the_community = (t=period)
aux Amount_ of_thatching_grass _sold_by_the_community =
proportion *Amount _of_total_grass _available
doc Amount_of_thatching_grass_sold_by_the_cmmunity = amount of thatching grass
sold by the community in 2001
aux Amount_of_total_grass_available =
(1878.8/(Average _basal_ areaI\0.45))*Forest_ Area
doc Amount_of_total_grass_available = The equation was drown from Campbell et al.
(1996): Miombo in transition book, page 26.
dim Annual_ch_harvest_in_bags = (t=period)
aux Annual_ch_harvest_in_bags =
Ave_vol_miombo _used_for_fwd*Average _density _of_miombo _timber*Charcoal_ efficiency
_production! Average _weight_ of_a_charcoal_ bag
aux Ave_agric = SUM(t=l..LAST(period);H_agric(t))/LAST(period)
doc Ave_agric = Proportion of miombo lost by converting land to agricultural production
dim Ave_area_of_standing_miombo = (c=class,t=period)
aux Ave_area_of_standing_miombo = Ave_ WLR(c,t)*Forest_Area
dim Ave_commercial = (c=class)
aux Ave_commercial = SUM(t=l..LAST(period); WLR_use(l,t))/LAST(period)
doc Ave_commercial = Proportion of miombo harvested by the commercial sector
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aux Ave_converted_agric_land = Ave_agric*Forest_Area
aux Ave_fwd = SUM(t=l ..LAST(period);H_fwd(t))/LAST(period)
doc Ave_fwd = Proportion of miombo used for fuelwood
aux Ave_hsehld = SUM(t=l..LAST(period); WLR_use(2,t))/LAST(period)
doc Ave_hsehld = Proportion ofmiombo used by households (fuel, poles and fraction lost
by converting land to agricultural production)
dim Ave_labour = (p=player)
aux Ave_labour = SUM(t=I ..LAST(period); labour(p,t))/LAST(period)
doc Ave_labour = Average labour employed by the households and the commercial
sector.
aux Ave_pole = SUM(t=l..LAST(period); H_poles(t))/LAST(period)
doc Ave_pole = Average fraction of miombo used for poles by households
dim Ave_vol_miombo_used_by_commer = (c=class)
aux Ave_vol_miombo_used_by_commer =
IF«Ave_commercial*Forest_Area*Volume»6000,6000,
(Ave_commercial*Forest_Area*Volume))
aux Ave_vol_miombo _used_by_hh = Ave_hsehld*Forest_ Area *Volume
aux Ave vol miombo used for fwd =- - - --
Ave_fwd*Forest_Area*Volume+0.6*(Ave_vol_miombo_used_by_hh-Ave_fwd)
aux Ave_vol_miombo_used_for_poles = IF«Ave_pole*Forest_Area*Volume»lOOO,
1OOO,(Ave_pole*Forest_ Area*Volume))
dim Ave_WLR = (c=class,t=period)
aux Ave_WLR = SUM(t=l ..LAST(period); WLR(c,t))/LAST(period)
doc Ave_WLR = Proportion of standing miombo after some is converted to agriculture
and other uses (residual miombo)
aux average_annual_harvested_bags = SUM(t=l..LAST(period);
Annual_ eh_harvest_in _bags )/LAST(period)
aux average_annual_off_miombo_lab =
SUM(t=l ..LAST(period);off_miombo_labour(t))/LAST(period)
dim average_area_of_miombo_for_all_classes = (t=period)
aux average_area_of_miombo_for_all_classes =
SUM( c=l ..4;Ave_area_ of_standing_miombo( c,t))
dim B_factor = (p=player)
aux B_factor = discount_rate(p )*( 1+discount_rate(p ))"Rotation _period
dim Benefit = (p=player, t=period)
aux Benefit =
Discount_factor(l)"INDEX(t)*(price_function(t)*WLR_use(l,t)*Forest_Area*Volume -
cost_H(l))lp=l;
Discount_factor(2)"INDEX(t)*(price _hld(t)*WLR _use(2,t)*Forest_ Area*Volume -
cost_fn(t)*labour(2,t))
doc Benefit = discounted net benefit function for users; 1=commercial; 2=household
aux charcoal_ efficiency _parameter = l+rate _of_increase _on_cha_eff
dim Converted_land = (t=period)
aux Converted_land = H_agric(t)*Forest_Area
dim Converted_land_tl = (t=period)
aux Converted _land _t l = Converted _land( t+ 1)It<LAST( t);Converted _land(LAST( t))
dim cost_fn = (t=period)
aux cost_fn = v*Disposable _income"0.8/Leisure"0.2
doc cost_fn = shadow price of labor for households
dim Cum_land_under_agric_cultivation = (t=period)
aux Cum_land_under_agric_cultivation =
Converted _land+ Tot_ existing_land _under _agric
dim Disposable_income = (t=period)
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aux Disposable _income = Income _from_agric _on_converted _miombo _land +
Income _from_sale_of_wood _from_converted _Iand + Income _from_wood _products +
Income_from_existing_agric_land + Off_income + Income_from_animals - subs_income
doc Disposable_income = Auxiliary to household cost function
dim EAI = (p=player)
aux EAI = (Tot_Benefit(p)* I000)*(discount_rate(2)*B_factor(p)/(B _factor(p)-I))
aux EAI_per _capita _per _day =
«EAI(2)+NPV _of_off_income*discount_rate(2)*B _factor(2)/(B _factor(2)-
1))/Total_ number _of_habitants)/365
dim eff_para _dynamic _comerc = (c=class,t=period)
aux eff_para _dynamic _comere = eff_para _for _comerc( c)*( 1+tec _progress( t))"'INDEX( t)
dim eff_para _dynamic _bh = (c=c1ass,t=period)
aux eff_para _dynamic _hh = eff_para _for_hh(c)*(1+eff_para _growth _bh(t))"'INDEX( t)
dim Exisitng_agric_lab = (t=period)
aux Exisitng_ agric_Iab = 0.1 *Tot_existing_land _under _agriclInit_ existing_ agric _Iand
doc Exisitng_agric_lab = Fraction oftotallabour in the household used for current
agricultural production (that is, this labour is not available for expanding agriculture into
miombo)
aux G_benefit = Tot_Benefit(1)+Tot_Benefit(2)
doc G_benefit = Sum of benefits of timber products
aux G_EAI = EAI(I)+EAI(2)
dim H_agric = (t=period)
aux H_agric = Price_agric*WLR_use(2,t)/(Price_agric+price_ Wprod)
doc H_agric = Fraction of miombo used for agricultural purposes in the household.
dim H_fwd = (t=period)
aux H_fwd = price_fwd_eq*H_ Wprod/(price_fwd_eq+price_pole)
doc H fwd = Fraction of miombo resources used as fuelwood
dim H_poles = (t=period)
aux H_poles =
IF(price_pole*H_ Wprod/(price_fwd_eq+price_pole)<O.OI,price_pole*H_ Wprod/(price_fwd_
eq+price _pole ),0.01)
doc H_poles = Qty of miombo used as poles
dim H_Wprod = (t=period)
aux H_Wprod = price_ Wprod*WLR_use(2,t)/(Price_agric+price_ Wprod)
doc H_Wprod = Total fraction of miombo used for wood products (poles, fuelwood).
dim Income_from_agric_on_converted_miombo_land = (t=period)
aux Income _from_agric _on_converted _miombo _land =
H_agric*Forest_ Area*Rev _per _ha_ of_Agric _land
aux Income from animals =_ _
Chicken _qtity*Price _chicken+Goat_ qtity*Price _goat+Pork _qtity*Price _pork
dim Income _from_existing_ agric _Iand = (t=period)
aux Income _from_existing_ agric _Iand =
Tot_ existing_land _under _agric*Rev _per _ha_of_Agric _land
dim Income_from_sale_of_wood_from_converted_land = (t=period)
aux Income from sale of wood from converted land =- - - - -
0.95*H_agric*Forest_Area*Volume*price_fwd_eq +
O.05*H_agric*Forest_Area*Volume*price_pole
dim Income_from_wood_products = (t=period)
aux Income _from_wood _products =
price_fwd_eq*(H_fwd*Forest_Area*Volume+0.6*(Ave_vol_miombo_used_by_bh-
Ave_vol_miombo_used_for_fwd)) + price_pole*H_poles*Forest_Area*Volume
aux initial_total_ man_days_in_community = Male_labour+female _labour
dim Lab_for__grass_cutting = (t=period)
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aux Lab_for_grass_cutting = 0.003*(1 +pop_growth_for_off_labour(t»"INDEX(t)
dim Lab_for_honey = (t=period)
aux Lab_for_honey = 0.001 *(1+pop_growth_for_off_labour(t»"INDEX(t)
dim labour_in_man_days = (p=player, t=period)
aux labour_in_man_days = labour(2,t)*pop_dynamics
dim Leisure = (t=period)
aux Leisure = max_labour(t) - labour(2,t) - off_miombo_labour(t) - Exisitng_agric_lab
doc Leisure = Auxiliary function to the household cost function (maximum labour in
household less the labour used in converting miombo into agriculture less labour employed by
household to produce poles and fuelwood less off-miombo labour less for current agricultural
production)
dim M_cost = (p=player, t=period)
aux M_cost = SUM(c=1..4;
(0.5 *0.8*v*price _hld(t)*eff _para _dynamic _hh( c,t)*Disposable _income(t)"-0.5 *Leisure(t)"-
0.5*WLR( c,t)"0.6*Volume*labour(2,t)"-0.2) +
v*0.5*Disposable_income(t)"0.5*Leisure(t)"-0.5)/Leisure(t)
doc M_cost = Marginal cost of household labour
dim MuitTl = (c=class,t=period)
aux MuitTl = Multiplier( c+ 1,t+1)It<LAST(t) AND c<LAST( c);
Multiplier(LAST( c),LAST(t»
doc MuitTl = End period mulitplier adjustment
aux NPV _income _from _agric _on_converted _miombo _land =
SUM(t= l ..LAST(period);Discount_ factor(2)"INDEX(t)*Income _from_agric _on_converted _
miombo _land)
aux NPV _income_from_existing_agric_land =
SUM(t= 1..LAST(period);Discount_ factor(2)"INDEX(t)*Income _from_existing_ agric _land)
aux NPV of off income =___
SUM(t=I ..LAST(period);Discount_factor(2)"INDEX(t)*Off_income(t»
dim Off_income = (t=period)
aux Off_income = off_others_wage*Other_lab +
Price_grass* Amount_ of_thatching_grass _sold_by _the_cmmunity +Price _honey*Honey _qty
doc Off income = Off-miombo income to household users
dim Off_ income _per _capita = (t=period)
aux Off_income_per_capita = Off_incomelTotal_number_of_habitants
doc Off_income_per_capita = Off-income not discounted
dim off_miombo_labour = (t=period)
aux off_miombo _Iabour = Lab_for_grass _cutting( t)+Lab_for_honey( t)+Other _Iab( t)
doc off_miombo_labour = Labour employed by household users on off-miombo
activities
dim Other_lab = (t=period)
aux Other_lab = off_other_labour*{l+pop_growth_for_off_labour(t»"INDEX(t)
dim pop_dynamics = (p=player, t=period)
aux pop_dynamics =
initial_total_man_days_in_community*(1+rural_pop_growth(t»"INDEX(t)
doc pop_dynamics = population growth (man+women) over time
aux Price_agric = agric_price - Conv_cost - purchased jnputs
doc Price _agric = Net income from agric from use of a unit of woodland resources
adjusedt for cost of purchased inputs and conversion
dim price_function = (t=period)
aux price _function = price_com *( 1+growth _of_price _com )"INDEX( t)
doc price_function = price per cubic metre of miombo logs at landing site
dim price_fwd_eq = (t=period)
aux price_fwd_eq = price_charcoal*{l+growth_of_price_fwd)"INDEX(t)
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doc price_fwd_eq = Price per cubic metre ofmiombo used charcoal (insignificant fire
wood sales observed)
dim price_hld = (t=period)
aux price_hld = (Price_agric + price_ Wprod)/2
doc price_hid = Average income to household users from both agricultural produce and
wood products
dim price_ Wprod = (t=period)
aux price_Wprod = (Charcoal_ efficiency _production*price _fwd _eq+price _pole )/2
doc price_Wprod = Average price to household users from timber, poles and fuelwood
dim proportion = (t=period)
aux proportion =
0.0002*(I+Growth_in_the_selling_amount_of_thatching_grassY'INDEX(t)
doc proportion = proportion of thatching grass sold by the community
dim R_labour = (p=player, t=period)
aux R_labour = 0.000001 *Discount_factor(IY'INDEX(t)*(SUM(c=I ..4;
(0.8*eff_para_dynamic_comerc(c,t)*price_function(t)*Forest_Area*WLR(c,t)"O.6*Volume*1
abour(l,tY'-0.2)) - cost_H(l)*labour(1,t)"O.OI)+
(SUM(c=I ..4; (0.8*theta(I)*eff_para_dynamic_comerc(c,t)*WLR(c,tY'0.6*1abour(l,tY'-0.2-
beta*eff_para_dynamic_comerc(c,t)*WLR(c,tY'0.6*labour(l,t)"-0.2 -
0.8*Multiplier( c,t)* Switch I(c,t)*eff_para _dynamic _comerc( c,t)*price _function(t)*WLR( c,t)
"0.6*labour(l,tY'-0.2)) ) [p=l ; 0.000001 *Discount_factor(2Y'INDEX(t)*(SUM(c=I ..4;
(0.8*eff_para_dynamic_hh(c,t)*price_hld(t)*Forest_Area*WLR(c,t)"O.6*Volume*labour(2,t)
"-0.2)) - cost_fu(t) - labour(2,t)*M_cost(2,t)) +(SUM(c=1..4;
(0.8*theta(2)*eff _para _dynamic _hh( c,t)*WLR( c,t)"0.6*labour(2,t)"-0.2 -
beta*eff_para_dynamic_hh(c,t)*WLR(c,t)"0.6*labour(2,tY'-0.2 -
0.8 *Multiplier(c,t)* Switch I(c,t)*eff_para_dynamic_hh(c,t )*price_hld(t)*WLR(c,t)"0.6*labo
ur(2,t)"-0.2 - Mu(t)*Switch3(t))))
doc R_labour = Auxiliary to rate of labour equation
dim R_WLR = (c=class,t=period)
aux R WLR=
0.0000001 *Discount_factor( 1)*Volume*(0.6*price _function(t)*eff _para _dynamic _comerc( c,
t)*labour(1,t)"O.8*WLR(c,t)"-0.4) +
0.0000001 *Discount_factor(2)*(0.6*price _hld(t)*eff_para _dynamic _hh( c,t)*labour(2,t)"0.8 *
WLR(c,t)"-O.4) + «theta(l) - beta)*eff_para_dynamic_comerc(c,t)*labour(1,tY'0.8 +
(theta(2) - beta)*eff_para_dynamic_hh(c,t)*labour(2,t)"0.8)*0.6*WLR(c,t)"-O.4 +
survival*MultT1(c,t)* Switch2(c,t) - Multiplier(c,t)*Switchl(c,t)*(I+ 0.6*WLR(c,t)"-
0.4*(eff_para_dynamic_comerc(c,t)*labour(l,t)"0.8 +
eff_para _dynamic _hh( c,t)*labour(2,t)"O.8))
doc R_WLR = Auxiliary to rate of biomass equation
aux rate_of_ increase _on_cha_eff = (new_eh_effie-
Charcoal_ efficiency _production)/Charcoal_ efficiency _production
dim Regeneration = (c=class,t=period)
aux Regeneration = 0.08*WLR(I,t)
doc Regeneration = 3% constant annual regeneration assumed (See Saket, 1994: 0.005-
0.03)
dim S_WLRuse = (c=class,t=period)
aux S_WLRuse = WLR_use(1,t)+WLR_use(2,t)
doc S_WLRuse = Proportion of miombo used by both the household and the commercial
sectors annually
dim SI fn = (c=class,t=period)
aux SI fn = survival*WLR(c-l,t-l) + Regeneration(1,t) - WLR(c,t) - S_WLRuse(c,t) I t> 1
AND c> 1; survival *WLRO(c) + Regeneration - WLR( c, 1) - S_WLRuse( c, 1)
doc SI fn = Auxiliary to switch function 1
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dim S2fn = (c=class,t=period)
aux S2fn = survival*WLR(c,t) + Regeneration - WLR(c+ 1,t+1) -S_WLRuse(c+ 1,t+ 1) I t
< LAST(t) AND c<LAST(c); WLRO(c) + Regeneration
doc S2fn = Auxiliary to switch function2
dim S3fn = (t=period)
aux S3fn = max_labour-labour(1,t)-off_miombo_labour
doc S3fn = Auxiliary to switch function3
dim Switchl = (c=class,t=period)
aux Switchl = IF(Slfn(c,t) <0,1,0)
doc Switch 1 = Switch function 1 to enforce constraint
dim Switch2 = (c=class,t=period)
aux Switch2 = IF(S2fn(c,t) <0,1,0)
doc Switch2 = Switch function2 to enforce constraint
dim Switch3 = (t=period)
aux Switch3 = IF(S3fn(t) <0,1,0)
doc Switch3 = Switch function3 to enforce constraint
dim Tot_Benefit = (p=player)
aux Tot_Benefit = SUM(t=I ..LAST(period); Benefit(p,t))/1000
doc Tot Benefit = Total benefit from timber to each user over time horizon of model
dim Tot_existing_land_under_agric = (t=period)
aux Tot_existing_land_under_agric =
Init_existing_ agric _landlt= 1;Converted _land _t 1+Init_ existing_ agric _land
aux Total_ average _area_of_stad_miombo = SUM(t= 1..
LAST(period);average _area_of_miombo _for_all_ classes(t))/LAST(period)
aux Total NPV benefits to HH =- - - -
(Tot_ Benefit(2))* 1OOO+NPV_of_off_income+NPV _income _from_existing_agric _land+NPV
_income_from_agric _on_converted _miombo _land
doc Total_NPV _benefits_to_HH = This includes the discounted net benefits of timber,
agric and Non-timber
aux Total_NPV __per_capita_benefits_to_hh =
(((Total_NPV _benefits_to_HHlLAST(period))/Total_number_of_habitants))
doc Total_NPV __per_capita_benefits_to_hh = Total NPV divided by the total population
that's living 0 the site.
aux Total__per_capita_benefits_to_hh__per_day =
Total_NPV __per_capita _benefits _to_hh!days_ in_a_year
dim WLR_use = (c=class,t=period)
aux WLR use=
(eff__para_dynamic _comerc( c,t)*WLR( c,t)"0.6* labour( 1,t)"0.8)+( eff__para_dynamic _hh( c,t)*
WLR( c,t)"O.6*labour(2,t)"O.8)
doc WLR_use = Proportion of miombo used by either the household or the commercial
sectors annually
const agric__price= 3.4
doc agric __price= quociente between agric revenuelha and standing miombo volumelha
const Average_basal_area = 6.9
doc Average_basal_area = From Pereira inventory
const Average_density_of_miombo_timber = 750
doc Average_density_of_miombo_timber = Source: Bunster (1995)
const Average_weight_of_a_charcoal_bag = 33.5
const beta = 0
doc beta = Environmental concern parameter takes values of 0 or 1. Zero if you care about
the environment and 1 if you do not.
const Charcoal_ efficiency __production = 0.137
doc Charcoal_efficiency__production = Charcoal efficient production
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const Chicken _qtity = 23046
doc Chicken_qtity = Number of chickens sold by the community in 2001
const Conv cost = °
doc Conv _cost = Conversion cost per cu.m. of miombo, which can easily be converted to
per ha (it is the opportunity cost of labour is labour is sole input otherwise it includes cost of
other inputs).
dim cost_H = (p=player)
const cost H = 2.5
doc costH = Cost ofinputs including labour used by commercial sector = 32 USD/m3

(table 3.30 under the results chapter of the thesis) + standing price ofmiombo trees = $20/m3

(harvesting fees). Salaries for 10 workers, 12 months and 405.6 USD/month+ manager
292* 12 = 52176 + tractor 40000 USD. Total per year = 64176 USD/ano
const days_in_a_year = 365
dim Discount_factor = (p=player)
const Discount_factor = [0.909,0.89]
doc Discount factor = Discount factor
dim discount_rate = (p=player)
const discount_rate = [0.1,0.12]
dim eff_para_for_comerc = (c=class)
const eff_para_for_comerc = [0.0,0.00,0.0003,0.0003]
dim eff_para_for_hh = (c=class)
const eff_para_for_hh = [0.30,0.3,0.3,0.0]
dim eff_para_growth_hh = (t=period)
const eff_para _growth _hh =
[0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0
,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0]
const female labour = 905775
doc female_labour = This figure corresponds to 50.5% of the total man days, because
50.5% of the population is women (!NE, 1999).
const Forest Area = 36512
doc Forest_Area = Pindanganga has 32408 ha of forest, and 976 ha of bamboo (Pereira,
2000).
const Goat_qtity = 4754
doc Goat_qtity = Number of goats sold by the community in 2001 in Pindanganga
dim Growth_in_the_selling_amount_of_thatching_grass = (t=period)
const Growth_in_the_selling_amount_of_thatching_grass =
[0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0
,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0]
dim growth_of_price_com = (t=period)
const growth_of_price_com = °
const growth _of_price _fwd = °
doc growth _of_price _fwd = increase rate of charcoal (fuelwood) price over time
const Honey _qty = 10000
doc Honey _qty = quantity of honey taken per year by the community
const Init_ existing_ agric_land = 6317.2
doc Init_ existing_ agric_land = Existing agric land at start of analysis. it was assumed
2300 families (Pereira, 2000) and that each family has got 2.1 ha of agric land.
const Male labour = 751508.4
dim max_labour = (t=period)
const max labour = 1
doc max labour = Maximum annual labour available to household users: normalized
const new eh effie = 0.137
doc new ch effie = measured in the field
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const off_other_labour = 0.008
const off_others_wage = 405.6
doc off_others_wage = Off-miombo wage paid by the government
dim pop_growth_for_off_labour = (t=period)
const pop_growth_for_off_labour =
[0.012,0.012,0.012,0.012,0.012,0.012,0.012,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12
,0.012,0.012,0.012,0.012,0.012,0.015,0.0 15,0.0 15,0.015,0.0 15,0.015,0.0 15,0.0 15,0.0 15,0.015,
0.01,0.01,0.01,0.01,0.01,0.01,0.01,0.01,0.01,0.01]
doc pop_growth_for_off_labour = INE (1999) rural population growth in Gondola is
1,2% per year during the first 20 years; 1,5% for the next 10 years and at last 10 years 1,0%.
const Pork_qtity = 1153
doc Pork_qtity =Number of pigs sold in one year for the all community
const price_charcoal = 1.7
const Price chicken = 0.55
doc Price_chicken = Average market price ofa chicken sold in Pindanganga in 2001
const price_com = 11.5
doc price_com = standing price ofmiombo trees
const Price_goat = 6.1
doc Price_goat = Average market price of a goat sold in Pindanganga in 2001
const Price_grass = 0.01
doc Price_grass = Average market price of a bundle of grass sold in Pindanganga
const Price_honey = 0.51
doc Price_honey = Average price of honey locally produced. This price was calculated
based on 3 quality classes of honey.
const price _pole = 2.05
doc price_pole = One bamboo bundle was sold in Pindangang for 10.000,00 MT ($0.41).
Price per cubic metre of miombo used as poles.
const Price _pork = 9.2
doc Price _pork = Average market price of a pig sold in Pindanganga in year 2001
const purchased_inputs = 0
doc purchased_inputs = Cost per unit of inputs in terms of cubic metre of miombo
equivalent
const Rev_per_ha_of_Agric_land = 126
doc Rev_per_ha _of_Agric _land = Revenue from a hectare of land used to produce
agricicultural products
const Rotation _period = 40
dim rural_pop_growth = (t=period)
const rural_pop_growth =
[0.012,0.012,0.012,0.012,0.012,0.012,0.012,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12,0.0 12
,0.012,0.012,0.012,0.012,0.012,0.015,0.015,0.0 15,0.0 15,0.0 15,0.0 15,0.0 15,0.0 15,0.0 15,0.0 15,
0.01,0.01,0.01,0.01,0.01,0.01,0.01,0.01,0.01,0.01]
doc rural_pop _growth = equivalent to a population growth of 2.3%, 1,5% and later 1%
per year (INE, 1999)
const subs income = 677470.14
doc subs_income = Subsistence income for the Pindanganga community
const survival = 0.92
doc survival = Survival rate for miombo
dim tec_progress = (t=period)
const tee_progress =
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]
dim theta = (p=player)
const theta = [0,0]
doc theta = Social concern parameters: Takes values of 0 and 1.
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const
doc
work

Total number of habitants = 11146_ _ _
Total_number_of_habitants = number of habitants in the site according to the field-

const v = 0.25
doc v = parameter to labour cost function of households
const Volume = 37
doc Volume = Standing volume of wood per hectare. Pereira (2000) at page 33, Table 25.
This volume includes vol. of commercial timber and volume for charcoal production (4th
timber class 25 m3/ha)
dim WLRO = (c=class)
const WLRO = 1
doc WLRO = Initial volume ofmiombo for the site
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Appendix E:

Traditional institutions in Pindanganga and MOFLOR forest concession
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1. Traditional institutions in Pindanganga and Savane

In rural areas, the Portuguese system of governance in Mozambique relied on the Regulo

System. After the independence (1975), FRELIMO restructured this system and introduced a

new system of governance, in which the authority of traditional leaders was not officially

recognised. Currently, each community operates on a wider scale, within the state

administrative system. Each community is part of a structure ranging from locality,

Administrative Post and the District. However, at a local scale, the traditional Regulo system

continues to operate as the political system and attempts are being made to integrate the

traditional system of governance into the current state administrative.

The hierarchy of the traditional Regulo system for Sofala Province is illustrated in Figure 1G.

This system is also used in Manica Province but with different names or designations. The

Regulo (also known as Mambo in some areas of Manica Province) is the hereditary leader of

the regulado, which is responsible for the land under the Regulo's control. Under the Regulo

there is a group of old people or men called Mazibaba that gives advice and has a

responsibility to prepare the traditional ceremonies. Mambo or Regulo is only called to

organise the traditional ceremonies in special occasions.

The third level in the hierarchy is composed by Sapandas, also known as Sagutas in some

areas of Manica Province. These are considered the secondary leaders of the regulados and

acts as advisor to the Regulo. The M'fumos or Chiefs are the leaders of smaller zones of the

regulado, they are also known as M'bazos, Tubo or Mweni and are the leaders which operate

to resolve problems in the customary 'courtroom" from the lowest level in the hierarchy. The

fourth level of the hierarchy, called Cabo de Terra or Auxiliares, which are the community

Police officers and messengers. At the lowest level, but very well respected, are the

Curandeiros (traditional healers) who help the Chiefs to solve the problems who are paid to

identify the person responsible for cursing another person.
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REGULO

MAZIBABA

SAPANDAS SAPANDAS

M'FUMOS/CHIEFS M'FUMOS/CHIEFS

AUXILlARES AUXILlARES

rTTRANnFTRO

Figure 1E. The hierarchy of the traditional Regula System for the Sofala and Manica
Provinces
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APPENDIXF:

USE OF TREE SPECIES IN THE STUDY SITES
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T bl IF T S d ti h da e ree specres use or c arcoa pro uction
Common Name Commercial Name Scientific Name
Messassa, Msasa, Murroto Messassa Brachystegia spjcif()rmis
Mefuti Mefuti Brachystegia bhoemii
Uimbe, Mutondo, Munondo Messassa encamada Julbernardia gJobiJJSJra
Panguire, Jambire Panga-panga Millettia stuhlmannii
Mussonjoa,Mussunzoa Not known
Umbila, Mucurambila Umbila Pterocarpus angolensis
Chanfuta Chanfuta Afzelia quanzensis
Mucimbe, Mucarati, Mucarala Burkea africana
Mucarate
Muminha Not known
Umbáua. Mubaua Umbáua Khaya nyasica
Muchacata Parinari curatellifolia
Chuanga Mutanga Afrormazia angolensis
Mudangua, Mefula, marula Canho Sclerocarya birrea
Missanda Missanda Erythrophleum suaveolens
Cataussaru Ozora obovata
Mingue Dalbergia melanox)llon
Chicombego Crossopteryx~br~a
Chicumbite Lannea sp.
Chigodo Combretum ~.
Chinhamatolo Dombeya shup_angpe
Chissiu Dichrostachys cinerea
Chiuanzamaco Combretum qp_iculatum
Fewa Markhamia obtusif!!lia
Gunga Acacia sieberiana
Momba Pterocarpus rotundifolius
Mubatagoli Not known
Mucacate Schrebera trichoclada
Muchengue Cussonia arborea
Muchuma Not known
Mufiti Combretum fr_a[5!_ans
Mugondo Not known
Mugowe Acacia sp.
Muioiote Senna sen~ana
Mumbaragore Not known
Mumupa Not known
Munangala Not known
Mundupa Not known
Munhenza Boscia salicifolia
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T bl 2F T S d ti h da e ree species use or C arcoa pro uction
Common Name Commercial Name Scientific Name

MurondelMumbo Xerroderris stuhlmannii
Marupa Dispyros sp.
Mutoa DipJrorhy_nchus con!JyJocarpon
Pacassa Lonchocar_p_usccp__assa
Suruza Heteropyxis natalensis
Tadza Grewia flavescens
Munguena Not known
Mungunga Not known
Munguza Not known
Munhingue Not known
Munhupa Not known
Mupirigode Not known
Mutchatchane Not known
Muzototo Not known
Nhamacuaro Not known
Chigobo Not known
Chitoe Not known

T bl 3F T dti trufa e ree species use or cons cnon
Common Name Scientific Name

Fe/icium decipiens
Albizia harveyi

Pau-ferro Swartzia madagascariensis
Mil/ettia mossambicencis

Pau-rosa Berchemia discolor
Panga-panga Mil/etia stuhlmannii
Umbila Pterocarpus angolensis
Mutondo Cordyla africana
Megunda Milicia excelsa

T bl 4F F . ha e nut tree species 10 t e sites
Common Name Scientific Name
Mafurra Trichilia emetica
Canho Sc/erocarya birrea

Strychnos spinosa
Massala Sfl'ychnos madagascariensis

Salada kraussii
Jambalao Syzygium cordatum

Manilkara discolor
Tabernaemontana elegans

Ptilua Vangueria infausta
Ata Annona senegalensis
Tindziva Dialium schlechteri
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APPENDIXG:

Estimated caloric requirements by age and sex
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Table lG. Estimated daily caloric requirements by age and sex (Ministério de Saude, 1991;
World Health Organization, 1985)
Age category Females Males
Up to 1 year old 820 820
1-2 years old 1150 1150
2-3 years old 1350 1350
3-5 years old 1550 1550
5-7 years old 1750 1850
7-10 years old 1800 2100
10-12years old 1950 2200
12-14 years old 2100 2400
14-16 years old 2150 2650
16-18 years old 2150 2850
18-30 years old 2100 3000
30-60 years old 2150 2900
60 years and older 1950 2450
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APPENDIXH:

RELATIVE IMPACT OF FOREST MANAGEMENT REGIMES ON WELL-BEING,
AND RESOURCE USE AND CONSERVATION ON MIOMBO WOODLAND IN THE

STUDY SITES (basic runs)
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oCommand social
II Command social and environnental
!INon -cooperative

• Command environmental
oCooperative
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Charcoal bags Volume harvested for charcoal

production

Figure IH. Relative impact of management regimes on charcoal bags produced and volume
harvested for charcoal production in Pindanganga

oCommand social • Command environnental
.Command social +environnental DCooperative
• Non-cooperative

Q)

>.~

~ Charcoal bags Volum: harvested for charcoal
production

Figure 2H. Relative impact of management regimes on charcoal bags produced and volume
harvested for charcoal production in MOFLOR forest concession
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IIIComnand social • Command environnental
oComrand social +environmental 0 Cooperative
• Non -cooperative

Figure 3H. Relative impact of management regimes on volumes harvested by the stakeholders
in Pindanganga

120.00 ...--------------------------,

100.00

Figure 4H. Relative impact of management regimes on volumes harvested by the
stakeholders in MOFLOR forest concession
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oCommand social IIICommand environmental
IDCommand social and environmental 0 Cooperative
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194

Stellenbosch University http://scholar.sun.ac.za



oCommand social • Command environmental
iiiCommand social and environnental 0 Cooperative
.. Non-cooperative

Figure 5H. Relative impact of management regimes on labour employed by the stakeholders
in Pindanganga

Labour employed by household Labour employed by comrercial
sector sector

oCommand Social IIICommand environmental

Figure 6H. Relative impact of management regimes on labour employed by the stakeholders
in MOFLOR forest concession

IIIComnand social and environmental 0 Cooperative
• Non-cooperative

sector
Labour employed by COlIJIre1'Cial

sector
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APPENDIX I:

RELATIVE IMPACT OF INCREASE ON CHARCOAL PRODUCTION

EFFICIENCY (SECTORAL POLICY) ON FOREST MANAGEMENT REGIMES,

WELL-BEING OF STAKEHOLDERS, AND RESOURCE USE AND

CONSERVATION IN PINDANGANGA AND MOFLOR FOREST CONCESSION
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Table 11. Relative effect (%) of an increase by 10% and 30% of charcoal efficiency
production on Equivalent Annual Discounted Net Benefits from miombo woodland activities

d It . . . Pi d (I) d S (Il)"un er a ernatrve management regimes III III anganga an avane
Forest Commercial Household annual I Total annual

I
Benefits per

Managt. annual benefits benefits benefits capita per day
Regime" Increase on charcoal production efficiency

Site 10% 30% 10% 30% 10% 30% 10% 30%
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

NC. (0.4) (-0.2) (0.4) (0.4) (0.4) (-0.1 ) (0.4) (0.4)
88.3 88.9 93.2 93.7 89.3 89.8 93.5 93.9

I COOP. (0.5) (0.5) (1.3) (1.9) (0.6) (0.8) (1.6) (1.9)
52.5 54.3 35.3 36.5 49.1 50.8 100.0 39.4

CM-E (1.3) (4.2) (1.6) (5.0) (1.4) (4.3) (163.2) (3.8)
97.9 98.2 99.9 100.7 98.3 98.7 181.7 100.7

CM-S (0.6) (0.3) (0.1) (0.8) (0.5) (0.4) (82.4) (1.1)
97.2 97.1 96.2 96.8 97.0 97.0 179.6 98.8

CM-SE (1.0) (0.3) (36.4) (37.3) (6.4) (5.9) (150.5) (35.0)
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

NC. (-0.2) (-0.2) (0.0) (0.9) (-0.1 ) (0.0) (0.0) (1.3)
89.1 89.1 70.6 70.3 85.8 85.7 70.8 69.9

COOP. (0.0) (0.0) (1.3) (1.7) (0.2) (0.3) (0.9) (0.9)
II 5.6 5.5 3.6 3.6 5.3 5.1 3.7 3.6

CM-E (4.4) (1.8) (2.6) (2.4) (4.2) (1.9) (2.7) (2.3)
100.0 100.1 96.6 96.9 99.4 99.5 96.8 96.8

CM-S (-0.1 ) (0.0) (-1.8) (-0.7) (-0.4) (-0.2) (-2.0) (-0.7)
71.4 72.0 56.1 56.2 68.7 69.2 56.2 56.1

CM-SE (-0.7) (0.1) (-0.4) (-0.7) (-0.7) (0.2) (-0.5) (0.7)
a The figures within the table in parentheses represent the percentage of change at the end of
simulation compared with the non cooperative basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
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Table 21. Relative effect (%) ofa 10% and 30% increase in charcoal production efficiency on
resource use and conservation under alternative management options in Pindanganga (I) and
Savane (11)3
Site Forest Converted land Standing forest area Charcoal bags

Management Increase on charcoal production efficiency
regime 10% 30% 10% 30% 10% 30%

100.0 100.0 100.0 100.0 100.0 100.0
NC. (-0.1 ) (-1.4) (0.8) (-1.0) (9.8) (31.1)

107.8 108.6 104.0 106.2 95.7 96.2
COOP. (1.8) (1.2) (-0.9) (-0.7) (11.8) (34.2)

31.0 32.2 153.6 154.5 31.0 32.2
I CM-E (1.1 ) (3.4) (-0.7) (-2.0) (11.1) (37.5)

100.3 101.4 102.7 104.9 100.3 101.2
CM-S (-0.4) (-0.6) (0.0) (0.2) (9.4) (31.8)

92.9 93.6 107.0 109.1 92.9 93.6
CM-SE (-13.4) (-13.9) (-3.0) (-3.0) (33.6) (60.7)

100.0 100.0 100.0 100.0 100.0 100.0
NC. (-0.5) (-0.7) (0.3) (0.1 ) (9.4) (32.0)

81.0 80.9 2,654.4 149.3 0.0 71.8
COOP. (1.0) (0.5) (-1.1) (-l.l) (l0.8) (33.3)

II 8.2 7.2 52.2 2,456.6 52.2 7.2
CM-E (9.9) (-4.7) (-0.2) (-7.8) (20.7) (26.7)

96.3 96.6 107.4 106.4 98.3 96.6
CM-S (-1.0) (-0.9) (1.2) (0.2) (8.8) (31.7)

52.8 53.0 284.4 282.5 96.8 53.0
CM-SE (-0.9) (-0.8) (0.7) (-0.1 ) (8.9) (31.8)

3 The figures within the table m parentheses represent the percentage of change at the end of
simulation compared with the non cooperative basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
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APPENDIXJ:

RELATIVE IMPACT AN INCREASE BY 100% IN COMMERCIAL SALES OF
NTFPS AND AN INCREASE BY 100% IN MARKET SELLING PRICES OF NTFPS
(SECTORAL POLICY) ON FOREST MANAGEMENT REGIMES, WELL-BEING
OF STAKEHOLDERS, AND RESOURCE USE AND CONSERV ATION IN
PINDANGANGA AND MOFLOR FOREST CONCESSION MIOMBO WOODLAND
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Table lJ. Relative effect (%) of an increase by 100% in commercial sales ofNTFPs (I) and an
increase by 100% in market selling prices of NTFPs (II) on discounted net benefits from
miombo activities under alternative regimes in Pindanganga and MOFLOR forest concession
area"

Forest Commercial Household annual Total annual Benefits per
Site Managt. annual benefits benefits benefits capita per day

Regime" I II I II I II I II
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

NC. (0.2) (-0.6) (-1.0) (-0.2) (0.0) (-0.5) (3.6) (4.7)
88.0 0.0 94.0 109.1 89.2 89.6 94.4 93.5

COOP. (-11.8) (0,0) (-6.9) (0.7) (-10.8) (-10.9) (-2.2) (5.8)
P 51.8 52.2 35.2 34.9 48.6 48.8 41.3 40.9

CM-E (-48.1) (-0.2) (-65.2) (-0.2) (-51.4) _(-51.5) (-57.2) (12.3)
97.4 98.3 100.7 99.7 98.0 98.6 100.7 99.7

CM-S (-2.4) (0.1) (-0.4) (0.7) (-2.0) (-1.9) (4.3) (4.3)
97.3 96.8 96.7 78.6 97.2 93.2 97.2 80.4

CM-SE (-2.4) (-0.4) (-4.3) (-10.9) (-2.8) (-7.2) (0.7) (17.0)
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

NC. (0.2) (0.0) (0.0) (-0.3) (0.2) (0.0) (0.0) (-0.7)
88.6 88.9 69.3 69.2 85.2 85.4 69.5 69.0

COOP. (-0.1 ) (0.0) (-0.5) (-0.5) (-0.1 ) (-0.1 ) (-0.9) (-0.9)
M 5.8 5.9 3.8 3.9 5.4 5.6 3.9 396.1

CM-E (8.0) (10.5) (7.9) (10.7) (8.0) (10.5) (8.1) (11.0)
100.0 99.9 97.1 95.9 99.5 99.2 97.4 95.5

CM-S (0.3) (0.0) (-1.3) (-2.3) (0.0) (-0.4) (-1.3) (-2.6)
71.6 71.8 56.3 56.2 68.9 69.0 56.5 56.1

CM-SE (0.0) (-0.1 ) (0.0) (0.0) (0.0) (0.0) (0.1 ) (0.1)
"The figures ID parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S =MOFLOR forest concession area
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Table 2J. Relative effect (%) of a 100% increase in commercial sales (I) and 100% increase
prices of NTFPs (II) on average annual volume of miombo wood products harvested under
I' . . P' d d MO OR ti . aa ternative management options In In anganga an FL orest concession area

Forest Converted Standing
Managt. Land (ha) Miombo (ha)

Site Regime
I III II

100.0 100.0 100.0 100.0
NC. (-0.4) (-0.4) (-0.3) (0.7)

108.9 108.5 105.3 104.2
COOP. (8.5) (8.5) (4.9) (-0.9)

30.6 30.4 156.7 155.1
P K:M-E (-69.5) (-69.5) (56.1) (0.1)

100.9 100.0 104.2 103.0
K:M-S (0.4) (0.4) (3.8) (0.1)

93.2 91.1 108.3 108.4
K:M-SE (-7.2) (-7.2) (8.0) (-2.0)

100.0 100.0 100.0 100.0
Nc. (0.2) (-0.2) (-0.6) (-0.6)

79.6 79.6 152.5 152.5
K:OOP. (-0.2) (-0.2) (0.3) (0.3)

M 8.0 8.0 2704.2 2684.2
K:M-E (7.9) (8.0) (0.8) (0.0)

97.1 96.4 2395.0 107.5
K:M-S (0.5) (-0.3) (2137.7) (0.5)

53.3 53.3 285.0 284.8
K:M-SE (0.7) (0.7) (0.0) (-0.0)

"The figures In parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area

201

Stellenbosch University http://scholar.sun.ac.za



Table 3J. Relative effect (%) of a 100% increase in commercial sales (I) and 100% increase
prices of NTFPs (II) on average annual volume of miombo wood products harvested under
lt tive manazement ooti . Pi d d MOFLOR f, . aa erna rve managernen options In In anganga an orest concession area

forest Amount of Harvested Volume (rrr')
Managt

Charcoal bags Commercial Household CharcoalSite tRegime
I II I II I II I II

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
~C. (-0.3 ) (0.7) (0.0) (0.0) (-0.6) (0.4) (-0.6) (0.4)

105.3 104.2 100.0 100.0 100.7 99.7 96.8 95.9
K:OOP. (4.9) (-0.9) (0.0) (0.0) (0.1) (2.3) (-3.8) (2.3)

156.7 155.1 59.6 59.5 30.8 30.5 30.8 30.5
P ~M-E (56.1) (0.1) (-40.5) (-0.1 ) (-69.4) (-0.1 ) (-69.4) (-0.1 )

104.2 103.0 100.0 100.0 101.1 100.1 101.1 100.0
~M-S (3.8) (0.1 ) (0.0) (0.0) (0.5) (-0.2) (0.5) (-0.2)

108.3 108.4 100.0 100.0 93.3 91.2 93.3 91.2
~M-SE (8.0) (-2.0) (0.0) (0.0) (-7.3) (6.0) (-7.3) (19.8)

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
~C. (0.2) (0.4) (0.2) (-0.0) (0.2) (0.4) (0.2) (0.4)

70.7 70.6 98.1 98.4 73.5 73.4 70.7 70.6
~OOP. (-0.3) (-0.3) (-0.1 ) (0.0) (-0.4) (-0.3) (-0.3) (-0.3)

M 8.1 8.0 11.8 11.6 8.1 8.0 8.1 8.0
~M-E (9.5) (8.2) (10.3) (8.2) (9.5) (8.2) (9.5) (8.0)

96.8 96.2 100.0 100.0 96.8 96.2 96.8 96.2
~M-S (0.2) (-0.2) (0.3) (0.0) (0.2) (-0.2) (0.2) (-0.2)

53.0 52.8 71.5 71.6 53.0 52.8 52.9 52.8
K:M-SE (0.0) (0.1) (0.0) i-O.1) (O.Oj (0.1} (0.0) (0.1)

"The figures in parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area
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Table IK. Relative effect (%) of an increase by 25% in agricultural prices on discounted net
benefits from miombo activities under alternative regimes in Pindanganga and MOFLOR
forest concession area"

Forest Managt. Commercial Household Total annual Benefits per
Site Regime" annual annual benefits benefits capita per day

benefits
100.0 100.0 100.0 100.0

NC. (-0.1 ) (17.2) (3.3) (16.~
88.2 96.0 89.9 96.0

COOP. (-0.1 ) (21.8) (4.3) (20.6)
P 74.6 49.1 68.9 51.4

CM-E (43.4) (65.0) (46.5) (56.6)
97.7 102.1 98.7 101.9

CM-S (-0.1 ) (19.3) (3.8) (18.3)
98.0 102.4 99.0 102.5

CM-SE (1.4) (69.6) (11.7) (65.5)
100.0 100.0 100.0 100.0

NC. (-43.9) (-3.9) (-36.8) (-3.9)
M 72.5 49.4 66.3 49.5

COOP. (-54.2) (-31.9) (-51.0) (-32.2)
1.4 0.9 1.3 0.9

CM-E (-85.2) (-76.9) (-84.2) (-75.9)
82.5 79.9 81.8 79.7

CM-S (-53.6) (-21.9) (-48.1) (-22.4}
59.5 37.7 53.6 37.8

CM-SE (-53.4) (-35.7) (-50.9) (-35.7)
"The figures m parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area
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Table 2K. Relative effect (%) of an increase by 25% in agricultural output prices on charcoal
production and volumes harvested by the stakeholders under alternative management options
. p. d d MOFLOR ti . aIII III anganga an orest concession area

Forest Amount of Converted Standin Harvested Volume (mj)
Site Managt. Charcoal land g Com. HH. Charcoal

Regime" bags miombo
100.0 100.0 100.0 100.0 100.0 100.0

NC. (-3.9) (4.2) (-2.2) (0.0) (-1.3) (-3.9}
98.2 108.5 107.1 100.0 101.7 98.2

COOP. (0.4) (6.9) (-1.0) (0.0) (2.7) 10.4)
P 44.6 44.7 96.7 85.5 44.6 44.6

CM-E (39.7) (52.0} (-39.4) (43·41 (43.5) (39.7)
101.9 102.0 107.1 100.0 101.9 101.9

CM-S (-2.7) (5.7) (1.1) (0.0) (-0.1 ) (-2.7)
99.5 99.6 107.7 100.0 99.5 99.5

CM-SE (25.2) (-3.2) (-5.4) (0.0) (13.8) J25.~
100.0 100.0 100.0 100.0 100.0 100.0

NC. (-33.0) (-23.2) (208.2) (-43.9) (-29.9) J-33.0)
48.5 63.8 117.9 80.3 50.1 48.5

M COOP. (-54.3) (-38.7) (140.4) (-54.2) (-52.5) (-54.3)
1.3 1.9 784.0 2.1 1.3 1.3

CM-E (-88.0) (-80·41 (-9.4) (-88.9) (-87.6) (-88.1)
80.0 97.1 101.2 82.6 80.0 80.0

CM-S (-44.6) (-22.9) (193.3) (-53.6) (-42.1 ) (-44.6)
35.1 42.9 141.4 59.4 35.1 35.1

CM-SE (-55.7) (-37.9) (53.9) (-53.4) (-53.6) (-55.7)
aThe figures III parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =

Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area, Com. = Commercial, HH. =

Household.
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Table IL. Relative effect (%) of an increase by 100% in off-miombo employment
opportunities on discounted net benefits from miombo activities under alternative regimes in
Pi d d MOFLOR ti eIII anganga an orest concession area

Forest Commercial Household Total annual Benefits per
Site Managt. annual annual benefits benefits capita

Option benefits per day
100.0 100.0 100.0 100.0

NC. (-0.2) (-0.1 ) (-0.2) (-0.4)
97.9 101.3 98.6 101.4

COOP. (l0.7) (9.6) (10.5) (9.3)
P 52.1 34.9 48.7 38.3

CM-E (0.0) (0.0) (0.0) (0.0)
98.6 100.2 98.9 100.4

CM-S (0.7) (-0.1 ) (0.5) (0.0)
97.5 95.5 97.1 95.7

CM-SE (0.8) (34.7) (5.9) (32.5)
100.0 100.0 100.0 100.0

NC. (-0.1 ) (0.1) (-0.1 ) (-0.0)
89.0 69.7 85.6 69.5

COOP. (0.0) (-0.2) (-0.0) (-0.9)
M 5.9 3.9 5.6 4.0

CM-E (l0.5) (10.7) (10.5) (10.6)
100.0 97.3 99.5 97.4

CM-S (0.0) (-1.2) (-0.3) (-1.3)
71.9 56.4 69.1 448.1

CM-SE (0.0) (0.0) (0.0) (694.0)
"The figures III parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area.
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Table 2L. Relative effect (%) of an increase by 100% on off-miombo employment
opportunities on charcoal production and volumes harvested by the stakeholders under
1 r . . P' d d MOFLOR ti . aa tema ive management options In In angan_gaan orest concession area

Forest Amount of Converted Standing Harvested Volume (mj)
Site Managt. Charcoal land miombo Com. HH. Cho

Regime bags
100.0 100.0 100.0 100.0 100.0 100.0

NC. (-0.1 ) (0.0) (0.0) (0.0) (-0.1 ) (-O·U
100.5 100.4 104.8 100.0 100.5 100.5

COOP. (6.9) (-5.1 ) (-0.9) (0.0) (2.7) j_6.~
P 30.7 30.5 155.9 59.6 30.7 30.7

CM-E (0.0) (-0.5) (0.0) (43.4) (O.O) jO.Ql
100.5 100.4 103.5 100.0 100.5 100.5

CM-S (-0.2) (-0.2) (-0.1 ) (0.0) i-0.2) (-O.~
92.1 91.9 108.3 100.0 92.1 92.1

CM-SE (20.5) (-14.2) (-2.'Q (0.01 (6.6) (20.5)
100.0 100.0 100.0 100.0 100.0 100.0

NC. (-0.1 ) (0.2) (-0.1 ) (-0.1 ) (-0.1 ) _(-0.11
71.1 79.6 151.3 98.5 73.9 71.0

M COOP. (-0.2) (-0.2) (0.0) (0.0) i-0.21 j-O.~
8.1 8.0 2669.3 11.6 8.2 8.1

CM-E (8.1) (8.0) (0.0) (8.2) i8.2) (8.31
97.1 97.1 106.2 100.0 97.1 97.1

CM-S (0.2) (0.5) (-0.2) (-0.1 ) (0.2) (0.3)
53.1 53.3 283.2 71.8 53.1 53.1

CM-SE (0.0) (0.7) (0.0) (0.0) (0.0) (0.0)
"The figures in parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area, Com = commercial, HH. =
Household, Cho= Charcoal.
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Table 1M. Relative effect (%) of an increase in selling market prices of NTFPs and
agricultural output prices by 25% on discounted net benefits from miombo activities under
I . . . Pi d d MOFLOR ti .a ternative regimes III In anganga an orest concession area

Forest Commercial Household Total annual Benefits per
Site Managt. annual annual benefits benefits capita

Regime benefits" per day
100.0 100.0 100.0 100.0

NC. (-0.6) (16.5) (2.7) (16.9)
88.8 96.4 90.5 96.6

P COOP. (0.0) (12.3) (4.4) (22.2)
74.9 49.4 69.3 52.0

CM-E (43.4) (-42.4) (46.4) (59.4)
98.9 102.4 99.7 102.2

CM-S (0.6) (19.3) (4.3) (19.4)
98.3 102.3 99.2 102.2

CM-SE (l.2) (19.2) (1l.3) (66.0)
100.0 100.0 100.0 100.0

NC. (-O.l ) (4l.6) (7.3) (4l.6)
89.1 74.3 85.7 74.3

COOP. (0.2) (5l.0) (7.5) (50.0)
M 5.2 3.4 4.8 3.4

CM-E (-2.5) (35.8) (2.3) (35.1)
99.9 92.2 98.1 92.2

CM-S (-0.1 ) (32.6) (5.7) (32.2)
87.0 66.1 82.1 66.1

CM-SE (2l.0) (66.3) (27.6) (65.7)
"The figures in parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S =MOFLOR forest concession area.
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Table 2M. Relative effect (%) of an increase in selling market prices of NTFPs and
agricultural output prices by 25% on charcoal production and volumes harvested by the
stakeholders under alternative management regimes in Pindanganga and MOFLOR forest
concession area

Forest Converted Forest Amount of Harvested Volume (m3
)

Site Managt. Landa standing charcoal Com. HH Cho
Option area bags

100.0 100.0 100.0 100.0 100.0 100.0
NC (3.8) (-3.4) (-4.3) (0.0) (-1.7) (-4.3)

109.0 108.5 98.6 100.0 102.1 98.6
COOP. (6.9) (-1.0) (0.5) (0.0) (2.7) (0.5)

44.9 98.0 44.8 85.5 44.8 44.8
P CM-E (52.0) (-39.3) (39.8) (43.4) (43.6) (39.8)

102.0 108.4 102.2 100.0 102.2 102.2
CM-S (5.21 (1.0) (-2.8) (0.0) (-0.2) (-2.8)

99.2 109.5 99.1 100.0 99.1 99.1
CM-SE (-3.9) (-5.0) _(24.2) (0.0) (12.9) (24.2)

100.0 100.0 100.0 100.0 100.0 100.0
NC (3.8) (-3.4) (-4.3) (-0.1 ) (3.0) (-1.5)

109.0 108.5 98.6 98.7 77.2 74.8
COOP. (6.9) (-1.0) (0.5) (0.2) (7.5) (3.6)

M 44.9 98.0 44.8 9.9 6.6 6.6
CM-E (52.0) (-39.3) (39.8) _(-7.9) (-8.1 ) (-12.2)

102.0 108.4 102.2 99.9 90.1 90.1
CM-S (5.2) (1.0) (-2.8) (-0.1 ) (-4.1 ) (-8.3)

99.2 109.5 99.1 86.9 62.2 62.2
CM-SE (-3.9) (-5.0) (24.2) (21.0) (20.9) (15.6)

aThe figures ill parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area, Com. Commercial, HH. Household,
ChoCharcoal.
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Table IN. Relative effect (%) of an increase in charcoal production efficiency by 30% and
agricultural output prices by 25% on discounted net benefits from miombo activities under
I . . . P' d d MOFLOR ti .a temative regimes III III angangaan orest concession area
Site Forest Commercial Household Total annual Benefits per

Managt. annual benefits" annual benefits capita per day
Regime benefits

100.0 100.0 100.0 100.0
NC. (-0.8) (18.8) (3.0) (17.6)

89.0 95.3 90.4 95.4
COOP. (0.0) (13.2) (4.6) (21.4)

74.9 48.5 69.0 50.8
P CM-E (43.0) (-42.4) (46.1) (56.6)

99.3 101.2 99.7 101.2
CM-S (0.8) (20.2) (4.6) J19.1)

98.4 101.8 99.2 101.8
CM-SE (1.1 ) (20.9) (11.6) (66.5)

100.0 100.0 100.0 100.0
NC. (-44.1) (-4.9) (-37.1) (-4.5)

72.9 50.0 66.7 49.9
COOP. (-54.1) (-31.8) (-50.9) 1-32.0)

1.2 0.7 1.1 0.8
M CM-E (-87.1) (-80.1) (-86.2) 1-78.4)

82.2 81.2 81.9 81.0
CM-S (-54.0) (-21.5) (-48.3) (-21.7)

60.0 38.4 54.2 38.4
CM-SE (-53.3) (-35.1) (-50.6) (-35.1)

"The figures ill parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area.
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Table 2N. Relative effect (%) of an increase in charcoal production efficiency by 30% and
agricultural output prices by 25% on charcoal production and volumes harvested by the
stakeholders under alternative management options in Pindanganga and MOFLOR forest
concession area

Forest Converted Forest Amount of Harvested Volume (mj)
Site Managt. Landa standing charcoal Com. HH Cho

Option area bags
100.0 100.0 100.0 100.0 100.0 100.0

NC (4.2) (-2.0) (27.5) (0.0) (-0.7) (-3.0)
108.1 106.9 97.6 100.0 101.2 97.6

COOP. (6.5) (-1.0) (32.4) (0.0) (2.8) (0.8)
P 44.3 94.3 44.2 85.3 44.2 44.2

CM-E (50.6) (-40.7) (83.9) (43.0) (43.2) (39.9)
100.8 106.8 101.1 100.0 101.1 101.1

CM-S (4.4) ( 1.0) (28.0) (0.0) (-0.3) (-2.6)
98.8 107.6 98.8 100.0 98.8 98.8

CM-SE (-3.9) (-5.2) (64.9) (0.0) (13.7) (25.5)
100.0 100.0 100.0 100.0 100.0 100.0

NC (-25.4) (211.1) (-13.3) (-44.1) (-31.2) (-34.0)
65.7 116.8 49.3 80.7 51.0 49.3

COOP. (-38.7) (140.5) (-39.9) (-54.1) (-52.5) (-54.2)
M 2.0 819.8 1.2 2.0 1.2 1.2

CM-E (-80.4) (-4.4) (-85.5) (-89.5) (-88.5) (-89.0)
99.0 100.5 81.4 82.1 81.4 81.4

CM-S (-23.7) (194.0) (-27.1) (-54.0) (-42.1) (-44.5)
44.1 139.8 35.9 59.9 35.9 35.9

CM-SE (-37.9) (53.6) (-41.4) (-53.3) (-53.5) (-55.4)
"The figures ill parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area, Com = Commercial, HH. =
Household, Cho= Charcoal
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Table 10. Relative effect (%) of an increase in off-miombo employment by 100% and

agricultural prices by 25% on discounted net benefits from miombo activities under

alternative regimes in Pindanganga and MOFLOR forest concession area

Forest Commercial Household Total annual Benefits per
Site Managt. annual annual benefits benefits capita

Regime benefits" per day
100.0 100.0 100.0 100.0

NC. (99.8) (107.3) (101.3) (106.8)
98.5 104.3 99.7 209.1

COOP. (111.4) (121.1) (113.3) (241.6)
58.1 38.3 54.0 41.0

P CM-E (111. 7) (117.6) (112.6) (115.1)
97.8 101.1 98.5 101.0

CM-S (l00.0) _(108.2) (101.6) (107.9)
97.4 106.4 99.2 106.1

CM-SE (100.7) (161.2) (109.8) (157.5)
100.0 100.0 100.0 100.0

NC. (0.0) (47.4) (8.4) (47.4)
88.8 70.6 84.4 70.5

M COOP. (0.0) (49.2) (7.1 ) (48.1)
4.4 3.1 4.1 3.1

CM-E (-17.1) (28.8) (-11.4) (28.5)
98.2 89.6 96.1 89.9

CM-S (-1.7) (34.2) (4.6) (34.2)
91.4 71.0 86.4 70.9

CM-SE (27.3) (85.8) (35.8) (85.3)
"The figures in parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S =MOFLOR forest concession area.
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Table 20. Relative effect (%) of sectoral and extra sectoral policies on charcoal production
and volumes harvested by the stakeholders under alternative management options in
P' d d MOFLOR f,III an_gangaan orest concession area

Forest Converted Forest Amount of Harvested Volume (m")
Site Managt. Landa standing area charcoal Com. HH. Cho

Regime bags
100.0 100.0 100.0 100.0 100.0 100.0

NC (92.1) (100.3) (102.3) (100.0) (99.1) (102.3)
100.8 104.7 34.6 66.6 34.6 34.6

COOP. (87.8) (99.2) (109.9) (100.0) (102.2) (109.9)
P 34.6 65.3 34.6 66.6 34.6 34.6

CM-E (103.9) (42.0) (115.5) (Ill. 7) (111.8) (115.5)
101.0 104.8 101.0 100.0 101.0 101.0

CM-S (92.5) (101.5) (102.8) (100.0) (99.5) (102.8)
100.2 104.8 100.2 100.0 100.2 100.2

CM-SE (86.2) (94.5) (134.3) (100.0) (l15.0) (134.3)
100.0 100.0 100.0 100.0 100.0 100.0

NC (2.1) (-6.6) (5.2) (-59.2) (4.2) (5.2)
83.0 150.5 73.5 241.2 76.5 73.5

COOP. (6.1) (-7.0) (8.7) (0.0) (7.8) (8.7)
M 5.7 2331.8 5.7 20.8 5.7 5.7

CM-E (-22.0) (-18.3) (-19.6) (-21.1) (-20.4) (-19.6)
85.2 135.8 85.2 240.7 85.2 85.2

CM-S (-10.1) (19.3) (-7.4) (-1.7) (-8.3) (-7.4)
64.6 200.9 64.6 223.6 64.6 64.6

CM-SE (24.2) (-33.7) (28.1) (27.3) (26.8) (28.1)
"The figures ill parentheses represent the percentage of change at the end of simulation
compared with the basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
P = Pindanganga, S = MOFLOR forest concession area, Com. = Commercial, HH. =
Household, Cho= Charcoal.
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THE IMPACT OF POLICY ON RESOURCE USE IN MOZAMBIQUE: A CASE
STUDY OF PINDANGANGA

M. P. Falcao', Sumaila, R. V.2, Grundy, I. M.l and Geldenhuys, C. J.4

ABSTRACT

A case study of miombo woodlands was carried out in Pindanganga, in the centre of
Mozambique, to analyse the impact of alternative forest management regimes and sectorial and
extra sectorial policies on the well being of stakeholders and on the woodlands' conservation. A
dynamic game theoretic model, MIOMBOSIM, based on game theory was developed. The
analysis is based on a simulation model of human population and forest dynamics, costs of
private sector, household consumption, commercial outputs and input prices (timber, charcoal,
Non Timber Forest Products-NTFPs and domestic animals), using data from field surveys and
the literature. The effects over time of changes in agricultural and NTFPs prices were also
simulated. The modelling approach chosen allows to evaluate management regimes taking into
account the stakeholders interest, which are often conflicting.

This study shows that improvement in well being of the stakeholders and resource conservation
can be achieved with sound forest management practices. The cooperative management option
denoted here as community based natural resource management is potentially beneficial to local
communities if properly implemented and can improve the rural livelihoods and the woodland
resource condition. The analysis shows also that regulated forest management regimes
incorporating social concerns or incorporating social and environmental concerns are potentially
more beneficial to the household sector than the open access regime.

An increase by 100% of selling amount or a 25% increase of marketing selling prices of NTFPs
can lead to an increase in per capita benefits of the household sector. An increase in agricultural
product prices by 25%, without any other incentive structure in place, leads to agricultural
expansion on the study site. A combination of these two policy instruments under ceteris paribus
conditions can improve the well being of the rural communities depending on management
regime in place, but this increase is not enough to lift the households above the poverty line of
one US$ per day per person. The economic and conservation performances of the management
regimes can change depending on the policy instrument applied.

KEY WORDS: Game theory, forest management regimes, efficiency, non timber forest products.
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1. INTRODUCTION

1.1. Sustainable forest management

According to Matose and Wily (1996), in the last years of the zo" century there was a clear move

away from centralised and state-driven forest and woodland management towards decentralised

and mainly community-based regimes in southern Africa region. In the course of this shift, the

social formation of the community as well as the institutions and mechanisms which support its

functioning as a management entity, are being defined in new and significant ways. In the

management of natural resources, southern African countries have some historical similarities in

their regimes of management of natural resources. During the colonial era, and post-

independence, control of natural resources was centralised under the national government. In the

1980s the new approach of decentralisation and involvement of other stakeholders rapidly

emerged and most countries of the southern African region have embarked upon and adopted the

new natural resources management approach (Community-Based Natural Resource Management

CBNRM philosophy). The new CBNRM approach attempts to share more broadly the social and

political power over natural resources, combining conservation and development, and reflects a

wider process of socio-political and economic change than had previously occurred in those

countries in the past (Wainwright and Wehrmeyer, 1998; Hulme and Murphree, 2001).

The Mozambican government has been effecting institutional changes over the past two decades

in the search for adequate policies and strategies for the management of its natural resources. In

1997 the government approved a new Land Policy, followed by Environment Law (1997)

National Forestry and Wildlife Policy (1999) and in 2000, the Decree Law of Administrative

Decentralisation (Decree Law No. 15/2000) to guide the management of the natural resources

(Nhantumbo et al., 2001; Wily and Mbaya, 2001).

The new National Forestry and Wildlife Law (1999) empowers local communities to own and

participate in the management of natural resources through CBNRM initiatives. It establishes a

process of participatory management of resources in which a management council (conselho de

gestéio) is created, which includes members of the community, local government, private

operators, and other associations (Article 31, No.1).
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To date the State intends to manage the natural resources as joint ventures with the private sector

and the local communities. The National Environmental Law does not explicitly recognise the

contribution of the local communities towards the management of natural resources, but serves as

a basis for designing regulations intended to minimise negative environmental impacts resulting

from development activities and/or irrational use of natural resources (Nhantumbo et al., 2001).

The first CBNRM project experience in Mozambique was launched in 1994 in the community of

Bawa, in Tete Province, located on the border with Zimbabwe and is known as 'Tchuma-Tchato'

(Wily and Mbaya, 2001). The relative success of this programme has encouraged the rapid

spread of new projects over the country. For instance, four years after the establishment of the

Tchuma-Tchato project, about 40 projects were being implemented by different government

institutions and local and international NGOs through the financial support of international

donors (Anstey, 2001).

1.2. Objectives and problem statement

The general objective of this study was to assess the social-economic and environmental impacts

of use of miombo woodlands resources and to identify the most appropriate management regime

in a way that satisfied the achievement of the goals of the stakeholders in Pindanganga. This

study had the following specific objectives: (i) Improve the game theoretic model developed by

Sumaila et al. (2003) that integrates the major uses of miombo woodlands, their interaction and

dynamics (ii) Identify the most appropriate management regime and evaluate it's social-

economic and environmental impacts; (iii) to test different policy instruments (more details in

sections 3.2; 3.3 and 3.4) to improve the understanding of the interaction between stakeholders

and the influence of different factors in management regimes.

This study was motivated by the fact that the game theoretic model developed by Sumaila et al.

(2003) did not take into consideration the household benefits from NTFPs, human population

dynamics, the allowable cut established in the management plans, the effects of transactions

costs on the cooperative management regime, charcoal production efficiency variation, greater

off-miombo employment opportunities and tree diameter class segregation. To date, it is

unknown what will be the social-economic and environmental impacts if these aspects were
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taken into consideration, and if either new agricultural incentives are put in place or if the

commercial sales or prices of Non Timber Forest Products (NTFPs) were increased.

2. METHODS

2.1. Study site

Pindanganga is located in Gondola District, which is one of the major suppliers of timber,

construction material (poles and thatching grass) and charcoal within Manica Province to the

provincial capital, Chimoio city. Manica Province is found at the centre of Mozambique, along

the Beira Corridor. It is relatively rich in both forest and wildlife natural resources. The forest

area covers 36,512.0 ha of miombo forest at a stocking rate of 37 m3/ha, under a community

based forest management programme. The climate in the study site is characterised as cool and

wet; the mean annual temperature is 21.50C with average maximum of 26.6°C and average

minimum of 16°C. The cooler months start in May and end at August and the hotter months start

in September and end in April. The mean annual precipitation is about 1,080 mm, concentrated

in January and February. The dry season starts in May and ends in September (MINED, 1986).

In Pindanganga from 1980 to 1994 the rural communities lived under civil war. Unforeseen large

population concentrations were created around most of the large settlements, within relatively

safe corridors. High levels of damage took place in the forest cover as a result of harvesting

wood for fuel, timber, building materials, and through forest clearing for agriculture. Since 1994

however, the communities have returned to a more normal lifestyle. The typical household

average farm size is equal to 3.5 ha, the average family size is six persons and 2,331 habitants

live in the study site (INE, 2001).

2.2. The Dynamic game theoretic model

In the conceptual model two groups of stakeholders are identified, the private/commercial sector

and local community/household sector who assumed to be are under the control of a regulator

(the government). The government can be at the central/local/village level or any other authority
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and is assumed to have as objective the maximisation of society benefits, which include direct

economic benefits, social benefits and environmental protection from the use of miombo

resources on a sustainable basis. The community's interest in miombo woodlands is assumed to

be based on the benefits that they can derive from wood and non timber forest products harvested

for consumption and sale, while the private sector's interest is motivated by the profit derived

from logging activities. A summary of the three different versions of the model is presented

below, based on some assumptions on the relationship between the user groups and the regulator.

The decision-making by the household and commercial sectors on the use of miombo woodlands

as defined in the theoretic games. It is assumed that a fixed area (N) is available to the

communities of which Na is under agriculture cultivation and Nmis forested miombo woodlands.

The decision process of the commercial sector involves the determination of the amount of

timber to harvest annually (He) from the N, hectares of miombo resource available to maximize

the annual net benefits. The household sector is interested in maximizing utility of time

(maximizing benefits). They first decide on the amount of forest area available to be concerted

into agriculture in order to maximize their utility over time, secondly how much of the miombo

area is going to be cleared for agriculture (Ha) and how much is for harvesting wood products

(Hm) and NTFPs (thatching grass and honey) and, lastly for the remaining standing miombo area,

how much is going to be allocated for poles harvesting (Hpo) and charcoal making (Heh).

Three principal game theoretic models are applied to study the use of miombo woodland

resources, namely, a command model, a cooperative model (joint management) and a non-

cooperative model (separate management). Each is briefly presented below.

a) Command model

This model assumes that the regulator (e.g. a central or local government) can dictate the

behaviour of the two sectors directly (decisions are centralised) through the allowable cut

established in the management plans of sites. The society wide net benefits are maximised

through the choice of the amount of labour to be used by the commercial and the household

sectors in each year over the time horizon of the analysis. The amount of labour employed

defines the volume of wood products to be harvested by each sector. The volume of forest
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products according to the management plans is the decision variable that the government uses in

managing these resources.

The maximisation of the total equivalent annual net discounted benefits (Bl) is represented in

equation 1 and it is subject to the usual ecological, household constrains (equations 2 and 4) and

non-negativity.

T

l(axL[BI ]PI_I D
L'pL, 1=1

(1)

In the above equation:

PI-I = (l+rY-1 -P« =1,t=I, ...,T.

D = r(l+rY
(1+ ry -1

where

p = discount factor

r = discount rate

D = factor to convert the net present value of the benefits to an annual value over the

harvesting period.

Depending on the values assigned to parameters ec , ehand e, different scenarios of the command

model can be looked at. Here, we look at three scenarios, namely, the scenario in which the

regulator is directly concerned with profits, social and environmental benefits but favouring the

household sector (ec =0, ~ =1, and e=l), the scenario in which both profits and environmental

benefits are considered «ec =0, eh =0, and e=l) and the scenario in which both profits and social

benefits favouring the household sector are considered (ec =0, eh=1, and B=O).

The benefits maximization denoted by equation (1) is subject to the usual ecological constraints

(equations 2 and 3), household constraints (equation 4) and the non-negativity. the stock

dynamics of miombo woodland is represented by equation (2) where the volume of study
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miombo per class diameter in this period (Na,t)is determined by the volume in previous class (Na-

I,t-I);the survival rate (s) that is assumed to be constant for all diameter classes, the volume in a

given year (regeneration) and the amount of woodland resources used in this period by the

commercial H;,t and household H;,t users, respectively, Na,o is the initial standing volume of

miombo at the start of the game, and E represents the miombo Mean Annual Increment (MAJ) to

maintain the allowable cut ofmiombo. Equation (3) describes the growth per diameter class over

time of the miombo. The parameters e, ct> and yare ecological, they can be used to vary the

quality of the miombo stand (Frost, 1996).

N2,t s sNI,(t_l) + N1,(t-l) - H~(t_')

N3,t s sN2,(t_l) + N2,(t_l) - H~,(t_') - H;,(t_')

N4,t s sN3,(t_l) + N3,(t_l) - H~,t-l

(2)

where

Rt = any natural regeneration that takes place;

Na,t= volume in a class diameter a in a given year t (m'').

ga,t = l+¢yt (3.)

From now on the subscripts a (a = 1,.., A) and t (t = 1,.., T) will be used to represent tree

diameter classes and harvesting periods (cutting cycle), respectively. Note that A and T denote

the last diameter class and last harvesting period, respectively. The superscripts c and h are used

to represent privatelcommercial and household sectors, respectively. The harvesting activities for

the household sector are taking place on the second and third diameter classes and for the

commercial sector are taking place on the third and fourth diameter classes.

(4)
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Where L, is equal to total labour available by the household; La =Iabour required to cultivate

land currently under agriculture; L, =Iabour required for converting land to agriculture; and Loff

is required labour for off-farm/off-miombo activities.

b) Cooperative model

Under the cooperative model that is participatory management of the natural forestry resources, it

is assumed that the two users (household and commercial sector) have incentives to cooperate

through joint maximisation of their benefits which are expressed as equivalent annual income

(EAI) as shown below. This relationship is subject to the usual ecological and household

constraints (equations 2 and 4 described earlier) and the non-negativity.

T

¥_axL [aph,I_IB:,1 + (1- a )Pe,I_IB;.I]- Tc}D ,0 s a s 1
Lh,Le 1=1

(5)

Tc is the transaction cost of management of miombo woodland in a participatory way. The value

assigned to the parameter a reflects the relative weight given to each sector under cooperative

management. In this research the parameter a was assigned the value 0.5 according to (Mlay et

al. 2003). It usually depends on the bargaining power of the user (Munro, 1979).

According to (Mlay et al. 2003), the householders and commercial sectors decision to jointly

manage miombo woodlands will depend on the additional net benefits gained relative to net

benefits forgone by not cooperating. The relative weight assigned to each sector in the

cooperative management regime is reflected by the preference parameter whose value varies

from 0 (giving all weight to the household sector) to 1 (giving entire weight to the commercial

sector). Taking into account that the harvesting practice of the commercial sector is selective

while the household sectors' harvesting practice is non-selective, if the intangible benefits

through cooperation are taken into account, incentive for cooperation by the commercial sector

under lower values of the preference parameter is feasible, and thus a cooperation management

regime giving equal weights to the two sectors (0.5) will be used as reasonable to reflect the level

of cooperation.
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c) Non-cooperative model

In the non-cooperative model each of the different user groups or stakeholders (commercial

sector and household) is assumed to harvest independently without taking into account the

interest of other stakeholders. This model will be used to mimic an open access management

regime, currently the dominant management regime under which miombo woodlands are being

exploited in Mozambique (DNFFB, 2003). The constrained maximisation problem for household

is presented in equation 6.

3 T

¥_axL L (p c.t-IB:,I )D
Lh Q;2 1;1

(6)

This relationship is subject to the usual ecological and household constraints (equations 2 and 4

described earlier) and the non-negativity.

Similarly, the non-cooperative management problem facing the commercial sector can be stated

as follows:

4 T

¥_axL L(PC,I_IB~,I)D
L/"L, a;3 1;1

(7)

Subject to the ecological and household constraints (equations 2 and 4 described earlier) and

non-negativity .

In the non-cooperative model in addition to all the es being zero, the first term in the stock

adjustment equation is set equal to zero.

The three models can be solved by introducing modified Lagrange multipliers and applying non-

smooth convex optimisation (Flam, 1993). Simulation of the models is based on the numerical
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approach applied in Sumaila (1995, 1997) using systems dynamic simulation package known as

Powersim. It was developed by ModellData AS in Bergen, Norway3.

In the three models, Rural households are assumed to harvest wood products for energy

(firewood and charcoal), building poles, thatching grass and honey. Firewood is harvest by the

households mainly for their own consumption and charcoal for commercial purposes. The

number of charcoal bags (Hbg) produced from harvested miombo depends on the average timber

density of miombo trees (a = equal to 858 kg/nr' according to Bunstem, 1995), the charcoal

production efficiency (0); and the average mass of a charcoal bag (m). Timber density for each

tree species is indicated in Appendix A. This functional relationship is expressed in equation (8).

The gross income from miombo activities is expressed in equation (9).

H = HaO
bg m (8)

1m = P (~ HPoles) + ~ Hch P (Ol - 0)
h,1 P L..J 0,1 L..J 0,1 eh 0

0=2 0=2

(9)

Where

Pp = Average roadside market price of poles (US$/m3)

a = Tree diameter class.

Hr:= Total volume of poles harvested at diameter classes two and three in a year

(m3
)

Pch = Average roadside market price of a charcoal bag (US$/bag)

Ol=New charcoal production efficiency (%)

a = Average timber density of miombo trees

The allocation of the total volume of harvested wood between poles (Hpo(a,t)) and energy (Hch(a,t))

depends on the relative market prices of poles and charcoal and diameter classes. It is given by

equations (lO) and (l l ), respectively. The market demand for poles is lower than for the

3 Detailed description of the conceptual model is given in the PhD thesis of the first author of this paper
(University of Stellenbosch), who can be contacted for details.
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charcoal, although pole prices are higher and take into account the effect of relative prices. The

harvest amount of poles is constrained to the maximum average amount of poles sold in the past

years (500 m3 per year) in order to constrain the optimal amount of poles allocated by the model.

The amount of charcoal annual produced is restricted by the mean Annual Allowable Cut

(MAAC) established by the management plans. This figure was established after asking the

interviewed households and forest technicians about the harvest levels of poles.

(10)

The amount of miombo harvested is a function of the volume of standing miombo (N(a,I») per

timber class (a = 2 and 3) and labour allocated for this activity (Lm). A Cobb-Douglass function

used by Sumaila et al. (2003) was adjusted to include diameter segregation and is expressed in

equation (12).
3 1-]

H:'I=LQh(l+ih) N:IL~
a=2

(12)

Where

Qh = household relative harvesting capacity parameter for removing miombo, is

assumed to be constant for all diameter classes;

ih = average growth rate of rural population (human population dynamics);

jl, and 'I' are partial elasticities of production (they vary between zero and one). Each

assumed to be 0.5 in the model (Mlay et al. 2003).

The amount of miombo harvested is limited to a maximum allowable cut established in the

management plans of the study sites, which was calculated based on the Mean Annual Increment

(MAl) of miombo forest in the study sites.

229

Stellenbosch University http://scholar.sun.ac.za



2.3. Model data requirements and data collection

The data requirements for the model are presented in Table 2. All coefficients used were derived

from the survey results. Data on population, area under forest cover, of miombo employment and

growth, commercial harvesting costs and discount factors have been obtained from secondary

sources. The human population growth in the study sites during the first 20 years of the

simulation period is equal to 1.2%; for the next 10 years is equal to 1.5% and for the last 10 years

is equal to 1.0% (INE, 2001)

Table 1. Data requirements for the simulation model in Pindanganga

Data type Units Pindanganga
Amount of thatching grass sold Bundles/yr 1,000
Average basal area of miombo woodland mvha 6.9
Average farm size ha 3.4
Charcoal production efficiency Percentage 13.7
Chicken price US$/unit 0.55
Chickens quantity sold by the all Unit/year 23,046
community
Discount factor [0.909;0.89]
Existing agric land ha 6,317
Forest area ha 36,512
Goat price US$/unit 6.1
Goat quantity sold by the whole community Unit/year 4,754
Harvesting cost by commercial sector US$/mJ 2.5
Honey quantity (price) Litres 10,000 (0.51)

(US$/litre)
Number of families per site Persons 1,858
Off-miombo labour Percentage 0.008
Pig price US$/unit 9.2
Pigs quantity sold by the whole community Unit/year 1,153
Price grass US$/kg 0.01
Price of charcoal US$/mj 1.7
Price of poles US$/m3 2.05
Price of standing miombo US$/mJ 11.5
Regeneration (survival rate) 0.012 (0.92)
Agricultural revenue per hectare US$lha 126
Subsistence income for community US$ 677,470
Transaction cost (fixed cost) US$lha 2.26
Total man-days/year in the community Mandays/yr 1,657,283
Wage rate US$ per year 405.6
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2.4. Field work

The study site was selected to capture the following features: presence of miombo woodlands;

the degree of access to transport and markets; presence of commercial logging; and presence of

activities of exploration of forest products (wood and non-timber forest products) for sale by

households. The target population was defined as households who use miombo woodlands for

agriculture and/or for extraction of wood and non-timber forest products for household

consumption and sale. In this study the sample unit was a household. For data collection, the

sampling method involved a random selection of households from listings prepared by village

leaders in accordance with the definition of the target population. According to FAO (1990), if

the total number of households is bigger than 1000, the suggested sample should be at least equal

to 50 households. The total sample size for the study is 54 households. They were selected from

villages or zones in Pindanganga, out of 1,858.0 listed households. Since conditions were

considered to be more or less uniform, inter-village variation was assumed minimal and hence

there was no need for stratified or multi-stage sampling.

To accomplish this research a combination of methods was used to generate the required

information. Thus the data were collected from both primary and secondary sources. A structured

questionnaire, checklists for formal interviews and informal discussions and participant

observations were the methods used to gather information from primary sources. The

questionnaire was used to collect data from sampled households in face-ta-face interviews. It

investigated aspects of household consumption of wood products and NTFPs, activities, labour

distribution by sex and age, management of miombo trees, and selling activities. The checklists

were used for focused discussion with key stakeholders including relevant district officers and

village government leaders, and local foresters. The survey was carried out from September to

November in 2002 and 2003 a period of 12 weeks in each year.

The data collection was related to crop yields, wood and NTFPs prices were collected at

Provincial and District Directorate of Agriculture and Fisheries. An appraisal in various urban

markets and rural roadsides gave latest market prices of construction material (poles, bamboo

and grass), fuelwood (charcoal and firewood), logs, and honey coming from the study areas. The

actual surveyed farms did not collect the information regarding crop yields due to the fact that
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fanners often had difficulty even recalling within-year information on resource use when the

operations have been conducted for several months preceding the date of interview.

In the survey, the transaction cost was determined based on the objectives and working

experience of the Pindanganga community based management program. For this program the

information related to the composition of local committee members, number of meetings per

month/year, the human and financial resources used, number of people involved in patrolling and

monitoring the miombo woodlands and in enforcing the transaction was collected.

Charcoal efficiency was measured based on a random sample of 23 earth kilns. For estimate the

charcoal yield, the following measurements were taken: the number of trees harvested; the length

of the logs and branches prepared to go to the kiln; the diameter at mid point of the length of all

logs prepare to go to the kiln; the numbers and mass of the charcoal bags produced.

The subsistence income for the community is estimated based on total number of households in

the community, the typical household size and composition by age and sex, consumption basket

of food and non-food items, the minimum per capita caloric requirements established and local

market prices. The calories for the typical household was converted into quantities of products

and the monetary values were assigned using local market prices.

3. RESULTS

3.1. Basic simulation results

Data used for the basic simulations were taken directly from the fieldwork report and

questionnaires or calculated from there. The impact of management regimes on the stakeholder's

benefits is presented in Table 2. The difference in benefits between the two sectors reflects the

difference in market values of the products harvested and harvesting capacity.

The commercial sector derives more of the benefits under the non-cooperative management

regime from harvesting wood products to the commercial sector. According to Mlay et al.

(2003), for the commercial sector, non-cooperative management regime is not the best option,
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but they can get into cooperative management regime if the total benefits (tangible and intangible

benefits) and the penalties for non cooperation exceed the additional benefits emanating from

non cooperative management regime.

In terms of total household benefits (Table 2), results seem to suggest that regulated management

regime with social concerns, followed by non-cooperative regime and cooperative management

regime are potentially beneficial to local communities. According to Mlay et al. (2003), for the

commercial sector, non-cooperative management regime is not the best option, but they can get

into cooperative management regime if the total benefits (tangible and intangible benefits) and

the penalties for non cooperation exceed the additional benefits emanating from non cooperative

management regime.

TABLE 2. Equivalent Annual Net Discounted Benefits (EANDB) for private and household

sectors from miombo woodland activities in Pindanganga

Private sector Household sector Household
Management EANDBa EANDB EANDB
Regime (US$ per annum) (US$ per annum) (US$ per capita per dayl
Non-cooperative (1) 443,519 (2) 107,469 0.03
Cooperati ve (4) 391,381 (3) 94,252 0.03
Environmental (5) 230,371 (5) 37,507 0.01
Social (2) 433,173 (1) 107,761 0.03
Social and
environmental (3) 428,266 (4) 76,086 0.02
"The figures In parentheses represent the ranking of the management regime on the basis of
EANDB's within each sector

The regulated option for environmental reasons leaves all stakeholders with lowest benefits in

both sites. This makes sense whereby because of the emphasis put by the regulator on

environment concern, more of the woodland resources are bound to be preserved thereby

resulting in less benefits.

As can be seen in Table 2, the total benefits if the objective is to maximize stakeholder's benefits

on a sustainable basis, the highest equivalent annual net discounted benefits are achieved under

centralised favouring the social aspects and non-cooperative management regimes. Equivalent

annual net discounted benefits reduced to US$ 267,878 per annum when the objective is resource

conservati on.
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In terms of per capita household benefits from miombo wood products, NTFPs and agriculture,

command regime incorporating social concerns, non-cooperative and cooperative are the best

options for the households. The command environmental and command social and environmental

options are the least attractive. The per capita benefits are the extra net income after the

minimum subsistence requirements are met. They were accounted for in the model and for all

management regime represents less than three percent of a Dollar per day (97 % below the

poverty line).

The average volume harvested annually leading to maximum discounted net benefits under each

management arrangement for the stakeholders are presented in Table 3. As expected, the trends

correspond to those benefits derived from these products. In comparison with the non-

cooperative model, which represents the current practice, least volume is harvested under the

command regime incorporating environmental benefits. For the household sector, the highest

volume of wood products is harvested under the command social regime, followed by the non-

cooperative, followed by the cooperative, regime incorporating both social and environmental

benefits, and the environmental regime, in that order. The timber harvesting volumes for the

commercial sector are limited to a maximum of 6,000 cubic meters per year in accordance with

the management plan of the study site. The highest allowed volume is reached for all

management regimes, except the command regime incorporating environment benefits. For the

commercial sector, the average annual harvest under the regulated regime for environmental

reasons is about 60% of the harvest under open access.

T bl 3 V I h d d f h I b d d i Pi da e . o umes arveste an amount 0 c arcoa a s pro uce III III anganga
Management Converted Standing Amount of Harvested volume (ru')
Option" land (ha) a miombo (ha) charcoal bags Commercial Household Charcoal
NC (3) 236 (5) 3,891 (2) 25,546 6,000 11,666 8,32(j
COOP. (1) 250 (3) 4,118 (3) 24,000 6,000 11,403 7,825
CM-E (5) 72 (1) 6,070 (5) 7,833 3,577 3,577 2,554
CM-S (2) 238 (4) 4,031 (1) 25,706 6,000 11,739 8,381
CM-SE (4) 253 (2) 4,331 (4) 19,511 6,000 10,068 6,361
ft The figures IIIparentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S
Command social, CM-SE = Command social and environment.
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The best outcome with respect to ecological health of the woodland is achieved under the

command environment regime, followed by the command regime incorporating social and

environmental benefits, command regime incorporating social, cooperative regime and lastly the

non cooperative regime (status quo). The environmental concerns mean that a larger area of

woodland cover has to be maintained to meet peoples' needs, while protecting the environment.

Deforestation is highest under the non-cooperative or open access management regime (at the

end of rotation only about Il % of the initial woodland area will remain). As expected, the

regulated system incorporating only environmental concern leads to least deforestation, but it is

the option economically least attractive to the household and commercial sectors.

Average annual woodland area converted to agriculture is highest under the cooperative and

command regime incorporating social benefits, followed by the non cooperative regime, then the

command regime incorporating social and environmental benefits and lastly the command regime

incorporating environmental benefits.

3.2. Impact of sectoral policy on the well being of stakeholders, resource use and

conservation under alternative management regimes.

A general increase in the current commercial sales or market prices of NTFPs could be brought

about by, for instance, improvement in road infrastructure, new markets closer to the local

communities or removal of explicit government taxes on NTFPs. To assess the impact of such an

increase, the Pindanganga model is simulated with an arbitrary increase of 100% on the current

selling amount of NTFPs (scenario I) and an increase by 100% on the market selling prices of

NTFPs (scenario II).

The relative results on the impact of increasing commercial sales amount or prices of NTFPs

(honey, chickens, pigs, goat and thatching grass) on annual discounted net benefits from miombo

activities are presented in Table 4. These values were obtained by comparisons made in relation

to the basic simulation results within each management regime (values in brackets), and in

addition the non-cooperative model results were used as reference results for assessing the other

management regimes.
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Table 4. Relative effect (%) of an increase by 100% in commercial sales of NTFPs (I) and an
increase by 100% in market selling prices ofNTFPs (II) on discounted net benefits from miombo

der alternati . . p. dactrvities un er a ternative regimes In In anganga
Commercial Household Total annual Benefits per

Management annual benefits" annual benefits benefits capita Jer day
Regime I II I II I II I II

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Non-cooperati ve (0.2) (-0.6) (-1.0) (-0.2) (0.0) (-0.5) (3.6) (4.7)

88.0 0.0 94.0 109.1 89.2 89.6 94.4 93.5
Cooperative (-11.8) (0.0) (-6.9) (0.7) (-10.8) (-10.9) (-2.2) (5.8)

51.8 52.2 35.2 34.9 48.6 48.8 41.3 40.9
Environmental (-48.1) (-0.2) (-65.2) (-0.2) _(-51.4) (-51.5) (-57.2) (12.3)

97.4 98.3 100.7 99.7 98.0 98.6 100.7 99.7
Social (-2.4) (0.1) (-0.4) (0.7) (-2.0) (-1.9) (4.3) (4.3)
Social and 97.3 96.8 96.7 78.6 97.2 93.2 97.2 80.4
environmental (-2.4) (-0.4) (-4.3) (-10.9) (-2.8) (-7.2) (0.7) (17.0)
"The figures in parentheses represent the percentage of change at the end of simulation
comparing with the basic scenario.

An increase in the commercial sales ofNTFPs (scenario I) did lead to changes in the ranking of

the management regime within each sector, while an increase in market prices ofNTFPs did not

lead to a change on the ranking. With regard to discounted net benefits to the commercial sector,

raising the commercial sales of NTFPs or market prices by 100% reduced annual discounted net

benefits under all management options compared to the non cooperative regime. The largest

reduction was observed under the command model with environmental concerns, where the

discounted net benefits relative to base scenario were reduced by 27% for environmental

management regime. These results conform to a priori expectation since selling NTFPs

contributed to household economic benefits derived from miombo forest for the householder

sector. This scenario was in favour of the household sector, meaning that in addition to the

restriction on harvesting implied by the environmental concern, the commercial sector is

indirectly penalised by the social consideration favouring the household sector.

The household annual discounted net benefits from selling of wood products from miombo

activities show decreased behaviour across all alternative management regimes and the total per

capita per day (selling of wood and non wood products) increased, compared with basic runs.

The command regime, accounting only for environmental benefits, is the least beneficial, with

discounted net benefits being decreased by 47.2% and 0.64% relative to the base scenario. The
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net benefits attain their highest value under the social and environmental management option.

The observed increase in household benefits per capita per day from miombo activities is caused

by an increase in harvesting ofNTFPs and less converted area to agriculture.

Using the non-cooperative model as a reference (the current management practice) the command

model incorporating environmental benefits is the least beneficial, while the command with

social and environmental concerns and the cooperative models were the most beneficial. The

increase by 100% in commercial sales and prices of NTFPs could lead to an increase in

household per capita benefits between 3% to 8% and it is not enough to reach the poverty line

(one US$ per day per person), showed that forest policies on NTFPs by themselves in

Pindanganga do not address the poverty problem of the local communities. In terms of per capita

benefits, raising market prices of NTFPs had a similar effect as the effect of increasing the

amount ofNTFPs sold.

The average volume of miombo logs harvested by the commercial sector did not change under all

management options, except to the command with environmental concerns (Table 5) as a result

of a harvesting restriction imposed by the management plan. The largest decline is observed

under the command model incorporating environmental benefits. Comparing the alternative

management options with current practice (non cooperative model), the largest harvest volume

decline is observed under the command model incorporating social and environmental benefits,

while the volume harvested is least sensitive to increase selling amount and prices of NTFPs

under the command model with social concerns.
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Table 5. Relative effect (%) ofa 100% increase in commercial sales (I) and 100% increase prices
of NTFPs (U) on average annual volume of miombo wood products harvested under alternative

. . p. dmanagement options In In anganga
Convert

Management ed Standing Amount of Harvested Volume (rn')
Regime land" miombo

(ha) (ha) charcoal bags Commercial Household Charcoal
I II I U I U I U I II

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Nc. (-0.4) (0.4) (-0.3) (0.7) (O.O)_ (O.O) (-0.6) (0.4) (-0.6) (0.4)

108.9 108.0 105.3 104.2 100.0 100.0 100.7 99.7 96.8 95.9
cOOP. (8.5) (2.5) (4.9) (-0.9) (0.0) (0.0) (0.1 ) (2.3) (-3.8) (2.3)

30.6 30.4 156.7 155.1 59.6 59.5 30.8 30.5 30.8 30.5
CM-E (-69.5) (-0.5) (56.1) (0.1) (-40.5) (-0.1 ) (-69.4) (-0.1 ) (-69.4) (-0.11

100.9 100.0 104.2 103.0 100.0 100.0 101.1 100.1 101.1 100.0
C;M-S (0.4) (-0.2) (3.8) (0.1) (0.0) (0.0) (0.5) (-0.2) (0.5) (-0.2)

93.2 91.1 108.3 108.4 100.0 100.0 93.3 91.2 93.3 91.2
CM-SE (-7.2) (-14.6) (8.0) (-2.0) (0.0) (0.0) (-7.3) (6.0) (-7.3) (19.8)
a The figures in parentheses represent the ranking of the management regime on the basis of
annual net discounted benefits within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =

Command social, CM-SE = Command social and environment.

The impact of increasing the commercial sales or prices of NTFPs in mitigating deforestation

was most pronounced, as expected, under the command model incorporating environmental

benefit. This management option showed the highest percentage of the area of standing miombo

woodlands at the end of the simulation. The increase in commercial sales and prices were least

effective in mitigating deforestation under the non-cooperative model. These results seem to

suggest that the management options which will minimise conflicts (command social

environment and cooperative model) between multiple objectives were the most beneficial.

3.3. The impact of extra-sectoral policies on the well being of stakeholders, resource use

and conservation under alternative management regimes.

The extra-sectoral policies considered in this research are agricultural performance and off-

miombo employment opportunities. Agricultural policy changes due to the strong link that exists

between subsistence agriculture and miombo woodlands. Agriculture is one of the main causes of

deforestation in Mozambique (Saket, 2001). Off-miembo policy changes due to the influence on
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the pressure on miombo use to sustain the communities (Kaimowitz and Angelsen, 1996).

In this section the impact of agricultural performance (technology changes in agriculture which

lead to price increases of 25%) on stakeholders' benefits, and deforestation in miombo activities,

is analysed. The relative results are summarised in Tables 6 and 7.

Table 6. Relative effect (%) of an increase by 25% in agricultural prices on discounted net
b fi f . b der alternative rezi Pi dene its rom rmom 0 actrvines un er a ternative regimes In In anganga
Management Commercial Household Total annual Benefits per
Regime annual annual benefits benefits capita per day

benefits"
100.0 100.0 100.0 100.0

Non-cooperative (-O.l) (17.2) (3.3) (16.2)
88.2 96.0 89.9 96.0

Cooperative (-O.l) (21.8) (4.3) (20.6)
74.6 49.l 68.9 51.4

Environmental (43.4) (65.0) (46.5) (56.6)
97.7 102.1 98.7 101.9

Social (-O.l) (19.3) (3.8) (18.3)
Social and 98.0 102.4 99.0 102.5
environmental 11.4) (69.6) (11.7) (65.5)

"The figures in parentheses represent the percentage of change at the end of simulation
comparing with the basic scenario.

As can be seen in Table 6 presented above, an agricultural increase in the revenue by 25% has

reduced the benefits of the commercial sector, comparing increased household benefits for the

cooperative and non cooperative management regimes and reduced area of standing miombo at

the steady state, when compared to base scenario. The response to a price increase in forest

conversion to agriculture is more pronounced under the command model incorporating

environmental benefits. The model's prediction conforms to Barbier's (2000) observation that in

low input agriculture, an increase in output prices will promote the area expansion instead of

intensification at least in the short term.
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Table 7. Relative effect (%) of an increase by 25% in agricultural output prices on charcoal
production and volumes harvested by the stakeholders under alternative management options in
Pindm anganga
Management Amount of Converted Standing Harvested Volume 1m_1
Regime charcoal bags" land miombo Commercial Household Charcoal

100.0 100.0 100.0 100.0 100.0 100.0
Non-cooperative (-3.9) (4.2) (-2.2) (0·01 1-1.3) 1-3.~

98.2 108.5 107.1 100.0 101.7 98.2
Cooperative (0.4) (6.9) (-1.0) (0.0) (2.7) (0.42_

44.6 44.7 96.7 85.5 44.6 44.6
Environmental (39.7) (52.0) (-39.4) (43.4) (43.5) _[39.?l

101.9 102.0 107.1 100.0 101.9 101.9
Social (-2.7) (5.7) (1.1) (0.0) (-0.1) 1-2.?l

99.5 99.6 107.7 100.0 99.5 99.5
Social and envir. (25.2) (-3.2) (-5.4 ) (0.0) 113.~ 125.~
• The figures m parentheses represent the percentage of change at the end of simulation
comparing with the basic scenario

3.4. Interaction between sectoral and extra-sectoral policies

The relative results on the impact of the interaction of extra-sectoral and sectoral policies on

stakeholders benefits and woodland resources are presented in Tables 8 and 9. The policy

combinations analysed were increase on selling market prices of NTFPs and agricultural output

prices simultaneous by 25%. The ranking of the management regimes within each sector

compared with the base scenario when prices ofNTFPs increased were no changed. The ranking

was changed when commercial sales or agricultural output prices were increased.

Table 8. Relative effect (%) of the combined increase in selling market prices of NTFPs and
agricultural output prices by 25% on discounted net benefits from miombo activities under
I . . . P' da temanve regimes m m anganga
Management Commercial Household Total annual Benefits per
Regime annual benefits" annual benefits benefits capita _Q_erd'!Y_

100.0 100.0 100.0 100.0
Non-cooperative (-0.6) (16.5) (2.7) _{l6.9)

88.8 96.4 90.5 96.6
Cooperative (0,0) il2.3) (4.4) (22.2)

74.9 49.4 69.3 52.0
Environmental (43.4) (-42.4) (46.4) (59.4)

98.9 102.4 99.7 102.2
Social (0.6) (19.3) (4.3) _(19.42_
Social and 98.3 102.3 99.2 102.2
environmental (1.2) (19.2) (11.3) 166.0)

• The figures in parentheses represent the percentage of change at the end of simulation
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comparing with the non cooperative management alternative under the basic scenario.

Impact of a simultaneous increase in selling market prices of NTFPs and agricultural output

prices by 25% under ceteris paribus affected the commercial sector indirectly through labour

supply. It affected directly the household sector which performed both activities. The annual

household discounted net benefits from wood products increased for all management regimes in

relation to the base scenario, except for environmental regime. The household net benefits per

capita per day from wood, NTFPs and agriculture increased for all management regimes in

relation to the base scenario, except for the environment regime. In the case of the commercial

sector, the annual discounted net benefits increased, except for command with environmental

concerns and cooperative.

The maximum harvested volume for the commercial sector was not affected by these policy

changes and were expected as a consequence of the restriction incorporated in the model for the

allowed cut volume of commercial timber (in accordance with the management plan). The total

volume harvested by the household had increased compared to the base scenario, except for

environmental regime.

With regard to the combination of the policy impact on the woodland resource, it was observed

that the standing woodland decreased in relation to the base scenario, except for the command

with social concerns. This reduction was due to the significant impact of the agricultural price

increase and to the relatively lower weight ofNTFPs prices compared with agricultural products

(maize and sorghum) and wood products (timber, charcoal and poles). Land conversion to

agriculture (Table 9) resulting from the increase in agricultural output prices has increased, as

expected. The increase in net benefits from wood products to the household sector resulted from

the wood obtained in the process of land conversion to agriculture.
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Table 9. Relative effect (%) of the combined increase in selling market prices of NTFPs and
agricultural output prices by 25% on resource use under alternative management options in
P' d a10 anganga
Management Converted Forest Amount of Harvested Volume (nr')
regime

land standing charcoal Commercial Household Charcoal
area bags

100.0 100.0 100.0 100.0 100.0 100.0
NC (3.8) (-3.4) (-4.3) (0.0) (-1.7) (-4.3)

109.0 108.5 98.6 100.0 102.1 98.6
COOP. (6.9) (-1.0) (0.5) (0,0) (2.7) (0.5)

44.9 98.0 44.8 85.5 44.8 44.8
CM-E (52.0) (-39.3) J39.8) (43.4) (43.6) (39.8)

102.0 108.4 102.2 100.0 102.2 102.2
CM-S (5.2) (1.0) (-2.8) (0.0) (-0.2) (-2.8)

99.2 109.5 99.1 100.0 99.1 99.1
CM-SE (-3.9) (-5.0) (24.2) (0.0) (12.9) (24.2)
a The figures 10 parentheses represent the percentage of change at the end of simulation
comparing with the basic scenario

Cropper et al. (1997) and Panayotou and Sungsuwan (1994) found similar results in two separate

studies on deforestation in Thailand. Deininger and Minten (1996) in Mexico found also a

significant positive relationship between deforestation and agriculture revenue increase.

4. Discussion

Four different models applied to management of miombo woodlands in the southern Africa

region were identified, namely: (i) A dynamic game theoretic model for miombo woodlands

(Sumaila and Kowero, 2001), (ii) Goal programming model for miombo woodlands (Nhantumbo

and Kowero, 2001); (iii) The miombo Ecosystem and Land Transformation model - MELT

(Desanker, 2001); (iv) A simulation model of miombo woodland dynamics under different

management regimes in Zimbabwe (Gambiza et al. 2000).

The dynamic game theoretic model developed in this research differs from the model developed

by Sumaila et al. (2003) by taking into account the following aspects: dynamics of human

population, agricultural and forestry price dynamics, demand for poles is restricted compared

with firewood and charcoal, demand from the commercial sector is restricted according to the

allowed harvest cut established in the community management plan, the effect of transaction

costs on the cooperative management regime which affects the harvesting levels of the two
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sectors, charcoal production efficiency, harvesting technology efficiency, the dynamic of non-

miombo activities over time, highlights the conflict between householder and commercial sectors

through variation in diameter class of tree species used for logs, charcoal, firewood and poles,

and the model accounts for the benefits from the NTFPs.

The mechanism of diameter class segregation included in the model allows to constrain the

timber harvested by the commercial sector, according to the Forestry and Wildlife Policy which

states that the trees can be harvested for logging only if they have a diameter breast high bigger

than 30 cm. It also highlights the conflict between the charcoal producers of the household sector

and the commercial sector for the some tree sizes.

Mlay et al. (2003) found that the cooperative management regime is the second best management

option in terms of private benefits and total benefits for the two sectors in Dondo, Nhamatanda

and Gondola-Manica districts. In this research, the cooperative option is ranked as the third

option (and therefore less attractive) due to inclusion of the transaction costs in the analysis.

Implications of alternative management arrangements

The alternatives analysed for managing miombo woodland resources reflect either on-going

practices or practices in their early stages of introduction. The experiences of centrally regulated

regimes in Mozambique have not been effective in redressing deforestation, land degradation and

conservation. Although the government has the obligation to defend society-wide interests, in

natural resource conservation and use, the experience shows that the policies adopted and

instruments used for their implementation have been ineffective. The fact the social and

economic benefits implied by the regulation are not felt at community level gives an incentive for

non-compliance which in turn is facilitated by lack of institutional and financial capacity for

enforcement (Mlay et al., 2003).

In the implementation of CBNRM, the principal aim is biodiversity conservation, and the

involvement of the community is viewed as strategic to minimise the problem of natural resource

degradation, given that the classic and centralised system of natural resource management in

Mozambique has shown itself inefficient in promoting and guaranteeing sustainability. The

approach works by involving other stakeholders, in particular rural communities (Serra, 2001).
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The fact that the regulated management regimes which take into account social needs or both

social and environmental needs are potentially more beneficial to the household sector than open

access, suggests that if these benefits were to flow to the local communities, non-compliance to

sustainable forest management activities could be minimised. This can be guaranteed under

decentralised management with local community participation but with clear definition of a

benefit-sharing arrangement. The cooperative management regime which already has a legal

support for property right protection needs to be promoted in association with policies and

regulations which bring incentives to increase the benefits from activities related with NTFPs,

such as honey production, keeping domestic animals, and the sale of thatching grass.

The results show that improvement in well-being and resource conservation can be achieved with

sound management practices. Regulated management regimes incorporating social or social and

environmental benefits provide higher benefits to the household sector than the open access

regime. This means that if can potentially improve the well-being of the rural communities and

encourage woodland conservation if these benefits were felt at the community level. Mlay et al.

(2003) have found a similar results for centre of Mozambique, while Kachule et al. (2001) found

the same for Malawi.

The results of this research indicate that the levels of deforestation are greater under open access

regimes. Kaimowitz and Angelsen (1998) using analytical models also found similar results. The

cooperative management regime, taking into account the transaction costs, shows that both the

local communities and the commercial sectors can gain under this arrangement. The stakeholders

benefits found in this study are inferior to the benefits found by Mlay et al. (2003). This can be

explained by inclusion in this model of transaction costs, diameter class segregation and

population dynamics over the rotation period. In the case of Mozambique, where the Forest and

Wildlife Law permits communities to enter into partnership with the private sector in its

exploration of natural resources, the results show that such cooperation is potentially beneficial

to local communities if properly implemented.

Sectoral policies in the form of commercial sales and prices of NTFPs manifest their impact on

the woodland resource mainly through the household sector activities in the form of an increase
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in household benefits from harvesting wood and non-wood products. The amount of wood

products harvested has reduced slightly.

The extra sectoral policies, particularly those directed to promote agricultural production, can

have a positive or negative effect on forest development. Angelsen et al. (1996) in their study of

19 Tanzanian regions have found a significant increase in cropped area with increases in

agricultural prices. Kaimowitz and Angelsen (1998) stated that agricultural price increases,

without significantly altering the demand for labour or capital, increase the amount of woodland

cleared by each household. Our results show that modest price increases in agriculture promote

agricultural production through land expansion. Reduction in land clearing for agriculture is

achieved only if improvement in agriculture production technology leads to a large increase in

productivity. Another important issue to note is that the impact of these policies on the woodland

resources and the welfare of stakeholders is influenced by the management regime in place.

The impact of the management regime and policy intervention on the welfare of stakeholders and

on the ecology of the woodland resources will depend on the natural resource endowment, and

the initial socio-economic conditions on the ground. Policy changes in the household or

commercial sector are likely to affect the state of affairs in other sectors. While the general

direction of policy or institutional change can be predicted, the actual impact will reflect the

initial conditions which are site specific. In addition, the results show that there is no

management regime capable of satisfying all goals of the stakeholders, meaning that some trade-

off between goals is necessary. This means that a clear definition of priorities is necessary.

5. CONCLUDING REMARKS

This study shows that improvement in well-being of rural communities and resource

conservation can be achieved with sound management practices. The cooperative management

option or CBNRM is potentially beneficial to local communities if properly implemented and can

improve the rural livelihoods and the woodland resource condition. Sectorial policies targeting

NTFPs can lead to an increase in per capita benefits of the household sector by 1% to 5%. Extra

sectorial policies promoting an increase in agricultural selling prices without any other incentive

leads to agricultural expansion. A combination of these two policy instruments under ceteris

paribus condition can improve the well-being of the rural communities by 10% to 25%, but
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cannot reach the poverty line (one US$ per capita per day). The study is deterministic and thus

cannot be expected to give a perfect picture of the study area. Nevertheless, the results of this

study provide the relevant forest managers alternative scenarios, which they can use in their

selection of appropriate resource management practices
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IMPACT OF CHARCOAL PRODUCTION ON WOODLAND RESOURCE USE IN
MOZAMBIQUE:

CASE STUDY OF PINDANGANGA AND SAVANE

Falcao, M.P.!; Sumaila, R. U.2 and Geldenhuys, C. J.3

ABSTRACT

A case study was carried out in Pindanganga, and Savane, central Mozambique, to analyse
the impact of alternative management regimes and sectoral policies that lead to increased
charcoal production efficiency, the well being of stakeholder's and woodlands conservation.
A dynamics game theoretic model, MIOMBOSIM, based on game theory and implemented in
POWERSIM was developed. The analysis is based on a simulation model of human
population and forest dynamics, costs, household consumption, outputs and input prices,
using data from field surveys and the literature. The effects of charcoal production efficiency
increase by 10% and 30% were also simulated. The modelling approach chosen allows to
evaluate management regimes taking into account the stakeholders interest, which are often
conflicting.

This study shows that improvements in well being and resource conservation can be achieved
with sound forest management practices. The cooperative management option also known as
community based natural resource is potentially beneficial to local communities if properly
implemented and can improve the rural livelihoods and the woodland resources condition. It
shows also that regulated forest management regimes where, both profits and social benefits
are considered, are potentially more beneficial to the household sector than the open access
regime. An increase by 10% and 30% of charcoal production efficiency can lead to a small
increase in per capita benefits. This increase is not enough to lift the households above the
poverty line of one dollar per day per person. This means that forest policies dealing with
increases on charcoal production efficiency by themselves are not appropriate to address the
poverty problems of rural communities.

KEY WORDS: Game theory, joint/separate management regimes, efficiency.
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1. INTRODUCTION

1.1. Sustainable forest management in Mozambique

The Mozambican government has been effecting institutional changes over the past two

decades in the search for adequate policies and strategies for the management of its natural

resources. In 1997 the government approved a new Land Policy, followed by Environment

Law (1997), a National Forestry and Wildlife Policy (1999) and, in 2000, the Decree Law of

Administrative Decentralisation (Decree Law No. 1512000) to guide the management of the

natural resources [1].

The new National Forestry and Wildlife Law (1999) empowers local communities to own

and participate in the management of natural resources through community-based natural

resources management (CBNRM) initiatives. It establishes a process of participatory

management of resources in which a management council (conse/ho de gestilo) is created,

which includes members of the community, local government, private operators, and other

associations (Article 31, No.1).

To date, the State intends to manage the natural resources as joint ventures with the private

sector and the local communities [2]. The first Community Based Natural Resource

Management (CBNRM) project experience in Mozambique was launched in 1994 in the

community of Bawa, in the Tete Province [3]. The project was an attempt to solve a conflict

that already existed between local inhabitants and wildlife as well as a conflict between a

Safari operator and local people, to control or minimize poaching which came from a number

of sources such as local residents, Zimbabweans and Zambians, and police and other

government officials. The relative success of this programme has encouraged the rapid spread

of new projects over the country. For instance, four years after the establishment of the

project, about 40 projects were being implemented by different government institutions and

local and international NGOs through the financial support of international donors [3,4].

1.2. Objectives and problem statement

The general objective of this study is to assess the social-economic and environmental

impacts of the use of woodland resources and identify the most appropriate management
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regime in a way that satisfies the achievement of the goals of the stakeholders in Pindanganga

and Savane. This study has the following specific objectives: (i) identify the most appropriate

management regime and evaluate the social-economic and environmental impacts; (ii)

evaluate the impact of increased charcoal production efficiency on well-being of

stakeholder's and woodland use and conservation.

This study is motivated by the fact that there is scanty information on the impact of increased

charcoal production efficiency on local community involvement in the management,

biodiversity and stakeholders well-being.

2. METHODOLOGY

2.1. Study sites

Pindanganga and Savane are located at Gondola and Dondo Districts, respectively, which are

the major suppliers of construction material (poles and thatching grass) and charcoal to

Chimoio and Beira cities. Both study sites are located at the centre of Mozambique along the

Beira Corridor. They are relatively rich in both forest and wildlife natural resources and the

miombo forest area covers 15,000 ha (34 m3/ha) in Savane and 36,512 ha in Pindanganga (37

m3/ha). The Pindanganga area is currently under a community based forest management

program. Savane area was managed as a timber forest concession by MOFLOR Company

("Mocambique Florestaf') until 2002 and currently is managed by the government as an open

access area.

For Pindanganga site, the climate is characterised as cool and wet; the mean annual

temperature is 21.50C with average maximum of26.60C and average minimum of 160C. The

cooler months start in May and end in August and the hotter months start in September and

end in April. The mean annual precipitation is about 1,080 mm. The dry season starts in May

and ends in September [6]. There are two main soil types in Pindanganga: brown-grey sandy

soils with some organic material and brown-red sand with a low deep and low organic

content.

The climate in Savane is characterised as wet tropical; the mean annual temperature is 24°C
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with an average maximum of 32DC and an average minimum of 20DC. The cool months start

in May and end in August and the hotter months start in September and end in April. The

average total annual precipitation is 900 mm, concentrated in January and February. The dry

season starts in May and end in September [6, 7]. The predominant soil types are brown-grey

sandy soils and low organic content, with low fertility and low water detention capacity.

On both study sites from 1980 to 1994 the rural communities lived in a civil war situation.

Unforeseen large population concentrations were created around most of the large

settlements, within relatively safe corridors. High levels of damage took place in the forest

cover as a result of harvesting wood for fuel, timber harvesting, building materials, and

through forest clearing for agriculture. Table 1 indicates the population size and the

agricultural plot size on the sites.

Table 1. Demographic data and average agricultural plot size of typical household in Savane
dp· dan In anganga

Item Savane Pindanganga
Number of habitants per site 1,858 2,331
Average family size 6 6
Average farm size (ha) 2.6 3.5
Source: [10], [9]

For both sites, land has been under state ownership since Independence in 1975 but, as for

much of rural Mozambique, the land is governed by a traditional system based on lineage and

headed by chiefs. To acquire land one has to make a request to the relevant traditional

leaders. However, the forest is considered as common property, and everyone has the right to

harvest and use forest products and services as long as they respects the sacred forests [1].

Lower soil fertility in MOFLOR area which affects the agricultural productivity and

conditions for cattle grazing, proximity of this area to a bigger market for forest products less

endowed forest resource area are the main factors which are likely to make the two sites to

behave differently under different management regimes or policy intervention.

2.2. The Dynamic game theoretic model

In the conceptual model two groups of stakeholders are identified, the private/commercial

sector and local community/household sector who assumed to be are under the control of a
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regulator (the government). The government can be at the central/local/village level or any

other authority and is assumed to have as objective the maximisation of society benefits,

which include direct economic benefits, social benefits and environmental protection from

the use of miombo resources on a sustainable basis. The community's interest in miombo

woodlands is assumed to be based on the benefits that they can derive from wood and non

timber forest products harvested for consumption and sale, while the private sector's interest

is motivated by the profit derived from logging activities. A summary of the three different

versions of the model is presented below, based on some assumptions on the relationship

between the user groups and the regulator. The decision-making by the household and

commercial sectors on the use of miombo woodlands as defined in the theoretic games. It is

assumed that a fixed area (Nt) is available to the communities of which Na is under

agriculture cultivation and Nmis forested miombo woodlands.

The decision process of the commercial sector involves the determination of the amount of

timber to harvest annually (He) from the N, hectares of miombo resource available to

maximize the annual net benefits. The household sector is interested in maximizing utility of

time (maximizing benefits). They first decide on the amount of forest area available to be

concerted into agriculture in order to maximize their utility over time, secondly how much of

the miombo area is going to be cleared for agriculture (Ha) and how much is for harvesting

wood products (Hm) and NTFPs (thatching grass and honey) and, lastly for the remaining

stading miombo area, how much is going to be allocated for poles harvesting (Hpo) and

charcoal making (Heh).

Three principal game theoretic models are applied to study the use of miombo woodland

resources, namely, a command model, a cooperative model ïjoint management) and a non-

cooperative model (separate management). Each is briefly presented below.

a) Command model

This model assumes that the regulator (e.g. a central or local government) can dictate the

behaviour of the two sectors directly (decisions are centralised) through the allowable cut

established in the management plans of sites. The society wide net benefits are maximised

through the choice of the amount of labour to be used by the commercial and the household

sectors in each year over the time horizon of the analysis. The amount of labour employed

defines the volume of wood products to be harvested by each sector. The volume of forest
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products according to the management plans is the decision variable that the government uses

in managing these resources.

The maximisation of the total equivalent annual net discounted benefits (Bt) is represented in

equation 1 and it is subject to the usual ecological, household constrains (equations 2 and 4)

and non-negativity.

T

A(_axI [Bt ]Pt-I D
Lh.Le t=1

(I)

In the above equation:

Bt = [Be {Ha,t )+ Bh (Ha,t)+ Bs {BeHa s>o.n,)-BBe(H~,t,H:,t)]
1

Pt-I = (1+ rY-I -P« = 1,1 = I,...,T.

D = r(1+ ry
(I+ ry -I

where

p = discount factor

r = discount rate

D = factor to convert the net present value of the benefits to an annual value over the

harvesting period.

Depending on the values assigned to parameters 8c , 8h and 8, different scenarios of the

command model can be looked at. Here, we look at three scenarios, namely, the scenario in

which the regulator is directly concerned with profits, social and environmental benefits but

favouring the household sector (8c =0, 8h =1, and 8=1), the scenario in which both profits and

environmental benefits are considered «8c =0, 8h =0, and 8=1) and the scenario in which both

profits and social benefits favouring the household sector are considered (8c =0, 8h =1, and

8=0).

The benefits maximization denoted by equation (1) is subject to the usual ecological

constraints (equations 2 and 3), household constraints (equation 4) and the non-negativity.

the stock dynamics of miombo woodland is represented by equation (3.1) where the volume

of study miombo per class diameter in this period (Na,t) is determined by the volume in

previous class (Na-ht-I); the survival rate (s) that is assumed to be constant for all diameter
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classes, the volume in a given year (regeneration) and the amount of woodland resources

used in this period by the commercial H~,t and household H;,t users, respectively. No,o is

the initial standing volume of miombo at the start of the game, and E represents the miombo

Mean Annual Increment (MAl) to maintain the allowable cut of miombo. Equation (3)

describes the growth per diameter class over time of the miombo. The parameters e, Cl> and y

are ecological, they can be used to vary the quality of the miombo stand (Frost, 1996).

N2,t ~ sN1,(t_l) + N1,(t-l) - Ht(t-l)

N3,t s sN2,(t_l) + N2,(t-l) - H~,(t-l) - H;,(t-l)

(2)

where

Rt = any natural regeneration that takes place;

Na,!= volume in a class diameter a in a given year t (rrr').

(3.)

From now on the subscripts a (a = 1,.., A) and t (t = 1,.., T) will be used to represent tree

diameter classes and harvesting periods (cutting cycle), respectively. Note that A and T

denote the last diameter class and last harvesting period, respectively. The superscripts c and

h are used to represent private/commercial and household sectors, respectively. The

harvesting activities for the household sector are taking place on the second and third

diameter classes and for the commercial sector are taking place on the third and fourth

diameter classes.

(4)

Where L, is equal to total labour available by the household; La =labour required to cultivate

land currently under agriculture; L, =labour required for converting land to agriculture; and

Loff is required labour for off-farmloff-miombo activities.
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b) Cooperative model

Under the cooperative model that is participatory management of the natural forestry

resources, it is assumed that the two users (household and commercial sector) have incentives

to cooperate through joint maximisation of their benefits which are expressed as equivalent

annual income (EAI) as shown below. This relationship is subject to the usual ecological and

household constraints (equations 3.l and 3.5 described earlier) and the non-negativity.

T

¥._axI [aph,t-1B:" + (1- a )Pe,I_IB;,I]- Tc}D ,0::; a s: 1
Lh L, 1=1

(5)

Tc is the transaction cost of management of miombo woodland in a participatory way. The

value assigned to the parameter u reflects the relative weight given to each sector under

cooperative management. In this research the parameter u was assigned the value 0.5

according to [9]. It usually depends on the bargaining power of the user [Il].

According to [9], the householders and commercial sectors decision to jointly manage

miombo woodlands will depend on the additional net benefits gained relative to net benefits

forgone by not cooperating. The relative weight assigned to each sector in the cooperative

management regime is reflected by the preference parameter whose value varies from 0

(giving all weight to the household sector) to 1 (giving entire weight to the commercial

sector). Taking into account that the harvesting practice of the commercial sector is selective

while the household sectors' harvesting practice is non-selective, if the intangible benefits

through cooperation are taken into account, incentive for cooperation by the commercial

sector under lower values of the preference parameter is feasible, and thus a cooperation

management regime giving equal weights to the two sectors (0.5) will be used as reasonable

to reflect the level of cooperation.

c) Non-cooperative model

According to [9], in the non-cooperative model each of the different user groups or

stakeholders (commercial sector and household) is assumed to harvest independently without

taking into account the interest of other stakeholders. This model will be used to mimic an

open access management regime, currently the dominant management regime under which
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miombo woodlands are being exploited in Mozambique (DNFFB, 2003). The constrained

maximisation problem for household is presented in equation 6.

3 T

A(_axI I(Pc,t-lB;,t)D
Lh a=2 t=l

(6)

This relationship is subject to the usual ecological and household constraints (equations 3.1

and 3.5 described earlier) and the non-negativity.

Similarly, the non-cooperative management problem facing the commercial sector can be

stated as follows:

4 T

A(_axI I(Pc,t-lB;,t)D
Lh,Le a=3 t=l

(7)

Subject to the ecological and household constraints (equations 3.1 and 3.5 described earlier)

and non-negativity.

In the non-cooperative model in addition to all the es being zero, the first term in the stock

adjustment equation is set equal to zero.

The three models can be solved by introducing modified Lagrange multipliers and applying

non-smooth convex optimisation [12]. Simulation of the models is based on the numerical

approach applied in [13,14] using a system dynamics simulation package known as

Powersim, developed by ModellData AS in Bergen, Norway [14]3.

In the three models, Rural households are assumed to harvest wood products for energy

(firewood and charcoal), building poles, thatching grass and honey. Firewood is harvest by

the households mainly for their own consumption and charcoal for commercial purposes. The

number of charcoal bags (Hbg) produced from harvested miombo depends on the average

timber density of miombo trees (a = equal to 858 kg/nr' according to Bunstem, 1995), the

charcoal production efficiency (B); and the average weight of a charcoal bag (m). Timber

density for each tree species is indicated in Appendix A. This functional relationship is

3 Detailed description of the conceptualmodel is given in the PhD thesis of the first author of this paper
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expressed in equation (8). The gross income from miombo activities is expressed in equation

(9).

H _HaB
b -
g m (8)

Jm = P (~ HPOles) + ~ Hch P (B1 - B)
h,t P LJ a,t LJ 0,/ eh B

0=2 0=2

(9)

Where

Pp = Average roadside market price of poles (US$/m3)

a = Tree diameter class.

Hr:= Total volume of poles harvested at diameter classes two and three in a year

Pch = Average roadside market price of a charcoal bag (US$/bag)

B1 = New charcoal production efficiency (%)

a = Average timber density of miombo trees

The allocation of the total volume of harvested wood between poles (Hpo(a,t) and energy

(Hch(a,t) depends on the relative market prices of poles and charcoal and diameter classes. It is

given by equations (10) and (11), respectively. The market demand for poles is lower than for

the charcoal, although pole prices are higher and take into account the effect of relative

prices. The harvest amount of poles is constrained to the maximum average amount of poles

sold in the past years (500 m3 per year) in order to constrain the optimal amount of poles

allocated by the model. The amount of charcoal annual produced is restricted by the mean

Annual Allowable Cut (MAAC) established by the management plans. This figure was

established after asking the interviewed households and forest technicians about the harvest

levels of poles.

(10)

(University of Stellenbosch), who can be contacted for details.
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The amount of miombo harvested is a function of the volume of standing miombo (N(a,l)) per

timber class (a = 2 and 3) and labour allocated for this activity (Lm). A Cobb-Douglass

function used by Sumaila et al. (2003) was adjusted to include diameter segregation and is

expressed in equation (12).

3 1-1

H;I = Lqh(l + ih) N:IL~
a=2

(12)

Where

qh = household relative harvesting capacity parameter for removing miombo, is

assumed to be constant for all diameter classes;

ih = average growth rate of rural population (human population dynamics);

u, and 'I' are partial elasticities of production (they vary between zero and one). Each

assumed to be 0.5 in the model [9].

The amount of miombo harvested is limited to a maximum allowable cut established in the

management plans of the study sites, which was calculated based on the Mean Annual

Increment (MAl) of miombo forest in the study sites.

2.3. Model data requirements and data collection

The data requirements for the model are presented in Table 2. All coefficients used were

derived from the survey results. Data on population, area under forest cover, of miombo

employment and growth, commercial harvesting costs and discount factors have been

obtained from secondary sources. The human population growth in the study sites during the

first 20 years of the simulation period is predicted to be equal to 1.2%; for the next 10 years

1.5% and for the last 10 years 1.0% [10].
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Table 2. Data requirements for the simulation model

Data type Units Pindanganga Savane
Amount of thatching grass sold Bundles/yr 1,000 1,500
Average basal area of miombo forest m2/ha 6.9 5.2
Average family size 6 5
Average farm size ha 3.4 1.3
Charcoal production efficiency Percentage 13.7
Chicken price US$/unit 0.55 0.82
Chickens quantity sold by the all Unit/year 23,046 9,718
community
Discount factor [0.909;0.89] [0.909;0.89]
Existing agric land ha 6,317 2,903
Forest area ha 36,512 15,000
Goat _price US$/unit 6.1 12.4
Goat quantity sold by the whole community Unit/year 4,754 662
Harvesting cost by commercial sector US$/m3 2.5 2.5
Honey price US$/litre 0.51 N.U.
Honey quantity Litres 10,000 N.U.
Number of families per site Persons 1,858 2,233
Off miombo labour Percentage 0.008 0.005
Wage rate US$ per year 405.6
Pig price US$/unit 9.2 8.2
Pigs quantity sold by the whole community Unit/year 1,153 207
Price grass US$/kg 0.01 0.01
Price of charcoal US$/m3 1.7 1.7
Price of poles US$/m3 2.05 2.05
Price of standing miombo US$/m3 11.5 11.5
Regeneration (survival rate) 0.012 0.92)
Agricultural revenue J)er hectare US$/ha 126.0 117.7
Subsistence income for community US$ 677,470 732,531
Transaction cost (fixed cost) US$/ha 2.26
Total man-days/year in the community Mandays/yr 1,657,283 2,172,378
N.U. =Not used/sold by the local community.

2.4. Field work

The study sites were selected to capture the following features: presence of miombo

woodlands; the degree of access to transport and markets; presence of commercial logging;

and presence of activities of exploration of forest products (wood and non timber forest

products) for sale by households. The target population is defined as households who use

miombo woodlands for agriculture and/or for extraction of wood and non-timber forest

products for household consumption and sale. In this study the sample unit was a household.

For data collection, the sampling method involved a random selection of households from

listings prepared by village leaders in accordance with the definition of the target population.

According to [15], if the total number of households is bigger than 1000, the suggested
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sample should be at least equal to 50 households. The total sample size for the study is 108

households of which 54 were selected from villages or zones in Pindanganga, and the

remaining 54 from villages in Savane, out of 1,858.0 and 2,233 listed households in

Pindanganga and Savane, respectively. Since conditions were considered to be more or less

uniform, inter-village variation was assumed minimal and hence there was no need for

stratified or multi-stage sampling.

To accomplish this research a combination of methods was used to generate the required

information. Thus the data were collected from both primary and secondary sources. A

structured questionnaire, checklists for formal interviews and informal discussions and

participant observations were the methods used to gather information from primary sources.

The questionnaire was used to collect data from sampled households in face-ta-face

interviews. It investigated aspects of household consumption of wood products and NTFPs,

activities, labour distribution by sex and age, management of miombo trees, and selling

activities. The checklists were used for focused discussion with key stakeholders including

relevant district officers and village government leaders, and local foresters. The survey was

carried out from September to November over a period of 12 weeks in 2002 and 2003.

The data collection was related to crop yields, wood and NTFPs prices were collected at

Provincial and District Directorate of Agriculture and Fisheries. An appraisal in various

urban markets and rural roadsides gave latest market prices of construction material (poles,

bamboo and grass), fuelwood (charcoal and firewood), logs, and honey coming from the

study areas. The actual surveyed farms did not collect the information regarding crop yields

due to the fact that farmers often had difficulty even recalling within-year information on

resource use when the operations have been conducted for several months preceding the date

of interview.

In the survey, the transaction cost was determined based on the objectives and working

experience of the Pindanganga community based management program. For this program the

information related to the composition of local committee members, number of meetings per

month/year, the human and financial resources used, number of people involved in patrolling

and monitoring the miombo woodlands and in enforcing the transaction.

Charcoal efficiency was measured based on a random sample of 23 earth kilns. For

estimating the charcoal yield, the following measurements were taken: the number of trees
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harvested; the length of the logs and branches prepared to go to the kiln; the diameter at mid-

point of the length of all logs prepared to go to the kiln; the numbers and mass of the charcoal

bags produced.

The subsistence income for the community was estimated based on total number of

households in the community, the typical household size and composition by age and sex,

consumption basket of food and non-food items, the minimum per capita caloric

requirements established and local market prices. The calories for the typical household was

converted to quantities of products and the monetary values were assigned using local market

prices.

3. RESULTS

3.1. Basic simulation results

Data used for the basic simulations were taken directly from the fieldwork report and

questionnaires or calculated from there. The impact of management regimes on the

stakeholder's benefits, resource use and conservation is presented below.

a) Impact of different management regimes on stakeholder benefits

The effect of management options on Equivalent Annual Net Discounted Benefits (EANDB)

of the stakeholders from miombo activities varies in terms of quantity and distribution

between the two sectors (Table 4). The difference in benefits between the two sectors reflects

the different market values of the products harvested and harvesting capacity. The

commercial sector derives more of the benefits under the non-cooperative management

regime. For both sites, non-cooperative management regime (open access or status quo) gives

the highest annual discounted net benefits from harvesting wood products to the commercial

sector. According to [9], for the commercial sector, non-cooperative management regime is

not the best option, but they can get into cooperative management regime if the total benefits

(tangible and intangible benefits) and the penalties for non cooperation exceed the additional

benefits emanating from non cooperative management regime.
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TABLE 4. Equivalent Annual Net Discounted Benefits (EANDB) for commercial and
household sectors from miombo woodland activities in Pindanganga (I) and Savane (II)_

Forest Commercial sector Household sector EANDB
Site Management EANDB3

regimes" (US$ per annum) US$ per annum US$ per capita per day
NC (1) 443,519 (2) 107,469 0.0278
COOP. (4) 391,381 (3) 94,252 0.0257

I CM-E (5) 230,371 (5) 37,507 0.0106
CM-S (2) 433,173 (1) 107,761 0.0278
CM-SE (3) 428,266 (4) 76,086 0.0200
NC (1) 290,689 (1) 62,820 US$ 0.015
COOP. (3) 258,372 (3) 43,795 US$ 0.011

II CM-E (5) 15,587 (5) 2,235 US$ 0.001
CM-S (2) 290,447 (2) 61,826 US$ 0.015
CM-SE (4) 208,713 (4) 35,371 US$ 0.009

3 The figures III parentheses represent the ranking of the management regime on the basis of
EANDB's within each sector.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.

The two first options leading to highest equivalent annual discounted net benefits from

miombo activities to the household sector are the command regime incorporating social

concerns and non-cooperative management regime for Pindanganga and non-cooperative and

command regime incorporating social concerns for MOFLOR forest concession, depending

on site-specific conditions. These differences are mainly explained by the poor soil fertility,

which leads to poor crop yields and high market demand for forest products from Beira

market.

The regulated option for environmental reasons leaves all stakeholders with lowest benefits

in both sites. This makes sense whereby because of the emphasis put by the regulator on

environment concern, more of the woodland resources are bound to be preserved thereby

resulting in less benefits.

As can be seen in Table 4.32, the total benefits for both sites, if the objective is to maximize

stakeholder's benefits, the highest equivalent annual net discounted benefits are achieved

under non-cooperative management regimes. Equivalent armual net discounted benefits

reduced to US$ 267 877 and US$ 17,821 per annum for Pindanganga and Savane,

respectively, when the objective is resource conservation. Pindanganga stakeholder's

currently obtain more benefits because they have an abundant supply while MOFLOR area is

relatively poor resource base. Within the regulated management arrangements (CM-E, CM-S
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and CM-SE), depending on site-specific conditions, the management with social concerns or

with social and environmental concerns are potentially beneficial to local communities.

Table 4 reports the per capita household benefits from miombo sale of wood products and

NTFPs and, agriculture. The environmental and social environmental management regimes

are the least attractive. The best management regimes are command regime incorporating

social concerns, non-cooperative and cooperative, but under none of the management regimes

these benefits are superior to three percent of a US Dollar per day (97% below the poverty

line).

b) Impact of different management regimes on wood products harvested

The average volume harvested annually leading to maximum discounted benefits under each

management arrangement for the stakeholder's is presented in Table 5. As expected, the

trends correspond to those of benefits derived from these products. In comparison with the

non-cooperative model which represents the current practice, least volume was harvested

under the command regime incorporating environmental benefits. For the household sector,

the highest volume of wood products was harvested under command social in Pindanganga

and non-cooperative Savane.

Table 5. Impact of forest management regimes on forest resources and amount of charcoal
bags from miombo activities under alternative regimes in Pindangangs (I) and Savane (II)

Forest Converted Standing Amount of Harvested
Site Management land miombo charcoal Volume (m')

Regime" (ha)" (ha) bags Commercial Household Charcoal
NC (3) 236 (5) 3,891 (2) 25,546 6,000 11,666 8,329

I
COOP. (1) 250 (3) 4,118 (3) 24,000 6,000 11,403 7,825
CM-E (5) 72 (1) 6,070 (5) 7,833 3,577 3,577 2,554
CM-S (2) 238 (4) 4,031 (1) 25,706 6,000 11,739 8,381
CM-SE (4) 253 (2) 4,331 (4) 19,511 6,000 10,068 6,361

NC (1) 137 (4) 548 (1) 13,455 4,523 6,166 4,387

II ~OOP. (3) 109 (3) 829 (3) 9,568 4,449 4,559 3,120

~M-E (5) 10 (1) 14,625 (5) 1,002 485 459 327
Q_M-S (2) 132 (5) 583 (2) 13,025 4,518 5,969 4,247
CM-SE (4) 73 _(2) 1,552 (4) 7,136 3,242 3,270 2,327

3The figures in parentheses represent the ranking of the management regime.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.
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In terms of the impact of different management regimes on forest resources, the best outcome

with respect to ecological health of the woodland is achieved under the command

environment regime for both sites, followed by the command regime incorporating social and

environmental benefits. The cooperative management regime is the third best option. The

environmental concerns mean that a larger area of forest cover has to be maintained to meet

people needs, while protecting the environment. Deforestation is highest under the non-

cooperative and social regimes in Pindanganga and MOFLOR forest concession,

respectively. As expected, the regulated system incorporating only environmental concern

leads to the least deforestation for both study sites, but it is the option least attractive to the

household and commercial sectors in terms of benefits they derive.

Average annual forest area converted to agriculture for both sites is lowest under the

command regime incorporating environmental benefits. Depending on site-specific

conditions such as resources availability, soil fertility, human population size and their

dynamics, the management options that lead to more conversion of forestland to agriculture

are the non-cooperative, cooperative and command with social concerns.

The results on harvested volumes by the two sectors do not include the waste brought about

by harvesting practice or volume harvested for other basic household needs. The actual

volume of miombo removed by the household would include the trees lost by fire (during

charcoal making) and trees felled during land conversion to agriculture but not transformed

into commercial products or other wood products harvested for basic household needs.

Regarding the impact on volume of wood products harvested, as expected, the trends

correspond to those of benefits derived from these products. In comparison with the non-

cooperative model that represents the practice commonly used for a long term in the past,

least volume is harvested under the command regime incorporating environmental benefits.

For the household sector, the highest volume of wood products is harvested under the

cooperative model in Pindanganga and the non-cooperative model in MOFLOR concession.

The commercial and household harvesting volumes in the dynamic game theoretic models

were restricted according to the allowed cut established by the management plans. For the

commercial sector, the average annual harvest under the regulated regime with environmental

concerns explicitly incorporated was about 60% and 72% of the harvest under open access

for Pindanganga and MOFLOR, respectively.
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3.2. Policy impact under alternative management regimes

In this section, the results of sectoral policies impact on the benefits of stakeholders,

utilisation of miombo resources and the consequent impact on the resource are presented.

The sectoral policies considered here are those related to increase charcoal production

efficiency. A general improvement in the current charcoal production efficiency could be

brought about by, for instance, drying wood, better stacking methods, better process control

or introduction of new charcoal kilns types. To assess the impact of such an increase, the

dynamic game theoretic model was simulated with an arbitrary increase of 10% and 30% on

the current charcoal production efficiency (13.7%). The 30% increase was chosen in order to

target the average charcoal yield obtained in the South of Mozambique [16] and in Kenya

[18].

The impact of raising charcoal production efficiency on stakeholders annual discounted net

benefits from forest miombo activities are presented in Table 6. An increase in charcoal

production efficiency lead to increases on the discounted net benefits of households in

Pindanganga, for all management options. In Savane (less endowed forest resource area), the

increase leads to conflicting trends depending on the management regime.

Increasing charcoal production efficiency lead to changes in the economic performance of

management regimes in Savane relative to the basic simulation results. The largest increase

in the discounted net benefits was observed under the command model with social concerns

and social and environmental concerns, where the discounted net benefits relative to the base

scenario was increased by at least 40% for both management regimes. For non-centralised

options (non-cooperative and cooperative management regimes) the effect of charcoal

production efficiency increase was felt more on cooperative management regime. These

results conform to a priori expectation since the cooperative and the command with social

concern component favour the household sector, meaning that in addition to the restriction on

harvesting implied by the environmental management regime, the commercial sector is

indirectly penalised by the social consideration favouring the household sector.
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Table 6. Relative effect (%) of an increase by 10% and 30% of charcoal efficiency
production on Equivalent Annual Discounted Net Benefits from miombo woodland activities
under alternative management regimes in Pindanganga (I) and Savane (II)

Forest Commercial Household annual I Total annual I Benefits per
Managemen annual benefits benefits benefits capita per day
t Increase on charcoal production efficienc v a

Sit Regime" 10% 30% 10% 30% 10% 30% 10% 30%
e

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
NC. (0.4) (-0.2) (0.4) (0.4) (0.4) (-0.1 ) (0.4) (0.4)

88.3 88.9 93.2 93.7 89.3 89.8 93.5 93.9
I COOP. (0.5) (0.5) (1.3) (1.9) (0.6) (0.8) (1.6) (1.9)

52.5 54.3 35.3 36.5 49.1 50.8 100.0 39.4
CM-E (1.3) (4.2) (1.6) (5.0) (1.4) (4.3) (163.2) (3.8)

97.9 98.2 99.9 100.7 98.3 98.7 181.7 100.7
CM-S (0.6) (0.3) (0.1) (0.8) (0.5) (0.4) (82.4) (1.1)

97.2 97.1 96.2 96.8 97.0 97.0 179.6 98.8
CM-SE (1.0) (0.3) (36.4) (37.3) (6.4) (5.9) (150.5) (35.0)

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
NC. (-0.2) (-0.2) (0.0) (0.9) (-0.1 ) (0.0) (0,0) (1.3)

89.1 89.1 70.6 70.3 85.8 85.7 70.8 69.9
COOP. (0.0) (0.0) (1.3) (1.7) (0.2) (0.3) (0.9) (0.9)

II 5.6 5.5 3.6 3.6 5.3 5.1 3.7 3.6
CM-E (4.4) (1.8) (2.6) (2.4) (4.2) (1.9) (2.7) (2.3)

100.0 100.1 96.6 96.9 99.4 99.5 96.8 96.8
CM-S (-0.1 ) (0.0) (-1.8) (-0.7) (-0.4) (-0.2) (-2.0) (-0.7)

71.4 72.0 56.1 56.2 68.7 69.2 56.2 56.1
CM-SE (-0.7) (0.1) (-0.4) (-0.7) (-0.7) (0.2) (-0.5) (0.7)

a The figures within the table in parentheses represent the percentage of change at the end of
simulation comparing with the non-cooperative basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.

The command regime accounting only for environmental benefits continues to be the least

beneficial management option. The net benefits, attaining their highest value under non-

cooperative regime for all sites. The increase by 30% on charcoal production efficiency leads

to a very small increase in the benefits of all community. The increase in the per capita

benefits is not enough to raise the income of household members above the poverty line of

one dollar per day per person, showing that forest policies on charcoal production efficiency

by themselves under ceteris paribus condition can not address the poverty problem of the

local communities in the study sites. Poverty should be addressed using integrated and

sustainable use of natural resources.

b) Charcoal production efficiency impact on resource
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The impact of increase of charcoal efficiency production on management regimes, forest area

converted to agriculture and area remaining with standing miombo in Pindanganga and

Savane are given in Table 7.

Table 7. Relative effect (%) of a 10% and 30% increase in charcoal production efficiency on
resource use and conservation under alternative management options in Pindanganga (I) and
Savane (II)
Site Forest Converted land Standing forest area Charcoal bags

Management Increase on charcoal production efficiency a

regime 10% 30% 10% 30% 10% 30%
100.0 100.0 100.0 100.0 100.0 100.0

NC. (-0.1 ) (-1.4 ) (0.8) (-1.0) (9.8) (3l.l)
107.8 108.6 104.0 106.2 95.7 96.2

COOP. (1.8) (1.2) (-0.9) (-0.7) (1l.8) (34.2)
31.0 32.2 153.6 154.5 31.0 32.2

I CM-E (1.1) (3.4) (-0.7) (-2.0) (11.1) _(37.5)
100.3 101.4 102.7 104.9 100.3 101.2

CM-S (-0.4) (-0.6) (0,0) (0.2) (9.4) (31.8)
92.9 93.6 107.0 109.1 92.9 93.6

CM-SE (-13.4) (-13.9) (-3.0) (-3.0) (33.6) (60.7)
100.0 100.0 100.0 100.0 100.0 100.0

NC. (-0.5) (-0.7) (0.3) (0.1 ) (9.4) (32.0)
81.0 80.9 2,654.4 149.3 0.0 71.8

COOP. (1.0) (0.5) (-1.1) (-1.1) (10.8) (33.3)
II 8.2 7.2 52.2 2,456.6 52.2 7.2

CM-E (9.9) (-4.7) (-0.2) (-7.8) (20.7) (26.7)
96.3 96.6 107.4 106.4 98.3 96.6

CM-S (-1.0) (-0.9) (1.2J (0.2) (8.8) (31.7)
52.8 53.0 284.4 282.5 96.8 53.0

CM-SE (-0.9) (-0.8) (0.7) (-0.1 ) (8.9) (31.8)
a The figures within the table in parentheses represent the percentage of change at the end of
simulation comparing with the non-cooperative basic scenario.
b NC = Non-cooperative, COOP = Cooperative, CM-E = Command environment, CM-S =
Command social, CM-SE = Command social and environment.

The impact of increasing charcoal production efficiency in mitigating deforestation was most

pronounced as expected under the command model explicitly incorporating environmental

benefit. This management option produced the highest percentage of area of standing

miombo woodlands at the end of the simulation. The increase on charcoal efficiency was

least effective in mitigating deforestation under the non-cooperative model. These results

seem to suggest that the management options that will minimize conflicts (command with

social and environmental concerns and the cooperative) between multiple objectives will be

the most beneficial.
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In general, an increase in charcoal production efficiency leads to an increase in number of

charcoal bags produced for all sites and management options. The average volume of

miombo logs harvested by the commercial sector in Savane increases, while in Pindanganga

there was no change under all management options, except under the command with

environmental concerns. This was due to harvesting restrictions imposed in accordance with

the Pindanganga community and MOFLOR management plans. The largest increase was

observed under the command model incorporating social and environmental concerns.

Comparing the alternative management options with current practice (non-cooperative), the

largest harvest volume increase was observed under the command model incorporating social

and environmental concerns, only social concerns and cooperative while the volume

harvested was least sensitive to increase on charcoal efficiency under the command model

with environmental concerns.

4. Discussion

4.1. Dynamic game theoretic model

The dynamic game theoretic model developed in this research differs from the model

developed by [15] by taking into account the following aspects: dynamic of human

population, price dynamics of inputs and outputs in agriculture and forestry over time;

demand for poles is more restricted than that of firewood and charcoal; effect of transaction

costs on cooperative management regimes; charcoal production efficiency, harvesting

technology efficiency, the dynamic of non-miombo activities over time, highlights the

conflict between householder and commercial sectors through variation in diameter class of

tree species used for logs, charcoal, firewood and poles, and the model accounts for the

benefits from the NTFPs. The mechanism of diameter class segregation included in the

model allows to constrain the timber harvested for commercial sector according to the

Forestry and Wildlife Policy [2] states that the trees can be harvested for logging only if they

have a diameter breast high of more than 30 cm. It also highlights the conflict between the

household (charcoal producers) and the commercial sector for the some tree sizes.

4.2. Charcoal yield

All the charcoal in the study sites is produced by the traditional earth kiln method. The

method consists of the following steps: (i) locating suitable trees; (ii) choosing the right place

to build the kiln i.e. flat and sandy soils and closer to the trees; (ii) cutting the trees and
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transporting them to the kiln site; (iv) gathering material necessary for kiln construction

(grass, clay/sand, and stones when available); (v) constructing the kiln; (vi) operating the

kiln; (vii) unloading the kiln; (viii) putting the charcoal into bags. The process of charcoal

production in the study area is labour intensive, mainly carried out by men and bears some

similarities to that in Kenya, Tanzania and Uganda (Luoga et al., 2000a and 2000b).

The process of charcoal production in the study areas is labour intensive, mainly carried out

by men and bears some similarities to that in Kenya, Tanzania and Uganda ([23,24]. [16]

found for Licuati and Chipango, Maputo Province (Mozambique), an average charcoal yield

of 14.1% and 19.5% respectively with a maximum value of 35.5% and minimum of 6.1%.

The efficiency of conversion from wood from Acacia drepanolobium to charcoal in Laikipia,

Kenya range from 10.2% to 18.2%, with an average of 14.2% [17].

Charcoal yield from the present study was low and similar to yields from earthen kilns in

Mozambique and elsewhere [21,24,25]. Efficiency varied between kilns, which though

similar in design, were usually different because the size, species and composition of wood

used as well as the time taken for carbonisation, were different. More technologically

advanced kilns such as the Mark IV, Cusab Kiln, and Gayland Batch Charcoal Retort give

higher efficiency rates of 25-32% [17,20, 22]. These kilns could significantly improve

charcoal production in the rural areas. However, some of these kilns have been tested in the

South of Mozambique and the results showed that they are usually out of the financial reach

of most charcoal burners and they use much more labour than the system applied now. This

means they are unlikely to be accepted by the charcoal burners. Increasing the efficiency of

carbonisation thus requires regulatory measures, systematic training and demonstration

programmes for traditional charcoal burners.

4.3. Implications of alternative management arrangements

The management alternatives analysed for miombo woodland resources reflect either on-

going management practices or practices in their early stages of being introduced. The

experiences of centrally regulated regimes in Mozambique have not been effective in

redressing deforestation, land degradation and conservation. Although the government has

the obligation to defend society-wide interests, in natural resource conservation and use, the

experience shows that the policies adopted and instruments used for their implementation

have been ineffective. The fact that the social benefits implied by the regulation are not felt at
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the community level gives an incentive for non-compliance which in turn is facilitated by

lack of institutional and financial capacity for enforcement [9].

The fact that the regulated management regimes which take into account social needs or both

social and environmental needs are potentially more beneficial to the household sector than

open access, suggests that if these benefits were to flow to the local communities, non-

compliance could be minimized. This can be guaranteed under decentralized management

with local community participation but with a clear definition of benefit sharing

arrangements. The cooperative arrangement which already has legal support from property

right protection need to be promoted.

The results show that improvement in well-being and resource conservation can be achieved

with sound management practices. The non-cooperative and regulated management regimes

incorporating social benefits provide higher benefits to the household sector. The cooperative

management regime is the third best in terms of benefits and provides better resource

conservation than the open access and command social. This means that if can potential

improve the well-being of the rural communities and encourage forest conservation if these

benefits were actually felt at the community level. [9] have also found similar trend results

for centre of Mozambique and [23] for Malawi.

The cooperative management regime taking into account the transaction costs show that both

the local communities and the commercial sector can gain under this arrangement. Although

the commercial sector and household will have to forgone some direct benefits, the cost

saving from the reduction of conflicts between the two sectors can induce this cooperation in

management and utilisation of the woodland resources. In the case of Mozambique where the

forest and wildlife law permits the communities to enter into partnership with the private

sector in its exploration, the results show that such cooperation is potentially beneficial to

local communities if properly implemented.

[9] have applied a dynamic game theoretic model in the central region of Mozambique. The

cooperative management regime without taking into consideration the transaction costs used

by them has also confirmed the importance of cooperation to the local communities and for

forest protection. This study has shown that the inclusion of transaction costs reduced the

stakeholder's benefits, but this management option continued to be important for the local

communities and for resource conservation.
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Sectoral policies in the form of charcoal efficiency manifest their impact on the forest

resource mainly through the household sector activities in the form of an increase on

household benefits from wood harvesting. The impact of these policies on the forest

resources and the welfare of stakeholders was influenced by the management regime in place

and by the site specific conditions.

The impact of management regime and or policy intervention on the welfare of stakeholders

and on the ecology of forest resource will depend on the natural resource endowment, and the

initial socio-economic conditions on the ground. Policy changes in household or commercial

sector are likely to affect the state of affairs in the other sector. While the general direction of

policy or institutional change can be predicted, the actual impact will reflect the initial

conditions specific to a given site. In addition, the results show that there is no management

regime capable of satisfying all goals of the stakeholders, meaning that some trade off

between goals is necessary. This means that clear definitions of priorities is necessary.

5. CONCLUDINGREMARKS

This study showed that improvement in well-being of rural communities and resource

conservation can be achieved with sound management practices. There is no management

regime capable of fully satisfying all the goals of the stakeholders.

The cooperative management option was potentially beneficial to local communities if

properly implemented and can improve the rural livelihoods and the woodland resource

condition. Sectorial forest policies targeting charcoal production efficiency can lead to a

small increase in per capita benefits of the household sector, but they are not the best option

to take household income above the poverty line of one US Dollar per capita per day. Forest

policies on charcoal production efficiency by themselves cannot address the poverty problem

of the local communities in the study sites. Poverty at community level should be addressed

based on integrated management of natural resources management. This study was

deterministic and thus, cannot be expected to give a perfect picture of the investigated area.

Nevertheless, the results of this paper provide the relevant forest managers alternative

scenarios, which they can use in their selection of appropriate resource management

practises.
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