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1 EXECUTIVE SUMMARY 

This report presents the results of the study on causes of deforestation and forest degradation in the 

Eastern Province, conducted with the aim of informing the design of the Zambia Integrated Forest Land-

scape Program (ZIFLP). The ZIFLP is being piloted in Zambia’s Eastern Province with the objective of re-

ducing deforestation and forest degradation while simultaneously improving rural livelihoods and the 

conservation of forests and wildlife. Hence, this study forms the basis for identifying and further develop-

ing specific interventions for the ZIFLP. 

The study identified the proximate drivers, agents and underlying causes of deforestation and forest deg-

radation taking a historic and future perspective. The drivers are the activities, actions or occurrences 

caused by specific actors (agents), which result in deforestation and forest degradation. Analyses were 

also made of historic and recent deforestation across the Eastern Province including estimates of the con-

tributions to overall deforestation/forest degradation and future projections of deforestation caused by 

the identified drivers.     

The methodology employed for the study involved extensive literature review and stakeholders’ engage-

ment including a technical workshop in June 2016, and consultations in each district of the Eastern Prov-

ince1, which was particularly used to identify and validate drivers, agents, and underlying causes. Land 

use/land cover (LULC) analyses were undertaken using the Forest Department (FD) LULC maps of 2000, 

2010, and 2014 to estimate quantities of deforestation.   

The study identified agricultural expansion, fuelwood extraction and forest fires as the main drivers of 

deforestation and forest degradation across the entire Province. Deforestation due to agricultural expan-

sion is driven by small-scale farmers who practice small-scale subsistence and cash crop farming, and is 

widely spread across the landscape. Like agricultural expansion, fuelwood extraction, and forest fires af-

fect forests across the landscapes. Fuelwood extraction includes both firewood and charcoal production 

carried out part-time by some farmers, but also as an exclusive activity by seasoned charcoal producers. 

These drivers and agents were identified as relevant both at the district and Provincial levels. About 

156,000 ha of forests were estimated to have been lost in the Eastern Province between 2000 and 2014 

– primarily due to agricultural expansion. Fuelwood extraction was estimated to affect 16,000 ha/year in 

2016; while fires burnt about 678,000 ha of forests per year on average between 2000 and 2014.  

The underlying causes of deforestation and forest degradation varied according to the drivers and agents. 

In terms of agricultural expansion, the reliance on agriculture as the main livelihood means by a growing 

very poor and largely rural population, and the low level of productivity, coupled with a lack of land use 

planning are responsible for continuous agricultural expansion. Fuelwood extraction is driven by a number 

of factors, including: high dependency on firewood and charcoal as the major energy source as alterna-

tives are both expensive and widely unavailable (“energy poverty”); the wasteful use of fuelwood in 

homesteads due to open-fire cooking; the very inefficient methods of converting wood to charcoal; and 

lack of control and management of the wood fuel by responsible authorities. The impact of fuelwood 

extraction on forest degradation is significant and consumption will continue to grow with population 

growth. Occurrence of forest fires is driven by: weak forest tenure that does not provide communities on 

customary land (where most of the forests are found) the incentive to protect the forests; lack of capacity 

to plan and manage forest fires; and unfavourable climatic change. The impact of an increasingly poor and 

largely rural population that depends heavily on agriculture and charcoal production, and weak tenure 

security were identified as highly significant factors driving deforestation and forest degradation. Hence, 

                                                                 

 
1 Note: this refers to the original seven districts of the Eastern Province. Two recently created districts, i.e., Vubwi (carved out of 
Chadiza), and Sinda (carved out of Katete), were considered under their original districts. With the two new districts, the total num-
ber of districts in the Eastern Province is now nine.    
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improving livelihoods, and empowering communities through local (community-based) institutions to 

manage and benefit from forests will be crucial in addressing deforestation and forest degradation in the 

Eastern Province.  

  



 UNIQUE | Drivers of deforestation in Eastern Province, Zambia  

 

10 

2 INTRODUCTION 

In fulfilment of the Sixth National Development Plan’s (SNDP) rural development agenda, the World Bank 

BioCarbon Fund (BioCF) has proposed funding a jurisdictional REDD+ pilot program called the Zambia In-

tegrated Forest Landscape Program (ZIFLP) in Zambia’s Eastern Province. The program seeks to promote 

reduced greenhouse gas emissions from the land sector while simultaneously improving rural livelihoods 

and the conservation of forests and wildlife. The program aims to achieve emissions reductions by pro-

moting interventions that reduce deforestation and forest degradation. This may include improved land-

use planning, climate smart agriculture development, rural energy generation, and laws and policies that 

protect forests and wildlife. The program serves as a scalable pilot program that can be rolled out on a 

provincial basis in accordance with the SNDP, and sector growth targets aligned with Zambia’s Vision 

2030.  

The goal of this study was to contribute to the preparation of the ZIFLP. Fundamental to this preparation 

is a comprehensive, detailed and spatially explicit analysis of the main drivers of deforestation and forest 

degradation and their respective agents, as well as the underlying causes of deforestation and forest deg-

radation. This serves as the basis for identifying and prioritizing the program’s interventions. 

Working in close collaboration with the Climate Change Secretariat and the Forest Department (FD), the 

objectives of this assignment, undertaken by UNIQUE forestry and land use, were to:  

 Detect, document, and interpret the drivers and agents of deforestation and forest degradation, in-

cluding magnitude, trends, and spatial patterns of forest cover change in the Eastern Province based 

on available data. 

 Identify and prioritize strategic interventions to address deforestation and forest degradation that 

are consistent with the national REDD+ objectives and SNDP. 

The study builds on on-going data generation on forest carbon stocks, and historical land use/land cover 

change (e.g. from the UN-REDD FAO project), and Zambia’s experience with Community Based Natural 

Resource Management. 

Hence, the study’s main outcomes are a thorough analysis of direct and underlying causes and agents of 

deforestation and forest degradation in the Eastern Province of Zambia, and the identification and prior-

itization of strategic interventions to address these causes (including through cost analysis).The study 

looked at drivers at all levels, and beyond the forest sector – considering their relationships to land use 

activities.  

This report covers only the analysis of drivers of deforestation and forest degradation; the strategic inter-

ventions has been compiled in separate related report. In the following sections, we present detailed 

descriptions of the methodology applied (chapter 3), and the findings of the study (chapter 4 to 8). 
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3 METHODOLOGY 

3.1 Overall approach 
The overall approach applied is depicted in Figure 1 below. First, a review of literature regarding defor-

estation/degradation in Zambia and in the Eastern Province in particular was undertaken. Through this, a 

range of proximate drivers, agents, and underlying causes were identified as relevant for deforesta-

tion/forest degradation both now and in the future. Deforestation extents, trends, rates, and major de-

forestation areas (hotspots) were determined across the Eastern Province based on land use/cover 

change analyses of FD LULC maps. The FD LULC maps used employed a single forest classification (see 

section 3.5 for details), and coupled with the fact that drivers and agents appeared to be uniformly spread 

across the forest landscape, there was no further disaggregation of drivers or deforestation patterns by 

forest class/type. Past, on-going and planned efforts (e.g., projects, programs) aimed at tackling defor-

estation/forest degradation were also identified through the review. Local-level assessment of the drivers, 

agents and underlying causes were undertaken at the district level (section 4.3). GHG emissions resulting 

from the deforestation/forest degradation, and opportunity costs associated with the drivers were mod-

elled using best-practice approaches. For the opportunity costs, one-hectare land use models were used 

to estimate the costs and benefits associated with the deforestation/degradation driver. Future defor-

estation trends were projected on the basis of the expected patterns of underlying causes such as popu-

lation growth.   

Finally, collating information on current and expected future patterns of drivers of deforestation/degra-

dation, the underlying causes, and past, planned, and on-going efforts to tackle deforestation, a list of 

possible interventions were preliminary identified. These interventions have been assessed in detail in 

terms of their costs, scale, and general suitability/ranking to reduce deforestation/degradation – including 

through discussions and validation with relevant stakeholders. The results have been compiled in a sepa-

rate report (Interventions to Address Deforestation and Forest Degradation in Eastern Province, Zambia). 

 

Figure 1: Overall approach of the study 

Source: UNIQUE 



 UNIQUE | Drivers of deforestation in Eastern Province, Zambia  

 

12 

3.2 Review and forest cover analysis 
An extensive review of literature, and secondary data concerning deforestation/degradation in Zambia 

and in the Eastern Province in particular was undertaken. This produced the evidence base for deforesta-

tion/degradation extents (amounts, rates, trends, and hotspots), the proximate drivers, and underlying 

causes, as well as benefits (where applicable) associated with the deforestation/degradation. The process 

involved the following:   

1. Desk review of previous deforestation studies, e.g., deforestation drivers study undertaken for the 

UN-REDD in Zambia2.  

2. Review of relevant published and grey literature regrading deforestation in the Eastern Province3. 

The list of literature reviewed and/or consulted is presented in Chapter 9. 

3. Deforestation mapping using time-series land use/cover (LULC) data accessed via the Zambia National 

Forest Monitoring System (NFMS) portal: http://zmb-nfms.org/portal. We analysed the LULC maps 

with GIS, and estimated recent deforestation quantities, trends, hotspots, and contributions of over-

all deforestation/degradation by drivers that could be clearly identified from land use change, i.e., 

agricultural expansion. For degradation drivers that could not be identified in this way, estimates of 

their contributions to deforestation/degradation were derived by collating information from the lit-

erature review, and interviews/focus group discussions. Satellite data were used to estimate the ex-

tent of forest fires.  

4. Interviews, discussions/consultations with well-informed entities, e.g., chiefs, local communities (in-

cluding specific groups in the deforestation hotspots, e.g., farmers, charcoal producers, etc., and pro-

vincial and district representatives of relevant sectors and administrations such as  from energy, ag-

riculture, district FD offices, and other entities involved in forest conservation, e.g., development pro-

fessionals, conservation organizations. See Annex 1 for the list of people engaged in the consultations, 

discussions, and interviews.  

3.3 Detailed assessments of drivers, agents, and underlying causes 

3.3.1 Fieldwork in the districts/deforestation hotspots 

Fieldwork was undertaken in the seven original districts of the Eastern Province to gather information 

that would enable a better understating of drivers, agents and underlying causes at the local (district) 

level4. Some locations within the districts were identified as deforestation hotspots, i.e., areas with large 

quantities of contiguous forest loss in the period 2000-2014 (Figure 2).  

 

                                                                 

 
2 Vinya et al., 2011. Preliminary Study on the Drivers of Deforestation and Potential for REDD+ in Zambia 
3 For example: Gumbo et al., 2013. Dynamics of the charcoal and indigenous timber trade in Zambia: A scoping study in Eastern, 
Northern and Northwestern provinces. Chomba et al., 2012. Drivers of deforestation, identification of threatened forests and Forest 
Co-Benefits other than Carbon from REDD+ Implementation In Zambia. Giesecke, C. 2012. Deforestation in Zambia: Driving factors 
and potential solutions. USAID Knowledge Services Center (KSC). Washington DC, USA 
4 Note that two districts have recently been split into two, i.e., Katete into Katete and Sinda (new district), and Chadiza into Chadiza 
and Vubwi (new district). However, for the purpose of this assignment, the new districts were considered under their original dis-
tricts. Conducting fieldwork in all districts was also an expansion from the hotspots approach (i.e., conducting fieldwork in 2-3 de-
forestation hotspots) agreed upon following the World Bank’s request for consultations and gathering information from all districts.    

http://zmb-nfms.org/portal
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Figure 2: Districts and deforestation hotspots in the Eastern Province 

Source: UNIQUE (deforestation hotspots are highlighted in red circles)  

The district level assessments aimed to better understand the drivers of deforestation/degradation at the 

local level, in particular from the perspective of the deforestation agent. Furthermore, it was used to val-

idate information from the literature, and secondary data. The steps were as follows:   

1. District level deforestation analysis – by scaling down the deforestation analysis (section 4.2) to 

the district level. This was used to derive quantitative estimates of district-wise deforestation 

rates.  

2. Field work within districts, which involved the following:   

a) Identifying key stakeholders, e.g., chiefs, local communities, provincial and district rep-

resentatives of the relevant sectors and administrations, such as energy, agriculture, FD 

branch offices, and informing them of the purpose of the assessment. For this purpose, 

mostly local experts and their connections were used.  

b) Conducting interviews/focus group discussions with the key stakeholders to understand 

the main deforestation/forest degradation drivers, agents, and underlying causes at the 

local level. 

c) Collecting relevant information/data regarding the costs/benefits (where applicable) as-

sociated with the deforestation/degradation, and other relevant documents/data, e.g., 

development plans, and existing program/project documents, etc.  

d) Identifying any previous, planned, or on-going projects or programs aimed at tackling 

deforestation/degradation, and holding interviews/discussions with the relevant peo-

ple where possible.  
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3.3.2 Identifying underlying causes and future trends 

Information regarding underlying causes of deforestation were gathered at the local level and triangu-

lated with the literature review throughout the study. As much information regarding underlying causes 

is anecdotal, during the field work, interviews/discussions were held with key stakeholders, e.g. commu-

nities, chiefs, government representatives to understand the factors driving deforestation/degradation. 

The assessment of underlying causes focussed on the agent production systems, agent motivation or lack 

of it, emphasizing the inter-linkage between the proximate drivers, agents and underlying causes. Partic-

ipatory methods were used where possible, which involved presenting and discussing the historical rea-

sons and patterns of forest loss with the communities and together depicting where and what activities 

and factors did and would continue to drive deforestation/forest degradation. Local experts served as 

facilitators to facilitate this process. 

The analysis was structured according to the analytical framework shown in Figure 3 below, where the 

current and future impacts of different underlying causes/factors were appraised and projected. 

  

 

Figure 3: Analysis framework for underlying causes  

Source: UNIQUE 

 

3.3.3 Opportunity cost assessment 

The aim of the opportunity cost assessment was to estimate benefits (where applicable) associated with 

the drivers in order to understand what would have to be foregone if the deforestation/degradation were 

to be avoided. The costs and benefits information were collected during the fieldwork and from published 

literature. The accounting was done from the deforestation agents’ perspective, i.e., the goods with 
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known markets and prices that the agent would obtain when they deforest/degrade the forest were con-

sidered. The opportunity cost assessment followed the guidance of the World Bank (2011), and UNIQUE 

forestry and land use opportunity cost assessment manual and tools5.  

We assessed the opportunity using 1-ha land use models for drivers that generate benefits to the agent 

(Annex 2). The period of assessment was taken as 15 years, i.e., the ZIFLP duration. The key parameters 

and assumptions for the opportunity cost assessment, e.g., prices, discount rate, etc. are presented in 

Annex 2. The opportunity cost was presented both as Net Present Value (NPV) – the discounted net ben-

efit of the activity that deforest/degrade the land, e.g., NPV of agriculture as compared with that of the 

forest if left standing, and NPV relative to the GHG emissions associated with the deforestation/degrada-

tion. The first indicates the discounted net benefits obtained from the deforestation/degradation activity 

(driver), and the second, the net benefit that the agent of deforestation/degradation would have to forego 

to avoid emissions of one tCO2e. In other words, how much it would cost to avoid emitting one tCO2 by 

the deforestation/degradation activity (driver) from the perspective of the deforestation/degradation 

agents. For summarised descriptions of the concept of NPV, and the absolute and relative opportunity 

cost terms, refer to Annex 3 and 4, respectively.  

 

3.3.4 Non-carbon benefits  

It is well-known that communities value forests for much more than their material benefits. We refer to 

these benefits (which are often difficult to assess in quantitative terms) as non-carbon benefits. Hence, 

assessment of non-carbon benefits was undertaken to supplement the aforementioned opportunity cost 

assessment. In this step, we gathered additional information regarding the local benefits of forests that 

are not easily captured in the above opportunity cost assessment such as cultural values – through inter-

views/discussions at the local level, combined with the review of published literature.  

 

3.3.5 Estimating GHG emissions  

GHG emissions due to deforestation/degradation were assessed taking a future outlook. Hence, GHG 

emissions were estimated using estimates of future deforestation (activity data) and the difference be-

tween long-term average carbon stocks of the forest class/vegetation before and after being impacted by 

the driver, e.g., average carbon stock of a forest before and after conversion to cropland by agricultural 

expansion. Existing data on carbon stocks for different land use/cover types were obtained from reports 

that analysed the Integrated Land Use Assessment I (ILUA I) forest inventory dataset6. The estimates were 

conservative as we considered only aboveground and belowground biomass in the GHG emissions esti-

mations. Gaps data were filled using IPCC default Tier 1 data (see section 7.3). The GHG emissions for each 

driver was calculated as the product of the activity data for respective driver and the emission factor.   

3.4 Limitations and drawbacks  
Remote sensing: As per the ToR, this study relied heavily on existing LULC data for deforestation analysis, 

specifically the 2000, 2010, and 2014 FD LULC maps provided via the NFMS portal: http://zmb-

nfms.org/portal. However, from our comparison on the classification schemes used in the FD LULC maps, 

                                                                 

 
5 World Bank, 2011. Estimating the Opportunity Costs of REDD+: A training manual; Merger et al., 2012. 2012. A bottom-up approach 
to estimating cost elements of REDD+ pilot projects in Tanzania 
6 Mukosha and Siampale, 2008. Integrated Land Use Assessment 2005-2008. Zambia Forest Department, Ministry of Tourism, Envi-
ronment and Natural Resource. 

http://zmb-nfms.org/portal
http://zmb-nfms.org/portal
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we found them to have low accuracies. The FD and other stakeholders also recognized this problem. 

Hence, the FD was understood to be working on improving the quality of the LULC maps, which had been 

provided via the above mentioned portal and hence used for this study. Two classification schemes were 

used in the maps provided: scheme I (a single forest class), and scheme II (forest sub-types/classes). From 

our analysis, we found inconsistencies – such as 40% of the areas classified as forests in scheme II for the 

year 2000 were classified as grassland in scheme I. This improves to about 91% in the 2010 LULC maps, 

thus, 91% of the areas classified as forests in scheme II for the year 2010 were classified as grassland in 

scheme I. Hence, scheme II appeared to be an improvement of scheme I. However, since only scheme I 

had data in all the three points in time (i.e., 2000, 2010, 2014), which we needed for our deforestation 

analysis, we used scheme I for this study. We acknowledge, therefore, that the quality of the datasets 

may partly be the reason for the considerably different estimates of deforestation rates in the 2000-2010 

and 2010-2014 periods reported in section 4.2. In addition, the land use transition presented in the 

scheme used was forest to agriculture only. This means from LULC analysis perspective, all the deforesta-

tion in the Eastern Province would be attributed to conversion to agriculture, which may be an overesti-

mate. Forest degradation on the other hand could not be directly assessed with available datasets (FD 

LULC maps), and even analysis of Landsat satellite images if such analysis had been undertaken. In general, 

there are limitations to using remote sensing techniques for assessing degradation, e.g., degradation re-

sulting from fuelwood extraction. Forest degradation takes place beneath the canopy cover and cannot 

be detected by analysing conventional satellite images. Hence, in estimating the effect of forest degrada-

tion, e.g., due to fuelwood extraction on forest carbon stocks, we assumed the figures presented in ILUA 

of percentages of areas of forests under different disturbance levels. 

Opportunity cost: The opportunity cost assessment was undertaken to better understand the economic 

benefit underlying different agents’ motives in carrying out activities that deforest or degrade forests. 

However, it has its limitation in that it does not fully account for the potential impact of environmental 

externalities caused by changes in land use systems, e.g., the negative effects (costs) of agricultural ex-

pansion into a forest such as erosion and siltation of water systems. Only benefits that are material in 

nature, e.g., crop sales after cultivation on the cleared forestland, and the cost of production – relative to 

the benefit (revenues from the forest) and costs of managing the forest if left standing (baseline scenario) 

were considered. Underlying socio-economic circumstances may have more influence on an agent’s deci-

sion-making rather than rational assessments of economic costs and benefits. Therefore, the opportunity 

cost assessment was combined with an assessment of the underlying causes of deforestation as well as 

other (non-carbon) benefits, which are not captured in monetary terms. Furthermore, this study also 

mainly used existing and available data in addition to information collected during stakeholder consulta-

tions. Considering its scope (Province), not all data/information, particularly costs of certain activities, and 

revenues (benefits) could be exactly determined or validated. In addition, several assumptions had to be 

made, which are stated throughout this study and in particular in the 1-ha land use economic models 

Annex 2). Hence, the opportunity cost assessed should be understood as a relative magnitude of foregone 

benefits from the perspective of the agent of deforestation/forest degradation if the forests were to be 

left standing. 

Carbon stocks: Currently, the most widely cited and used source of data on carbon stock estimates for 

different LULC types in Zambia the Integrated Land Use Assessment (ILUA), which we have also used in 

this study. Zambia undertook ILUA Phase I (ILUA I) in 2005-2008, and began Phase II (ILUA II) in 2010 – 

which is still on-going in terms of compiling final results. The primary objectives of ILUA is to produce 

reliable and up-to-date information on the land use and forest resources and build capacity in MRV. ILUA 

II is meant to improve on ILUA I including by increasing the density of sample points. ILUA I inventoried 

221 sample points across the whole country, hence, the results, which are used in this study are based on 

a low sampling intensity. Nonetheless, they are considered to be within the range of the miombo forest 

ecosystem. 
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4 HISTORIC AND RECENT DEFORESTATION IN THE EAST-

ERN PROVINCE  

4.1 Historic deforestation in the Eastern Province  
Previous studies and historical local knowledge point out that the Eastern Province has historically expe-

rienced considerable deforestation.  A scoping study by Vinya et al., 2012 that used data from previous 

studies report annual deforestation rate for the period 1965 to 2005 of 0.85%. It should be noted that 

deforestation estimates will vary depending the methodologies applied and the assumptions made in the 

assessment/study, such as how a forest is defined, whether it is satellite image/LULC analysis or forest 

inventory, and the quality of the analysis. For example, at the national level, the FAO Forest Resources 

Assessment, which relies on data provided by national institutions, reported annual deforestation in Zam-

bia of about 444,800 ha. While the Integrated Land Use Assessment project indicates annual deforestation 

in the range of 250,000 to 300,000 ha (Kamelarczyk, 2009).     

In Table 1, we present forest area changes, and deforestation rates and trends in the Eastern Province 

derived from figures reported in Vinya et al., 2012. Again as can be seen in that table, the deforestation 

rates reported from the two sources in the study are different. The figures reported in ILUA indicate a 

decreasing trend in deforestation, while those reported in Chidumayo, 2012 indicate an increasing trend. 

Though these figures are not congruent, and had not been confirmed with analysis of historic satellite 

images /land use maps, the conclusion that historically there has been relentless net loss in forest areas 

in the Eastern Province is corroborated by the general body of literature reviewed and information from 

interviews and discussions. Our analysis of recent deforestation (section 4.2) also show an increasing de-

forestation trend.  

For the purpose of the ZIFLP, decision making regarding reducing deforestation/degradation should be 

based on recent deforestation analysis (section 4.2). The historic deforestation should be rather used to 

understand events that could have been responsible for upward/downward swings in historic deforesta-

tion/degradation. 

 

Table 1: Historic deforestation in the Eastern Province between 1965 and 2005 

Year  Forest area (km2) Forest area (ha) Source of data 

1965 51,805 5,180,500 Vinya et al., (2012), quoting Chidumayo, (2012) 

1996 47,100 4,710,000 Vinya et al., (2012), quoting Chidumayo, (2012) 

2005 51,285 5,128,500 Mukosha and Siampale (2008) quoted in Vinya et al., (2012) 

2005 34,181 3,418,100 Vinya et al., (2012), quoting Chidumayo, (2012) 

Time period Annual deforesta-
tion (ha)  

Annual defor-
estation rate (%) 

Source of data 

1965-1996 -15,177 -0.29 Vinya et al., (2012), quoting Chidumayo, (2012) 

1996-2005 46,500 0.99 Mukosha and Siampale (2008) quoted in Vinya et al., (2012) 

1996-2005 -143,544 -3.05 Vinya et al., (2012), quoting Chidumayo, (2012) 

1965-2005 -44,060 -0.85 Vinya et al., (2012), quoting Chidumayo, (2012) 

1965-2005 -1,300 -0.03 Mukosha and Siampale (2008) quoted in Vinya et al., (2012) 

 

Based on the figures from Chidumayo 2012, quoted in Vinya et al., 2012, in the period 1965 to 1996, 

average annual deforestation rate in the Eastern Province was estimated at 0.29%. This increased to 

3.05% in the period 1996 to 2005. Considering the period 1965-2005, the historic deforestation rate was 
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0.85%. The lower deforestation rate in the former period, and the substantial increased in the latter co-

incide with some major socio-political events in the country described below:  

Traditionally, farmers in the Eastern Province practiced shifting cultivation, where planting on the same 

field was repeated for four to five years; after that the site was abandoned and left to fallow for 25 to 30 

years for fields on poor soils, and 20 to 25 years for richer soils. During colonial rule, which ended in 1964 

when the country gained political independence, the colonial administration tried to dismantle this farm-

ing system – reasoning that it was wasteful and detrimental to the environment. However, it remained 

prevalent except in areas demarcated as native reserves7, where the human population became too high 

to allow practicing shifting cultivation of such lengths. The impact of a large majority of smallholder farm-

ers practicing shifting cultivation was that net deforestation was very low – as the deforested land would 

effectively recover after 20-30 years of abandonment.       

In the late 1970s and 1980s, agricultural extension began to take root in Zambia as a whole. This involved 

provision of technical support and input subsidies, which inevitably promoted more sedentary agriculture. 

Hence, once land was cleared, it was unlikely to grow back into a forest as it would have under traditional 

shifting cultivation. With a relatively smaller population, however, the impact of deforestation seemed 

muted since agricultural expansion was not significant. 

In the 1990s, the Government of the Republic of Zambia (GRZ) introduced a market-led Structural Adjust-

ment Program (SAP), which was promoted by the International Monetary Fund to reduce subsidies or 

remove them altogether. The SAP resulted in the abolishing and privatisation of agricultural parastatals 

such as the Zambia Seed Company. It also had a negative impact on agricultural intensification as farmers 

no longer had the same level of agricultural input and extension support that they had before. A drop in 

production of some crops were also reported. To adapt, rural farmers opted to open new land by clearing 

forests in search of more fertile land. With an increasing population, this unavoidably meant increased 

deforestation (Gumbo et al., 2016). Hence, the historic deforestation pattern in the Eastern Province re-

flected some of the major socio-political changes and actions undertaken during that time8. The effect of 

these political actions is argued to be partly responsible for the recent trends in deforestation. However, 

there are many underlying causes of current deforestation – as described in section 6.       

 

4.2 Recent deforestation in the Eastern Province 
For analysis of recent deforestation, we used LULC data series for three points in time: 2000, 2010, and 

2014. These datasets were provided and accessed via the Zambia National Forest Monitoring System 

(NFMS) portal: http://zmb-nfms.org/portal. They are considered to be the most authoritative government 

data currently available, and have been used both for the Integrated Land Use Assessment (ILUA) and UN-

REDD programs in the country. Hence, they were considered also in the ToR as the source of data to use 

for this study. However, they have limitations, which have been discussed in section 3.4. Among other 

data, the NFMS present LULC cover, and cover change across the entire country in the three points in 

time: 2000, 2010, and 2014.  

 

Using GIS spatial overlay analysis tool, we estimated forest cover loss between 2000 and 2010, and 2010 

and 2014. Deforestation amounts and land use transition were identified using the function of the same 

                                                                 

 
7 Native reserves were created by the colonial administration within the framework of the native agricultural program – by deline-
ating land and restricting African smallholders to these lands to limit land access and potential clearance by smallholder farmers 
(Tembo, 2011).  
8 However, caution should be taken not to attribute the historic deforestation trends entirely to the events described above because 
differences in methods and quality of analyses used to derive the forest cover/deforestation figures could play a big role in causing 
the differences. 

http://zmb-nfms.org/portal
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tool. Based on the forest cover loss, annual rate of deforestation and trends were calculated at district as 

well as Province levels. The forest cover map of the Eastern Province (Figure 4 below) shows the locations 

of deforestation estimated in the 2000-2010, and 2010-2014 periods. 

 

 

 

Figure 4: Deforestation in the Eastern Province in 2000-2010, and 2010-2014 

Source: UNIQUE (based on FD LULC maps) 

The results of deforestation analysis (Table 2) indicate that 54,027 ha of forests were lost in the Eastern 

Province between 2000 and 2010, and 102,087 ha were lost between 2010 and 2014. This is equivalent 

to average annual deforestation rate of 0.2% in 2000-2010, and 0.9% in 2010-2014. It is an increasing 

rate/trend of deforestation – at both individual district and province levels. The figure for the 2010-2014 

period is comparable to Vinya et al., 2012, quoting Chidumayo, 2012, which put average deforestation 

rate for the Eastern province at 0.85. As a comparison, our own analysis for the COMACO Landscape Man-

agement Project estimated a deforestation rate of about 0.6% for nine chiefdoms covering much of the 

forest areas in the Eastern Province districts of Lundazi, Chipata, Mambwe, Nyimba, Chama, and Petauke. 

Hence, an overall deforestation of 0.9% in the period 2010-2014 was considered a close approximation.  
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Table 2: Deforestation in the Eastern Province between 2000 and 2014 

Locations Forest 
area in 

2000 (ha) 

Forest 
area in 

2010 (ha) 

Forest 
area in 

2014 (ha) 

Defor-
ested 

2000-2010 
(ha) 

Defor-
ested 

2010-2014 
(ha) 

Annual 
def. rate 

2000-
2010 

Annual 
def. rate 

2010-
2014 

Trend 

Chadiza district 72,216 71,871 71,339 -345 -532 0.0% -0.2% ↑ 

Chipata district 374,420 367,311 356,939 -7,109 -10,372 -0.2% -0.7% ↑ 

Katete district 86,428 81,870 77,288 -4,558 -4,582 -0.5% -1.4% ↑ 

Lundazi district 941,034 934,225 922,422 -6,809 -11,803 -0.1% -0.3% ↑ 

Mambwe district 374,820 369,038 355,171 -5,782 -13,868 -0.2% -0.9% ↑ 

Nyimba district 747,235 738,251 702,082 -8,984 -36,169 -0.1% -1.2% ↑ 

Petauke district 352,272 335,957 314,279 -16,315 -21,678 -0.5% -1.6% ↑ 

Sinda  37,394 33,715 31,363 -3,679 -2,352 -1.0% -1.7% ↑ 

Vubwi  69,155 68,707 67,976 -447 -731 -0.1% -0.3% ↑ 

Eastern Province 3,054,972 3,000,945 2,898,858 -54,027 -102,087 -0.2% -0.9% ↑ 

 

4.2.1 Patterns of deforestation  

We explored the patterns of deforestation in relation to some natural and anthropogenic landscapes at-

tributes, which revealed some distinct patterns as described below: 

Deforestation and elevation: most of the deforestation have taken place in the lower altitudes on the 

western side of the Eastern Province, between 1-500 and 500-1000 metres above sea level, both in the 

2000-2010 and 2010-2014 periods (Figure 5). In the 2010-2014 period deforestation appear to increase 

in the 1-500 m elevation range as can be seen along the narrow 1-500 m elevation strip on the western 

sides of Nyimba and Petauke districts. 

Discussions with stakeholders indicate that there has been some migration into the lower elevations, for 

example by the Shewa community, which has been associated with clearing of forests for settling and 

cultivation. According to the FAO Harmonized World Soil Database9, soils in the Eastern province comprise 

two categories: High Activity Clay (HAC) and Low Activity Clay (LAC), with HAC slightly dominating in the 

western part of the Province10. HAC soils can be relatively more productive than LAC soils are the former 

are moderately weathered and the latter highly weathered. Deforestation has, however, been occurring 

in both the eastern and western sides of the Province – although more recent deforestation appeared to 

be concentrated in the western part of the Province where HAC soils dominate. However, this may merely 

be due to the fact that remaining forest resources are generally concentrated in the western part; hence, 

the influence cannot be necessary attributed to soil class/type.    

                                                                 

 
9 FAO Harmonized World Soil Database can be accessed here. 
10 Soils with high activity clay (HAC) minerals are lightly to moderately weathered soils, which are dominated by 2:1 silicate clay 
minerals , and in the World Reference Base for Soil Resources  classification include Leptosols, Vertisols, Kastanozems, Chernozems, 
Phaeozems, Luvisols, Alisols, Albeluvisols, Solonetz, Calcisols, Gypsisols, Umbrisols, Cambisols, Regosols; in USDA classification in-
cludes Mollisols, Vertisols, high-base status Alfisols, Aridisols, Inceptisols).  
Soils with low activity clay (LAC) minerals are highly weathered soils, dominated by 1:1 clay minerals and amorphous iron and alu-
minium oxides, and in the in World Reference Base for Soil Resources  classification includes Acrisols, Lixisols, Nitisols, Ferralsols, 
Durisols; in USDA classification includes Ultisols, Oxisols, acidic Alfisols. 

http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
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Figure 5: Deforestation and elevation 

Source: UNIQUE 

 

Deforestation and protected areas: Protected areas (PAs) include Forest Reserves (FRs), National Parks 

(NPs), and Game Management Areas (GMAs). Figure 6 below indicates that PAs have not been spared 

from deforestation, though deforestation in NPs has been the lowest among the three PA categories. FRs 

such as Chimaliro and Mvuvye have experienced massive deforestation. Indeed Mvuvye FR, then shared 

by Nyimba and Petauke districts was degazetted in 2005, and Chimaliro in Lundazi district was observed 

during fieldwork to be so badly encroached that it was all but lost. GMAs have also experienced massive 

deforestation; while National Parks have had the lowest deforestation. This is not surprising because 

among all PAs, because NPs are the most protected (by the continually patrolling armed guards of the 

Department of National Parks and Wildlife (DNPW) due to their tourism value. Hence, the higher the pro-

tection status of a PA, the lower the deforestation in it. Nonetheless, the deforestation occurring within 

and vicinity of the NPs and extending towards them poses a real threat to forest and wildlife conservation 

(Watson et al., 2014). 
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Figure 6: Deforestation and protected areas 

Source: UNIQUE (based on GIS layers from the FD NFMS portal and COMACO) 

 

Deforestation, roads and settlements: most deforestation took place in a buffer of more than 5 km from 

human settlements and main roads in the 2000-2014 period. While this has consistently been the case for 

roads in both 2000-2010 and 2010-2014 periods, for settlement there was an increase in the 2010-2014 

period in the amount of deforestation within the 5 km buffer (Table 3). The reason is apparent: Near the 

roads and settlements, most of the forest have already been cleared, hence, most forest are now within 

the > 5 km buffer. Also as reported later (section 5.2), charcoal production, which degrades the forest 

leading to its eventual conversion, occurs away from roads and settlements, within a distance of about 5 

to 12 km.   

 

Table 3: Deforestation, roads and settlements  

Road buffer 
(km)  

% defor-
estation 
(2000-
2010)  

% defor-
estation 

(2010-2014)  

% defor-
estation 

(2000-2014) 

Settlement 
buffer (km)  

% defor-
estation 
(2000-2010)  

% defor-
estation 

(2010-2014)  

% defor-
estation 

(2000-2014) 

> 5km 44% 55% 54% > 5km 19% 36% 47% 

0-1 km 13% 10% 10% 0-1 km 16% 10% 7% 

1-2 km 13% 10% 10% 1-2 km 26% 18% 13% 

2-5 km 30% 25% 26% 2-5 km 40% 36% 33% 

Total   100% 100% 100% Total   100% 100% 100% 
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Deforestation and farm size: most deforestation occurred in patches of not more than 2 ha in both the 

2000-2010 and 2010-2014 analysis periods (Table 4). Based on our baseline analysis of farm plot sizes for 

COMACO carbon project, the average farm size are in the Eastern Province ranges between 1 and 2 ha 

(1.8 ha on average). This is typical for subsistence farming, which undoubtedly is the biggest driver of 

deforestation. In addition as seen in Figure 7, deforestation shows a typically mosaic pattern, also charac-

teristic of subsistence farming.    

 

Table 4: Sizes of deforested patches  

Size of deforested patch (ha) % deforestation (2000-2010) % deforestation (2010-2014 

<0.5 6.7% 82.5% 

0.5-1 50.9% 13.2% 

1-1.5 20.5% 2.2% 

1.5-2 9.5% 1.0% 

2-2.5 4.5% 0.4% 

2.5-3 2.2% 0.2% 

3-3.5 1.6% 0.1% 

3.5-4 1.0% 0.1% 

4-4.5 0.8% 0.1% 

4.5-5 0.5% 0.0% 

>5 1.8% 0.2% 

Total 100% 100% 

 

 

 

Figure 7: Mosaic pattern of deforestation 

Source: UNIQUE  
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4.3 Detailed assessment deforestation, drivers and underlying 

causes in the districts 

4.3.1 Deforestation and forest degradation in the districts  

The LULC analyses of the seven districts shows significant differences in absolute quantities of deforesta-

tion, and deforestation rates. Considering the recent period (2010-2014), the leading districts in terms of 

absolute quantities of deforestation have been: Nyimba, Petauke, Mambwe, Lundazi, Chipata, and Katete 

in that order. Since the districts have had different amounts of forest cover, the deforestation rates show 

a different pattern. The leading districts in descending order of deforestation rates in the recent period 

(2010-2014) have been: Sinda, Petauke, Katete, Nyimba, Mambwe, and Chipata (Table 5). Note that Sinda 

has only been recently (between 2012 and 2014) carved out of Katete district. We explored these defor-

estation figures in relation to underlying causes in section 6. 

 

Table 5: Forest area loss and annual deforestation rates in the Eastern Province districts in 2010-2014 

District Absolute Defor-
estation 2010-

2014 (ha) 

Rank in abso-
lute deforesta-

tion 

District Annual defor-
estation rate 

(%) 

Rank in annual 
deforestation 

rate 

Nyimba -36,169 1st  Sinda -1.7% 1st  

Petauke -21,678 2nd  Petauke -1.6% 2nd  

Mambwe -13,868 3rd   Katete -1.4% 3rd   

Lundazi -11,803 4th  Nyimba -1.2% 4th  

Chipata -10,372 5th  Mambwe -0.9% 5th  

Katete -4,582 6th  Chipata -0.7% 6th  

Sinda -2,352 7th  Lundazi -0.3% 7th  

Vubwi -731 8th  Vubwi -0.3% 8th  

Chadiza -532 9th  Chadiza -0.2% 9th  

 

 

4.3.2 Drivers and agents  

In each district, discussions were held with representative of district government officials, chiefdoms, and 

local communities regarding drivers and agents of deforestation. These discussions positioned agricultural 

expansion and charcoal production consistently as the key drivers of deforestation across the districts. In 

some places, however, communities did not acknowledge agricultural expansion as key a driver; the main 

driver consistently cited was charcoal production. Exceptions were in places where the evidence was glar-

ing – such as in and around FRs – which had been heavily encroached by agricultural expansion, e.g., 

Chimaliro FR in Lundazi district that had been massively converted to agriculture. This limited lack of ac-

knowledging agriculture as a key driver among some communities could be due to the high dependence 

on agriculture as a means of livelihoods, hence, the averseness to attribute deforestation to it; while many 

people viewed charcoal production as simply an additional income stream, which could be forfeited if 

agricultural production provided sufficient food and income benefits. Forest fires too were not recognised 

by some communities as a key driver of deforestation/forest degradation. This could be attributed to the 

belief held among communities that bush fires, being a long-term part of the forest ecological system and 

historical part of their culture, does not significantly affect forests in a negative way. Figures 8 show ex-

amples of these drivers in pictures. These drivers and agents are described in detail in section 5.  
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Figure 8: Drivers of deforestation: agricultural expansion (top row); fuelwood extraction (middle row); 

forest fire (bottom row) 

Source: UNIQUE 

 

The agents of deforestation caused by agricultural expansion were identified to be primarily small-scale 

farmers: those who cultivate some farms plots, averaging about 2 hectares. For charcoal production, the 

agents were both small-scale farmers who engage in charcoal as additional means of income, and those 

who are permanent (long-term) producers. The latter depend almost entirely on charcoal sales to meet 

their daily needs, and were identified in some communities, e.g., in Nyalugwe chiefdom, Nyimba district; 

the first category were widespread and found across all districts. In Table 6, we present summary descrip-

tions of the drivers of deforestation and agents identified in the district consultations. 
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Table 6: Summaries of drivers and agents of deforestation and forest degradation identified in the district 

consultations 

 

District Driver Agent  

Petauke 

Charcoal burning Both part-time charcoal producers (farmers who produce charcoal part-time) and long-
term producers (those who rely heavily on charcoal). In some places, e.g., Chimtaba, Ka-
lindawalo chiefdom, as high as 75% of the people engage in charcoal production for income 
to meet daily cash needs, school fees, etc. in addition to farming. 

 

Firewood con-
sumption  

Households and breweries. Almost all households used firewood or charcoal. Breweries 
are issued fuelwood harvesting licence by the Forestry Department (FD) office of the dis-
trict. FD issues licence to meet revenue targets set by the District Council (DC). The license 
can be for fuelwood obtained after clearing land for agriculture, or to specifically cut trees 
for firewood – supposedly with the consent of the chiefs. 

 

Agricultural expan-
sion  

Small-scale farmers, both older community members and youth who have recently married 
are allocated new land (often forests) to start cultivating. Others may open new land with-
out express consent of traditional leaders.   

Nyimba  Charcoal burning  Both part-time charcoal producers (farmers) and long-term producers. In some places, 
e.g., Nyaleka village, Nyalugwe chiefdom, Nyimba district, every household in a community 
of about 145 households was reportedly a charcoal producer. In this area, soils are too poor 
and wildlife raid crops, so farming is second to charcoal as a livelihood means. Areas where 
charcoal productions are concentrated in Nyimba include Mchimazi, CH (Contract Haulage), 
Unyanya – along the Great East Road (T4) to Lwangua valley. Money from charcoal is used 
for daily needs including milling maize meal. Hence, even when there is food, still part-time 
charcoal production is undertaken to get cash.  

 Agricultural expan-
sion  

Small-scale farmers who practice cut and burn cultivation. When land is allocated to them 
by the chiefs/chieftainess or the advisors, they clear it for cultivation, but sometimes they 
do so only to lay claim to it even though they may not be in real need of opening it up or 
using; hence, clearing is done to simply secure ownership claim.  

Mambwe Agricultural expan-
sion 

Small-scale farmers: some local migration has been taking place. The Shewa community 
are reported to have been moving from the plateau to the valley, hence, settling and open-
ing land for agriculture by clearing forests. This is additional to agricultural expansion by al-
ready settled population.  

 Charcoal burning Part-time and long-term charcoal producers: when crops fail, charcoal production be-
comes a safety net. Producers tend to be concentrated along the main roads for ease of 
transport and eventual sale. Some forest areas such as Mphomwa FR have thus been heav-
ily encroached by charcoal producers.  

 Firewood  Household and lodges: almost all household use firewood in the rural areas, though most 
use charcoal in urban areas. Many lodges serving tourists visiting the South Lwangua NP 
use firewood and charcoal, and usually get licence from the FD to harvest the firewood.   

Lundazi Agricultural expan-
sion 

Small-scale farmers: heavy encroachment of forests have been reported due to agricultural 
expansion by small scale farmers. One classic example observed was Chimaliroo FR along 
the Zambian border with Malawi. Farmers coming from both sides of the border have en-
croached on the FR – settling and opening land for agriculture by clearing forests including 
on some steep slopes. Those who cultivate the recently encroached steep slopes are also 
reported to be owning agricultural plots downhill. Hence, this can be described as a local 
‘land rush/grab’. Crops cultivated on the recently cleared land include maize, millet, and 
sunflower.  

 Charcoal burning Part-time and long-term charcoal producers: charcoal production takes places as a safety 
net when crops fail or as perpetual business. Often it is a precursor to conversion to agricul-
tural land where the land is cultivable. For example, in Chimaliro FR at the Zambian-Mala-
wian border, long-term charcoal producers from the Malawian side reportedly collude with 
Zambian residents who permit them to cut trees for charcoal in exchange for some token 
(payments).  

Chipata Agricultural expan-
sion 

Small-scale farmers: while it is widespread in the district, perhaps the most obvious sight of 
small-scale farmers causing deforestation is around Chipata town; the surrounding hills are 
dotted with small-scale crop fields created after recent forest clearance.  
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 Charcoal burning Part-time and long-term charcoal producers: both groups cut trees and burn charcoal for 
daily cash needs, school fees, etc.  

Katete Agricultural expan-
sion 

Small-scale farmers: small-scale farmers expand crop fields as a strategy to cope with low 
yields and crop failures due to erratic weather.  

 Charcoal burning Part-time and long-term charcoal producers: both groups cut trees and burn charcoal for 
additional income or daily needs. Where land is generally unsuitable for cultivation, long-
term producers are uncommon. Part-time producers, who venture into charcoal production 
for additional income or when crops fail are predominant, e.g., in Chundamila village, 
Mbang’ombe chiefdom, charcoal production is reportedly triggered by low yields. Promi-
nent charcoal production areas include Cholowa, Kagoro, and Mphangwe.  

Chadiza Agricultural expan-
sion 

Small-scale farmers: small-scale farmers expand crop fields as a strategy to cope with low 
productivity and to spread the risk of crop failures. The practice among some farmers in 
Chadiza and across the Province as a whole involves burning some of the trees cut down to 
produce ash, which is used as fertilizer (potash).     

 Charcoal burning Part-time and long-term charcoal producers: both groups cut trees and burn charcoal for 
daily needs. Charcoal producers make charcoal to meet demand from urban areas and get 
quick cash income or additional income when crops fail.  

 

In addition to the consultations, we estimated the scales of the impact of each driver in terms of the forest 

areas affected in each district as the numerical basis for considering them as major drivers in that district 

and subsequently across the Province (see Table 7 for agricultural expansion, Table 8 for fuelwood extrac-

tion, and Table 9 for forest fires). Hence across all districts, fuelwood extraction (firewood and charcoal), 

agricultural expansion and forest fires were confirmed as the three key drivers of deforestation and forest 

degradation, which the ZIFLP should focus attention to.  

 

Table 7: Estimates of deforestation due to agriculture in the Eastern Province by district 

District Forest area cleared for agriculture 
(ha/year) 

Petauke  2,442 

Nyimba   2,903 

Mambwe  1,263 

Lundazi 1,196 

Chipata 1,124 

Katete 588 

Chadiza 56 

Sinda  388 

Vubwi 76 

Provincial  10,036 
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Table 8: Estimates of forest areas affected by fuelwood extraction in the Eastern Province by district11 

District Population 
– Urban  

Population 
– Rural  

Average 
Household 

size  

Annual consump-
tion – Firewood  
(tonnes/year) 

Annual consump-
tion – Charcoal  
(tonnes/year) 

Equivalent 
forest area 

clear-cut (ha) 

Petauke  29,728 278,161 5.2 83,477 5,734 1,662 

Nyimba   7,666 77,359 5.3 22,796 1,452 442 

Mambwe  6,059 62,859 5.2 18,800 1,165 361 

Lundazi 15,902 307,968 5.2 92,191 3,060 1,490 

Chipata 116,627 339,156 5.2 102,359 22,624 3,682 

Katete 21,459 222,390 5.2 66,743 4,140 1,282 

Chadiza 2,882 104,445 5.4 30,131 534 438 

Provincial  200,323 1,392,338 5.2 416,496 38,709 9,355 

 

Table 9: Estimates of average forest areas annually burnt in the Eastern Province by district 

District Forest area burnt annually 
(ha/year) 

Petauke  105,506 

Nyimba   224,405 

Mambwe  130,223 

Lundazi 171,071 

Chipata 32,402 

Katete 6,978 

Chadiza 719 

Sinda  5,458 

Vubwi  1,286 

Provincial  678,048 

 

Note that the figures for firewood and charcoal (Table 8) are conservative as they are households’ con-

sumption within the districts. They do not include consumption of charcoal produced in these districts but 

transported and consumed elsewhere; also they do not include consumption of firewood by cottage and 

small industrial processes; both lacked reliable datasets to use for estimating their magnitudes.  

From our estimation, firewood and charcoal consumption by urban households and rural households 

across the Province amounts to approximately 416,400 tonnes/year and 38,700 tonnes/year respec-

tively12. Assuming clear-cut harvests, these estimates are equivalent to forest loss of about 9,300 ha/year 

due to fuelwood extraction13. While forest fires burn an estimated 678,000 ha of forests annually14. Clear-

ing of forests for agricultural expansion amounts to estimated loss of approximately 10,000 ha/year15. 

Timber extraction by small-scale pit-sawyers occurs – though its effect on deforestation/forest degrada-

tion is low at it affects a selection of valuable species – the ones most sought after being Pterocarpus 

                                                                 

 
11 Estimated of fuelwood extraction has been based on population statistics. Sinda and Vubwi were considered under the districts 
they were originally, i.e., Katete and Chadiza respectively. They published 2010 population census statistics, which we used had not 
been split into between the respective districts.   
12 These conservative figures were derived from average annual household consumption of firewood estimated at about 1.6 tonnes, 
charcoal at about 1.0 tonne/year/household and household population figures from 2010 population census, and conversion effi-
ciency of wood to charcoal was taken at 12% (Gumbo et al., 2013; Kalinda et al., 2008).  
13 Note that in practice, fuelwood harvests – whether for charcoal or firewood does not generally involve clear-cutting.  
14 Figures on forest areas burnt were derived from analysis of MODIS satellite data. 
15 Clearing for agriculture was estimated using average annual forest area loss between 2000 and 2014 (see section 4.2), and assum-
ing conservatively 90% is directly due to agriculture. About 70-90% of all deforestation is attributable directly to agriculture (Gumbo 
et al., 2013).    
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chrysothrix (locally called Mukula), Baikiaea plurijuga, Pterocarpus angolensis, and Guibourtia coleosper-

maas; altogether about 19 species are reported to be widely harvested in the country (Gumbo et al., 

2013). Currently, there is a ban on issuing new licenses for harvesting of Mukula as it is considered to be 

threatened with local extinction – although illegal harvests are still reported due to weak monitoring. 

 

4.3.3 Underlying causes 

In this section, we present summaries of the underlying causes of deforestation and forest degradation 

based on the district consultations; details are presented in section 6.  

In terms of agriculture-related deforestation, the widespread and high level of poverty and serious lack of 

alternative livelihoods underpin most of the deforestation across the districts. This is coupled with a high 

youth dependency ratio16, which stands at about 90% for the country, only slightly dropping since 2000 

(see Figure 9). Hence, there is a large proportion of young people (aged ≤ 15 years) who are dependants 

– relying on their ‘working’ parents and relatives, which exacerbates the poverty situation (Note that 

‘working’ here means any activity that generates food or income, and not necessarily salaried jobs).    

 

 

Figure 9: Youth dependency ratio in Zambia  

Source: World Bank Open Database. Accessed here 

Besides the deep and widespread poverty, the population is growing fast relative to job creation and other 

economic opportunities – at a rate of about 2.6% per annum at the provincial level (see details in section 

6.1.2), and most people rely on agriculture. The low-input small-scale agricultural systems have equally 

low output (productivity per area). Many farmers met affirmed that they cultivate large areas in order to 

obtain a reasonable yield – although a few others stated that after receiving training from COMACO in 

conservation farming they now believe that they could obtain the same yield on reduced plot sizes. This 

assertion signifies the role that improving agricultural productivity can play in reducing expansive agricul-

ture. Furthermore, forests are also often cut down as a means of laying claim over the land due a weak 

tenure and land use planning. 

                                                                 

 
16 The youth dependency ratio is the ratio of younger dependents, i.e., people younger than 15, to the working-age population, i.e., 
those ages 15-64. Data are shown as the proportion of dependents per 100 working-age population, and have been accessed from 
the World Bank Open Database here. 

http://data.worldbank.org/indicator/SP.POP.DPND.YG?locations=XL-ZM
http://data.worldbank.org/indicator/SP.POP.DPND.YG?locations=XL-ZM


 UNIQUE | Drivers of deforestation in Eastern Province, Zambia  

 

30 

Regarding fuelwood, the high level of “energy poverty”17 is responsible for the population’s heavy de-

pendence of fuelwood and charcoal. Alternative energy sources are unaffordable and extensively unavail-

able. With regard to forest tenure, there is a strong feeling among some members of the communities 

that forests and trees in the wild in general do not belong to anyone. This is compounded by the fact that 

all the revenues that the FD collects from forest products goes to the government; none is shared with 

the communities. The combined effect of these factors is lack of motivation or will to conserve forests 

including protection from fires, and continued forest clearance and tree cutting for charcoal. In Table 10, 

we present summaries of the underlying causes of deforestation and forest degradation identified in each 

district. Detailed descriptions of the underlying causes are presented in section 6.   

 

Table 10: Underlying causes of deforestation and forest degradation in the Eastern Province districts 

District Key underlying causes of degradation and forest degradation 

Petauke Fuelwood dependency: firewood and charcoal are the major energy sources. Even those who have ac-
cess to electricity in urban areas use primarily charcoal/firewood for cooking and boiling water as elec-
tricity tariff is high. In general, very few people and only those living quite affluently can afford to use 
electricity for cooking and heating. 

Low capacity: FD issues licences particularly to breweries to harvest firewood, but has no capacity to 
monitor (The FD is the least funded in the district, with no vehicle, and few staff: two out of the five tech-
nical positions are filled. Chiefdoms are expected to help in monitoring as most harvesting takes place on 
customary land, but they have no capacity or apparent interest. 

Nyimba Poverty and lack of jobs: this forces people into charcoal production as a fast-return income generating 
activity; in less than a month one produces and sells the charcoal.  

Weak tenure: the belief that trees (forests) belong to God (or indeed to no one) exists among the com-
munities. Also farmers clear the land allocated to them by chiefs/chieftainess and/or their advisors as a 
means to secure their tenure; otherwise the chief/chieftainess may withdraw it and give it to someone 
else. 

Fast population growth: local experts assert that “if you see a few houses in a new place, in 5-10 years 
clusters of villages emerge” - indicating a considerably fast-growing population. 

Mambwe Fuelwood dependency: firewood and charcoal are the major energy sources – households and lodges, 
which serve tourists visiting the South Lwangua NP use firewood/charcoal. 

Poverty and lack of jobs: this forces people into charcoal as a quick-return income generating activity.  

Low capacity: FD issues harvesting licences but does not monitor as they have no capacity to monitor. 
The FD is so poorly funded with officials met declaring that they had not received any funding from gov-
ernment (District Council or Province) since January 2016. Their activities have been frequently supported 
by some NGOs, and Mambwe district is privileged to get such support because of being near the national 
park.  

Weak tenure and leadership conflict: there is a wrangle regarding some chiefdom boundaries and sup-
posed heirs. Allegations of connivance and unregulated allocation of land to charcoal producers, settlers, 
and cultivators have been labelled against one heir. Chiefdoms are expected to help monitor forest har-
vesting and management since most of the harvesting takes place often on customary land, but they 
have no capacity, and/or keen interest as they do not directly benefit from revenues collected from li-
cences. 

Lundazi Fuelwood dependency: firewood and charcoal are the major energy sources used by households and 
small business such as restaurants, hotels, schools, etc.  

Poverty and lack of jobs: as people are poor and jobs are not available, the only common other alterna-
tive income generating activity is charcoal production. It is a quick-return income generating activity.  

Low capacity: The FD in Lundazi asserted that they rarely do monitoring due to lack of finance, means of 
transport and low staffing level. Chiefdoms are expected to help monitor forest harvesting and manage-
ment since most of the harvesting takes place often on customary land, but they too have no capacity, 
and/or keen interest as they do not directly benefit from revenues collected from licences.  

Weak tenure and leadership conflict: like in Mambwe, there is a wrangle on chiefdom boundaries and 
who is supposed to be the chief. Hence, the control over forests under customary land has become even 
more difficult. It should, however, be emphasized that even before this situation, the chiefdoms have had 
little capacity and control over deforesting activities.  

                                                                 

 
17 The term “energy poverty” is used to mean inability to afford alternative due to low income status, and the general lack of alter-
native energy sources of affordable prices.   
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Chipata 
Poverty and lack of jobs: this has forced many people especially young and energy ones into charcoal 
production as the only quick-return income generating activity. The problem is severe in rural areas. 

 

Weak tenure and knowledge: people cut trees without any little or no regard for repercussions, in terms 
of both reprimand from authorities, and detrimental effects on their own livelihoods in the long-term. 
This is compounded by the common resource situation of forests – the belief that trees (forests) belong 
to God (or indeed to no one) among the communities. 

 

Low capacity: FD issues licences particularly for all legal harvesting, i.e., firewood, charcoal, or timber. 
However, it has no capacity to monitor. The FD is so poorly funded, with no means of transport for field-
work vehicle, and few staff (2 out of 5 technical positions filled). This staff is supposed to take charge of 
some 29 FRs. Most of these are now on paper as their boundaries are unknown are they have already 
been completely stripped on their forest cover. 

Katete Low yields on existing crop fields: Farmers do not get enough yields from existing crop fields as fertility is 
low. Hence, they expand to new land (often forests), usually with the consent of the chief/chieftainess 
and/or their advisors. 

 Poverty and lack of jobs: because people have no other jobs, they resort to charcoal as a quick-return 
income generating activity.  

 Low capacity: FD has no capacity to monitor harvesting activities including those it legally issued, in addi-
tion to illegal activities and general forest conditions. The FD is so poorly funded with its officials declar-
ing that they had received only 4,000 ZMW (equivalent to about USD 400) from government since Janu-
ary 2016 to meet all operating costs. They have one motorcycle, and no vehicle for fieldwork, e.g., for 
monitoring patrols.   

Chadiza Population expansion: demand for new land for agriculture and fuelwood are both driven a rapidly in-
creasing population. Chadiza population growth rate is 2.5%. 

 Poverty: because farmers are poor, they cannot afford inputs such as fertilizers in order to sustain yield 
on the same crop field or obtain sufficient yield on the small plot of land. Hence, the tendency to practice 
expansive cultivation involving opening new/more land.  

 Low capacity: The FD in Lundazi assert that they have not structure on the ground. They rarely do moni-
toring due to lack of finance, means of transport and low staffing level. Chiefdoms are expected to help 
monitor forest harvesting and management since most of the harvesting takes place often on customary 
land, but they too have no capacity, and/or keen interest as they do not directly benefit from revenues 
collected from licences. 

 

4.3.4 Non-carbon benefits 

Forests have enormous significance in terms of safeguarding the ecological functioning of landscapes such 

as local climate, hydrology, biodiversity, etc., thereby contributing both directly and indirectly to the na-

tional economy. A recent publication by UNEP (Turpie et al., 2015) puts the direct and indirect values of 

forests (excluding the market value of carbon) at about 4.7% of gross domestic product (GDP) or USD 

957.5 million18. At the local level, it is well-known that communities value forests for benefits that go 

beyond tangible products. These benefits that are difficult to assess in quantitative terms are what we 

refer to as non-carbon benefits. 

During the fieldwork, local communities were asked to describe any benefits they derive from the forests. 

The benefits mentioned were mostly tangible products such as mushrooms, meat from wild animals, local 

medicine (herbs), in addition to fuelwood and charcoal which were the major extracted forest products. 

Besides these benefits, there was limited mentioning of other values/benefits of the forests. Recent stud-

ies (e.g., Turpie et al., 2015), however, suggest that there are many benefits of forests that communities 

value in Zambia. Hence, in Table 11 below, we summarise the non-carbon values of forests in the Eastern 

Province, including those expressly mentioned by the communities and others documented in the litera-

ture.    

 

                                                                 

 
18 Turpie et al., 2015 accessed here. 

http://www.unredd.net/documents/global-programme-191/redd-and-the-green-economy-1294/forest-ecosystem-valuation-and-economics/14059-benefits-of-forest-ecosystems-in-zambia-and-the-role-of-redd-in-a-green-economy-transformation.html
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Table 11: Non-carbon benefits of forests 

Benefit category  Benefits  Description  

Socio-economic  Historical/cultural There are a number of cultural rituals that involve either use of forest products or 
are performed in the forests. The most renowned one is the N'cwala traditional 
ceremony of the Ngoni community. The materials including animal skins and 
wooden artefacts that are used come from the forests. In addition, many tradi-
tional medicine men use the forest both as a source of products or place to per-
form rituals.    

Aesthetic and 
Tourism 

National Parks and GMAs are forested landscapes. The natural forests create scenic 
landscapes that attract many tourists to the area in addition to the allure of seeing 
wild animals. The North Lwangua, South Lwangua and Lukusi NPs are all demon-
strations of this aesthetic and tourism benefits – which are highly valued by the 
tourism sector, and provide incomes in the Province and to the country at large. 

Services Forests provide vegetation that livestock feed on. The forest (woodlands) are the 
primary feeding grounds for the livestock. 

In addition, bee-keeping is commonly practised inside the forests, with beehives 
hung under the shade of trees. The trees provide pollen and nectar in addition to 
cool shade for successful honey production.   

Environmental Ecosystem regula-
tion 

The forests provide water provision and regulation services, preventing erosion and 
land degradation. In Lundazi district, where a local FR has been heavily encroached 
and many slopes stripped off its forest cover, local communities mentioned that 
they have witnessed massive erosion onto agricultural lands located downhill, thus, 
affecting agriculture production. 

Biodiversity A variety of both plants and animals are found in forested areas in the Eastern 
Province. Those of particular conservation concerns include the locally threated 
Pterocarpus chrysothrix, a highly valuable timber tree species, and a variety of ani-
mals including the endangered African wild dogs, which is found in Lukusi National 
Park, in Lundazi district. 

 

These non-carbon benefits provide further justification to conserve forests – a rationalization that goes 

beyond the opportunity cost assessment, i.e., the monetary value of forests versus its alternative use in 

the eyes the deforestation agent.  
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5 DRIVERS OF DEFORESTATION AND FOREST DEGRADA-

TON 

The general body of literature points to a number of drivers of deforestation and forest degradation in 

Zambia. Among these sources are the Zambia’s REDD+ Strategy19, and a study for the UN-REDD+ program 

by Vinya et al., 2012, both of which included literature review and stakeholder consultations. The REDD+ 

strategy concluded that that the two major drivers accounting for most of the deforestation and forest 

degradation in Zambia are conversion to agricultural land and unsustainable charcoal production. Vinya 

et al., (2012) reported four main drivers: agricultural expansion; wood extraction (charcoal production, 

fuelwood collection, and logging); infrastructure (settlements, urban expansion, and industrialization); 

and fires. Other literature sources identify a similar list of drivers. However, from all the literature, the 

two main drivers, agriculture and wood extraction seemed relevant universally across Zambia, whereas 

the other drivers have local or regional significance (.e.g. mining infrastructure in the major mining Prov-

inces). Following our LULC analysis, and the literature review, and consultations/discussions during the 

detailed assessments at district levels, we identified agricultural expansion, fuelwood extraction, and for-

est fires as the drivers responsible for almost all the deforestation and forest degradation occurring in the 

Eastern Province. Hence, we explored these drivers in more detail in the subsequent sections.  

 

5.1 Agricultural expansion 
Small-scale agricultural expansion is the principal driver of deforestation in the Eastern Province. The East-

ern Province is an agricultural hub contributing a substantial part of total crop production in the country. 

Crops such as maize, sweet potato, groundnuts, soyabeans, mixed-legumes, and sunflowers, seed cotton 

and tobacco are produced in the Province. The production is almost entirely rain-fed and done by small-

holders. However, this production alone is usually not sufficient for household food security (Gumbo et 

al. 2013). This results into exploitation of forest for additional income or food. Cash crops such as tobacco 

and cotton are grown under out-grower schemes linked to companies such as Japan Tobacco International 

(for tobacco), and Cargill (for cotton). The Eastern Province leads in the production of these two crops – 

as the 2013 statistics showed that the Eastern Province contributed more than half of the total production 

of each of these crops in the country (Figure 10).  

Agricultural yields are generally low; for example, the average yield of the most pre-dominant crop, maize, 

is estimated at about 1.3 to 1.8 tonnes/ha/year. This figure is even below the equally low national average 

of 2.4 tonnes/ha/year. Recent improvements in yield, which are reported in national statistics, have been 

largely attributed to climatic conditions instead of improvements in production systems (Tembo and Sitko, 

2013).  

                                                                 

 
19 Matakala et al., 2015. . Zambia National Strategy to Reduce Emissions from Deforestation and Forest Degradation (REDD+). 
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Figure 10: Contributions of production of major crops from the Eastern Province 

Source: Adapted from CSO/MAL/ IAPRI 2012 in Tembo and Sitko 2013 

Pressure to clear forests is driven by the expansion of smallholder subsistence and cash crop systems. The 

traditional forest fallow land use systems has all but disappeared as more land is demanded for perma-

nent conversion to agriculture. These changes are further exacerbated by the lack of clear land use plan-

ning, lack of operational regulation in managing cash crops such as tobacco, as well as poor institutional 

support for land administration at local level. 

Historically, crop cultivation in the Eastern Province and across Zambia as a whole was followed by long 

fallow periods to allow the soil to recover. Farmers practiced shifting cultivation (locally referred to as 

chitemene20), where a vegetated land was cleared and burnt, and planting on the piece of land repeated 

for 4 to 5 years; after that the site was abandoned and left to fallow for a long time, sometimes 25 to 30 

years for fields on poor soils, and 20 to 25 years for richer soils. However with increasing population, this 

practice has all but disappeared. The majority of farmers now do not fallow any more, and those who do 

practice very short fallows of about 1-3 years (Kwesiga et al., 2005)21. The use of inappropriate agricultural 

practices such as biomass burning also reduce soil fertility, further promoting opening up of new land by 

shifting cultivation onto fallows or forested areas. While in the past farmers tended to rotate between a 

mixture of cereals, legumes and fallows, current production often focuses on cultivating monocultures, 

particularly for cash crops such as cotton and tobacco. Once the soil quality is too poor to sustain the 

monocultures, then the farmers begin to rotate between the production of cereals and legumes. If the 

soil is too degraded to sustain these rotations, the land is left fallow and cultivation shifts to surrounding 

fallow or forested areas. Further compounding the issue is the inadequacy of extension services at the 

local level, which limits the adoption of more appropriate management techniques and technologies. The 

cultivation of certain crops also places additional stress on forest resources and enhance deforestation. 

For example, tobacco once harvested is cured with substantial quantities of fire wood, with 1 kg of to-

bacco requiring about 20 to 31 kg of firewood (Tembo and Sitko, 2013).  

                                                                 

 
20 The term chitemene in the strict sense means slash and burn: a practice where farmers clear the forest, pile the resultant wood 
and burn it, then apply the ash as fertilizers on the land, which is cultivated for about 3-5 years. When fertility declines, the field is 
abandoned, but the farmer may return many years later to repeat the same process of cultivation.  
21 Kwesiga et al., 2005. Improved fallows in Eastern Zambia: History, Farmer Practice and Impacts. Accessed here 

http://cdm15738.contentdm.oclc.org/utils/getfile/collection/p15738coll2/id/77040/filename/77041.pdf
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The combined effect of a change in traditional cultivation practice, poor farming methods, and weak ex-

tension services has been increased pressure of opening up new land – resulting into massive deforesta-

tion. Based on LULC analysis, between 2000 and 2014, the Eastern Province lost about 156,000 ha of 

forests, almost of all this converted to agriculture. Figure 11 shows an example of forest land recently 

converted due to agricultural expansion.   

 

 

 

Figure 11: Deforestation due to agricultural expansion 

Source: UNIQUE   

The Eastern Province is also an important area for the rearing of livestock, such as cattle, goats, pigs 

(Tembo et al., 2013). Localised overgrazing has been reported in some areas such as in Katete-Kagoro in 

Katete district (MTNER, 2012 in Vinya et al., 2012). This is caused by non-rotational grazing, absence of 

supplementary feeding systems, lack of control of livestock populations. However, overgrazing is not con-

sidered a significant agricultural activity driving deforestation/forest degradation, but may become in the 

future if development efforts targeting livestock including restocking succeed, and are undertaken with-

out environmental safeguards.  

  

5.2 Fuelwood extraction 
In Zambia firewood is used by over 50% of the population as the primary source of energy for cooking 

(Tembo et al., 2014). Firewood use is concentrated in rural communities, where almost everyone (over 

80% of households) uses it as their primary source of energy (Kalinda et al., 2008; Tembo et al., 2015). 

Households in urban areas favour a mixture of charcoal and electricity, and firewood only an estimated 

6% of urban households use it as the main source of energy (Tembo et al., 2015). Given that approximately 

87% of the Eastern Province’s population is rural, the extraction of firewood represents a key driver of 

forest degradation. In addition, the average annual consumption of charcoal per household is estimated 

at about 1 to 1.4 tonnes (Kalinda et al., 2008). With the Province’s current urban population of about 13%, 

and the country’s average urban population growth rate of 3.2% per year, there is a small but increasing 

demand for charcoal even within the Eastern Province.  

Charcoal consumption is largely based in urban settings, where an estimated 85% of the urban population 

use it as a principle source of energy for cooking and heating. High demands for charcoal also exist in 

urban centres, e.g., Lusaka, and neighbouring countries, e.g., Malawi. While there are regulations for con-

trolling charcoal trade outside of the country, they have not been effectively enforced – leading to the 

persistence of informal trading networks. The production of charcoal is an important contributor to rural 
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livelihoods. Hence, charcoal production is widely spread across the Province – making enforcement and 

monitoring extremely challenging.  

In general, the extraction of wood for firewood does not involve clear-cutting within an area. Rural house-

holds gather mainly deadwood – preferring wood that is less smoky and producing a lot of heat. Only 

where firewood is scarce do they cut trees, and dry them before use (Kalinda et al., 2008). In the Eastern 

Province, fuelwood scarcity is not yet a significant issue. Where clear-cutting occurs, the principal motive 

is generally to convert the land, usually into agricultural land. When this occurs, the wood is then oppor-

tunistically harvested either for firewood or charcoal. Charcoal production involves cutting a large number 

of live trees within an area, and clearing charcoal kilns sites. Nonetheless, complete removal of all 

trees/shrubs over a large area is not widespread. The charcoal production steps are: tree felling; removal 

of woody shrubs and brushwood, kiln establishment and use (wood carbonization), and collection, pack-

aging and marketing the charcoal. Charcoal production largely changes the species composition within 

forests, as favourable woody tree species are selected for feedstock – leading to the over-extraction and 

depletion of specific species. Ideally, charcoal feedstock consists of woody tree species of a specific diam-

eter that have a long burning time, high heat values and produce minimal smoke, sparks or ash. However, 

localised feed-stock shortages in Eastern Province have increasingly led to the use of different tree species 

with less than ideal characteristics, including certain indigenous fruit trees. Usually selective logging is 

used to harvest these species; however, if there is high demand, a large number of trees may be cut in an 

area and used as feedstock (Gumbo et al. 2013). Discussions with many stakeholders indicate that species 

selection is the norm; hence, producers move following available stock. This could partly explain why 

charcoal production occurs some distance away from the roads – where most of the forests still stand.      

In terms of the production technology, earth kilns are the principle method used for producing charcoal. 

It involves clearing the underbrush where the kiln is established. The earth kilns require limited inputs and 

are constructed using natural materials (e.g. earth, twigs, leaves, etc.). However, they have a very low 

efficiency – around 12% (Hibajene and Kalumiana 2003 in Gumbo et al., 2013). In addition, some 20% of 

the charcoal produced is estimated to be lost during handling (Gumbo et al. 2013). Another related prob-

lem with charcoal production is that often wildfires can be triggered in the production process from the 

kilns.  

Long-term charcoal producers are often migrants, and once the forests are felled and the relevant species 

have been exhausted – they will often move to another forested area to exploit the forest resources for 

charcoal production. In addition, some smallholders produce firewood and charcoal only in the dry season 

and during land clearing or as a strategy to mitigate income losses after crop failure (often due to extreme 

climatic events). As a result, during the dry season and land clearing, fuelwood supplies have been re-

ported to increase (Gumbo et al. 2013). 

Charcoal is generally produced some distance away from the main roads, then transported to the road-

sides or markets for sale. The distance can be as far as 10 km – but ranges between 5 and 10 km on 

average from the main road or human settlements22. Besides accessing abundant stock, being away from 

the roads is also understood to reduce the risk of being detected by authorities. Once the charcoal is 

produced, it is marketed by transporting to the roadsides and urban centres – and thus it is often im-

portant that the charcoal production sites are aligned with roads in order to access markets. 

 

                                                                 

 
22 In Nyimba district, the distance where charcoal production took place was estimated at 5 km from the village/roadside, in Petauke 
district at 8 to 10 km, and in Katete district at 10 to 12 km. 
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Although there is some debate on this issue, based on the process of fuelwood extraction, and our field 

observations and discussions with various stakeholders, we concluded that fuelwood extraction (for both 

firewood and charcoal) does not directly lead to substantial deforestation, i.e., a long-term or permanent 

loss of forest cover.  Charcoal production in particular degrades the forest, contributing to its final con-

version primarily to agricultural land. However, the forest would regenerate if the site affected was left 

alone23. The duration required for this regeneration is estimated as ranging between 8 to over 20 years 

(Chidumayo and Gumbo, 2010). Therefore, we have considered fuelwood extraction as specifically a 

driver of forest degradation; it degrades the forest, re-disposing it to eventual conversion to agricultural 

land. Considering household consumption alone – where quite reliable data on population and average 

consumption figures are available – we estimated consumption at the household level to average 416,000 

tonnes/year and 38,700 tonnes/year in the Province for firewood and charcoal respectively. To under-

score the scale of the problem, if we assume those estimated quantities involved clear-cutting of the trees 

(which is typically not the case), this consumption would equal to about 9,300 hectares deforested due to 

fuelwood extraction annually.  

5.3 Forest fires 
Forest fires are a common occurrence in Zambia´s Eastern Province. Occurrences are regular as much of 

the vegetation is fire-prone (Hollingsworth et al. 2015). While minimal attention has been paid to the 

impact of anthropogenic fires on forested areas in the Province, it is thought that there is a substantial 

impact on reducing the quality and quantity of forested land. Fire is an important tool in rural communities 

that is inexpensive and effective, and allows the rural community to participate in various activities to 

support their livelihoods. Fire is used to clear vegetation for agricultural cultivation or to improve pasture 

land for livestock grazing. Later in the growing season, it can be used as a tool to burn crop residues and 

to prepare fields for future cultivation. It is often used as a traditional way to collect honey. Fire is also 

used by hunters to hunt small animals (e.g. clearing land to spot burrowing holes), and to improve their 

line of sight, locate tracks, etc. Also, within national parks it is used to promote grass growth for wildlife 

forage, and to clear areas for easier wildlife viewing to support tourism activities (Hollingsworth et al., 

2015). Fire is also used to cure tobacco, cook, and within the charcoal production process. While it is 

evident that fire plays an important role in rural communities in the Eastern Province, the impacts from 

fire can be severe. Often fires use for the activities described above are not adequately controlled, and 

thus fire quickly spreads to forest areas. Though fire is generally considered part of the ecological process 

of miombo vegetation, devastating fire occurs especially when it is late burning, too frequent, and very 

dry – resulting into death of trees or their tops (top-kills). Hence, forest fires lead to forest degradation.  

Depending on the extent and intensity, fire damages potential food sources (e.g. NWFPs), and wildlife 

habitat. Uncontrolled fires also have substantial impacts on local people, and can greatly reduce the avail-

ability and quality of forest resources (e.g. building materials, firewood), impact air and water quality. 

Fires have also been reported to cause destruction, e.g., burning of crops, and homes which can drastically 

change local livelihoods. Most homes in rural areas in the Eastern Province have grass-thatched roofs, 

hence, are very prone to catching fires.  

                                                                 

 
23 It is important to highlight that some studies treat fuelwood extraction as directly causing deforestation, and attempt to estimate 
deforestation due to fuelwood by taking the quantities of fuelwood consumed, and by assuming forests were clear-felled to produce 
those quantities, they calculate how many hectares have been clear-felled to produce the fuelwood quantities, e.g., Kalinda et al., 
2008, and Tembo et al. 2015. Using this approach Tembo et al. 2015 report annual deforestation due to fuelwood extraction of 
about 23,000 ha respectively for the entire country. We used this approach in section 4.3 only to qualify fuelwood extraction as a 
major driver of forest degradation, but not to attribute deforestation directly to it.  
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In the Eastern Province, it is estimated that fires impact over one million ha of land each year (Hol-

lingsworth et al., 2015). Figures from the FAO Forest Resource Assessment report of Zambia (FAO, 2015), 

indicate that on average about 5% of forests in Zambia (or approximately 2.3 million ha) were burnt an-

nually between 2003 and 2012. From our analysis of fire monitoring (satellite) data from the Moderate 

Resolution Imaging Spectroradiometer (MODIS)24, we estimated that an average of about 678,000 ha of 

forests/vegetated land were burnt annually between 2000 and 2014.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 

 
24 MODIS data were accessed via the web link here. 

http://modis.gsfc.nasa.gov/
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6 UNDERLYING CAUSES 

The behaviour and decisions of a deforestation agent are influenced by various underlying causes. In this 

section, we describe the underlying causes of deforestation/degradation specific to each driver. It should 

be noted that what drives deforestation and forest degradation is not only one factor (underlying cause), 

but the interactions among them. Such interactions can be complex, hence, cannot be reduced to a linear 

explanation.   

 

6.1 Agricultural expansion  
The agents of deforestation caused by agricultural expansion are smallholder farmers, with average farm 

size of approximately 2 ha, who clear forests for the permanent expansion of cropland. They grow a vari-

ety of crops such as maize, sweet potato, groundnuts, soybeans, mixed-legumes, sunflower, seed cotton 

and tobacco. Cotton and tobacco are the major cash crops. Although regarded as the staple food for home 

consumption, maize is also sold as nearly a cash crop. Agriculture is the principal source of livelihoods for 

all Zambians. In the Eastern Province – with 87% rural population – agriculture is extremely important. 

The following are the main underlying causes of deforestation caused by agricultural expansion in the 

Eastern Province. 

 

6.1.1 Poverty and dependence on agriculture 

Zambia is a poor Least Development Country (LDC) with life expectancy below the average of LDCs, and 

the Eastern Province is ranked among the top four poorest provinces among the country’s ten provinces; 

the other provinces are Northern, Western and Luapula, where about 50% of the population in these 

provinces are unable to satisfy their basic food requirements. The poverty incidence in in the Eastern 

Province is estimated at 0.79 – thus 79% of the population live on less than $1.90 a day at the 2011 inter-

national prices defined by the World Bank. This poverty rate is higher than the national average of 60% 

(de la Fuente et al., 2015). Agriculture, the main source of livelihoods, provides more than 80% of house-

hold income (Tembo and Sitko, 2013), and more than 60% of the employed population work in the agri-

cultural sector (CSO, 2015). Alternative livelihoods are extremely scarce, and are largely based on exploi-

tation of natural resources, e.g., wood and NWFPs. Charcoal production is considered second to agricul-

ture in terms of its contributions to livelihoods.  

The high dependence on agriculture has brought about increased demand for agriculture land. This has 

resulted into forests being vastly cleared for agriculture. Many smallholder farmers in the Eastern Prov-

ince tend to favour cultivating cash crops, e.g., cotton or tobacco in addition to food crops such as maize, 

which is In fact both a food and cash crop. Unsurprisingly, the Eastern Province contributes more than 

half of cotton and tobacco production in the country. These crops are often grown in newly opened-up 

land, and in monoculture production systems. Production of Virginia tobacco, of which the Eastern Prov-

ince contributes 30% of the total country’s production, is related to both deforestation – due to clearing 

of forest land to grow it, and forest degradation – due to fuelwood harvesting for curing it. The cultivation 

of the above cash crops is influenced by price changes, whereby in the past, increases in prices have led 

to an increase in production. The overall effect has been that often households are not able to guarantee 

their own food security with their own agricultural production (Gumbo et al. 2013). Commonly, small-

holder farmers switch to rotation systems of legumes and grains when cash crops can no longer grow 

effectively on the land due to nutrient depletion, triggering the search for new land for cash crop cultiva-

tion.  
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6.1.2 Population growth 

The Eastern Province had human population of about 1.5 million in 2010 and annual growth rate of 2.6% 

according to the 2010 population census (CSO, 2012)25. The human population is growing fast and highly 

dependent on agriculture. Population growth rate stands at 2.6% for the Eastern Province but differs 

across the districts, with Mambwe having the highest population growth rate, and Nyimba the least (Table 

13). Because of dependence on agriculture, new lands are opened-up to cultivate food and provide in-

come for the increasing population. In addition to agriculture, charcoal production is a key source of live-

lihood. Discussions with stakeholders across the Eastern Province districts positioned agriculture and 

charcoal production consistently as the two most important livelihood activities, and drivers of deforesta-

tion/forest degradation. Thus, access to alternatives livelihoods plays a significant role in deforestation. 

In rural areas in particular, there is extremely limited opportunity for alternative jobs, thus, a heavily reli-

ance on agriculture and charcoal production, both of which drive deforestation/forest degradation. 

Population growth rates and densities do not seem to be strongly related to deforestation: top deforesta-

tion districts such as Nyimba and Petauke do not necessarily have the highest population growth rates or 

densities (Table 12). The percentage of youth (those aged 0-34 years) is also nearly the same across the 

districts, hence, age structure too does not seem to be strongly related to deforestation. However, dis-

tricts with some 90% or more of the population living in rural areas such as Petauke, Nyimba, Mambwe, 

and Lundazi are among the top four in terms of absolute forest area loss, indicating that having a large 

rural population, which is inescapably poor is a key population factor influencing deforestation (Table 12). 

 

Table 12: Key population statistics of the Eastern Province districts 

District Total popula-
tion  

Annual popula-
tion growth 

rate (%)  

Population 
density (per-

sons/km2) 

% Population - 
Rural   

% Population 
- Aged 0-34 

years (youth) 

Petauke  307,889 2.7 37 90% 81% 

Nyimba   85,025 1.9 8 91% 80% 

Mambwe  68,918 3.8 13 91% 81% 

Lundazi 323,870 3.2 23 95% 80% 

Chipata 455,783 2.2 68 74% 80% 

Katete 243,849 2.6 61 91% 81% 

Chadiza 107,327 2.5 42 97% 81% 

Provincial  1,592,661 2.6 31 87% 80% 

 

A projection of population growth rate by the AfDB Statistics Department26 put the population growth 

rate of the Eastern Province at 2.6% until the year 2020, and 2.5% between 2020 and 2030. Due to the 

high dependence of the population on agriculture, the high population growth rate drives upwards the 

demand for agriculture land – either to expand production for existing families or start the same for new 

families. This results into huge clearing of forests for agriculture. Figure 12 illustrates the inverse relation 

                                                                 

 
25 This figure excludes Chama district which was part of the Eastern Province during the 2010 census, but the following year ceased 
to be part of it as it was moved to Muchinga Province. Also note that the statistics of new districts, namely: Sinda and Vubwi are still 
presented under their respective original (‘mother’) districts.  
26 The AfBD Statistics Department, 2016. Accessed here 

http://zambia.opendataforafrica.org/pwxybff/population-growth-rate-forecast
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in the trends of estimated human population and forest areas in the Eastern Province between 2010 and 

2015. 

 

Figure 12: Trends in human population and remaining forest area in the Eastern Province 2010-2015  

Source: CSO, 2012; UNIQUE (analysis and projections based on FD LULC maps and CSO, 2012) 

In addition to the actual growth in population, there is intricate local migration within the Eastern Prov-

ince, which are largely undocumented or monitored. The migrants come largely from within the same 

districts/Province but also from outside, and tend to settle in forested areas. According to the 2010 pop-

ulation census, only the Eastern Province and Northern Province had net in-migration (CSO, 2012). The 

migrants encroach on the forest clearing it to open land for crop cultivation and settlement. The forest 

encroachment is usually detected by the government at a much later stage – commonly when the forest 

has already been badly affected. The problem of migrating and settling in forested areas is compounded 

by political interference and expediency, where political elites and local/traditional leaders tend to take 

sides with the forest encroachers or simply do not actively support any moves to control or remove them. 

Such encroached forests eventually become candidates for degazettement and resettlement. Vinya et al., 

(2012) report that about 6 to 12 encroached forests may have been degazetted in three provinces: East-

ern, Southern and Copperbelt since 2000. Indeed in 2005, Mvuvye FR, at the Nyimba and Petauke district 

borders, was degazzetted following heavy encroachment by both locals and migrants. In Lundazi district, 

both local (Zambians) and foreign migrants (Malawians) were reported to be responsible for the heavy 

encroachment observed in Chimaliro FR.   

 

6.1.3 Low productivity on existing agricultural lands 

Agricultural productivity on existing agricultural lands are very low in the Eastern Province and Zambia at 

large. Taking the most pre-dominant crop, maize, which is grown by nearly 99% of farmers in the Eastern 

Province, the average yield in 2013 was estimated at only 2 tonnes/ha/year. This figure is even below the 

equally low national average of 2.4 tonnes/ha/year (Sitko et al., 2011, Tembo and Sitko, 2013). Table 13 

shows the average yield of the major crops grown in the Eastern Province. It is widely acknowledged that 

the yields of all crops are hugely below potential. 
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Table 13: Average yields of major crops in the Eastern Province districts 

Crop  Average yield (tonnes/ha) Crop category of use27 

Maize 2.0 Both food and cash crop 

Sunflower 0.5 Cash crop  

Groundnuts 0.6 Both food and cash crop 

Soyabeans 0.7 Both food and cash crop 

Cotton 0.9 Cash crop  

Tobacco 1.3 Cash crop 

Beans 0.6 Food crop 

Sweet potato 2.4 Food  crop 

 

The main reasons for the low productivity are: nutrient depletion on existing croplands as a result of poor 

farming methods such as burning crop residues; and limited use of inputs such as organic and in-organic 

fertilizers, and high yielding seeds. In addition, due to increased demand for agricultural land, the practice 

of long-fallows or shifting cultivation that used to restore soil fertility has drastically reduced among farm-

ers as the tendency now is predominantly permanent conversion to agriculture. The few farmers who 

continue to practice fallow do so for short periods, i.e., 1-3 years and generally below 5 years28. Due to 

low productivity on existing croplands, farmers are encouraged to open up new land by clearing forests. 

Yields are initially quite high on newly opened-up cropland, but decline rapidly – leading to expansion to 

new areas. This is because farmers initially start by planting nutrient-mining crops such as maize, cotton, 

tobacco, and sunflower on the newly cleared land when it is still fertile and can support production of 

these crops without inputs such as fertilizers. When fertility has dropped, then nutrient-enhancing legume 

crops are included in the crop rotation. 

   

6.1.4 Weak tenure and land use planning  

A major underlying driver of agriculture expansion into forest land is the lack of clear land tenure and land 

use planning. According to the ILUA survey, forest ownership in Zambia is divided among these actors:  

 Customary authorities, i.e., forests on communal land or “customary forests” – about 63% of total 

forestlands in the country; 

 State, i.e., forests on state land or “state forests” – about 24%;  

 Private land, i.e., “private forests” – about 10%); and 

 The rest (3%) has undefined/unknown ownership (Mukosha and Siampale, 2008). 

In the Eastern Province, about 96% of the land is estimated to be customary land29. The exercising of 

tenure rights over forest is, however, very weak. This is because there is limited understanding of the 

forest tenure, and capacity to manage the forests “owned”. The chiefs/chieftainess of the respective 

chiefdoms exercise some authority over customary forests. Their power lies largely in their control over 

land resources and their ability to allocate it to different users. Hence, land allocation and land use pro-

cesses on customary lands are often based on local governance processes. For example, gaining due per-

mission to settle and use land within a chiefdom has to be negotiated with the chiefs/chieftainess – where 

                                                                 

 
27 It should be noted that farmers may sell some portion of almost all food crops they grow, hence, the classification of a crop being 
food crop is relative categorisation. 
28 Kwesiga et al., 2005. Improved fallows in Eastern Zambia: History, Farmer Practice and Impacts. Accessed here. 
29 Kasali, 2007. Accessed here. 

http://cdm15738.contentdm.oclc.org/utils/getfile/collection/p15738coll2/id/77040/filename/77041.pdf
http://www.hedon.info/docs/E-MINDSET-PovertyReportForKatete.pdf
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they usually dictate the rights, responsibilities and use for the land users. However, the traditional author-

ity of the chiefs/chieftainess is weakening due to a breakdown on traditional cultural values, hence, the 

capacity to properly manage areas under their control is on a steep decline. Sometimes, there are also 

conflicts over land resources and claim of heirship30. 

The general lack of a clear understanding or recognition of forest tenure and capacity to exercise the 

tenure rights is facilitating forest destruction. This is compounded by conflicts over customary forests as 

open-access forest resources and the perception by some rural inhabitants that they do not benefit much 

from the forests, hence, the lack of incentive to sustainably use the forest resources. In other cases, the 

exercising of tenure and ownership rights directly causes deforestation. Both the consultations and pub-

lished literature revealed that farmers clear the land for agriculture in order to lay due claim to it (Gumbo 

et al., 2013). Community members normally acquire land for cultivation and settlement by requesting 

from the traditional leaders, i.e., chiefs/chieftainess and their advisors.  If someone is allocated a piece of 

land and does not clear the forests on it to show that he/she is actively using it, the authorities may with-

draw it and give it to someone else. 

Furthermore, both at the government level, i.e., at district and province level, and at the chiefdom level, 

no proper processes for allocating land for different uses are in place or enforced. A proper land use plan-

ning process simply does not exist. Hence, land use activities within districts/chiefdoms vary greatly and 

are generally inconsistent. As a result, forests are easily converted to agricultural land use including 

through government channels especially when they are degrading/degraded. The lack of a land use plan-

ning or its enforcement in driving deforestation is best illustrated by the hills surrounding Chipata town. 

Parts of those hills are within the boundaries of Chipata business district. They have been so badly en-

croached for agriculture – with the steeps stripped of its original vegetation and exposed to serious ero-

sion (Figure 13). Yet there are no serious and visible efforts to halt this problem or rehabilitate the hills, 

whose denudation certainly has serious implications in terms of mass erosion and siltation and associated 

effects on the town’s infrastructure and people. Lack of enforcement of land use planning could also be 

blamed for the degazettement of Mvuvye national FR in Nyimba and Petauke districts in 2005. 

Relatedly, customary forests, which makes up the largest share of forest lands often do not have manage-

ment plans or guidelines. The situation is also similar to FRs managed by the district FD offices. Hence, 

forest are very vulnerable to encroachment for agriculture and charcoal burning as there is no planning 

or any structured management of the forests. The exceptions encountered were communities who had 

received external support through the non-profit company, COMACO. COMACO recently supported a few 

chiefdoms, e.g., Chikomeni, Chikuwe, Jumbe, Luembe, Magodi, Mwasemphangwe, Mwape, Nyam-

phande, and Zumwanda to develop conservation plans for several Community Conservation Areas (CCAs). 

However, the implementation and long-term impact of this effort is yet to be assessed.  

 

                                                                 

 
30 For example, in Mambwe, and Lundazi districts, there were reportedly wrangles about boundaries, control over land resources, 
and rightful heirship in some chiefdoms. 
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Figure 13: Hills surrounding Chipata town – heavily encroached by agricultural expansion  

Source: UNIQUE 

 

6.1.5 Inadequate agricultural support  

In the Eastern Province, there is limited access to extension services for most farmers. The little extension 

services provided by government, some NGOs, and companies tend to be weak or limited in coverage 

since these organisations often have limited resources and capacities. In addition, smallholder farmers 

often do not have access to credit to make investments in their farms. The recent increases in crop pro-

duction/yields reported in Tembo and Sitko (2013) for example, are thus considered to be largely due to 

fairly favourable climatic conditions and increase in production on new lands, and not necessarily due to 

improved practices. Though there is a great potential to improve yields through providing capacity build-

ing and extension services, this capacity is extremely limited. Given the extreme and widespread poverty 

in Eastern Province, very few farmers are able to make investments in their farms. Hence, they continue 

to use poor agricultural practices, which lead to degradation and ultimately more deforestation – as they 

search for new arable land. 

There are a few Farmer Training Centres (FTC) in the Province, but these are few and far-spread. In addi-

tion, traditional methods of extension used – where training is provided by experts, and farmers receive 

messages as learners cannot work: there are simply too few extension staff per district to provide services 

to too many farmers. Cheaper yet effective models such as Farmer Field Schools (FFS) have not be ex-

ploited. The non-profit company COMACO has tried to provide training to some farmers – but this has 

been limited to members of their cooperatives and their close friends or neighbours. Hence, the main 

action to increase yield in the short-term by a poor subsistence farmer is to open new land, which often 

are old or regenerating forests.   
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6.2 Fuelwood extraction  
Fuelwood extraction (both firewood and charcoal) is undertaken by two main categories of agents:  

1. Households who collect fuelwood for subsistence use and occasionally for sale; and 

2. Individuals who regularly produce fuelwood for sale, i.e., seasoned charcoal producers. 

Some smallholders produce firewood and charcoal in the dry season, and during land clearing or as a 

strategy to mitigate income losses after crop failures (often due to extreme climatic events). Hence, during 

the dry season and land clearing, fuelwood supplies have been reported to increase (Gumbo et al., 2013). 

For seasoned charcoal producers, fuelwood sale is their primary source of income. Various actors may 

also be involved in the chain such as labourers for stacking fuelwood/kilns, and cutting trees and trans-

porting the trees/ charcoal, and marketing agents/traders. Charcoal production in particular is often a 

male-dominated activity; however, there is evidence that women are becoming increasingly engaged in 

this activity. At the national level some 40,000 people are thought to be employed by activities directly 

related to charcoal trade. Often charcoal production is focused in areas with higher rates of poverty where 

there are fewer employment opportunities and livelihood alternatives (Gumbo et al., 2013). The principal 

factors underlying forest degradation caused by fuelwood extraction are the following:   

 

6.2.1 Fuelwood dependency 

The population of the Eastern Province face both the lack of and inability to afford alternative energy 

sources. This is what we describe as a form of “energy poverty”.  Fuelwood (firewood and charcoal) is 

thus the primary source of energy used by them. A noteworthy amount of firewood is also consumed in 

tobacco curing and brick making, which are vital livelihoods activities undertaken at the household level. 

Each kilogram of flue-cured (Virginia) tobacco requires about 20 to 31 kg of firewood (Tembo and Sitko, 

2013). Alternative energy sources such as solar and liquefied petroleum gas are neither readily accessible 

nor affordable by the majority of the population as they are very poor. While the GRZ has made some 

efforts towards rural electrification, less than 6% of the rural population of Zambia have access to elec-

tricity (World Bank, 2016)31. It is estimated that some 85% of urban households use charcoal as a main 

source of cooking fuel and heating source (Gumbo et al., 2013). 

It is worth noting that even households that have access to electricity in urban areas do not use it signifi-

cantly for cooking or heating. Electricity is used primarily for lighting and running appliances such as tele-

vision sets, fridges, and charging mobile phones. Hence, improving access to electricity to a poor popula-

tion that cannot afford it has limited impact on reducing fuelwood consumption. Unsurprisingly, towns 

such as, Chipata or Lusaka, where electricity access is high are in fact major consumption centres for fuel-

wood in form of charcoal.  

Although production is based in rural communities, rural consumption of charcoal is very low – the rural 

population almost entirely use firewood as a source of energy. The Eastern Province population is about 

87% rural. Hence, within the Province, consumption of firewood is the major driver of forest degradation. 

Demand for charcoal due to a growing urban population and migration to urban centres – including out-

                                                                 

 
31 World Bank, 2016. World Bank, Sustainable Energy for all (SE4ALL) database from World Bank, Global Electrification database. 
Database. Accessed here. 

http://beta.data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS?locations=ZM&view=chart
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side the Province – are also important factors influencing charcoal production and driving forest degrada-

tion in the Province. For example, about a quarter and half of the charcoal produced in the Eastern Prov-

ince districts of Katete and Nyimba respectively is estimated to be consumed outside the district bound-

ary. The growing populations and high demands from other neighbouring countries are also reported to 

driving a largely informal cross-border charcoal trade (Gumbo et al., 2013).  

 

6.2.2 Inefficient fuelwood use 

There is a lot of wastage of fuelwood due to inefficient methods and tools used for combustion. The tra-

ditional earth (mould) kilns used for charcoal production by almost all charcoal producers in the Eastern 

Province are very inefficient in converting wood into charcoal; the conversion efficiency is about 12% 

(Kalumiana and Shakacite, 2003 in Gumbo et al., 2013). In addition, about 20% of the charcoal produced 

is estimated to be lost during handling (Gumbo et al. 2013). Charcoal is also produced by short-term op-

portunistic producers, who have limited skill in charcoal production. These producers do not have the 

incentive to make long-term investment in efficient production methods. In one community in Petauke 

district, community members stated that nearly 75% of the residents engage in charcoal production – 

mostly part-time. This makes it difficult to disperse knowledge and technologies. Efficient charcoal kilns, 

e.g., Casamance could improve efficiency of charcoal conversion to over 30%. In terms of firewood, the 

use of open fires, the predominant method of cooking/heating in the Eastern Province, results into huge 

wastage of wood. By using efficient wood burning stoves, wood consumption could be reduced by as 

much as 30-50%. The inefficient fuelwood use means higher fuelwood consumption and consequently 

higher extraction rates, which drive forest degradation.  

There have been some efforts to introduce improved cook stoves with higher fuel efficiency such as by 

project developers such as COMACO and C-Quest capital, and Three Rocks Ltd. These project developers 

expect to finance these projects through sales of carbon credits generated in the voluntary or regulated 

carbon markets. Relying on the carbon markets make the sustainability of these projects questionable. 

The Three Rocks project, for example, was rejected by the CDM Executive before being registered by the 

Verified Carbon Standard (VCS). Efforts to improve charcoal production through better monitoring of pro-

duction have been very limited and weak and essentially punitive (arresting of illegal charcoal producers), 

and there are no evidence of any noteworthy efforts to improve the efficiency of producing charcoal at 

present in the Eastern Province. 

 

6.2.3 Ease of entry into the fuelwood production 

In terms of contribution to direct cash income, fuelwood is the most important forest product obtained 

from the forests, followed by NWFPs such as wild meat, honey, mushroom, and other miscellaneous 

NWFPs. It is easy to enter into the fuelwood business for short-term income or as a long-term income 

generating activity. A large part of fuelwood producers (both firewood and charcoal) operate without any 

licence – particularly those who sell fuelwood harvested when clearing land for agriculture. Licence can 

be obtained at short notice from the FD district offices (Gumbo et al., 2013). However, most charcoal 

producers opt not to get one, therefore, produce charcoal illegally. Some illegal producers met claimed 

that the licences are expensive for them32. There are also those producers who do charcoal production or 

                                                                 

 
32 The licence fees for charcoal production as applied in Lundazi FD office are equivalent to USD 27 per cord; a cord produces on 
average of about 18 bags of charcoal of 50-kg each; this translates to about USD 1.5 per 50-kg bag of charcoal. Conveyance fees – 



UNIQUE | Drivers of deforestation in Eastern Province, Zambia 

UNIQUE | Kurzer Titel für Bericht | Error! Reference source not found.  

 

47 

fuelwood business in general only part-time. Those have no incentive to go for licences. Hence, there are 

relatively minimal entry barriers into the fuelwood business. In addition, the business of producing and 

selling charcoal itself requires minimal monetary and technical inputs. Thus, often producers are oppor-

tunistic, and begin to produce when extra cash is needed, or when no alternate employment opportuni-

ties exist. Migrant or landless families are also responsible for significant charcoal production, as it is often 

an easy-to-get income generating activity.  While this may be beneficial in terms of providing a quick 

alternative and poverty mitigation, it means a large population is involved in unregulated extraction of 

wood from the forests, thus, driving forest degradation.   

 

6.2.4 Weak regulatory and institutional structures 

While regulations generally exist to control fuelwood production and trade – for example The Forests Act, 

2015, they are not properly enforced33. A centralized licensing system is not in place to oversee charcoal 

production. Licences are issued by the FD district offices, but current charcoal production is highly decen-

tralized and widespread throughout the Province. Efforts to regulate production have been largely inef-

fective and extremely difficult due to the limited resources of the government to enforce production and 

marketing regulations. Hence, there is limited field inspections or monitoring. Majority of charcoal and 

firewood harvesting actually takes place on customary land. Across the Eastern Province, all FD offices 

visited cited their inability to monitor harvesting activities due to lack of funding, low staffing level, and 

transport. For example, in Mambwe, officials declared that they had not received any funding from gov-

ernment for their operations since the beginning of 2016; in Katete, they had received about USD 400 to 

cater for all operational expenses since January 2016. In addition, out of the five technical positions that 

are supposed to be filled in the district FD staff structure, only 2 had been filled across all districts except 

Mambwe district where officials declared they were four34. In addition, all district FD offices lacked 

transport for fieldwork and monitoring35. Chiefdoms are expected to support the FD in monitoring har-

vesting activities since most of the harvesting indisputably takes place on customary land. However, they 

have no capacity, and/or keen interest as they do not directly benefit from revenues collected from li-

cences issued for harvesting forest products; all revenues collected from licences goes to the government. 

In addition, any regulations or policies are often complicated and difficult to enforce as they often involve 

coordination among departments such forestry, energy and environment departments – which is very 

weak. Fuelwood production is thus found at the confluence of the forest and energy policies, as well as in 

the national policy on environment. For example, the FD oversees the harvesting of trees and use of forest 

resources, but the Energy Department is responsible for energy policy strategies, which covers fuelwood. 

The national policy on environment also tries to address fuelwood production as it is aimed at harmonis-

ing all policies relating to the environment (Gumbo et al., 2013). The coordination among the respective 

                                                                 

 

to legally transport charcoal – is about 1 USD per 50-kg bag; while the sale price on the main road (in Nyimba district for example) 
is USD 3.5 for a 50-kg bag. 
33 The Forests Act, 2015 clearly states that “a person who, not being a holder of a licence or permit under this Act, manufactures 
wood into charcoal or offers for sale, sells or removes charcoal in or from any State Land or customary area commits an offence”.  
34 Note that Mambwe is in a privileged position because it borders the South Lwangua National Park, and as such often receive 
funding from both the Province and development partners such as USAID, which other districts do not. 
35 In Chadiza for example, officials declared that they once had to a scheme to share one vehicle with three other neighbouring 
districts – before the scheme collapsed.  
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government departments is very weak. Hence, there is both a lack of unified strategy and working mech-

anism of coordination on fuelwood production, management, or support. The results is that fuelwood 

extraction is poorly regulated, thus, driving forest degradation.   

 

6.3 Forest fires  
Forest fires are common occurrences in the Eastern Province. They stem from activities such as hunting, 

clearing land for agriculture, stimulating fresh grass/herbaceous growth for livestock grazing, and harvest-

ing NWFPs such as honey. Hence, the three main agents of forest fires are hunters including honey hunters 

and many community members especially the youth who hunt edible mice; small-scale farmers, and live-

stock keepers. Uncontrolled forest fires represent a considerable threat to forest and biodiversity conser-

vation. The principal underlying causes of forest fires were identified as follows:   

 

6.3.1 A breakdown in the authority of traditional leaders 

The majority of the forest areas in the Eastern Province is under traditional leadership (chiefdoms). About 

96% of the land in the Eastern Province is estimated to be traditional/customary land36. The chiefs/chief-

tainess no longer wield as much authority as regards natural resources management as they historically 

did – due to a general breakdown in traditional African values and respect of the institution. With tradi-

tional rules on use of forest resources diminishing, the chiefs/chieftainess no longer have solid control 

over forest issues. Even where they try to exercise authority, their control is weak (Gumbo et al., 2013). 

Hence, although the chiefdoms may advise against uncontrolled and indiscriminate bush burning, many 

community members simply do not take heed – resulting into increased forest fires. In addition, during 

fieldwork it was apparent that government (district officials) seemed not to be effectively engaging the 

chief/chieftainess in dealing with natural resource management – though the chief/chieftainess receive 

payments in terms of honorary emoluments from the government37. Without empowering and working 

with the traditional leaders, it is nearly impossible to successfully implement development projects at the 

local level in rural Eastern Province. Hence, the chiefdom institutions need empowering. 

 

6.3.2 Inadequate capacity of fire control programs 

The FD directly manages fires affecting forests under their control (national or local forest reserves); while 

local communities are expected to manage forest fires affecting forests under customary land. The De-

partment of National Parks and Wildlife Authority (DNPW) manages fires in national parks and game man-

agement areas – sometimes coordinating its fire management with local communities. However, all of 

these institutions have very limited capacity, and do not take adequate steps to manage all forest fires. In 

some districts in the Eastern Province, e.g., Nyimba, neither the FD nor DNPW had dedicated fire man-

agement personnel; hence, uncontrolled fires even burn in protected areas (Hollingsworth et al., 2015). 

                                                                 

 
36 Kasali, 2007. Accessed here. 
37 According to a local informant, each chief/chieftainess gets about USD 1,600 per month from the government as honorary emol-
ument. During fieldwork, we also witnessed an apparent unease among some district officials regarding visiting the chiefs/chieftain-
ess. Our understanding of the situation was that these government officials wanted to be the conduit and take credit for any devel-
opment work, hence, visiting or engaging the chiefs/chieftainess directly seemed would potential undermine their (government 
officials’) authority. 

http://www.hedon.info/docs/E-MINDSET-PovertyReportForKatete.pdf
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In the case of forest plantations, the FD implements controlled early burning38, firebreaks, and fire-fighting 

by staff including with support of local communities as measures to control fires. DNPW’s fire manage-

ment includes the use of controlled early burning, firebreaks, and active fire-fighting in case of break outs. 

On customary land, forest fire occurrences are largely unabated, although some community members 

mobilise and actively fight fires, and use controlled early burning, and firebreaks to protect their proper-

ties only. Hence, due to low staffing level, and limited funding, equipment, and training, and community 

mobilisation, these measures are inadequate in both scale and impact to control forest fires in the Eastern 

Province. 

 

6.3.3 Climate change  

Increase in the number of wild fires in many of the world’s fire prone ecosystems in the last two decades 

can be partly attributed to a changing climate – with warmer temperatures and reduced precipitation 

being key factors (Westerling et al. 2006). The mean annual minimum temperature in the Eastern Province 

has increased slightly from 16.4oC in 2000 to 16.8oC in 2014 (Westerling et al. 2006). Raised temperature 

increases possibility of fire occurrence and intensity. Our analysis of MODIS data for 2000-2014 has not 

provided a clear relationship between rising temperature and increase in forest fires – although since 

2007, there appears to be an increasing trend in forest areas annually burnt (see section 7.3.1 for esti-

mates of annual forest areas burnt in 2000-2014); in addition, the average annual area burnt was relatively 

higher between 2000 and 2005 – where there were regular occurrences of droughts (Lekprichakul, 2008). 

Hence, without solid fire management systems, the raised temperatures and reduced and erratic rainfall 

are deemed to be exacerbating the forest fire problem in the Eastern Province.  

 

6.3.4 Inadequate knowledge and appreciation of fire impacts on forest  

The biological impacts of fires on forest ecosystem include tree mortality, loss of carbon, and loss of spe-

cies, especially fire-sensitive ones – resulting into overall degradation of the forest. However, there is 

inadequate understanding, and consensus or appreciation of the same in the Zambian context especially 

at the local level. Results from experiments indicate that controlled early burning does not have a degrad-

ing effect of miombo. Late burning, however, can suppress wood development – except for fire-tolerant 

species (Chidumayo, 1997). A fire management assessment report by Hollingsworth et al., (2015) con-

cluded by recommending that fire should not necessarily be excluded from the forest ecological process 

but used judiciously. However, at the local level, because fire has been part of the miombo ecosystem for 

millennia, and backed by the common knowledge that miombo species are fire-adapted, the overwhelm-

ing assertion is that it is not a problem for the ecosystem. Hence, the majority of local population in par-

ticular continue to see fires as part of the forest ecosystem, and are less motivated to control it for the 

reason that it has a degrading effect on the forest. It was, therefore, not surprising during the district-wise 

consultations that local communities did not expressly recognise forest fires as forest degradation driver 

(see section 4.3.2). Therefore, massive sensitisation to improve the understanding and consensus on fire 

use and impacts on miombo forests is needed. 

                                                                 

 
38 The process involves burning fuels within a swath to reduce future fire intensity, and possibility of spread. It is considered a 
cheaper alternative to installing firebreaks, and commonly done before or at the onset of the fire season. 
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6.3.5 Weak tenure  

The forestland tenure system poses a challenges to forest fire management. The majority of forests are 

on customary land, and the chiefs/chieftainess can make some decisions including allocation and use; 

while the state maintains de jure ownership. When timber, poles, and fuelwood are extracted for com-

mercial use, the license fees are collected exclusively by the state (the FD), e.g., licence for production 

and conveyance of fuelwood and timber (Gumbo et al., 2013). The communities do not get any of the 

revenues. The communities are thus not adequately motivated to protect the forest from fires. In addi-

tion, many community members hold the view that the forest resource belongs to God (or indeed to no 

one). Hence, they feel it is not their responsibility to protect it. They may engage in actively fighting a bush 

fire – but the goal is to protect their property such as crops in the fields, houses, and other property, and 

not necessarily to protect the forest.     
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7 OVERALL DEFORESTATION AND DEGRADATION 

In this section we present current and projections of deforestation/degradation, and the contributions of 

the different drivers to deforestation/degradation covering: 

 Expected future impacts of underlying causes; 

 Future deforestation hotspots; 

 Current and projected quantities of deforestation/forest degradation; and 

 The GHG emissions associated with the deforestation/forest degradation. 

7.1 Expected future trends 

7.1.1 Agriculture expansion  

The key factors driving deforestation caused by agricultural expansion are the high dependence of the 

Eastern Province population on agriculture as the primary means of livelihood due to very limited alter-

native livelihood options; a rapidly growing population; low productivity on existing lands; and inadequate 

support to improve productivity. The population in the Eastern Province is projected to continue to grow 

at around 2.6% until the year 2020 and 2.5 % between 2010 and 2030 (AfDB Statistics Department, 2016). 

Hence, population growth rate is expected to only marginally decrease. Although at the national level the 

contribution of agriculture to GDP may be declining – it was estimated at about 16% in 2001 and 13% in 

2009 (Sitko et al., 2011), the dependence on agriculture especially by the largely rural Eastern Province is 

expected to endure for the short to medium term; decline if any cannot be expected to be significant or 

sooner. Even though overall poverty rate in Zambia has declined over time, poverty rates in rural areas 

has remained stubbornly high, with about 79% of the rural population in the Eastern Province living in 

poverty (Sitko et al., 2011; de la Fuente et al., 2015). It is reasonable to expect poverty to marginally 

decline over the next 15 years if the current economic growth is sustained, but dependence on agriculture 

is not expected to diminish in a significant way. In other Provinces, it is the mining sector that has contrib-

uted to the provision of alternative jobs. The Eastern Province is not expected to become a key mining 

Province in the short to medium term – although there may be some limited mining prospects39.  

Furthermore, to improve agricultural productivity on existing lands, significant investments are needed in 

extension and other farmer-support systems. However, agricultural financing, as judged by the allocation 

of the national budget to the agricultural sector, has averaged about 6.8% since 2011, and declined in 

2016 (Figure 14). This is below the estimated amount required to improve agricultural productivity and 

ensure sustainable yields as specified in the Maputo Declaration40 of allocating 10% of public expenditure 

to agriculture (Kuteya, 2015).  

 

 

 

 

 

 

                                                                 

 
39 See e.g., Nyambe and Phiri 2010. Accessed here. 
40 In July 2003 in Maputo, Malawi, African Heads of State and Government endorsed the “Maputo Declaration on Agriculture and 
Food Security in Africa”, with a commitment to allocate 10% of national budgets to agriculture development. 

http://www.unece.org/fileadmin/DAM/energy/se/pp/unfc/UNFC_iw_June10_WarsawPl/14_Nyambe_Phiri.pdf
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Figure 14: Trends in national budget allocation to agriculture in Zambia, 2011-2016  

Source: Kuteya 2015 

With the prevailing trends in budget allocations, much needed improvements in agricultural productivity 

is not expected. The allocations fall short of what is needed to improve farm productivity, and its impact 

is further diminished by an increasing number of farmers to be served due to increasing population. Over-

all, the trends in the underlying causes of agricultural expansion (Figure 15) are expected to sustain a high 

deforestation level. 

 

 

Figure 15: Projected future impacts of agricultural expansion underlying causes  

Source: UNIQUE 
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7.1.2 Fuelwood extraction  

The factors that are driving forest degradation by fuelwood extraction are the dependency of the popu-

lation on fuelwood as their primary source of energy; wasteful use of the fuelwood due to inefficiencies 

in production and use systems; the ease of entering into the fuelwood business for short-term or long-

term cash incomes; and the weak regulatory and institutional structures to regulate/control fuelwood 

extraction. In the short to medium term, there is little reason to be opportunistic that these underlying 

causes will change significantly in positive way. Some progress has been made for example in rural elec-

trification – an alternative energy source. Rural electrification has slightly changed in the country in nearly 

two decades: it stood at an estimated 3% in 2000 and is now estimated at about 6%. Even then, both rural 

and urban households are unlikely to start using electricity significantly for cooking heating. Electricity is 

considered to be expensive relative to fuelwood (firewood and charcoal); in fact, even urban population 

with electricity access use charcoal for cooking. Electricity is used primarily for lighting and running appli-

ances such as television sets, fridges, and charging mobile phones. Hence, improving access to electricity 

– when the population is poor and can barely afford it – has limited impact on reducing fuelwood con-

sumption. Hence, over the next 15 years, very little if any dip can be expected in terms of the population’s 

reliance on fuelwood.   

In addition, the wasteful use of wood fuel due to cooking with open fires has remained the norm among 

rural populations. Through carbon projects, NGOs, and government programs, some fuel-efficient wood 

burning stoves have been distributed in the Eastern Province. For example COMACO is promoting fuel-

efficient wood burning cookstoves as a carbon project – partnering with C-Quest – with COMACO being 

the Component Project Activities (CPA) implementer and C-Quest the Coordinating/Managing Entity 

(CME). Three Rocks Ltd. has also introduced fuel-efficient wood burning cookstoves for a CDM project for 

its VCS-registered carbon project. These efforts are quite limited in coverage, and the cookstoves intro-

duced for example by Three Rocks are largely externally made locally; hence, majority of the population 

cannot afford it on their own. In general, the sustainability of these efforts are questionable as the ap-

proach is to finance them using revenues from carbon credit sales.  

Charcoal production will continue to be undertaken using earth mound kilns as adoption of high recovery 

charcoal kiln technologies is hampered by the fact that there is no centralised monitoring or licensing 

system; producers are scattered throughout the Province, and are largely undocumented or monitored. 

Majority are part-time producers, who have no motivation or capacity to undertake long-term investment 

in efficient technologies. Though implementing sustainable charcoal production and firewood collection 

practices is stated in the Zambia REDD+ strategy document, past efforts as noted above have been inad-

equate (Matakala et al., 2015). Significant improvements in fuelwood utilisation is thus not expected to 

be achieved in the near future. A key lever that will continue to drive fuelwood related forest degradation 

in the Eastern Province is the growth in population. Therefore, fuelwood extraction patterns in the Eastern 

Province is expected to be largely dictated by a growing population that is fuelwood-dependent. Figure 

16 below illustrates the projected future impacts of the situations described above regarding underlying 

causes of fuelwood extraction. The general outlook is that the underlying causes will continue to exert an 

influence that drives fuelwood consumption, thus, sustaining a high level of fuelwood extraction, and 

associated forest degradation.    
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Figure 16: Projected future impacts of fuelwood extraction underlying causes  

Source: UNIQUE 

 

7.1.3 Forest fires  

Among other underlying causes of forest fires, climate change will have a major impact on forest fires in 

the future. The projected near-term (next 5 to 40 years) climatic changes in Zambia paint a generally 

negative scenario: Total annual precipitation is expected to decrease slightly, although the frequency of 

extreme precipitation events will probably become greater. The intensity of rainfall events and the time 

between them may also increase. Hence, rainfall will generally reduce and become more erratic. The fre-

quency of rainy days could lead to longer dry spells interspersed by more intense heavy precipitation 

events. Daytime and night-time temperatures across all of Southern Africa are expected to gradually in-

crease in the coming decades. This would also probably result in higher incidence of extreme heatwaves 

and also elevate evapotranspiration rates (Gannon et al., 2014). Temperature is expected to increase by 

an average of 1.2 to 3.4oC by the 2060s (McSweeney et al., n.d). These projected future climate will thus 

enhance forest fire occurrences.  

Furthermore, the mechanisms to manage fires, whether through the authority of traditional leaders 

(chiefs/chieftainess), and fire control programs are not expected to significant improve soon. Instead the 

authority of traditional leaders is expected to further decline as a result of further breakdown of tradi-

tional African values and customs. The capacities of FD and DNPW, and communities to manage fires are 

also currently hindered by lack of training, equipment and community mobilisation. There are no signifi-

cant measures or efforts on the ground that can rapidly change these trends. On customary forestlands, 

the only effort identified was by COMACO working with a few (about 9) chiefdoms in the Eastern Province 

and rewarding farmers with premium prices if their chiefdoms demonstrate forest conservation including 
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reducing fire incidences41. As earlier stated, the FD has very limited capacity to carry out is work, and 

together with the DNPW concentrate their efforts on protecting forestlands that they directly manage; 

while the vast majority of the forests, which are under customary ownership will remain particularly vul-

nerable and a subject of uncontrolled forest fires. Therefore, overall the outlook of the underlying causes 

of forest fires are not expected to change for the better as illustrated in Figure 17 below; hence, fires will 

continue to affect large areas of forest for the foreseeable future.    

 

 

Figure 17: Projected future impacts of fuelwood extraction underlying causes  

Source: UNIQUE 

 

7.2 Future deforestation hotspots 
Future deforestation hotspots are areas where future deforestation are likely to be concentrated in the 

future. The future deforestation hotspots were derived by predicting with Terrset Land use change mod-

eller. See Annex 5 for details of the procedures. 

As shown in Figure 18, deforestation hotspots are predicted to be concentrated on the western side of 

the Eastern Province. This is largely driven by elevation – as farming is expected to increase in the lower 

elevation areas as observed in the 2010-2014 period (see section 4.2.1). in addition, these are also areas 

where forests, which could be deforested,  would be found in the future (2016-2030). 

 

                                                                 

 
41 This effort is further elaborated in the report: Interventions to Address Deforestation and Forest Degradation in the Eastern Prov-
ince, Zambia. The premium price is paid only to those who sell ‘surplus’ crops to COMACO from chiefdoms that have met the com-
pliance criteria. 
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Figure 18: Project future deforestation hotspots in the Eastern Province  

Source: UNIQUE 

  

7.3 Current and projected quantities of deforestation/degradation  
The current deforestation rate in the Eastern Province has been estimated using FD LULC maps as de-

scribed in section 4.2. The results show that 54,027 ha were deforested in the Eastern Province between 

2000 and 2010, and 102,087 ha deforested between 2010 and 2014. Over the entire period of analysis 

(2000-2014), the total deforestation was estimated at 156,114 ha. This is equivalent to an average annual 

deforestation rate of about 0.4%, which is henceforth considered as the average deforestation rate of the 

Eastern Province. 

Future quantities of deforestation was, therefore, projected using average baseline approach. This ap-

proach, also used in approved REDD+ methodologies42, was considered appropriate for the Eastern Prov-

ince, where there is general lack of robust data for a modelling approach.  

 

Hence, projections of deforestation was made by applying the formula: 

𝐴𝑑𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛  = 𝐴𝑓𝑜𝑟𝑒𝑠𝑡  * 𝑅𝑑𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛   

Where: 

                                                                 

 
42 See, for example, the VCS-approved Methodology for Avoided Unplanned Deforestation, v1.1. Accessed here.   

http://database.v-c-s.org/sites/v-c-s.org/files/VM0015%20Methodology%20for%20Avoided%20Unplanned%20Deforestation%20v1.1.pdf
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 𝐴𝑑𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛  = annual deforestation in year t, ha; 

𝐴𝑓𝑜𝑟𝑒𝑠𝑡  = forest cover in year t, ha;  

𝑅𝑑𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛  = deforestation rate, %.  

 

The deforestation figures are presented in Table 14. The projected estimates show that a total of about 

154,700 ha of forest would be lost in the Eastern Province over the period 2016-2013, or an average of 

about 10,300 ha annually. The absolute number of hectares lost yearly declines as the remaining forest 

areas reduce annually.   

 

Table 14: Deforestation projected to occur in the Eastern Province in 2016-2030 

Year Annual deforestation (ha) Remaining forest area (ha) 

2016 10,581 2,898,858 

2017 10,543 2,888,277 

2018 10,504 2,877,734 

2019 10,466 2,867,230 

2020 10,428 2,856,765 

2021 10,389 2,846,337 

2022 10,352 2,835,948 

2023 10,314 2,825,596 

2024 10,276 2,815,282 

2025 10,239 2,805,006 

2026 10,201 2,794,768 

2027 10,164 2,784,567 

2028 10,127 2,774,403 

2029 10,090 2,764,276 

2030 10,053 2,754,186 

Total  154,726  

Annual average 10,315  

 

 

7.3.1 Contributions of different drivers to deforestation/degradation 

The contributions of different drivers to deforestation/degradation have been derived from LULC analysis, 

literature review, and the experts’ knowledge. 

 

Agricultural expansion 

From the LULC analysis, out of the 158,672 ha deforested in the Eastern Province between 2000 and 2014, 

all transitioned into cropland. This is due to the fact that the land use transition employed in the FD LULC 

maps had LULC transition from forest to only one other class: cropland. According to estimates by MTNER 

(2002) quoted in Vinya et al., 2012, land clearing for agriculture accounts for an estimated 90% of forest 

cover loss in Zambia. Due to the fact that agriculture and charcoal production are major livelihoods, the 

intricate relationship between agriculture and charcoal production makes it difficult to conclude which of 

the two is the primary motive for tree removal and thus deforestation should be attributed to:  Forests 
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may be cleared with the intention to cultivate the land, and the wood generated converted to charcoal, 

or trees may be cut for charcoal production and the site ultimately easily converted to agriculture. How-

ever, discussions with many stakeholders and local communities indicate that clearing forest is primarily 

done for cultivation. Charcoal production involves a selection of species, which if exhausted, the produc-

ers move to new areas. Except for kiln sites, the production site is not commonly completely cleared of 

its vegetation, which could thus lead to deforestation. Thus, the common situation is that the forests may 

be initially degraded by fuelwood extraction, then eventually the degraded forests/forestlands are con-

verted to agricultural land. Therefore, in the exact sense, the proximate driver of deforestation is agricul-

ture expansion; fuelwood extraction and fires drive the degradation. Any deforestation attributable to 

charcoal production may be of a temporary nature as new regeneration is enhanced by the removal of 

the forest crown (Kalinda et al., 2008). Therefore, owing to the temporary nature of fuelwood based de-

forestation, we attributed the deforestation witnessed in the Eastern Province primarily to agricultural 

expansion. 

When forests are cleared for agriculture, there are typically four main crops grown on the land while it is 

still fertile: maize, cotton, tobacco, and sunflower. Eventually soil fertility declines, and other crops are 

rotated. Thus, the initial deforestation is driven by the expansion of cultivation of those four main crops. 

Therefore, most of the deforestation can be attributed to expansion of the cultivation of those crops – 

particularly maize. The trend in areas cultivated of these crops (and the other major crops grown in the 

Eastern Province) show a steady increase although there are annual fluctuations (Figure 19). The increases 

in areas cultivated of abovementioned four crops between 2003 and 2012 (where data could be obtained) 

totalled about 210,400 ha, which is slightly above the total deforestation between 2000 and 2014 

(158,600 ha). Most of this expansion can be attributed to expansion into forest areas, while some can be 

reasonable expected to be expansion onto existing agricultural land – by displacing other crops.  

  

 

Figure 19: Trend in cultivated areas of major crops in the Eastern Province  

Source: Tembo and Sitko 2013 

Deforestation due to agricultural results in removal of the forest carbon. The GHG emissions associated 

with deforestation due to agriculture expansion have been estimated and presented in section 7.3.2. 
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Fuelwood extraction 

From the review of literature, observations, and discussions, we concluded that fuelwood extraction does 

not directly lead to sizeable deforestation. In some places, small-sized patches of localised deforestation 

due to cutting trees for charcoal have been noted, in particular where charcoal kilns are built. Nonethe-

less, if left alone, vegetation would re-grow at these sites. However, commonly the deforested lands are 

eventually taken up for small-scale agriculture. Hence, we have treated fuelwood extraction as a forest 

degradation driver – rather than a deforestation driver. 

The area of forest degraded by fuelwood extraction was estimated from annual fuelwood consumption 

figures adjusted for growth of human population in the Eastern Province. Kalinda et al., (2008), quoting 

Bwalya (2006), reported annual firewood consumption of about 1.56 tonnes per household in Zambia. 

While charcoal consumption is estimated at about 1.0 to 1.4 tonne/household for urban households. The 

Eastern Province had a population of 1,592,661 people in 2010: 1,392,338 rural population, and 200,323 

urban, growing at 2.6% per annum, with average household size of 5.2 persons (CSO, 2012). The popula-

tion is projected to grow at 2.6% per annum till 2020, and at 2.5% between 2020 and 2030 (African De-

velopment Bank Statistics Department, 2016)43. Therefore, we projected both urban and rural populations 

from the 2010 census using the above population growth rates. Using the average household size, we 

estimated annual consumption of 0.30 tonne of fuelwood per rural household and 0.19 tonne of charcoal 

per urban household. Biomass extraction for fuelwood would lead to degradation, and since forest is a 

renewable resource, we applied the IPCC default fraction of non-renewable biomass (fNRB) for Zambia, 

i.e., 81% to adjust for fuelwood extraction causing forest degradation44. 

Forest degradation due to fuelwood extraction causes a change of forest from undisturbed to disturbed 

state. The loss of biomass from undisturbed to a disturbed state is equal to 42 tonnes of biomass/ha 

(Kalinda et al., 2008). By dividing the total annual fuelwood consumption (both firewood and charcoal) in 

the Eastern province with that biomass loss, we estimated forest degraded by fuelwood extraction (Table 

15). The estimates indicate that on average fuelwood extraction results into degradation of about 16,400 

ha (in 2016). However, over the next 15 years, fuelwood extraction is projected to degrade an average of 

about 19,000 ha (or about 1% of the forest area) in the Eastern province annually or a total of about 

296,800 ha (or about 10% of the estimated 2016 forest area). The GHG emissions associated with fuel-

wood-caused degradation have been estimated and presented in section 7.3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 

 
43 The AfBD Statistics Department Open Data, 2016. Accessed here. 
44 fNRB accessed here. 

http://zambia.opendataforafrica.org/pwxybff/population-growth-rate-forecast
https://cdm.unfccc.int/DNA/fNRB/index.html
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Table 15: Forest degradation due to fuelwood extraction in the Eastern Province, 2016-2030 

Year 
Projected 

population – 
Rural 

Projected 
population – 

Urban 

Total fuelwood 
extraction 
(tonnes) 

Non-renewable 
fuelwood ex-

traction (tonnes) 

Forest area de-
graded by fuel-
wood extrac-

tion (ha) 

2016 1,624,160 233,676 861,130 697,516 16,486 

2017 1,666,388 239,752 883,520 715,651 16,914 

2018 1,709,714 245,986 906,491 734,258 17,354 

2019 1,754,167 252,381 930,060 753,349 17,805 

2020 1,799,775 258,943 954,242 772,936 18,268 

2021 1,846,569 265,676 979,052 793,032 18,743 

2022 1,892,734 272,318 1,003,528 812,858 19,212 

2023 1,940,052 279,126 1,028,616 833,179 19,692 

2024 1,988,553 286,104 1,054,332 854,009 20,185 

2025 2,038,267 293,256 1,080,690 875,359 20,689 

2026 2,089,224 300,588 1,107,707 897,243 21,206 

2027 2,141,454 308,102 1,135,400 919,674 21,737 

2028 2,194,991 315,805 1,163,785 942,666 22,280 

2029 2,249,866 323,700 1,192,880 966,233 22,837 

2030  2,306,112 331,793 1,222,702 990,388 23,408 

Total  2,306,112 331,793 15,504,135 12,558,350 296,818 

Average   1,033,609 837,223 19,788 

 

 

Forest fires 

Forest fires are a widespread phenomenon in the Eastern province, and Zambia as whole. According to 

FAO Forest Resource Assessment report of Zambia (FAO, 2015), about 5% of forests in Zambia burnt an-

nually between 2003 and 2012. For the Eastern Province, we analysed satellite data from Moderate Res-

olution Imaging Spectroradiometer (MODIS)45, available for the period 2000-2014. The results showed 

that between 2000 and 2014 an average of about 678,000 ha of forests in the Eastern Province were burnt 

annually, hence, an average annual rate of burning of 22%. This rate has been considered as the historic 

rate of forest fires, and used to derive projections of forest areas burnt in the 2016-2030 period (Table 

16).  

Although fire is generally considered part of the ecological process of miombo vegetation, devastating fire 

occurs especially when it is late burning, too frequent, and very dry – resulting into death of trees or their 

tops (top-kills). Hence, we considered fires as a forest degradation driver. For forest area projected to 

burn in 2016-2030, we assumed the historic average from the MODIS analysis mentioned above, and used 

estimates of remaining forest area (Table 14) to estimate forest areas projected to burn, which are pre-

sented in Table 16 below. The carbon GHG emissions generated by the forest fires have been estimated 

and presented in section 7.3.2. 

 

                                                                 

 
45 MODIS data were accessed via the web link here. 

http://modis.gsfc.nasa.gov/
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Table 16: Forest areas burnt in 2000-2014, and projected to burn in 2016-2030 in the Eastern Province 

Year 
Forest area annually burnt 

(ha) 
Year 

Forest area projected to burn 
(ha) 

2000 440,935 2016 637,749 

2001 649,532 2017 635,421 

2002 835,832 2018 633,102 

2003 883,102 2019 630,791 

2004 830,795 2020 628,488 

2005 744,195 2021 626,194 

2006 681,653 2022 623,909 

2007 608,348 2023 621,631 

2008 644,186 2024 619,362 

2009 566,859 2025 617,101 

2010 573,864 2026 614,849 

2011 728,625 2027 612,605 

2012 607,885 2028 610,369 

2013 698,542 2029 608,141 

2014 676,368 2030  605,921 

Total  10,170,723  9,325,631 

Average  678,048  621,709 

 

7.3.2 GHG emissions  

GHG emissions were estimated for the deforestation and forest degradation that are projected to occur 

in 2016-2030. Emissions were calculated as the product of the annual activity data, i.e., the annual area 

projected to be deforested, degraded, or burnt and the emissions factor of the respective deforesta-

tion/forest degradation activity. The emission factor is equal to the carbon stocks46 lost when the forest 

is deforested, degraded, or burnt. For agricultural expansion, where the forest is converted to cropland, 

the annual GHG emissions is the product of the annual deforestation and the difference of average long-

term carbon stocks of the forest and agricultural land/cropland. For fuel wood extraction, the emission 

factor is the difference between undisturbed forest and disturbed (logged) forest. Carbon stock values 

were obtained from Kalinda et al., 2008, and Kamelarczyk, 2009 – both of which are based on ILUA da-

tasets. 

For forest fires, GHG emissions were calculated from estimates of areas annually burnt and IPCC emissions 

factors for combustion of different vegetation – by applying to the formula below: 

𝐺𝐻𝐺𝑓𝑖𝑟𝑒 =  𝐴𝑓𝑖𝑟𝑒 ∗ 𝐵𝑛𝑎𝑡 ∗ 𝐶𝑂𝑀𝐹 ∗ 𝐺𝑔 ∗  10−3 ∗ 𝐺𝑊𝑃𝑔    

Where: 

𝐺𝐻𝐺𝑓𝑖𝑟𝑒  = GHG emissions due to forest fires, tCO2e; 

𝐴𝑓𝑖𝑟𝑒  = area burnt, ha; 

𝐵𝑛𝑎𝑡  = average aboveground biomass stock before burning, tonnes of dry mass/ha; 

                                                                 

 
46 Note that in all cases, carbon stocks values are right away converted to tCO2 by multiplying with the IPCC default carbon fraction 
= 0.5, and the molecular weight ratio of carbon dioxide to carbon = 44/12.  
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𝐶𝑂𝑀𝐹 = combustion factor, dimensionless (default value taken from Table 2.6 of IPCC, 2006 – for all 

secondary tropical forests); 

𝐺𝑔 = emission factor for respective greenhouse gas; kg per tonne of dry matter burnt (default values taken 

from Table 2.5 of IPCC, 2006); 

𝐺𝑊𝑃𝑔  = global warming potential for greenhouse gas; tCO2e/tonne of gas (default values from IPCC, 

2007); 

From the above equation, the emission factor for forest fire is given by 𝐵𝑛𝑎𝑡 ∗ 𝐶𝑂𝑀𝐹 ∗ 𝐺𝑔 ∗  10−3 ∗ 𝐺𝑊𝑃𝑔    

The carbon stock values/emission factors used are presented in Table 17.  

 

Table 17: Carbon stocks before and after deforestation/degradation   

Drivers  

Before deforesta-
tion/degradation 

After deforesta-
tion/degradation 

Emission 
factors 
(tCO2e/ha) 

Source 

Land 
use/cover 

class 

Carbon 
stock 

(tCO2/ha) 

Land 
use/cover 

class 

Carbon 
stock 

(tCO2/ha) 

Agriculture expansion Forest  185 Cropland 61 123 Kamelarczyk, 2009. 

Fuelwood extraction Undisturbed 
forest   

137 Disturbed 
forest 

64 73 Kalinda et al., 2008. 

Forest fires Forest 90 Burnt forest  - 50 Kamelarczyk, 2009; IPCC, 
2006; IPCC, 2007. 

Note: the carbon stock values for fuelwood extraction and forest fires are for above-ground biomass only. 

For small-scale agriculture, they are the sums of above- and below-ground biomass. 

 

The results presented in Table 18 below show that deforestation/forest degradation caused by the iden-

tified drivers in the Eastern Province would result into GHG emissions of about 34 million tCO2e/year in 

the 2016-2013 period. In terms of contributions, forest fires would generate the most emissions, followed 

by fuelwood extraction and agricultural expansion. Forest fires affect large forest areas annually, and 

cause both carbon (CO2) emissions, and non-carbon emissions, i.e., emission of methane (CH4), and N2O) 

from wood combustion, hence, its large contributions to total GHG emissions.     

 

Table 18: GHG emissions due to deforestation/degradation  

Drivers  
Total forest area af-

fected 2016-2030 (ha)  
GHG emissions 2016-2030 

(tCO2e) 
Annual average GHG emis-

sions (tCO2e/year) 

Agricultural expansion 154,726 19,084,884 1,272,326 

Fuelwood extraction 296,818 21,642,223 1,442,815 

Forest fires 9,325,631 469,898,984 31,326,599 

 

7.4 Opportunity cost 
Opportunity costs have been estimated for the two drivers that generate quantifiable monetary benefits, 

i.e., agricultural expansion, and fuelwood extraction. The opportunity costs have been presented in two 

ways: 

1. In absolute terms, as the NPV (discounted net benefit) of agricultural production and fuelwood ex-

traction compared with that of the forest.  

2. In relative terms, as the NPV of agricultural production and fuelwood extraction relative to their GHG 

emissions. This results into USD/tCO2e, indicating how much benefit would be foregone for avoiding 
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emissions of every tCO2e. Expressing opportunity cost in this term is a useful way of understanding 

the cost of avoiding the GHG emissions from deforestation/degradation agent’s perspective:  The 

higher the value, the higher the cost, and the lower the value, the lower the cost of avoiding each 

tCO2e of GHG emissions caused by the respective land use (driver). For detailed explanations, refer 

to Annex 4.  

The NPVs were modelled using the 1-ha models (see Annex 2 for details) and are presented in Table 19 

below both in absolute and relative terms. 

 

Table 19: Net Present Value of drivers of deforestation/degradation  

Drivers  Land use   
NPV 

(USD/ha) 
Opportunity cost 

(USD) 
Opportunity cost 

(USD/tCO2e) 

Forest  Forest  157 n.a n.a 

Agricultural expansion  Cropland (small-scale)  2,015 1,858 15 

Fuelwood extraction Forest (degraded) 824 668 6 

 

The relative opportunity costs presented in Table 19 show that agricultural expansion has a higher oppor-

tunity costs than fuelwood. Foregoing conversion of forest to agriculture would mean foregoing more 

benefits that foregoing fuelwood extraction. The scenario is similar in terms of opportunity cost per unit 

of GHG emissions avoided. This implies that in monetary terms, it would be more costly to avoid defor-

estation due to agricultural expansion (USD 15/tCO2) than degradation caused by fuelwood extraction 

(USD 6/tCO2). 
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8 CONCLUSIONS, RECOMMENDATIONS AND NEXT STEPS 

8.1 Conclusions and recommendations  

Deforestation and forest degradation in the Eastern Province has had a long history. While analysis of 

previous deforestation and forest degradation may not have benefited from better-quality remote sens-

ing methods, they indicate than deforestation has been on the upward trend. The recent analysis has 

been based on FD LULC maps. Though these maps had some quality issues as aforementioned, there is 

ample evidence to conclude that deforestation has been on the increase in the Eastern Province, e.g., the 

degazettement of forest reserves such as Mvuvye in 2005, and the near wiping out of forests such as 

Chimaliro FR in Lundazi district. 

The drivers and agents of deforestation have been identified and validated through extensive stake-

holder’s consultations and quantitative analyses. Hence, agricultural expansion, fuelwood extraction and 

forest fires are the three main drivers of deforestation and forest degradation where serious efforts 

should be undertaken to address their underlying causes. Deforestation due to agricultural expansion is 

primarily the actions of small-scale farmers, who practice subsistence and cash crop farming, and is wide-

spread across the Eastern Province. Fuelwood extraction, which is undertaken by both part-time charcoal 

producers, and seasoned producers is equally widespread. Finally, forest fires, originating from the actions 

of many users of fires such as farmers, hunters, and cattle keepers affect large areas every year. Both the 

drivers of deforestation and agents are unconfined – but rather widely spread across the Province.   

In terms of agent motivation, the opportunity analysis shows that agricultural benefits drive most of the 

deforestation. The opportunity cost of avoiding emissions of 1 tCO2e due to agricultural expansion was 

estimated as being twice that of fuelwood extraction. Therefore, efforts to halt deforestation driven 

largely by agricultural expansion are likely to be on the higher cost side – compared to fuelwood extrac-

tion. Expectedly, during consultations, local communities appeared aversive in attributing deforestation 

to agricultural expansion – underscoring their appraisal of the importance of agriculture to rural liveli-

hoods relative to forests. Agriculture contributes more than 80% of household income.   

Looking into the short and medium terms, our assessment predicts forests would continue to face almost 

the same pressure from these identified drivers due to socio-economic, institutional and regulatory, and 

environmental state of affairs that do not influence forest conservation in a highly favourable way. How-

ever, the ZIFLP is unlikely to tackle all the problems of deforestation and forest degradation in the Eastern 

Province. Therefore, in the interventions report, we make efforts to identify priority areas of interven-

tions.  

8.2 Next steps  
A separate report on interventions to address deforestation and forest degradation is being compiled. In 

Table 20, we present the long list of all interventions have been identified following extensive stakehold-

ers’ consultations including a technical workshop in Chipata in June 2016, and subsequent district-wise 

consultations in the Eastern Province. These interventions have been assessed in detail in terms of their 

costs, scale, and overall suitability/ranking to reduce deforestation/degradation – including through dis-

cussions and validation with relevant stakeholders, and the results are being compiled in a separate report 

(Interventions to Address Deforestation and Forest Degradation in the Eastern Province, Zambia). 
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Table 20: All interventions proposed for addressing deforestation and forest degradation 

Intervention Driver targeted  Sector  

1. Integrated soil fertility management  Agricultural expansion Agriculture  

2. Incentives for crop value chains Agricultural expansion Agriculture 

3. Fuel-efficient technologies  Fuelwood extraction  Energy  

4. Sustainable charcoal production  Fuelwood extraction  Energy  

5. Alternative energy sources /fuels  Fuelwood extraction  Energy  

6. Forest-based enterprises All  Forestry 

7. Afforestation/Reforestation  Fuelwood extraction   Forestry  

8. Community-managed natural regenera-
tion  

Fuelwood and agricultural expansion Forestry 

9. Land use planning  All  Forestry  

10. Community-based conservancies  All  Forestry 

11. Comprehensive fire management  Fire  Forestry  

12. Agroforestry  Agricultural expansion  Agriculture 

13. Improved livestock management Fuelwood and agricultural expansion Agriculture  

14. Small-scale poultry  Fuelwood and agricultural expansion Agriculture 

15. Small-scale vegetable farming Fuelwood and agricultural expansion Agriculture  

16. Carpentry  Fuelwood and agricultural expansion Forestry 
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Annex 1: List of people engaged in consultations, discussions or inter-

views  
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Annex 2: One-hectare models 
 
Each one hectare (1-ha) land use model estimates the costs incurred and benefits in terms of revenues 

from sale of products generated by every hectare when deforested/degraded by the activity (driver), 

which is compared with the forest land use value, i.e., the value of products derived from forest before 

being converted to agricultural land use or degraded by fuelwood extraction. Note that only two drivers 

were considered: agricultural expansion, and fuelwood extraction – since both generate goods that have 

market prices, and are sold or consumed by the agent of deforestation/degradation. Hence, three 1-ha 

models were developed, one each for agricultural expansion, fuelwood extraction, and forest use. 

The steps applied were as follows:  

a) The costs of the activities and materials required to undertake the baseline land use activity (e.g., 

clearing the land and producing crops on it) were estimated based on local data/statistics, inter-

views, and published literature.  

b) The costs were then annualized according to annual routines of the expenditures on the activi-

ties/materials.   

c) Benefits from products, e.g., crops, were estimated from known or expected yields and prices 

obtained from the same data sources mentioned in (a) above.  

d) Where costs of production and prices for sales were taken from previous reports, values were 

adjusted for inflation to reflect current prices according to the formula: 

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑟𝑖𝑐𝑒 = 𝑃𝑟𝑖𝑐𝑒 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡 ∗ (1 +  𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 % 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡) 

 

The annual inflation figures used are shown below: 

Year  2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Inflation  17% 15% 13% 11% 6% 14% 12% 4% 6% 9% 
 

Source: World Bank. Accessed here.  

 

e) Both cost and benefits were annualised according to the routine of the production of the goods.  

f) Annual cash flows were then calculated as the difference between total annual costs and total 

annual benefits.    

g) NPVs were estimated over 15-year period using Excel functions – applying a real discount rate of 

6.2% derived from the online World Bank World Development Indicators database47.  

In the following sections we outline the key figures and any specific assumptions/approach used for the 

individual models. 

Agricultural expansion 

Maize is the predominant crop grown in the Eastern province, and commonly grown on newly cleared 

land. Hence, for the purpose of NPV analysis, we assumed the farmers would grow maize on the defor-

ested land. According to Sitko et al., 2011, the cost of production, including land clearing/preparation; 

inputs such as seeds; and labour for a 50-kg bag of maize was about USD 8.3 in 2010. The same bag would 

sell for USD 14.0. Adjusted for inflation, the production cost and sales price were estimated at USD 11.1 

and USD 18.7 per 50 kg bag respectively. Using average yield of about 1,380 tonnes/ha/year estimated 

                                                                 

 
47 World Bank, 2016. Accessed here.   

http://beta.data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG?locations=ZM&view=chart
http://data.worldbank.org/indicator/FR.INR.RINR?view=chart
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from UNIQUE’s baseline study for COMACO REDD+ project, annual production cost and revenues would 

amount to USD 307 and USD 517/ha respectively. This cash-flow results into NPV of USD 2,015/ha over 

15 years.   

 

Fuelwood extraction 

Fuelwood is considered the most important forest products harvested from forests by forest-dependent 

households. Extraction results into forest degradation, changing the forest from intact (undisturbed) state 

to disturbed (logged) state. The reduction of biomass caused by the disturbance is equal to about 42 

tonnes/ha. Taking average wood density of 0.58 tonne/m3 (Kamelarczyk, 2009), this equals to 72.9 m3/ha. 

We, therefore, assumed that this amount of fuelwood is removed once from the forest by fuelwood ex-

traction. The cost of production of wood and NWFPs is estimated in various studies at 20, 40, and 50% of 

the product value (Reichhuber and Requate, 2007); we assumed 20% in the model. Fuelwood price ac-

cording to the Forestry Department’s Statutory Instrument is 15/m3. This cash-flow results into NPV of 

USD 824/ha over 15 years.   

 

Forest use 

If the forest were not converted to agriculture land use, or subjected to fuelwood extraction, it would be 

undisturbed, except for burning by forest fires. The products harvested from the forest would be NWFPs. 

Turpie et al., (2015) estimated the value of NWFPs from Zambian forests at about USD 135.8 million per 

annum. Assuming this value comes primarily from undisturbed forests, which makes up 33.1% of the 49.9 

million hectares of forests in Zambia, the average value of NWFPs per ha of forest was USD 8.2/ha in 2015. 

Adjusted with 5-year (2010-2014) average inflation (9%), this equals to USD 8.9/ha currently. The cost of 

production of NWFPs was taken as 20% of the product value (Reichhuber and Requate, 2007). Further-

more, harvesting of the forest for timber would yield additional revenues – if allowable cut is imple-

mented. For allowable cut, we assumed a conservative figure of 3 trees/km2/year, i.e., harvesting 3 trees 

in every 100 ha annually for timber over a 20-year period (Puustjärvi et al., 2005). Assuming each har-

vested tree has a minimum of 2 m merchantable bole length, and 30 DBH (diameter at breast height), it 

would yield about 0.17 m3 merchantable volume48; hence, a total of 0.51 m3/ha/year would be obtained 

from the three trees annually harvested per ha. Using prices reported in the Forestry Department’s Stat-

utory Instrument, which is also used by the FD of USD 30/ m3, the cash-flows from NWFPs and round-

wood/timber results into NPV of USD 157/ha over 15 years.   

 

 
 
 
 

   

                                                                 

 
48 The merchantable volume was calculated according to the formula: ((22/7 * (bdh)2)/4)) * bole length * form factor. The units of 
DBH (diameter at breast height) and bole length are m, and form factor = 0.6.  
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Annex 3: Net Present Value 
Net present value (NPV) is a ”economic profitability index” used to estimate the profitability of a land 

use over a certain period of time, since a dollar today is worth more than a dollar tomorrow. NPV takes 

into account the time-value of money. Since waiting for profits is less attractive than obtaining profits 

now, the “value” of future profits is discounted by a specific percentage rate, often ranging between 2-

20%. Within a multi-year analysis, the NPV is a discounted stream of profits (revenues minus costs of 

capital, land and labour inputs).  

 

Where t = year, T = length of time horizon, Π = annual profits of a Land use ($/ha), r = discount rate. The 

major assumptions introduced at the stage of NPV calculation are the discount rate (r) and the time 

horizon (T). 

For discount rates, NPV analyses typically use loan interest rates, which are set by a national bank or 

the government. Such rates can range from 10-30%. Although agricultural loans are rarely available, 

especially in remote areas, bank interest rates do serve as a good indicator of the time value of money. 

The interest rate reflects the opportunity cost of obtaining profits - not now - but in the future.  

High discount rates can dramatically reduce the viability and attractiveness of long-term investments. 

The context of high discount rates creates incentives to generate profits and benefits in the short term, 

since waiting for the long term is nearly worthless. For example, the use of high discount rates chal-

lenges this view of conservationists who consider current and future values of biodiversity to be high. 

Therefore, in order to value ecosystem services, lower (social) discount rates could be more justifiable 

than higher discount rates used in a risky (private) business environment.  

 

Source: World Bank, 2011 (p. 6-29) 
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Annex 4: Opportunity cost in absolute and relative terms 
 
Opportunity costs are net benefits foregone when considering alternative activities such as producing 

crops, or any other activity that could have been carried out on the same land. REDD+ opportunity costs 

are precisely the difference in net benefits from maintaining or enhancing forest cover and the net bene-

fits from converting these forests and (if feasible) using the land for alternative purposes (e.g. small-scale-

farming). Opportunity costs can be presented on a per hectare basis, or per tonne of tCO2e of emissions 

avoided. Opportunity cost analysis is an economic approach to monetize profits from these land uses, 

based on the calculation of the Net Present Value (NPV). The NPV is the result of a discounted cash flow 

analysis (see Annex 2) of the costs and benefits for a certain land use over a defined period of time. Com-

paring the NPVs ($/ha) of various land uses indicates the most profitable land uses (e.g. profits from forest, 

agriculture, etc.). The difference between the NPV of a land use type A and that of land use type B is the 

opportunity cost, indicating the foregone monetized value the land user has to incur when opting for land 

use A.   

Each land use is characterized by a typical time average carbon stock (tCO2/ha). Since each land use type 

is also characterized by distinct NPV ($/ha), both parameters can be linked, resulting in opportunity cost 

estimates per ha (absolute term), and per tCO2e (relative term). 

Figure 14 below is a simple illustration to explain this: 

 The carbon stock of natural forest is 400 tCO2/ha while agricultural land use carbon stock is 50 

tCO2/ha. 

 The NPV of forest is 80 $/ha, the NPV for agriculture is 800 $/ha. 

Conserving the forest at its current state instead of converting it to agriculture would result in opportunity 

costs of 720 $/ha (difference between 800$/ha and 80$/ha), while the carbon conserved amounts to 350 

tCO2/ha (difference between 400 tCO2/ha and 50 tCO2/ha). Hence, the opportunity cost per tCO2 due to 

forest conservation amounts to 2.1 $/tCO2. 

 

Figure 20: Illustration of opportunity cost in absolute and relative terms  

Source: UNIQUE 

The opportunity costs presented in section 7.4, therefore, includes both the absolute and relative terms. 

The relative term always compares the net benefit of the activity after conversion of the forest, i.e., agri-

culture or fuelwood extraction relative to the carbon stock difference between the forest and agricultural 

land or a degraded forest after fuelwood extraction.  
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Annex 5: Modelling future deforestation hotspots 
The Terrset Land change modeller was used to predict future deforestation. The process involved first 

analysing historical transition between two LULC maps. The FD 2000 and 2014 LULC maps were used for 

this purpose, hence, served as the source maps. Then the variables considered to be influencing the tran-

sition (explanatory variables) were defined. These were distance to croplands, slope, elevation, and dis-

tance to roads and settlements (Table 21).  

 

Table 21: Source maps and variables used to predict future deforestation hotspots in the Eastern Province 

Layers Layer  Source of data 

Source maps LULC 2000 Forest Department, Zambia   

 LULC 2014 Forest Department, Zambia   

Variables Distance to croplands FD landuse map 2000 

 Slope map SRTM 30m 

 Digital elevation model SRTM 30m 

 Distance to roads  Zambia FD 

 Settlement locations Zambia FD 

 

Predictions were then made using multi-layer perception neural network algorithm. The explanatory var-

iables were set as dynamic for distance to croplands, distance to road, and settlement locations, and static 

for slope map, and DEM.   

The future defoestation were modelled through the Markov chain analysis.  

Further descriptions of application of the Terrset LCM can be obtained by clicking on the weblink here.  

 

  

http://clarklabs.org/wp-content/uploads/2015/06/Land-Change-Modeler-ArcGIS-Software-Brochure.pdf
http://clarklabs.org/wp-content/uploads/2015/06/Land-Change-Modeler-ArcGIS-Software-Brochure.pdf
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