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Abstract 

 

Forest resources directly contribute to the livelihoods of about 90% of the 1.2 billion people 

living in extreme poverty. They indirectly support ecosystem services that sustain agriculture 

and food supplies of nearly half of the population in developing countries. In tropical and 

subtropical regions, forest resources are an important source of household income. Their 

contribution is almost as much as for crops and is greater than for non-farm and off-farm 

activities, livestock and wage labour. However, tropical and subtropical regions have exhibited 

high deforestation and forest degradation rates despite global declines in the last decades. 

This loss of forests has been primarily caused by expanding agricultural land and wood 

extraction, mainly for fuel. Thus, persistent loss of forests in tropical and subtropical areas 

impacts household resource dependence and the environment, which affects rural 

development and natural resource management. Despite previous interest in forests and 

livelihood research, no known studies have attempted to understand the relationships 

between household's socio-demographic and economic (household-level) attributes, 

contextual factors, deforestation and forest degradation, and their implications for livelihoods. 

 

We conducted household surveys in 37 villages across the Miombo forest landscapes 

covering North-Western Province, Copperbelt and the Eastern Province in Zambia. Forest 

cover and deforestation data were derived from remotely sensed data. Furthermore, we used 

a sustainable livelihood framework to demonstrate the various relationships between 

household and contextual factors, forest livelihood strategies, deforestation, and forest 

degradation at the household level. In rural areas, households are the basic units in which 

decisions affecting people, forest resources, and the environment are taken. Thus, the 

sustainable livelihood approach recognises that within a specific context, households can use 

a combination of livelihood capitals including natural capital, human, social, economic and 

physical capital to arrive at different livelihood strategies, leading to (or not) the achievement 

of sustainable outcomes. These outcomes may include improved livelihoods and reduced 

deforestation. 

 

The results of this research are presented in the form of three papers and a synthesis chapter: 

The first paper sought to understand the role of forest products in household forest use 

strategies and assess the impact of livelihood capitals on household forest use choices and 

related forest income in the Copperbelt Province's Miombo forest landscapes. We employed 

a cluster analysis technique to establish forest use strategies and a multinomial logistic 

regression model to determine factors associated with each forest use choice. As a result, we 

found that forest resources, both unprocessed and processed, accounted for more than half 
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of total household income in the Copperbelt Province. The unprocessed forest products 

constituted most household subsistence activities, including forest foods, firewood, structures, 

and fibres. While processed products, primarily charcoal production, accounted for nearly 40% 

of household cash income. Households adopted three forest use strategies: pure subsistence-

orientated forest users' strategy (49.5%), specialised charcoal sellers (32.3%) and forest food 

and charcoal sellers' strategy (18.2%). Households' forest use strategies were influenced by 

different combinations of livelihood capitals. Charcoal livelihood strategies were influenced 

mainly by natural and financial capital. In contrast, human capital and exogenous factors 

(infrastructure) influenced a pure subsistence-orientated forest livelihood strategy. Thus, while 

forest products are linked to improved livelihoods, they may have unintended adverse 

consequences for environmental sustainability. 

 

In the second paper, we sought to understand the spatial patterns of deforestation and 

examine the effects of household-level attributes, including contextual factors and agricultural 

land use, on deforestation patterns along the Miombo forest transition gradient in Zambia. 

Deforestation values are computed for 36 spatial units (distance categories between 

households and land use patches) representing the areas of influence of households, such as 

agricultural land and forestlands. The North-Western Province, which represents early forest 

transition, has approximately 86% forest cover and a 0.48% annual deforestation rate. In 

contrast, the Copperbelt Province (mid forest transition) has the highest annual deforestation 

rate, at 1.15%, with 68% of forest cover. The Eastern Province, which represents advanced 

forest transition, has only 20% forest cover and the lowest annual deforestation rate of 0.29%. 

 

Regarding deforestation across distance categories, we observed higher average 

deforestation rates at the close-distance category in the Copperbelt and North-Western 

Province and decreasing rates at medium-distance and remote-distance categories. While in 

the Eastern Province, we observed a reversed pattern across all distance categories. The 

spatial distributions of land use are linked to household-level attributes and contextual factors 

and differently influence deforestation and forest degradation along the Miombo forest 

transition gradient.  

 

The significant factors, though different across provinces that are associated with household 

deforestation include socio-demographic attributes such as household size, ethnicity, 

education level and residence duration; land and non-land-based attributes such as large land 

size, large livestock units owned, higher incomes, mainly forest incomes, crop productivity, 

fish income, off-farm and non-farm incomes; and contextual factors (location attributes) such 

as access to permanent roads, distances to markets and agricultural land use. Regarding 
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agricultural land use, we found that in the North-Western and the Copperbelt Province, higher 

deforestation patterns at close distances from households were associated with subsistence 

crop production. Simultaneously, commercial crop production was associated with reduced 

deforestation rates in areas further from settlements. In the Eastern Province, the high 

deforestation rates in remote areas are associated with subsistence crop production. These 

findings imply that the economic effects of distances between households and land use 

patches on deforestation vary depending on the stage of the forest transition but are unrelated 

to crop productivity. 

 

The third paper examines the impact of socio-demographic attributes, economic factors and 

access to forest resources and markets on households' participation in forest support 

programmes in the Miombo forest landscapes. This paper tests multiple hypotheses regarding 

participation in forest support programmes. We found that household-level and contextual 

factors were significant and negatively associated with the likelihood of participation. These 

factors included household education level, landholding size, income shares, primarily forest 

income, crop and non-farm incomes, household location, and distances to markets and 

forestlands. In particular, we note that households with better education levels had lesser 

incentives to participate in forest support programmes. 

 

Furthermore, improvements in household economic attributes, mainly non-farm activities, 

were more closely associated with decreased participation in forest support programmes. 

These findings imply that the economic costs of investing in education and non-farm income 

are likely to be higher in rural areas. As a result, affluent households are less likely to 

participate in interventions seeking to improve livelihoods while simultaneously improving the 

integrity of forests.  

 

Overall, the findings of this research demonstrate the importance of a sustainable livelihood 

approach in understanding the various relationships between household attributes, contextual 

factors, livelihoods and land use change. This contributes to a better understanding of how 

diverse and complex interactions at the household level can affect livelihoods. Thus, we can 

deduce the following from the analysis of these interactions:  

 

Forest products are essential components of rural livelihoods in the Miombo forest landscapes 

because they play a significant role in household forest use strategies. Thus, categorising 

households based on forest use can provide relevant information for targeted policy actions 

and programme designs to preserve the forests while simultaneously improving rural 
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livelihoods. Furthermore, this research has shown that forest resources use contributes more 

than half of total household income, yet most households remain subsistence-orientated. 

Therefore, to enhance household income while preserving forest integrity, policies and 

interventions in the field must incorporate sustainable woodfuel production techniques, 

including reforestation and agroforestry methods. 

 

This research also found that different types of livelihood capital have distinct effects on forest 

use strategies, suggesting the need to address underlying householdsô processes if 

sustainable rural development has to be achieved. For instance, access to forest resources 

was associated with higher extractive tendencies among households. This result partly 

indicates that assured ownership, such as customary/traditional forest management, is 

insufficient to address the challenges of sustainable forest management in Zambia. As such, 

we suggest that policies and interventions should promote sustainable production of forest 

resources by adopting improved techniques, including reforestation. This will ensure the 

integration of charcoal producers into the market system while at the same time encouraging 

subsistence forest users to engage in cash forest production. 

  

This research further demonstrates that household-level causes of deforestation vary 

regionally across forest landscapes and along the forest transition. The results mean that 

integrating household surveys with remotely sensed data provides a better understanding of 

household-level attributes and agricultural land use on deforestation patterns in agrarian 

economies. This finding provides vital information for policymakers seeking to understand the 

underlying causes of deforestation to reconcile conservation policies with rural development 

agendas. It also provides relevant information for rural land use planning.  

 

Additionally, the results suggest that agricultural land use can be associated with distances to 

settlements and deforestation along the forest transition gradient. However, the results do not 

support the views that suggest higher deforestation patterns closer to settlements (processing 

centres) can be associated with high return crops (commercial crops). This finding has several 

implications. First, the results imply that crop productivity does not consistently relate to 

distance categories and along the forest transition. Second, the results mean that 

deforestation patterns in the Miombo woodlands are mainly subsistence-driven and 

independent from return-related deforestation patterns. And lastly, this result implies that the 

von Thünen (1826) theory does not apply in agrarian economies with limited market depth. 

 

For practice, this research has shown that the economic costs and benefits (business-as-usual 

scenarios) associated with different household processes such as investments in education, 
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land and non-land-based income activities are important factors while considering forest 

intervention designs and implementation in the field. In terms of forest extraction, our results 

indicate that increased dependence on forest resources may jeopardise household 

participation in forest support programmes, as programmes may be perceived as restrictive. 

However, the results also demonstrate that non-forest-based livelihoods have higher 

opportunity costs than forest-related livelihoods. As such, households with higher non-forest-

based incomes are unlikely to opt for forest extraction. Although there are significant 

differences in the impact of forest and non-forest-based livelihoods on participation, the 

findings suggest that improvements in household-level attributes can negatively affect 

household decisions to participate in forest support programmes in the Miombo areas of 

Zambia. Hence, we recommend that forest management interventions that aim to improve 

household well-being while preserving forests should target resource-poor households with 

limited incomes, lower education, and little access to markets. 

 

Keywords: Smallholder households, livelihoods, forest resources, land use change, 

sustainable development. 
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Zusammenfassung  

 

Waldressourcen tragen direkt zum Lebensunterhalt von etwa 90 % der 1,2 Milliarden 

Menschen bei, die global in extremer Armut leben. Indirekt unterstützen sie 

Ökosystemdienstleistungen, die die Landwirtschaft und die Nahrungsmittelversorgung von 

fast der Hälfte der Bevölkerung in Entwicklungsländern sichern. In tropischen und 

subtropischen Regionen sind Waldressourcen eine wichtige Quelle für das 

Haushaltseinkommen und ihr Beitrag ist fast so groß wie der von Feldfrüchten und größer als 

der von außerlandwirtschaftlichen Aktivitäten, Viehzucht und Lohnarbeit. In den letzten 

Jahrzehnten sind jedoch in den tropischen und subtropischen Gebieten trotz globaler 

Rückgänge hohe Entwaldungs- und Walddegradierungsraten zu verzeichnen. Dieser 

Waldverlust wurde in erster Linie durch die Ausweitung landwirtschaftlicher Flächen und die 

Holzgewinnung, welche hauptsächlich als Brennstoff genutzt wurde, verursacht. So wirkt sich 

der anhaltende Waldverlust in tropischen und subtropischen Gebieten auf die Abhängigkeit 

von Haushaltsressourcen und die Umwelt aus, was wiederum auf die ländliche Entwicklung 

und das Management natürlicher Ressourcen Auswirkungen hat. Trotz des bisherigen 

Interesses an Wäldern und der Forschung über Lebensunterhalte gibt es keine bekannten 

Studien, die versucht haben, die Beziehungen zwischen den soziodemografischen und 

wirtschaftlichen Eigenschaften von Haushalten, Kontextfaktoren, Entwaldung und 

Waldschädigung sowie deren Auswirkungen auf die Lebensgrundlagen zu verstehen. 

 

Wir führten Haushaltsbefragungen in 37 Dörfern in den Miombo-Waldlandschaften der 

Nordwestprovinz, des Copperbelt und der Ostprovinz in Sambia durch. Die Daten zur 

Waldbedeckung und Entwaldung wurden aus Fernerkundungsdaten abgeleitet. Darüber 

hinaus wurde ein Rahmenwerk für nachhaltige Existenzsicherung verwendet, um die 

verschiedenen Beziehungen zwischen Haushalts- und Kontextfaktoren, Strategien für die 

Existenzsicherung im Wald, Entwaldung und Walddegradierung auf Haushaltsebene 

aufzuzeigen. In ländlichen Gebieten sind die Haushalte die grundlegenden Einheiten, in 

denen Entscheidungen getroffen werden, die Menschen, Waldressourcen und die Umwelt 

betreffen. Der Sustainable-Livelihood-Ansatz erkennt an, dass Haushalte innerhalb eines 

bestimmten Kontextes eine Kombination von Existenzgrundlagen, einschließlich Natur-, 

Human-, Sozial-, Wirtschafts- und Sachkapital, nutzen können, um verschiedene 

Existenzgrundlagenstrategien zu entwickeln, die letztendlich zu nachhaltigen Ergebnissen 

führen (oder auch nicht). Solche Ergebnisse können verbesserte Lebensgrundlagen und eine 

geringere Entwaldung sein.  

Die Ergebnisse der zugrundliegenden Arbeit werden in Form von drei Veröffentlichungen und 

einem Synthesekapitel präsentiert: 
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In der ersten Veröffentlichung wurde die Rolle von Waldprodukten in den 

Waldnutzungsstrategien der Haushalte untersucht, um den Einfluss des 

Lebensunterhaltskapitals auf die Waldnutzungsentscheidungen der Haushalte und das damit 

verbundene Waldeinkommen in den Miombo-Waldlandschaften der Provinz Copperbelt zu 

bewerten. Wir setzten eine Clusteranalyse-Technik ein, um Waldnutzungsstrategien zu 

ermitteln, und ein multinomiales logistisches Regressionsmodell, um die Faktoren zu 

bestimmen, die mit jeder Waldnutzungswahl verbunden sind. Als Ergebnis stellten wir fest, 

dass Waldressourcen, sowohl unverarbeitete als auch verarbeitete, mehr als die Hälfte des 

gesamten Haushaltseinkommens in der Provinz Copperbelt ausmachten. Die unverarbeiteten 

Waldprodukte, einschließlich Waldnahrung, Brennholz, Strukturen und Fasern, machten die 

meisten Subsistenzaktivitäten der Haushalte aus, während verarbeitete Produkte, vor allem 

die Holzkohleproduktion, fast 40 % des Haushaltseinkommens ausmachten. Die Haushalte 

verfolgten drei Waldnutzungsstrategien: die Strategie der reinen subsistenzorientierten 

Waldnutzer (49,5 %), der spezialisierten Holzkohleverkäufer (32,3 %) und der Waldnahrungs- 

und Holzkohleverkäufer (18,2 %). Die Waldnutzungsstrategien der Haushalte wurden durch 

unterschiedliche Kombinationen von Lebensunterhaltsmitteln beeinflusst. Die Holzkohle-

Strategien wurden hauptsächlich durch Natur- und Finanzkapital beeinflusst. Im Gegensatz 

dazu wurde die reine subsistenzorientierte Waldnutzungsstrategie von Humankapital und 

exogenen Faktoren (Infrastruktur) beeinflusst. Während Waldprodukte also mit einer 

verbesserten Lebensgrundlage verbunden sind, können sie unbeabsichtigte negative Folgen 

für die ökologische Nachhaltigkeit haben. 

 

In der zweiten Veröffentlichung zielten wir darauf ab, ein besseres Verständnis der räumlichen 

Muster der Entwaldung zu erhalten und die Auswirkungen von Attributen auf Haushaltsebene 

einschließlich kontextueller Faktoren und landwirtschaftlicher Landnutzung auf 

Entwaldungsmuster entlang des Miombo-Waldübergangsgradienten in Sambia zu 

untersuchen. Die Entwaldungswerte wurden für 36 räumliche Einheiten (Distanzkategorien 

zwischen Haushalten und Landnutzungsflächen) berechnet, die die Einflussbereiche der 

Haushalte, wie z.B. landwirtschaftliche Flächen und Waldflächen, repräsentieren. Die 

Nordwestprovinz, die den frühen Waldübergang repräsentiert, hat eine Waldbedeckung von 

ca. 86 % und eine jährliche Entwaldungsrate von 0,48 %. Im Gegensatz dazu weist die Provinz 

Copperbelt (mittlerer Waldübergang) mit 68 % Waldbedeckung die höchste jährliche 

Entwaldungsrate von 1,15 % auf. Die Ostprovinz, die den fortgeschrittenen Waldübergang 

repräsentiert, hat nur 20 % Waldbedeckung und die niedrigste jährliche Entwaldungsrate von 

0,29 %.  
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In Bezug auf die Entwaldung über Entfernungskategorien hinweg beobachteten wir höhere 

durchschnittliche Entwaldungsraten bei kleiner Entfernung im Copperbelt und in der 

Nordwestprovinz und sinkende Raten bei mittlerer und großer Entfernung . In der Ostprovinz 

beobachteten wir ein umgekehrtes Muster mit niedrigen Entwaldungsraten in allen 

Entfernungskategorien. Die räumlichen Verteilungen der Landnutzung sind mit Attributen auf 

Haushaltsebene und kontextuellen Faktoren verknüpft und beeinflussen Entwaldung und 

Walddegradation entlang des Miombo-Waldübergangsgradienten unterschiedlich.  

 

Zu den bedeutenden Faktoren, die trotz Unterschiede zwischen den einzelnen Provinzen mit 

der Abholzung der Wälder in Verbindung gebracht werden, gehören soziodemografische 

Attribute wie Haushaltsgröße, ethnische Zugehörigkeit, Bildungsniveau und Wohndauer; land- 

und nicht-landbasierte Attribute wie große Landflächen, große Vieheinheiten im Besitz, 

höhere Einkommen, hauptsächlich Forsteinkommen, Ernteproduktivität, Fischeinkommen, 

außerlandwirtschaftliche und nichtlandwirtschaftliche Einkommen; und kontextuelle Faktoren 

(Standortattribute) wie Zugang zu festen Straßen, Entfernungen zu Märkten und 

landwirtschaftliche Landnutzung. In Bezug auf die landwirtschaftliche Landnutzung stellten wir 

fest, dass im Nordwesten und in der Copperbelt-Provinz höhere Entwaldungsmuster in 

geringer Entfernung zu den Haushalten mit Subsistenzpflanzenanbau in Verbindung gebracht 

wurden. Gleichzeitig war die kommerzielle Pflanzenproduktion mit geringeren 

Entwaldungsmustern in Gebieten verbunden, die weiter von Siedlungen entfernt waren.In der 

Ostprovinz sind die hohen Entwaldungsraten in abgelegenen Gebieten mit der Erzeugung von 

Pflanzen für den Eigenbedarf verbunden. Diese Ergebnisse deuten darauf hin, dass die 

wirtschaftlichen Auswirkungen von Entfernungen zwischen Haushalten und 

Landnutzungsflächen auf die Entwaldung je nach Stadium des Waldübergangs variieren, aber 

nicht von der Pflanzenproduktivität abhängig sind. 

 

Die dritte Veröffentlichung untersucht den Einfluss von soziodemografischen Merkmalen, 

ökonomischen Faktoren und dem Zugang zu Waldressourcen und Märkten auf die Teilnahme 

der Haushalte an Waldförderprogrammen in den Miombo-Waldlandschaften. In dieser Arbeit 

testen wir mehrere Hypothesen zur Teilnahme an Waldförderprogrammen. Wir fanden 

heraus, dass Faktoren auf Haushaltsebene und kontextuelle Faktoren signifikant und negativ 

mit der Wahrscheinlichkeit der Teilnahme verbunden waren. Zu diesen Faktoren gehörten das 

Bildungsniveau des Haushalts, die Größe des Landbesitzes, der Anteil des Einkommens, das 

hauptsächlich aus dem Wald stammt, das Einkommen aus der Landwirtschaft und anderen 

Bereichen, der Standort des Haushalts und die Entfernung zu Märkten und Waldgebieten. 

Insbesondere stellen wir fest, dass Haushalte mit einem höheren Bildungsniveau einen 

geringeren Anreiz hatten, an forstlichen Förderprogrammen teilzunehmen.  
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Darüber hinaus waren Verbesserungen bei den wirtschaftlichen Merkmalen der Haushalte, 

hauptsächlich bei nichtlandwirtschaftlichen Tätigkeiten, stärker mit einer geringeren 

Beteiligung an Waldförderprogrammen verbunden. Diese Ergebnisse implizieren, dass die 

wirtschaftlichen Kosten für Investitionen in Bildung und außerlandwirtschaftliches Einkommen 

in ländlichen Gebieten wahrscheinlich höher sind. Infolgedessen ist es weniger 

wahrscheinlich, dass wohlhabende Haushalte an Maßnahmen teilnehmen, die darauf 

abzielen, den Lebensunterhalt zu verbessern und gleichzeitig die Integrität der Wälder zu 

verbessern.  

 

Insgesamt zeigen die Ergebnisse dieser Forschung, wie wichtig ein nachhaltiger 

Lebensunterhaltsansatz ist, um die verschiedenen Beziehungen zwischen 

Haushaltsattributen, Kontextfaktoren, Lebensunterhalt und Landnutzungsänderungen zu 

verstehen. Dies trägt zu einem besseren Verständnis dafür bei, wie vielfältige und komplexe 

Interaktionen auf Haushaltsebene die Lebensgrundlagen beeinflussen können. Somit können 

wir aus der Analyse dieser Wechselwirkungen folgendes ableiten:  

 

Waldprodukte sind wesentliche Bestandteile des ländlichen Lebensunterhalts in den Miombo-

Waldlandschaften, da sie eine bedeutende Rolle in den Waldnutzungsstrategien der 

Haushalte spielen. Daher kann eine Kategorisierung der Haushalte auf Basis der 

Waldnutzung relevante Informationen für gezielte politische Maßnahmen und 

Programmdesigns liefern, um die Wälder zu erhalten und gleichzeitig die ländlichen 

Lebensgrundlagen zu verbessern. Darüber hinaus hat diese Untersuchung gezeigt, dass die 

Nutzung der Waldressourcen mehr als die Hälfte des gesamten Haushaltseinkommens 

ausmacht, die meisten Haushalte jedoch weiterhin auf Subsistenz ausgerichtet sind. Um das 

Einkommen der Haushalte zu verbessern und gleichzeitig die Integrität der Wälder zu 

erhalten, müssen daher politische Maßnahmen und Interventionen vor Ort nachhaltige 

Techniken zur Holzbrennstoffproduktion einbeziehen; dies kann Wiederaufforstung und 

Agroforstmethoden beinhalten. 

 

Diese Studie ergab auch,  dass verschiedene Arten, den Lebensunterhalt zu verdienen, 

unterschiedliche Auswirkungen auf Waldnutzungsstrategien haben. Das deutet darauf hin, 

dass die zugrunde liegenden Prozesse der Haushalte angegangen werden müssen, wenn 

eine nachhaltige ländliche Entwicklung erreicht werden muss. Beispielsweise war der Zugang 

zu Waldressourcen mit einer höheren Extraktionstendenz bei den Haushalten verbunden. 

Dieses Ergebnis deutet zum Teil darauf hin, dass gesicherte Eigentumsverhältnisse, wie z.B. 

die gewohnheitsmäßige/traditionelle Waldbewirtschaftung, unzureichend sind, um die 

Herausforderungen einer nachhaltigen Waldbewirtschaftung in Sambia zu bewältigen. Daher 
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schlagen wir vor, dass politische Maßnahmen und Interventionen die nachhaltige Produktion 

von Waldressourcen durch die Einführung verbesserter Techniken, einschließlich der 

Wiederaufforstung, fördern sollten. Dies wird die Integration von Holzkohleproduzenten in das 

Marktsystem sicherstellen und gleichzeitig Subsistenz-Waldnutzer dazu ermutigen, sich in der 

Cash-Waldproduktion zu engagieren. 

  

Diese Forschung zeigt außerdem, dass die Ursachen für die Entwaldung auf Haushaltsebene 

regional über Waldlandschaften und entlang des Waldübergangs variieren. Die Ergebnisse 

bedeuten, dass die Integration von Haushaltsbefragungen mit Fernerkundungsdaten ein 

besseres Verständnis der Eigenschaften auf Haushaltsebene und der landwirtschaftlichen 

Landnutzung auf Entwaldungsmuster in Agrarwirtschaften ermöglicht. Dieses Ergebnis liefert 

wichtige Informationen für politische Entscheidungsträger, die versuchen, die 

zugrundeliegenden Ursachen der Entwaldung zu verstehen, um Naturschutzmaßnahmen mit 

Agenden der ländlichen Entwicklung in Einklang zu bringen. Diese Ergebnisse auch relevante 

Informationen für die ländliche Landnutzungsplanung.  

 

Zusätzlich deuten die Ergebnisse darauf hin, dass die landwirtschaftliche Landnutzung mit der 

Entfernung zu Siedlungen und der Entwaldung entlang des Waldübergangsgradienten in 

Verbindung gebracht werden kann. Die Ergebnisse unterstützen jedoch nicht die Ansichten, 

die nahelegen, dass höhere Entwaldungsmuster in der Nähe von Siedlungen 

(Verarbeitungszentren) mit ertragreichen Kulturen (kommerziellen Kulturen) in Verbindung 

gebracht werden können. Dieses Ergebnis hat mehrere Implikationen. Erstens bedeuten die 

Ergebnisse, dass die Ernteproduktivität nicht konsistent mit den Entfernungskategorien und 

entlang des Waldübergangs zusammenhängt. Zweitens bedeuten die Ergebnisse, dass die 

Entwaldungsmuster in den Miombo-Wäldern hauptsächlich subsistenzgetrieben und 

unabhängig von ertragsbezogenen Entwaldungsmustern sind. Und schließlich impliziert 

dieses Ergebnis, dass die Theorie von Thünen (1826) in Agrarwirtschaften mit begrenzten 

Märkten nicht anwendbar ist. 

 

Für die Praxis hat diese Untersuchung gezeigt, dass die ökonomischen Kosten und Nutzen 

(Business-as-usual-Szenarien), die mit verschiedenen Haushaltsprozessen wie Investitionen 

in Bildung, Land und nicht landbasierte Einkommensaktivitäten verbunden sind, wichtige 

Faktoren sind, wenn man die Gestaltung und Umsetzung von Waldinterventionen im Feld 

betrachtet. In Bezug auf die Waldentnahme deuten unsere Ergebnisse darauf hin, dass eine 

erhöhte Abhängigkeit von Waldressourcen die Teilnahme der Haushalte an 

Waldförderprogrammen gefährden kann, da die Programme als restriktiv wahrgenommen 

werden können. Die Ergebnisse zeigen jedoch auch, dass nicht waldbasierte 
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Lebensgrundlagen höhere Opportunitätskosten haben als waldbezogene Lebensgrundlagen. 

Daher ist es unwahrscheinlich, dass sich Haushalte mit höheren nicht-waldbezogenen 

Einkommen für die Waldentnahme entscheiden. Obwohl es signifikante Unterschiede in der 

Auswirkung von forstwirtschaftlichen und nicht forstwirtschaftlichen Lebensgrundlagen auf die 

Teilnahme gibt, deuten die Ergebnisse darauf hin, dass Verbesserungen auf Haushaltsebene 

die Entscheidung der Haushalte zur Teilnahme an Waldförderprogrammen in den Miombo-

Gebieten Sambias negativ beeinflussen können. Daher empfehlen wir, dass 

Waldbewirtschaftungsmaßnahmen, die das Wohlergehen der Haushalte verbessern und 

gleichzeitig die Wälder erhalten wollen, auf ressourcenarme Haushalte mit geringem 

Einkommen, niedriger Bildung und wenig Zugang zu Märkten abzielen müssen. 

 

Schlüsselwörter: Kleinbauernhaushalte, Lebensgrundlagen, Waldressourcen, 

Landnutzungsänderung, nachhaltige Entwicklung. 
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1. Introduction 

 

Global rates of deforestation and forest degradation have declined over the last three decades, 

but the rates in the tropical and subtropical regions have remained markedly high (FAO, 

2020b). Tropical and subtropical forests are classified as dry tropical forests, wet and humid 

tropical forests (Murphy & Lugo, 1986) and occupy more than half of the world's forests 

(tropical forest, 45% and subtropical forests, 11%) (FAO, 2020a, 2020b). Dry tropical forests 

account for nearly half (about 42%) of the tropical and subtropical forests, supporting millions 

of households (Chao, 2012; Hasnat & Hossain, 2020), but are also subject to the most 

disturbances (Schröder, Rodríguez, & Günter, 2021). For example, in sub-Saharan Africa, 

Bodart et al. (2013) estimate annual deforestation and forest degradation at 0.37% and 0.34%, 

respectively, higher than the regional rate of 0.34% and 0.32%. This continued loss of forests 

affects households' resource dependence and environmental outcomes, which can have 

ramifications for rural development and natural resource management. 

 

Forest resources directly contribute to the livelihoods of about 90% of the 1.2 billion people 

living in extreme poverty. They indirectly support ecosystem services that sustain agriculture 

and food supplies of nearly half of the population in developing countries (Chao, 2012; World 

Bank, 2004). In addition, forests account for about 22.2% of household incomes in developing 

countries, mainly in tropical and subtropical regions (Angelsen et al., 2014). This contribution 

is almost as much as for crops and is greater than for non-farm and off-farm activities, livestock 

and wage labour (Angelsen et al., 2014). Therefore, tropical and subtropical dry forests play 

a critical role in household livelihoods because they support as many poor households as wet 

tropical forests, boreal and temperate forest regions combined (Blackie et al., 2014; Chao, 

2012; Djoudi, Vergles, Blackie, Koame, & Gautier, 2015; Hasnat & Hossain, 2020; Sachs, 

2001).  

 

In Africa, for example, the Miombo ecosystem is the most extensive dry forest woodlands and 

supports about 100 million people living in and around the forest areas (Byers, 2001; Dewees 

et al., 2010). The Miombo woodlands contribute to household subsistence, generate cash 

income, and support households' energy requirements for households living in rural and urban 

areas (Smith, Hudson, & Schreckenberg, 2017; Zulu & Richardson, 2013). The main forest 

products contributing to householdôs income are wood extraction for firewood and charcoal 

production, poles for construction, forest food, and timber (Emmanuel N Chidumayo & Gumbo, 

2010; Djoudi et al., 2015; Jones, Ryan, & Fisher, 2016; Njana, Kajembe, & Malimbwi, 2013; 

Zulu & Richardson, 2013). In Zambia, for example, the Miombo woodlands contribute 

approximately 35 to 50% of household subsistence and cash incomes (Kalaba, Quinn, & 
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Dougill, 2013a; Mulenga, Richardson, Tembo, & Mapemba, 2014) and support nearly half 

(44% ) of urban energy needs through charcoal use (Tembo, Mulenga, & Sitko, 2015). Thus, 

the Miombo woodlands are a classic example of forest destruction in tropical dry forest areas 

caused by rational human actions (Njana et al., 2013; D. Phiri, Morgenroth, & Xu, 2019b; 

Schröder et al., 2021).  

 

Furthermore, in the Miombo areas of Zambia, forest resources extraction is intertwined with 

household livelihood strategies (Dewees et al., 2010; Handavu, Chirwa, & Syampungani, 

2019; C. B. Jumbe, Bwalya, & Husselman, 2008; Kalaba et al., 2013a). This suggests that 

rural households are the de facto forest managers who use forests for subsistence and cash 

income generation (Dewees et al., 2010; Dyer et al., 2014; Jones et al., 2016; Mulenga et al., 

2014; Njana et al., 2013). In recent years, researchers in human and environmental studies 

have attempted to examine the relationships between household processes, livelihood 

strategies and natural resources, particularly in the tropical regions (Adhikari, Di Falco, & 

Lovett, 2004; A. Ali & Rahut, 2018; Angelsen et al., 2014; Babigumira et al., 2014; Babulo et 

al., 2008; De Sherbinin et al., 2008; Duguma et al., 2019; Kamanga, Vedeld, & Sjaastad, 2009; 

Kusters, Achdiawan, Belcher, & Pérez, 2006; Sunderlin et al., 2005; Vedeld, Angelsen, Bojö, 

Sjaastad, & Berg, 2007; Wunder, Angelsen, & Belcher, 2014). These studies have analysed 

the relationships between household socio-demographic attributes such as age, gender, 

household size, education, residence and ethnicity; and contextual factors such as institutions, 

markets and forest cover and landscapes variability; and natural resources such as firewood 

and forest foods. However, studies integrating household surveys and remotely sensed data 

at the household scale to investigate these dynamic household-level attributes and contextual 

factor relationships, including land use change, are limited. 

 

Our research seeks to understand the relationships between householdsô socio-demographic 

and economic attributes, contextual factors, forest livelihood strategies, deforestation and 

forest degradation, and by extension, understanding their impacts on sustainable rural 

outcomes. We focus on rural households because they form more than half of the population 

in most countries in tropical and subtropical regions (World Bank, 2021). Furthermore, 

households are the major actors in agricultural land use and forest resources extraction in 

most areas with tropical and subtropical dry forests (Angelsen et al., 2014; Gibbs et al., 2010; 

Mamo, Sjaastad, & Vedeld, 2007; Vedeld et al., 2007). As such, smallholder households play 

an important role in landscapes and forest cover change (Babigumira et al., 2014; Etter, 

McAlpine, Wilson, Phinn, & Possingham, 2006; Rudel, 2013), and foodstuff and forest 

products supply to cities and urban areas (Djurfeldt, 2015; Vandercasteelen, Beyene, Minten, 

& Swinnen, 2018; Zulu & Richardson, 2013). Therefore, a better understanding of households 
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processes provides insights into how socio-demographic and economic attributes, livelihood 

capitals (resources), can affect livelihood strategies (forest livelihoods) (Babulo et al., 2008; 

Nguyen, Do, Bühler, Hartje, & Grote, 2015; Soltani, Angelsen, Eid, Naieni, & Shamekhi, 2012), 

and deforestation and forest degradation (A. Ali & Rahut, 2018; Babigumira et al., 2014; De 

Sherbinin et al., 2008; Handavu et al., 2019; Hosonuma et al., 2012). Moreover, the 

connections between household socio-demographic attributes, livelihood strategies, and 

deforestation and forest degradation are mediated by contextual factors, specifically, access 

to forestlands, distances to markets, and landscape and forest cover variability (Babigumira 

et al., 2014; Call et al., 2017; Duguma et al., 2019). Thus, these multiple and diverse linkages 

can influence or not affect the achievement of sustainable rural outcomes and affect 

households' wellbeing (Angelsen et al., 2014; De Sherbinin et al., 2008; Sunderlin et al., 2005).  
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1.1. The conceptual framework 

 

We apply a sustainable livelihood (SL) approach at the household level to understand the 

relationships between household-level attributes and contextual factors, forest livelihood 

strategies, deforestation and forest degradation, and their implications for livelihoods 

(Figure.1). In tropical and subtropical regions, particularly rural areas, households are the 

basic units in which decisions affecting people, forest resources and the environment are 

taken (De Sherbinin et al., 2008). The SL approach describes the various livelihood strategies 

and activities households pursue (Scoones, 1998; Serrat, 2017). This approach recognises 

that within a specific context, households can use a combination of livelihood capitals such as 

natural capital, human, social, economic and physical capital to arrive at different livelihood 

strategies (Scoones, 1998). These attributes can adversely affect deforestation and forest 

degradation, thus leading to (or not) the achievement of sustainable outcomes (Duguma et 

al., 2019). Therefore, the SL approach describes households as homogenous and, thus, a 

single unit for analysis (see also De Sherbinin et al., 2008).  

 

Studies on forests and livelihoods suggest that differences in household-level attributes, 

specifically age, gender, household size, residence duration, education and ethnicity; 

contextual factors including access to forestlands, markets, and forest cover variability 

differently affect livelihood outcomes (Angelsen et al., 2014; Shackleton & Shackleton, 2006). 

For example, older household heads in Zambia were less likely to engage in charcoal 

production because charcoal activities were considered labour-intensive (Handavu et al., 

2019; Mulenga et al., 2014). While in Malawi, gender differences determined participation in 

charcoal production (Smith et al., 2017). Previous research has not adequately explained the 

complex and dynamic linkages between household attributes, contextual factors, livelihoods, 

deforestation, and forest degradation in tropical forest areas despite this heterogeneity in 

household processes. 

 

Rural households in tropical forest areas frequently pursue various livelihood strategies that 

may include multiple activities such as forest product harvesting, crop farming, fishing, and 

off-farm and non-farm activities (Djoudi et al., 2015; Nguyen et al., 2015; Njana et al., 2013; 

Soltani et al., 2012; Torres, Günter, Acevedo-Cabra, & Knoke, 2018). Thus, to engage in 

different livelihood activities, households use different combinations of livelihood capitals, 

which in turn, affects livelihood strategies, and deforestation and forest degradation, hence 

impacting the achievement of sustainable livelihood outcomes (Hosonuma et al., 2012; Miles 

et al., 2006; Twongyirwe, Bithell, & Richards, 2018). Though the SL approach broadly defines 

livelihood outcomes to encompass all aspects of poverty reduction and environmental 
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sustainability (Ashley & Carney, 1999; Scoones, 1998), we narrowly define sustainable 

livelihood outcomes to mean improved rural livelihoods and reduced deforestation and forest 

degradation.  

 

This research focuses on household-level attributes and contextual factors, which are merged 

to imply ñhousehold-level factorsò, deforestation and forest degradation, and their implication 

on the achievement (or not) of sustainable livelihoods outcomes (Figure 1). Analysing 

household-level attributes and context-specific factors, deforestation and forest degradation 

and, examining their implication for livelihoods is critical for understanding the importance of 

context and interactions at the household scale (Call et al., 2017; De Sherbinin et al., 2008). 

Moreover, a better understanding of these linkages can be relevant for policies and 

programmes aiming to improve rural livelihoods and conserving forests, especially in the 

tropical dry forest areas where forest use and management is intertwined with peopleôs 

livelihoods (A. Ali & Rahut, 2018; Angelsen et al., 2014; Call et al., 2017; Dokken & Angelsen, 

2015; Duguma et al., 2019; Twongyirwe et al., 2018; Van Khuc, Tran, Meyfroidt, & Paschke, 

2018). 
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Figure 1. A conceptual framework showing the connection between household and contextual factors, livelihood strategies, deforestation, and 

forest degradationðsource: Adapted and modified from Scoones (1998).
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1.2. Objectives and hypotheses 

 

1.2.1. Overall objective 

 

This research aims to understand better the relationships between household-level attributes 

and contextual factors, deforestation and forest degradation, and their implications for 

livelihoods by using econometric models on smallholder households in Zambia's Miombo 

forest landscapes. 

 

1.2.2. Specific objectives 

 

1. To understand forest products' roles in household forest use strategies and evaluate 

the factors that affect forest use strategies and related forest income, focusing on the 

five livelihood capitals: natural capital, human capital, social capital, and economic and 

physical capital in the Miombo forest landscapes in the Copperbelt Province. 

2. To understand the spatial patterns of household deforestation and examine the effects 

of household-level attributes and agricultural land use on deforestation patterns along 

the Miombo forest transition gradient in Zambia.  

3. To examine the impact of socio-demographic and economic attributes, access to forest 

resources and markets (location factors) on householdôs participation in forest support 

programmes in the Miombo forest landscapes in Zambia.  

 

1.2.3. Hypotheses 

 

1. (a) Forest productsô role in householdôs forest use strategies vary in the Miombo forest 

landscapes.  

(b) Livelihood capitals differently influence forest use strategies (Babulo et al., 2008; 

Nguyen et al., 2015). 

2. (a) Household-level causes of deforestation vary regionally across the forest 

landscapes (Etter et al., 2006; Twongyirwe et al., 2018; VanWey, DôAntona, & 

Brondízio, 2007). 

(b) Deforestation follows a consistent pattern along forest transition. High deforestation 

patterns are triggered by commercial crop production at close distance categories from 

households in the early transition phase (stage 1). In mid to late transition phases 

(stage 2 and 3), high deforestation associated with increased crop incomes is expected 

both at close distance and remote distance from households; this is because 
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deforestation accumulates over time (Angelsen, 2007; Schielein & Börner, 2018; von 

Thünen, 1826).  

3. Household-level factors affect participation in forest support programmes in different 

ways (Baynes, Herbohn, Smith, Fisher, & Bray, 2015; Coulibaly-Lingani, Savadogo, 

Tigabu, & Oden, 2011; Dolisca, Carter, McDaniel, Shannon, & Jolly, 2006). 
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1.3. The publications that constitute the basis of this research 

 

The three papers that form this thesis's basis provide a better understanding of household and 

contextual factors, forest livelihood strategies and their impact on deforestation and forest 

degradation, and forest support programmes. 

 

Table 1. The publications that makeup this thesis. 

 

List of publication Summary Division of 

labour 

Kazungu, M., Zhunusova, E., Yang, A.L., Kabwe, G., 

Gumbo, D.J., Günter, S., (2020). Forest use strategies 

and their determinants among rural households in the 

Miombo woodlands of the Copperbelt Province, Zambia. 

Forest Policy and Economics 111, 102078. 

https://doi.org/10.1016/j.forpol.2019.102078 

This paper examines the roles of 

forest products in the households' 

forest use strategies and analysis 

factors associated with each 

forest use strategy choice.  

MK, EZ, ALY, 

GK, DG, SG 

Kazungu, M., Ferrer Velasco, R., Zhunusova, E., Lippe, 

M., Kabwe, G., Gumbo, D. J., & Günter, S. (2021). Effects 

of household-level attributes and agricultural land-use on 

deforestation patterns along a forest transition gradient in 

the Miombo landscapes, Zambia. Ecological Economics, 

186, 107070. 

doi:https://doi.org/10.1016/j.ecolecon.2021.107070 

This paper examines household-

level attributes and agricultural 

land-use on deforestation patterns 

along a forest transition gradient. 

The paper applies a land 

allocation theory and estimates 

the impact using the fractional 

probit models. 

MK, RF, EZ, 

ML, GK., DG, 

SG 

Kazungu, M., Zhunusova, E., Kabwe, G., Günter, S., 

(2021). Household-Level Determinants of Participation in 

Forest Support Programmes in the Miombo Landscapes, 

Zambia. Sustainability 13, no.5: 2713. 

https://doi.org/10.3390/su13052713 

 

This paper examines the 

household-level factors that affect 

participation in forest support 

programmes. 

MK, EZ, GK, SG 

MK: Moses Kazungu; RF: Ruben Ferrer Velasco; EZ: Eliza Zhunusova; ALY: Anastasia Lucy Yang; 
ML: Melvin Lippe; GK: Gillian Kabwe; DG: Davison Gumbo; SG: Sven Günter 

https://doi.org/10.1016/j.forpol.2019.102078
https://doi.org/10.1016/j.ecolecon.2021.107070
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2. State of the art 

 

This section describes current research about livelihoods, forest resources, deforestation and 

forest degradation in the tropical and subtropical regions. In addition, this section looks at the 

forest resources in tropical areas and their contribution to forest use strategies. The study 

describes deforestation and forest degradation and their causes while highlighting 

shortcomings in the previous research. Lastly, the section concludes by describing the spatial 

distribution of agricultural land use across distances from the settlements and along the forest 

transition.   

 

2.1. Livelihoods, forests, and deforestation and forest degradation  

 

This study tackles two problems; deforestation and forest degradation and poverty. Forests 

cover about 4 billion hectares globally, nearly one-third of the world's land (FAO, 2020a). In 

2020, more than half (56%) of the world's forests were located in tropical and subtropical 

regions, covering about 2 billion hectares (FAO, 2020a). Of this, the tropical dry forests cover 

nearly half (42%) of the tropical and subtropical forests (Hasnat & Hossain, 2020; Murphy & 

Lugo, 1986) and provide livelihoods to some of the world poorest people (Angelsen et al., 

2014). However, the tropical dry forests are the most understudied forest ecosystems yet are 

highly disturbed by human and natural causes (Blackie et al., 2014; Miles et al., 2006; 

Schröder et al., 2021).  

 

Despite declining global deforestation rates, deforestation rates have remained high in the 

tropical dry forest regions (FAO, 2020b; Keenan et al., 2015; Poker & MacDicken, 2016). 

Between 1990ï2020, it is estimated that 420 million hectares of forests were lost through 

deforestation, of which 90% of deforestation occurred in tropical areas (FAO, 2020b). 

Deforestation rates in tropical regions averaged 9.3 million hectares per year in 2015ï2020. 

Africa, in particular, had the highest annual rate of deforestation averaging 4.4 million hectares 

(FAO, 2020b). Deforestation was mainly driven by agricultural activities' expansion (Gibbs et 

al., 2010; Poker & MacDicken, 2016). Simultaneously, forest degradation was caused 

primarily by firewood extraction and charcoal production (Hosonuma et al., 2012; Kissinger, 

Herold, & De Sy, 2012).  

 

The continued forest loss threatens a wide range of forest goods and services that are 

essential for human well-being, such as forest foods and ecosystem services supporting 
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agriculture production and increased risks of drought and floods (Miles et al., 2006). Globally, 

forests provide livelihoods to nearly 1 billion people living in and near forests. In the tropical 

dry forest areas, forests contribution is recorded to be as high as that of crops (Angelsen 

2014). The Miombo woodlands, which is the largest dry forest formation in Africa, is suggested 

to support more than 100 million people by providing subsistence and cash incomes (Byers, 

2001; Dewees et al., 2010; Njana et al., 2013). Additionally, the Miombo supports household 

energy needs through firewood extraction and charcoal production (Jones et al., 2016; Tembo 

et al., 2015; Zulu & Richardson, 2013). Furthermore, the Miombo provides a wide range of 

ecosystem services, thus playing a vital role in carbon sequestration and biodiversity 

conservation (Frost, 1996); (see also Hasnat and Hossain (2020); Miles et al. (2006)). 

Therefore, it becomes essential to understand the relationship between livelihoods, forests, 

deforestation, and forest degradation to achieve sustainable rural development. 

 

Studies have revealed that the causes of deforestation are multiple and consist of direct and 

underlying causes (Angelsen & Kaimowitz, 1999; Armenteras, Espelta, Rodríguez, & Retana, 

2017; Geist & Lambin, 2002). The direct causes include forest products extraction (forest 

livelihoods), cropland expansion, infrastructure development and mines extraction 

(Armenteras et al., 2017; Hosonuma et al., 2012). And the underlying causes are mainly 

contextual and household-related processes such as socio-demographic attributes, economic 

aspects and access to forest and markets (Babigumira et al., 2014; Call et al., 2017). These 

studies mostly agree that causes of deforestation and forest degradation interact in multiple 

and complex ways and, as such, differently affecting deforestation and forest degradation 

patterns. However, despite past interests in understanding the causes of deforestation and 

forest degradation, the analysis of people-environment interactions in the context of 

sustainable rural development remains under-researched. Taking the case for Miombo forest 

landscapes, we use livelihood theories and the SL approach to understand how multiple and 

complex connections between household-level attributes, contextual factors, and 

deforestation and forest degradation can lead to (or not) achieving sustainable rural 

development. 

 

Although Miombo woodlands provide various benefits to households, they are primarily 

recognised for supporting householdsô subsistence and cash income needs (Kalaba et al., 

2013a; Kalaba, Quinn, & Dougill, 2013b; Njana et al., 2013). The subsistence needs are 

derived from the use of unprocessed forest products, mainly firewood and forest foods; at the 

same time, cash income is primarily generated from processed forest products, mainly 

charcoal production (C. B. Jumbe et al., 2008; Njana et al., 2013; Smith et al., 2017). Besides, 

the Miombo woodlands provide households with land for agricultural fallow and cropland 
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expansion (Jew, Dougill, & Sallu, 2017; D. Phiri et al., 2019b). Past studies recognise that 

forest resources extraction and cropland expansion are the leading causes of deforestation 

across the Miombo and Africa's dry forest regions (Hosonuma et al., 2012; Rudel, 2013). This 

reveals that forest destruction and unstainable use of forest resources are related to people's 

rational actions in tropical dry forests. Hence, it is critical to better understand the linkages 

between household-level attributes, contextual factors, and deforestation and forest 

degradation, all of which can have consequences on livelihoods. 
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2.2. Forest use strategies 

 

In the tropical and subtropical regions, forest resources provide multiple benefits, including 

forest goods and ecosystem services supporting household livelihoods (Sunderlin et al., 2005; 

Vedeld et al., 2007). The most important forest products that households harvest include 

firewood, wood for charcoal production, poles for construction, and forest foods (Adhikari et 

al., 2004; Angelsen et al., 2014). These products are consumed either in the raw form 

(unprocessed) or processed or both. Unprocessed forest products mainly include firewood 

and forest foods consumed at the household (subsistence) (N. Ali, Hu, & Hussain, 2020; 

Kalaba et al., 2013a; Sardeshpande & Shackleton, 2020). On the other hand, charcoal 

production is the most processed forest product, mainly sold to generate household income 

(Jones et al., 2016; Khundi, Jagger, Shively, & Sserunkuuma, 2011; Smith et al., 2017). In 

many developing countries, especially in sub-Saharan Africa, more than 80% of urban 

households use charcoal for energy (Djoudi et al., 2015; Kambewa, 2007; Zulu & Richardson, 

2013). For example, in Zambia, nearly half (44%) of urban households use charcoal for 

cooking (Tembo et al., 2015), in Malawi, about 90% of urban households rely on charcoal 

energy (Charles Jumbe & Angelsen, 2011; Kambewa, 2007), and in Uganda charcoal use in 

highly ingrained in household cooking processes (Khundi et al., 2011; Nabukalu & Gieré, 

2019).  

 

Past studies on livelihood and forests suggest that forest resources have the potential to lift 

households out of poverty by equalising the poor and most affluent households moreover 

cushions households in times of crisis by providing safety net roles (Angelsen et al., 2014; 

Sunderlin et al., 2005; Wunder, Börner, Shively, & Wyman, 2014). Further, it is suggested that 

forest resources extraction is often done by both the poor and more affluent households 

(Dokken & Angelsen, 2015; Kamanga et al., 2009; Shackleton & Shackleton, 2006; 

Uberhuaga, Smith-Hall, & Helles, 2012). The poor households are mainly suggested to 

engage in subsistence activities with low-income returns (Angelsen et al., 2014; Charles 

Jumbe & Angelsen, 2011). Although some households are recorded to engage in cash-

generating forest activities, their involvement in commercial forest activities has been shown 

to decline once they become better off (Ainembabazi, Shively, & Angelsen, 2013; Vedeld et 

al., 2007). These views indicate that forest resource extraction can only play a limited role in 

improving the wellbeing of the rural poor because it provides only supplementary roles in 

households livelihoods (Djoudi et al., 2015). 

 

Despite the benefits of forest resources to households, forest products' role in the household's 

livelihood strategies remains unknown. Past studies have often tended to conflate forest 
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products with non-forest livelihood activities under a generalised term ñlivelihood strategiesò 

in householdsô livelihood analysis (Babulo et al., 2008; Nguyen et al., 2015; Soltani et al., 

2012; Torres et al., 2018). Yet, there are significant differences in forest products' contribution 

to household livelihood portfolios (N. Ali et al., 2020; C. B. Jumbe et al., 2008; Njana et al., 

2013; Vedeld et al., 2007). Distinguishing forest products' contribution to householdsô 

livelihoods helps better understand how forest use strategies can be associated with rural 

income growth and household's wellbeing. This can be useful for researchers and 

policymakers who aim to improve rural livelihoods while preserving forests (Angelsen et al., 

2014).  
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2.3. Deforestation and forest degradation 

 

Deforestation is mainly defined as the conversion of forests to agricultural land (FAO, 2020b), 

and forest degradation is the reduction in forest biomass through the unsustainable harvest of 

forest resources and land use practices (McNicol, Ryan, & Mitchard, 2018). While 

deforestation and forest degradation rates have substantially decreased over the last three 

decades, in the tropical regions, the rates remain high (FAO, 2020b). For example, from 2015 

to 2020, Africa had the highest deforestation rate, estimated at 4.41 million hectares per year 

(ha yrï1), followed by South America (2.96 million ha yrï1) and Asia, 2.24 million ha yrï1 (FAO, 

2020b). The Eastern and Southern Africa region with the Miombo vegetation type had the 

highest deforestation rates, estimated at 2.20 million ha yrï1 compared to the Northern Africa, 

Western and Central Africa (FAO, 2020b) (see also Bodart et al., 2013).  

 

Across sub-Saharan Africa, deforestation rates remain generally high, 2% yrï1, despite varying 

deforestation trends across countries (Bodart et al., 2013; McNicol et al., 2018). For example, 

Zambia, 3.1% yrï1 (D. Phiri, Morgenroth, & Xu, 2019a), Mozambique, 2.8% yrï1 (C. M. Ryan, 

Berry, & Joshi, 2014) and Malawi, 1ï 4.7% yrï1 (Bone, Parks, Hudson, Tsirinzeni, & Willcock, 

2017; McNicol et al., 2018). The difference in the deforestation rates across many countries 

is partly due to estimation methodsðprevious deforestation studies have often sought to 

estimate deforestation based on remotely sensed data (Stan & Sanchez-Azofeifa, 2019). 

Remotely sensed data is sensitive to spatial variability of deforestation, such as the size of 

land cleared, which may be too small for tree cover to be recognised in a resolution (Corbera, 

Estrada, & Brown, 2010; Mayes, Mustard, & Melillo, 2015).  

 

The causes of deforestation and forest degradation largely remain similar in most tropical and 

subtropical regions, and Africa in particular (Hosonuma et al., 2012; Rudel, 2013). These 

factors mainly include agricultural land expansion, population pressure, woodfuel and timber 

extraction (Kissinger et al., 2012). Across the tropical and subtropical regions, agricultural land 

expansion, mainly subsistence and commercial crop production, have been recognised to 

drive more than 80% deforestation (Gibbs et al., 2010). In Africa alone, subsistence agriculture 

is recorded to drive about 40% of deforestation, while in Latin America, the leading cause of 

deforestation is recorded to be mainly commercial agriculture (Hosonuma et al., 2012). On the 

other hand, forest degradation is caused by firewood extraction, charcoal production, timber 

harvesting, and logging (Kissinger et al., 2012). Woodfuel extraction accounts for nearly half 

of forest degradation in Africa (Hosonuma et al., 2012; Poker & MacDicken, 2016). 
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Hence, deforestation and forest degradation are a threat to human life because forests support 

millions of households who depend on forest resources (Blackie et al., 2014; Chao, 2012; 

Hasnat & Hossain, 2020). Further, it is recorded that tropical and subtropical dry forests are a 

rich reservoir of biodiversity and critical ecosystem services (Foley et al., 2007; Miles et al., 

2006). Therefore, tropical and subtropical forests provide households with a broad range of 

goods and services. To understand deforestation and forest degradation and their causes in 

the tropical landscapes, it thus becomes essential to integrate household surveys and 

remotely sensed data (Gibbs, Brown, Niles, & Foley, 2007). This is especially important for 

researchers and policymakers seeking a better understanding of enhancing livelihood benefits 

from forests while simultaneously conserving the forests (Börner et al., 2016; Börner, Schulz, 

Wunder, & Pfaff, 2020; Miles et al., 2006).   
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2.4. Agricultural land use and forest transition 

 

 Deforestation pressures from agricultural land use often vary across landscapes. The von 

Thünen (1826) suggests that land allocation to crop production can be affected by distances 

to the markets (settlements). Following the von Thünen approach, recent studies have sought 

to examine how spatial distribution of agricultural land use can relate to forest cover changes 

and forest transition (Angelsen, 2007; Schielein & Börner, 2018).  

 

The forest transition describes the process of forest cover changes over time (Mather, 1992). 

It explains how economic development processes such as road network expansion, 

urbanisation and rural structural differences can affect forest cover and agricultural land use 

(Rudel et al., 2005). As such, the forest transition describes stages of declines and increases 

in forest cover such as high forest cover and low deforestation (phase 1), increased forest 

cover and accelerated deforestation (phase 2), low forest cover and low deforestation (phase 

3), and reforestation (phase 4) (Mather & Needle, 1998; Rudel et al., 2005).  

 

In the early phase of forest transition, primary forests are predominantly lost at close distances 

to settlements through the conversion to agricultural uses; this is because of higher returns 

from agricultural land use than when the land remained as forests (Angelsen, 2007). Similarly, 

in the mid forest transition (mainly phase 2), high demand for forest products and proximity to 

markets drives higher deforestation in close distance and remote distances from settlements. 

Eventually, forest scarcity raises the value of forest resources, exacerbating deforestation in 

both close and remote areas while also increasing secondary forest management (Angelsen, 

2007; Barbier, Burgess, & Grainger, 2010). The spatial distribution of land use suggests that 

economic costs associated with agricultural production can influence land use patterns, which 

differently affects forest cover along the forest transition (Barbier et al., 2010). 

 

Despite previous interest in explaining land use changes and forest transitions in developing 

countries, this concept has not been empirically tested to explain agricultural land uses 

(Angelsen, 2007; Köthke, Leischner, & Elsasser, 2013; Rudel et al., 2005). Most developing 

countries have experienced sustained infrastructure development, population growth, 

urbanization, and land use transformations in recent decades (Gibbs et al., 2010; Zhang, 

2016),  implying the existence of a forest transition within a country or at the continental level 

(Köthke et al., 2013; Rudel et al., 2005). Thus, cropland distribution, proximity to markets, and 

deforestation and forest degradation can affect forest cover changes differently but vary 

across landscapes and along the forest transition (Angelsen, 2007; Leblois, Damette, & 

Wolfersberger, 2017). Understanding the relationship between agricultural land use, mainly 
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crop productivity, and distances to the population centres are important for policies seeking to 

harmonise rural land use and conservation approaches (Schielein & Börner, 2018). Further, 

examining variations in cropland allocation across the forest transition is important for 

researchers seeking to better understand the causes of deforestation and forest degradation 

across different landscapes with different forest cover levels (Etter et al., 2006).  
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3. Material and methods 

 

3.1. Study area 

 

This study was conducted in three provinces of the North-Western, Copperbelt and the 

Eastern Province of Zambia (Figure 2). These provinces were chosen because they have 

similar vegetation types ð the Miombo ecosystem (E. Chidumayo, 1987). In the Miombo 

woodland areas of Zambia, forest resources use forms a significant part of households' 

livelihood activities (Emmanuel Ngulube Chidumayo, 2019; C. B. Jumbe et al., 2008; Kalinda, 

Bwalya, Munkosha, & Siampale, 2013; Mulenga et al., 2014). Moreover, these provinces have 

varying forest cover levels (Hansen et al., 2013; Shakacite, 2016). The North-Western 

Province has about 75% of its total areas under forest cover, Copperbelt, 64% and the Eastern 

Province have the lowest forest cover representing approximately 17.5% of its total land cover 

(Hansen et al., 2013). The remaining forest cover variations across different provinces 

demonstrate that the North-Western Province, Copperbelt, and the Eastern Province 

represent the forest transition's three stages (Figure 2).  

 

Furthermore, the study provinces have varying biophysical backgrounds; for example, the 

North-Western and Copperbelt Provinces receive annual rainfall from 1000 to 1500 mm. In 

contrast, the Eastern Province receives an average yearly rainfall of less than 1000 mm 

(Emmanuel Ngulube Chidumayo, 2019). Thus, the three provinces selected in the study 

represent both wet and dry Miombo vegetation (E. Chidumayo, 1987; Emmanuel Ngulube 

Chidumayo, 2019). The households in these provinces are mainly dependent on land-based 

activities. These livelihood activities are mostly extraction of firewood, poles and fibres for 

construction and forest foods (unprocessed forest products); charcoal production ( main 

processed forest product); agricultural activities such as crop production and livestock; and 

non-farm (self-employment, wages, and remittances) activities (Table 2).  

 

In the North-Western Province, households mainly engage in crop production and extract 

forest products for subsistence and cash needs (Gumbo et al., 2013; Shakacite, 2016). While 

in the Copperbelt Province, crop production, extraction of unprocessed forest products, and 

charcoal production constitute most households' main livelihoods (Kalaba et al., 2013a). And 

the Eastern Province, which is mainly agrarian, is dominated by smallholder producers 

engaged in crop production for subsistence and cash generation (Tembo & Sitko, 2013). 

However, some households are also involved in charcoal production, which supplements their 

income needs (Gumbo et al., 2013).   
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Figure 2. Map of Zambia showing the study provinces, landscapes and forest regimes. 

Sources: Adapted from Kazungu, Zhunusova, Kabwe, and Günter (2021). 


































































































































































































