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Abstract: Zambia has forests that cover about 60 percent of the entire land in the country but the role of 

afforestation as a moderating process is empirically under-explored at the district level. The paper considers the role 

of household involvement in timber production in the change in forest cover among 30 districts in North-Western and 

Eastern Zambia between the year 2019 and 2024 based on a balance panel of 180 observations and a two-way fixed-

effects (FE) regression model. An interaction term is included to determine whether conservation programs are able 

to mitigate the adverse ecological impact of extraction through a moderating variable - afforestation intensity. 

Findings indicate that household timber participation has statistically significant negative impact on forest cover (= 

-0.041, p = 0.01), which is resistant to proxy substitution (charcoal production, = -0.052, p = 0.05) and one year 

lagged specification (= -0.044, p = 0.1). Importantly, the timber × afforestation interaction coefficient is (critically) 

positive and significant (0.001, p < 0.01), which confirms the buffering effect: the decreases in forest cover to one 

unit of timber activity are significantly less in the districts characterized by the high intensity of afforestation. The 

model accounts about 95 percent change in forest cover (R 2 = 0.947). These results allow concluding that active 

afforestation policy can separate household economic extraction with extensive ecological degradation, assuming 

that the rates of planting and extraction increase in the same proportion. 
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1. Introduction 

Forests in Sub-Saharan Africa are some of the 

most ecologically and economically important forests 

in the world with sequestration of carbon, 

conservation of biodiversity, soil and water 

management as well as direct livelihood source to 

hundreds of millions of rural households. Zambia is a 

case of special interest: forests occupy approximately 

60 percent of the country land mass and support rural 

livelihoods on large areas of miombo woodlands. 

However, there is a continuous and increasingly rapid 

degradation of these forests, which is a result of a 

compound of agricultural encroachment, charcoal 

burning, and commercial and subsistence timber 

harvesting. The country has experienced some of the 

worst forest cover loss rates in the Southern African 

Development Community (SADC) region between 

2000 and 2024, with government estimates indicating 

that the country is losing more than 250,000 to 

300,000 hectares of woodland annually. 

The central issue to this dilemma is a 

socioeconomic conflict. To the rural population in 

North-Western and Eastern Provinces - the two most 

productive timber areas in Zambia - forest products 

are not luxurious items but essential survival 

resources. Timber income forms an important or 
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auxiliary source of income to the households, and 

charcoal production offers an easily available 

livelihood back-up in situations where alternative 

agricultural alternative activities are not viable. This 

economic dependence renders solely restrictive 

conservation policies both politically and practically 

hard to support. 

Although it is evident that there has been an 

increased literature on African deforestation, 

dynamics unique to the high-production timber 

districts in Zambia are not fully comprehended. The 

available research is usually at the national level, uses 

cross-sectional designs, which are not able to consider 

the heterogeneity of the district, or uses conservation 

initiatives as exogenous but not as moderating the 

activity. More importantly, no research has utilized a 

panel econometric model to analyze household 

involvement in timber and afforestation intensity as 

interacting variables of forest cover change in primary 

timber-producing areas in Zambia. 

The paper fills these gaps by relying on a 

purpose-designed panel survey of 30 districts in 

North-Western and Eastern Zambia followed up over 

six years (20192024). The research aims at achieving 

three objectives that are interrelated, which are first, 

to measure the direct impact of household 

involvement in timber production on forest cover 

change; second, to determine whether afforestation 

programs mediate this interaction; and third, to 

determine the policy implications of the need to 

balance livelihood support with the protection of 

forests. The two-way fixed-effects model used here 

balances the fixed-in-time variables of characteristics 

of the district and annual shocks on the macro 

economy, which can cause more believable causal 

inference compared to the previous descriptive 

methods. 

The rest of the paper goes as follows. Section 2 

is also an overview of the theoretical and empirical 

research on timber production, household extraction 

behavior, and forest conservation policy. Section 3 

includes the study region, data, and econometric plan. 

The empirical results are described and discussed in 

Section 4. Section 5 concludes the policy and provides 

further research directions. 

 

2. Literature Review 

2.1 Forests as Common-Pool Resources and 

the Extraction Biomass Nexus 

The connection between timber harvesting in the 

household and forest biomass is best fruitfully 

interpreted in the frames of common-pool resource 

theory. When forests are treated as open-access or 

poorly managed commons, the cumulative ecological 

cost of each individual extraction decision on other 

users and future generations is not internalized. 

Models of resource economics predict that in the 

unregulated extraction scenario, there will be a 

tendency to rise above regeneration limits resulting in 

a more rapid depletion. This is supplemented by 

ecological models that focus on carrying capacity: 

extracting at levels that exceed some threshold 

changes the stand composition, decreases species 

diversity and impacts the ecosystems ability to 

provide services. 

The tendency of the predictions is widely 

supported by empirical evidence. The Ethiopian, 

Tanzanian and Democratic Republic of Congo 

household surveys show that the distance to large 

forest patches strongly predicts per-capita volume of 

extraction, whereas households in exhausted regions 

substitute or diversify livelihoods suggesting a strong 

feedback between biomass availability and harvest 

behavior. This response is non-linear: when remote, 

high biomass areas can receive a lower harvest 

intensity, but integration into the market and the 

enhancement of road infrastructure can take even 

high-biomass stands to the extraction frontier. 

Extraction intensity is further mediated by 

socioeconomic factors including household size, 

income diversification, land tenure security and 

market access. In environments of low enforcement 

and high timber prices, households that have de facto 

access to unprotected forest patches have a much 

higher rate of extraction. Economic crises and price 

spikes cause boom extraction waves that surpass the 

sustainable yield levels. Such processes become 

especially relevant in the miombo woodlands of 

Zambia where economic options are scarce and timber 

and charcoal markets are part and parcel of rural 

livelihood portfolios. 

 

2.2 Plantation and Afforestation Policy: The 

Conservation Benefit Hypothesis 

One of the leading streams of forest policy 

writing develops the plantation conservation benefit 

hypothesis: that managed tree planting, whether in 

government-funded programs, commercial forestry, 

or community-based initiatives, will take the pressure 

off natural forests as wood will be available in other 

uses, in managed trees. This is theoretically consistent 

with the land-sparing framework: with the production 

of timber concentrated and highly productive in 

specific areas, the marginal profitability of extracting 

natural forest stands should go down. 

Empirical evidence of this mechanism is 

however mixed and context-dependent. Cross country 

research indicates that the growth of plantations is 

commonly linked to a falling rate of deforestation, yet 

determining causation is also complicated by reverse 

causality - plantations tend to be set up in those 

regions where the natural process of deforestation has 

already reached an advanced stage - and by the forest 

transition theory, which postulates that countries 

move through a predictable pattern of net 

deforestation to net forest gain as they develop, 

regardless of plantation investment itself Econometric 

modelling also points to a rebound risk: in which 
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timber demand is price elastic, the negative costs of a 

plantation sourced supply can actually trigger an 

overall consumption that undermines conservation 

benefits. 

The moderating effect of afforestation programs 

at local and household level is even less understood. 

Not many studies have carried experiment on whether 

community level or district level planting intensity 

alters the forest-cover implications of household 

timber extraction by panel econometric techniques. 

This is the main omission in the analysis that the 

current work deals with. 

 

2.3 Forest Governance and Policy in Zambia 

The forest governance system in Zambia 

includes Forests Act (2015), the National Forest 

Policy (2014), and other international obligations 

within the frames of REDD+ and the Paris 

Agreement. The legal framework draws boundaries of 

national forests, local forests, and private forests and 

stipulates sustainable forest management plans. 

Practically, the level of enforcement is limited by a 

lack of budgetary means, the low density of 

inspectors, and the political nature of the restriction of 

timber-based livelihoods. 

CBFM has been promoted as an adjunctive 

governance system, intended to decentralize 

management to the local community and harmonize 

the incentives of households with conservation goals. 

There is some evidence of this in CBFM programs in 

Zambia and neighboring countries which indicate that 

in situations where communities are granted 

meaningful tenure rights and tangible benefits as a 

result of conservation, forest degradation can be 

mitigated. Nevertheless, the magnitude of CBFM is 

still less in comparison to the scope of uncontrolled 

extraction, and the correlation between formal 

reforestation programs and household extraction 

behavior is not quantified strictly. 

Such gaps in knowledge are practically 

consequential: in the absence of evidence about how 

afforestation can affect the effects of timber extraction 

at the district scale, the magnitude of replanting 

needed to counter the effects of harvesting-related 

degradation under varying policy assumptions cannot 

be measured. This paper gives that evidence. 

 

3. Methodology 

3.1 Study Area 

The sample size of the study includes 30 

districts, spread over North-Western Province and 

Eastern Province of Zambia, which were chosen as 

they control the national timber production and the 

administrative records of the districts are consistently 

available. The North-Western Province is a huge 

miombo woodland and contains the highest 

concentration of commercial timber licensing in the 

country. Eastern Province is typified by subsistence 

and small-scale commercial timber harvesting as well 

as large-scale charcoal production into urban markets. 

The two provinces alone contribute most of the 

recorded timber volume in Zambia and represent 

different institutional and ecological settings, which 

offer analytical diversity that is vital in establishing 

moderation of afforestation. 

 

3.2 Data and Variables 

The sample is a balanced sample of 180 district-

year observations (30 districts, 6 years, 20192024). 

Data were gathered using primary methods, i.e., 

structured survey tools at the district level in co-

operation with Zambia Forestry Department. Remote 

sensing products that were cross-validated with 

national forest inventory records were used to obtain 

secondary data on forest cover change. All monetary 

variables are in constant US dollars. 

Table 1 indicates descriptive statistics of all 

variables. The mean of the dependent variable- forest 

cover change (cover) is -3.259 percentage points/ year 

(SD = 1.273), which proves a systematic trend of net 

forest loss within the study area with each district 

showing a decrease of between -0.8 to -7.2 percentage 

points per year. The main explanatory variable, 

household timber production participation (timber) 

has a mean of 25.39% (SD = 13.37) meaning that 

timber is an activity that is widely practiced in the 

livelihoods. Charcoal production participation 

(charcoal) is equally high at 24.23 (SD = 8.31), which 

gives a closely related proxy of robustness. The mean 

household average monthly income earned by timber 

activities is USD 335 (minimum: USD 11.40, 

maximum: USD 2,516), which indicates a high intra-

district inequality. The distance to nearest market is 

93.1 km on average meaning that the majority of 

extraction is in rather remote locations. The 

afforestation variable is measured through the 

intensity of reforestation initiatives on a district level 

(units: planting interventions per year), the average of 

which is 23.1 units. 
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Table 1: Descriptive Statistics of Study Variables (N = 180) 

 

Variable Description N Mean SD Min Max 

cover Annual change in 

forest cover (%) 

180 −3.259 1.273 −7.200 −0.800 

timber Household timber 

production 

participation (%) 

180 25.39 13.37 0.500 47.60 

charcoal Household charcoal 

production 

participation (%) 

180 24.23 8.31 7.400 45.90 

income Average household 

monthly income 

from timber (USD) 

180 335.2 636.2 11.40 2,516 

priceflact Timber price 

fluctuation (%) 

180 7.994 38.45 −63.30 143.1 

area Total area under 

timber production 

(ha) 

180 16,760 31,812 570 125,800 

tax Annual tax revenue 

from timber 

activities (USD) 

180 17,232 32,707 590 129,330 

distance Average distance to 

nearest market 

(km) 

180 93.10 40.46 34.90 177.5 

gdp GDP from forestry 

and logging (USD 

million/yr) 

180 137.9 326.5 0.570 1,258 

extraction Mean timber 

extraction intensity 

(m³/yr) 

180 4.177 2.695 0.320 11.27 

reforest Afforestation 

initiative intensity 

(units/yr) 

180 23.10 – – – 

Source: Survey data from North-Western and Eastern Zambia (2019–2024). Forest cover change derived from 

remote sensing cross-validated with national forest inventory records. 

 

3.3 Econometric Strategy 

The study employs a two-way fixed-effects (FE) 

panel regression to identify the relationship between 

household timber participation and forest cover 

change. The baseline specification takes the form: 

Y_it = α₀ + α₁X_it + αₙZ_it + λᵢ + μₙ + ε_it   (1) 

where Y_it is forest cover change in district i at time t; 

X_it is household timber production participation; Z_it 

is a vector of control variables (income, price 

fluctuations, area under production, tax revenue, 

market distance, GDP, and extraction intensity); λᵢ 

captures unobserved time-invariant district 

characteristics (geography, institutional history, soil 

quality); μₜ controls for common macro-economic 

shocks in each year; and ε_it is the idiosyncratic error 

term. Standard errors are clustered at the district level 

to account for within-district serial correlation. 

To examine the moderating role of afforestation, 

the analysis extends to a moderation model: 

Y_it = γ₀ + γ₁ X_it + γ₂ M_it + γ₃ (X_it × M_it) 

+ γₙ Z_it + λᵢ + μₙ + ε_it   (2) 

where M_it is afforestation/reforestation intensity, and 

X_it × M_it is the interaction term. A statistically 

significant positive γ₃ would confirm a buffering 

effect: higher afforestation attenuates the negative 

impact of timber extraction on forest cover. The 

Hausman test confirmed the appropriateness of FE 

over random effects (p < 0.01). All estimations are 

conducted in Stata using the xtreg, fe two-way 

specification. 
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Three robustness checks are implemented. First, 

the core explanatory variable is substituted with 

household charcoal production participation, which is 

a closely related but distinct proxy for forest 

extraction pressure. Second, a one-year lagged 

specification of timber participation is estimated to 

address potential simultaneity bias — specifically, the 

concern that forest cover change itself may influence 

household extraction intensity. Third, model fit and 

coefficient stability are assessed across the baseline 

and moderation specifications. 

 

4. Results 

4.1 Descriptive Patterns: Decreased 

Systematic Forest Covers 

When the 30 districts track the forest cover 

longitudinally over 20192024, a net decreasing 

pattern is observed across most of the 30 districts. The 

average loss is 3.26 percentage points per year with 

the intermediate cross-district standard deviation of 

1.27, which means that degradation of forests in this 

sample is not caused by a few outliers but represents a 

general phenomenon in the region. The paths of 

individual districts are quite parallel in general, which 

indicates that the driving forces, which are mostly the 

household extraction, are relatively stable and evenly 

spread throughout the study area. 

The comparison of extraction and afforestation 

trends shows that the structural imbalance has 

continued to be the same the extraction intensity every 

year has always been higher than the output of 

afforestation over the study period. Although there is 

a positive but slight increase in reforestation activities 

during the later years of the panel (20222024), the net 

change in forest stocks between harvesting and 

replanting reveals that the net stocks of forests are 

decreasing. This extraction-afforestation asymmetry 

gives the empirical rationale behind the use of 

afforestation as a moderating variable: despite the fact 

that the modern rate of planting is too low to achieve 

a net-neutral effect, the fact that planting intensity 

varies across districts and across years offers a 

plausible source of moderating impact. 

The comparison distribution of timber and 

charcoal involvement indicates that the two activities 

are widely spread with charcoal making being more 

varied with a higher median participation rate in a 

number of the districts. Localized outliers are an 

indication of spatial clustering of extraction activity 

around urban timber and charcoal markets, which is in 

line with the importance of market proximity in 

determining the intensity of extraction. 

 

4.2 Timber Regression: Direct Timber 

Impact. 

The outcome of the baseline two-way fixed-

effects regression is indicated in Table 2. The 

household timber participation coefficient is -0.041 

which is significant at 1% level (p < 0.01). It means 

that the one-percentage-point change in the proportion 

of households engaged in timber production correlates 

with a decrease in the forest cover in the district by 

0.041 percentage points per year, other factors held 

constant, the district fixed effects, the year fixed 

effects, and all the control variables. With a mean 

timber participation rate standing at 25.39, this will 

suggest that there is a high aggregate pressure on 

forest cover. 

 

Table 2: Baseline and Moderation Fixed-Effects Regression Results 

 

Variable Model 1: Direct Effect Model 2: Moderation Model 

timber (β₁) −0.041*** (0.014) −0.059*** (0.015) 

reforest (β₂) −0.034* (0.019) −0.074*** (0.023) 

timber × reforest (γ₃) — 0.001*** (sig.) 

income 0.049 (0.071) 0.036 (0.069) 

priceflact 0.000 (0.001) 0.000 (0.001) 

area 0.002 (0.006) n.s. 

tax −0.003 (0.006) n.s. 

distance 0.312 (0.233) n.s. 

gdp 0.000 (0.002) n.s. 

extraction 0.041 (0.049) n.s. 

District FE Yes Yes 

Year FE Yes Yes 

N 180 180 
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R² 0.947 0.947 

Adjusted R² 0.930 0.930 

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10. n.s. = not significant. Source: Author's 

estimation from survey panel data. 

 

All economic control variables, including but not 

limited to household income, changes in price, area 

under production in total, tax revenue, market 

distance, and district GDP are all statistically 

insignificant at traditional levels in the basic model. 

The result is informative in theory: the breadth of 

household involvement in timber extraction (the 

participation margin) is a better predictor of forest 

cover change, than the intensity or financial payoff of 

the extraction itself, when other predictors of the 

change (district and year fixed effects) are controlled. 

The explanatory power of the model is large (R 2 = 

0.947), which means that the given variables along 

with the fixed effects structure account nearly 95 

percent of the variance in annual forest cover change. 

 

4.3 Robustness Checks 

The baseline finding is confirmed by two 

robustness checks. To begin with, substituting 

household timber participation with household 

charcoal production participation provides a 

coefficient of -0.052 ( p < 0.05), which confirms that 

the negative relationship between forest extraction 

activities and forest cover is not exclusive to the 

timber sector but is a more generalized pattern of 

household-level forest pressure. The somewhat 

greater coefficient of charcoal (compared to timber), 

is in line with the more diffuse spatial distribution of 

charcoal production and the fact that charcoal 

production depends on the burning of a more woody 

biomass over a greater area of land per unit of 

production. 

Second, timber participation (L.timber) has a 

one-year lagged specification, the coefficient (−0.044) 

of which is less than p = 0.10, which supports 

temporal precedence. The implication of this finding 

on causal interpretation is that the adverse impact of 

timber extraction on forest cover extends over time, 

and the lagged specification is intended to deal with 

the potential that forest degradation was also 

influencing household extraction decisions and not the 

other way around. The adjusted R 2 of the lagged 

model (on a reduced data set of N = 150) is high and 

again proves the stability of the model. 

 

4.4 Moderation Analysis: Buffering Role of 

Afforestation 

Table 2, Model 2 shows the moderation 

specification. When afforestation is introduced as a 

moderating factor and a timber x afforestation 

interaction term is added, the picture is altered 

considerably. The direct coefficient on timber 

participation increases in absolute value to -0.059 (p < 

0.01), indicating that the estimate at the base was, to 

some degree, softened by the positive moderating 

impact of afforestation. The afforestation coefficient 

(reforest) is also negative and significant (−0.074, p < 

0.01) which can be explained by the fact that the 

reforestation activities are disproportionately 

concentrated in the districts with the most acute 

degradation a sort of policy targeting that generates a 

negative unconditional correlation between 

reforestation and forest cover. 

The interaction term coefficient is the critical 

item: it is positive and highly significant (γ 3 = 0.001, 

p < 0.01). This is a confirmation of the hypothesized 

buffering effect: with each unit of afforestation 

intensity, the adverse marginal impact of timber 

participation on forest cover is neutralized partially. 

Marginal effects analysis - using a conditional effects 

plot to show the slope of the timber-cover relationship 

at low, average and high levels of afforestation 

intensity reveals that the rate of depletion is steepest 

in low-afforestation districts and is significantly 

flattened in high-afforestation districts. The tangling 

of these slopes at elevated levels of afforestation give 

strong graphical proof that proactive conservation 

policy can separate the rate of extraction and the rate 

of ecological decline, without necessarily reducing 

timber activity directly. 

Notably, the overall R 2 in Model 2 is equal to 

0.947, showing that the introduction of the interaction 

term does not enhance explanatory power through 

overfitting, but instead it reallocates the explanation 

of variance between the two main effects and the 

interaction. The presence of socioeconomic controls is 

similarly not significant in either of the two models, 

which supports the idea that the rate of participation 

and forest conservation response is the most important 

determinant of forest cover in this regard, and not 

income levels or market conditions. 

 

5. Discussion 

5.1 Theoretical Contributions 

This research paper is relevant to a number of 

theories in forest and environmental economics. 

Regarding Common Pool Resource theory, the 

findings affirm that extraction of common-pool 

uncontrollable households generates statistically 

significant and economically important depletion of 

the forest. More importantly, the paper builds upon 

this framework and shows that the relationship 

between extraction and ecological performance can be 

changed through institutional responses, i.e. 
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afforestation programs, without assuming that CPR 

degradation is an unavoidable consequence of 

household economic behavior in the absence of 

privatization. 

The results also have implications on the body of 

literature on the Environmental Kuznets Curve 

(EKC), which assumes that the relationship between 

income and environmental degradation is inverted-U. 

It is worth noting that income of households can be 

statistically insignificant in both model specifications, 

which indicates that growth in incomes is not 

sufficient to stimulate forest recovery in this scenario. 

Rather, the environmental improvement mechanism is 

the targeted institutional interventions, which are 

afforestation programs, and are independent of 

income trajectories. This difference is practically 

significant: it means that conservation of forests does 

not have to wait until EKC turning points are reached 

by income but can be promoted by conservation 

policy itself. 

In relation to the plantation conservation benefit 

hypothesis, the research gives panel-level evidence at 

the district level that afforestation indeed moderates 

extraction-induced forest loss as hypothesized. 

Nevertheless, the continuing negative unconditional 

coefficient on afforestation validates the fact that the 

present rates of planting are not enough to counter the 

extraction - the afforestation gap observed in 

descriptive analysis. This agrees with the literature 

finding that the conservation value of afforestation is 

context dependent and is most plausible when the 

planting area is proportional to the area of harvesting. 

 

5.2 Implication on Forest Management in 

Zambia 

The empirical findings have direct implications 

on the forest management in the North-Western and 

the Eastern Provinces of Zambia. The result that the 

breadth of timber participation (as opposed to 

extraction intensity per household) is the strongest 

predictor of forest cover change implies that the policy 

that is based on individual household quotas can be 

less effective as compared to the one that targets the 

overall rate of participation. Diversification programs 

of livelihoods based broadly to ensure that timber is 

no longer the main income generation source should 

therefore be prioritized. 

The effect of afforestation moderation 

demonstrated is practically encouraging: it indicates 

that conservation investment is indeed translated into 

quantifiable protection of forest cover, despite the 

continued extraction pressure. Nonetheless, the 

afforestation gap that has continued to exist 

throughout the six years of analysis i.e. extraction 

always exceeds replanting suggests that the scale of 

current programs cannot be applied to achieve net-

neutral or net-positive forest cover. To achieve 

extraction rates by afforestation, program budgets, 

community engagement capacity and monitoring 

systems would need to be significantly increased. 

The strength of charcoal outcome (coefficient is 

even more negative than timber) deserves certain 

policy consideration. The diffuse spatial distribution 

and the high rate of biomass-per-unit-of-output 

consumed in charcoal make it especially harmful as a 

form of extraction. More efficient carbonization and 

formalization of the charcoal value chain may help 

lower the unit biomass price of charcoal production by 

a significant margin without abolishing the livelihood 

activity. 

 

6. Policy Recommendations 

According to the empirical evidence, four policy 

recommendations are put forward to the forestry 

authorities, provincial governments and development 

partners in Zambia: 

Decentralized, extraction-linked 

afforestation. The moderating influence of 

afforestation as shown is most significant at high 

levels of planting, yet the current program 

arrangement fails to progressively connect extraction 

authorization and replanting responsibility. There 

must be policy that household or cooperative timber 

licenses must be accompanied with corresponding 

local afforestation commitments. Such a connection 

would make the buffering effect found in the 

moderation model operational and dynamically scale 

reforestation to extraction pressure. 

Diversification of livelihoods in order to lessen 

rates of participation. Because the main cause of forest 

cover loss is the level of timber involvement, one of 

the high-priority leverages is the overall household 

reliance on extractive forest activities. Timber and 

charcoal extraction: the Ministry of Agriculture and 

Livestock, through NGOs and development banks, 

should provide more access to non-extractive forest-

based livelihoods apiculture, sustainable fruit and nut 

harvesting, ecotourism and climate-sensitive 

agricultural options that make timber and charcoal 

extraction unnecessary. 

Charcoal value chain formalization. Seeing 

that the production of charcoal has a more adverse per-

unit effect on forest cover than commercial timber, 

this sector should be formalized. In particular, the cost 

of biomass per ton would decrease due to the effective 

use of kiln technology, geographic rotation of 

extraction areas, and mobile monitoring units, and 

allow identifying the extraction hotspots in real-time. 

Spatial planning of extraction and afforestation would 

be planned with formal charcoal production zones, 

which are similar to controlled timber concessions. 

Proactive management using early-warning 

systems. The importance of the year fixed effects in 

both models specifications makes it clear that annual 

macroeconomic shocks, price fluctuations, economic 

downturns, climate stress events, and so on, have an 

effect on the extraction intensity. Forestry authorities 
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need to come up with early-warning mechanisms that 

track timber price indices and GDP trends in real-time 

so that Payments to Ecosystem Services (PES) or 

conservation subsidies can be scaled-up pre-

emptively when the extraction pressure is high. 

Countercyclical conservation finance would eliminate 

waves of survival-induced deforestation during the 

lean economic times. 

 

7. Conclusion 

This paper presents stringent panel econometric 

analysis on the interaction between household timber 

production, afforestation policy, and change in forest 

cover in the top timber producing districts in Zambia. 

Three major findings are found. First, the participation 

of household timber production has statistically 

significant and practically relevant negative impact on 

forest cover (0 = -0.041, p = 0.01), which is resistant 

to proxy substitution, lagged specification, and model 

re-specification. Second, afforestation programs have 

a strong positive moderating impact: the faster the 

district is planted, the smaller the decline in forest 

cover per unit of timber activity, which supports the 

hypothesis of buffering. Third, even with the proven 

protective role of afforestation, the structural 

extraction-replanting gap is still present throughout 

the study period which implies that the current 

conservation is not enough to achieve net-neutral 

forest results. 

Theoretically, the findings contribute to the 

Common Pool Resource frameworks by showing that 

institutional responses may modify extraction 

degradation dynamics, are not consistent with 

income-driven Environmental Kuznets Curve 

accounts since conservation investment, and not 

income growth, can cause forest improvement, and 

confirm the plantation conservation benefit 

hypothesis at the district scale and underscore the 

importance of adequate program scale. 

In practice, the results can be used to argue in 

favor of extraction-linked afforestation requirements, 

widespread diversification of rural livelihoods, 

formalization of the charcoal value chain, and 

responsive forest governance to economic shocks. 

The analytical model created here, a two-way fixed-

effects moderation model, using district-level panel 

data, can be generalized to other high-extraction 

woodland settings in Southern and Central Africa, 

which offers a model of evidence-based forest policy 

in the area. 

In the future, studies need to examine long-term 

survival of reforestation programs found in this study, 

spatial no homogeneity of the afforestation buffering 

effect at sub-district levels, and whether digital 

monitoring technologies can be used to implement 

real-time adaptive management of extraction-

afforestation balances. 
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