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A B S T R A C T

Massive deforestation and forest degradation have been observed in the inner Congo basin in the last decades. 
While agricultural expansion onto forest land is widely recognized as the main driver of deforestation, local 
dynamics and social drivers remain understudied. This study investigates both the forest cover dynamics 
monitored from satellite products and the agricultural practices from household interviews across the Tshopo, 
the largest province of the Democratic Republic of the Congo (DRC). We combined satellite-based forest cover 
data (Tropical Moist Forest dataset, 1990–2023) with household surveys (n = 850) around Kisangani, the pro
vincial capital, and up to 150 km along the six main road axes. Between 1990 and 2023, 9.7 % of mature tropical 
moist forest — corresponding to 1905,800 ha — was lost across the Tshopo province, being deforested, degraded, 
or disturbed. Deforestation accelerated since 2010, and the spatial pattern indicates urban expansion, and 
agricultural encroachment into forests. Household interviews confirm that small-scale farming is the dominant 
agricultural system in the region (94 % of respondents), with fields mostly installed on fallow land. The food 
crops such as cassava, rice, maize and bananas are predominant and perennial crops such as oil palms, cocoa and 
coffee are less common. Geographical and production factors, namely proximity to Kisangani city and household 
economic capital, are the main determinants of agricultural practices in the Tshopo. Although individual small- 
scale farming has a limited impact on forest cover (only 11 % of food crop fields and 8 % of perennial crop 
plantations are established on mature forest lands), the cumulative effect of seasonal land conversion is sub
stantial. Household-level deforestation (349 ha per cropping season for 850 households) extrapolated to 
approximately 195,000 ha of mature forest cleared annually across the province. Given the high level of human 
impact and poverty in the region, it is crucial to promote sustainable agricultural practices that increase pro
ductivity without encroaching on mature forests, considering the diversity of producer profiles, in a context of 
high instability.
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1. Introduction

Each year, 10 million ha of forest are lost worldwide due to defor
estation (FAO, 2020a) and about 500 million ha of forest land are 
degraded (Sasaki et al., 2016). Africa recently became the continent 
with the highest annual deforestation rate, with 3.9 million ha of net 
forest loss per year between 2010 and 2020 (FAO, 2020b). The Congo 
basin, which is the second largest contiguous block of tropical forests in 
the world (Marquant et al., 2015), has become the most threatened, and 
the situation is projected to worsen in the future (Abernethy et al., 
2016). Since 2010, massive deforestation and forest degradation have 
been specifically observed in the Democratic Republic of the Congo 
(DRC) (Vancutsem et al., 2021), with an annual deforestation rate 
estimated between 500,000 and up to 1.1 million ha between 2010 and 
2020, according to WRI and FAO, respectively. The DRC has become the 
second country in the world after Brazil, with the largest area of forest 
lost (FAO, 2020a; WRI, 2025).

Deforestation is the conversion of forest to other land uses, regardless 
of whether it is human-induced (FAO, 2020b), while forest degradation 
is the reduction of the capacity of a forest to produce goods and services 
(ITTO, 2002). Several drivers of deforestation vary according to 
geographic, economic, and demographic conditions, development his
tory, and current policy and institutional factors (Gillet et al., 2016; 
Tyukavina et al., 2018). In the DRC, the main direct drivers are, in 
decreasing order of importance, small-scale agriculture, artisanal wood 
logging, harvesting of fuelwood and charcoal production, mining, and 
bush fires (Ickowitz et al., 2015; Molinario et al., 2015; Ladewig et al., 
2024). Small-scale agriculture for agricultural commodities is estimated 
to account for 92 % of forest loss in the country (Tyukavina et al., 2018; 
Vancutsem et al., 2021; Feng et al., 2022). Indirect drivers such as de
mographic growth are also involved, given that the DRC is the most 
populous country in central Africa, with 105 million people currently 
(The World Bank Group, 2023), 218 million people expected by 2050 
and 430 million projected for 2100 (United Nations, Department of 
Economic and Social Affairs, Population Division, 2024). Deforestation 
in the DRC occurs mainly around urban centers, like Kisangani city in 
the inner Congo basin (Akkermans et al., 2013; Molinario et al., 2015; 
Harris et al., 2017; Balandi et al., 2024), and along road axes and rivers 
(Potapov et al., 2012; Mayaux et al., 2013; Shapiro et al., 2023). This 
induce a spatial pattern of mixed land uses that has been labeled as the 
rural complex, consisting of mosaics of productive food crop fields and 
perennial crop plantations, fallows, patches of regrowing secondary 
forest and, to a lesser extent, settlements (Molinario et al., 2015; Shapiro 
et al., 2023).

Deforestation and degradation studies often cover large areas, which 
is one of the most significant advantages of remote sensing approaches 
(Bourgoin et al., 2021; Guidance et al., 2021). Such studies can 
encompass the global tropics (Achard et al., 2014; Hansen et al., 2020) 
or focus on a specific region such as central Africa (Ernst et al., 2013; 
Tyukavina et al., 2018; Ross et al., 2021), though forests of the inner 
Congo basin, remain understudied (Verbeeck et al., 2011; Dupuis et al., 
2020). Agricultural activities have been identified as the main driver of 
deforestation (e.g., Mayaux et al., 2013; Hansen et al., 2013; Harris 
et al., 2017; Molinario et al., 2015, 2020; Shapiro et al., 2023); however, 
the link between the spatial patterns in the landscape monitored with 
remote sensing, such as land and forest cover dynamics (Vancutsem 
et al., 2021), and the agricultural practices in the field is barely explored. 
Notably, the variations in farming practices are rarely considered 
(Masha et al., 2024).

To develop sustainable land use strategies that are urgently needed 
in the DRC (Molinario et al., 2015), it is crucial to bridge the gap be
tween the routinely monitored forest/land cover dynamics (Vancutsem 
et al., 2021; Bourgoin et al., 2024) and the local agricultural practices, 
notably their spatial variations and determinants. In this study, we 
investigated both the forest cover dynamics (deforestation and forest 
degradation) and their determinants in the Tshopo, the largest province 

of the DRC. We specifically (i) assessed the dynamics of forest cover 
changes over the 1990–2023 period using the Tropical Moist Forest 
(TMF) products (Vancutsem et al., 2021), (ii) identified the dominant 
agricultural practices in the region using household interviews, (iii) 
examined their variations and determinants, and (iv) identified different 
stakeholder profiles. We assumed that the urban center, and specifically 
Kisangani city, the capital of the province, is the epicenter of defores
tation and forest degradation, as the consumption basin of the province 
for food products (Bolakonga, 2013; Akkermans et al., 2013; Molinario 
et al., 2015; Van Vliet et al., 2015; Balandi et al., 2024), wood energy 
(Imani and Moore-Delate, 2021) and timber (Benneker et al., 2012).

2. Material and methods

2.1. Study area

This study was carried out in the inner Congo basin, in the Tshopo 
province (Fig. 1), which is the largest province of the DRC, covering 
200,240 km2, and 8.5 % of the country area (Moonen et al., 2016). The 
climate is equatorial continental, belonging to the Af type of Köppen's 
classification, with annual rainfall varying between 1600 and 1800 mm 
and mean annual temperature between 24 and 25 ◦C (Bolakonga, 2013). 
Tropical moist forest is the main land cover (87 %, Vancutsem et al., 
2021), with agricultural areas (~10 %) located mainly along roads, 
rivers, and in the surroundings of large cities such as Kisangani, the 
capital of the province (Omasombo et al., 2020; Balandi et al., 2024). 
Agriculture is the primary source of income (Moonen et al., 2019) 
involving approximately 83 % of households (INS, 2021) and focusing 
primarily on food crops such as cassava, rice, banana, maize, and peanut 
(Van Hoof, 2011; Moonen et al., 2016, 2017). Perennial crops, mainly 
cocoa and oil palm plantations, and to a lesser extent coffee and rubber, 
are also cultivated in the area (Bolakonga et al., 2017). The population is 
estimated at 2.6 million inhabitants (INS, 2021), of which circa 20 % 
live in the city of Kisangani (Moloba et al., 2019; Sonwa et al., 2020). 
The population density varies from >400 inhabitants/km2 in Kisangani 
to three inhabitants/km2 in the most remote rural areas (FONAREDD, 
2016).

2.2. Data collection

2.2.1. Forest cover changes
Yearly data on forest cover and forest cover changes — including 

deforestation, degradation, and regrowth — for the 1990–2023 period 
across the Tshopo province were extracted from the "Tropical Moist 
Forest" (TMF) dataset (Vancutsem et al., 2021) developed by the Joint 
Research Centre (JRC) and available online (https://forobs.jrc.ec.euro 
pa.eu/TMF). This prodcut is based on Landsat 7, 8 and 9 Collection 2 
imagery, with a 0.09 ha resolution (30 m). For each pixel, we extracted 
from the TMF dataset the deforestation year and the yearly change. We 
did not use the yearly transition classes in this study, because they 
capture short-duration disturbances that may not represent real land use 
change. We therefore used the aggregated multi-year TMF forest-cover 
classes, which are more robust for long-term forest-cover analysis. Set
tlements data were collected from the GRID3 COD - Settlement Extents 
v2.0, available online (https://data.grid3.org/datasets/GRID3::grid3- 
cod-settlement-extents-v2-0/about).

2.2.2. Household interviews
Information on agricultural practices was obtained from farmer in

terviews in villages scattered across the province, through household 
survey methods, using a structured questionnaire. The survey was car
ried out between June and December 2022, following a multilevel 
stratified sampling strategy (Moonen et al., 2016), and households were 
selected randomly after checking their voluntary consent to participate. 
A total of 850 households were interviewed with 17 households per 
village, and 50 villages sampled. The sampling design captured the 
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disturbance gradient expected with the proximity to Kisangani city. We 
sampled three villages at 50 km intervals from Kisangani, i.e., 0 to 50 
km, 50 to 100 km, and 100 to 150 km, and along the six main road axes 
from Kisangani (Fig. 1): the Buta axis to the north (n = 9 villages), the 
Alibuku axis to the northeast (n = 6), the Ituri axis to the east (n = 9), the 
Lubutu axis to the southeast (n = 9), the Ubundu axis to the south (n =
8), and the Yangambi axis to the west (n = 9). The interview lasted 15 to 
20 min per household, and questions were administered in Lingala 
and/or Swahili, as the two languages are widely spoken in the study area 
compared to dialects (Omasombo et al., 2020), and investigators were 
fluent in both languages. In most cases, interviews were conducted with 
the farmers on-site. A few interviews were organized in Kisangani with 
owners that were not present in the village during the field mission.

Qualitative and quantitative data were collected from farmers who 
had at least one food crop field and/or a perennial crop plantation and 
who were heads of households. The same survey questionnaire was used 
for all households with information collected on both (i) household 
characteristics and (ii) agricultural practices. (i) The household char
acteristics included information on socio-economic factors (gender, age, 
household size, level of education, access to inputs, time spent in the 
village, year of mature forest clearing where the food crop field or the 
perennial crop plantation is located, land tenure, number of sources of 
income, main source of income and year of perennial crop plantation 
installation), production factors (land acquisition method, main activity, 
and workforce used in the food crop field or the perennial crop planta
tion), geographical factors (road axis, proximity to Kisangani city and 
distance from the village to the field) and cultural factors (ethnic group). 
(ii) The agricultural practices included information on the number of 
food crop fields and/or the perennial crop plantations, the main crop, 
the size of food crop field or perennial crop plantation, the previous land 
use before the installation of the food crop field or the perennial crop 

plantation, the duration of fallow and the number of rotations under
gone by the food crop field.

2.3. Data analysis

To understand the dynamics and determinants of forest cover 
changes in the Tshopo, we first produced the land and forest cover map 
for the year 1990 and 2023 to illustrate the spatial patterns of undis
turbed and degraded tropical moist forests, deforested land, and forest 
regrowth across the province. The analysis was based on the Tropical 
Moist Forest (TMF) dataset (Vancutsem et al., 2021), which is a fully 
processed and validated product based on a Landsat time series. All 
pre-processing steps, including geometric and radiometric correction, 
cloud and shadow masking, and temporal segmentation, were per
formed by the JRC as part of the TMF production workflow. The TMF 
product has an overall accuracy of 91.4 %, with yearly disturbance 
trajectories (from 1990 to 2023) specifically validated using >5000 
reference samples. 'Degraded forest' was defined as closed evergreen or 
semi-evergreen forest that has experienced short-duration disturbance 
events (≤2.5 years), while 'deforested land' reflected permanent canopy 
loss with no forest regrowth detected in the last 3 years. Then, before 
area calculations, the TMF layers were reprojected to the UTM 35 N 
coordinate system (EPSG:32,635) using the function terra::projet with 
nearest-neighbor resampling option (Hijmans, 2024). Second, we 
quantified the temporal trends by calculating the cumulative annual 
changes in forest cover between 1990 and 2023. These changes were 
expressed in area (in km²) of deforested land, degraded forest and forest 
regrowth. These results were then compared to a bar plot of deforesta
tion years to identify general trends and any acceleration period. Third, 
we conducted a spatial analysis using a 10 km × 10 km grid applied 
across the province. We calculated disturbance rates ( % per year) 

Fig. 1. Location of the study area in the DRC (A), in the Tshopo province (B) and around the city of Kisangani (C). The colors correspond to the land cover in the TMF 
dataset for the year 2021 (Vancutsem et al., 2021) with undisturbed tropical moist forest (dark green), degraded tropical moist forest (green), deforested land 
(orange), and tropical moist forest regrowth (light green). The main rivers (blue), the road axes used for sampling (orange), and the surveyed villages (pink dots) are 
also indicated.
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between 2020 and 2023, including annual deforestation rates, and also 
combining degradation and deforestation rates. Finally, we examined 
several remote sensing products to identify potential determinants of 
forest cover changes, paying particular attention to proximity to set
tlements. A linear regression model was used to assess the relationship 
between disturbance rates and accessibility, using travel time to cities as 
a proxy (Nelson et al., 2019). The four grid cells corresponding to the 
city of Kisangani were excluded from the latter analysis.

To determine the general pattern in agricultural practices across the 
Tshopo province, we first used a descriptive analysis based on barplots, 
showing the frequency of all variables, separately for food crop fields 
and for perennial crop plantations. Household characteristics were then 
tested as potential determinants of agricultural practices, including 
socio-economic, production, geographical, and cultural factors. The chi- 
square test was used to determine the strength of the relationship be
tween categorical variables describing agricultural practices and 
household characteristics. An ANOVA was used to test the effect of 
categorical household variables on quantitative agricultural practices. 
The normality and homoscedasticity of residuals were verified with 
Shapiro and Bartlett tests, respectively, and the non-parametric Kruskal- 
Wallis test was used when the two conditions were not met (p < 0.05). 
Simple linear models were adopted to establish a relationship between 
quantitative variables describing agricultural practices and household 
characteristics. Logistic regressions were also used to assess the effect of 
quantitative household characteristics on each agricultural practice 
modality. For each significant quantitative variable explaining the 
perception of a practice modality, we confirmed its importance by 
developing Pearson correlation tests. The Multiple Correspondence 
Analysis (MCA) implemented in the ade4 package in R (Dray and 
Dufour, 2007) was used to visualize the correspondence between agri
cultural practices and their determinants, including socio-economic, 
production, geographic, and cultural factors. Finally, to better 

understand the diversity of stakeholders, we conducted another MCA, 
followed by an unsupervised clustering of individual MCA scores to 
identify groups of farmers sharing similar patterns of land acquisition 
methods, labour use and economic capital.

All analyses were conducted using R software version R 4.2.3, under 
its interface RStudio version 2.1. The ggplot2 package was used for 
graph presentation (Wickham, 2016).

3. Results

3.1. Changes in forest cover in the Tshopo province

The Tshopo province was covered by mature tropical moist forest in 
1990 which represented 98.1 % of the area (Fig. 2A), while only 88.4 % 
in 2023 (Fig. 2B). Thus, between 1990 and 2023, 9.7 % of mature 
tropical moist forest was lost across the Tshopo province, corresponding 
to a total of 1905,800 ha (19,058 km²) of forest-cover being deforested, 
degraded, or disturbed, according to the TMF dataset. Non-forested 
areas almost doubled in 33 years, with a spatial pattern linked to ur
banisation and agricultural expansion. Specifically, a strong spatial 
variation in forest cover loss was revealed depending on proximity to the 
city of Kisangani. Deforestation rates within the TMF indicated that 
deforestation is notably higher in the 0–100 km zone than in the 
100–150 km zone. While massive deforestation occurred between 2010 
and 2020, forest regrowth was also observed, and contributed to a slight 
increase in mature tropical moist forest (undisturbed tropical moist 
forest that has maintained a closed canopy, with no detectable signs of 
disturbance, such as degradation or deforestation, throughout the 
monitoring period) in the province (Fig. 2C). Annual forest cover loss 
remained relatively low and stable between 1990 and 2010, averaging 
12,325 ha/year (0.06 %/year). In contrast, between 2010 and 2020, the 
mean annual forest loss increased by >7.6-fold, reaching 93,868 ha/ 

Fig. 2. Forest cover and forest cover changes across the Tshopo province in the DRC according to the TMF dataset. Land and forest covers were mapped for the year 
1990 (A) and 2023 (B) with colors corresponding to undisturbed tropical moist forest (dark green), degraded tropical moist forest (green), deforested land (orange), 
tropical moist forest regrowth (light green). Permanent water bodies (blue) are also indicated. The yearly dynamics of cumulative area of deforested land, degraded 
and regrowth forests (C) is also shown over the 1990–2023 period.
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year (0.52 %/year), and confirming a clear acceleration in forest cover 
change during the last decade (Fig. S1).

3.2. Agricultural practices in the Tshopo province

The 850 respondents included 697 males (82 %) and 153 females (18 
%). The average age of respondents was 45, with a minimum of 19 and a 
maximum of 85 years. The average household size was 9 ± 5 people, 
with a maximum of 35 people. Natives of the province constituted the 
vast majority of respondents (85 %). Most respondents were farmers (89 
%), but a few state employees were also interviewed (5 %), including 
village chiefs, teachers, and nurses, and, to a lesser extent, traders (1 %), 
fisherman (2 %) and others (3 %). The main source of income was 
agriculture (98 %), although some respondents combined agriculture 
with a state salary, or other incomes from trade in non-agricultural 
products, hunting, gathering, fishing, and livestock. The education 
level was relatively low, with only 2 % of respondents having a uni
versity degree, 56 % having a secondary school education, 37 % having 
only an elementary school education, and with 4 % having never 
attended school.

Small-scale farming was the most widespread agricultural system in 
the Tshopo. The agricultural practices generally focused on food crops 
cultivation (94 % of respondents). The most important crops, in 
decreasing order, were cassava (52 %), rice (30 %), maize (12 %), ba
nana (3 %), and to a lesser extent, cowpea and peanut (Fig. 3A). 
Perennial crops were less widespread, with only 19 % of respondents 
growing them. The most common ones were oil palm (71 %), cocoa (24 
%) and coffee (5 %, Fig. 3B). Of the 850 respondents, we recorded in
formation for 1176 food crop fields and 174 perennial crop plantations. 
Respondents owned an average of one food crop field and/or one 
perennial crop plantation per household. Food crop fields were typically 
<2 ha (90 %) and perennial crop plantations <3 ha (79 %). On average, 
food crop fields measured 1.01 ± 0.41 ha, whereas perennial crop 
plantations showed greater variability, averaging 4.06 ± 12.57 ha likely 
due to a few very large plots skewing the mean. During the current 
cropping season, both food crop fields and perennial crop plantations 
were mainly located on fallow land, but a few of them were installed on 
cleared mature forest (11 % and 8 %, respectively, for food and peren
nial crops), thereby contributing directly to deforestation. Based on an 
average field size of 1.01 ha and the fact that 11 % of food crop fields 
were located in mature forests (representing around 129 fields), it was 
estimated that during the recent cropping season 130 ha of mature forest 

were converted into agricultural land by the 850 households surveyed. 
This highlighted the substantial impact of small-scale farming on forest 
cover change. In contrast, the sum of the areas of individual plantations 
in mature forests represented 219 ha. The average fallow duration was 4 
years, with most of them falling within the range of 3 to 10 years (77 %). 
Plots commonly underwent one (52 %) or two (23 %) cultivation rota
tions before the next fallow cycle.

3.3. Determinants of agricultural practices

Agricultural practices for food crops in the Tshopo province varied 
according to geographical, cultural, socio-economic and production 
factors. Of these factors, proximity to Kisangani city was found to in
fluence field size, crop type, fallow duration, previous land use, the 
number of fields per household and the number of rotations per food 
crop field. This results was confirmed by the MCA with the first axis 
revealing two distinct groups based on proximity to Kisangani (Fig. 4). 
In areas within 100 km of the city, farming systems were characterised 
by larger fields (over 1 ha), short fallow durations (1–2 years), a high 
number of crop rotations per plot and the frequent establishment of 
fields in mature forest, which contributed directly to deforestation. 
Households often managed several fields simultaneously. In contrast, 
areas beyond 100 km had smaller fields (≤1 ha) which were often 
established on land that had been left fallow for a long time (sometimes 
exceeding 10 years). Both areas grew cash crops such as cassava, rice, 
maize and bananas, although peanuts and cowpeas were grown in areas 
far from the city.

Crop types also varied across road axes (Table 1). Cassava pre
dominated on the Yangambi, Ubundu, Ituri and Lubutu axes, while rice 
predominated on the Buta and Alibuku axes (Table S1). On the Alibuku 
axis, the field size was larger and the proportion of fields installed on 
mature forest was the highest, whereas on the Buta axis, plot rotation 
was frequent and fallow periods were short. Ethnicity also influenced 
crop selection, field size and fallow duration. In addition, the use of 
hired labour was associated with larger field sizes compared to reliance 
on family labour. Finally, household size influenced the number of fields 
and the type of crops.

Agricultural practices for perennial crop plantations varied, in 
decreasing order of importance, according to production, cultural, 
geographical, and socio-economic factors (Table 2). Land acquisition 
rights influenced the main perennial crop, the size of the plantation, and 
the previous land use, with most plantations acquired by purchase being 

Fig. 3. Agricultural practices in food crop fields (A) and in perennial crop plantations (B) in the Tshopo province. Each color represents a specific variable group: 
number of fields or plantations (purple), main food or perennial crops (green), field or plantation size (dark brown), previous land use (blue), fallow duration 
(yellow–orange) and number of rotations (red). The percentages for each agricultural practice indicate the proportion of respondents who mentioned that practice.
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mainly for cocoa and established on mature forest (Table S2). The ac
tivity of respondent also influenced the main perennial crop, and it 
appeared that traders were more likely to grow cocoa, while farmers 
were more likely to grow oil palm. Hired labour depended on the crop 
type, the plantation size, and the previous land use. Family labour or 
mutual help was more common in small oil palm and coffee plantations, 
than in large cocoa plantations where hired labour was common. Ethnic 
group and road axis also influenced practices concerning perennial crop 
plantations. Natives tended to own small plantations and were most 
involved in oil palm cultivation, while non-natives owned large plan
tations and were more engaged in cocoa cultivation. The oil palm 

cultivation was common on the Yangambi and Lubutu axes, while cocoa 
was more frequent on the Alibuku and Ituri axes. Significant differences 
in the size of perennial crop plantations were observed along the Ali
buku axis. The average size of plantations was 23 ha, compared to less 
than three ha along the other axes. These large plantations have been 
installed on mature forests, contributing directly to deforestation.

3.4. Stakeholder profiles

We identified three main profiles of stakeholders based on the 
multivariate analysis of variables related to access to land, economic 

Fig. 4. Multivariate relationships between agricultural practices for food crop fields and proximity to Kisangani city.

Table 1 
Determinants of agricultural practices in food crop fields (n = 850 respondents). The significance level of the relationships is indicated with * for p < 0.05, ** for p <
0.01 and *** for p < 0.001.

Main crop Field size Previous land use Number of rotations Fallow duration Number of fields

Socio-economic factors ​ ​ ​ ​ ​ ​
Gender ​ ​ ​ ​ ​ ​
Age ** ​ ​ ** ​ ​
Household size ** *** ​ ​ ​ *
Level of education ​ ​ ​ ​ ​ ​
Access to inputs ​ ​ ​ *** ​ **
Time in the village ​ ​ ** ** ​ ​
Year of mature forest clearing *** * *** *** ​ ​
Field acquisition year *** ​ *** ​ ​ ​
Land tenure ​ ​ * *** ​ *
Plantation ownership ** ​ ​ *** ​ *
Number of sources of income * ​ ​ ​ ​ *
Sources of income ​ ​ ** ​ ​ ​
Production factors ​ ​ ​ ​ ​ ​
Land acquisition method ​ * *** ​ ​ ​
Main activity * ​ * ​ ​ ​
Workforce ​ ** *** * ​ ​
Geographical factors ​ ​ ​ ​ ​ ​
Road axis *** *** *** *** ​ ***
Proximity to Kisangani city *** * ​ *** * ​
Distance village – field ** *** ** ​ * ​
Cultural factor ​ ​ ​ ​ ​ ​
Ethnic group * * ​ ​ * *
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capital (main activity) and labour use (Fig. 5). The first and most com
mon group (n = 683; 80.4 %) consisted of smallholder family farmers for 

whom agriculture is the main economic capital and who practice small- 
scale subsistence farming combined with oil palm cultivation on land 
acquired through inheritance (father to son) and relying solely on family 
labour. The second group consisted of smallholder tenant farmers (n =
159; 18.7 %) who are engaged in subsistence food crop production, but 
who rent land and rely on hired labour. They typically rent land for one 
or more cassava cycles and do not plant perennial crops due to a lack of 
land ownership. In some cases, the lease agreement could evolve into a 
definitive purchase of the plot, in exchange for a sum of money and some 
goods. These first two groups mainly manage fields smaller than two ha. 
The third group consisted of large-scale landholders (n = 8; 0.9 %) who 
purchase large plots of land for perennial crops, especially cocoa, and 
who employ permanent workers on site. Each of their plantations 
exceeded 10 ha. Although they were few in number, four respondents 
among them owned plantations larger than 50 ha, representing nearly 
50 % of the total area recorded for perennial crop plantations (304.8 ha 
out of a total of 662 ha).

4. Discussion

In this study, we aimed to bridge the gap between the patterns of 
forest cover changes in the inner Congo basin detected from TMF 
products, and the determinants of deforestation, with the largest field 
assessment of households characteristics and agricultural practices of 
Congo basin smallholder farmers implemented to date. Our results 
showed significant changes in forest cover across the Tshopo province 
between 1990 and 2023, around villages and road axes, and an accel
eration of deforestation and forest degradation around 2010. Our in
terviews identified common agricultural practices, with generalized 
food crops in family and subsistence small-scale agriculture, but also oil 
palm for local consumption and local market, and to a lesser extent 
cocoa and coffee plantations for export. Field interviews revealed that 
only a few food crop fields or perennial crop plantations were installed 
on mature forests, but multiplied by the number of people, it lead to 
massive changes in forest cover, a trend that has accelerated over the last 

Table 2 
Determinants of agricultural practices in perennial crop plantations (n = 850 
respondents). The significance level of the relationships is indicated with * for p 
< 0.05, ** for p < 0.01 and *** for p < 0.001.

Main 
perennial 
crop

Plantation 
size

Previous 
land use

Number of 
plantations

Socio-economic 
factors

​ ​ ​ ​

Gender ​ ​ ​ ​
Age ​ ​ ​ ​
Household size ​ ​ * *
Level of education ​ ​ ​ ​
Time in the village ​ *** ​ ​
Year of plantation 

installation
*** ​ *** ​

Land tenure ​ ​ ​ ​
Food crop field 

ownership
* ​ ​ ​

Number of sources 
of income

​ ​ ** ​

Source of income ** ​ ** ​
Production 

factors
​ ​ ​ ​

Land acquisition 
method

*** ** * ​

Main activity *** *** *** ​
Workforce ** *** *** ​
Geographical 

factors
​ ​ ​ ​

Road axis * *** *** ​
Proximity to 

Kisangani city
​ ​ ​ ​

Distance village – 
field

​ ** ​ ​

Cultural factor ​ ​ ​ ​
Ethnic group *** * *** ​

Fig. 5. Stakeholder profiles based on production factors, including access to land, economic capital (main activity) and labour use. The three stakeholder groups are 
presented with their relationship to agricultural practices, and variables are coloured according to their type: main crop (dark green), main activity (dark blue), 
access to land (red), labour (orange), field or plantation size (black), with the prefix “f” for food crop fields and “p” for perennial crop plantation.
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decade.
Specifically, although only 11 % of food crop fields were established 

on mature forest land, their cumulative impact is substantial when 
scaled to the provincial level, confirming the central role of smallholder 
agriculture in driving forest-cover change. Among the 850 households 
surveyed, 130 ha of mature forest were cleared per cropping season for 
food crops, equating to approximately 260 ha annually, given two 
cropping seasons per year in the region (Bolakonga et al., 2017; Kabila, 
2025). Extrapolating this figure to the Tshopo's 238,000 agricultural 
households (83 % of the provincial population of 2.58 million, according 
to INS in 2021) reveals that food crop expansion alone accounts for the 
clearing of approximately 73,000 ha of mature forest across the province 
annually. Such conversion led to reduced mature forest land cover, 
forest fragmentation, erosion of biodiversity, depletion of carbon stocks 
and increased emissions (Gibbs et al., 2010; Gibson et al., 2011; Man
gaza et al., 2022). Meanwhile, perennial crop plantations represent an 
even more permanent threat, with 8 % established on mature forest and 
219 ha converted per cropping season among surveyed households, 
approximately 438 ha annually. Provincial-scale extrapolation suggests 
perennial crops drive an additional 122,000 ha of irreversible forest loss 
per year, as these systems (oil palm, cocoa, coffee) permanently occupy 
land and prevent natural regeneration (Mosnier et al., 2016; Mangaza 
et al., 2022). When combined, food crop fields and perennial crop 
plantations account for 349 ha of mature forest cleared per season, or 
698 ha annually for the 850 households. Extrapolated to Tshopo’s 
approximately 238,000 agricultural households (INS, 2021), the 
observed rate (0.82 ha per household per year) corresponds to nearly 
195,000 ha of mature forest potentially cleared each year. This value 
should be interpreted as a rough estimation of the order of magnitude, 
since it is based on scaling local observations up to the provincial level. 
These results confirm the significant role of smallholder agriculture in 
driving cumulative forest cover loss across the province (Rudel, 2009; 
Van Vliet et al., 2013).

This cumulative effect was reflected in the forest cover dynamics 
captured by TMF products, which indicate a decline in the coverage of 
mature tropical moist forests in Tshopo province, falling from 98.1 % in 
1990 to 88.4 % in 2023. Although a 9.7 % decline in forest cover over 
the 33 years may seem modest, it is significant in the context of the 
Tshopo province, which has a high level of forest cover (Vancutsem 
et al., 2021). This equates to the loss of 1905,800 ha (19,058 km²) of 
forest cover. Furthermore, studies have demonstrated that even modest 
proportional reductions in the canopy cover of tropical forests can result 
in significant ecological repercussions (Betts et al., 2017; Taubert et al., 
2018; Bourgoin et al., 2024). Notably, the TMF time series show that 
forest loss did not occur uniformly over time. Disturbance rates 
remained relatively low before 2010, but then accelerated significantly 
between 2010 and 2020, particularly around urban areas and along road 
networks as previously observed in the Congo Basin (Molinario et al., 
2015; FAO, 2020a; Vancutsem et al., 2021; Balandi et al., 2024). Spe
cifically, a strong spatial variation in forest cover loss was revealed 
depending on proximity to the city of Kisangani, with higher defores
tation within the 0–100 km zone than within the 100–150 km zone. In 
the study area, this trend is primarily driven by the rapid population 
growth (INS, 2021), the expansion of Kisangani and other small cities 
(Harris et al., 2017; Tyukavina et al., 2018; Windey, 2020; Balandi et al., 
2024), and the increased demand for agricultural commodities 
(Vancutsem et al., 2021). A similar pattern was observed in other parts 
of the country (Gond et al., 2016; Muteya et al., 2023) and in several 
other tropical regions (Nkwemoh and Tchindjang, 2018; Potapov et al., 
2022). Furthermore, the increased rate of deforestation observed over 
the last decade may be indirectly linked to the movements of population 
fleeing conflict in eastern DRC and settling in the Tshopo province (OIM, 
2019). Unlike conflict-affected eastern provinces, Tshopo Province has 
remained relatively stable (Baker et al., 2003; Windey, 2020), posi
tioning it as a refuge destination for populations fleeing violence in 
North-Kivu and Ituri provinces (Lebailly et al., 2014; OIM, 2019). Many 

of these displaced households, who rely heavily on farming and agri
cultural expansion to rebuild their livelihoods (Bolakonga et al., 2017), 
have sought to re-establish stability in their new environment, which 
may have contributed to additional pressure on forest lands.

The results of our household interviews demonstrated that agricul
tural practices varied primarily with geographical factors, particularly 
in food crop fields, as previously observed by Bolakonga et al. (2017). 
Proximity to Kisangani city significantly influenced agricultural prac
tices (Balandi et al., 2024). In areas located ≥100 km from Kisangani, 
the four main crops — cassava, rice, maize and banana (Moonen, 2017) 
— as well as peanuts and cowpeas were grown. Fields were small (≤1 
ha) and were often established on land that had been left fallow for a 
long time. This is likely due to the low population density (FONAREDD, 
2016; INS, 2021), the absence of urban investment on land (Lebailly 
et al., 2014), limited market access due to poor feeder roads (Van Hoof, 
2011; Mangaza et al., 2021), the lack of funds to hire labour (Mangaza 
et al., 2021) and low local food prices. Near Kisangani, the same main 
crops were grown (Moonen, 2017), but with a higher intensity in 
practices, with larger fields (>1 ha), more crop rotations per plot (>5) 
and more fields per household (>1), as well as shorter fallow periods 
(1–2 years). This trend can be attributed to the high demand for agri
cultural commodities in Kisangani, which is densely populated (Mayaux 
et al., 2013; Ernst et al., 2013; Akkermans et al., 2013; Harris et al., 
2017; INS, 2021). The larger field size near the city can be explained by 
the availability of land (Lebailly et al., 2014), easier access in peri‑urban 
areas (Galeana-Pizaña et al., 2024), and better access to labour. These 
results demonstrate how geographical and socio-economic factors in
fluence farming strategies throughout the province. In the context of 
sustainable land use planning, these variations emphasise the impor
tance of promoting agricultural practices that improve productivity 
while limiting further encroachment onto mature forest. This could 
include introducing agroforestry systems in degraded areas and 
improving soil fertility in plots with multiple crop rotations, for instance 
by encouraging natural regeneration or planting species that enrich the 
soil (Peltier et al., 2014; Mangaza et al., 2022).

However, to design effective land use planning policies, it is crucial 
to consider the diversity of stakeholders and understand how their 
agricultural practices contribute differently to deforestation and forest 
degradation. Smallholder family farmers, who constituted most agri
cultural producers, typically manage less than two ha and practice 
shifting cultivation and slash-and-burn agriculture (Molinario et al., 
2020). This system involves periodic clearing of forest for short-term 
use, followed by fallow (Van Vliet et al., 2013), resulting in progres
sive, scattered deforestation (Molinario et al., 2020). Although the in
dividual impact seems limited, the cumulative effect is substantial (Van 
Vliet et al., 2012; Branthomme et al., 2023). According to Tyukavina 
et al. (2018), almost 92 % of forest loss in the DRC between 2000 and 
2014 was due to small-scale clearing for rotational agriculture. This 
pressure is exacerbated by poverty, low productivity, insecure land 
tenure, lack of access to technical assistance, and population growth 
(Van Vliet et al., 2013; Ordway et al., 2017). In contrast, smallholder 
tenant farmers, although also cultivating small plots, are more 
market-oriented and grow diverse food and cash crops (Bolakonga et al., 
2017). They have the greatest impact in peri‑urban areas and along road 
networks, where they contribute to forest fragmentation due to 
increased competition for land (Molinario et al., 2015; Abernethy et al., 
2016). While they contribute less than family farmers in absolute terms, 
their influence is growing with improved market access and infra
structure development (Hourticq et al., 2013). Large-scale landholders, 
although numerically marginal, have significant influence on forest 
cover (Windey, 2020). Supported by private capital, they establish 
monoculture plantations, specially cocoa, in previously undisturbed 
forests (Renier et al., 2025). These monoculture plantations lead to 
extensive deforestation, mechanized clearing, and infrastructure devel
opment, which also facilitates indirect deforestation (Kissinger et al., 
2012; Windey, 2020). As cocoa farming in Tshopo is primarily driven by 
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wealthy individuals, this indicates that capitalized agriculture and 
economic growth are significant drivers of deforestation in the region 
(Rudel, 2009; Windey, 2020; Ngouhouo-Poufoun et al., 2024). In 
addition, monoculture plantations practices increase biodiversity loss as 
demonstrated in Yangambi (Mangaza et al., 2022) and generate land 
conflicts (Molinario et al., 2015; Mudiayi, 2019). It has been reported 
that large plantations, especially cocoa plantations, are stifling small 
farms, by forcing their owners to move and settle far away from cocoa 
plantations. This situation increases the risk of land conflicts, as previ
ously reported by Windey (2020) in the area and by Shamamba et al. 
(2023) elsewhere in the DRC, as well as by van Vliet et al. (2012) and 
Renier et al. (2025) in several other tropical countries. To a certain 
extent, it also causes small clearings to spread throughout the forest 
(Molinario et al., 2020). Furthermore, the hired labour drawn to these 
areas create communities that rely on shifting cultivation and 
non-timber forest products (NTFP) for food, energy, and building ma
terials. The impact of the latter is often visible up to 5 km around the 
plantation (Molinario et al., 2020). Thus, despite differing scales, all 
three groups contribute to deforestation and forest degradation. 
Tailored support and policies addressing the specific socio-economic 
and environmental contexts of each group are essential to reduce 
deforestation in the region (Tegegne et al., 2016).

The loss of mature forest was most pronounced near the city of 
Kisangani, where agriculture is most intensive due to the proximity to 
markets and infrastructure (Molinario et al., 2015; Shapiro et al., 2021; 
Balandi et al., 2024; Zheng et al., 2025). This peri‑urban area was 
characterized by cash crop cultivation, large field sizes, high crop 
rotation rates, short fallow periods and frequent food crop field/per
ennial crop plantation in mature forest land. In addition, smallholder 
family and tenant farmers around Kisangani, though operating on small 
plots, exerted significant pressure on forests due to high population 
density (Ickowitz et al., 2015; Shapiro et al., 2021). Poverty and limited 
access to resources force them to cultivate crops with a short growth 
cycle, resulting in frequent plot shifting and deforestation (Van Vliet 
et al., 2012; Barbier and Hochard, 2016). In contrast, although less 
common in the region, perennial crops were maintained over longer 
periods, stabilizing land use and helping to mitigate deforestation 
(Ickowitz et al., 2015; Batsi et al., 2021). Deforestation in Tshopo was 
also linked to the development of new small cities in the north-east, 
particularly along the Alibuku axis. This area has experienced intense 
human activity in recent years as people have settled along an old log
ging road to establish farms (Windey, 2020). Recent studies have 
identified Alibuku as one of the most active cocoa-producing zones in 
the province (Batsi et al., 2023), where large areas of mature forest have 
been converted into agricultural land, creating new deforestation hot
spots (De Beule et al., 2014; Batsi et al., 2020). Our findings confirm that 
this area had the largest fields for both food crops and perennial crop 
plantations, specially cocoa, that some of which exceeded 50 ha (Batsi 
et al., 2023). The trade of Alibuku cocoa production is primarily trans
ported to Kisangani for export, mainly to Uganda and Europe (Windey, 
2020; Batsi et al., 2023). However, cocoa has been reported several 
times as one of major driver of direct and indirect deforestation in the 
DRC (De Beule et al., 2014; Batsi et al., 2021) and in many other 
countries (Lambin and Furumo, 2023; Ngouhouo-Poufoun et al., 2024; 
Renier et al., 2025). In contrast, older cocoa plantations established in 
previous decades, often in degraded forests, have been shown to support 
carbon storage and biodiversity (Batsi et al., 2021; Mangaza et al., 2022; 
Miharza et al., 2023). These agroforestry systems could represent a more 
sustainable alternative that is better aligned with environmental goals 
and sustainable land use planning.

The limitations of this study are inherently linked to its research 
directions. Constraints such as the 30-m resolution of TMF products, the 
short-term socio-economic assessment and the partial consideration of 
indirect drivers limit the precision with which certain processes can be 
quantified. In addition, the intra-stratum variability and the uncertainty 
associated with extrapolating household-level data to the provincial 

scale could not be fully quantified, which is an inherent limitation of 
combining localised socio-economic data with large-scale satellite- 
derived forest monitoring. Furthermore, the TMF product does not 
identify the direct causes of forest-cover loss. The attribution of drivers 
(e.g., agricultural expansion) relies on the integration of TMF-derived 
transitions with household survey data and insights from the litera
ture. Future studies should integrate TMF-derived forest-cover trajec
tories with long-term socio-economic assessment to gain a better 
understanding of the interaction between demographic pressures, eco
nomic growth, migration flows, market access and land tenure con
straints in shaping forest cover dynamics. Furthermore, higher- 
resolution spatial analyses combining TMF products with updated set
tlement and road datasets would improve the detection of local forest 
conversion hotspots. Engaging the diverse farmer profiles identified in 
this study in participatory action research is essential to co-developing 
locally appropriate solutions for implementing sustainable land use 
planning and achieving effective land use transitions in the Congo Basin 
(Molinario et al., 2015; Shapiro et al., 2023); particularly in the context 
of projected population growth and accelerating deforestation. Finally, 
our results can guide land management strategies by highlighting areas 
where agricultural expansion is likely to encroach on mature forests, 
emphasizing the importance of promoting sustainable practices to in
crease productivity on cleared land.

5. Conclusion

Deforestation and forest degradation in the Tshopo province appear 
to be driven mainly by the expansion of Kisangani and other small cities, 
combined with forest conversion for agriculture, in the absence of other 
major activities such as mining or industrial logging in the region. Since 
2010, the combination of small-scale food crop farming and the estab
lishment of large perennial crop plantations has accelerated the rate of 
deforestation and forest degradation. The heavy loss of forest cover is 
concentrated around Kisangani city, where intensive small-scale 
farming is practised due to high urban demand and population 
growth. Stakeholders with more capital contribute significantly to 
deforestation and forest degradation because they can buy large area of 
land and pay more for labour each year to cultivate larger areas. In 
contrast, areas far from the city experienced low levels of human pres
sure and consequently low rates of forest cover loss. They are especially 
characterized by small-scale food crops farming for subsistence, due to 
the absence of urban investment on land and limited market access. In 
the context of sustainable land use planning, it is essential to develop 
agricultural practices that increase production yields and reduce the 
expansion onto mature forest land. Support from the governmental and 
non-governmental organisations should be tailored to the types of pro
ducers in the area, taking into account the challenging context of the 
region, including high levels of poverty and instability. Finally, future 
research should combine high-resolution remote sensing data with long- 
term socioeconomic monitoring to gain a better understanding of how 
demographic dynamics, economic growth, migration flows, market ac
cess and land tenure collectively influence changes in forest cover. This 
knowledge is essential for effective land-use planning and safeguarding 
the remaining mature forests in the Tshopo province.
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