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Executive summary
With a population of 14.5 million inhabitants (World Bank, 2017), Chad host
685 000 displaced persons (OCHA, 2017). Displaced individuals include 485 000 refugees,
105 000 internally displaced persons (IDPs) and 110 000 Chadian repatriates (or
“returnees”) from conflicts in neighbouring countries. This population is in close
interaction with the host community in urban settings and in the close vicinity of camps in
rural or semi-rural areas. The host community is almost 734 000 persons (OCHA, 2016).
At national level, refugees come from Sudan (83 percent), the Central African Republic
(15 percent) and Nigeria (2 percent). Together, displaced persons and host communities
represent almost 10 percent of the national population. Three regions are mostly affected
by the different regional crises: the eastern part by refugees from Sudan, the Lake Chad
area by the Nigeria crisis and the southern part by the conflicts in the Central African
Republic.
The multiple and protracted crises in the Central African Republic have led to massive
population displacements in neighbouring countries including Chad. The South of Chad
has experienced two main waves of displaced populations from the two most recent
conflicts in the Central African Republic: the civil war following the accession of Francois
Bozizé as head of state (2004–2007) and the civil war following the fighting between
the Ex-Séléka rebel movement and anti-Balaka militias. The total population of the
area around the city of Goré is composed of 40 918 autochthones (UNHCR, 2016),
31 797 refugees (UNHCR, 2017) and 19 920 repatriates (Douguengar, 2017). The
autochthone population represents only 44 percent of the total population in the area.
This influx of population has increased pressure on the environment due to the
felling of trees for setting up the settlement and for meeting household woodfuel
demand for cooking and heating.
Therefore, a rapid assessment was jointly initiated by FAO and UNHCR in May 2017 to
assess the supply and demand of woodfuel resources in the area. This assessment
includes four steps:
• an assessment of the woodfuel demand
• the realization of a small-scale forestry inventory
• the processing of satellite imagery for the area
• the identification of relevant inter-linkages, gaps, opportunities and alternative
scenarios.
Data and information were obtained through a combination of desk review of existing
documents, field surveys and remote sensing analysis. The objective of this study is to
evaluate the availability of forest resources, their evolution throughout the period and the
woodfuel consumption of the different population groups in order to propose concrete
scenarios for improving the woodfuel demand and supply.
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Main findings
The average woodfuel consumption per individual per day is 0.94kg over the period of
2004 to 2016. This consumption is slightly above the lowest range of the fuelwood
consumption for cooking found in the literature (0.7 kg to 3 kg per person per day)
(Gunning, 2014). The woodfuel consumption of economic activities represents 6.6 percent
of the total woodfuel consumption in the area and the total annual wood consumption of
administrative activities is estimated at 3 percent of the total woodfuel consumption.
Seventy-four percent of the surveyed households rely on the traditional three stones fire.
The rest relies on a traditional mud stove. The average individual wood consumption with
individuals consuming food cooked with a mud stove is lower than with the three stones
fire.
The average woodfuel consumption of surveyed repatriates is between 0.501 kg/day
and 0.536 kg/day. These consumptions are below the average consumptions for cooking
in displacement settings. This is mainly due to the food insecurity in the area where many
surveyed households report cooking only a meal per day. The main reasons are the
reduction of food distributions, lack of financing means to buy food and low agricultural
productivity in the area.
The average woodfuel consumption of surveyed refugees using three stones fire
is 0.872 kg/day and 0.752 kg/day for those using the mud stove. Rural autochthone
household wood consumption is higher (1.571 kg/day) than the average wood
consumption of urban household (0.803 kg/day). However, urban households consume
0.524 kg/day of charcoal. There is a strong impact on the environment from the
consumption of charcoal by higher socio-economic categories. Any standing tree in an
agricultural plot is transformed in charcoal with a very inefficient process. Finally, there is
a correlation between socio-economic categories and wood consumption with wealthier
households consuming more wood (1.047 kg/day) than very poor household
(0.536 kg/day).
The responsibility of household fuel collection falls entirely on women and children.
According to their different locations and socio-economic category, the autochthone,
refugee and repatriate groups behave differently. However, this is mainly due to their
wellbeing (poor socio-economic categories collect wood) and location (are they
surrounded by other populations settings or not). For refugees and repatriate, the wood
collection time is similar (six to seven hours per trip) but the frequency differs: three times
a week for the refugees and two times a week for the repatriates. For the autochthone
population involved in agriculture activities, there are no wood collection trip per se
during the agricultural season (4 months). They go to their fields five days a week (all days
except market days and Sundays) and collect wood as part of their normal activities.
The cohabitation between the host and displaced communities is pacific except for a few
incidents: verbal violence, limited physical violence and confiscation of axes by the
vii

autochthone community. However, the increase of the population causes the fencing of
fields by the autochthone group. This implies longer wood collection distance for the
other groups to circumvent the fenced fields. Finally, other risks exist: snakes bites and
drowning when crossing the river. For these reasons, wood collection tends to be
organized by groups of three to nine women.
According to all groups, the land fertility has decreased. The growth of population has
reduced the possibility for farmers to leave their land to fallow for regenerating soil
properties. This loss of fertility is also an argument for autochthone land-owners not to
renew the rental agreement of the land. Finally, it was also noted that the grazing of herds
outside demarcated transhumance corridors exacerbates the tensions between the
groups of herders (local herders and transhumant Fulani) and farmers (from both the
autochthone and displaced groups).
This rapid woodfuel assessment reveals that the total consumption of woody biomass
amounts to an average of 69 793 tonnes/year for the whole population, while the
observed degradation corresponds to an amount exceeding 72 083 tonnes/year, for the
period 2004–2016. Under a conservative assumption and using the default values of
aboveground net biomass growth in natural forests, we can expect a biomass production
from the ecosystem at a minimum of 74 987 tonnes/year. In other words, the natural
forest ecosystem should be providing all necessary resources to answer the demand. This
implies that the observed degradation of the environment cannot only be explained by
woodfuel collection (in theory, if woodfuel collection was the only activity, the ecosystem
could actually fully provide the necessary resources).
The remote sensing analysis as well as field observations provided direct evidence that
large tracts of forest land are being converted to agricultural fields in the area. In order to
test if population influxes were related to annual variations of tree cover loss, we used tree
cover loss dataset produced at global level. A correlation is being observed between
annual tree cover loss and population influx, which supports the hypothesis that
population influxes in the future will keep the pressure on natural resources. Our results
indicate however that woodfuel collection may not be the primary driver for these losses,
but that conversion of forest land into agricultural land plays an important role.

Recommendations
The results suggest that the land is close to its maximal capacity to produce biomass
because the demand from the different population groups translates into long-term
depletion: the productivity of the land is largely absorbed by the demand in wood, which
progressively consumes the available resources. In the context of a protracted crisis, this
implies that the amount of woodfuel consumed by the different population groups need
to be reduced and provided from supplementary sources in order to reduce the pressure
on the environment. By using household wood consumption for cooking and heating
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projections and imputing each category based on demographic data for 2020, 2025 and
2030, we can estimate that the total annual woodfuel consumption for the area would be
98 424 tonnes in 2020, 113 476 tonnes in 2025 and 129 700 tonnes in 2030. Therefore,
different scenarios to reduce woodfuel demand were analysed.
Field findings demonstrate that the production of charcoal is based on a traditional
system in the target area. Charcoal production is a livelihood activity in rural villages away
from the main city centre. Based on these observations, three techniques that are more
efficient were analysed: the oil drum (22.7 percent), the steel kiln (25 percent) and the
Casamance (30 percent). The scenario foresees the conversion of 25 percent of the
charcoal consumption to more efficient techniques. Under this charcoal scenario, an
average reduction of 7 percent of total annual woodfuel consumption compared to the
BaU scenario is foreseen.
According to the field survey, 26 percent of households in the area have a mud stove
whereas 74 percent rely on the traditional three stones fire. An improved cookstove
scenario was built to project a wood stove use of 25 percent for the three stones fire,
50 percent for the traditional mud stove, 20 percent for metal stove and 5 percent for the
rocket stove. Under this scenario, it is forecasted that the total annual demand could be
reduced by 8 percent compared to the BaU scenario.
Briquettes made from agricultural residues can be produced in the area to replace
charcoal use. Briquettes can be manufactured using the following crop residues produced
in the area: cassava stalk, cotton stalk, groundnut husk, millet straw and sorghum straw.
In order to replace around 30 percent of the charcoal consumed, it is needed to produce
3 100 tonnes of briquettes per year. This scenario could lead to a reduction of 18 percent
of the total annual woodfuel consumption compared to the BaU scenario.
Plantations for the production of woodfuel in tropics have typically a short rotation
length, ranging from 3 to 15 years (FAO, 2001). To fulfill the entire annual demand of
woodfuel for the period 2017–2025 in the eco-climatic region of Gore, it would be
necessary to harvest 1 177 ha of mature broadleaf plantations or 2 355 ha of pine
plantations every year. These areas represent approximately 1 percent and 2 percent of
the AOI, respectively. Assuming a rotation length of 6 years, a system of broadleaf
plantations growing on area of 9 113 ha would ensure, at maturity an annual production
of woodfuel approximately equal to the demand for period 2025–2030 under the BaU
scenario. The assumption is that 1/6th of the total plantation area is harvested and
replanted every year, starting from the sixth year after the establishment of the plantation.
This area is about 7 percent of the AOI. In the case only 600 ha (0.5 percent of the AOI) are
allotted in 2017 for broadleaf plantation, the production will be roughly 6.6 percent of the
total BaU demand for the period 2025–2030.
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Introduction
Background
The drivers and impacts of displacement in acute and protracted crises are intimately
linked to FAO’s global goals of fighting hunger and achieving food security, reducing rural
poverty and promoting the sustainable use of natural resources including forests and
other woodlands. Through this study and its broader partnership with UNHCR, FAO is
addressing its Strategic Objective 5 “Increase the resilience of livelihoods to threats and
crises”. Collaboration between FAO, IOM, UNHCR and the Lutheran World Federation
(LWF) for this assessment, is a step towards strengthening resilience partnerships to
support displaced people and to improve the sustainable management of natural
resources in these contexts.
FAO and UNHCR are also working in partnership in the Safe Access to Fuel and Energy
(SAFE) framework to identify and implement appropriate solutions to address the
challenges faced by crisis-affected populations, including both displaced and host
communities. The SAFE work adopts a holistic approach that takes into account the
mutually reinforcing linkages between energy access and associated challenges related
to nutrition, forests, climate change, health, gender, protection and livelihoods.

Figure 1. The Central African Republic regional situation with movements of IDPs and refugees, 31 July 2017
(Source: UNHCR, 2017).
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The displaced population in Chad accounts for almost 685 000 persons (OCHA, 2017). As
of May 2017, 483 443 were refugees from Sudan (83 percent), the Central African Republic
(15 percent) and Nigeria (2 percent, see Figure 1). Chadian returnees from the conflict in
the Central African Republic and the Nigeria crisis number 107 454 individuals. In addition,
the internally displaced persons (IDPs) reach 103 670 persons in the Lake Chad region.
These displacements have weakened the resilience and livelihood of the host community,
which is estimated to be 734 000 persons (OCHA, 2016). Together displaced persons and
host communities represent almost 10 percent of the population of 14.5 million
inhabitants (World Bank, 2017). Three regions are affected by the different regional crises:
the eastern part by the refugees from Sudan, the Lake Chad area by the Nigeria crisis and
the southern part by the conflicts in the Central African Republic.
The multiple and protracted crises in the Central African Republic have led to massive
population displacements in neighbouring countries including Chad. The South of Chad
has experienced two main waves of displaced populations from the two most recent
conflicts in the Central African Republic: the civil war following the accession of Francois
Bozizé as head of state (2004–2007) and the civil war following the fighting between the
Ex-Séléka rebel movement and anti-Balaka militias.
The city of Goré, situated around 30 km from the border with the Central African Republic
is the hotspot of displaced populations in the south of Chad with three different
situations:
• Central African refugees from the 2004–2007 conflict are established in Amboko,
Dosseye and Gondjé camps
• Central African refugees from the ongoing conflict in the Central African Republic are
settled in Dosseye and Doholo camps
• Chadian repatriated from the Central African Republic in 2014 (the “returnees”) whom
lost their ties with Chad since their families emigrated in the Central African Republic
generations ago are installed in Danamandja and Kobiteye camps
The total population of the area around Goré is composed of the city of Goré (36 418)
(UNHCR, 2016), and the camps of Dosseye (12 725) (UNHCR, 2017), Danamadja (12 564)
(Douguengar, 2017), Amboko (8 397), Gondjé (7 930), Kobiteye (7 356), Doholo (2 745) and
the surrounding autochthones villages (4 500). The autochthone population constitutes
around 44 percent of the total population (Figure 2).
This situation causes pressure on the local environment and exacerbates tension
between the autochthones, the refugees and the repatriates for the control and usage of
natural resources such as wood. Finally, Fulani herders are present in the area during
transhumance whereas those who lost their herds because of the conflict in the Central
African Republic remain without livelihood means in the camps.
The Chadian population census of 2009 indicated that 0.3 percent of the total population
of the Logone Oriental region where nomads and 3.4 percent of the population at
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national level. The management of natural resources (woodfuel, fodder, pasture and
water) between herders and farmers is a source of tension in the area. One should notice
that herders/farmers conflicts are exacerbated by climatic disturbances, demographic
growth and land constraints (Souapibé Pabamé Sougnabe, 2003). These three causes
also affect the woodfuel demand and supply in the target area. However, the specific
question of woodfuel consumption by herders in the area of Goré was not properly
analysed locally due to a lack of time.

Figure 2. Estimated population groups in the area of Goré 2004–2017 (Source: data collected).

Since 1981, Chad is a party to the convention relating to the status of refugees of 1951 and
its additional protocol of 1967. The convention and associated protocol grant refugees
protection rights on the party’s territory. Despite the ratification, there are no national law
related to asylum. Refugee groups (Reliefweb, 2017) and UNHCR (UNHCR, 2017) advocate
for such a law which would enlarge the Chadian law on civil status to children refugees
born in Chad and would allow the granting of birth certificates. It could prepare a
sustainable integration of refugees in the national system in partnership with
development actors. Funded by the EU, UNHCR and IOM help the government of Chad to
deliver identity papers to Chadian returnees. The identity papers will help returnees to
obtain the same rights as the other Chadian citizens. The south of Chad is characterized
by a decennial long crisis involving different populations with different legal rights sharing
the same resources based on traditional management arrangements.
In 2014, traditional solid biomass energy accounted for 88 percent of the energy
consumed in the country (World Bank, 2017) and access to clean cooking fuel and
technologies remained low: 3.56 percent of the population. In 2016, the consumption and
3

production of woodfuel was estimated to be around 7.6 million m3 and 0.5 million tonnes
of charcoal (FAO, 2017). The pressure on the forests and other woodlands is significant.
Furthermore, the country suffers from a high rate of deforestation and land degradation.
According to the Global Forest Resources Assessment (FAO, 2015), 1.8 million hectares of
forest cover and 7.3 million hectares of other wood land areas have been lost in a period
of 25 years, representing approximatively 7.28 percent of the total land area of Chad. The
rate of deforestation has increased over the years as from 1990 to 2005, the average yearly
loss of forest cover amounted to 37 600 hectares while the annual loss reached
126 600 hectares per year between 2005 and 2015. Other studies suggest lower rates of
tree cover loss for the period 2000–2016, with 40 000 ha of average annual loss and peaks
at 70 000 ha/year (M. C. Hansen, 2013).
Woodfuel is the primary source of energy for refugees, returnees and host communities in
the area of Goré. Charcoal is only used by urban household in Goré city (Figure 3) which
can afford it and some small business such as brick making, tea shops, restaurants and
blacksmiths in camps, villages and the city. Since the cutting of green trees by individuals
is forbidden by Environmental Law number 14 (République du Tchad, 1998) the
population rely on dead trees for wood collection and charcoal production.

© FAO/ Florent Eveillé

However, local communities have developed strategies to kill green trees: the removal of
a bark belt around the trunk to prevent the sap to go up, the insertion of metal bars inside
the trunk or the burning of the tree base. When the tree is dead, the wind can make it fall.
Once on the ground, charcoal makers cut the branches and leaves and start a fire. When
the fire is set up, the pyre is covered by soil where charcoal makers add a few holes.

Figure 3. Charcoal production in Danamadja village, Chad.
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The sudden and external increase of the population in this area, the high fuel demand for
cooking, traditional slash and burn practices, conflicts over the different uses of natural
resources and other uses of woodfuel exacerbates already existing tensions over natural
resources management and wood in particular. The situation increases the risk of rapid
degradation of the surrounding environment: soils, forests, other woodlands and arable
land. With the high number of displaced people in the area and multi-sectoral challenges
related to the management of natural resources, there is a need to develop supportive
sustainable energy access and forest resources management strategies targeting the
different populations and groups in the region of Goré. This strategy will increase the
resilience of both host and displaced communities.

Objectives
The objectives of the study include:
•

•
•

•

Assess the woodfuel demand (woodfuel and charcoal) for cooking, heating and
economic activities and challenges related to the collection, use of woodfuel,
production of charcoal and food security for the refugee, repatriate and host
populations around the city of Goré.
Identify current technologies/practices in use for cooking and potential bioenergy
feedstocks in the area of interest and the associated opportunities and challenges.
Assess the potential woodfuel supply in the area of interest: state and changes of
aboveground biomass stock, growth and land cover/land use between 2004 and
2016.
Provide recommendations for planning interventions to improve clean energy access,
promote sustainable forest management, support afforestation and reforestation
measures and contribute to building resilience of affected populations in the area
around the city of Goré.

5

Methodology
This rapid woodfuel assessment builds on the methodology developed in the
joint FAO-UNHCR Technical Handbook “Assessing Woodfuel Supply and Demand in
Displacement Settings” (FAO - UNHCR, 2016). The methodology includes three
programmatic phases: 1) to assess the woodfuel (woodfuel and charcoal) demand over
the given period of time since the establishment of the settlement (assuming woodfuel
demand is equal to the ongoing woodfuel consumption) and the associated challenges
experienced by the refugees, repatriates and host community, 2) to assess the woodfuel
supply including the aboveground biomass stock, land cover classification and changes
over the period of time since the establishment of the settlement, and 3) to identify
relevant inter-linkages and gaps as well as to develop and propose possible future
scenarios in which improved cookstoves, the use of other biomass feedstocks and
afforestation interventions are introduced.
The combination of the supply and demand assessment enables to test the hypothesis
that the progressive, observed, environmental degradation can be related to population
influxes and suboptimal energy management. Under that verified hypothesis, future
consumption can be projected based on population projection and the potential
degradation to address can be quantified.
The study involved a combination of desk review of existing documents, field surveys,
field plot measurement and analysis of satellite imagery. Field surveys included the
assessment of household woodfuel demand in the different settlements and by economic
activity and the assessment of the biophysical parameters of forest and other woodlands.
Field plots were measured in terms of woody biomass stock (aboveground and litter)
using a methodology adapted from standard forest inventory (Gregoire & Valentine, 2008;
Köhl, Magnussen, & Marchetti, 2006; Mandallaz, 2008; Schreuder, Gregoire, & Wood, 1993;
Schreuder, Ernst, & Ramírez-Maldonado, 2004) The remote sensing analysis included
multi-date, multi-resolution satellite imagery (from 30m to 0.6m). Image processing was
performed combining semi-automatic classification of land cover with change detection
processes, as well as using existing global datasets of annual tree cover loss.

Area of interest
The study is defined by a buffer of 10 km around the three camps and two sites, resulting
in two separate areas of interest (AOI) of 384 km2 and 770 km2. The site of Doholo, opened
in 2014 is not included in the AOI.

6

© FAO/ Rémi D’Annunzio

Figure 4. Area of interest of the study, at the border between Central African Republic and Chad, near the
city of Goré (Open Street Map as background). The centre of the refugee and repatriates camps are
indicated in blue, the biomass field plots surveyed are indicated in green.

The location of these AOI can be seen on Figure 4. The buffer was determined
from results of previous similar studies as a proxy for the maximum walking distance for
woodfuel collection.

Wood energy data collection and analysis
The woodfuel demand assessment was carried out through household quantitative
surveys, qualitative interviews, focus group discussions, site visits of economic activities
and weighting of different bundles at household and market places in the refugee,
repatriate and host communities. The objective was to provide data and information on
woodfuel and charcoal consumption, the average time spent to collect woodfuel by
household, the types of systems used for cooking and the main challenges associated
with wood collection, charcoal production, combustion efficiency, the woodfuel and
charcoal markets, nutrition and food security.
The process was of a participatory nature with discussions at different stages between
FAO, LWF and UNHCR staff. Key informant interviews were held in Ndjamena with the
Ministry of Environment and Fisheries (MoEF) who is responsible for forest management;
in Goré with the prefect of Nya Pendé, a World Bank consultant working on the local
development plan, the local forestry inspector, the local director of the National
Commission for the Reception and reinsertion of Refugees and Repatriates (CNARR1),
the chiefs of Békan and Goré districts, the local head of IOM and the presidents of the four

1

Commission Nationale pour l'Accueil et la réinsertion des Réfugiés et des Rapatriés

7

visited camps to gather specific socio-economic information related to a broader
understanding of the local, environmental and energy context of the area.
The wood energy and sociocultural data and information were collected by a core team
of five persons from FAO, LWF, MoEF and UNHCR with the support of one translator2 from
the camps between 19 and 24 May 2017. The sampling design for the household survey
involved:
• the selection of the different zones within the Goré area to be surveyed
• the creation of a survey questionnaire for household
• a random selection of the sample
The members of the assessment team were given a small briefing on the questionnaire
and how to conduct the survey. Each of the five translators was given an orientation of the
household survey and how to translate questions and answers without interfering in the
discussion. Households were then selected randomly in the different parts of the selected
zones of the area. Data collection was carried out in six locations: the Gondjé camp,
Danamadja camp, the Dosseye camp, the village of Timbéri 1 & 2 and two districts of Goré
city. A total of 22 households representing 203 individuals were interviewed to collect
quantitative and qualitative data through questionnaire and direct interviews.
In order to quantify the daily woodfuel (woodfuel and charcoal) consumption, the
assessment team weighed the estimated amount of woodfuel for cooking and heating
using a hanging scale and in the case of woodfuel they also took note on whether it was
wet/green or dry based on a visual observation of the wood (Figure 5).

The language of Central African refugees is the Sango whereas the local population speaks Ngambay, a
language which is not always spoken by government officials.
2
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Figure 5. Weighting wood bundles during the household wood consumption survey.

Further observations were also made and photographs taken of current fuel-efficient
devices that were being used in households. This data was analysed to estimate the
average daily wood consumption per person and this result was scaled up to the
settlement level according to the different socio-economic categories defined by UNHCR:
very poor, poor, average, rich3.
Local markets were surveyed in order to define the size of wood bundles which differ from
the different surveyed places. For instance, bundles in Danamadja and Gondjé weighted
10 kg for 100XAF4, 25 kg for 250 XAF in Timbéri 1 & 2, or 6 to 7 kg for 100 XAF in Goré.
This data is of major importance since households refer to bundles that may be
different in weights and costs depending on household budget (Figure 6).

These categories are defined by UNHCR through bi-annual socio-economic studies of the refugee
population and correspond to a colored cardboard given to households.
4
On the 1November 2017, the UN operational rate of exchange of 1$ was 564.653 XAF.
3
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Figure 6. Wood bundles sold at the market of the Amboko camp.

Focus Group Discussions (FGDs) were undertaken in Gondjé and Danamadja camps as
well as in one village of the host community (Timbéri 1 & 2). See the characteristics of the
groups in Table 1.
Table 1. Characteristics of the interviewees for the energy-related Focus Group Discussions
organized in the area of Goré. (Source: data collected).

Place
Total
Age classes

Danamadja
16 persons
12 persons aged 20 to 40
4 persons above 60

Gender

15 female /1 male

Gondjé
22 persons
1 person aged 20 to 30
18 persons aged 30 to 40
3 persons above 60
11 female/11 male

Timbéri 1 and 2
19 persons
6 children aged 5 to 10
12 persons aged 20 to 40
1 person above 60
17 female / 2 male
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The data collected in the morning from household and market surveys was crosschecked
during the FGDs and then entered and analysed using Excel sheets for occurrence and
proportions as well as cross tabulation of parameters. The data was compiled in statistics
tables and graphics.

© LWF/ Arnaud Pierre Senekian

Along with the household data collected, six activities consuming large amount of
woodfuel or charcoal were specifically analysed: alcohol production (which is included in
the household woodfuel consumption of camps and villages were it occurs), brick making
(Figure 7), blacksmithing, milling, catering and tea making. Special interviews were
organized with the managers of the different businesses and a FGD organized with the
brick maker association of Goré. Due to time constraints, the woodfuel and charcoal
demand for administration, health centres and schools was not analysed but it is
estimated to be 3 percent in similar contexts. Wood use for the construction of shelters
was not accounted for since a part of the construction wood is imported from
neighbouring Cameroun.

Figure 7. The Focus Group Discussion organized with the brick makers association.

The data collected was then analysed to identify the baseline situation and to simulate
alternative scenarios in which improved cookstoves, briquettes from agricultural residues
and tree plantations are introduced to increase energy efficiency for cooking, reduce
energy consumption and increase woody biomass growth. The alternative possible
scenarios analysed in this study include:
• Business as Usual (BaU) Scenario,
• Scenario with improved charcoal production,
• Scenario with efficient cookstoves
• Scenario with briquette manufacturing,
• Scenario with tree plantations, and
• Scenario with combined interventions.
11

Biophysical field inventory
A small-scale forest inventory was conducted in the AOI. 12 forest inventory plots were
selected according to a stratified random sampling design (see Figure 4). The strata were
constructed based on a Sentinel 2 map for 2017, using a phenology based classification,
performed in Google Earth Engine (Simonetti, 2015). The map consists in a thematic raster
product with values corresponding to 25 land cover classes. Classes were aggregated into
4 broad land use categories: water, settlement, forest, and cropland/ grassland. A random
sample was selected from the classes “forest” and “cropland/grassland”, the selection
being made independently in each of the two strata.
The forest inventory sample plots are circles of 12 m radius (Figure 8). All living and dead
standing trees and shrubs of diameter at breast height (DBH) greater than 10 cm and all
stumps of diameter at the ground greater than 10 cm falling within the plot’s boundaries
have been inventoried. Information about coarse woody debris has been collected using
line-intersect sampling. Four perpendicular straight lines of 12 m length starting from the
plot centre have been laid down in the field. All coarse woody debris that are completely
intersected by the transects and having a diameter at the intersection greater than
10 cm have been sampled.

Figure 8. The sample plot.

The plots were analysed by a field team composed of the FAO consultant, the National
Forest Inventory (NFI) consultant, the local forest inspector, UNHCR officers, an
environmental expert from LWF and a local guide recruited in the nearest village. The
ground survey was carried out during 4 days and collected a range of qualitative and
quantitative information including: land use, tree measurements (such as diameter at
breast height, total height), tree scientific names, forest condition, tree health and traces
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of human interventions. The field data have been collected using the mobile application
Open Foris Collect Mobile, and stored in an Open Foris Collect database.

Remote sensing analysis
In this area, the use of remote sensing is the only method to obtain relevant and
consistent data over time due to the limited field data available. Satellite data in high
spatial resolution is freely available or available at a reduced cost. This data can be used
for humanitarian applications, while guaranteeing a consistent time series, from before
and after the installation of the displacement settings, given satellite data has been
gathered since the 1970s. The use of the satellite data in this context and its application is
described in this section.
Wood resources are distributed unevenly among land use and land cover (LULC) classes
in the AOI. The resolution of the imagery for 2004 and 2016 (0.6 to 1.5m) enables to
identify single land cover objects and aggregate this information into detailed land cover
classification.
The LULC classes used in the assessment of woody biomass supply and changes of supply
are:
• Woodfuel (trees and shrubs): all land cover classes that potentially contain biomass
used for woodfuel.
• Grass and crops: land cover classes that contain some vegetation but no sufficient
ligneous resources
• Bare and built-up: land cover classes that don’t contain any noticeable vegetation
From those classes, the following change categories were further defined:
Tree/shrub stable
(TSStable):
land cover that contains woody biomass in
2004 and 2016
Other stable
(OStable):
land cover that doesn’t contain woody
biomass in 2004 or 2016
Tree/shrub losses
(TSLoss):
land cover that contained woody biomass in
2004 only
Tree/shrub gains
(TSGain):
land cover that contained woody biomass in
2016 only
Very high resolution satellite imagery was acquired in 2004 and 2016 to cover the AOI. The
low availability of images over that area was a major constraint and not all the AOI2 could
be covered with cloud free images of very high resolution in 2004. The specifications of
the imagery for each AOI and each period of time are available in Table 2.
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Table 2. Characteristics of the acquired satellite imagery (Source: data collected).

AOI
1
1
2
2
2
2
1
2

Tile Number Acquisition date
East
14/12/2004
West
09/06/2004
Tile 1
09/06/2004
Tile 2
08/11/2004
Tile 3
04/06/2004
Tile 4
21/10/2004
Full
30/11/2016
Full
30/11/2016

Satellite Resolution
Quickbird
60cm
Quickbird
60cm
Quickbird
60cm
Quickbird
60cm
Quickbird
60cm
Quickbird
60cm
SPOT 6
1.5m
SPOT 6
1.5m

These images were processed in order to derive land cover change information over the
period of interest. The corresponding processing chain, with detailed comments for every
step is available on the GitHub at https://github.com/lecrabe/safe_pc_tchad.
The processing chain is essentially object based (OBIA) and combines several steps of
unsupervised classification (object generation), supervised classification (one time land
cover) and independent change detection through mathematical transformation (IMAD
algorithm) to produce detailed land cover change focusing on the classes containing
woodfuel.

Pre-processing and training data
The 2016 SPOT imagery was obtained as full mosaic blocks covering the AOI and did not
require any further pre-processing. The 2004 Quickbird imagery, on the other hand, was
acquired as several tiles from different (within year) dates and required some specific
processing before being fed in the chain. In particular, the positional accuracy of the
imagery is 23m. As the purpose of the analysis is single tree/shrub change detection,
Quickbird imagery needed specific geo-referencing and rectification for each tile.
Ground Control Points (using the 2016 SPOT imagery as reference) were manually
determined and recorded in the format of a line shapefile (from-to lines). The 2004 tiles
of Quickbird imagery were re-warped to match those GCP (Figure 9)
The processing chain has been implemented for each of those tiles separately, in
order to generate objects of reasonable size to manipulate and minimize processing
times. For AOI_1, 25 GCP were taken with acceptable results.
The second manual phase was the determination of training data for the classes of
interest, for each period. Four classes were retained in that case (tree/shrubs, grass, bare,
shadows) with ~170 features taken in 2004. The same number of features for each class
was used for training the 2016 data, by merely moving the features from 2004 to match
homogeneous areas from the same class in the 2016 imagery.
14
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Figure 9. Satellite imagery over AOI2, in 2004 (left) and 2016 (right), over the repatriate camp of Danamadja.

Example of a GCP recorded as line shapefile where each element indicates origin and
destination point, to correct for positional issues. The displayed shift between the
Quickbird and the SPOT image in this image measures ~100 m.

Change detection
The change detection phase was applied by selecting the same spectral bands for both
time periods (Near Infrared, Red, Green) and applying the MAD algorithm (Nielsen, 2007)
implemented through the OTB “Multivariate Alteration Detector” function. The result is a
product where the value of each pixel indicates a probability of change for each band of
the imagery. The probability is not absolute and depends on the spectral values of the
initial images tested: it is necessary to determine a threshold in order to determine which
pixels are changing and which are not changing.

Segmentation of objects
An unsupervised classification was performed on each time period (oft-kmeans of the
OFGT library), resulting in 50 clusters. Several successive sieving phases (gdal_sieve.py)
are carried out to reach a desired minimum mapping unit (MMU). Objects from this layer
were considered for the classification and the integration of the change later on.

Supervised classification
A supervised classification of both time periods was performed using the random forest
algorithm (Breiman & Cutler, 2015) implemented through the random Forest package
in R. The classification is object oriented. This is adapted to the very high spatial
resolution of the chosen imagery as pixels are order of magnitudes smaller than the
smallest features - trees or shrubs - of interest.
15

Combination into a transition product
Once the two classifications are obtained, each object of the tile goes through a decision
rule that determines a land cover transition class. The zonal statistics of both time periods
are computed on each classification object. For each of these objects, the average MAD
score was also computed.
The decision rule can be represented as in Table 3 below and is implemented in the order
presented in the table: in the first step all objects are classified as “Other stable”, then in
the second step objects that fulfill the criteria for “no data” are classified as such, followed
by categories “Tree/shrub Stable”, “Tree/shrub Loss” and “Tree/shrub Gains”.
Table 3. Decision rule for the Object based combination of land cover in time 1, time 2 and IMAD change product.
step

2004

2016

Object

IMAD

Change class

1

_

_

_

_

Other Stable

_

_

No data

2

no data > 50% no data > 50%

3

TS > 90 %

TS > 90 %

> 5 pix

abs(x) > 0.2 Tree/shrub stable

4

TS > 90 %

TS < 20 %

> 5 pix

abs(x) > 0.2 Tree/shrub loss

5

TS < 20 %

TS > 90 %

> 10 pix

abs(x) > 0.5 Tree/shrub gain

In this way, both classifications are combined with the change mask to produce a final,
one layer change map with 4 classes (Tree/shrub stable, Other stable, Tree/shrub loss and
Tree/shrub gain).

Merging tiles and cleaning
Once the processing chain is executed on all tiles, the results are merged to create an AOI
level product of change. The results were then cleaned using morphological closing on
the tree cover loss pixels (using the otbcli_BinaryMorphologicalOperation tool) to
account for convexity of deforestation patches. An example of this operation can be seen
on Figure 10.
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Figure 10. Effect of closing the change results to account for convexity of fuelwood loss patchiness. Zoom on
the classification before (left) and after (right) morphological closing (Source: data collected).

Accuracy assessment of the change map
Following the good practices recommended by (Pontus Olofsson, 2013), the accuracy of
the change map was assessed through a stratified random sampling of the four different
classes, using the following parameters:
• Expected standard error of the overall accuracy : 0.015
• Expected User accuracy: 0.7 for change classes and 0.9 for stable classes
• Minimum of 50 points per class
Dedicated tools (available at https://github.com/openforis/accuracy-assessment) were
used to design and analyse the results from the 313 points interpreted visually in terms of
change.

Integration of field biomass data
The data obtained from the measurements in the field produced plot level aboveground
biomass. For each plot, the count of pixels from each class of the change map was
performed and a linear model fitted in order to predict average biomass per class. The
biomass change was made spatially explicit by applying the parameters of the model to
produce biomass maps over the full AOI for 2004 and 2016.

Analysis of annual losses of woody biomass areas
In addition to the VHR imagery analysis for two time periods (2004 and 2016) the Global
Forest Change dataset (M. C. Hansen, 2013) was used over the AOI in order to analyse
annual variation of tree cover loss at a resolution of 30m (from Landsat data).
The annual variations of tree cover loss were compared against annual population
variations to check against correlation between the two variables.
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Free and open source tools
The tools used for the execution of this processing chain are all Free and Open Source,
ensuring high level of transparency and reproducibility. The characteristics of the different
software and libraries are given in Table 4.
Table 4. Description and versions of the FOSS tools used for the processing chain.

Description

Software/tool used

Working environment

Ubuntu 16.04.3 64bits
i5-6200U CPU @ 2.30GHz × 4
Bash 4.3.46

Processing languages

Python 2.7.12
Perl 5.22.1

Spatial data processing
Calculations

Open Foris Geospatial Toolkit 1.26.6
Orfeo Toolbox 5.8.0
R 3.4.1
Rstudio 1.0.153

Visualization, spatial editing, rendering

QGIS 2.18.3

Accuracy assessment

Open Foris Stratified Area Estimator
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Woodfuel demand results
The woodfuel demand in the Goré area includes household level, economic activities,
administration, hospital and school. The consumption of administration centres, clinics
and school was not properly assessed due to a lack of time but are considered to
represent 3 percent in similar contexts5. Some indigenous wood is used for the shelters of
refugees and repatriates but the wood used for more permanent structures such as
wealthy households from the host community and administrative buildings, clinics and
schools comes from neighbouring Cameroon. An estimation of the woody biomass
extraction for woodfuel demand of administration, hospital and school was considered.

Population and household information
The total population of the area is 92 913. It comprises around 31 797 refugees and
19 920 repatriates. It is estimated that the autochthone sedentary population is 40 918
and the transhumant one is 278 (0.3 percent of the total population of the area). The
autochthone sedentary population is mainly Kaba and speaks Ngambaye (CIA Factbook,
2017). The Kaba population is spread in four countries: Northeastern Cameroun, Southern
Chad, Northwestern Central African Republic and Northeastern Nigeria (Olson, 1996). The
autochthone nomad population is the Bororo Fulani spread across different countries of
the region (University of Iowa, 2017). The camps of Amboko and Gondjé are similar in
their composition: a majority of farmers of Kaba, Baya, Nyamoud ethnicity with a small
group of Arab in Amboko and of Mbaye in Gondjé (UNHCR, 2014). Both camps have a
small group of Fulani herders also involved in farming. In Dosseye camp, the majority of
the population is composed of Fulani herders with a small minority of Kaba farmers. The
composition of the Danamadja and Kobiteye camps is unknown. However, the presence
of Fulani herders is recorded. The languages used in the camps are Sango and Fufulde
whereas the local population speaks Ngambaye, which is only spoken in the South of Chad.
A total of 23 households were randomly selected with 23 females interviewed. Fourteen
households were male headed and nine female-headed. For the refugee camps and site,
female-headed households represent 55 percent of all households (UNHCR, 2017).
For the autochthone population male headed households accounted for 78 percent in
2009 (INSEED, 2012). At the time of writing (October 2017) there was no data available for
the repatriate population.

5

In Shimbela camp in Ethiopia, these consumptions represent 2.65% according to (FAO - UNHCR, 2016).
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Size of households
The estimated size of household in this study is based on the household survey on a
sample of 23 households. The majority of households interviewed range between six to
eight and between ten and twenty and the average number of members in a household is
estimated at seven (Figure 11).
However, demographic data from other sources indicates that the average household size
in the area is 5.11 with 6.61 for the autochthones to 3.87 for the refugees and 4.37 for the
repatriates (UNHCR, 2017) (Douguengar, 2017) (INSEED, 2012). This difference between
the declaration of household size by interviewees and demographic studies is probably
due to the nature of the questions used for the survey: “how many persons live on this
plot?” or “How many persons cook on this stove?” Therefore, individual consumption was
used for this analysis rather than household consumption.

Figure 11. Distribution of the household sizes of the sample (Source: data collected).

Age of the population groups
The age repartition of the three groups of population (Table 5) demonstrate a
predominance of female in all age groups (51.7 percent) compared to the national female
percentage in the total population (49.9 percent) (World Bank, 2017). In all population
groups, there are more children (0 to 17 years) than adults. The ratio of children
compared to adults is notably high in the repatriate group (70/30) followed by the
autochthone population (63/37) and the refugee group: 55/45.
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Table 5. Distribution of age classes and sex between the different population groups in Goré
(Source: data collected).

Refugees
0-4 years
4-11 years
12-17 years
18-59 years
60+ years

Female
5.5%
12.0%
9.7%
23.7%
1.8%

Male
5.8%
11.9%
9.9%
18.2%
1.5%

Repatriates
0-4 years
4-11 years
12-17 years
18-59 years
60+ years

Female
11.8%
16.5%
7.2%
16.7%
1.4%

Male
11.6%
15.3%
6.9%
11.3%
1.3%

Autochthones
0-4 years
4-11 years
12-17 years
18-59 years
60+ years

Female
11.3%
10.9%
8.9%
17.7%
1.6%

Male
11.5%
11.4%
8.7%
16.5%
1.5%

All
0-4 years
4-11 years
12-17 years
18-59 years
60+ years

Female
9.7%
12.3%
8.8%
19.3%
1.7%

Male
9.8%
12.3%
8.7%
16.0%
1.5%

Socio-economic data
In the refugee camps managed by UNHCR, household are surveyed and classified in four
categories: very poor, poor, intermediate and wealthy. The criteria for defining these
categories differs from a camp to another. For instance, Table 6 compares the “very poor”
socio-economic category in the three refugee camps around the city of Goré.
Table 6. Criteria for the definition of the "very poor" category in the three refugee camps in the area of Goré
(Source: UNHCR, 2014).

Criteria “very poor” category
Cultivated area (ha)
Cultivated area for subsistence crops
(sorgho, maize, rice) (ha)
Cultivated area for cash crops (groundnut,
sesame, bean) (ha)
Harvested quantity of cereals (kg per year)
Productive goods
Cattle owned
Other owned animals
Lean period (months)

Dosseye
< 0.5

Gondjé
0.4

0.3

0.4

Amboko
1
1

0.1
0
0
< 100
< 200
139
hoe, axe hoe, axe hoe, axe, machete
0
0
0
Chicken
Chicken Chicken
6
4.4
3.8

The Gondjé and Amboko camps are wealthier than the Dosseye camp. The Amboko camp
benefits also from its position at the crossroad of different villages and the city of Goré.
Refugees are employed as daily labor by the host community more easily than refugees
from the Gondjé camp. The Amboko market is of major importance in the area for refuges,
autochthones and people from the other cities and villages in the region who sells their
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products6 there. The very poor category represents 29 percent of the total of refugee
households, poor 32 percent, intermediate 25 percent and wealthy 14 percent
respectively (Figure 12).
Figure 12. Distribution of refugee households according to socio-economic categories (Source: UNHCR, 2014).

Despite differences in the socio-economic categories, the very poor and poor households
collect and prepare woodfuel for their own consumption and for selling to the
intermediate and wealthy households (Figure 13). “Selling wood” is the second most
important source of income of refugees (14.42 percent) after “small trade” (15.25 percent).
For the categories “very poor” and “poor”, this is the main source of revenues for
28.13 percent of very poor households and 19.63 percent of all households. The main
income opportunity is small trade including activities such as cooking food, petty trade of
food, soap or other items. It is important to note that negative coping mechanisms such
as selling food rations constitutes only the 10th source of income (5.26 percent of income).
This practice is only done by very poor and poor households.

The market survey in Amboko shows that women as far as Moundou (distant of 2 hours by truck) were
selling fish at the Amboko market.

6
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Figure 13. Income sources for refugees in camps, Goré (Source: UNHCR, 2014).

Food represents 43 percent of expenditures of all households in the refugee camps
(Figure 14). Wood fuel constitutes 3.27 percent and 6.64 percent of the expenditures of
intermediate and wealthy households. The “wood collection tax” (see the box below)
represents 3.47 percent and 2.3 percent of the expenditures of very poor and poor
households.
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Figure 14. Expenditure sources for refugees in camps, Goré (Source: UNHCR, 2014).

The wood collection tax
The “wood collection tax” seems to be a misinterpretation of the Law defining the
general principles for the protection of environment (Law n°14/PR/98) of the Republic
of Chad. According to its article 30, anyone contravening to the articles 28 and 29 of the
law n°14 is subject to one to three years of imprisonment and/or a fine of 10 000 to
1 000 000 XAF. Article 28 is dedicated to forests management plans and article 29 to the
protection of forests from overexploitation, overgrazing, fires, slash and burn, diseases
or the introduction of invasive species. The term “tax” used by respondents is incorrect.
They should refer to fines but this misuse could also implies that a taxation system on
natural resources is in place. According to the FGDs, the amount of the fine is not based
on the amount of wood collected but on a negotiation process between forestry agents
and wood collectors. Therefore, very poor and poor households which are more
susceptible to collect wood than the other categories of households are more subject
to be impacted by the “wood collection tax”. It is important to note that due to the
social crisis in Chad, salaries of public agents are not paid on time, which has led to
social unrests at the end of 2016 (RFI, 2016).
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Socio-economic data for the autochthone population is not collected as frequently as for
the refugees. However, the local development plan of 2009 gives some details about the
main activities of the local population (République du Tchad, 2009). The local economy is
based on the exploitation of natural resources: agriculture, livestock farming, fisheries,
wild fauna and flora, trade, handcraft but also transport. The key crops are:
• cash crops: cotton, sesame, groundnut, squash and bean
• subsistence crops: sorghum, millet, rice and potato
• gardening: tomato, parsley, carrot, capsicum, celery and eggplant
• orchard: mango, guava and citrus
Mono-cropping is present but the main agricultural techniques are crop rotation, two
cycles cropping, fallowing and slash and burn systems. The crop rotation system is based
on a two year cycle with cotton the first year and groundnut and/or bean the second year.
Two crop cycles can be done on the same plot: groundnut/sorghum, bean/sorghum and
sesame/sorghum. The traditional farming system is the “Cereal-Root Crop Mixed system”
(FAO, 2001) based on sorghum and millet production. However, recently arrived Central
African refugees and repatriates have transferred their root crop system based on cassava.
This has implication in terms of cooking time since the cassava mash can be prepared in
one hour whereas the preparation and cooking of the sorghum mash takes two hours
according to interviews and FGD.
There are five types of animals in the region: bovine, ovine, caprine, swine and poultry.
Bovine are used for farming works, trade, saving and prestige. Swine are less important
than they used to be due to recurring African swine fevers. There are conflicts between
farmers and transhumant herders which are usually solved by an amicable agreement.
However the possibility of conflict and insufficient compensation prevent some
individuals to work in agriculture7.
Fishing usually occurs from October to April in the Nya Pendé river or in permanent
ponds. The main species are carps and sheatfish. There is no aquaculture in the vicinity of
Goré but the selling of smoked fish from fish farms in Moundou was recorded. Therefore,
fish farming and energy efficient drying could represent an economic activity with high
potential.
Hunting occurs around the city of Goré. Main hunted animals are hare, gazelle, squirrel,
birds and reptiles. However, it seems that since the establishment of the two camps of
repatriates, large mammals have moved further east. Hunters use usually spears, bows
and sometimes rifles. It is an individual activity. Selling of bush meat is done door to door

7

FGD with brick makers in Goré, May 2017.
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and hunters are not registered and afraid of control and fines of forest rangers. Wild
products are collected from the following trees:
• Vitellaria for the production of shea butter, oil or for food
• Parkia biglobosa for the healing and nutritious properties of the seeds
• Tamarind for food and condiments
• Ziziphus for its fruits.
It is important to mention that these four tree species are not felled for woodfuel or for the
production of charcoal (except when the trees of Vitellaria, Parkia biglobosa or Tamarind
fell from natural causes). Other medicinal herbs include Euphorbea hirta, gup, gibian,
komkag and ngodaet (Bioversity International, 2001). The city of Goré has three sacred
forests which are not demarcated were hunting and gathering are forbidden by the
community: Kon, Goré 1 and Nangda.
Trade concerns mostly food items followed by household items. Women are mostly
involved in these activities. They sell food items, cooked food but also drinks, condiments,
sesame, rice groundnuts and fish. Handcraft includes blacksmithing (which include
charcoal use), pottery, weaving, sewing and carpentry. The formation centre initiated by
CARE international is sometimes used to deliver training in stove making. The availability
of skills within the community represents a clear advantage for starting a training of
trainers (ToT) program of efficient cook stoves or to build a cookstove production centre.
Finally, transport gather all activities for the transport of persons and goods. The flow of
goods is mostly the transport of cotton from Goré to Moundou for its transformation.
Agricultural products produced in the locality are not transported to other distant
markets.

Woodfuel consumption, technologies and practices for household cooking
and heating

Woodfuel consumption of household
During the survey, the different households were asked the following questions:
• Number of persons in the dwelling including number of children and adults
• Type of stove used and preferences
• Number of meals per day
• Other uses of woodfuel and wood
• Number of wood bundles consumed per week
• Cost of woodfuel consumption per week
• Is the wood collected or bought?
• Time spend for wood collection
• Protection risks when collecting wood
• Sources of revenues
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All the surveyed refugees and repatriates were using only woodfuel (Table 7). In
autochthone villages, all the surveyed households were using woodfuel but they would
prefer to use charcoal if they had the choice. In the city of Goré, 75 percent of the surveyed
households were using charcoal and wood since it is more convenient to cook with
charcoal inside houses especially during the rainy season.
Table 7. Wood and charcoal consumption of surveyed households (Source: data collected).

Location

HH category

Gondjé

Refugee

Danamadja

Repatriate

Timbéri 1&2

Autochthone

Dosseye

Refugee

Goré

Autochthone

Individuals
per HH
20
17
7
12
7
6
8
9
10
8
3
1
12
7
10
6
6
8
7
15
7
5
15

Stove type
Improved mud
Improved mud
Three stones
Three stones
Improved mud
Improved mud
Three stones
Three stones
Improved mud
Improved mud
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones
Three stones

Consumption in kg/day
wood
charcoal
0.893
0.336
1.224
0.833
0.612
1.167
0.536
0.635
0.357
0.714
0
0.333
11.5718
1.286
2.204
1.224
0.833
0.833
1.143
0.363
0.259
0.444
0.857
1.224
1.714
0.429
0.381
0

Socio-economic
category
Wealthy
Very poor
Intermediate
Wealthy
Poor
Very poor
Poor
Very poor
Intermediate
Poor
Very poor
Intermediate
Intermediate
Wealthy
Poor
Poor
Poor
Intermediate
Very poor
Wealthy
Intermediate
Poor
Very poor

A quarter of the population benefit from a mud stove and three quarters use the
traditional three stones fire. During the household survey, a few metal stoves were
observed. However, the population for three reasons does not use them on a daily basis.
For one of the respondents, the metal stove is a very good stove but should not be used
too often because it could be subject to a rapid degradation. Another household did not
have an axe to cut the wood in small pieces to insert them in the fuel chamber. The third
reason is the need to slowly cook food such as sauces and mashes which is not possible
with the metal stove according to users. The average individual wood consumption with

The consumption of this household was disregarded for the calculation of the average wood
consumption.

8
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individuals consuming food cooked with a mud stove is 0.680 kg/day which is lower than
with the three stones fire: 0.916 kg/day. These three stove models are used with woodfuel.
Another model is used only for charcoal. It is called kanoun and is probably derived from
the terracotta version made in North and Western Africa (Figure 15).

Figure 15. The four stove models used in the area of Goré.

The average consumption of surveyed repatriates using three stones fire is 0.501 kg/day
and 0.536 kg/day for those using the mud stove. These consumptions are below the
average consumptions for cooking in displacement settings found in the literature:
0.7 kg to 3 kg per person per day (Gunning, 2014). This is mainly due to the fact that
repatriates only do a meal per day because of the reduction of food distributions,
the lack of financing means of repatriates to buy food and the low agricultural
productivity in the area.
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The average consumption of surveyed refugees using three stones fire is 0.872 kg/day and
0.752 kg/day for those using the mud stove. However, differences exist between refugees
installed in the Dosseye and Gondjé camps. More recently arrived refugees in the Dosseye
camp consume less wood (0.793 kg/day) than refugees arrived more than ten years ago in
the Gondjé camp: 1.029 kg/day. Rural autochthone household wood consumption is
higher (1.571 kg/day) than the average wood consumption of urban household
(0.803 kg/day) however; urban households consume 0.524 kg/day of charcoal.
There is a correlation between the socio-economic category of the household and their
wood consumption with wealthier households consuming more wood (1.047 kg/day)
than very poor household (0.536 kg/day). Poor households consume 0.924 kg/day and
intermediate 0.973 kg/day.
The total woodfuel consumption for year y (Wych) and the average woodfuel
consumption of the households are calculated as follows (tonnes/year) and the results
are presented in Table 8.

Equation 1

𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦 =

Where:

�

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =

𝑊𝑊𝑐𝑐 × 𝑃𝑃𝑐𝑐𝑐𝑐

∑2016
𝑦𝑦=2004 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦
13

Wc = Wood consumption per individual per year for the socioeconomic category
(t/year/ind)
PCY = Population of the socio economic category, for year y
According to the data collected, the total household wood consumption of the area
around Goré is 81 960t per year in 2017 and 63 521t per year in average for the period from
2004 to 2016. This include charcoal consumed by the autochthones in urban areas.
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Table 8. Annual wood consumption of rural and urban autochthones, repatriates and refugees
in the area of Goré 2017 (Source: data collected).

Type of
individual
Refugees from
Gondjé and
Amboko camps
Refugees from
Dosseye camp

Repatriates

Autochthones
from the city of
Goré
Autochthones and
herders in rural
areas

Socio-economic
category (number
of HH interviewed)
Very poor (2)
Poor (1)
Intermediate (1)
Wealthy (2)
Very poor (1)
Poor (2)
Intermediate (1)
Wealthy
Very poor (2)
Poor (2)
Intermediate (1)
Wealthy
Very poor (1)
Poor (1)
Intermediate (1)
Wealthy (1)
Very poor
Poor (1)
Intermediate (1)
Wealthy (1)

Total

Population
3 413
4 952
5 073
2 888
4 835
4 328
2 292
1 270
7 569
6 775
3 588
1 988
6 555
10 925
11 654
7 284
860
1 433
1 529
956
90 168

Wood kg/d./ind.
*are estimates
1.503
0.612
1.224
0.863
0.363
0.833
1.143
0.863*
0.484
0.625
0.357
0.863*
0.381
4.574
9.017
3.219
0.857*
1.224
1.286
2.204

Wood9
t/year/ind.
0.549
0.224
0.447
0.315
0.133
0.304
0.417
0.315
0.177
0.228
0.130
0.315
0.139
1.670
3.293
1.175
0.313
0.447
0.470
0.805

Wood
consumption in
2017 in tonnes
1 874
1 107
2 268
910
641
1 317
957
400
1 338
1 547
468
627
912
18 253
38 381
8 564
269
641
718
769
81 960

The consumption is based on similar consumption behaviors from the targeted
population groups. For the years prior to 2017, national demographic statistics were used
to define the autochthone population such as the 2009 census and UN estimates of
population (UNDESA, 2017). Data from UNHCR (UNHCR, 2017) was used to define the
population of refugees. Data from OCHA was used to define the population of repatriates
(OCHA, 2014).

Nutrition and cooking habits
In December 2016, 15 percent of the population in the region of Logone Oriental was food
insecure (OCHA, 2016) with 142 559 persons in Integrated Food Security Phase
Classification (IPC) Phase 2 and 1 434 in IPC Phase 3. The rate of Global Acute Malnutrition
(GAM) was 5.3 percent and Severe Acute Malnutrition (SAM) 0.4 percent. Compared to
other Chadian regions, the situation improves (OCHA, 2017). However, the living

9

Include charcoal assuming a low conversion efficiency of woodfuel to charcoal of 15 percent.
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conditions and the food situation of repatriates and refugees remain preoccupying. For
instance in 2016, due to a shortage of funds food vouchers were distributed only during
nine months out of twelve. After the resuming of cash transfer operations, beneficiaries
received the three months lost. Of the twenty three surveyed households, 16 had two
meals a day and 7 had only one meal per day. The majority of the population in
Danamadja and Dosseye camps cooked the cassava mash whereas the other populations
were cooking the sorghum mash.
We can distinguish two cooking and heating systems in the area depending on the
household socio-economic category. Refugees arrived in 2005 and autochthone
populations starts the day with a light sorghum porridge sometimes accompanied by
instant coffee or tea for adults. The main meal is the lunch and based on the sorghum
“ball” (slow cooked sorghum flour with water) accompanied with leaves and vegetables
(sorrel, okra, leaves…) and a sauce. In the evening, water is heated for children’s washing.
Sometimes adult and children also eat a light sorghum porridge. For recently arrived
refugees and repatriates, water can be heated in the morning for tea. The lunch is
based on a cassava mash sometimes accompanied with a sauce and leaves. The
sorghum-based mash requires two hours of cooking whereas the cassava one requires
one hour of cooking. Therefore it could be a way to explain why the wood consumption is
lower in Danamadja and Dosseye camps.

Trends in woodfuel consumption
Due to the consumption of charcoal, the principal consumers of woodfuel are poor and
intermediate urban households. For instance, the increase of the total population by
almost 21 000 persons due to the arrival of refugees and repatriates in 2013 increased
woodfuel consumption by 6 700t per year. On the other hand, the return movement
observed in late 2015 (minus 16 500 persons) has led to a decrease of consumption of
3,600t per year. Charcoal production in Goré is very traditional. More efficient
charcoalization techniques (Kammen, 2005) such as the oil drum (22.7 percent), a steel
kiln (25 percent), the Casamance (30 percent), the beehive (33 percent), the Missouri
(33 percent) or the Somalia mound (42 percent) have higher conversion rates. The
projection of the wood consumption for cooking and heating around the city of Goré in
tonnes (Figure 16) shows that in 2020, the wood consumption of the area around Goré
would be 89 579t per year, 103 279t per year in 2025 and 118 045t per year in 2030.
The estimation is based on national population projections using a medium variant
(UNDESA, 2017) and does not take into account possible returns or increase of refugees
and repatriates.
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Figure 16. Wood consumption for cooking and heating of the different population groups in area of Goré from 2004 to 2030 in tonnes per year (Source: data collected).
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Economic activities
In the area of Goré, woodfuel is not only used for household cooking and heating but also
for different economic activities. Four economic activities with a high woodfuel
consumption rate were analysed:
• brickmaking
• blacksmithing
• vegetable oil production
• catering
Bricks are produced during the dry season from November to May (Figure 17). In the city of
Goré, one site was assigned by the local authorities for the production of brick close to the
Pendé River at the north western exit of the city. Other more scattered sites exist in rural
villages. No sites for brick production were recorded in the camps. On the main site, the
activity gathers 68 licensed individuals but daily workers can work under a licensed
company. The main difficulty for brick makers is the absence of public purchase of bricks
and the use of charcoal. Licensed individuals have to make three payments of 12 000 XAF
per season to three different authorities:
• the ministry of mines for the use of the quarry
• the local authorities for the use of the land
• the forest management authorities for the use of charcoal
Beyond these three payments, they are subject to regular fines from forestry agents for
the use of charcoal. According to the FGD, they estimate this fines to reach almost
100 000 XAF per year. The production of 1 000 bricks requires 5 bags of 50 kg of charcoal
each. The production of the main site is 500 000 bricks per year. It is estimated that the
total of scattered sites produces the same amount of bricks. Therefore the annual
charcoal consumption for the production of 1 000 000 bricks per year in the area of Goré
is 250 tonnes.
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Figure 17. Main brick making site in the city of Goré.

According to interviews, blacksmiths use 4 kg of charcoal per day and work 220 days a
year. The number of blacksmith in the area is estimated to be 70. Therefore the total
annual charcoal consumption of this sector is estimated at 61.6 tonnes.
The area of Goré produces two oil crops: shea and peanut. At the reception of the crops,
they are stored before being processed. The nuts are plunged in a tank of hot water for
cleaning and the removal of the skin. The water is heated thanks to logs of around 25 kg
each. Nuts are then pressed thanks to a diesel engine. The oil is then filtered. Part of the
processed water and wet wastes are heated again with water and clarified to obtain some
more oil. Dry waste is used as a bovine feed. The oil press consumes 80 logs of 25 kg each
per day and operates 6 days a week for 50 weeks per year. There are three mills of the
same capacity in city of Goré. The consumption of wood for oil processing is 1 800 tonnes
per year (Figure 18).
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Figure 18. Separation of water and oil by wood heating.

Catering activities include tea servicing and local restaurants. On average, restaurants
consume around 150 kg of wood per day. They operate 330 days a year. Their number in
the area is considered to be around 20. Therefore, their annual woodfuel consumption
is 990 tonnes. The tea service uses an average of 6kg of charcoal per day. The shops
operate 330 days a year and their amount in the area reaches 40. The annual charcoal
consumption of the tea servicing in the area is 79.2 tonnes.
Finally, the total annual consumption of woodfuel for economic activities is 5 391 tonnes,
in 2017 (Table 9). The consumption of administration centres, clinics and school was not
assessed due to time constraints but is considered to represent 3 percent in similar
contexts (FAO - UNHCR, 2016).
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Table 9. Annual consumption of different types of economic activities in the area of Goré, 2017
(Source: data collected).

Type of activity
Brick making
Blacksmithing
Oil production
Catering
Total

Annual consumption in tonnes
Woodfuel
Charcoal
Total in woodfuel equivalent
250
1 667
61.1
407
1 800
1 800
990
79.2
1 517
2 790
390.3
5 391

The consumption is imputed in each socioeconomic category. The total annual and
average woodfuel consumption were calculated as:

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙𝑦𝑦 = 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦

Where:

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =

∑2016
𝑦𝑦=2004 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙𝑦𝑦
13

WycH = Total annual wood consumption of households (in tonnes/year), for year y
WycE = Total annual wood consumption of economic activities (in tonnes/year), for year y
WycA = Total annual wood consumption of administrative activities (in tonnes/year). It is
estimated at 3 percent of the total woodfuel consumption.
The total annual woodfuel consumption of the area is estimated to be 90 053 tonnes
in 2017 and 69 793 tonnes in average for the period 2004–2016 (Table 10).
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Table 10. Total annual consumption per socioeconomic category (tonnes / year) and total population in the AOI (Source: data collected).
Woodfuel
category

Year
2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

Household

47 700

50 531

52 898

54352

57 084

60 197

61 801

63 964

65 195

74 130

80 849

Economic
activities

3 137

3 324

3 479

3575

3 755

3 959

4 065

4 207

4 288

4 876

Administration

1 572

1 666

1 744

1792

1 882

1 984

2 037

2 108

2 149

52 409

55 520

58 121

59719

62 721

66 140

67 902

70 280

34 945

39 087

42 019

42 538

46 405

51 178

51 808

53 761

Total
Population

2015

2016

2017

77 241

79 833

81 960

5 318

5 080

5 251

5 391

2 443

2 665

2 546

2 631

2 702

71 632

81 449

88 831

84 867

87 715

90 053

53 100

80 839

101 732

85 287

88 460

90 168

Challenges and risks to access woodfuel
During the FGD and meetings with key informants, a number of issues were raised related
to woodfuel and natural resource management. These challenges covers domains as
different as agriculture, economics, energy, environment, land tenure, nutrition and
protection.
Fuel collection distance – the responsibility of fuel collection for household use falls
entirely on women and children. Only one respondent acknowledged that sometimes her
husband helps her in carrying the wood bundle but he does not help her for the
collection. Men from the refugee and repatriate groups only collect woodfuel for market
selling. According to their different locations and socio-economic category, the
autochthone, refugee and repatriate groups behave differently. However, this is mainly
due to their wellbeing (poor socio-economic categories collect wood) and location (are
they surrounded by other populations settings or not). For instance, refugees from the
Gondjé camp collect wood beyond the river, the repatriates from the Danamadja camp go
beyond the village of Kana, and autochthones collect around their fields but prevent
other groups to do so or on their way back to their village. Refugees from the Dosseye
camp cannot collect wood because the camp is surrounded by autochthone villages.
For refugees and repatriate the wood collection time is similar (six to seven hours) but the
frequency differs: three times a week for the refugees and two times a week for the
repatriates. For the autochthone population involved in agriculture activities, there are no
wood collection trip per se during the agricultural season (4 months). They go to their
fields five days a week (all days except market days and Sundays) and collect wood as
part of their normal activities. Woodfuel is mainly transported by hand, and sometimes
with handcarts (250 kg) or oxcarts (500 kg). All groups collect specific species: caira,
koudour (Detarium microcarpum), ida (Anogeissus leiocarpus), kokar (Hymenocardia
acida), ngar and warum (Prosopis africana) with ida being the most appreciated of all
species for its long combustion length and reduced smoke.
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Wood collection incidents and relations with other communities – the displaced
populations thank the autochthone population for their welcome. The cohabitation is
pacific except for a few incidents: verbal violence, limited physical violence and
confiscation of axes by the autochthone community. However, the increase of the
population causes the fencing of fields by the autochthone group. This implies longer
wood collection distance for the other groups to circumvent the fenced fields.
The feeling of repatriates and refugees was summarized during the FGD in Gondjé camp:
“The autochthones accepted to give their land but when you keep on collecting wood on
their fields it could create problems”.
Intimidation exists between sedentary and nomad groups. The conflicts and damages
caused by herds can led to physical assaults. Finally, other risks exist: snakes bites and
drowning when crossing the river. For these reasons, wood collection is organized by
groups of three to nine women.
Socio-economic wellbeing – Socio-economic conditions have changed between the
arrival of the first refugees and the most recent ones. When refugees arrived
in 2004–2005, a lot of livelihood activities were organized. For instance, refugees could
buy oxen by contributing only to 40 percent of the total price; the rest was being covered
by humanitarian agencies. The most resilient households have managed to increase their
herd whereas the majority have not. Picking activities are part of the resilience for
populations in the Central African Republic but in the South of Chad with the
concentration of population, it seems impossible to find the same products such as wild
yam and to improve food security and nutrition at household level.
In the camps, socio-economic conditions are difficult. Many households do not have land
to farm and sufficient money to buy food. They rely on the WFP voucher system. However,
due to a shortage of fund food vouchers were distributed four months out of twelve
in 2016. Households receive cash transfers of 3 000 XAF per member of the household per
month. However, a few years ago 2 kg of sorghum costed 75 XAF whereas it costs 250 FCFA
now. A few years ago, when food distribution still occurred, repatriates and refugees sold
the stock cubes to buy soap or to pay school fees but now, it is sold for purchasing
charcoal.
Land tenure and soil fertility – Refugees, repatriates and host communities have different
views regarding land tenure. The tenure system is not clear for the different stakeholders.
Host communities manage the land under a communal system. The host community is
concerned by the increase of refugee population and the need for more residential and
agricultural plots (UNHCR, 2016). The residential and agricultural land for the installation
of the camps was granted by the Chadian State to the UN agencies. However, this
agricultural land is considered not productive enough nor sufficient by refugees and
repatriates. Therefore, supplementary agricultural land is rented by members of the host
community to refugees and repatriates who can afford it through an informal agreement.
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Access to land greatly differs between the different camps. For instance, 91 percent of
refugee households from the Gondjé camp have access to agricultural land but only
15.4 percent from the Amboko camp. The average plot size is similar: 1.3 ha. Repatriates
were not able to secure access to agricultural land: “When we arrived, we received land
from the Chadians. We thank them for that but now only a few of us can rent agricultural
land. We lack agricultural land for everyone“ (FGD in Danamadja camp).
According to all groups, the land fertility has decreased: The major challenge is the loss of
soil fertility. Slash and burn practices have led to a vertiginous loss of fertility. There is a need
to develop capacities to restore soil quality and agricultural productivity (FGD in Gondjé
camp). The growth of population has reduced the possibility for farmers to leave their
land to fallow for regenerating soil properties. This loss of fertility is also an argument for
autochthone land-owners not to renew the rental agreement of the land. Finally, it was
also noted that the grazing of herds outside demarcated transhumance corridors
exacerbates the tensions between the groups of herders (local herders and transhumant
Fulani) and farmers (both from the autochthone and displaced groups).
Environmental awareness – the consciousness of environmental change has emerged by
comparing before and after the installation of refugees: in 2005 when we arrived, it was a
dense forest similar to our region in the Central African Republic. But for our installation
terracing works occurred. Bulldozers made felt the biggest trees and the refugees did the
rest. We were not sensitized to environment protection. Wild animals have fled and big trees
have felt (FGD in Gondjé camp). Refugees and repatriates are also conscious of the
limitation of natural resources: before we were collecting wood behind our dwelling,
thatching is now rare as well as wood for shelters (FGD in Danamadja and Gondjé).
With the support of the Lutheran World Federation (LWF), the repatriates have created a tree
nursery. They replant trees for their fruits and shade. They have also donated 200 plants to
neighbouring villages. Furthermore, they have marked trees that should not be felt and
participated to awareness-raising sessions on bush fire. They have also created an
environment committee in the different camps. On the other hand, autochthone population
are not really involved nor interested about environment. “They have heard about
environment but have never been involved into his management” (FGD Timbéri).
Energy propositions – For the local communities, the issue of environment protection is
analysed by the disappearance of natural resources (wild animals, thatch or wood), longer
wood collection trips and changes in the rain pattern from one year to another. Local
populations perceive the benefits of improved energy access: “if there are other technologies
for energy, it could free a lot of time for women” or “we really want the improved cookstoves so
we do need to go far to get wood”. However, they have already experienced other unreliable
technologies. Refugees have low quality lamps which do not work after only a month of use.
Furthermore, some autochthone women have experienced gas cooking by visiting relatives
in other parts of the country but remain skeptical about the safety of the technology. These
criteria must be taken into account when planning an energy intervention in this context.
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Woodfuel supply results
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The AOI is situated in the humid tropical deciduous forest ecological zone (FAO, 2012) and
the landscape is presenting dynamic stages of open, closed and degraded forest
vegetation (Figure 19).

Figure 19. Pictures of different field plots, at various stages of degradation
(left plot 15, middle plot 6, top plot 45, and bottom plot 0).

For each field plot, the total available biomass was calculated as specified in
paragraph 2.4 and is presented on Table 11. The measured biomass that we take into
account corresponds to all above ground biomass that can be potentially used as
woodfuel: living biomass, stumps, dead standing trees and dead wood on the floor.
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Table 11. Biomass Measurements for each field plot. Biomass is expressed in t/ha (Source: data collected).

Plot ID
0
1
3
6
11
15
30
31
36
37
45
66

Observed Land Use
secondary forest
fallow land (7 year after land is left fallow)
primary forest
secondary forest
forest converted to cropland (1 year after conversion)
forest converted to cropland (1 year after conversion)
forest converted to cropland (2 year after conversion)
cropland
secondary forest
primary forest
fallow land (1 year after land is left fallow)
forest converted to cropland (3 year after conversion)

Living AGB Dead AGB
106.03
0.53
66.06
0.00
181.15
26.28
66.86
0.00
0.71
5.07
2.31
40.07
19.37
41.25
16.35
0.00
65.94
0.00
108.86
0.00
0.00
0.00
8.71
3.17

Stump
0.00
0.85
0.00
0.04
0.80
0.11
1.26
0.00
0.00
0.00
0.00
1.10

Dead wood
0.32
0.00
9.94
0.31
0.45
3.95
0.00
0.00
1.00
6.33
0.65
0.68

Mapping the distribution and change of LULC
Although the area was fully covered with cloud free SPOT 6 imagery in 2016, the
availability of satellite imagery in 2004 was limited and did not enable to cover fully the
AOI. The real extent of satellite data analysed through the process covers 81 percent of the
area. The final calculations have assumed that land cover changes observed are
representative of the whole and were extrapolated from available data (Figure 20).
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Figure 20. Actual coverage of the Quickbird imagery in 2004.

Training data was collected manually over the two AOIs, using four classes as described
on Table 12. The polygons were delineated in order to comprise pure classes, of relatively
small size (average of 0.5 ha for the whole polygons database). In order to increase ease of
use, the training data of 2004 was duplicated and features moved to pure patches to
create a balanced 2016 training dataset.

Table 12. Number of training data collected for each land cover class, for each period (Source: data collected).

Class
# polygons
fuelwood (trees / shrubs)
114
grass / crops
53
bare
67
shadows
39
Total
273
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Once the training data is obtained, the rest of the processing chain is automatic and runs
without inputs. The overall processing time for each tile of the dataset (6 tiles in total) was
between 1 to 3 hours depending on the size of the tile (Table 13 illustrates the breakdown
for processing times). The overall computation time for both AOIs was approximately
20 hours.
Table 13. Processing times of the different steps of the change detection chain, for Tile 2 of AOI 2
(Source: data collected).

Step
IMAD change detection
Segmentation (x2)
Classification (x2)
Merge (x2)
Closure (x2)

Time
36.87133 mins
32.77809 mins
19.79592 mins
20.15687 mins
3.308047 mins

In 2016, it is estimated that 50 percent of the area was covered with trees and shrubs,
32.8 percent with grass and crops and 17.3 percent by bare land or infrastructures.
The comparison between 2004 and 2016, as illustrated in Figure 21 shows strong changes
around one camp (Kobiteye) corresponding to the installation of the settlement and the
conversion of tree covered area into agricultural fields. Refugee camps highly rely on
local timber resources for the construction of shelters and houses: while trees are kept
within the camp for shadow, most of the biomass on site is cleared out. Impact is also
visualized on the outskirts of the camp where agricultural field are expanding.
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Figure 21. Example of satellite images (top) and classification (bottom) over the site of Kobiteye in AOI2,
in 2004 (left) and 2016 (right). The satellite images are in band combination RGB = NIR RED GREEN, where
vegetation shows in shades of red. In the thematic classification, white for grass and crops Yellow for bare
soil or built-up, Green for Shrubs and Trees.

The pixel values from these intermediate, single time classifications were combined and
associated with the IMAD change detection values into the segmentation obtained
from 2004, in order to produce a final object-based land cover change map that was
used for area calculations and combination with biomass field data (Figure 22).
The areas covered by each class of the change product in both AOI are given in Table 14.
The areas containing woody biomass in 2016 and 2004 are calculated respectively as
Equation 2

Equation 3

WB2016 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
WB2004 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

The area containing woodfuel decreased of 21 percent over the 12 years period, going
from 55 700 ha in 2004 to 43 700 ha in 2016. This net negative change in area is the result
of both gains and losses. Gains of woodfuel represent 18 percent of the detected loss and
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correspond to regrowth of abandoned fallows. The uncertainty around gains is however
substantial and the available dataset do not allow drawing any conclusion on the
significance of those gains (see Table 14).

Figure 22. Results of the change detection process with a zoom on a part of AOI 1.

Table 14. Area of each change class for the covered AOI, +/- the 95 percent confidence interval (Source: data collected).

Tree Shrub Stable

50,768 +/- 10,843 hectares

TS gain

3,172 +/- 3,817 hectares

TS loss

17,944 +/- 6,392 hectares

Other

41,477 +/- 11,432 hectares

NET CHANGE

14,772 +/- 7,446 hectares
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Biomass change mapping
The count of pixels for each change category was computed for each field plot and added
to create a crossed database. This process is illustrated on Figure 23 for each biomass
field plot. Finally, we fed the combination of total biomass data and distribution of classes
per plot into a Nonlinear Least Squares model with the constraint to produce positive
coefficients. The corresponding equation is
Equation 4

𝐴𝐴𝐴𝐴𝐴𝐴 ~ 𝑎𝑎 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑏𝑏 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑐𝑐 ∗ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 + 𝑑𝑑 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
The fit of the model on the field data produced the coefficients a, b, c and d which were in
turn applied to the change map to produce the biomass maps.
The calibration of the model on the 10 field plots gave the following parameters: no
biomass for TS losses (0 t /ha), 115 t/ha for TS stable, 33 t/ha for O stable and 211 t/ha
for TS gains.
These coefficients were applied to each corresponding pixel of the change map to derive
the 2016 biomass map, while the equation 2 was used inside a raster calculator to derive
the 2004 biomass map: the coefficient of TS stable was applied to the area of losses while
no biomass was attributed to the area corresponding to gains.
Table 15. Biomass coefficient and resulting estimated quantity of woodfuel in 2004 and 2016 over the full AOI
(the numbers for the partially covered AOI were linearly extrapolated to the full AOI) (Source: data collected).

TS loss
TS stable
O stable
TS gain
Total

Model coefficient
(t/ha)
0.00
115.10
33.47
210.92

Above ground biomass (t)
In 2016
In 2004
1,613,758
0
3,012,614
3,012,614
2,398,598
2,398,598
748,758
0
7,024,970

6,159,970

We estimate that the woodfuel biomass over the AOI has gone down by 12.3 percent
over 12 years, corresponding to a net rate of loss of 1 percent per year. It is estimated that
the area held a biomass of 6 159 970 tonnes in 2016, while the total biomass loss between
2004 and 2016 amounts to 72 083 tonnes per year, for the whole AOI (Table 15).
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Figure 23. Clip of available spatial data in 2004 and 2016 for each biomass field plot. For each series, the six snippet from left to right show in that order: 1) the AGB ~ DBH relationship for all recorded
trees and shrubs on the plot, 2) the 2004 Quickbird imagery, 3) the 2004 classification, 4) the 2016 SPOT imagery, 5) the 2016 classification and 6) the resulting change detection. Plot 66 fell outside the
Quickbird covered area which explains the absence of imagery for 2004 and results.
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Discussion and accuracy assessment
The size of the objects from the change detection follows a log-normal distribution,
with 95 percent of the segments between 9 and 115 pixels. The median size is 16 pixels
(~6m2) which indicate that single land cover elements (trees and shrubs) can be detected,
making it fit for the purpose of that study (Figure 24).

Figure 24. Log-distribution of object sizes for the change detection process (tile 4 of AOI 2).
Size of each object expressed in pixels (Source: data collected).

The spatial resolution of the imagery can also be discussed from these results: Quickbird
sub-meter resolution is six times better than SPOT imagery spatial resolution and would
intuitively be seen as better data. However problems arise as the resolution increases, in
particular during the classification process because of mixed spectral signature within
small objects and in terms of data size for storage and processing.
For instance the imagery covering AOI 1 weighs 0.9 GB for SPOT 6 and 5 GB for Quickbird.
In addition, the swath of the SPOT 6 satellite is much larger and enables to cover both AOI
in one passage, greatly facilitating the production of smooth classification results and
eliminating the seasonality issues that arise from mosaicking different acquisitions
(Figure 25).
For these reasons, it is recommended to use 1.5m resolution data that provide a good
compromise between resolution (ability to detect single objects), size and coverage
(ability to cover fully the AOI typically involved in woodfuel supply assessment around
refugee camps).
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Figure 25. Example of single tree detection with different image resolution for
Quickbird in 2004 (left) and SPOT6 in 2016 (right).

The overall accuracy of the change map was 84 percent with strong differences between
classes. The highest user accuracy was achieved for the stable class (96 percent), the
lowest for the gains (32 percent). The high resolution and the clear land cover changes
however lead to high user accuracy for the loss class (85 percent) which validates the
approach taken in this study (Table 16).
Table 16. Confusion matrix, User and Producer accuracy for each class of the change map
(Source: data collected).

CONFUSION MATRIX

CLASSIFICATION

REFERENCE
FW
GAIN

LOSS

NFW

total

area

UA

FW

147

1

3

2

153

25,711

96.08%

GAIN

13

6

0

0

19

3,487

31.58%

LOSS

5

0

69

7

81

13,773

85.19%

NFW

12

1

3

21

37

70,389

56.76%

Total

177

8

75

30

290

113,360

PA

83.05%

75.00%

92.00%

70.00%

83.79%
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Integration of supply and
demand information
The rapid woodfuel assessment reveals that the total consumption of woody biomass
amounts to an average of 69 793 tonnes/year, while the observed degradation
corresponds to an amount exceeding 72 083 tonnes/year, for the period 2004–2016.
Under a conservative assumption and using the default values of above-ground net
biomass growth in natural forests for Tropical Moist Deciduous Forests of Africa
(Volume 4, table 4.9, IPCC 2006), the productivity has been approximated to
be 1.3 t/ha/year. Given that the observed area under trees and shrubs is estimated
at 57 682 ha for the AOI in 2016, we can expect a biomass production from the ecosystem
at a minimum of 74 987 tonnes/year.
In other words, the natural forest ecosystem should be providing all necessary resources
to answer the demand. This implies that the observed degradation of the environment
cannot be explained by woodfuel collection only (in theory, if woodfuel collection was the
only activity, the ecosystem could actually fully provide the necessary resources).
The remote sensing analysis as well as field observations (Figure 26) provided direct
evidence that large tracts of forest land are being converted to agricultural fields in the
area. In order to test if population influxes were related to annual variations of tree
cover loss, we clipped to the AOI the 2000–2016 tree cover loss dataset produced by (M. C.
Hansen, 2013) at global level and calculated the sum of tree cover loss areas for each year.
The losses detected with this global product are much lower than what we find with very
high-resolution diachronic analysis, but provide annual information and an indication of
the trend of tree and shrub cover changes for the observation period.

50

© FAO/ Florent Eveillé

Figure 26. An agricultural field close to the Danamadja camp and village. The background is composed of a
plot in conversion from forest to agricultural land and a forest.

A correlation (r2=0.66, see Figure 27) is being observed between the two variables and
supports the hypothesis that population influxes in the future will keep the pressure on
natural resources. The results of this assessment indicate however that woodfuel
collection may not be the primary driver for these losses, but that conversion of forest
land into agricultural land plays an important role.

Evolution of tree cover loss and population
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Figure 27. Evolution of population and annual tree cover loss over the AOI.
Tree cover loss data comes from Hansen et al., (2013).
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From the methodological point of view, the consistency of these results supports the
promoted approach. The results also suggest that the land is close to its maximal
capacity to produce biomass because the demand from the different population groups
translates into long-term depletion: the productivity of the land is largely absorbed by the
demand in wood, which progressively consumes the available resources.
In the context of a protracted crisis, this implies that the amount of woodfuel consumed
by the different population groups need to be reduced and provided from supplementary
sources.

Possible scenarios
Different interventions have the possibility to improve energy access, reduce the
environmental impact of traditional biomass use, liberate time for women from the wood
collection activity and increase the resilience of local livelihood by developing new
business models for improved access to clean energy. Based on the integration of the
results from the woodfuel demand and supply assessment, the following scenarios were
developed:
• Business as Usual (BaU)
• Improved charcoal production
• Efficient cookstoves
• Briquette manufacturing
• Tree plantations
• Combined interventions
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Business as Usual (BaU) scenario
This scenario is built on a linear consumption based on national population projection
without new arrivals from the Central African Republic due to deterioration of the security
situation and no change on wood consumption patterns of economic activities and
administration. The total for year y (Wych) under a Business as Usual (BaU) scenario and
the average woodfuel consumption of the households, are calculated as follows
(tonnes/year):

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙𝑦𝑦 = �𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦 � × 𝑃𝑃𝑐𝑐𝑐𝑐

Where:

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =

∑n𝑦𝑦=𝑦𝑦0 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙𝑦𝑦0
𝑛𝑛 − 𝑦𝑦0

WycH = Total annual wood consumption of households (in tonnes/year), for year y
WycE = Total annual wood consumption of economic activities (in tonnes/year), for year y
WycA = Total annual wood consumption of administrative activities (in tonnes/year). It is
approximated as a 3 percent estimation of the total woodfuel consumption.
PCY = Population of the socio economic category, for year y
n = The final year of the reference period
y0 = The beginning year of the reference period
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By using household wood consumption for cooking and heating projections and
imputing each category based on demographic data for 2020, 2025 and 2030, we
can estimate that the total annual woodfuel consumption for the area would
be 98 424 tonnes in 2020, 113 476 tonnes in 2025 and 129 700 tonnes in 2030 (Table 17).
Table 17. Yearly woodfuel demand according to the different activities in tonnes per year (Source: data collected).

Category
Household cooking and heating
Economic activities
Administration, clinics and school
Total
Average

2004
2016
47 700
79 833
3 137
5 251
1 572
2 631
52 409
87 715
69 793

Year
2017
2020
81 960
89 579
5 391
5 892
2 702
2 953
90 053
98 424
94 212

2025
2030
103 279
118 045
6 793
7 764
3 404
3 891
113 476
129 700
121 514

Improved charcoal production scenario
During the field study, the production of charcoal was studied. Field findings demonstrate
that the production of charcoal remains very traditional in the area. Charcoal production
is a livelihood activity in the area for some rural villages away from the main city centre
where they could be subject to the payment of the wood collection tax and the
confiscation of the tools and product. Based on these observations, three more efficient
techniques could be tested: the oil drum (22.7 percent), the steel kiln (25 percent) and the
Casamance (30 percent). The scenario foresees the conversion of 25 percent of
the charcoal consumption to more efficient techniques with efficiencies ranging
from 22.7 percent to 30 percent of dry wood weight instead of 15 percent currently.
This scenario could lead to an average reduction of 7 percent of total annual woodfuel
consumption compared to the BaU scenario (Table 18). Technical-economic analyses
should be performed to confirm this potential with strong support from authorities in
charge of the regulation of the sector.

Efficient cookstoves scenario
According to the field survey, 26 percent of households in the area have a mud stove
whereas 74 percent rely on the traditional three stones fire. Despite their presence in the
camps, there was no recording of metal or other efficient cookstove use for many reasons
(see 2.2). The traditional tree stones stove has an estimated thermal efficiency of 10 to
15 percent (Oliver Adria, 2014). This means that 90 to 85 percent of the energy content of
the wood is lost as heat in the environment outside the cooking pot. In average,
traditional mud stoves have a thermal efficiency of 17.9 percent (George, 1997). Portable
metal stove can reach an efficiency of 26 percent (The Global Alliance For Clean
Cookstoves, 2017) and up to 44.8 percent with advanced design and features (The Global
Alliance For Clean Cookstoves, 2017). This scenario is built on a projected wood stove use
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of 25 percent for the three stones fire, 50 percent for the traditional mud stove, 20 percent
for metal stove and 5 percent for the rocket stove. The charcoal consumption of
households and economic activities and the wood consumption of economic and
administration activities remain the same.
This scenario could lead to an average reduction of 8 percent of total annual woodfuel
consumption compared to the BaU scenario. Less conservative scenarios such as
increasing the percentage of metal stoves distributed to 50 percent of the population and
the adoption of traditional mud stove by 50 percent can achieve even better results.
However, they do not seem realistic in terms of cost (40$ for a rocket stove for instance
against 3 to 5$ for a mud stove) and adoption by the different communities.

Briquette manufacturing scenario
Briquettes are produced using biomass. Briquettes made from agricultural residues can
be produced in the area to replace charcoal use. Briquettes can be manufactured using
the following crop residues produced in the area: cassava stalk, cotton stalk10, groundnut
husk, millet straw and sorghum straw. In order to replace around 30 percent of the
charcoal consumed, it is needed to produce 3 100 tonnes of briquettes per year. The
biomass needed to produce these briquettes is 15 540 tonnes. The agricultural biomass
mix can be composed of 4 percent cotton stalk, 4 percent groundnut husk, 6 percent
cassava straw, 35 percent of millet straw and 51 percent of sorghum straw. These
assumptions assume that 15 percent of crop residues are left on the field for soil fertility
and stability and 15 percent used for animal feed. This scenario could lead to a reduction
of 18 percent of the total annual woodfuel consumption compared to the BaU scenario.
Techno-economic analyses should be performed to confirm this potential (FAO, 2017).

Demand driven scenarios
The results of the different demand driven scenarios are summarized in Table 18. It
shows that the highest potential rely on supplying biomass briquettes to the charcoal
consumers followed by the distribution and training of trainers to build more efficient
wood cookstoves. Finally, the improvement of charcoal production could lead to
a 7 percent reduction of the woodfuel demand but this is due to the difficulties to target
charcoal producers.

Cotton husk were not analysed since they are processed in Moundou at the Chadcotton plant, two
hours from Goré but they represent a very viable solution with already existing briquette producers.
10
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Table 18. Woodfuel demand under different improved demand scenarios (Source: data collected).

Total fuelwood consumption (t yr-1)
Business as
Improved
Efficient
Usual
charcoal
cookstoves
2017
90 053
84 113
82 908
2018
92 792
86 671
85 429
2019
95 579
89 275
87 995
2020
98 424
91 932
90 614
2021
101 329
94 645
93 289
2022
104 289
97 410
96 014
2023
107 303
100 226
98 789
2024
110 366
103 087
101 609
2025
113 476
105 991
104 472
Average demand reduction
-7%
-8%
compared to BaU
Year

Briquette
manufacturing
71 877
74 616
77 403
80 248
83 153
86 113
89 127
92 190
95 300
-18%

Scenario with tree plantations
Plantations for production of woodfuel in tropics have typically a short rotation length,
ranging from 3 to 15 years (FAO, 2001). For the eco-climatic region of Gore, the
Intergovernmental Panel on Climate (IPCC) provides default values of aboveground
biomass of 80 t/ha, for broadleaves plantations, and of 40 t/ha, for pine plantations (IPCC,
2006, pp. 4.54, table 4.8). To fulfill the entire annual demand of woodfuel for the period
2017–2020 (94 212 t/yr, under a BAU scenario), it would be necessary to harvest
1 177 hectares of mature broadleaf plantations or 2 355 ha of pine plantations every year.
These areas represent approximately 1 percent and 2 percent of the AOI, respectively.
Assuming a rotation length of 6 years, a system of broadleaf plantations growing on area
of 7 613 ha would ensure, at maturity (that is, after 6 years), an annual production of
woodfuel approximately equal to the demand for period 2025–2030 (121 514 t/yr on
average, under a BAU scenario). The assumption here is that 1/6th of the total plantation
area is harvested and replanted every year, starting from sixth year after the
establishment of the plantation. This area is about 8 percent of the AOI. In the case
only 600 ha (0.5 percent of the AOI) are allotted in 2018 for broadleaf plantation, the
production will be roughly 6.6 percent of the total demand in the period 2025–2030
(Table 19).
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Table 19. Potential aboveground biomass production of broadleaf plantation in the AOI
under different scenarios (Source: IPCC, 2006).

Year
2017
2018
2019

Scenario 1
Broadleaf Plantation on 7613 ha

Scenario 2
Broadleaf Plantation on 600 ha

Production (t)

% of the demand

Production (t)

% of the demand

0

0

0

0

92 792

0

0

0

0

Demand (t)
BAU
90 053
95 579

0

0

0

0

2020

98 424

0

0

101 329

0

0

0
0

0

2021
2022

104 289

0

0

0

2023

107 303

121 514

113

8 000

7.5

2024

110 366

121 514

110

8 000

7.2

2025

113 476

121 514

107

8 000

7.0

2026

116 631

121 514

104

8 000

6.9

2027

119 832

121 514

101

8 000

6.7

2028
2029

123 077
126 367

121 514
121 514

99
96

8 000
8 000

6.5
6.3

2030

129 700

121 514

94

8 000

6.2

0

0

Recommendations

Methodology
The integration of supply and demand information tends to demonstrate that the major
biomass losses are not only imputable to woodfuel consumption. Other factors among
which land conversion from forest to agriculture could explain these losses. Land
conversion appears to be the main result of the doubling of the local population in the
AOI. However, this hypothesis needs to be validated by a longer assessment measuring
energy consumption over a week rather instead of a declarative process of households.
Furthermore, an intermediate set of satellite imagery prior to 2013 could also be analysed
to provide more accuracy on when the land use change occurred. The costs for measuring
one forest inventory sample plot in the AOI have been estimated to be about 112$. This
includes the field team salaries and the transport and security costs. The costs for the
purchase of the measuring tools to be used during the field work range from 700$ to
2 000$, depending on the accuracy and type of the equipment selected.
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Cookstove promotion
However, if the different users manage natural resources in an integrated way, the
environment should be able to supply the total woodfuel demand of all users. In order to
reduce the current pressure on the environment, technical solutions are proposed to
reduce the demand by 7 to 18 percent. Under the proposed interventions, the efficient
cookstove production and briquette manufacturing are the most suitable to reduce
energy demand. Raising awareness on efficient cookstove and their advantages for
reducing fuel needs of the local population and other benefits such as reducing wood
collection time and burden, and the prevalence of respiratory diseases is fundamental.
However, cookstove programs should be carefully planned to answer the needs of the
population in terms of design, functionality, heating type and cooking time. The training
of trainers is seen as a good way to improve the delivery of cookstove programs but past
experiences in Goré have left trainers with improved skills not sharing their knowledge nor
repairing the mud stoves after the first rains. Another issue is the acceptance of the
different cookstoves by the targeted beneficiaries. During the field study, a certain
number of metal stoves were seen abandoned in the camp grounds because they were
not appropriate or because they represent an asset which people do not want to use too
often to preserve it.

Briquette manufacturing
Briquette production can have three advantages: replacing a significant amount of
charcoal produced in the area, constitute a livelihood activity for biomass collectors (cash
for work activity) and provide access to modern and clean energy to local communities.
However, techno-economic analysis needs to be performed at field level to define where
the residues are the most accessible, the cost of collection, the preferred technical
process involved, the size of the market and the marketing strategy to replace a certain
amount of the charcoal consumed. Beyond cookstoves and briquette production,
developing access to clean and sustainable energy services should remain the goal of any
interventions. Solar lighting in the camps should take into considerations past
interventions where all except for one solar lighting pole were dismantled in the
repatriates camp. The presence of a small fishing activity encourages the deployment of
efficient fish solar driers. Efficient solar lanterns could be distributed to improve the
protection of the different population groups. Finally, different pilots of integrated food
production systems could be field-tested: from livestock food and health centre with the
production of biogas to fish farms for the production of organic fertilizer and the use of
efficient fish drying systems.
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Afforestation and reforestation measures
Replantation programs involving the host community and vulnerable groups could have a
real chance of success in Goré based on existing experience of the environment
committees established in each camps and the existence of a tree nursery within the
camp of Danamadja. Based on FAO experience in promoting and monitoring forestry
programs, the technical support to existing nurseries and the development of new
nurseries could be envisaged in collaboration with the local forestry department and
agents. Afforestation and reforestation activities could also involve cash for work
activities. The afforestation and reforestation activities need to be performed under the
broader umbrella of integrated land use and natural resources management. This could
include activities such as the development of an integrated fertilization plan, raising the
awareness of farmers on soil conservation and the detrimental effects of slash and burn
practices, training of farmers on soil management and integrated fertilization techniques
and the designation of land plots for agroforestry activities.

Conflict sensitivity and mainstreaming
Conflict sensitivity and peaceful management of natural resources should be
mainstreamed in all interventions. Local communities should be trained in conflict
resolution. Peace-building activities could be promoted between the different population
groups: autochthones farmers and herders, repatriates and refugees. For instance, the
membership of the environment committees established in the camps could be open to
autochthones to map existing natural resources, define agreement on their management
and develop trust. Measures to protect the existing forests such as the maintenance of the
transhumance corridors signage and firebreaks should be reinforced.
Woodfuel collection and traditional energy access are issues with a deep impact on
gender. Awareness raising activities and training should be conducted on associated
protection risks of wood collection, the use of woodfuel and the production of charcoal.
Cooking techniques to reduce woodfuel use and improve nutrition should be promoted
thanks to awareness-raising activities.
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Conclusion
The area around Goré is impacted by the protracted crisis of neighbouring Central African
Republic. Disrupted livelihood of refugees and repatriates alike increase their vulnerability
to climate change. The reduction of the source of income for refugees and repatriates due
to the low productivity of agricultural land and the lack to secure access to fuel and clean
energy forms the basis of other vulnerabilities like food insecurity, cooking of less
nutritious food and protection issues. Recommended practical measures could be
undertaken to reverse this trend through a common understanding of issues linked to
natural resources management and a participatory land management process.

© LWF/ Arnaud Pierre Senekian

The natural resources in the area (fodder, forest, land and water) are sufficient to meet the
needs of the local community if adequately managed. Continuous and participatory
monitoring of these resources is needed to ensure that the pressure from human activities
is mitigated. These combined supply and demand measures proposed in this assessment,
under the umbrella of an improved land governance with conflict sensitivity and
mainstreaming could reduce the pressure on forests and all interlinked natural resources.

Figure 28. Small-scale forest inventories help forestry experts to define the
woody biomass in the area of interest.
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