Applied Geography 119 (2020) 102207

e 4

ELSEVIER

journal homepage: http://www.elsevier.com/locate/apgeog

=

ApPLIED
GiosnApHv

Contents lists available at ScienceDirect

Applied Geography

»

Check for

Urban and rural household energy consumption and deforestation patterns
in Zaire province, Northern Angola: A landscape approach

Marina Padrao Temudo®, Ana L.R. Cabral?, Pedro Talhinhas "

2 Forest Research Centre (CEF), School of Agriculture, University of Lisbon, Tapada da Ajuda, 1349-017, Lisboa, Portugal
b Linking Landscape, Environment, Agriculture and Food (LEAF) Research Centre, School of Agriculture, University of Lisbon, Tapada da Ajuda, 1349-017, Lisboa,

Portugal

ARTICLE INFO

Keywords:
Africa

Household energy consumption
Rural and urban poor

Remote sensing
Fuelwood
Deforestation drivers

ABSTRACT

Angola has been labelled a “petro-state”, since independence, due to its oil-wealth and the country’s economic
dependence on its revenues. Considering that oil availability and price could be a factor reducing deforestation
and forest degradation through accelerating energy-transition, our objective was to study the energy con-
sumption patterns and the role of woody biomass as a source of income of rural villagers and urban poor dwellers
practicing agriculture, living in one of the oil-rich provinces. We used a “people and pixels” approach, combining
interviews with households’ heads with remote sensing analysis of land use/cover change. Our findings revealed
that while kerosene is the main energy source for cooking and lighting in the city, in rural areas it is firewood and
flashlights, respectively, and that the selling of firewood and/or charcoal is practiced by few households. Con-
trary to what has been reported about other Angolan regions and African countries, satellite imagery analysis
showed that deforestation around Zaire province capital city and surrounding rural villages is comparatively
small. Bearing in mind that the consumption of biomass for domestic household needs is reduced, other drivers of
deforestation/forest degradation must be considered. Nonetheless, the high domestic use of kerosene contributes
to the exhaustion of its limited global supplies and to increasing greenhouse gas emissions, disregarding the

country’s potential to produce renewable energy.

1. Introduction

In Sub-Saharan Africa, the large majority of the population use
firewood and/or charcoal for domestic and economic activities (e.g.,
Hiemstra-van der Horst & Hovorka, 2009; Bildirici & Ozaksoy, 2016, p.
288; Stoppok, Jess, Freitag, & Erdmute, 2018), especially the poor (e.g.,
Adkins, Oppelstrup, & Modi, 2012; Bone, Parks, Hudson, Tsinrinzeni, &
Willcock, 2017). While charcoal is usually described as the major energy
source in most cities (e.g., Clancy, 2008; Mulenga, Tembo, & Richard-
son, 2019; Ribot, 1999; Vollmer et al., 2017; Zulu & Richardson, 2013),
firewood is also mentioned as a regular source of energy for cooking in
other urban locations (e.g., Guild & Sheckleton, 2018; Hiemstra-van der
Horst & Hovorka, 2008; Mulenga et al., 2019; Odihi J. 2003; Schle-
singer, Drescher, & Shackleton, 2015; Schure, Levang, & Wiersum,
2014). Angola is no exception and most households in the country are
still dependent on traditional biomass to meet their cooking, heating and
lighting needs (e.g., Cornelio, 2009; IEA, 2006; UNEP 2013). Much less
than one fifth has access to grid electricity (UNEP 2013), and many use
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candles (IEA, 2006, p. 149). Additionally, public electricity supply is
unreliable, and many families also have their diesel or petrol generator
as a backup system (IEA, 2006).

According to some authors, most of the Angolan population rely on
the use of firewood in rural areas and of charcoal in urban and peri-
urban spaces (e.g., [EA, 2006, p. 20). Additionally, several authors
state that charcoal production is leading to deforestation around the
main cities (e.g., [EA, 2006, p. 141; Cornelio, 2009; Cabral, Vasconcelos,
Oom, & Sardinha, 2010) in a pattern similar to the one reported in other
contexts (e.g., Clancy, 2008; Soussan, O’Keefe, & Munslow, 1990).
Indeed, this can be a major problem if we take into account that half of
the country’s population lives in cities and three-quarters in urban and
peri-urban areas (Cain, 2007) and that production of charcoal is rather
inefficient, not only in terms of labor inputs (e.g. Cornelio 2009) but also
because it causes more deforestation than the use of firewood (e.g., IEA,
2006, pp. 144-145; Godfrey, Denis, Daniel, & Akais, 2010). This prob-
lem is accrued by the role firewood gathering and/or charcoal produc-
tion for trade can have as important sources of income for poor
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households (e.g., Atyi, Poufun, Mvondo-Awono, Ngoungoure, & Sufu,
2016; Clancy, 2008; Guild & Sheckleton, 2018; Hiemstra-van der Horst
& Hovorka, 2009; Vollmer et al., 2017; Zulu & Richardson, 2013).

Cornelio (2009: 34) asserts that in Huambo — an Angolan provincial
capital — the main fuel used by urban households is charcoal (followed
by firewood) and, as the wood stocks are now far from the city, many
interviewees reported occasional hunger related to lack of access to fuel
to cook their meals. However, the urban demand for fuelwood does not
necessarily induces permanent deforestation and the growing urban
population does not inevitably cause a wood fuel crisis (e.g., Clancy,
2008; Hansfort & Mertz, 2011; Ribot, 1999; Swemmer, Mashele, &
Ndhlovu, 2019). During the wars, the area covered by forests increased
(IEA, 2006, p. 141) and timber extraction fell dramatically after inde-
pendence (Chiteculo, Hajek, & Kubovd, 2018). In addition, Angola is a
large country and there are major differences among provinces and
cities in terms of economic and infrastructures development and natural
resources’ wealth.

The post-independence Angolan land law of 1992 determined that
only the state can own forests, except for small forested patches located
in agricultural fields and pastures. In contrast to the law, the heads of the
founding clans or lineages in rural villages perceive the land and its
resources as being their own (Chiteculo et al., 2018). Legal pluralism,
thus, when associated with a growing population, increased urbaniza-
tion and lack of state capacity to control natural resources management
can allow elite capture (both rural and urban, and frequently associ-
ated), deforestation and/or forest degradation and the destruction of the
commons.

Bearing in mind that oil availability and price could be a factor
reducing deforestation and forest degradation through accelerating the
energy-transition, we conducted an exploratory study of the energy
consumption patterns and the role of biomass as a source of income
among rural villagers and urban poor dwellers practicing agriculture.
Despite the growing body of literature on the many and intricate drivers
of deforestation (e.g., Cabral et al., 2010; Konga et al., 2019; Sambou
et al., 2015; Tadesse, Zavaleta, Shennan, & FitzSimmons, 2014; Waroux
& Lambin, 2012), and on household energy consumption patterns in
rural and urban settings (e.g., Adkins et al., 2012; Schure et al., 2014;
Schlesinger, Drescher, A. and Shackleton 2015), to the best of our
knowledge no empirical studies have directly addressed the link be-
tween households’ sources of energy in an oil-rich region and land cover
change assessed through remote sensing.

This study also introduces a more nuanced view to the energy tran-
sition debate by challenging the binary opposition between the “energy
ladder” model — which assumes a linear progression from firewood to
more modern fuels with increasing income (e.g., Barnes & Floor, 1996) —
and the “multiple-fuel” or “fuel stacking” one — which assumes that fuel
switching up the ladder is rare and households use other fuels without
totally abandoning the traditional ones (e.g., Masera, Saatkamp, &
Kammen, 2000). We start by providing a short characterization of Zaire
province and its capital Mbanza Kongo, followed by the description of
the methodology. Using a “people and pixels” approach in the study of
human-environment interactions (Liverman, Moran, Rindfus, & Stern,
1998), the energy consumption patterns for cooking and lighting of poor
households that practice agriculture — thus the ones more likely to use
biomass as a source of energy and to become energy “stuck” (e.g.,
Masera et al., 2000) as they can collect it for free in their own fields and
surroundings — is then combined with an exploratory analysis based on
remote sensing data; thus, our objective was to gauge the extent to
which deforestation is connected to household energy use and livelihood
needs in a context of war refugees return, rapid urban expansion and
roads infrastructures’ development. Following from Tenerelli and
Carver (2012), we argue that “there is a strong need to support energy
policy decisions with spatially explicit evidence”.
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1.1. Study site

The Zaire province (Fig. 1) lies in the North of Angola, bordering
with the Democratic Republic of Congo (DRC), the Atlantic Ocean, and
Uige and Bengo provinces. It constitutes one of the country’s oil-rich
provinces, whose capital Mbanza Kongo has been recently nominated
a UNESCO World Heritage site.

According to the Koppen-Geiger classification system, the climate is
tropical savanna with dry winter (AW) and the mean annual rainfall is
around 1300 mm, distributed in two periods separated by a short dry
spell (Castanheira Diniz, 2006, p. 63).

The vegetation is dominated by savanna scrublands and some dense
humid forests, mostly along rivers, creeks, and gullies. There are an-
thropic forests composed by native species and mango, cola, safou, av-
ocado, citrus, and guava trees in ancestral settlements (Castanheira
Diniz, 2006, pp. 63, 74-77), abandoned due to forced relocation along
the main roads by colonial administration (e.g., Brinkman, 2008, pp.
203-204). Most villages remain located along the roads, though some
villagers and urban dwellers may practice agriculture in their more
fertile, distant ancestral lands.

In 1961 the anti-colonial war started, and in 1963 the entire popu-
lation of Zaire province took refuge in southern DRC (e.g., Mateus &
Mateus, 2011). Three years before independence Angolan refugees in
DRC reached over half a million (Wheeler & Pélissier, 1971, p. 187). The
anti-colonial war ended in 1974, but the beginning of a civil war be-
tween former anti-colonial movements Movimento Popular de Libertagao
de Angola-MPLA (which seized power) and Uniao Nacional para a Inde-
pendencia Total de Angola-UNITA (e.g., van der Waals, 2011) did not
allow the immediate return of most of the refugees and internally
displaced.

After the end of the civil war in 2002, the urban population increased
fast due to the return of many refugees from the DRC and rural out-
migration (Temudo & Talhinhas, 2019). According to the General
Census of Population and Housing conducted in 2014, the Zaire Prov-
ince represented around 2.3 percent of the Angolan population, had a
population density of 15 inhabitants per square kilometre, of which
73.9% lived in urban areas (INE, 2016). The most recent estimate of the
population of Mbanza Kongo reported 26 577 inhabitants,’ but no
reliable census data (or estimates) on the population of the surrounding
villages was available. The core city centre has paved roads, concrete
buildings, piped water and grid-electricity but outside it, there is an
urban-rural continuum between the city districts and the villages along
the main roads. After 2002, the isolation of Mbanza Kongo was reduced
with the reconstruction of paved roads to Luanda capital city and Luvo
(border town to the DRC). However, connections to most towns of the
Zaire province (Soyo, Mandimba, Noki and Kuimba) are still underway
and public transports have poor quality and are not frequent.

The farming system is rather diversified (includes several root crops,
legumes, green leaves, maize, bananas and plantain and fruit trees), the
staple food is cassava and the agroclimatic conditions allow two to three
productions per year. This means that households practicing agriculture
have not only food security, but likely some cash income to buy other
essential goods and products; this is markedly different from other re-
gions of the country where agro-ecological conditions are less favour-
able and the staple crop less resilient to climate change and poor soils (e.
g., maize).

2. Methodology
2.1. Household energy consumption empirical data collection

The empirical data were collected — during almost nine months of

! https://www.britannica.com/place/Mbanza-Congo, last accessed 07/08/
2018.
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Fig. 1. (a) Location of the Zaire Province in the Republic of Angola and in the African continent, (b) Location of the study area in the Zaire province, (c¢) Landsat OLI
(RGB 754) of 2016 color composite corresponding to the study area. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)

fieldwork and using mixed methods (e.g., Creswell & Plano Clark, 2011)
—, aiming to study the livelihood strategies adopted by poor urban and
rural households after the end of the war and the role of agriculture.
During three months in 2014, three hundred urban household whose
agricultural fields lied in the peri-urban area (between one- and 3-h
walking distance) agreed to participate and were interviewed (see
Temudo & Talhinhas, 2019, for a detailed description). In 2015 and
2016 research focused on thirty-three villages situated around Mbanza
Kongo and involved three hundred and eighty-two household heads.
With the exception of Kaluka (an important but isolated village linked to
Mbanza Kongo through the Luanda road) and Ialangu (a rather isolated
settlement located in ancestral lands, where some lived permanently and
others only during the week, spending the weekends in a city house with
their children), these villages were located along the roads that link
Mbanza Kongo to Luvo (paved and more densely populated, being the
road that links to DRC), Kuimba and Mandimba cities of Zaire province
(both these roads were still in a very poor condition, though new ones
were in construction) and to Luanda (the country’s capital). Taking
Mbanza Kongo as the centre, all villages were then progressively studied

one after the other with the farthest ones in each road defining the limits
of the polygon that constitutes the study area. The poor state of some
main roads and the lack of public transports — the travels had to be
made by taxi (either cars, motorcycles or tricycles) and on foot —
limited the number of sampled villages and interviewees in the less
passable roads (the case of Kuimba and Mandimba roads) and/or where
villages were also distant from each other (the case of Luanda, Kuimba
and Mandimba roads). The Luvo road was the most populated in terms
of the number of villages and distance between them, the busiest and the
one along which we observed more people selling wood and mud bricks.
Therefore, this is the road where more villages were studied (12 in total),
only excluding the ones closest to the country’s border (with more
connections with DRC than with Mbanza Kongo’s political economy). In
villages having less than 20 households (14 villages), all heads had been
interviewed. In larger villages, we randomly selected every third
household and interviewed at least 15% of the household heads of each
neighbourhood. No census data (or estimates) of these villages have
been made available and traditional authorities were unable to provide
population figures (number of inhabitants and households). Structured



M.P. Temudo et al.

interviews to household heads (as defined by interviewees themselves)
were focused on the characterization of the households in relation to
gender leadership (family and farm), demographics (see Table 1), main
activity and secondary occupations, date of the last return from DRC,
housing and land tenure status (all of which could be used as proxy of
their economic condition), farming systems and sources of energy for
cooking and light. All interviews were conducted directly by the
researcher either in French or Portuguese or in Kikongo (and sometimes
in Lingala) with the help of a translator. A descriptive statistical analysis
of this data was conducted using SPSS software (IBM Corporation
Released, 2017). Unless otherwise stated, all data results from this
exploratory field research.

2.2. Land cover analysis

Landsat Thematic Mapper (TM) and Operational Land Imager (OLI)
data for 1998, 2008 and 2016 were used to analyse land cover dynamics.
Data were downloaded from the United States Geological Survey” and it
was selected according to cloud cover, quality, and date of acquisition,
favouring dry season and proximity to historical dates when data exis-
ted. As the fieldwork only include data collected between 2014 and
2016, the year 2016 was chosen as the final date of the analysis. The
study area was covered by two Landsat scenes whose details are given in
Table 2.

According to the available dates, three mosaics were composed to
derive the land cover maps for the years 1998, 2008 and 2016 to have an
inter-decadal analysis of the land cover dynamics. In addition, based on
field knowledge and ancillary information (old vegetation maps, written
descriptions of vegetation and published articles), a simplified legend of
8 land cover classes was defined: Forest, Savanna-Woodland, Grassland,
Agriculture/Bare soil, Burnt, Water, Urban and Clouds. To obtain the land
cover maps for each year, Landsat image mosaics were classified using
the defined legend and a supervised classification technique based on
the maximum likelihood classifier (Lillesand, Kiefer, & Chipman, 2015).
As Urban and Agriculture/Bare soil classes had spectral similarity values,
urban area corresponding to Mbanza Kongo city was manually digitized
on-screen, for each year, using Landsat TM bands 7, 4, 3 and Landsat OLI
bands 7, 5, 4 combinations and the Geographic Information Systems
ARCGIS 10.5.0.6491 (Environmental Systems Research Institute, ESRI
2016). To assure an accurate identification of the Mbanza Kongo city in
the land cover maps, the digitized urban areas for each year were con-
verted to the raster format and overlaid on them. Even though Landsat
images were chosen according to the minimal cloud cover, each Landsat
mosaic showed some clouds and clouds’ shadows. Thus, they were
manually digitized on-screen for each Landsat mosaic and a common
mask was built and applied to each classified map to quantify the area
occupied by each class. Classification accuracy for 2016 land cover map
was assessed through a formal comparison between the classified image
and a reference dataset. For that, a systematic grid of 1000 points with a
random origin was generated upon the minimum bounding box con-
taining the area of satellite image, and eliminating all the points located
at No Data value. To collect samples for each land cover type, the sys-
tematic grid of points was overlaid on high-resolution images from
Google Earth (GE), with dates between 2016 and 2018. All collected
points showing date differences between the classified map and the GE
high-resolution image were verified in terms of the spectral response
observed in the Landsat satellite image. No validation was performed for
the remaining dates, since no ground validation data or GE
high-resolution images near or of the same date were available. Ac-
cording to Cabral et al. (2010), if the consistence of the methodology is
maintained for all the period under analysis, it can be assumed that the
validation accuracy of the most recent map will be enough to support
validity of the historical map data set. Three accuracy measures for the

2 https://earthexplorer.usgs.gov/.
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2016 classified map were calculated — the overall accuracy, the confu-
sion matrix and the Kappa coefficient (Foody, 2002). The Kappa coef-
ficient is an indicator of the extent to which the correct percentage of
values of a confusion matrix is due to “true” agreement versus “chance”
agreement (Lillesand et al., 2015). Additionally, the four main con-
necting roads linking Mbanza Kongo to the above-mentioned cities
(section study site) were identified and manually delimited on-screen
using GE high-resolution images.

2.3. Braiding people and pixels

To assess the environmental impact of biomass use of poor urban and
rural households practicing agriculture we compared their energy con-
sumption patterns with land cover dynamics and the net change rates
(calculated according Puyravaud, 2003) associated to Forest and Sav-
anna-Woodland classes and Wooded-Vegetation cover (including Forest
and Savanna-Woodland) in three different areas: a) the study area
defined in Fig. 1, corresponding to a polygon surrounding the limits of
the field work that occupied an area of 219 042 ha; b) a sub-study area
shown in Fig. 2, including the urban area delimited around the Mbanza
Kongo city for each year plus a buffer of 10 km, and a buffer of 5 km
defined around the four main roads, occupying an area of 128 046 ha,
129 454 ha and 133 508 ha for 1998, 2008 and 2016, respectively; c) a
second sub-study area including the four road-areas, defined according
to a buffer of 5 km around each road. The size of the buffers was
established considering the maximum distance to the agricultural fields
in the rural and urban areas. This distance is much lower in the case of
rural than urban households whose members have frequently to walk
over 1 h and a half to arrive (with a maximum of 3 h when they sleep in
the field during some days). The comparison between land use-cover
change occurred in the larger area of the polygon and the sub-study
areas helped to improve accuracy in the interpretation of the data pro-
vided from different sources of information.

We performed an iterative analysis going, back and forth — across
time and space — from events to possible (multiple) causes (as suggested
by Walters, 2019) and from causes to events. Instead of judging
households’ woody biomass consumption for energy as an a priori major
cause of deforestation/forest degradation we tried to identify other
possible causes — whose contribution could be equally or even more
relevant —, through integrating qualitative research techniques and
engaging with historical events and processes. Qualitative research
included informal conversations, interviews with key informants, direct
observation, visits to fields and forests, interviews to rural wood sellers,
market wholesalers of charcoal and grilled meat snacks.

3. Results

Households in Mbanza Kongo used a combination of fuels for cook-
ing in which neither charcoal nor firewood have major importance.
Table 3 shows that most of the urban households (57.3%) mainly used
kerosene stoves for cooking, firewood was adopted as a main source by
23% and charcoal by only 12.3% of the households. To note that fire-
wood was the unique source of energy used for the time-consuming
preparation of cassava flour snacks — an important source of revenue
for households in which the men was head of family and farm and
helped head-load to the city either the wood or the snacks prepared in
the distant farms. Charcoal was used as the only or main source of en-
ergy for cooking by a reduced number of households (respectively, 7.3%
and 12.3%). Charcoal was mostly used either for the preparation of
specific dishes (e.g., grilled fish) and/or snacks to sale on the street (fried
flour cakes with sugar). Gas was adopted by a minority of households as
the main or sole source of energy for cooking (respectively, 7.3% and
2.7%).

The rightmost column in Table 3 shows the energy sources for
cooking used by rural households. Free and easy access to firewood was
translated into a high use (95.6%), although kerosene was also used by
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Table 1
Characterization of the sample in relation to households’ and farms’ gender leadership and the number of household members.
Location Household type Total
Man is head of family and farm Woman is head of family and farm Man is head of family and woman is head of farm
% HH Nr. Members % HH Nr. Members % HH Nr. Members % HH Nr. Members
City 38.3 6.2 31.6 5.4 30.0 6.7 300 6.1
Villages 57.4 5.3 22.2 5.2 20.1 6.3 383 5.5
almost one fourth of the households (24.8%). Charcoal was only used by
Table 2 . . 27 households (7.0%), while gas was seldom used (5 households).
Path/Row coordinates and date of the Landsat images. . .
The comparison of energy sources for cooking between urban and
Path Row Date rural households also reveals that in both contexts the majority only
182 64 05-09-1998 used one source (61.3% in the city and 73.9% in villages). However,
24-03-2008 while in the city most households in this situation either prefer kerosene
18-06-2016 (38.0%) or firewood (23.0%), in villages they are mostly concentrated
182 65 05-09-1998 o .
24.03-2008 on firewood (72.2%). Farm residues or dung/manure were not
18-06-2016 mentioned by any informant as sources of energy and no improved cook
stoves were used either in the capital city or the villages. Nonetheless,
farmers mentioned that during the civil war they modified the
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Table 3
Sources of energy for cooking in Mbanza Kongo city and in surrounding rural
villages.

City (n = 300) Villages (n = 383)

Main source of energy for cooking

Kerosene 57.3% (172) 4.2% (16)
Firewood 23.0% (69) 95.6% (366)
Charcoal 12.3% (37) 0.3% (1)
Gas 7.3% (22) 0% (0)
Main, secondary and tertiary sources of energy for cooking

Kerosene, firewood and charcoal 1.3% (4) 3.4% (13)
Kerosene, firewood and gas 0.3% (1) 0.3% (1)
Kerosene, charcoal and gas 1.0% (3) 0% (0)
Kerosene and firewood only 11.7% (35) 16.7% (64)
Kerosene and charcoal only 6.0% (18) 0.5% (2)
Kerosene and gas only 0.7% (2) 0.3% (1)
Kerosene only 38.0% (114) 3.4% (13)
Firewood and charcoal only 5.0% (15) 2.9% (11)
Firewood and gas only 1.0% (3) 0.8% (3)
Firewood only 23.0% (69) 70.2% (269)
Charcoal and gas only 1.3% (4) 0% (0)
Charcoal only 7.3% (22) 0.3% (1)
Gas only 3.0% (9) 0% (0)

No use of biomass energy sources for cooking

No use of firewood 57.7% (173) 4.4% (17)
No use of firewood and charcoal 42.0% (126) 3.7% (14)

traditional three stones’ cook stoves (with a kind of protective wall made
of mud or bricks) to reduce the production of smoke; though not
intentionally, this adaptation also diminished the consumption of wood.
However, according to our interviewees, this kind of improved tech-
nique to cook with wood makes them remember the privations of war
times, which they would rather prefer to forget.

In relation to the main sources of energy for illumination, the anal-
ysis of the Mbanza Kongo empirical data reveals that the majority of
households used kerosene lamps (Table 4), but a relatively high per-
centage had access to electricity (43.7%), either provided by the mu-
nicipality and/or their generators (21.4%). Dry cell batteries’ lamps
(flashlights) were seldom used. On the contrary, in rural villages the use
of kerosene lamps is much lower (30.4%) and that of flashlights is high
(52.4%). In rural villages, 95.7% of those households who had access to
electricity had been able either to buy their generator or to divide the
running costs with relatives/neighbours who had one. The government
has also provided a few villages with grid-electricity, where families
only had to pay for the costs of the grid connections to their homes and
the municipality oversaw the running costs, but their working is irreg-
ular. No candles and/or solar photovoltaic lanterns were ever mentioned
by any urban interviewee. Although bonfires are commonly lit at down
and constitute a source of heating and light in villages, firewood was
never mentioned by any interviewee as a source of energy for lighting.
The analysis of Tables 3 and 4 also reveals for both city and villages that
while for cooking a high percentage of households use a mix of energy
sources, for lighting they prefer to use one.
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during the dry season. Similarly, in occasional production of charcoal for
selling, the wood used is usually resultant from deforestation aimed to
create orchards; nevertheless, in the case of farmers who do that as a
regular source of income during the dry season, the wood comes from
live mature trees slashed in more distant forests. Table 5 displays the
engagement in income-earning activities related to deforestation and/or
forest degradation of urban and rural households. The data shows that
only few urban households sold wood (16.7%); additionally, direct ob-
servations revealed that only dead wood was used for this purpose and
that this was a rather irregular activity of household members. Sur-
prisingly, in rural areas fewer households were engaged in this activity
(10.7%), but around 10% used to sell mudbricks and 20.4% produced
charcoal for the urban market; nonetheless, this data does not include
deforestation created by the production of mudbricks used in the con-
struction of their homes. In more densely populated areas, people
engaged in charcoal or mudbricks production for sale frequently had to
buy the wood to traditional authorities (named Mfumu Nsanda in Ki-
kongo), who are considered the owners of the surrounding forests; but in
isolated forested locations (along Kuimba road, mostly), access to wood
is free and men involved in charcoal production or timber extraction
may have their chainsaws or work for an urban employer (who provides
them with the tools, petrol and food and pays monthly according to the
quantity of the timber cut). Some traditional authorities are also
engaged directly in the sale of firewood or timber in collaboration with
urban actors who come to rural areas; in these cases, concerns have been
raised by some interviewees about the unsustainable management and
likely future woodfuel scarcity for local users.

The analysis of the land cover maps for 1998, 2008 and 2016 and the
corresponding land cover changes can be observed in Figs. 2 and 3,
respectively. As explained above, only the accuracy of the 2016 land
cover map was evaluated; the values obtained for the overall accuracy
and Kappa coefficient, concordance, omission and commission errors,
and number of pixels are shown in Table 6. Values show a high agree-
ment level of the classification with the validation dataset. Accuracy for
Forest and Savanna Woodland classes is above 90%, with low omission
and commission errors. The classes Agriculture/Bare soil and Burnt
present high omission errors, particularly the last one, resulting from an
incorrect assignment of the pixels to the Savanna Woodland class. As
burnt mainly occur in Savanna Woodland, it may exist some spectral
confusion if the fire scar is not recent. Grassland was not evaluated as no
points in the grid were located in this class.

The almost two decades of observation reveal that for both the study
and sub-study areas, woody vegetation increased between 1990 and
2008 and slightly decreased during the second period; additionally,
there was no visible change in the two compact areas of forest located in

Table 5
Households engaged in firewood, charcoal and mudbricks selling, and that have
access to forest and plant orchards in Mbanza Kongo city and in rural villages.

Firewood used for cooking in rural villages mostly comprises dead Location  Product sold Have access to forest and
wood, branches and biomass derived from shifting cultivation and or- Firewood Charcoal Bricks plant fruit trees
chard creation, which can include Chromolaena odorata trunks. How- -
. ] . City 16.7% (n=  0.3% (n = 0% (n = 46.0% (n = 138)
ever, deforestation for firewood may be conducted when the aim is to 50) D 0
supply the urban bakeries and/or to burn mudbricks for housebuilding, Villages  10.7% (n=  204% (@ =  9.9% (=  46.5% (n = 178)
especially when it is a market-oriented activity conducted by men 41) 78) 38)
Table 4
Main sources of energy for illumination in Mbanza Kongo city and in rural villages.
Location Sources of energy
Electricity (main) Kerosene (main) Flashlight (main) Electricity+ Electricity+ Kerosene+
Kerosene Flashlight Flashlight
City 43.7% (131) 53.3% (159) 3.0% (9) 2.3% (7) 0% (0) 0.3% (1)
Villages 30.4% (116) 16.8% (64) 52.4% (200) 2.1% (8) 3.7% (14) 2.1% (8)
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(a) (b)
Period Class type 1998-2008 2008-2016 1998-2016
Change rate (%yr)
Forest 2.29 -0.67 0,97
Study Area Savanna Woodland 3.54 -0.05 1.94
Wooded Vegetation 3.07 -0.27 1.58
Forest 3.87 -1.73 1.38
Sub-Study Area Savanna Woodland 4.99 0.07 2.81
Wooded Vegetation 4.67 -0.39 2.42

Fig. 3. Land cover evolution in the period 1998-2016 and the net change rates for Forest, Savanna-Woodland and Wooded-Vegetation (which includes Forest and
Savanna-Woodland classes) in: (a) the study area shown in Fig. 1, (b) an area, designated by sub-study area, defined according a buffer of 10 km around the MBanza

Kongo city and a buffer of 5 km around the main roads.

Table 6
Results of the classification accuracy assessment for 2016.
Land cover Concordance Omission Commission Number of
class (%) error (%) error (%) pixels
Classification
Forest 91.7 8.3 0.5 216
Savanna 99.4 0.6 10.2 364
Woodland
Grassland 0.0 0.0 0.0 0
Agriculture/ 75.0 25.0 0.0 4
Bare soil
Burnt 63.8 36.2 0.0 58
Urban 100.0 0.0 20.0 4
OA =93.4%K Total 646
=0.88

the north (between Luvo and Kuimba roads) and south (between Luanda
and Mandimba roads) of Mbanza Kongo city. This means that the
expansion of the city and the growing urban demand for biomass as a
source of energy (both for cooking, lighting and house building) did not
have a high impact on deforestation. INE, 2016, for the study and
sub-study areas, the Wooded-Vegetation (including the classes of Forest
and Savanna-Woodland) occupied an area about 33% and 55% larger
than in 1998, respectively (corresponding to an annual change rate of 1,
58% and 2,42%, respectively).

Nonetheless, Fig. 3 shows that this increase occurred during the first
period (1998-2008), followed by a decrease until 2016 in the area
occupied by both classes and, consequently, a net loss in the woody
vegetation. The decrease in the Forest and Wooded Vegetation classes is
more pronounced for the sub-study area as shown in Fig. 3, although it
presented a higher increase in the first period. In the ring around the city
and the band along the roads (sub-study area) the behaviour of the Forest

and Wooded-Vegetation classes was similar in 2008-2016, but the
Savanna-Woodland class showed a slight net increase at the expense of a
decrease in the Forest class.

Land cover changes, during the whole period comprised between
1998 and 2016, along the four main roads that depart from Mbanza
Kongo city (Fig. 4) all present a net gain in Forest and Wooded-Vegetation,
with Luvo road showing the higher values (3.98% and 4.19%, respec-
tively). However, when we analyse the two periods separately, all roads
present a regeneration trend during the first period (1998/2008), and a
deforestation/forest degradation trend during the second period
(2008-2016). Kuimba road exhibits the highest Forest net loss (with an
annual change rate of —3.55%) and Mandimba road the higher Wooded-
Vegetation net loss (annual change rates of —0.73%). Kuimba is also the
road showing the highest net increase of the class Savanna Woodland,
while Mandimba is the only road in which this class decreases.

4. Discussion, conclusions and policy recommendations

So far, the Angolan economy has been almost totally reliant on oil
extraction and export (Pearce, Péclard, & Soares de Oliveira, 2018, p.
159). However, the country’s refinery capacity is still low and even
though most oil-based products are imported, its price has been subsi-
dized by the government (IEA, 2006). Contrary to what has been re-
ported for other Angolan cities (e.g., [EA, 2006, p. 141; Cornelio, 2009;
Cabral et al., 2010), in Mbanza Kongo and its surrounding villages this
policy has had the effect of favouring the use of kerosene as a source of
energy, although its effect is most visible in the city. This fact, none-
theless, does not support either the “energy ladder” model (e.g., Barnes
& Floor, 1996), or the “multiple fuel” one (Masera et al., 2000);
following arguments raised by Hiemstra-van der Horst and Hovorka
(2008), it illustrates the importance of consumer choice of their
energy-use patterns and multiple-fuel mixes, but also shows that the
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Wooded-Vegetation 7.77 -0.29 4.19
Forest 6.49 -3.55 2.03
Kuimba road Savanna-Woodland 4.18 0.66 2.61
Wooded-Vegetation 4.78 -0.4 2.48
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Mandimba road Savanna-Woodland 2:22 -0.39 1.06
Wooded-Vegetation 2.53 -0.73 1.08
Forest 3.86 -2.15 1.19
Luanda road Savanna-Woodland 4.94 -0.07 2.71
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Fig. 4. Land cover changes in the period 1998-2016 and the net change rates for Forest, Savanna-Woodland and Wooded-Vegetation (which includes Forest and
Savanna-Woodland classes) in the four road-areas around Mbanza Kongo. The analysis was performed in a buffer of 5 km built around the roads.

majority of households are not “stuck” to firewood or charcoal used for
cooking (Masera et al., 2000). Indeed, despite the price of oil-based
products has been subsidized and may have contributed to the wide-
spread urban use of kerosene, consumers did not move in a kind of
evolutionary manner from fuelwood to more modern fuel options.
Additionally, firewood did not become an integral component of the
households’ energy mix, nor did charcoal become the “transition fuel”
(Zulu & Richardson, 2013) to which households switch first after
abandoning firewood.

Contrary to the findings of other scholars (e.g., Shackleton, Gambiza,
& Jones, 2007), our direct observations showed that households that
collected their supplies of fuelwood were not poorer than the ones that
used kerosene, charcoal or even gas. The persistence of firewood use
among some urban households cannot be explained by poverty per se —
and even less by its availability considering the distance from home of

the majority of agricultural fields and savannas/woodlands —, but as a
strategic decision taken by household heads in order to save money for
other goals (as also noted by Hiemstra-van der Horst & Hovorka, 2008,
p.- 3341). Moreover, some of the urbanites that used to sell firewood
were not using it in their households. To note that, firewood is mostly
used in the processing of cassava for selling and by farmers who cook in
the field when they spend the day working there (mostly couples). The
low use of firewood in the city has a cultural determinant which simi-
larly applies to the non-adoption of “improved” firewood cook stoves in
rural areas, as both are associated by our interviewees to the hardships
of the civil war. Another cultural determinant of some fuel-mix strate-
gies is the fact that certain food processing activities are associated with
specific energy sources (e.g., grilled fish and fried snacks for urban street
selling with charcoal; grilled chicken for urban markets selling with
firewood; cassava processing for selling with firewood). This means that
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the different fuels are not viewed as fully interchangeable, but also that
price differences are taken into account in some cases (e.g., kerosene
versus gas in general; kerosene versus firewood in the case of cassava
long cooking processing; charcoal versus the other fuels in the case of
certain dishes) — all of which support the findings of Hiemstra-van der
Horst and Hovorka (2008) and Clancy (2008: 467) in other contexts. In
the villages, the consumption of biomass for cooking was high, probably
due to fuelwood availability in nearby fields and forests, and the more
difficult access and higher retail prices of kerosene.

Fuel mixes were seldom used in the case of lighting, both in the city
and rural villages; but while in the city household heads prefer kerosene
lamps, in rural areas they prefer dry cell batteries’ lamps. To note that, in
the studied area, access to electricity is higher than the one reported for
the country (UNEP 2013). The majority of households aimed at buying a
generator to be able to have electricity, not only to light their houses but
also to have a television and a fridge and/or a freezer; their saving
strategy, though, frequently included the use of firewood for cooking.

Firewood mostly consisted of dead wood, branches and/or was
resultant from agriculture; thus, not directly causing deforestation or
forest degradation, as observed in the analysis of land cover changes
through remote sensing. When the slashed biomass consisted of mature
trees, these were not usually used either as urban or rural domestic
fuelwood but sold for the urban bakery industry (large trunks), the
urban-markets’ sellers of grilled chicken (tree branches) or to produce
charcoal or bricks (large trunks) for the urban market. However, we
found some villages where charcoal and/or brick production or fire-
wood harvesting for the urban market were being conducted as impor-
tant economic activities independent of agriculture. Firewood can be
free and easy to gather in rural areas, but it is difficult to ignite during
the rainy season, which explains the use of a complementary source;
some also preferred to use kerosene (and even gas in villages close to the
city) given the absence of smoke and its perceived connection with a
higher social status. Charcoal production also demands the availability
of mature trees, lots of labour and is a good and quick source of cash
income for farmers who produce it (though it also implies many days of
hard work). According to our interviewees, while in order to build a
house with the selling of agricultural products farmers need to save
during three years, charcoal provides in only one year the necessary cash
for buying the materials and paying for labour or the items (e.g., drinks)
needed to call for the support of friends and family.

As so, if most poor urban dwellers were not causing deforestation
through their household use of biomass as a source of domestic energy
by the one hand, by the other the house building techniques of both
urban and rural dwellers together with the urban food industry are
becoming a source of forest degradation and deforestation, which starts
to be visible after 2008, when a second wave of the refugees in DRC
returned to Angola. The largest deforestation is not occurring among the
most populated, provided with more transports and paved roads of Luvo
and Luanda (that stand in the second and third positions), but in the
Kuimba road where the highest increase in the savanna woodland class
also occurs. Indeed, Kuimba was precisely the road where we could find
poachers cutting timber in isolated forested locations in which access
was free. On the contrary, the case of the Mandimba road is the only one
where deforestation is occurring together with a decrease in the Savanna
Woodland class, which highlights that the construction of the new road
seems to be another driver of deforestation. Additionally, deforestation
is also occurring in the less accessible areas of the study area, although at
a slower pace than in the sub-study area where access to roads and
transports is easier. These are places where poachers do not have to get
permission from local authorities and can stay for days producing
charcoal to sell in Mbanza Kongo; contrary to timber or fuelwood,
charcoal is light and can be head-loaded up to the roads. Charcoal
production by farmers living in the sub-study area was considered a hard
activity that only a few young men wanted to pursue, generally as a
short-term endeavour (e.g., to get cash to buy a generator or built a good
house). Another lucrative and fuelwood-consuming activity conducted
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by farmers, when their fields are located near to watercourses and for-
ests, is the production of sugarcane and its liquor. But again, the lack of
rural roads is a constraint to the full development of the activity and a
major impact in terms of deforestation.

Considering that some of the alternatives are not cleaner than
biomass burning, several scholars have been advocating the support for
firewood production in developing countries through managed fuel-
wood harvesting and agroforestry systems (e.g., Ndayambaje & Mohren,
2011; Wangchuk, Siebert, & Belsky, 2014). Indeed, petroleum-based
products contribute to air pollution, global climate change and the
exhaustion of non-renewable resources, making urgent the adoption of
clean energy sources (Agoramoorthy & Hsu, 2009; Clancy, 2008; Ten-
erelli & Carver, 2012). Most grid-electricity in Angola comes from hy-
dropower, which is also a source of environmental degradation (IEA,
2006, p. 79) and the private and public rural electrification in Zaire
province was based on diesel or petrol generators. The availability of
petroleum-based products with a subsidized price may explain the
relatively high use of electricity in the province. To note, however, that
most of the interviewees had their generator, which was only possible to
buy through selling agricultural products, charcoal or mudbricks and
because food self-sufficiency was guaranteed by agricultural production.

In addition to oil, diamonds, and hydropower, Angola has also a huge
potential to produce renewable energy from wind and sun. Low-
emissions development strategies (LED) would then be easy to imple-
ment, help reduce “energy-poverty” (e.g., Li, Lloyd, Liang, & Wei, 2014),
contribute to mitigate climate change — through reducing greenhouse
gases (GHG) emissions and increasing carbon stocks —, and allow a
cleaner economic development in an oil-dependent economy. Until this
(unrealistic in the short-medium term) move forward becomes possible
and alternatives to mud-bricks technology are developed, and bearing in
mind that some households still include biomass in their multiple-fuel
mixes, more attention should be paid to support the introduction of
multi-purpose trees (implying woodfuel production) in agroforestry
systems and of more efficient cook stoves — which would also contribute
to improving poor people’s livelihoods.
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