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Abstract: The present study aimed to detect the main shifts in land-use architecture and
assess the factors behind the changes in typical tropical semi-arid land in Burkina Faso.
Three sets of time-series LANDSAT data over a 23-year period were used to detect land use
changes and their underpinning drivers in multifunctional but vulnerable ecologies. Group
discussions in selected villages were organized for mapping output interpretation and
collection of essential drivers of change as perceived by local populations. Results revealed
profound changes and transitions during the study period. During the last decade, shrub and
wood savannahs exhibited high net changes (39% and —37% respectively) with a weak net
positive change for cropland (only 2%,) while cropland and shrub savannah exhibited high
swap (8% and 16%). This suggests that the area of cropland remained almost unchanged but
was subject to relocation, wood savannah decreased drastically, and shrub savannah
increased exponentially. Cropland exhibited a null net persistence while shrub and wood
savannahs exhibited positive and negative net persistence (1.91 and —10.24), respectively,
indicating that there is movement toward agricultural intensification and wood savannah
tended to disappear to the benefit of shrub savannah. Local people are aware of the changes
that have occurred and support the idea that illegal wood cutting and farming are
inappropriate farming practices associated with immigration; absence of alternative cash
generation sources, overgrazing and increasing demand for wood energy are driving the
changes in their ecosystems. Policies that integrate restoration and conservation of natural
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ecosystems and promote sustainable agroforestry practices in the study zone are
highly recommended.

Keywords: deforestation; forest degradation; land cover transition; land use; drivers of
change; Burkina Faso

1. Introduction

There is increasing demand for context-specific information on land transition processes and forest
resource dynamics following complex and multifaceted land use changes [1-3]. Quantifying and
qualifying land use shifts requires data and models that document states and dynamics of resources and
space uses. Because of localized and unique features of land patterns, assessing generalized land use
architecture is a challenging task [4]. Yet, understanding the cross-scale factors driving the changes is
ultimately important for identifying strategies towards sustainable ecosystem management and land
resource allocation. There are intrinsic links between human and natural systems in shaping these changes.
The nature of these links is often simplified in vicious linear cycles, and Rasmussen et al. [5] highlighted
that the functioning and directions are very complex and require considerations of recovery and adaptation
(system adjustments) combined with significant feedback on most degradation processes in semi-arid
ecosystems [6,7]. Importance of the local land use and its implication for wider regional- and global-scale
climate has been recognized in the [IPCC ARS report [8], but little evidence has been given on the epistemic
categories of land architecture (the significance of spatial configurations) and their transition due to
multiple overlapping drivers.

Many studies have pointed out several local drivers of land use change, but the connection with global
drivers has been limited, so far, to the influence of teleconnections on impacts from climate change on
local resources and economic drivers such as markets, demand and supply of ecosystem services, etc.
Little has been done to study the influence of multiple land architectures in relation to various transitions
such as increased population growth, land abandonment, increased agribusiness, revamped irrigation
schemes, new commodity agriculture, etc. [1,4,9—-12]. Many indicators of the physical and biophysical
drivers of land use change are systematically quantifiable because they are static or change little over
space and time (topography, climate, soil, efc.). The human factors at local levels, however, are difficult
to control because the change is most often sudden and abrupt (e.g., changing behavior, livelihood,
population density, market, needs).

In semi-arid ecosystems in Africa, land cover is constantly changing with different patterns and
magnitudes. The conversion of grasslands, woodlands and forests into croplands and pastures has risen
dramatically during the last few decades. Tropical dry forests, for instance, have been severely
fragmented and disturbed and have tended to disappear [13—15]. The main drivers behind these changes
combine population growth, rising demand for agricultural products, dietary changes, agricultural trade
and adjustment, dependence on wood energy, recurrent bush fires, etc. [16—18].

Southern Burkina Faso has experienced a rapid population increase since the 1980s resulting from a
positive natural growth and more importantly from a large immigration of farmers from
drought-affected areas of the northern and central regions of the country [19-22]. Prior to immigration,
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the southern provinces, namely Sissili, Ziro and Nahouri, were less populated and were naturally
endowed with a significant stock of dry forest [23]. Furthermore, there was a peaceful co-existence
between ethnic groups and sound agricultural practices with less impact on the environment [23]. Several
research activities carried out in southern Burkina Faso (e.g., [20-22,24-30]) revealed that forest and
land have been degraded and this could be linked to the rapid population growth. However, research that
combines detection of significant change of land use accounting for swaps (magnitude of the relocation
for each use class) and persistence (proportion of a cover class that remains unchanged) between land
use classes, and capturing local people’s perception of the driving forces that led to changes in their
environment, needs improvement across ecologies and livelihood systems.

The objective of this paper is to detect the significant land use changes and to identify the driving
forces of the changes as perceived by the local population in a common land system architecture
characterized by a mosaic of connected land user/cover units [4]. We specifically respond to three key
questions: (i) what are the prominent signals of land use transitions in the study site? (ii) Which use types
are vulnerable to transition to other classes? (iii) What are the driving forces of the land use shifts
according to local people?

2. Materials and Methods
2.1. Study Area

The study was carried out in Cassou District, located in Ziro Province (11°16’N to 11°45°N and
—2°10°W to —1°48’W), southern Burkina Faso (Figure 1). The district covers 1175 km? and is
characterized by low altitudes with an average elevation of 300 m a.s.l. Cassou lays within the
south-Sudanian ecological zone [31] and receives between 900 to 1200 mm rainfall annually. The
unimodal rainy season lasts for about six months, from May to October. The natural vegetation
comprises a mixture of mostly dry forest and tree savannah types. In 1985, multiple forest management
units were created for local communities in Cassou to contribute to sustainable wood energy supply in
the capital city, Ouagadougou [25,32] while diversifying the income generation sources for local
population. According to the FAO’s soil classification system [33], the most frequently encountered soil
type in southern Burkina Faso is Lixisol (tropical ferruginous soils), which is poorly to fully leached,
overlying sandy, clayey-sandy and sandy-clayey material.

The population density in Cassou is 34.7 inhabitants/km” (for an average of 30 hbts/km” in the Ziro
province) [34] distributed among 30 villages. This density is among the highest observed in rural areas in
the country. The district was originally populated by the Nuni ethnic group, but due to the occurrence of
the severe droughts in the 80s, the district has been facing considerable immigration of Mossi and Fulani
farmers from the drought-affected zones in northern and central regions of the country [19,21,23,27,29].

The dominant farming system in the study area is traditional cultivation of cereals (such as sorghum,
millet and maize) and tubers (yam and sweet potatoes), and animal husbandry. Over the last decade, there
has been an intense competition between the traditional farming system and more lucrative production
systems, involving cash crop production (cotton and cashew nut) and ranching [24,29]. Trees are also cut
by the local people for commercial fuelwood and construction poles. The district provides nearby cities
(Ouagadougou and Koudougou) with fuelwood and charcoal.
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The choice of Cassou district is dictated by the presence of a community-managed forest for wood
energy extraction and the continuous demand for arable lands by the rapidly growing population in in
the area. This has exacerbated the competition for land resources which in turn may have created a
specific land use architecture. Understanding of the transition process in Cassou will contribute to the
development of policies for sustainable ecosystem management in tropical semi-arid zones.
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Figure 1. Study area.

2.2. Image Processing

Three Landsat images of the district spanning 23 years (1990, 2000 and 2013) were used to detect
land cover change. The year 1990 corresponds to the period when the intensive small-scale cotton
production process was initiated in southern Burkina Faso. In the 2000s, the agri-business system was
introduced in the area with a focus on cashew tree plantation and maize and cotton production. The 2013
image highlights the current state of the land use architecture in the study area. The USGS level 1B
products have been used to bypass many preprocessing steps such as geometry and radiometry
corrections [35]. The tasseled cap orthogonal transformation was used to register the original bands in
each image into three new dimensional spaces, corresponding to soil brightness, green vegetation and
moisture indices, respectively [36]. Apart from enabling selection of relevant input (training data) for
land-cover classification, the transformation also improved visual discrimination of land-cover types.
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The classification was performed using the maximum likelihood classifier [37] to assign pixels to
land use classes. This required an intensive ground truthing procedure in the district from January to
June 2014. Training samples (42) of each cover class as well as sample reference points were taken from
the ground as the basis for the first supervised classification. Information recorded during the ground
control samples were soil types, tree species composition, tree height and coverage and type of crop
when it is farming land. Further random sampling points were taken from the classified map for the
ground checks to fine-tune the classification and minimize the confusion between classes. In total, seven
cover schemes were used for the classification (Table 1): settlement, cropland, grass savannah, shrub
savannah, wood savannah, and gallery forest and water body.

Table 1. Cassou land cover schemes.

Cover Scheme Symbols Description

Settlement BA Built up area

Farm land, harvested agricultural land and young fallows
Tree species: Vitelaria paradoxa, Detarium microcarpum,
Cropland CL

Terminalia macroptera, Piliostigma reticulatum,

Combretum glutinosum, Acacia macrostachya

Dense forest along river side
Tree species: Mitragyna inermis, Anogeissus leiocarpus,

Gallery forest GF ] ) . o )
Acacia macrostachya, Mimosa pigra, Acacia nilotica, Lanea acida,

Piliostigma thonningii, Terminalia macroptera, Combretum glutinosum

Grass savanna GS Grassland with very sparse shrubs

Land covered by shrub, bushes and young broadleaf plants (<50 trees/ha)
Tree species: Detarium microcarpum, Piliostigma thonningii,

Shrub savanna SS Terminalia macroptera, Bombax costatum, Vitelaria paradoxa,
Acacia macrostachya, Diospyros mespiliformis, Afzelia africana,

Crosopterix febrifuga, Isoberlinia doka, Parkia biglobosa, Ximenia Americana

Water body WB Dams, small reservoirs or flooded river

Open woodland with an upper layer comprised of deciduous medium trees.

Their crowns are more or less touching above a sparse woody stratum.

The ground layer consists of undergrowth of shrubs and grasses (75 — 150 trees/ha)
Wood savanna WS Tree species: Vitelaria paradoxa, Anogeissus leiocarpus,

Terminalia macroptera, Pterocarpus erinaceus, Ximenia americana,

Gardenia SP, Isoberlinia doka, Guiera senegalensis, Grewia flavescens,

Crossopteryx febrifuga, Strychnos pinosa, Bombax costatum

2.3. Land Use Dynamics

The proportions of all land cover types were computed for each time period. Changes in land cover were
determined by computing the difference in land-cover statistics over two time periods (19902000 and
2000-2013). The gain, loss, net changes and swap were computed for each period. The net change represents
the difference between the gains and losses for each class during the periods 1990-2000 and 20002013
while the swap provides information concerning the simultaneous gain and loss of a given land use type in
different locations during the periods [38]. The amount of swap (magnitude of relocation) for each category
represents two times the minimum of the gain and the loss of this category [38,39]. Each grid cell that
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experiences gains is paired with a grid cell that experiences losses to create a pair of grid cells that swap. The
amount of swap of land class j, Sj, is calculated using Equation (1) (Table 2). A high value of swap for a
given class means high relocation process for this class.

2.4. Transition and Vulnerability to Transition

The three maps were used to examine the land cover transition in the district by constructing the
transition matrix table (Table 3) for comparing maps using the methodology developed by
Pontius et al. [39]. In this table, the rows display the proportions of the seven classification schemes in
time 1 (T;), whereas the columns display the proportions in time 2 (T5).

Equation (2) is used to compute the proportion of the district that experienced a gross loss of class i
from T, to T,, whereas Equation (3) is used to compute the proportion of the district that experienced a
gross gain in class j between T, and T».

The vulnerability of each land cover class to transition is computed using the gain-to-persistence ratio
(Equation (4)), the loss-to-persistence ratio (Equation (5)), and the net change to persistence (Equation (6)).
Values of G, and L, exceeding 1 indicate that the land cover class under consideration has a higher tendency
to gain from or lose to other land classes than to persist [28,38], and negative values of N, indicate that the
land class has a higher tendency to lose area to other cover types than to gain from them.

Table 2. Transition and vulnerability tests.

Abbreviation Name Equation Interpretation
Eq.1 S; Swap 2min(C;, — C;;,C,; — C;;)  The distance over which change occurs
n
Eq.2 Ciy—Cyjorg Gross loss Z Cij—Cy The magnitude of loss for the class
i:l
Eq.3 Cij—Cjjorl Gross gain Z Cij — Gjj The magnitude of gain for the class
j=1

G, exceeding 1 indicate that the land
cover class under consideration has a

Gain to _ -1
Eq.4 Gy persistence Gp=9+p higher tendency to gain from other land
classes than persist
L, exceeding 1 indicates that the land
Loss to _ -1 cover class under consideration has a
Eq.5 Ly persistence Lp=1+p higher tendency to lose to other land
classes than persist
N, negative indicates that the land class
Eq.6 N Net N. =G —L has a higher tendency to lose area to
' P persistence L other cover types, than to gain from
them.

The notation C;j, (Vi # j) indicates the proportion of the district that experienced a transition from class i to
class j between T, and T,. The main diagonal entry C;; indicates the proportions of land classes that showed
persistence of class j. C;, and C, ; indicate the proportions of the district that are occupied by class i and class
Jj, respectively. n is the total number of classes. The subscripts g, p and / represent gain, persistence and loss,

respectively.
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Table 3. A 7x7 land cover matrix (C is any conversion from one cover class to another).

T2

T BA CL GF GS SS WB WS Total T1 Loss

BA Cu Ci Ci3 Cu Cis Cis Cyy Ci+ Ciy — Cyy
CL Gy Cy Co3 Coy Cos Cas Cyy Cor G — Cpp
GF Csy Cs, Cs3 Csy Css Csg Cy Csy C3p — C33
GS Cq Cyp Cy3 Cyy Cys Cas Cyy Cys Coy = Cyy
SS Cs Cs, Cs3 Csy Css Css Csy Csy Csy — Css
WB Co1 Ce2 Cs3 Ces Ces Ces Ce7 Ce+ Cor — Cos
WS Cn Ch Cy3 Cra Css Crs Cy Cor Crp —Coy

Total T2 Cy Ci Cy Ciy Ciys Cis Cyy 1

Gain Cia=C Cia=Cp Cyy—=Cy Ci3—0Cs3  Ciy—=Chy  Cis—Css Chp— Cog

2.5. Drivers of Land Cover Change in Cassou

Data to assess the driving forces of land use change in Cassou was collected using focus group
discussions (FGD) and a method developed in previous projects and based on community interpretation
of the land cover map and assigning drivers to different observed changes. The discussions took place
in five different villages of the district in June 2014. In each village, ten to twelve gender-balanced
farmers (men and women, native and migrant, young and adult) were gathered for four hours of
discussion. The maps showing the district land cover change in 1990, 2000 and 2013 were shown to
them to illustrate the dynamics of their own environment. The participants were then asked to say
whether or not the maps look realistic in terms of their changing environment. In all villages, farmers
said they are aware of the rapid degradation of their ecosystems but they have never had an opportunity
to pictorially see the space of change (community-based map validation in addition to thematic
validation by the authors). After this short presentation, the discussion on the main driving forces of the
changes begins. The main focus group questions included the local perception of land cover change: the
main drivers of change, local expectation for rebuilding functional ecosystems, efc. A list of potential
drivers is made by the participants, after which they are asked to explain each of the drivers in depth and
rank them using a score from one to five, with one being the highest score and five the lowest score.

3. Results
3.1. Land Cover Dynamics in Cassou

In general, over the 23-year period, Cassou has undergone changes in its ecosystems (Figure 2). The
proportion of change, net change and swap are shown in Table 4. The areas of cropland and grass
savannah have nearly remained unchanged while the areas of gallery forest dropped from 9% in 1990 to
1% in 2013. Shrub savannah, whose area represented 20% of the total district cover in 1990, increased
to 29% in 2000 and to 68% in 2013. The area of wood savannah remained the same (43%) between 1990
and 2000 but dropped to 5% in 2013.

The net change in area of cropland was high and negative between 1990 and 2000. It was negative
and almost stable for gallery forest. The highest net change was observed between 2000 and 2013 for
shrub savannah (39%) and wood savannah (—38%). Settlement and water bodies experienced zero swaps
during the study period. Cropland has a high swap in the period of 1990-2000, but it dropped by half in
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2000-2013. Wood savannah had the highest swap in 1990-2000 and dropped by 10 times in the period
2000-2013.

Table 4. Proportions of landscape cover change (%) in Cassou between 1990 and 2013.

Cover Change Net Change SWAP
Cover schemes  Symbols
1990 2000 2013 1990-2000 2000-2013 1990-2000 2000-2013

Built up area BA 0.10 0.11 0.12 0.02 0.01 0.00 0.00
cropland CL 26.24  23.05 25.03 -3.19 1.98 15.84 8.08
Gallery forest GF 8.87 4.54 1.11 —4.33 -3.42 5.63 1.24
Grass savannah GS 0.75 0.55 0.51 -0.20 —0.04 1.01 0.93
Shrub savannah SS 20.19  28.65  67.71 8.46 39.06 23.92 16.40
Water body WB 0.02 0.03 0.02 0.00 —-0.01 0.00 0.00
Wood savannah WS 43.84  43.07 5.49 —-0.76 -37.59 39.55 3.64

Figure 2. Land cover change in Cassou.

3.2. Land Cover Transition and Vulnerability to Transition

Table 5 and 6 show the inter category transitions between the periods 1990-2000 and 2000-2013. In the
first period, new croplands were created systematically from wood savannah (6%) and when cropland lost
in area, it lost to shrub and wood savannahs (5% each). In the period 2000-2013, however, cropland
systematically lost to shrub savannah (12%) and gained from both shrub and wood savannah (7% each).
Shrub savannah largely transitioned to and gained from wood savannah (10% and 12%, respectively) during
the period 1990-2000. However, in the period 2000-2013, when shrub savannah lost, it significantly lost to
cropland and systematically gained from wood savannah, 7% and 32%, respectively. Wood savannah
systematically lost to shrub savannah (32%) and did not gain from any other class category.

The vulnerability to transit within categories is shown in Table 7, in terms of persistence, gain to
persistence (G,), loss to persistence (L,) and net persistence (IV,). Cropland experienced high persistence
during the two periods. The persistence in area of shrub savannah was high in 2000-2013 while the
highest persistence was observed for wood savannah in 1990-2000 (23%), which dropped to only 4%
in 2000-2013. The net to persistence is greater than 1 for shrub savannah and negative for wood, shrub
and grass savannahs, as well as cropland.
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Table 7. Gain-to-persistence (G,), loss-to-persistence (L,), and net change-to-persistence

Table 5. Land cover change (%) matrix 1990-2000 in Cassou.

2000
1990 BA CL GF GS SS WB WS Total 1990  Loss
BA 0.10 0.00  0.00 0.00 0.00 0.00 0.00 0.10 0.00
CL 0.02 1513 0.21 0.06 5,57 0.00 524 26.24 11.11
GF 0.00 030 1.72 0.10 2.04 0.00 4.71 8.87 7.15
GS 0.00 0.01 0.00 0.05 0.60 0.00 0.08 0.75 0.70
SS 0.00 1.56  0.46 0.20 823 0.00 9.74 20.19 11.96
WB 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00
WS 0.00 6.06 2.15 0.14 1220 0.00 23.30 43.84 20.54
Total 2000 0.11 23.05 4.54 0.55 28.65 0.03 43.07 100.00 51.45
Gain 0.02 792 282 0.50 2041 0.00 19.78 51.45
Table 6. Land cover change (%) matrix 2000-2013 in Cassou.
2013
2000
BA CL GF GS SS WB WS  Total 2000 Loss
BA 011 000 000 0.00 000 000 0.00 0.11 0.00
CL 000 1068 003 0.02 1206 000 027 23.05 12.37
GF 000 038 049 000 256 002 109 4.54 4.04
GS 000 006 002 005 041 000 001 0.55 0.50
SS 001 731 012 032 2045 000 044 28.65 8.20
WB 000 000 000 000 001 002 000 0.03 0.01
wS 000 660 046 013 3222 000 3.67 43.07 39.40
Total 2013 0.12 2503 111 051 6771 002 549 100.00 64.53
Gain 001 1435 062 046 4726 000 182 64.53

(N,) ratios of the land cover classes in Cassou district between 1990 and 2013.

Gain to Loss to
Persistence Gain Loss Net persistence
Persistence Persistence
1990 2000 1990 2000 1990 2000 1990 2000 1990 2000 1990 2000
to to to to to to to to to to To To
2000 2013 2000 2013 2000 2013 2000 2013 2000 2013 2000 2013
BA 0.10 0.11 0.02 0.01 0.00 0.00 0.17 0.08 0.00 0.00 0.17 0.08
CL 15.13  10.68 7.92 14.35 11.11 12.37 0.52 1.34 0.73 1.16 —0.21 0.19
GF 1.72 0.49 2.82 0.62 7.15 4.04 1.64 1.26 4.15 8.18 -2.52 -6.93
GS 0.05 0.05 0.50 0.46 0.70 0.50 10.45 9.10 14.50  9.85 —4.06 -0.74
SS 8.23 20.45 20.41 47.26 11.96 8.20 2.48 2.31 1.45 0.40 1.03 1.91
WB 0.02 0.02 0.00 0.00 0.00 0.01 0.18 0.02 0.00 0.33 0.18 -0.31
WS 23.30 3.67 19.78 1.82 20.54  39.40 0.85 0.50 0.88 10.74 —0.03 -10.24

3.3. Drivers of Change

568

The participants in the FGD have produced a list of changes and challenges that their environment

has experienced, and for each change, they provided the potential factors and explanations leading to the

change (Tables 8 and 9). The main changes they observed were expansion of agricultural lands,
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deforestation and forest degradation, population increase, decreased rainfall intensity, increasing crop
prices and increasing living cost. Drivers to these changes are linked. Change in cropland area is due to
population growth (immigration mostly), inappropriate farming practices, emerging individualism
within households, insufficient rainfall, unsecured land tenure system, large-scale farming initiatives and
lack of alternative source of income generation.

Table 8. Farmers’ perception of drivers of land cover change: change in cropland size.

Drivers

Description

Population growth

(***)

. The population has increased both from immigration and natural growth. This implies increased

demand for food, hence increasing cropland size

2. Farming practices . Farming systems made improvements with use of tractors, animal traction, use of herbicides/pesticides
*) and organic/chemical fertilizers
3. Soil fertility (**) . Under poor soil productivity, farmers have to increase the size of their farmland to meet the need for
food
4. Individualism (**) . Individualism: In the past, each farmland belonged to a household; today, it belongs to individuals
within households
5. Livelihood cost . Need for more cash: To face education and health costs and meet the need for mobile phones,
(**) motorcycles, housing, ..., farmers are forced to expand their farmlands
6. Rainfall (*) . Farmers have shifted to short-cycle crop varieties because the duration of the rainy season is shortening
and the rainfall intensity has reduced in time and space with pronounced dry spells
7. Land tenure (***) . Land is lent forever to new-comers with no condition; land holders ignore that the land has a limit;
there is no control over the size of the land being attributed to migrants by land holders; migrants do not
respect the size of land or farming rules
8. Crop prices (*) . There high demand for food at the national and regional levels and the price of cereals is rising,
encouraging farmers to expand their farmlands
9. Agri-business . There is a growing agribusiness activity involving ministries and director of societies. They use
activities (**) improved agricultural technologies and casual labor large scale farming
10. Income generation 10.Farming remains the main source of income generation and the whole population in the district is

()

farmers.

(*) means important; (**): medium importance; (***): very important

Table 9. Farmers’ perception of drivers of land cover change: deforestation, population,

rainfall, crop price and living cost.

Drivers

Description

Increased deforestation and forest degradation(***)

1.

Shifting cultivation

1. Slash and burn farming practices still prevail

2. Population increase 2. Population grows mostly from immigration of farmers

3. High demand for wood energy 3. Cassou provides the big cities (Ouagadougou and Koudougou) with wood and
charcoal

4. Illegal cutting and farming 4. There is no respect for wood cutting techniques or for limits provided by the
foresters

5. Bush fires 5. Bush fires occurs 2 to 3 times in the year

6. Grazing 6. In addition to local domestic animals, there is a transhumance all time

7.  Plantation 7. There are no tree plantation initiatives from local farmers

8. Cash 8. There is permanent need for cash, and alternative sources of cash besides farming

and wood cutting are limited

Increased population size (***)

1.

B

Immigration

Aridity in pushing zones
Land tenure in pulling zones
Natural population growth

1.  Major immigration from the crowded central and northern regions of the country
in search of farming and grazing lands

There is an increasing aridity in the pushing zones north and centre of the country
There is easy access to land in Cassou and this encourages farmers to come

B

The natural population growth rates in Ziro and Sissli are perceived to be among
the highest in the country
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Table 9. Cont.

Decreased rainfall (**)

1. Deforestation and forest degradation 1. Reduction in forest cover has an impact on rainfall
2. Culture 2. Under modernization, people to do not meet the cultural needs to satisfy our
ancestors who ply the intermediary role between us and God

Increased crop price (*)

1. Food demand 1. There is a high demand for food with the increasing population

2. Industry 2. Transformation industries are emerging in the country

3. Market 3. There is easy access to local and international markets

4. urbanization 4. Increasing urbanization in the country with increasing demand for food in cities

Increasing living cost (**)

1. Education 1. We pay for the education of our children

2. Health 2. We go to the modern medical centre when a family member is sick and this has

a cost

3. Housing 3. We must build more secure houses with metal and cement which are costly

Transport and communication 4. We need motorcycles and mobile phones and we face the cost for maintenance

(*) means important; (**): medium important; (***): very important

Deforestation and forest degradation are caused by the prevailing shifting cultivation, significant
in-migration of farmers from drought-affected zones, increased demand for wood energy in the capital
city, illegal wood cutting and farming in the forest, repetitive bush fires, overgrazing and absence of
alternative source of cash generation. High immigration and natural growth rates, increasing aridity in
northern and central zones of the country and easy access to land in Cassou are believed to control rapid
population growth there. As for climate variability, the participants support that it is driven by
deforestation and non-respect for the traditional ritual practices which, according to them, enable
abundant rainfalls. Increasing demand for food under rapid population growth and urbanization,
emerging transformation industries in the country, and easy access to markets both national and
international have contributed to rising crop prices. Participants revealed that the living cost has risen
greatly since they aspire to luxury as a spinoff of a new consumerism and market economy. They have
to meet the new living standards in terms of education, health, housing (metal and cement), transport
and communication (motorcycles and mobile phones).

4. Discussion

Classic land cover driver detection uses heavy questionnaires and long interview guides
(e.g., [40—43]) to assess the drivers using quantitative methods. These methods sometimes fail to capture
the actual grounded drivers. The method we used in this paper shows how supporting materials such as
land use change maps can trigger targeted discussion with farmers in order to be specific about change
in land cover classes and their respective drivers.

Vegetation cover in general (gallery forest and wood and shrub savannah) remained stable during the
study period (70% approximately) but within each vegetation cover type, there has been pronounced land
use changes. This suggests that vegetation cover in Cassou has experienced both conversion and
modification. Modification is a change of conditions within a cover type (forest degradation), while
conversion is a change from one cover type to another, such as deforestation to create cropland [44].
Similar studies in southern Burkina Faso have found comparable vegetation covers [24,29], while at the
national level, the vegetation cover (forest and other wooded lands) was estimated at 39% [45] and
44% [2] for the year 2010. This indicates that despite the importance of the farmer’s migration to southern
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Burkina Faso with its subsequent land clearing for agriculture [20,21], southern Burkina Faso still
possesses a large proportion of vegetation cover in the country [23].

The conversion/modification from wood savannah to cropland and shrub savannah was
simultaneously paired with conversion/modification from shrub savannah, gallery forest and cropland
to wood savannah. This could partly be explained by the positive effects of the forest resource
management regime for fuel wood extraction in the district. Created in 1985 to supply fuel wood in
Ouagadougou (capital city), the Cassou forest was split into 12 management units with 15 plots each. A
selective cut is applied to each plot for a 15-year rotation [32]. Such management has contributed to
converting cut areas (shrub savannah) into wood savannah before the next cut season. Further, during
1990-2000, there was a very little pressure on forest outside the management units as pointed out by
participants during the FGD. This could be referred to as positive land use competition between two
functional landscapes: food versus energy/biodiversity requirement. Land use competition is a
systematic phenomenon characterized by a complex feedback process between human and biophysical
components in the land systems [4]. Without the forest management activities in the area, all the forested
area may have been transformed into croplands.

From 2000 to 2013, however, wood savannah decreased dramatically (5%) with negligible persistence
and swap. Wood savannah was significantly converted to shrub savannah (32%). This implies that big
trees have been removed both inside and outside managed forests. According to the local population, the
root cause of the decrease in area of wood savannah within managed forest is non-respect for the wood
cutting techniques and non-respect of the limits of the managed forest. The 15-year rotation is not respected
and there are illegal croplands inside the management units. Furthermore, the rotation period seems to be
short and may not allow trees to grow to maturity before the next cut. Bellefontaine et al. [46] pointed out
that in tropical dry forest, the suitable rotation period should be above 15 years to allow tree species in cut
areas to grow to maturity for the next cutting season. Outside managed forest, there are multiple reasons
for the change, including the prevailing slash and burn farming practices, the massive immigration of
farmers and the increasing demand for fuel wood and charcoal in nearby cities (Table 7). Slash and burning
farming techniques are common to farmers in tropical savannah [47] and specifically to farmers in central
Plateau for the case of Burkina Faso. Migration to southern Burkina Faso increased during the 2000s and
most of the migrants came from central plateau [21]. In addition to their unfriendly farming practices [23],
the migrants usually cut trees for charcoal production to secure their revenue during the first years of
settlement [20,21]. Raw wood and sub-products (charcoal) are sent to Ouagadougou and Koudougou by
tens of tracks per day as main household energy preferences for cooking in urban areas [26,48]. The area
of gallery forest decreased similarly to the area of wood savannah. Between 1990 and 2000, a large
proportion of gallery forest was degraded to wood savannah, but in the period 2000-2013, gallery forest
was directly converted to shrub savannah without passing through an intermediate stage. This indicates
that the selective cutting system that was in force in the period 1990-2000 was not respected in
20002013, or there may have been a recut that occurred without regard for the rotation period being set.

Shrub savannah is the only forest unit whose area steadily increased throughout the two periods. The
increase in cover of shrub savannah is a result of wood forest degradation (12% from 1990-2000, and
32% from 2000-2013) and cropland abandonment (6% and 12%). In addition to the above-cited reason
for change, climate variability and overgrazing may have contributed to the change. This study did not
assess the decline in tree species diversity but it is evident that climate variability has negative effects
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on species diversity in southern Burkina Faso and specifically in humid southern regions as pointed by
Heubes et al. [49] and Salvati et al. [11]. Regarding fodder richness, this part of the country is well
populated with cattle and small ruminant preferred tree species (ex. Afzelia africana and Pterocarpus
erinaceus) which are usually cut to feed domestic animals [50].

Among all cover classes, cropland is the one whose area stabilized during the study period, although
the recent land cover map (2013) reveals fragmented croplands with small patches as compared with
the 1990 and 2000 maps. This fragmentation highlights the emerging individualism in the farming
system as indicated by the local farmers during the FGD. A close examination of the matrix tables
(Tables 4 and 6) reveals that during 1990-2000, 80% of new croplands were created from wood
savannah and 50% of loss in area of cropland went to wood savannah, while in 2000-2013, 51% of
new cropland was created from shrub savannah and 97% of loss in area of cropland went to shrub
savannah. This indicates two major regime shifts in the study area: (i) there were some types of crops
previously used on wood savannah with little disturbance to trees, allowing cropland to quickly return
to wood savannah as soon as it was abandoned. During the FGD, it was noted that in the past, the
native people used to crop yams under dense trees because yams need shade and host trees to grow
up, but with the climate variability and deforestation, yams are no longer planted in the area. Yam
cultivation under dense forest was observed in Sissili province by Ouedraogo et al. [28], in localities
next to Cassou where dense forests still exist. (ii) The previous farming system preserved many trees
in the farmlands and when the farmland is abandoned, it quickly recovers and become wood savannah.
However, currently, under agricultural mechanization/intensification, forest is clear-cut to make space
for farming and when left, the farmland takes a very long time to recover and can no longer be
reconverted to wood savannah, but rather to shrub savannah. The changes within land cover classes
show that wood savannah, cropland, and shrub savannah are the most influent structural elements of
the study area. Wood savannahs are suitable for wood extraction and cropland extension, while shrub
lands are mostly used for grazing and cropland as well.

In contrast with studies that relate population growth to agricultural land increase in southern Burkina
Faso and in dryland ecosystems in general [24,29,51,52], the case of Cassou remarkably shows a
stagnating cropland size under increased population. The population density in Cassou has shifted from
23.2 inhabitants/km” in 1996 to 34.7 inhabitants/km? in 2006 [34,53]. During the group discussion, the
farmers agreed that they have reached the limits of the arable land that the district can provide and there
is no possibility to create new cropland within the forest because the remaining forest is either the Cassou
managed forest or the village forest they have preserved. They tend to intensify the farming system by
using improved tools and inputs (fertilizer, herbicide, pesticide, animal manure, new crop varieties,
ploughs and tractors) to improve soil productivity in the same croplands. This is evidenced by the low
swap for cropland (8%) in 2000-2013 as compared with the high swap in 1990-2000 (16%). Newcomers
in search of farming lands have to borrow portions of cropland from land owners, or else they will have
to illegally cut forest to create their croplands and be under repression from the population and/or
foresters. It was reported from the 2014 Landsat image processing that 2198 hectares accounting for
illegal farming belonging to migrants were found in the Cassou managed forest alone (personal
communication). This finding is in line with similar studies in the north of Burkina Faso [54], in the
Sahel region [55,56], and in the Ethiopian highlands [57,58], which found that increased population
density has not necessarily systematically led to cropland increases. Such trends occurred because land
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has become a limiting factor to agricultural land expansion, farmers have easy access to national and
international markets, price of agricultural products is rising and farmers have alternative sources of
income generation (animal raising, wood and charcoal sales).

With regards to vulnerability, gallery forest and wood savannah have a high tendency to lose to other
land cover types as they show negative and high net persistence, while shrub savannah has a potential to
gain from the other cover classes. Cropland, however, has nearly a zero net persistence, indicating that this
cover type will remain stable in the near future if the same conditions prevail in the area.

5. Conclusion

Remotely-sensed data, coupled with field data collection and group discussions, were used to detect
land cover transition and vulnerability to transition, and to understand the reasons that govern the change
processes as perceived by the local population in southern Burkina Faso. Within the 23-year period, notable
land cover transitions were detected of which local populations are aware and for which they know the
core drivers that have led to changes. The overlapping influence of multiple drivers renders impossible any
detangling efforts among them. The complex situation makes it difficult to design clear-cut planning
toolkits for managing tradeoffs. Additionally, to address these drivers one needs to be aware of barriers or
organizational hurdles to convening comprehensive and inclusive negotiations for sustainable land
practices. Four main premises can be derived from the empirical findings of this study: (i) gallery forest
and wood savannah are highly exposed to transition to shrub savannah, mostly due to illegal farming and
wood removal inside forest management zones. This calls for measures to protect forests and to promote
tree plantation to recover the degraded areas. (ii) A fifteen-year wood cutting rotation inside managed areas
seems to be too short for the natural regeneration of the forest. The rotation cycle needs to be extended and
this will be facilitated if alternative sources of energy such as gas and electricity could be subsidized in the
main cities. (iii) The stabilization of cultivated lands is a tendency toward agricultural intensification, but
it is fragile as it is a function of the resilience of the system to the increasing population pressure, climate
variability and farming inputs prices. (iv) The increasing in-migration calls for the limitation of the
migration process. This could be addressed through setting rules/regulations in pulling zones to discourage
candidates and also improve crop productivity in pushing zones to maintain candidates in their land or
origin. Therefore, policies that target conservation and restoration of the natural ecosystem, as well as
promoting agroforestry practices and reduction of immigration, are recommended for environmental
sustainability and socio-economic well-being in the area. The present outputs provide a good base of
geospatial information for such policy formulation. Future research needs to assess the vulnerability of the
system to climate variability, the magnitude, and the reasons to migrate to Cassou and where migrants
originate from. Further research could focus on the impacts of land cover changes on ecosystem services
such as carbon storage.
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