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Abstract

Sahel zone has been reported as one of the most vulnerable regions to climate
change, so serious attention must be paid to this zone by researchers and de-
velopment actors who are interested in environmental-human dynamics and
interactions. The aim of this study was to bring more insight into the impact
of actions aiming at reducing land degradation, regreening the Sahel, stop-
ping population migration and reducing the pressure on land in the Sahelian
zone. The study focused on farmland dynamic in Ouahigouya municipality
based on remote sensing data from 1986 to 2016 using intensity analysis. The
annual time interval change was 0.77% and 2.46% for 1986-2001 and 2001-2016,
respectively. Farmlands gained from mixt vegetation, water bodies and from bar
lands. Mixed vegetation and water bodies were both active during both intervals
while the other land use such as woodland and bar land were dormant. Com-
bining land use land cover analysis and intensity analysis was found to be ef-
fective for assessing the differentiated impact of the various land restoration ac-
tions.
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1. Introduction

In sub-Saharan Africa, where agriculture is rain-fed and characterized by small-
holder farming, farmers developed several strategies to cope with low and varia-
ble productivity [1] [2] [3]. Burkina Faso is expected to face significant conse-
quences from climate change, particularly in the Sahelian zone already characte-
rized by scarce water resources and highly vulnerable rural populations. The
impact of climate variability and change is felt so severely because livelihood and
production systems are so tightly linked to the availability of rainwater particu-
larly in the northern region where Ouahigouya municipality is located [4] [5]
[6]. This municipality is known for its high level of land degradation and water
scarcity leading to population migration from this zone to the southwest where
land fertility and amount of rainwater are far better. The negative impact of cli-
mate variability, leading to population migration has retained the attention of
decision-makers, development agents, NGO’s and researchers. Since the severe
drought of 1970, climate-smart agriculture and some practices such as zai,
half-moon and irrigation initiatives, have been developed particularly in the Sa-
helian zone [7] [8] [9].

Many studies have been done on the dynamics of protected forest areas in the
country [5] [10] and on land degradation pattern in those areas, which is not the
case for farmlands dynamics [11], particularly in the municipality of Ouahigouya
where several land restoration actions have been implemented. A better under-
standing of farmlands dynamics is necessary for policymakers to forecast the
impact of climate change on the livelihood of smallholder farmers in the near
future. Such understanding will enable the policymakers to anticipate on appro-
priate adaptation and mitigation actions or strategies [11] [12]. That will con-
tribute to avoiding population migration in search of suitable land. There is,
therefore, the need to assess in this area land use land cover dynamics and farm-
land intensity in order to show inductive impact of various projects and update
the national strategy on sustainable land management and restoration. It has
been argued that, to better understand and mitigate the possible negative im-
pacts caused by land change, it is essential to detect the trend of land change to
better grasp the processes of land change [13]. Reference [14] revealed that re-
search studies concerning land change pattern should be at least focused on why,
where and when the change occurred.

This study aimed at responding to the following questions: 1) During which
time intervals annual change area is relatively slow or fast? 2) Which land use
categories are relatively dormant versus active ones during a given time interval?
3) Which transitions are targeted versus avoided during a given time interval in
this area? This study will contribute to bringing more insight into the impact of
actions aiming at reducing land degradation in the Sahelian zone.

2. Material and Method
2.1. Study Area

The study was carried out in Ouahigouya (13°35'00"N, 2°25'00"W) municipality
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(Figure 1). The climate of Ouahigouya is considered to be a semi-arid climate.
The average annual temperature is 28.7°C and the average annual amount of
precipitation is 599 mm. The vegetation is characterized by local steppe and agri-
cultural landscape dominated by protected species such as Vitellaria paradoxa,
Parkia biglobosa, Tamarindus indica, Adansonia digitata. Breastplates and iron

shells are the main soil types in this climatic zone [15].

2.2. Data Collection and Analysis

Three Landsat datasets (5, 7 and 8) from October 1986, 2001 and 2016 were
downloaded from the USGS website with cloud covers less than 10% using path
195 and row 051. The time-series images were selected based on the same phe-
nological conditions according to the climate season in the area. Analysis was
performed by combining ENVI, ERDAS, and ArcGIS software based on five (05)
land use land cover types, namely woodland, mixt vegetation, farmland, water
body and bar land (Table 1).

Thirty random points were collected for each land use type to train and vali-
date the classification. Image calibration of the three years was done using ground
truth (survey data), archived land occupational geo-referenced points (30 in to-
tal) of each land use type of the subsequent years from available statistics (DSID,
2017: Agriculture Census statistic data) and Google Earth historical data records.
Supervised classification was done using Maximum Likelihood Classifier and a
post-classification technique was initiated to derive the extended cross-tabulation
matrix for land use change and intensity analysis. The accuracy of image classi-
fication was 95% with a Kappa coefficient equal to 0.8. Land use land cover dy-
namic farmland transmission intensity, and farmland dynamic graph were de-
rived using classified maps of 1986-2001, 2001-2016, and using the ArcGIS 10.3
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Figure 1. Ground truth data sites in Ouahigouya municipality, Burkina Faso.
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Table 1. Definition of land use land cover types considered in this study.

Type of land use land cove Definition Sources

Areas covered with original vegetation of
different trees species of a minimum height of

Woodland . . [16]
5 m at maturity and 10% maximum canopy
cover with 0.5 ha minimum area spanning.
No cropping area covered with woody species
Mixt vegetation PP g Y sp i
and perennial or annual herbaceous species
Area where annual crops are cultivated
Farmland K o . K
in association with woody species Author
Area cover with water at least for 30 days definition
Water body
per year
Degraded land where no herbaceous or
Bar land

woody species is found (rocky area)

raster calculator module. For Intensity analysis purposes, the uniform intensity
line was used. For instance, if a bar chart extends above the uniform intensity
line, then the category of land use land cover type is active. If a bar stops below
the uniform intensity line, then the category of land use land cover type is dor-

mant.

3. Results

3.1. Land Use Land Cover Change Dynamics

Land-cover changes analysis map (Figure 2) and statistics (Table 2) showed that
both farmland and woodland proportion increased over the three points in time:
1986, 2001 and 2016 at 2.02% to 4.27% for farmland and 7.25% to 12.88% for
woodland.

Mixt-vegetation and bar land increased and decreased over the period under
consideration. The proportion of mixt vegetation decreased from 76.55% in 1986
to 53.11% in 2001 and increased to 76.04% in 2016. Bar land proportion in-
creased from 13.04% up to 32.14% and decreased drastically to 5.63% in 2016
(Table 2).

3.2. Net Change Analysis of Land Use Land Cover

Land cover land use net change analysis showed a significant loss of bar land at
19.10%; 26.51% and 7.41% in 1986; 2001 and 2016, respectively. During the
same period, however, the other four land use land cover types: farmland, mixt

vegetation, water body and woodland showed both gains and losses (Figure 3).

3.3. Time Interval Intensity Analysis of Land-Cover/Land Use
Change

The comparison of the land area changes per year with the uniform rate of the
change shows that in the time interval between 2001 and 2016, the rate of land
cover change was faster (2.46%) than between 1986 and 2001 (0.77%) (Table 3).

DOI: 10.4236/ajcc.2020.91003

26 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2020.91003

O. Neya et al.

A ‘SLULCT 1986

B Water

[ IFarmland

I Woodland

[ I Mixt vegetation

Il Bar land

Farmland
I Woodland

[ Mixt vegetation
I Bar land

t B Water

~ | |Farmland
I Woodland
[ IMixt vegetation
I Bar land

' 2

:SLULCT 2016

Figure 2. Land use land cover map in 1986, 2001 and 2016 in Ouahigouya Municipality,

Burkina Faso.

Table 2. Area distribution of type of land change land cover in 1986, 2001 and 2016 in

Ouahigouya Municipality, Burkina Faso.

1986 2001 2016
Land cover type
km? % km? % km? %

Bar land 11.84 13.04 29.19 32.14 5.11 5.63
Farmland 1.83 2.02 3.55 3.91 3.87 4.27
Mixt vegetation 69.51 76.55 48.22 53.11 69.04 76.04

Water 1.04 1.15 0.90 0.99 1.08 1.19
Woodland 6.58 7.25 8.94 9.85 11.70 12.88
Total 90.80 100.00 90.80 100.00 90.80 100.00
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Figure 3. Net land cover/land use changes during the periods 1986-2001 (a); 2001-2016
(b); and 1986-2016 (c) in Ouahigouya Municipality, Burkina Faso.
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Table 3. Time intensity analysis of land—cover change in Ouahigouya Municipality (%).

. Area changed Annual Change Uniform speed of
Time interval .
per interval of area land-cover change
1986-2001 11.53 0.77 1.62
2001-2016 36.94 2.46 1.62

3.4. Farmland Transmission Intensity Analysis/Agroforestry
Parkland Dynamic Analysis

Intensity analysis showed that mixt vegetation and water body were both active
during both intervals while the other land uses such as woodland and bar land
were both dormant (Figure 4).

Between 1986 and 2001, only mixt vegetation was active and was significantly
converted to farmland at 0.23% (Figure 4(a)). While from 2001 to 2016 farmland
was gaining from four land uses, it was only water body and mixt vegetation which

were more active at 0.35% and 0.25%, respectively (Figure 4(b)).

3.5. Farmland Dynamic

For both time intervals farmland was gaining more than it was losing and the net
rate of gain in the time interval between 2001 and 2016 was higher (0.45%) than
between 1986 and 2001 (0.02%) (Figure 5).

4. Discussion

Land use land cover dynamics revealed considerable changes over time between
1986 and 2016, although these changes were not time linear. Indeed, land use
land cover change rate was higher from 2001 to 2016 compared to the period of
1986 to 2001 (Table 3). This difference in land use land cover change rate can be
explained by several factors such as changes in agricultural practices, productiv-
ity instability, climate change and most particularly population growth [17].
Looking at specific land use type, net change analysis showed a loss of bar land
over the three reference years, but intensity analysis revealed that the change ob-
served was not significant to show the dynamics of this land use type. Regarding
farmland, the high gain value between 2001 and 2016 could be explained by the
high number of active lands uses which were converted to farmland (Figure 3(b)).
Moreover, from 1986 to 2001 farmland lost to bar land at the rate of 0.01% while
from 2001 to 2016 farmlands were not converted to bar land. In reverse, it was
rather bar land that was converted to farmland at the rate of 0.02% (Figure 3).
This conversion of bar land to farmland could be an outcome of the application
of land restoration technics such Zai, half-moon, agroforestry and assisted natu-
ral regeneration activities in the Sahelian zone [7] [8] [9] [18]. As for the gain of
farmland from mixt vegetation, this could be explained by the extension of farm-
land for food production to meet the demand of the growing population. This
conversion of mixt vegetation to farmland lead to land pressure. Farmland gained

from water body could be attributed to changes in agricultural practices with an
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Figure 4. Intensity of farmland gain (+) and loss (=) during the period 1986-2001 (a) and
2001-2016 (b). (Dark and light blue lines are uniform intensities of gain and loss, respec-

tively in Ouahigouya municipality. Bars that extend above line indicate the land cover
targeted for transition, and bars below line indicate avoided land cover).
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Figure 5. Farmland dynamic from 1986 to 2001 and from 2001 to 2016 in Ouahigouya
municipality (G: gain, L: loss and G - L: net gain).
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increase in irrigated areas in the last decade to promote vegetable and rice pro-
duction in the Sahel zone. Some authors argued that the combination of politi-
cal, social and economic events encouraged changes in farming systems and land
use [19] [20] [21]. Indeed, in the study area lowland planning and conversion
into irrigated farmland to promote vegetable and crop production during both
raining and dry seasons have been actively supported by the government as well
as some projects and NGOs. The loss of bar land to farmland as well as the con-
version of lowlands to farmland increase biomass production in the Sahelian
zone. This finding corroborates the results of previous works which reported a
re-greening of the Sahel [10] [22].

5. Conclusion

The study revealed that farmland and woodland proportion increased over the
three points in time: 1986, 2001 and 2016 at 2.02% to 4.27% for farmland and 7.25%
to 12.88% for woodland. Annual land use land cover change during 2001-2016
was faster than that during 1986-2001. The net change analysis showed a signif-
icant loss of bar land at 19.10%; 26.51% and 7.41% in 1986; 2001 and 2016, re-
spectively Indeed, the study showed that mixt vegetation and water body were
both active during the period of study at 0.35% and 0.25%, respectively while the
other land uses such as woodland and bar land were dormant. For time intervals
used, farmland was gaining more than it was losing and the net rate of gain in
the time interval between 2001 and 2016 was higher (0.45%) than that between
1986 and 2001 (0.02%).
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