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Abstract

This study analyzes flood dynamics in the Greater Lome area based on remote sensing and hydrometeorological data analysis.
Daily rainfall data from the Lome-Airport synoptic station (2016 and 2020) were collected from the National Meteorological
Agency of Togo (ANAMET) during the rainy season (March to October). Daily water levels in the Zio River at Togblekope were
collected from the General Directorate of Hydraulics (DGH) during the rainy season (March to October) for the years 2016 and
2020. The time series were subjected to homogeneity tests to identify any artificial breaks in the data collected using RHtests
dlyPrcp software. Radar data were processed using SNAP software, while maps were processed in ArcGIS 10.5. During 2016, a
peak of 1,608 ha, corresponding to the maximum flooded area, was reached on August 24. At the start of the season, 40.29% of
the maximum flooded area was submerged. In 2016, the population was therefore faced with at least thirty consecutive days of
rising water levels. Not all districts were affected equally by the floods in 2016. The districts of Abobo, Djagble, and Be-Est
were the most severely affected. The intra-annual dynamics of 2020 are similar to those of 2016. During 2020, the peak of 930
ha corresponding to the maximum flooded area was reached on September 2. At the beginning of the season, on June 16, only
11% of the maximum flooded area was submerged. All cantons were unevenly affected by the floods in 2020. The cantons of
Abobo, Akepe, Mission Tove, Davie, and Adetikope were the most affected by the phenomenon. The results show a 45% decrease
in flooded areas between 2016 and 2020, with a peak of 1,608 hectares reached on August 24, 2016, compared to 930 hectares
on September 2, 2020, reflecting earlier and more intense flooding in 2016.
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1. Introduction

The capital of Togo, the Autonomous District of Greater
Lome (DAGL), geographically spans the prefectures of Golfe
and Agoe-Nyive. It is an area that suffers from the adverse ef-
fects of flooding. Although rainfall is becoming increasingly
heavy and persistent, some authors argue that it cannot be held
solely responsible for the chronic nature of flooding [1]. For

them, it is rather the urbanization of the city that should legit-
imately be targeted as the main factor, due to the uncontrolled
concentration of spontaneous construction that blocks the pas-
sage of runoff water. Other authors take a more nuanced view,
recognizing the value of rapid urbanization in terms of devel-
opment and economic growth [2, 3].
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The Autonomous District of Greater Lome and its surround-
ings are marked by a significant urban dichotomy. Its urban
fabric consists, on the one hand, of urbanized areas and, on the
other hand, of areas consisting mainly of spontaneous or in-
formal settlements located in the city's outlying neighbor-
hoods or districts. Generally, cities in developing countries are
characterized by urban sprawl that absorbs vast rural areas
closer to or further away from old or recent urban centers [4-
6]. As a result, the rapidly expanding outskirts of these south-
ern cities are undergoing numerous changes [7]. Several stud-
ies have shown that anthropogenic causes are among the main
causes of flooding in Lome [8, 9]. The anthropogenic cause is
manifested by the failure to respect non aedificandi zones,
construction in the major beds of certain watercourses such as
the Zio River, the lack of sanitation facilities, and the failure
to operationalize the interconnection of stormwater drainage
systems [9, 10]. Thus, the need for shelter and failure to com-
ply with the main guidelines of the master plans for develop-
ment and urban planning (SDAU) have led Greater Lome to a
situation of horizontal sprawl [5, 11].

Direct observation in the field has revealed that, generally
speaking, the critical peripheral areas that are so often flooded
are occupied by disadvantaged groups. These are the lowest
points in the city, such as the lower Zio valley, where the to-
pography is dominated by plains with average altitudes of less
than 150 m [10]. This low altitude means that the rivers are
not enclosed, allowing water to rise to the surface and over-
flow their banks during periods of high water, thus causing
flooding. These high-risk areas are emblematic of the expo-
sure and vulnerability of urban peripheries to flooding.

This situation is so worrying that we must ask ourselves
what are the main factors behind the increased frequency of
flooding in the Zio Valley today? This concern leads us to an-
alyze the dynamics of flooding in the outskirts of Greater

Lome based on remote sensing and the analysis of hydrome-
teorological data over a given period in order to make a pro-
jection of the situation in the face of climate change.

2. Materials and Methods

2.1. Materials

Daily rainfall data from the Lome Airport synoptic station
were collected from the National Meteorological Agency of
Togo (ANAMET) during the rainy season (March to October)
for the years 2016 and 2020. Daily water levels in the Zio
River at Togblekope were collected from the General Direc-
torate of Hydraulics (DGH) during the rainy season (March to
October) for the years 2016 and 2020. The quality of the daily
data collected was checked using Relimdex 1.0 software [12,
13]. After quality control, the time series were subjected to
homogeneity tests to identify any artificial breaks in the data
collected using RHtests dlyPrcp software. Since there are no
breakpoints in the time series, adjustment is no longer neces-
sary [14].

In addition to meteorological data, radar images with a pla-
nimetric resolution of 10 x 10m were acquired at the start of
the rainy season over a period of nearly three (3) months, on
dates corresponding to flood peaks (Table 1). However, just
before the start of the rainy season, a few images were also
acquired to serve as reference images. These are Sentinel 1
images downloaded from the Copernicus website
(https://dataspace.copernicus.cu/data-collections/sentinel-
data/sentinel-1) in order to characterize interannual changes in
flooding and those observed during the period from 2016 to
2020. A total of 29 images were acquired between June 1 and
September 30 for the selected years (2016 and 2020).

Table 1. Characteristics of downloaded images.

Satellite

Product level

Type

Swath width

Spectral band/Polarization

Spatial resolution

Temporal resolution 6 to 12 days

Sentinel 1

GRD

Radar C

250 Km

\A%

10 m
06/01/2016

June 2016 06/13/2016
06/28/2016
07/07/2016

July 2016 07/19/2016
07/31/2016

August 2016 08/12/2016
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Satellite

Sentinel 1

08/24/2016

09/17/2016
September 2016

09/29/2016

06/10/2020

06/16/2020
June 2020

06/22/2020

06/28/2020

07/04/2020
July 2020 07/10/2020
07/16/2020
08/03/2020
08/09/2020
August 2020 08/15/2020
08/21/2020
08/27/2020
09/08/2020
09/14/2020
September 2020 09/20/2020

09/26/2020

Radar data was processed using SNAP software, while maps were processed in ArcGIS 10.5.

2.2. Methods

After calibrating the processing tools, the images were fil-
tered to remove shimmering using Lee's filter [ 15]. Geometric
errors caused by shadows, an oblique sensor range, and short-
ening were corrected using an algorithm based on a DEM. The
thresholding technique for extracting water [16] was used for
classification. The filtered backscatter coefficient histogram
shows one or more peaks of different amplitudes depending
on the data. Low backscatter values correspond to water, and
high values correspond to the non-water class. The threshold
value is obtained by analyzing the histogram.

The thresholding technique has been widely used to distin-
guish flooded areas from non-flooded areas on radar images
(Figure 1). This technique is valued for its relative simplicity
and short processing times, which are compatible with the

tight time constraints associated with crisis management [16].
In general, all pixels in the radar image with an intensity or
spectral amplitude less than or equal to a given threshold value
(0.045) are considered “non-flooded,” while the other pixels
in the image are considered “water.” To identify a threshold
value, the histogram of the filtered backscatter coefficient was
analyzed. The histogram shows one or more peaks of different
amplitudes depending on the data. Low backscatter values
correspond to water, and high values correspond to the non-
water class. The choice of a threshold value of 0.045 is based
on the clearest distinction observed between the peaks corre-
sponding to water surfaces and non-flooded surfaces in the
backscatter coefficient histogram. Values greater than 0.045
are considered to be in one class, and those less than 0.045 are
considered to be in another class. Thus, we have two classes:
the water class and the non-water class.
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3. Results

Flood mapping
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Figure 1. Schematic summary of the methodology.

3.1. Flood Situation in Greater Lome in 2016
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Figure 2. Monthly variation in flooded areas.
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Table 2. Date and flooded areas in 2016.

Date
Flooded area (ha)
Month Day
June 2016 1er 680
13 59
July 2016 07 361
19 576
31 366
August 2016 12 1127
24 1608
September 2016 17 930
29 317

Processing of Sentinel 1 images from 2016 covering the
outskirts of Greater Lome reveals that major flooding began
in June of that year and ended in late September (Figure 2).

During 2016, a peak of 1,608 ha corresponding to the max-
imum flooded area was reached on August 24 (Table 2). At the
start of the season, 40.29% of the maximum flooded area was
submerged. The minimum of 59 ha, or 3.67% of the maximum
flooded area, was reached on June 13, 2016. The period from
August 12 to September 17 was the high water period. About
two weeks before the peak on August 24, 2016, more than 60%
of the maximum flooded area was already under water. The
same was true after the peak. In 2016, the population was
therefore faced with at least thirty consecutive days of rising
water levels.

All cantons were affected unevenly by the floods in 2016.
The cantons of Abobo, Djagble, and Be-Est were the most se-
verely affected (Figure 3).
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Figure 3. Peak flooding in 2016.

In most cases, the discontinuity is caused by roads and de-
velopments that have blocked the usual rainwater drainage
lines in the city of Lome.

The images obtained for 2016 cover four months of obser-
vation (June 1 to September 29). Their small quantity (two
images per month on average) hides certain information. The
satellite observation of June 1, 2016, was preceded by a week
of rain on May 23, 24, 29, and 30, with a cumulative rainfall
0f 40.50 mm, to which 12.2 mm was added on the day of the
observation. However, on June 13, 2016, when the images
show the second flood peak, no rain was recorded at all. This
day was preceded by seven (07) days of rain out of the ten (10)
days between it and June 1.

Analysis of daily rainfall, water levels at Togblekope, and
flooding events in 2016 (Figure 4) shows that water levels at
Togblekope remain very low during much of the main rainy
season (March 4 to May 22). No flooding was recorded during
this very rainy period. This phenomenon can be explained by
the preparation for the arrival of water through the cleaning of
drainage structures and, above all, by high infiltration, which
allows the groundwater table to be recharged. Flooding is ob-
served after the period of waterlogging and when water levels
are very high in Togblekope. However, major flooding was
observed after heavy rains when the water level in Togblekope
was receding. The peak in flooded areas occurred exactly on
the date when the water level in Togblekope was at its lowest.
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Figure 4. Daily rainfall curves, water level at Togblekope, and flooded area in 2016.

3.2. Flood Situation in Greater Lome in 2020

The intra-annual dynamics of 2020 are similar to those of
2016. The flooding period covers July to September (Figure
5). June marked the start of the flooding, with areas flooded
from the beginning of the month (Table 3).

However, it should be noted that the flooded areas did not
exceed 200 ha throughout June and July. The end of August
until mid-September saw more flooding, with an average area
of 610 ha flooded.

During 2020, the peak of 930 ha corresponding to the max-
imum flooded area was reached on September 2 (Table 3). At
the beginning of the season, on June 16, only 11% of the max-
imum flooded area was submerged. The minimum of 14 ha,
or 1.53% of the maximum flooded area, was reached near the
end of the season on September 26, 2020. One month before
the end of the 2020 season, more than 50% of the maximum
flooded area was already under water. The peak occurred in
the middle of the last month, subjecting the populations of the
affected areas to a long period of rising water levels.

Table 3. Flooded areas in Greater Lome in 2020.

Date

Month Day

June 2020 16
22
28
July 2020 04
10
31
16
22
28
August 2020 03
09

21
27

Flooded area (ha)

101
83

90

76

166
366
182
157
185
191
296
232
408
570
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Date
Flooded area (ha)

Month Day
September 2020 02 930

08 793

14 918

20 358

26 54
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Figure 5. Monthly variation in flooded areas in 2020.
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Figure 6. Flood peak in Greater Lome in 2020.
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All cantons were affected unevenly by the floods in 2020.
The cantons of Abobo, Akepe, Mission Tove, Davie, and
Adetikope were the most affected by the phenomenon (Figure
6). The images obtained for 2020 cover just under four obser-
vations (June 16 to September 26). Their quantity (four per
month on average) shows that the first month of rain (June 16
to July 16) causes water levels to rise over approximately 10%

-—

Analysis of daily rainfall, water levels in Togblekope, and
flooding events in 2020 (Figure 8) shows that water levels in
Togblekope remain very low during much of the main rainy
season (March 4 to May 22). No flooding was recorded during
this very rainy period. This phenomenon can be explained by
the preparation for the arrival of water through the cleaning of

}

of the maximum flooded area.

The water surface area doubles in the second month and
quadruples in the third month, which ends with the peak. The
fourth month is devoted to the withdrawal of water. Some pop-
ulations experience flooding (Figure 7) for four months each
year, others for three months, and still others for two months.

e

Figure 7. Flooding in Lome (Be neighborhood and Boulevard Notre Dame des Apoétres) in 2020.

drainage structures and, above all, high infiltration, not to
mention the recharge of the water table. Major flooding is ob-
served after heavy rains when the water level in Togblekope
is receding. The peak of flooded areas occurs exactly on the
date when the water level in Togblekope is at its lowest.

_|.Ll.h |

Figure 8. Daily rainfall curves, water level at Togblekope, and flooded area in 2020.

3.3. Comparative Study of Flooded Areas in
2016 and 2020

The cantons were affected to varying degrees by the floods of

2016 and 2020. Some cantons saw an increase in flooding, while
the majority saw a decrease. Between 2016 and 2020, the cantons
of Abobo, Agoe-Nyive, Baguida, and Be-Est saw a decrease in
the initial water surface area before the rains began and in the
maximum flooded area. The cantons of Aflao-Sagbado and
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Akepe, on the other hand, recorded an increase in the initial water ~ area increased. In contrast, in the cantons of Djagble and Tog-
surface area as well as the maximum flooded area. Despite the  blekope, the slight increases observed in the initial surface area
decrease observed in the cantons of Davie, Adetikope, and Mis- increased significantly (Table 4).

sion Tove in the initial water surface area, the maximum flooded

Table 4. Surface area of initial water body and maximum water body.

Initial water surface area (ha) Maximum water surface area (ha)
Township

2016 2020 Difference 2016 2020 Difference
Abobo 376,0353 361,3628 - 14,6725 1 720,1731 -619,8861
Adetikope 1,0058 0,5086 -0,4972 33,0139 86,7774 53,7635
Aflao-Sagbado 0,6847 11,4500 10,7653 19,4692 23,8125 4,3433
Agoe-Nyive 8,2183 1,3623 - 6,8561 49,6225 20,9105 - 28,7119
Akepe - 2,2012 2,2012 35,8319 69,5352 33,7033
Baguida 33,1110 21,1775 - 11,9335 56,4635 44,6661 - 11,7973
Be-Est 104,7985 70,0637 - 34,7347 234,9472 116,9697 -117,9774
Davie 0,7049 0,5135 -0,1914 35,9171 70,2483 34,3312
Djagble 0,3423 3,7212 3,3789 116,4755 21,7684 - 94,7071
Legbassito - - - 34,9007 28,7515 -6,1492
Mission-Tove 1,7839 0,3423 - 1,4415 14,6243 86,8418 72,2175
Togblekope 0,8559 1,0263 0,1704 28,8804 9,1656 -19,7148
Sanguera - - - 39,7714 20,4606 -19,3107

Canton
Zone d'etude
Nouvelle zone inondée

Zone non inondée en 2020

Zone iondée en 2015 et 2020 ) 4 Km
T

T T T
ST 1100T \ewer 1200

Figure 9. Flood dynamics in Greater Lome between 2016 and 2020.
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The area of flooded land decreased from 1,608 ha in 2016
to 930 ha in 2020, a reduction of 45%. More specifically, dur-
ing July and August 2020, the areas affected were very small
compared to 2016. The peak occurred at the end of August in
2016, while the peak in 2020 occurred in early September.
This dynamic can be explained by comparing these data with
rainfall data for 2016 and 2020. Rainfall was heavier and ear-
lier in 2016 than in 2020. The difference is remarkable in
terms of the spatial distribution of flooded areas. There are
new areas that were not affected by flooding in 2016 but were
significantly affected in 2020. In particular, new cantons such

tillar Llll:” | l!lli

— =_jour201 o 207 _— e e f r—

I '.n h l[d | |“| .’.EF. i nl‘

as Akepe, Mission Tove, Davie, Adetikope, and Legbassito
have been severely affected (Figure 9). This trend could be
explained by the uncontrolled urbanization of the outskirts of
Greater Lome.

The severity of the 2016 floods compared to those of 2020
can be explained, on the one hand, by the fact that the water
level at Togblekope in 2016 was significantly higher than in
2020 (June 14 to October 31). It can also be explained by the
total rainfall between March 1 and October 31, which was
651.1 mm in 2016 compared to 640.7 mm in 2020 (Figure 10).

Figure 10. Rainfall, water depth, and flooded area curves in Togblekope in 2016 and 2020.

4. Discussion

The increase in the initial water surface area in the cantons
of Akepe, Aflao-Sagbado, Djagble, and Togblekope is proof
that, regardless of rainfall, flooded areas in Greater Lome are
increasing in certain cantons (Table 4). The spread of built-up
areas and infrastructure promotes flooding if drainage systems
are absent or inadequate. The hydrological process is dis-
rupted in urban contexts: changes in land use alter infiltration
factors because permeable surfaces are reduced. Spatial con-
figuration is indeed an important element of a city's identity
[17].

Indeed, trees and other plantations, as well as wetlands (nor-
mally unoccupied), are considerable assets in reducing the risk
of flooding. Vegetation has sometimes been irreparably de-
stroyed, and soils have become very hardened or encrusted.
This results in a very significant reduction in the water reten-
tion capacity of soils. These soils, which no longer absorb wa-
ter, having lost their structure and nutrients in the process, may
be the reason for the frequently observed failure to perceive
improvements in rainfall.

Land use patterns are a key factor in the occurrence of
floods [18].

The cantons of Abobo, Baguida, and Be-Est have seen a re-
duction in their initial water surface area, probably due to the
construction of infrastructure for the 4th Lake Lome [19]. The
case of the canton of Agoe-Nyive can be explained, on the one
hand, by the infrastructure of the Lome bypass and, on the
other hand, by the development of urban roads in this canton.

Cantons experiencing rapid population growth that have not
benefited from the construction of sanitation infrastructure,
such as Aflao-Sagbado and Akepe, are more exposed to flood-
ing [19]. However, it is possible to improve the living envi-
ronment of the population by implementing appropriate devel-
opment projects [20]. The goal of a sustainable city is still pos-
sible in the long term for the Autonomous District of Greater
Lome.

The findings of investigations into the functioning of cer-
tain water and sanitation infrastructure within the scope of the
study show that rainwater overflow floods and partially cuts
off traffic routes, causing certain localities such as Devego,
Adamavo, and Kegue Zogbedji to become isolated during pe-
riods of heavy rain. The construction of the major bypass road
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has visibly divided the locality of Kegue Zogbedji into two
areas, with the northern side permanently flooded compared
to the southern area linked to the Attiegou district, where part
of the area remains in the flood zone, as evidenced by the veg-
etation growing in the floodplains. The difficulty of draining
runoff water is a major cause of flooding and its impacts in
urban areas. For the Greater Lome urban community, some of
these drainage structures do not drain water sufficiently,
mainly because silting limits flow in the networks and outlets
to the sea are blocked.

The occupation of non-buildable areas in the cantons of
Akepe, Mission Tove, Davie, Adetikope, and Legbassito has
placed them on the list of new areas at high risk of flooding.
This trend, which led the canton of Akepe from being com-
pletely dry at the start of the 2015 rainy season to having more
than 2 hectares of flooded land at the start of the 2020 season,
has made it possible to predict that the cantons of Sanguera
and Legbassito, which were dry until 2020, will see hectares
of their land under water by 2025 [21].

Despite existing sanitation infrastructure (canals, gutters,
retention basins, the Lome lagoon, pumping stations, etc.),
flooding has been recurrent in recent years in certain areas of
Greater Lome. The increase in flooding is largely linked to the
poor functioning of gutters in areas with high building density
[22]. It should also be noted that the settlement of populations
in flood-prone areas contributes to the increase in flooding in
certain areas of Greater Lome that have been declared un-
buildable.

The causes of flooding highlighted in this article coincide
with those identified by several authors. They are both natural
and human in origin [23]. The natural causes are related to the
topography of the sites and rainfall. According to [24], flood-
ing is the result of sudden or successive rainfall in low-lying
areas, on hydromorphic soils, and in areas with little elevation.
This observation is consistent with the causes of excessive
rainfall and geographical location cited by the populations to
explain the occurrence of flooding in this study. As in [10, 25],
excessive rainfall reflects climate change. Human causes are
related, on the one hand, to ever-increasing population growth
and massive urbanization, which amplify the vulnerability of
several African cities to flooding [26]. On the other hand, they
highlight the inadequacy of rainwater drainage infrastructure
and the behavior of the population. In Lome, [10, 27] identify
the following anthropogenic causes of flooding: failure to re-
spect no-build zones, occupation by populations of the
floodplains of certain rivers such as the Zio River, and a
lack of sanitation and rainwater drainage facilities. [25]
reaches similar conclusions when discussing causes such as
unregulated land use, uncontrolled urbanization, and the
construction of homes in flood zones. In addition to these
anthropogenic causes, the practice of dumping waste into
waterways during the rainy season [28-30] as well as in the
streets and gutters contributes to increasing the phenome-
non of flooding [31, 32].

5. Conclusion

The study, combined with satellite images and meteorological
data from 2016 and 2020, shows that the city of Lome was affected
by several periods of high relative humidity between 2007 and
2020. Satellite images from 2016 and 2020 also showed the ap-
pearance of flooded areas during these months, mainly in the east-
ern part of Greater Lome, which is located in the lower Zio valley.
The consequences are enormous. It appears that the populations
living in the lower valley seem to be more exposed to the risk of
flooding, as do the northern and western parts of the city.

Abbreviations

ANAMET National Meteorological Agency of Togo

DAGL Autonomous District of Greater Lome

DEM Digital Elevation Model
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SDAU Main Guidelines of the Master Plans for
Development and Urban Planning

\'A% Vertical Transmit / Vertical Receive

Author Contributions

Tétou-Houyo Blakime: Conceptualization, Data curation,
Methodology, Writing — original draft

Ouro-Djobo Essoavana Samah: Conceptualization, Data
curation, Methodology, Supervision, Writing — original draft

Sarakawa Abalo Malibida Kpanzou: Conceptualization,
Data curation, Methodology, Writing — original draft

Yaovi Edem Baite: Conceptualization, Data curation,
Methodology, Writing — original draft

Botolisam Polorigni: Conceptualization, Data curation,
Methodology, Writing — original draft

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] Hangnon, H., De Longueville, F. et Ozer, P. (2015). Précipita-
tions extrémes et inondations a Ouagadougou: Quand le dé-
veloppement urbain est mal maitrisé [Extreme rainfall and
flooding in Ouagadougou: When urban development is poorly
managed]. In Actes du 28e Colloque International de 1’ Associ-
ation Internationale de Climatologie. ULG-Université de Liége,
Liege, Belgium, pp. 497-501.
https://123dok.net/document/q0529r3v-pr%C3%A9cipita-
tions-extr%C3%A Ames-inondations-ouagadougou-
d%C3%A9veloppement-urbain-ma%C3%AE-
tris%C3%A9.html

111


http://www.sciencepg.com/journal/ijema

International Journal of Environmental Monitoring and Analysis

http://www.sciencepg.com/journal/ijema

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Fay, M. et Opal, C. (2000). Urbanization without Growth: A
not so uncommon Phenomenon. The World Bank policy re-
search working paper, n° 2412, 36 p.
https://doi.org/10.1596/1813-9450-2412

Potts, K. and Ankrah, N. (2013). Gestion des cofits de construc-
tion: Apprendre a partir d’études de cas [Construction Cost Ma-
nagement: Learning from Case Studies, 2nd edition, London],
392 p. https://doi.org/10.4324/9780203752944

Aguejdad, R. (2009). Etalement urbain et évaluation de son im-
pact sur la biodiversité, de la reconstitution des trajectoires a la
modélisation prospective. Application a une agglomération de
taille moyenne: Rennes Métropole [Urban sprawl and the as-
sessment of its impact on biodiversity: from trajectory recon-
struction to predictive modeling. Application to a medium-
sized metropolitan area: Rennes Metropole]. These de doctorat,
Université Rennes 2 Haute-Bretagne, 374 p.
https://theses.hal.science/tel-00553665

Biakouye, K. A. (2014). Lomé¢ au-dela de Lomé: étalement ur-
bain et territoires dans une métropole d’ Afrique sud-saharienne
[Lome Beyond Lome: Urban Sprawl and Territories in a Sub-
Saharan African Metropolis]. Thése de doctorat, Université de
Lomé, 423 p.

Bawa, A. (2017). Mutation des périphéries urbaines au sud du
Togo. Des espaces ruraux a I’épreuve du peuplement et de la
marchandisation des terres [Changes in Urban Outskirts in
Southern Togo: Rural Areas Facing the Challenges of Popula-
tion Growth and Land Commercialization]. Thése de doctorat,
Université de Montpellier, 239 p.
https://agritrop.cirad.fr/591671/

Maachou, H. M. and Otmane, T. (2016). L’agriculture péri-
urbaine a Oran (Algérie): Diversification et stratégies d’adap-
tation [Periurban agriculture in Oran (Algeria): Diversification
and adaptation strategies]. Cahiers Agricultures, 25, n°® 25002.
https://doi.org/10.1051/cagri/2016011

Klassou, K. S. (1998a). Croissance Urbaine et Inondations a
Lomé: Réflexion Sur les Facteurs Responsables et Les Perspec-
tives d’avenir [Urban Growth and Flooding in Lome: An Anal-
ysis of Contributing Factors and Future Prospects]. In Presses
de L’UB, Lomé, pp. 221-231.
https://aquadocs.org/items/bf820344-cf74-44a8-8017-
2442e62e9de2

Klassou, K. S. (2014). L’influence Humaine Dans 1’origine et
La Gravité Des Inondations Au Togo: Cas de I’aménagement
de I’espace Dans La Grande Banlieue Nord de Lomé (Togblé-
Adétikopé) [Human Influence on the Causes and Severity of
Flooding in Togo: The Case of Land Use Planning in the North-
ern Suburbs of Lomé (Togble-Adetikope)]. Revue de
Géographie Tropicale et d’Environnement, 2, pp. 41-53.
https://123dok.net/document/yd70k01e-influence-humaine-
origine-gravite-inondations-amenagement-banlieue-adeti-
kope.html

Sokemawu, K. (2017). Les inondations et leurs répercussions
socio-économiques et sanitaires dans la basse vallée du Zio au
sud du Togo [Floods and Their Socioeconomic and Health Im-
pacts in the Lower Zio Valley in Southern Togo]. Revue
Ivoirienne de Géographie des Savanes, Vol. 2(1), pp. 2-18.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

112

https://riges-uao.net/wp-content/uploads/journal/publis-
hed_paper/volume-2/issue-1/HSIIGa2l.pdf

Blakime, T.-H., Adjonou, K., Komi, K., Hlovor, A. K. D,
Gbafa, K. S., Zoungrana, J.-B. B., Polorigni, B., Kokou, K.
(2024a). Dynamics of Built-Up Areas and Challenges of Plan-
ning and Development of Urban Zone of Greater Lome in Togo,
West Africa. Land, Vol. 13(1), p 84.
https://doi.org/10.3390/1and 13010084

Frich, P, Alexander, L. V., Della-Marta, P., Gleason, B., Hay-
lock, M., Klein Tank, A. M. G., Peterson, T. (2002). Observed
Coherent Changes in Climatic Extremes during the Second
Half of the Twentieth Century. Climate Research, 19(3), pp.
193-212. https://doi.org/10.3354/cr019193

Zhang, X. et Yang, F., (2004). RClimDex (1.0), User Manual.
Climate Research Branch Environment Canada Downs view,
Ontario, 22, pp. 1-23.
https://studylib.net/doc/7659063/rclimdex--1---climate-
change-indices

Wang, S. and Noe, R. A. (2010). Knowledge Sharing: A Re-
view and Directions for Future Research. Human Resource
Management Review, 20, 115-131.
https://doi.org/10.1016/j.hrmr.2009.10.001

Lagacé, C. (2000). Développement et Validation dune Appro-
che Pour Faire Le Suivi Du Gel Saisonnier Du Sol Sur Le Bas-
sin de La Riviére La Grande a Partir de 1’utilisation Conjointe
d’images RADARSAT et d’images SSM/I [Development and
Validation of an Approach for Monitoring Seasonal Soil Free-
zing in the La Grande River Basin Using a Combination of RA-
DARSAT and SSM/I Images]. Institut National de La Recher-
che Scientifique (Canada), 177 p.
https://search.proquest.com/open-
view/3d25a71d5da01aeb00deaal49ede1233/1?pqorigsite=gsc
holar&cbl=18750&diss=y

Hahmann, T., Martinis, S., Twele, A., Roth, A. et Buchroithner,
M., (2008). Extraction of Water and Flood Areas from SAR
Data. In 7th European Conference on Synthetic Aperture Radar.
VDE, pp. 1-4.
https://ieecexplore.ieee.org/abstract/document/5757188

Giimiis, I. et Erdonmez E., (2021b). Impact of Spatial Config-
uration to Spatial Quality: Venice and Istanbul. Journal of Ar-
chitecture and Urbanism, 45(2), pp. 205-216.
https://doi.org/10.3846/jau.2021.14306

Fenglin, W., Ahmad, 1., Zelenakova, M., Fenta, A., Dar, M. A,
Teka, A. H., Belew, A. Z., Damtie, M., Berhan, M. et Shafi, S.
N. (2023). Modélisation exploratoire de régression pour la car-
tographie de la susceptibilité aux inondations dans I’envi-
ronnement SIG [Exploratory Regression Modeling for Flood
Susceptibility Mapping in the GIS Environment]. Sci Rep 13,
247. https://doi.org/10.1038/s41598-023-27447-0

Gbafa, K. S., Tiem S. and Kokou K., (2017). Characterization
of Rainwater Drainage Infrastructure in the City of Lome (Togo,
West Africa). European Scientific Journal, ESJ, 13(30), p. 478.
https://doi.org/10.19044/esj.2017.v13n30p478


http://www.sciencepg.com/journal/ijema

International Journal of Environmental Monitoring and Analysis

http://www.sciencepg.com/journal/ijema

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Idham, N. C. (2018). Javanese Vernacular Architecture and En-
vironmental Synchronization Based on the Regional Diversity
of Joglo and Limasan. Frontiers of Architectural Research, 7(3),
pp- 317-333. https://doi.org/10.1016/j.foar.2018.06.006

Blakime, T.-H. (2024). Risque d’Inondation et Renforcement
de la Résilience des Populations dans les Périphéries du Grand
Lomé [Flood Risk and Building Community Resilience in the
Outskirts of Greater Lome], Theése de doctorat, Université de
Lomé, 199 p.

Sighomnou, D., Descroix, L., Genthon, P., Mahé, G., Bouzou
Moussa, L., Gautier, E. et al. (2013). La crue de 2012 a Niamey:
un paroxysme du paradoxe du Sahel [The 2012 Floods in Nia-
mey: A Culmination of the Sahel Paradox] ? Sécheresse, 24, 3-
13. https://doi.org/10.1684/sec.2013.0370

Mensah, H., et Ahadzie, D. K. (2020). Causes, impacts et stra-
tégies d'adaptation des inondations au Ghana: une revue systé-
matique [Causes, Impacts, and Adaptation Strategies for Flood-
ing in Ghana: A Systematic Review]. SN Applied Sciences, Vol.
2,n°792.

https://doi.org/10.1007/s42452-020-2548-z

Badameli, P. A. et Kadouza P. (2020). Vulnérabilités et straté-
gies des populations face aux inondations dans la région des
Savanes au Nord-Togo [Vulnerabilities and Coping Strategies
of Communities Facing Floods in the Savanes Region of North-
ern Togo]. Revue Canadienne de Géographie Tropicale Cana-
dian Journal of Tropical Geography, Vol. 7(2): 8-15.
https:/fr.scribd.com/document/909373475/Vulnerabilite-Des-
Populations-Face-Aux-Inondations

Tomety, Y. D. (2017). Exposition et vulnérabilité face aux
risques d'inondation au Burkina Faso: cas de la ville de Dori
[Exposure and Vulnerability to Flood Risks in Burkina Faso:
The Case of the City of Dori]. Master de spécialisation en ges-
tion des risques et des catastrophes. Université de Li¢ge, 88 p.

Nouaceur Z. & Laignel B. (2015). Caractérisation des événe-
ments pluviométriques extrémes sur la rive sud du bassin mé-
diterranéen: études du cas du « quart nord-est » algérien [Cha-
racterization of extreme rainfall events on the southern shore of
the Mediterranean Basin: a case study of Algeria’s “northeas-

[27]

(28]

[29]

(30]

[31]

[32]

113

tern quarter”]. XXVIIle Colloque de 1’Association Internatio-
nale de Climatologie, Li¢ge, pp. 573-578.
http://climato.be/aic/colloques/actes/AC-
TES_AIC2015/5%20Variabilites%20et%20aleas%20climati-
ques/093-NOUACEUR-573-578.pdf

MEREF (2013). Arrété N°001-2013/MERF Portant organisation
du ministére de I'environnement et des ressources foresticres
[Decree No. 001-2013/MERF on the Organization of the Envi-
ronment and Forest Resources Ministry], 23p.
https://environnement.gouv.tg/wp-content/up-
loads/files/2018/Juillet/Arret%C3%A9%20organisa-
tion%20MERF%202012.pdf

Tabiri, S., Akanbong, P. and Atiku, A. (2015). Upper Gastroin-
testinal Endoscopy Findings in Patients Presenting to Tamale
Teaching Hospital, Ghana. Unified Journal of Medicine and
Medical Sciences, Vol. 1(2), pp. 001-0011.
https://www.semanticscholar.org/paper/Upper-gastrointesti-
nal-endoscopic-findings-in-to-Tabiri-Pros-
per/a3842a0b1bfd946d2c44b930c71c05ed639d57ed

Danso, S. Y. and Addo, L. Y. (2017). Coping strategies of house-
holds affected by flooding: A case study of Sekondi-Takoradi
Metropolis in Ghana, Urban Water Journal, 14: 5, 539-545,
https://doi.org/10.1080/1573062X.2016.1176223

Songsore, J. (2017). The Complex Interplay between Everyday
Risks and Disaster Risks: The Case of the 2014 Cholera Pan-
demic and 2015 Flood Disaster in Accra, Ghana. International
Journal of Disaster Risk Reduction, Vol. 26, pp. 43-50.
https://doi.org/10.1016/j.1jdrr.2017.09.043

Yoada, R., Chirawurah, D. & Adongo, P. (2014). Domestic
waste disposal practice and perceptions of private sector waste
management in urban Accra. BMC public health. Vol. 14, n°
697. https://doi.org/10.1186/1471-2458-14-697

Ekoue, A. G. (2020). Représentations socioculturelles du sale
et du propre et modes de gestion domestiques des déchets en
milieu urbain Togolais: Etude de cas a Lomé [Sociocultural
Perceptions of Cleanliness and Dirtiness and Household Waste
Management Practices in Urban Areas of Togo: A Case Study
in Lome]. These de doctorat, Université de Lomé, 320 p.


http://www.sciencepg.com/journal/ijema

