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The current literature links flood exposure and the consequent damage in the sub-Saharan Africa to urban
expansion. The main implication of this pertains to the fact that cities are the target of flood risk reduction.
However, our knowledge of the built-up area expansion—flood damage nexus is still too scarce to support any risk
reduction policy at the local scale. The objective of this study is to reconsider the link between urban expansion
and flood damage widening the observation to rural settlements with open access information alternative to
global datasets on flood damages and moderate resolution satellite images. Using very high-resolution satellite
images accessible via Google Earth Pro, the expansion of 122 flooded settlements in the Dosso region (Niger)
during the past 20 years is evaluated. Spatial dynamics is then compared with the rate of collapsed houses due to
flooding. Finally, house collapses and retrofitting are compared. We discovered that cities expand at faster rates
and with an opposite trend to that reported by the global datasets. However, hamlets and villages expand even
more rapidly and suffer more house collapses than rural towns and cities. House consolidation is quicker than the
settlement expansion but this is not sufficient to reduce damage from pluvial flooding. The proportion of the Poor
to the total number of inhabitants in rural settlements is three times higher than that in urban settlements.
Environmental justice is, therefore, not just an urban issue but a rural urgency.

1. Introduction

Urbanisation of sub-Saharan Africa has had numerous positive ef-
fects on development, but it can also have negative implications (Cob-
binah et al., 2015). From one viewpoint, urban expansion is largely
uncontrolled (Adelekan et al., 2015; Fraser et al., 2017; Amaoko, 2018;
Tazen et al., 2018). When it occurs in the form of urban sprawl, it drives
inhabitants away from places where there are job opportunities (Nkeki,
2016; Fenta et al., 2017; Abass et al., 2018). Those who cannot afford to
pay for transportation tend to stay close to work opportunities and they
are burdened with the cost of living associated with hazardous areas.
Consequently, constructions encroach onto river banks (Erena and
Worku, 2018; Laji et al., 2017; Tiafack and Mbon, 2017). Areas with
high slopes and floodplains are developed (Dube et al., 2018; Adelekan,
2010; Amoateng et al., 2018). Building on floodable areas also occur
because people cannot afford to buy land in safer areas (Nchito, 2007;
Sakijege et al., 2012; Musungu et al., 2016; Kabanda, 2020) or because
they do not perceive the hazard (Oruonye, 2013; Nkwunonwo et al.,
2016). Rapid spatial expansion accompanied by the destruction of
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vegetation generates new hazards which include landslides, and along
with waste dumping in rainwater drainage channels, increase the
occurrence of flash floods (Doodman et al., 2017, p. 8; Douglas, 2017).

Conversely, urbanisation of the sub-Saharan Africa without rural-
oriented investments increases social inequality, as rural development
is being considered as the best policy to reduce poverty (Diao et al.,
2010). In the early 1980s, the delivery of services and facilities in
selected rural towns appeared the most appropriate policy to reach rural
population (Rondinelli, 1985; Hardoy and Satterthwaite, 1986).
Chambers (1995) provided a livelihood perspective instead of debating
the choice of the most effective place wherein services and facilities
would be delivered to rural populations. The change implied the
consideration of the social relation that governed rural development,
migration, and remittance flows, which facilitated survival in a rural
context (Scoones, 2009). The decentralisation process that occurred in
the early 2000s made many rural towns the capitals of the new local
governments and assigned them development tasks. However, decen-
tralisation needs participation, freedom from local oligarchies, funding,
and infrastructure (Bardhan, 2002). In fact, the decentralisation process
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transferred many competences but few resources (Wisner et al., 2015).
Without the latter, development would be difficult to achieve.

Studies have found a link between urban expansion, flood losses and
damage. Unplanned urbanisation and the associated increase in popu-
lation in flood zones has led to increased losses (Di Baldassarre et al.,
2010). The results of a study of 55 African countries revealed a corre-
lation between urban expansion, flood disasters, loss and damage (Li
et al., 2016). As for future trends, large coastal cities in Africa are ex-
pected to expand the share of built-up area in flood-prone zones from 8%
to 10% (2000) to 27-28% at the end of the current decade (Giineralp
etal., 2015). It is well known that floods in urban areas mainly affect the
Poor (Douglas et al., 2006; Hallegatte et al., 2017). However, we do not
know if this is also the case in rural areas. Certainly, in Africa, rural
poverty is more widespread than urban. According to the latest esti-
mates, it ranges between 82% and 85% compared with 15-18% in urban
areas (Castaneda et al., 2018; OPHI, 2018). A survey of 194 rural ju-
risdictions in 21 countries in tropical Africa revealed that public
participation in decision-making on hydro-climatic risk reduction pol-
icies is low. Low participation is associated with the spatial dispersion of
human settlements that make up a local jurisdiction, followed by gender
or social position (Tiepolo and Braccio, 2020, p. 12). Flood impacts that
primarily affect the Poor generate questions of environmental justice
(Walker and Burningham, 2011).

The problem is to ascertain where the built-up area expansion—flood
damage link is the closest. A broader look at both urban and rural
contexts is therefore necessary. At the same time, this requires more
detailed information sources than those used thus far. The link between
urban-expansion and flood damage is usually established using coarse
information.

Regarding the flood damages south of the Sahara, the existing
literature is based on household surveys (Brida and Owiyo, 2013) or on
global datasets, such as the Desinventar offered by the United Nations
office for Disaster Risk Reduction (UNDRR), EM-DAT managed by the
World Meteorological Organisation (WMO) at the Catholic University of
Leuven, and the Dartmouth Flood Observatory (DFO) at Colorado Uni-
versity (Panwar and Sen, 2020). These datasets do not localise the
affected communities (Osuteye et al., 2016; Tiepolo et al., 2018) given
that local datasets are often lacking (Adelekan, 2019). In some cases,
damages are estimated from high-resolution images on demand (Voigt
et al., 2016).

Urban expansion is observed using satellite imagery with moderate
resolution, such as Landsat and SPOT, or by using already processed
information from global datasets, such as the Global Human Settlements
(GHS) and the Global Human Built-up and Settlement Extent (HBASE).
The spatial expansion is described by observing large- to medium-sized
cities, while human settlements in the sub-Saharan Africa are mainly
composed of minor settlements as the majority of the population is still
rural (Mercandalli and Losch, 2017; UNDESA, 2019). The studies con-
ducted at the regional scale that also considered the spatial dynamics of
smaller settlements are limited (Agyemang et al., 2019; Tena et al.,
2019; Kogo et al., 2021). These studies have found that the spatial
growth of small settlements after 2010 has been very intense and ranged
between 6% and 18% per year, depending on the region considered.

Accurate built-up area expansion-flood damage assessment can
provide useful information for the development of a public risk reduc-
tion policy at the local scale.

Therefore, the objective of this study was to revisit the urban
expansion-flood damage nexus widening the observed context to rural
settlements and using open-access information, alternative to global
datasets on flood damage and moderate resolution satellite images. The
objective is pursued by observing the spatial dynamic of flooded human
settlements in the Dosso region in Niger (spanning an area of 31,000 km?
with 2 million inhabitants) (Fig. 1).

This region is known for the flooding of the Niger River, which marks
its southwest border. However, Dosso is also one of the most severely
pluvial flood-affected regions in West Africa.
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Fig. 1. Flooded settlements (2001-2019) examined in the Dosso region.

Flood damages are analysed using information stored in the database
on floods in Niger, commonly known by its French acronym BDINA
(Fiorillo et al., 2018). The database provides the names of 290 flooded
settlements, and the type and amount of damage.

The spatial dynamics of flooded settlements is observed with very
high-spatial resolution images (size of each cell on the ground less than
1 m) accessible through Google Earth Pro (GE). These images have the
original multispectral band data (brightness/reflectance values for each
cell) for the optical part only. Nevertheless, they allow us to identify
buildings, barns, lot fences, roads, and (in conditions of atmospheric
clarity) roof materials. Images cover two decades and facilitate land-
cover change detection. These characteristics make very high-
resolution images useful for localising and recognising flood prone
items. GE is user-friendly. This feature makes it interesting for local
officers in the sub-Saharan Africa, where the skills for accessing multi-
spectral images are limited. GE applications cover a variety of disci-
plines (Gorelick et al., 2017) but have rarely been focused on monitoring
settlement dynamics in the sub-Saharan Africa (Admasu, 2015; Sim-
wanda and Muryama, 2017; Megersa et al., 2018). GE is more used in
other geographical contexts (Malarvizhi et al., 2016; Sam, 2014) to
identify minute morphological features of the urban fabric, which
escape images with moderate resolution (James and Bound, 2009).

The novelty of this study lies in ascertaining the spatial dynamics not
only of urban but also of smaller rural settlements in a regional setting,
with open-access information more precise than that currently used in
this type of analysis. The results achieved challenge the accuracy of
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global datasets on flood damages and spatial growth. Current assump-
tions on settlement expansion in the sub-Saharan Africa, based on which
the urban-centric approach to risk reduction is adopted, are discussed.

2. Materials and methods

The analysis identifies flooded settlements with damage, the varia-
tion over time of the built-up surface, and the number of buildings with
corrugated iron sheet roofing in urban and rural contexts (Fig. 2).

Global datasets, such as Desinventar, EM-DAT, and DFO do not have
a very precise coverage of floods. Desinventar is the disaster information
system of the UNDRR, which has extended the system created in 1994 by
La Red in Latin America to a global scale. The information available by
country and region covers flood, drought, forest fires, epidemics, epi-
zootics, accidents, and other disasters. Deaths, injuries, missing persons,
damage (housing, educational facilities, health, roads, crops, cattle),
number of relocated and evacuated inhabitants and a monetary estimate
of damages are recorded. The data are not up to date. The international
disaster database EM-DAT is managed by the Centre for Research on the
Epidemiology of Disasters established in 1973 at the Catholic University
of Louvain, Belgium. Since 1980, the Centre has been part of the World
Health Organisation. EM-DAT records natural and technological di-
sasters. The data are freely accessible. The DFO has been set up at the
University of Colorado and has been recording floods at a global scale
since 1985 and flooded areas by remote sensing.

In the Dosso region, Desinventar, EM-DAT, and DFO respectively
recorded 8, 8, and 10 floods, while the national dataset on floods
(BDINA) recorded 36 floods between 2011 and 2019. BDINA reports the
date of flooding and damage (buildings, infrastructure, crops, livestock)
to the individual settlement, as collected by the municipality-wide
vulnerability observatories (Tiepolo et al., 2018). With this source,
290 flooded settlements in the region have been identified between
2011 and 2019. These settlements are recognised on satellite images
based on the geographical coordinates listed in the Human settlements
national directory (ReNaLoc) (RN, 2014).

The spatial dynamic of the flooded settlements was ascertained after
consideration of the potential of GHS, HBASE, and GE with respect to the
290 flooded settlements. The Joint Research Centre of the European
Commission has created the GHS dataset (Florczyk et al., 2020). Unlike
HBASE (Wang et al., 2017) and other global datasets (Potere et al.,
2009), GHS reports on the dynamics of 2298 human settlements in the
sub-Saharan Africa between 2000 and 2015. Despite appearances, the
dataset covers the larger settlements only. The accuracy is variable and
depends upon the clarity of the built-up edge. In addition, it does not
allow the items exposed to flooding to be quantified. Some studies have
relied on the information offered by these datasets (Giineralp et al.,
2017; Melchiorri et al., 2018; OECD, 2020). However, the bulk of
knowledge on the spatial dynamic of settlements in the sub-Saharan
Africa originates from approximately 100 monographic studies that
observed urban expansion mostly based on Landsat images (in 97% of

Analysis Contribution

to decision making

Dataset identification

Flooded Geographic Satellite
settlements coordinates images
Desinventar GHS
EM-DAT HBASE
DFO GE
BDINA

Target
settlements

Built-up area
I rowth rate I
[ BDINA [ ReNalos H GE Collapsed houses
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DRR
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Field
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Fig. 2. Analysis flowchart. BDINA- National database on floods, DFO-
Dartmouth Flood Observatory, DRR-Disaster risk reduction, GE-Google Earth
Pro, GHS-Global Human Settlements dataset, HBASE-Global Human Built-up
and Settlement Extent, ReNaLoc-Human settlements national directory.
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Fig. 3. GE images covering 122 settlements of the Dosso region and respec-
tive years.

the cases). These images had an average ground resolution of 30 m and
had been freely available for almost every year since 1984. Monographic
studies usually considered three dates over an average timeframe of 26
years. Only half of the literature analyses the spatial growth of settle-
ments after 2014.

GHS reports the built-up area for 2000 and 2015 of four cities of the
Dosso region: Birni Ngaoure, Dogondoutchi, Dosso, and Gaya. HBASE
reports the built-up area for 2010 only. Other cities, larger than Birnin
Ngaoure, such as Tanda (126 hectars in 2012), Kiota (154 hectars in
2012), and Karra (184 hectars in 2012) are not considered by GHS or
HBASE. GE covers 122 settlements in the Dosso region at three distinct
time instances (Fig. 3).

In 2015, the built-up area according to GHS was two to three times
less extensive than that determined by GE. Very high-resolution satellite
images intercepted the scattered building on the outskirts of Gaya and
Dosso after 2010, which comprised 8-12% of the total built area in
2014-16. According to GHS, the built-up area grows more slowly
(0.7-1.3%) than the growth rate determined by GE (2.7-6.3%). In
addition, the fastest growing cities according to the GHS are those that
grow at slower rates, according to the analysis of images accessible from
GE, and vice versa (Table 1, Fig. 4).

The choice of the information source to be used to monitor settle-
ment expansion was thus the GE tool.

The 122 settlements considered were cities, capital towns of rural
municipalities (henceforth referred to as rural towns), villages, and
hamlets. Urban settlements are defined by law as regional and depart-
mental capital cities and urban municipalities (RN, 2014). Rural towns
and administrative villages are the other cornerstones of the local

Table 1

Built-up area in four cities of the Dosso region according to the Google Earth Pro
(GE), Global Human Settlements (GHS), and the Global Human Built-up and
Settlement Extent (HBASE).

Dataset, Unit of Birni Dogondoutchi ~ Gaya  Dosso

date measurement Ngaoure

HBASE2010  km? 0.77 2.78 2.34 7.82

GHS 2000 km? 1.03 3.55 2.20 4.81

GHS 2015 km? 1.24 3.94 2.46 5.75

GHS r % 1.26 0.70 0.75 1.20
2000-2015

GE 2003 km? 1.34 4.88° 3.06 8.08

GE dense km? 2.21 6.10" 5.54  10.01°
2014

GE scattered  km? 0 0.04 0.47 1.38
2014

GE 2014 km? 2.21 6.14 6.01  11.39

GEr % 4.65 3.79 6.33 2.68
2003-2014

22007,

b 2013,

€ 2016
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administration in Niger and host the minimum level of modern and
traditional administration (RN, 2015a,2015b). Common villages (1200
habitants on average on each village) and hamlets (500 habitants on
average) are settlements without administrative functions.

GE covers 50% of cities, 62% of rural towns, 57% of villages, and
79% of flooded hamlets (Table 2).

These values allow us to perform statistically significant analyses of
the expansion of flooded settlements at the regional scale.

We can therefore analyse the settlement categories over an average
period of 15 years split in two sub-periods of 8 and 7 years each,
delimited by the average year in which the satellite images were
captured. However, the growth rates of the individual settlements are
calculated based on the actual dates on which the satellite images were
captured.

The built-up area of each settlement was visually identified on three
dates using the ‘View’ and ‘Historic imagery’ buttons of GE. It was
manually measured using the ‘Add polygon’ GE tool. In many settle-
ments, the built-up area can be divided in two zones. The densely
developed zone includes all contiguous built-up lots and the road surface
that provides access. Playgrounds, graveyards, communication tower

13°27'00"E

Gaya

111°53'00"N

13°03'00""'N
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lots are included. Vacant lots or under construction properties and iso-
lated developed lots are excluded (Fig. 5).

The scattered development zone includes developed lots separated
by each other less than 60 m, or two standard vacant lots. Once the built-
up area has been measured, the annual average rate of variation of the
cities, rural towns, villages, and hamlets is calculated to ascertain the
most rapidly expanding settlement category. The variation rate (r) is

Table 2
Number of settlements flooded in the Dosso region covered by very high-
resolution satellite images between 2001 and 2020.

Settlement Total Flooded Flooded and localised Flooded, localised and

covered by GE

Built-up  Roofs
City 8 4 4 2 1
Rural town 35 21 21 13 10
Village 1922 117 67 24
Hamlet 3249 53 40 11
Unknown 156 14 - -
Total 5362 290 198 122 46

13°11'00""E
Dosso

7254'00"E

Birni N'gaoure

13°05'00"'N !

113°38'00"'N

GE 2014 Compact urban area
§ GE 2014 Scattered urban area
[ ] GHS 2015

[ ] HBASE 2010 .
I River A
—— Paved national road E km

Fig. 4. Built-up area in four cities of the Dosso region according GE 2014, GHS 2015, and HBASE 2010.
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Fig. 5. Built-up area at Gaya and at Banigoungou according to visual photo-interpretation of GE images for 2014 (Image©2020MaxanTechnologies).

calculated accordingly to the following equation,

r = ((ffi)1/a-1) x 100 (@]

where f = final value, i = initial value, and a = number of years be-
tween f and i.
The share of the built-up area of the cities is compared with the share

© 2020 Google

of collapsed houses. The comparison is repeated for rural towns, vil-
lages, and hamlets. This allows the identification of the most affected
category of settlements.

The spread of retrofitting is assessed by identifying corrugated iron
roofs based on visual photo-interpretation (Fig. 6), validated with field
inspections in Gagila, Sabon Birni, and Takoidawa villages, and in the
rural towns of Guéchémé and Tessa.

Google Ea rth Image © 2020 Maxar Technologies
N
0 100 200 m
|

Fig. 6. Gaya built-up edge and corrugated iron roof (bright colours on left) in 2012 according to GE and built-up edge in 2013 according HBASE and Landsat

8 images.
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The visual recognition of corrugated iron roofs requires very high-
resolution images with a good radiometry (suitable illumination/at-
mospheric conditions) (Dietler et al., 2020). Images acquired in the
months of February-March (two-thirds) and September (22%) were not
usable. Conversely, the images acquired in December-January and
June-August have excellent quality and allow coverage of up to 40% of
the settlements with three images in the period of interest.

Roof collapse is only one type of damage that a building can suffer
because of pluvial flooding. Cracking of walls of an adobe lot fence,
flooding of latrines, wells, and the collapse of barns are recurrent
damage types. Nevertheless, they are less serious and are usually
repaired with mutual community help at no monetary cost. Conversely,
roof collapses lead to the loss of homes and force the Poor to rebuild
similar or inferior shelters, or allow the conversion of temporary shelters
into permanent accommodations (Dube et al., 2018, p. 8). Corrugated
iron roofs only protect buildings from the impact of heavy rain on the
roof. Runoff can damage adobe houses and cause them to collapse.
Rainwater drainage, flood barriers, and raised basement of houses and
latrines prevent damages. However, these measures are scarcely used in
the Dosso region, especially in the rural settings. Assessing the spread of
these measures inside flood-prone zones in the 122 settlements by field
inspections encompass the means of this study. For these reasons, we
have not considered protection measures other than corrugated iron
roofs.

The growth rate of the built-up area is compared with that of the
corrugated iron roofs. Finally, the effectiveness of the retrofitting with
respect to pluvial flooding is validated by correlating the proportion of
corrugated iron roofs with respect to the total number of roofs with the
proportion of collapsed houses with respect to the total number of
houses.

3. Results
3.1. Pluvial flood damage

Climate change, environmental degradation, settlement expansion in
flood zones, and poverty are the drivers of flood damage in the Dosso
region. During the past 20 years, extreme rainfall (99th percentile) has
increased in intensity in few municipalities only. Conversely, cumulative
rainfall in the days prior to a heavy rain increased flood occurrence
(Tarhule, 2005). In any case, damages after rainfall increased steadily
according to BDINA. Several studies observed an increased runoff due to
the degradation of the watersheds owing to overgrazing, rain-fed crops
expansion (San Emeterio et al., 2013), fallow duration decrease, and
systematic deforestation (Esteves and Lapetite, 2003; Valentin et al.,
2004; Brandt et al., 2016). Finally, restless population growth, lack of
awareness of flood zones, and widespread poverty led to the expansion
of human settlements with adobe constructions in flood-prone zones
(Galligari et al., 2020).

From 2011-2019, floods caused the collapse of 6989 houses in the
122 considered settlements according to BDINA. Eighty percent of the
122 settlements have been affected by pluvial flooding and the rest by
fluvial flooding. Seventy-two percent of collapses occurred in villages
and hamlets, while rural towns and cities respectively suffered 15% and
14% of the collapses (Table 3, Fig. 7).

The damage trend during the period 2011-2019 has a saw tooth
profile. It follows the alternation of wet and dry years that characterises
the climate in this part of the Sahel. Damages have exhibited very
different patterns depending on the category of the settlement. The
damages of cities and rural towns do not vary much over time. In
contrast, villages and hamlets show tripled damage rates in the observed

Land Use Policy 108 (2021) 105547

Table 3
Number of collapsed houses following a flood (2011-19) and number of set-
tlements according to category (2019).

Settlement category Settlements Collapsed houses

n. % n. %
City" 2 2 893 14
Rural town” 13 10 1012 15
Village 67 53 3141 48
Hamlet 40 35 1 486 23
Total 122 100 6 532 100

# Dogondoutchi, Gaya
b Bana, Bengou, Dan Kassari, Fabidji, Kankandji, Kiéché, Kore Mairoua,
Koygolo, Matankari, Tanda, Tessa, Tounouga, Yelou

%
60 -
50 - 48
40 A 35
32 29
30 A 23
20 A 15 14
< Ol i 4
0 .
City Rural town Village Hamlet
OCollapsed houses ® Built-up area

Fig. 7. Houses collapsed in the Dosso region between 2011 and 2019 according
to the type of settlement.

short time period (Fig. 8).

3.2. Settlement expansion

Between 2004 and 2019, the 122 settlements expanded at an annual
rate of 3.3% on average. Cities expanded faster (3.5%) compared to the
average trend for 2000-2015 observed by Melchiorri et al. (2018) in the
sub-Saharan Africa (2.5%). Gaya is the fastest growing city (5%). Rural
towns expanded at 3.2% with a peak noted in the case of Tanda (5.8%)
(Fig. 9).

Villages expanded at 3.2% with a peak noted in the case of Bouma
Bamanzo (7.4%), with 464 inhabitants in 2012 in the municipality of
Tanda. Hamlets increased at a rate of 3.8% on average per annum with a
peak noted in the case of Kofo (9.2%) in the municipality of Gaya, which
had 608 inhabitants in 2012 (Fig. 10).

In the two sub-periods, these settlement categories behave very
differently. In the period 2004-2012, cities grew at the highest rates,
followed by hamlets, rural towns, and villages. After 2012, hamlets were
the fastest growing settlements, with a peak noted in Illela Makera in the
rural municipality of Yelou (15%). Rural towns followed, with a peak
noted in the case of Dan Kassari (7.2%). Villages grew almost at the same
rate as towns, with a peak noted in the case of Dey Koukou Ouest Fang in
the municipality of Tessa (14%). Cities were ranked last, with a peak
noted in the case of Gaya, which is growing at an average annual rate of
5% (Table 4).

The comparison between flood damage and settlement expansion in
the 122 settlements shows that cities account for 32% of the built-up
area in 2019 but only 14% of the house collapses. Rural towns, with
29% of the built-up area in 2019, account for 15% of the damage.
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13227'00"E

Gaya

3°19'00"E!
Tanda

B 2003
712012
[ 12019

Tanda Gava

---- Unpaved main road

—— Paved national road N

0 500 1000 m
| I

Fig. 9. Dynamics of Gaya city and the rural town of Tanda between 2003 and 2019.

Villages and hamlets, with 39% of built-up area account for 71% of the
damage (Table 5).

3.3. Building retrofitting

During the considered period, corrugated iron roofs increased at an
average annual rate of 10.6%. The spread of corrugated iron roofs was
more rapid in hamlets (15.9% on average annually), followed by cities
(12.2%), villages (10.6%) and rural towns (5.8%). Between 2004 and
2012, the consolidation proceeded at the average annual rate of 16.7%

and slowed down in the subsequent seven years (4.8%) (Table 6,
Fig. 11).

The average annual growth rate of corrugated iron roofs was always
higher than the built-up expansion irrespective of the category of set-
tlement (Table 7).

Given the prevalence of pluvial floods compared with the fluvial
floods in the considered locations, it remains to be observed if retrofit-
ting of buildings with corrugated iron roofs reduces collapses. The
analysis ascertains that there is no correlation between the share of
corrugated iron roofs in 2012 and the share of collapsed houses in the
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Fig. 10. Built-up areas of the village of Bouma Bamanzo in the municipality of
Tanda, and in Kofo in the municipality of Gaya.

Table 4
Growth rate (r) of the built-up area by flooded settlement category between
2004 and 2019.

Settlement category T 2004-12 T 2012-19 T 2004-2019
City 4.97 1.84 3.50
Rural town 3.21 3.13 3.17
Village 3.07 3.09 3.23
Hamlet 4.08 3.54 3.83
All 4.21 2.79 3.26

Table 5
Collapsed houses following a flood (2011-19) and built-up area (2019) of
settlements.

Settlement category Collapsed houses Built-up area

n. % ha %

City" 893 14 1330 32
Rural town” 1012 15 1210 29
Village 3141 48 1429 35
Hamlet 1486 23 181 4
Total 6532 100 4150 100

@ Dogondoutchi, Gaya
b Bana, Bengou, Dan Kassari, Fabidji, Kankandji, Kiéché, Kore Mairoua,
Koygolo, Matankari, Tanda, Tessa, Tounouga, Yelou
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Table 6
Spread of corrugated iron roofs of 49 flooded settlements in the Dosso region in
2012.

Settlement Number Average yearly rate
1st date  2nd date  3rd date  rapos_12 201219 T'2005-19
City 1640 6897 8216 22.78 2.53 12.20
Capital town 1600 2918 3535 8.96 2.78 5.83
Village 631 1243 2593 10.17 11.08 10.62
Hamlet 38 136 300 19.98 11.97 15.90
Total 3909 3526 14,644 16.73 4.79 10.60
Corrugated
iron roofs
#
9000
6000
3000 / .
_____________——o
L3
0 S 2 9
2004 2012 2019
—&— City —&— Rural town —e—Village —6— Hamlet

Fig. 11. Number of corrugated iron roofs between 2004 and 2019 by settle-
ment category.

Table 7
Increase of corrugated iron roofs and built-up area in 49 settlements of the Dosso
region between 2004 and 2019.

Settlements Corrugated iron roof rap04_19 Built-up area ro004_19
City 12.20 3.75

Rural town 5.83 3.04

Village 10.62 4.07

Hamlet 15.90 5.41

Total 10.60 4.16

Table 8

Correlation between share of corrugated iron roofs (2012) and share of
collapsed houses (2012-19) in 49 settlements studied herein.

Settlement Iron roofs - collapsed houses correlation
City -

Rural town 0.27

Village 0.10

Hamlet -0.07

Total 0.02

subsequent years (Table 8).

Among the settlements, in which over half of the buildings have
corrugated iron roofs in 2012, some report collapses at rates > 40% of
properties in subsequent years, including the Wadata/Gaya municipal-
ity (53%), Sabana Dey (50%), Belande (47%), and Karra (43%).

4. Discussion

In recent decades, sub-Saharan Africa has been struck by cata-
strophic floods. The urban expansion-flood damage link has been used
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to suggest an urban-centric disaster risk reduction approach (Dodman
et al., 2017; Satterthwaite, 2017). However, the urban expansion—flood
damage link is influenced by the category of the observed settlement.
Monographic studies on the spatial dynamics of human settlements in
the sub-Saharan Africa cover almost all large to medium-sized cities but
less than 2% of minor settlements. Knowledge is extracted from satellite
images with moderate resolution, which do not allow the built-up area
to be identified with accuracy (Figs. 4 and 6). For these reasons, this
study used very high-resolution images accessible through GE to revisit
the urban expansion-flood damage nexus with a focus on rural settle-
ments. Reduction of the potential flood damage requires storm-water
drainage, flood barriers, building retrofitting proportional to the
extension of the built-up area, soil and water conservation works to
slowdown runoff proportional to the watershed surfaces that settlements
belong to. Gaining knowledge on the settlement’s spatial expansion is
thus particularly relevant. Demographic growth is less appropriate given
that data are sometimes overestimated (Potts, 2012a; 2012b; Garenne,
2016) or do not follow the same dynamic as the built-up area (Sumari
et al., 2020).

Very high-resolution satellite images accessible through GE are also
helpful for the study of the process of building retrofitting with corru-
gated iron roofs when they have adequate resolution and clarity, and the
buildings are clearly separated from each other, as is common in villages
and hamlets (Fig. 6).

We have found that cities such as Gaya, Dosso, Birni Ngaoure, and
Dogondoutchi, have much larger built-up areas and are expanding much
more rapidly than the expansion rate ascertained by global datasets
(Fig. 4). A possible explanation of the deviation pertains to the patterns
of urban expansion in the last 10 years that changed from compact to
scattered, as observed in other cities south of the Sahara (Nkeki, 2016;
Fenta et al., 2017; Abass et al., 2018), which cannot be easily identified
with coarse images.

However, over the past fifteen years, hamlets grew at faster rates
(3.8% per year) compared with cities (3.5%), although at slower rates
than those observed in other regions south of the Sahara by Agyemang
et al. (2019), Tena et al. (2019), and Kogo et al. (2021). Rural towns
(3.2%) grew at lower rates compared with other settlement types. This is
the opposite of what could be expected from the creation of central
places in rural areas based on the theory proposed by Rondinelli (1985)
and implemented in Niger through the creation of new local jurisdic-
tions in 2004. Decentralisation failed in providing rural towns with the
essential ingredients recalled by Bardhan (2002): true participation,
financial support, and infrastructure. Women and minority participation
in rural decision making was low (Tiepolo and Braccio, 2020).

The restless expansion of hamlets and villages challenged the urban-
centric approach to risk (Dodman et al., 2017; Fraser et al., 2017). The
perspective should be shifted from cities and rural towns to livelihoods
(Chambers, 1995; Scoones, 2009).

The truly significant deviation between the rates of expansion of
rural towns, such as Tanda, and cities, such as Gaya (Fig. 9), and those of
hamlets and villages (Fig. 10) could be explained by the growth of the
rural population (Mercandalli and Losch, 2017; UNDESA, 2018) and the
demographic pressure on arable lands. Nevertheless, there is still room
for rain-fed agricultural expansion that may keep rural people tied to
their locations. Additionally, the most intense expansion is that associ-
ated with smaller settlements, as those of the villages of Kofo and Bouma
Manzo (Fig. 10). Another explanation is attributed to seasonal migratory
flows directed abroad, where there are more job opportunities rather
than the cities of the region, which expanded by a lesser extent (Afifi,
2011). The role of migration and remittance flows referenced by
Scoones (2009) in the understanding of the livelihoods of rural house-
holds is arguably essential.

Villages and hamlets accounted for 71% of collapses from flooding in
39% of the built-up area, while rural towns recorded a rate of 15%
compared with 29% of built-up area. Additionally, cities recorded 14%
of damages compared with 32% of the built-up area. These rates were
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compounded by a trend, whereby damage in villages and hamlets tripled
within a period of six years. By contrast, damages in cities remained
stable and decreased in rural towns (Fig. 8).

Once again, attention paid to cities and to small towns is disputed
(Hardoy and Satterthwaite, 1986; Sattertwaite, 2017). Environmental
justice is not just about the Poor in urban context (Douglas et al., 2006;
Hallegatte et al., 2017). In the Dosso region, rural populations are more
affected by floods than urban populations. In Niger, rural poverty is
three times higher than urban poverty (RN, 2013). The main implica-
tions of ‘unjust rural waters’ concern the following:

(i) Limited resources of rural municipalities to cope with flooding
owing to the incomplete fiscal decentralisation (Wisner et al.,
2015).

(i) Minority and gender participation in decision-making related to
the measures to be taken to cope with floods (Walker and Bur-
ningham, 2011). Awareness and preparedness should be
addressed to the flood prone settlements first.

(iii) Scales of operation. Several flooded settlements belong to trans-
municipal catchments. For example, in the case of the large
village of Sabon Birni (municipality of Tounouga), the upper part
of the watershed belongs to the municipality of Gaya. This im-
plies the involvement of different administrative entities for its
management.

(iv) Damage compensation.

The vulnerability of the built-up environment of villages and hamlets
in the Dosso region lies in the way they expand, without subdivision
plans, storm-water drainage, and with adobe constructions. This is the
opposite of what occurs in cities and rural towns. Corrugated iron sheets
protect the adobe constructions from the impact of intense rainfall on
the roof but do not avoid collapses. Runoff should not impact the adobe
constructions. It must be slowed down, reduced, and channelled into
storm-water drainage. Entrance doors of homes should be protected
with flood barriers. Above all, houses must be built with durable ma-
terials. These measures can make a lot of difference but are not yet
foreseen by municipal development plans.

These analyses led to various unexpected results: (i) a significant
deviation between the built-up areas estimated by global datasets and
those measured through GE, (ii) the restless spatial expansion of any
village and hamlet; (iii) the greater vulnerability of villages and hamlets
compared with cities and rural towns, and (iv) the concentration and the
growth of damage over time in villages and hamlets.

The results of the study are limited in the following aspects. First, an
overestimation of the average annual variation rates of the built-up
areas of the four categories of human settlements in the observed
period owing to the use of an average date of the initial, intermediate,
and final satellite images.

Second, the identification of the corrugated iron roofs limited to 37%
of settlements restricted the significance of the results.

Third, the runoff protective measures, such as rainwater drains, flood
barriers, raised basements, and house entrances, were not considered.
Inundation maps are needed to include them. However, currently, these
are only available for few settlements (Katiellou et al., in press).

Finally, a systematic analysis of the reasons behind settlement
expansion driven by public and private initiatives, and the injustices in
the exposure to flooding, were not developed.

This work concluded with the following recommendations to local
and central governments.

Municipalities should inform the inhabitants of the flooded settle-
ments to refrain from building in flood zones and disseminate some low-
cost best practices to allow them to protect their homes, such as the
application of thresholds and flood barriers to entrance doors, and the
raising of the latrine basements. More efforts should be expended to
include women, minorities, and representatives from remote flooded
settlements in the decision making. Finally, municipalities should add to
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their development plan a flood-risk reduction section listing the mea-
sures that need to be taken on a year-by-year basis. The most important
municipalities can prepare their own risk reduction plan.

The Dosso regional council should establish a geodatabase of the
flooded settlements. Flood zone maps should be prepared in association
with municipalities. This will be useful for local flood-risk management.

The Ministry of Spatial Planning and Community Development
should supplement the guidelines for preparing municipal development
plans with a request to include at all stages of plan preparation (diag-
nosis, identification of measures, programming, and budgeting), and
implementation (monitoring and evaluation) representatives of the in-
habitants of flooded areas.

Suggestions for future research may include (i) the consideration of
the use of open access high-resolution images available through new
satellite constellations, such as the Sentinel, once the image archive is
extended to cover a larger number of years, (ii) the use of images from
open repositories captured by unmanned aerial vehicles, such as
http://map.opeaerialmap.org for a larger number of settlements
compared with the four currently covered in the Niger region.

5. Conclusions

The objective of this study was to revisit the urban expansion—flood
damage nexus in the Dosso region widening the observation to rural
settlements with open access information on flood damage and spatial
dynamics more precise than those currently used.

The analysis was developed from the information provided by
BDINA that allowed the identification of 290 flooded settlements. Of
these, 122 were covered by images freely accessible from GE. GE is user-
friendly and it can be used by unskilled local staff.

The built-up area expansion ascertained through GE highlighted
faster and opposite trends to those offered by global datasets that use
moderate resolution images. With GE, the expansion of all categories of
human settlements (not just cities) was verified for an average time-
frame of 15 years. We discovered that, in the past seven years, hamlets
and villages have expanded at faster rates compared with cities. How-
ever, the analysis also showed that house collapses from flooding were
unequally concentrated in hamlets and villages. Collapses in these minor
rural settlements tripled in six years, in cities they were stable, while in
rural towns they decreased.

Thus, the built-up area expansion-flood damage nexus was
confirmed. However, this does not concern the urban sector but the
rural. The spatial expansion was accompanied by an accelerated
consolidation of houses through the use of corrugated iron roofs. Roof
improvements are not sufficient to protect the settlements from flood-
ing. It is necessary to reduce the runoff and to strengthen and protect
houses. These policies, contrary to what is recommended by literature,
should be implemented in villages and hamlets first because damage and
poverty rates are higher in minor rural settlements. In the Dosso region,
this means intervening in 109 minor settlements instead of concen-
trating on two cities and 13 rural towns only.

The geographical information extracted from this research can
constitute the major part of a geodatabase for informed decisions on
disaster risk reduction at a local scale.

Human settlements can be monitored based on GE even in other
regions in the sub-Saharan Africa to identify the most exposed settle-
ments and most suitable measures to benefit the public risk reduction
policy at a local scale.

When the expansion of human settlements is extensive, long lasting,
and generalised as in the Dosso region, some villages could become the
rural towns of tomorrow. In sub-Saharan Africa, an exclusively urban
perspective may lead to policies that are ineffective in reducing the risk
of flooding and are environmentally unjust.
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