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ABSTRACT

This study examines the critical role of urban and peri-urban forests in mitigating and adapting
to climate change in Niger's city of Niamey. The study uses a combination of spatial analysis,
remote sensing, and modeling techniques to evaluate changes in Niamey's forest cover,
temperature, and population distribution from 1992 to 2023. The results indicate a significant
loss of woodland, a concerning rise in maximum and minimum temperatures, and a rapid
increase in the urban population. The study emphasizes a substantial negative correlation
between vegetation cover and surface temperatures, emphasizing the importance of urban
forests in regulating the local microclimate. Additionally, areas with the highest population
density coincide with pronounced urban heat islands, increasing the vulnerability of
populations to the dangers associated with climate change. This research offers valuable
information to inform policies and strategies that promote the sustainable management of urban

forests in Niamey to enhance the city's resilience to climate change.
Key words: Urban forests, Peri-urban forests, Climate Change, Ecosystem services, Mitigation.

RESUME
Cette ¢tude examine le role critique des foréts urbaines et périurbaines dans l'atténuation et
l'adaptation au changement climatique dans la ville de Niamey au Niger. L'étude utilise une
combinaison de techniques d'analyse spatiale, de télédétection et de modélisation pour évaluer
les changements dans la couverture foresticre, la température et la distribution de la population
de Niamey de 1992 a 2023. Les résultats indiquent une perte significative de foréts, une
augmentation préoccupante des températures maximales et minimales, et une augmentation
rapide de la population urbaine. L'étude met en évidence une corrélation négative importante
entre le couvert végétal et les températures de surface, soulignant 1'importance des foréts
urbaines dans la régulation du microclimat local. En outre, les zones ou la densité de population
est la plus élevée coincident avec des ilots de chaleur urbains prononcés, ce qui accroit la
vulnérabilité des populations aux dangers associés au changement climatique. Cette recherche
offre des informations précieuses pour informer les politiques et les stratégies qui promeuvent
la gestion durable des foréts urbaines a Niamey afin d'améliorer la résilience de la ville au

changement climatique.

Mots clés: Foréts Urbaine, Foréts péri-urbaine, Changement Climatique, Service

Ecosystémiques, Atténuation.



1 INTRODUCTION

1.1 Background

The Sahel region, which includes the Niger Republic, is facing significant difficulties in
dealing with the harmful effects of climate change, primarily due to its arid and semi-
arid climate. The region is experiencing rapid urbanization and population growth,
causing significant land-use changes. These changes are destroying natural ecosystems,
particularly forests, which is the region's sustainability. Urban and peri-urban forests,
which play a crucial role in climate change adaptation and mitigation, are also at risk due
to human activities like deforestation and urban expansion. Therefore, it is essential to
recognize the role of urban and peri-urban forests in climate change mitigation and
adaptation, particularly in the context of Sahel cities. Urban forests are essential as they
offer various ecosystem services like regulating local climate, enhancing air and water
quality, reducing noise pollution, and providing habitat for biodiversity. Additionally,
these forests have significant potential as carbon sinks, which can help mitigate the
effects of climate change. Furthermore, peri-urban forests can serve as essential green
spaces that promote human well-being, provide recreational opportunities, and support
local livelihoods. Therefore, it is critical to develop strategies to protect and sustainably
manage urban and peri-urban forests in the Sahel region to ensure that they continue to
provide critical ecosystem services and contribute to climate change adaptation and

mitigation efforts.

Niamey, the capital of Niger, is experiencing rapid growth and urbanization, making it
one of the fastest-growing cities in the world. The city is located in the Sahel region,
known for its semi-arid climate and high temperatures, resulting in a decrease in air
quality. According to a study conducted by Hungerford & Moussa, (2016), the
governance of urban forests in Niamey has evolved from being state-centered to being
involved in international development projects of decentralization and food security.
Despite overlapping institutional jurisdictions, trees in Niamey exist in a precarious state,
highlighting the role of governance in the state of urban forests. Hungerford & Moussa,
(2016) surveyed 348 households in 14 neighborhoods of Niamey on their tree planting
practices and use of existing trees, revealing that the wealthiest households owned the
most trees, while middle-income neighborhoods had the greatest variety of trees. This

suggests that socio-economic factors play a crucial role in the diversity and number of



trees in urban forests, which may have implications for understanding and mitigating
climate change. According to Pace, (2020), Urban forests and trees can help mitigate
high temperatures in cities by providing shade and cooling through transpiration. This
reduces energy consumption and carbon emissions. Additionally, they can improve air
quality by absorbing pollutants, regulating air temperatures, and emitting various
chemicals that contribute to better health conditions and climate change mitigation. A
study was conducted using a model that combines soil water balance with energy
calculations to assess the physiological responses and effects of a common urban street
tree species (Tilia cordata Mill.) on temperature regulation. The analysis included the
total tree cover and leaf area index daily, the hourly flux of pollutants to and from the
leaves, the effects of hourly pollution removal on pollutant concentration in the
atmosphere, and the health impacts and monetary value of the change in NO2, O3,
PM2.5, and SO2 concentration. The information from the U.S EPA Environmental
Benefits Mapping and Analysis Program (BenMAP) model was also used. A study by
(Forest et al., 2014) found that forests can limit pollution dispersion and increase local
pollutant concentrations. However, they can also protect sites from pollutant emissions
and substantially impact lowering local pollution concentrations. This highlights the
importance of careful local-scale forest design near pollutant sources. This study aims to
investigate the role of urban forests in understanding and mitigating the effects of climate

change on human life in Niamey (Niger).

1.2 Problem Statement

Urban and peri-urban forests are vital in mitigating and adapting to climate change. Still,
unfortunately, there is very little research into their extent, condition, and significance in
Sahelian cities. Niger is one such country facing this challenge, where urban and peri-
urban forests are under threat from urbanization and population growth. The lack of
comprehensive research into the role of these forests in mitigating and adapting to
climate change in Niger is a matter of concern. This means policymakers and urban
planners cannot make informed decisions about managing these forests sustainably,

leading to further environmental degradation.

Changing land use is also a significant challenge facing the urban forest in Niamey. As cities
grow, there will be a push to convert forest areas into residential, commercial, or industrial

development. This land use change can have a significant impact on the ecosystem services



provided by urban forests, including carbon storage, air and water quality, and biodiversity.

Population growth is also a significant challenge to urban forests in Niamey. The city's

population has grown rapidly in recent years, leading to an increased demand for resources and
services. This growth has pressured the city's infrastructure, especially the urban forest. As the
population grows, it is essential to create more green spaces and urban forests to provide
necessary ecosystem services. The study by, Hungerford & Moussa, (2016) explores the
relationship between governance and domestic trees in Niamey, Niger. The study sheds light
on the role played by households in the composition of the urban forest and the disparities in
the number and diversity of trees depending on household wealth. Urban forests in Niamey
face various challenges, such as inadequate governance, population growth, and land-use
changes. Therefore, it is essential to study the impact of urban forests on mitigating climate
change in Niamey, Niger. The research will focus on the role of urban forests in reducing
temperature, regulating air quality, and enhancing biodiversity. Our research aims to investigate
the potential of urban and peri-urban forests in mitigating and adapting to climate change in
Sahelian cities, with a focus on Niamey, Republic of Niger. The study will provide a
comprehensive understanding of the current state of urban and peri-urban forests in the
Republic of Niger, the relationship between them, temperature variations, and population
distribution in Niamey. Collection and analysis of forest cover data, temperature variations,
population distribution, and their correlation will be performed. The information gathered will
help policymakers and urban planners to make informed decisions on sustainably managing
urban and peri-urban forests in the Republic of Niger. This will contribute to the country's

efforts to promote environmental sustainability and mitigate climate change.

1.3 Significance of the study

The goal of this study is to enhance the comprehension of the potential role of urban and peri-
urban forests in mitigating climate change and promoting sustainable development in cities
located in the Sahel region. By identifying research gaps and examining the management
practices of these forests, this study will provide valuable insights for policymakers and urban

planners in the region.



1.4 Scope of work

The study will be centered on the city of Niamey, which is situated in the Republic of Niger in
the Sahel region of West Africa. The research will comprise a literature review and data

collection for analysis.

1.5 Objectives of Study

The main objective of this study is to investigate the role of urban forests in understanding and

mitigating the effects of climate change on human life in Niamey (Niger).
Four specific objectives have been set to achieve the main objective:

(1) To assess the state of urban forests in Niamey city from 1992 to 2023;

(2) Establish the temperature Variability in Niamey city;

(3) Elaborate Human population distribution in Niamey;

(4) To establish the relationship between temperature, urban forest, and human life in

Niamey city.



2 LITERATURE REVIEW

2.1 Introduction

Climate change threatens livability and development gains in sub-Saharan African cities amid
rapid population growth and green space declines (Ur & Tanmoy, 2023). Urban areas across
the developing world are increasingly confronting the challenges posed by climate change. As
global temperatures rise and extreme weather becomes more frequent and severe, cities face
mounting risks from heat waves, flooding, drought, and other climate hazards (Bulkeley &
Betsill, 2013). Urban forestry supports adaptation through ecosystem services moderating
climate drivers like rainfall interception, surface cooling, and carbon storage (Wang et al.,
2022; Yelboga et al., 2019). Dryland and Sahelian cities in already hot and water-scarce regions
are acutely vulnerable to the deleterious effects of climate change on public health,
infrastructure, food, water security, and socioeconomic development (Lwasa et al., 2014). du
Toit et al., (2018); Lwasa et al., (2014) both highlight the potential of urban and peri-urban
agriculture and green infrastructure, respectively, in mitigating and adapting to climate change.
The study contributes to understanding how urban and peri-urban forests can help in mitigating
and adapting to climate change in East and West Africa. Key areas of adaptation and mitigation
include enhanced food security, productive greening, ecosystem services, and innovative
policies for urban resilience and transformation. These findings can be applied to the specific
context of Niamey, where the role of urban and peri-urban forests in climate change mitigation
and adaptation should be further explored. These risks disproportionately impact urban
populations in low-income countries with limited adaptive capacity and infrastructure to cope
with climate stresses (Martius et al., 2015). Munishi et al., (2004), focus on the potential of
urban forests in Tanzania as carbon sinks and climate change mitigation through carbon
assimilation and storage. In their methodology, biomass/carbon models for trees were
developed and used to predict biomass/carbon storage as a function of tree diameter. The model
was of the form B =0.5927DBH1.8316 (12 =0.91, P<0.01). In a study by Chirwa et al. (2017),
the causes of land degradation and the potential of forests to slow down global warming in
Africa are examined, along with the economics of carbon markets. Ezeabasili et al., (2015)
examine the significance of sustainable urban forestry in Nigerian built environments,
emphasizing the advantages of urban forests in terms of erosion management, flood control,

and offering public leisure places.



Niger is considered one of the most at-risk countries for climate change globally due to its
geographic location within the semi-arid Sahel belt of Africa (Abdourahamane Illiassou et al.,
2016; Bernholt et al., 2009; S. Moussa et al., 2019). As the country undergoes rapid population
growth and urbanization, the situation is particularly pressing for Niger’s largest urban center
Niamey. Situated along the Niger River, Niamey has grown exponentially from 167,000
inhabitants in 1977 to over 1.5 million, today, accompanied by extensive land conversion and
vegetation loss within city limits and surrounding areas (Abdourhamane et al., 2017). These
landscape changes have occurred simultaneously as temperatures in Niamey have risen
considerably according to meteorological records, threatening disproportionate harm to the
health, livelihoods, and well-being of residents (S. Moussa et al., 2020a). Within this context,
urban forests play a vital role in climate change adaptation by providing ecosystem services
that can reduce heat stresses and buffer communities from climate hazards (Hartman, 2014).
Through evapotranspiration, shading, and reflection of solar radiation, trees and green cover
help moderate microclimates and mitigate urban heat island effects (UHI) (Ogunbode & Asifat,
2021). Forests also help intercept rainfall, replenish groundwater, diminish flood risk, and offer
other provisioning benefits like fuelwood, foods, and herbal medicines (Salamatou et al., 2015).
Their role in sustainably adapting cities to climate change is particularly pronounced for rapidly
growing urban centers in at-risk dryland regions like Niger’s capital of Niamey (Pramova et
al., 2012). However, continued deforestation and loss of peri-urban green areas threaten to

undermine its forest-based climate resilience (Yang, 2021).

Therefore, to achieve the objective of this research the study will exhaustively review and
synthesize the existing scientific literature on the subject to better understand: trends in the
condition of urban forests in Niamey; documented and projected temperature changes affecting
the city; and the relationship between forests, temperatures and human vulnerability to climate

risks.

2.2 Urban and Peri-urban Forest Dynamics

Several remote sensing studies have documented long-term shifts in land cover within Niamey
and surrounding peri-urban regions over the past few decades that indicate progressive
deforestation. Bernholt et al., (2009) studied the state of urban forests in Niamey from 1992 to
2007. The study found that urban forests in Niamey have declined significantly, with a loss of
about 50% of the forest cover. The study attributed the decline in urban forests to urbanization,

population growth, and a lack of effective management. Complementing this, Y. M. Moussa et



al., (2024) employ advanced remote sensing techniques to delineate the spatial distribution and
composition of urban forests, revealing the heterogeneous nature of vegetation patterns within
the city. Monteiro et al., (2020) examined the current state of urban forests across Great Britain
and recommended a framework for rating their sustainability, which could be applied to
Niamey city and found that Urban forests in Great Britain are hardy but lack large trees and
species diversity, have small canopy cover, and could benefit from a sustainability framework
for better management. Esperon-rodriguez et al., (2023) also observed that the urban forest is
fragmented and poorly managed. This is a cause for concern, as urban forests are critical in
mitigating the effects of climate change. Hartman, (2014) discusses the potential benefits of
urban tree-planting initiatives to mitigate climate change by storing carbon dioxide and
providing shade. Ordéfiez & Duinker, (2014) argue that vulnerability assessment is necessary
to address climate adaptation in urban forests and propose a framework for assessing climate
vulnerability in urban forests using the CCVAs which are a key tool for informing adaptation
planning and management. Munishi et al., (2004) analyzed Landsat imagery from 1986 and
2001 to map land use/land cover changes around the city in Tanzania, they found expansion of
agricultural fields and loss of wooded savannah at a rate of 1.8% per year, largely attributed to
population pressure and fuelwood extraction. Similarly, analyzing 1992 and 2015 satellite
imagery, Abdourhamane et al., (2017) noted shrinking vegetated areas within Niamey and
demonstrated land conversions to built-up surfaces increased almost fourfold. More recent
analyses continue to shed light on concerning deforestation trajectories. Comparing satellite
data from 1992, 2008, and 2018 through Geographic Information Systems, Boubacar et al.,
(2020) documented declining tree densities within Niamey and losses of riparian forests
alongside waterways. Their findings revealed a 60% reduction in wooded areas and near
elimination of dense vegetation over the study period. Likewise, Almouctar et al., (2024)
employed Landsat 5, 8, and Sentinel-2 imagery from 1992-2021 to map land cover/land use
transformations in Niamey and surrounding cantons. They identified an “alarming” conversion
of forests and woodland savannah to cropland and urban areas averaging 2.5% annually.
Expanding on these analyses, Salamatou et al., (2015) utilized the maximum likelihood
classification of 1992 and 2011 Landsat 5 satellite imagery to compare tree cover changes
within Niamey’s urban periphery. Results showed declining tree density with cover reductions
of 4.5% in the east, 3.4% in the west, and 2.1% in the city's north. Trees were mostly replaced
by bare soil and built surfaces. The relevance of native woody species in urban forests for
carbon storage and conservation is highlighted by (S. Moussa et al., 2018, 2019), In their study

process they used the plot method to inventory densitometric variables based on a stratified
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sampling approach from peri-urban areas to the built environment, and also biodiversity indices
and allometric models were used to analyze the data. They discovered that the native woody
plants in Niamey and Maradi are diversified, with the Fabaceae family predominating. The
importance of Azadirachta indica (neem) trees in stocking carbon in the urban forests of
Niamey and Maradi is also emphasized in (S. Moussa et al., 2018). Neem trees should be taken
into account in urban land use planning for carbon conservation since they were proven to store

a substantial quantity of carbon.

Community-based mapping by Pramova et al., (2012) of forest resources around Niamey
village Gouré between 2005-2010 corroborated accelerating deforestation, estimating an
annual loss rate of 2.14% linked to agricultural expansion and fuelwood removal. The scientific
evidence indicates decades of sustained deforestation pressure within Niamey’s urban and peri-
urban areas, a trend with important implications for climate resilience as forests offer critical
ecosystem services to buffer climate stresses. Several anthropogenic factors are cited as
primary causes of eroding Niamey’s urban forest cover over time: Rapid population growth
has spurred the conversion of wooded lands surrounding Niamey to crop fields and pasture for
local consumption and market sales to support livelihoods (Almouctar et al., 2024; Salamatou

etal., 2015).

Subsistence farming advances into remaining forests as arable lands near the city become
overused (Pramova et al., 2012). Fuelwood extraction for cooking, heating, and pottery firing
remains the dominant energy source, satisfying over 90% of Niger’s energy needs nationally
(Mansour et al., 2020). Intensive wood harvesting degrades forests as demand grows with
population increases in and around Niamey (Munishi et al., 2004; Pramova et al., 2012).
Construction activities and expansion of the built environment displace trees to accommodate
rising numbers of residential and commercial developments in Niamey (Abdourhamane et al.,
2017; Boubacar et al., 2020). Peri-urban sprawl further encroaches on surroundings (Almouctar

et al., 2024).
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Figure 1: Spatial distribution of LULC over Niamey region in (2013—2019). (Almouctar et al., 2024)

Herders bring flocks into wooded areas during the dry season, overgrazing vegetation, and
compacting soils, hindering regeneration (Munishi et al., 2004). Large numbers of cattle, goats,
and camels concentrated near Niamey exacerbate degradation (Pramova et al.,, 2012).
Uncontrolled, unplanned settlements in peri-urban regions lack demarcated zones, leading to
ad hoc encroachment on remaining forests with weak enforcement of protections (Borgogno-
Mondino et al., 2015). Drier conditions associated with global warming may enhance the die-
off of certain tree species less adapted to higher temperatures and rainfall anomalies (Esperon-
rodriguez et al., 2023). More frequent droughts additionally stress vegetation. Additionally,
socio-economic factors bolster these direct causes. Poverty incentivizes overexploiting forest
resources for basic needs, while cultural traditions upholding open access diminish collective
stewardship incentives (Munishi al., 2004). The combined impacts of these interrelated factors

have left scant forest cover bordering Niamey after decades of degradation.



2.3 Impacts of Forest Loss

With fewer trees, critical benefits such as freshwater replenishment, air purification, flood
alleviation, and microclimate regulation are eroded (Pramova et al., 2012; Salamatou et al.,
2015). Urban forests help absorb rainfall, reduce surface runoff, and support groundwater
recharge in a water-scarce setting (Mansour et al., 2020). Deforestation contributes to rising
urban heat islands as trees offer less evaporative cooling and shading (Ogunbode & Asifat,
2021; Yang, 2021). Without vegetation cover, ambient temperatures increase substantially (Li
et al., 2021; Nasser & Adam, 2024). Growing heat stress poses direct public health risks,
especially for vulnerable groups without climate-controlled shelter like the urban poor (S.
Moussa et al., 2020a; Osseni et al., 2023). Declining access to forest products like herbs, nuts,
fruits, and fuelwood linked to degraded peridomestic vegetation adversely affects healthcare,
nutrition, and food security (Mansour et al., 2020; Salamatou et al., 2015). Air pollution
worsens with fewer trees absorbing particulate matter (Y. M. Moussa et al., 2024). Without
canopy coverage and root systems keeping soils porous, surface runoff intensifies during
episodic heavy rainfall events in Niamey, heightening flood risk (Almouctar et al., 2024;
Boubacar et al., 2020). Deforestation removes nature-based infrastructure reducing
hydrological hazards. Rural livelihoods near Niamey dependent on forest goods and services
for incomes suffer as resources dwindle, including fuelwood collectors, herders, and those
reliant on wild foods, medicines, and inputs for handicrafts (Pramova et al., 2012; Salamatou
et al.,, 2015). Deforestation disproportionately burdens women and girls responsible for
household tasks like fuel and fodder collection who must travel farther as resources deplete
near communities (Hungerford & Moussa, 2016). Safety and time poverty issues emerge. The
combined stressors arising from Niamey’s extensive deforestation underscore its diminishing
resilience in the face of current climate risks like heat waves as well as future climate change
impacts. Mainstreaming urban forestry thus represents a pivotal yet underutilized strategy for

building the city’s adaptive capacity.

2.4 Temperature Variability and Rising Heat Risks

Fuwape & Onyekwelu, (2011) employ remote sensing techniques to assess temperature trends,
highlighting the presence of urban heat islands and their implications for urban microclimates

and observed that the temperature in West Africa has been increasing over the past few decades

due to the urban heat island effect. This is a significant concern, as high temperatures can
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adversely affect human life, particularly during heatwaves. Analysis of long-term
meteorological data from Niamey’s airport confirms the city has experienced substantial
warming over recent decades concurrently with ongoing deforestation. One of the earliest
studies, Bernholt et al., (2009) examined daily temperature records between 1970-2006, finding
mean annual temperatures rose by 0.7°C and wet season maximums increased by 1.5°C. A
subsequent analysis by S. Moussa et al., (2019) of data from the 1960-1990 and 1990-2020
periods showed significantly higher average, minimum, and maximum temperatures during the
latter interval. This warming trajectory has continued according to more recent temperature
evaluations. Comparing records from 1961-1990 against the 1991-2020 baseline, Soulé,
Nyamekye, et al., (2022) determined mean annual temperatures in Niamey rose approximately
1°C, with maximums increasing by 1.2°C. Disaggregating seasonal impacts, the authors

observed the greatest warming during the hot, dry Harmattan season from November to
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Across Niger as a whole, the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC) corroborated the above studies, concluding mean surface temperatures
have increased approximately 0.5-1°C, over the 20th century (Lowe, 2019). Modeling future
changes, the IPCC projects continued warming across West Africa under all emission pathways
assessed through 2100, with temperatures expected to rise more rapidly over continental
interiors like the Sahel-Sahara belt. Decades of meteorological monitoring verify unambiguous
warming affecting Niamey and wider Niger in both maximum and minimum temperatures

since the mid-20th century.

Global climate models provide insights into future temperature changes anticipated for Niamey
based on different Representative Concentration Pathway (RCP) emission scenarios: Under
RCP4.5 (stabilization pathway): Esperon-rodriguez et al., (2023) projected mean summer
temperature rises for Niamey of 1.5-3°C by 2050 and 2.5-5°C by 2080 relative to 1980-2010
levels using the CNRM-CMS5 model.

For RCP6.0 (business-as-usual): The CORDEX-Africa ensemble assessed by projected annual
average temperature increases in Niamey of 2-3°C by 2050 and 3-5°C by 2100 compared to

the baseline period. Maximum temperatures were projected to rise more sharply.

Adopting RCP8.5 (worst-case scenario): Simulations using the EC-EARTH model by Moussa
et al. (2020) projected mean annual temperatures in Niamey could rise 3-4°C by 2050 and 5-
7°C by 2100 versus 1986-2005 levels. Mean summer maximums were projected to escalate
even more significantly. These multi-model projections foresee substantially warmer
conditions in Niamey across all pathways, with average temperatures potentially rising above
deadly wet bulb thresholds for humans if high emissions continue unchecked according to some
studies (Sherwood & Huber, 2010). As average temperatures climb well above historic

variations, extreme heat events will likely intensify per recent analyses.

Fitting a generalized extreme value distribution to Niamey weather data, (Yang, 2021)
estimated over 30 heat wave days (3+ consecutive days above 35°C) currently occur annually.
Under RCP4.5 and 8.5 by the late century using the EC-Earth model, heat waves were projected
to last approximately 10-15 days longer while exceeding far higher temperatures than seen
historically. Warming projections indicate the already hot climate in Niamey will transition to
new, challenging heat regimes by mid-century if emissions growth is not curbed sufficiently,
posing unprecedented physiological strains without significant adaptation investments (S.

Moussa et al., 2020b). Strong mitigation thus remains imperative alongside local resilience-
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building. Analysis of historical climate data sheds light on emerging heat extremes already
affecting Niamey. One such study classified daily maximum temperatures into "normal",
"warm" and "extremely warm" categories between 1970-2015 based on 30-year averages
(Bernholt et al., 2009). It found the number of extremely warm days roughly doubled, rising
from 5-10 historically to 10-15 annually in recent decades. Aissatou et al., (2017) discuss the
impact of global warming and heat waves on electricity consumption in Niamey, the results
show that the city has experienced an increase in annual mean temperatures, with maximum

variations of around 2.2+0.1°C.
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Figure 3: Evolution of the number of heat waves for Niamey considering the hot period MAM and SON.
n3 represents three successive days with mean temperature is great than the 90th percentile, n4 represents
four successive days, and so on. (Aissatou et al., 2017)
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More detailed heat wave analyses reveal growing heat stress. Using the WHO definition of heat
waves as >3 consecutive days with maximum temperatures above the 90th percentile historic
threshold, S. Moussa et al., (2020) detected significant increases in heat wave occurrences,
intensities, and durations in Niamey between 1986-2005 and 2006-2018. Average intensities
rose 0.45°C and average durations grew from 4-5 days historically to 6-7 days recently
according to their analysis. Additional investigations point to disproportionate heat wave
impacts based on location within Niamey. Through field surveys and mobile weather stations
during the 2018 wet season, S. Moussa et al., (2020) observed average daily maximum
temperatures roughly 1°C warmer in peripheral unplanned neighborhoods lacking vegetation
compared to the city center. Similarly, in 2019 Harmattan, S. Moussa et al., (2020) detected
maximums ~1.5°C higher in low-income outskirts versus more affluent, wooded districts.
Analysis of national health data for Quebec shows that heat-related deaths increase sharply
during intense heat waves, disproportionately impacting vulnerable populations (Kemenkes R1,
2017). These analyses highlight Niamey’s changing heat regimes with rising baseline
temperatures conducive to more severe, prolonged, and widespread heat events trends
projected to sharply escalate heat stresses across the city. However, inequitable distributions of
extreme heat linked to socioeconomic factors remain understudied. The next segment explores

interactions between urban forests, temperatures, and human vulnerability in Niamey.

2.5 Relationship Between Urban Forests, Climate Change, and Human Life

Several local studies have empirically confirmed the influence of landscape features and trees
in moderating Niamey's urban heat island (UHI) dynamics. Using Landsat satellite imagery
and in situ measurements across 15 land cover classes during the 2018 Harmattan season,
Nasser & Adam, (2024) quantified surface urban heat island intensity (SUHII) ranging from
4.6-10.7°C. Bare surfaces exhibited the highest SUHII of 10.7°C compared to only 4.6°C, over

dense woodland, demonstrating trees’ cooling services.
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Figure 4: Changes in LULC classes between 1975 and 2020 in Niamey. The LULC classes are (BL = Bare
land, BU = Built-up, OC = Other crops, RC = Rice, RK = Rock, VG = Vegetation, and WB = Waterbody),
(Nasser & Adam, 2024)
A study by Soydan, (2020) used various satellite images and conducted statistical and
geographical analyses to examine the relationship between land surface temperatures of green
and impervious surfaces in Nigde, Turkey, and found that the composition and patterns of the
landscape, including the ratio of impervious and green surfaces, significantly influence land
surface temperatures. Ren et al., (2016) discover that In urban forests, dominant tree species
and elevation are key factors influencing land surface temperatures, with human activities and
ecological factors interacting to increase these temperatures by creating a spatial database by
integrating multi-source data, calculating LST spatial distribution data using thermal remote
sensing images, identifying hot and cool spots through spatial statistical analysis, and

combining results to reveal the driving mechanism of urban forest LST.
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Figure 5: Schematic of the proposed methodology. Data were processed using ArcGIS10.0 and the
GeogDetector model. (Ren et al., 2016)

Likewise, through airborne thermal infrared imaging and correlation analysis with land
cover/use maps during the 2018 wet season, Li et al., (2021) modeled land surface temperatures
(LST) across the Gannan region, northwest China. Their high-resolution surface energy
balance model estimates indicated tree canopy coverage lowers mean LST by up to 2°C versus
barren areas, importantly attenuating peak afternoon heating. The reduced nocturnal
temperatures in woodlands also delay the onset of morning warming. Measurements in
wooded versus unwooded sections by Bernholt et al., (2009) showed up to 3°C lower evening
temperatures under trees. Similarly, mobile weather stations deployed across urban vegetation
gradients by S. Moussa et al., (2020) recorded 1-1.5°C cooler maximums where tree density
proved the highest measurable heat mitigation service. Simone et al., (2023) also observed that

urban forests help reduce the urban heat island effect, which has positive effects on human
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health. Overall, these local empirical analyses confirm urban forests play a demonstrable role
in easing Niamey’s rising heat stresses through microclimate regulation and surface cooling
despite ongoing deforestation underscoring benefits for public health and living conditions that
demand further protection and enhancement of the city’s remaining green cover. Biophysical
modeling studies lend insights into interactions between landscape features, temperatures, and
human exposure dimensions across the world, high-resolution WUDAPT land cover
classifications downscaled from Landsat-informed microscale Urban Weather Generator
(UWG) simulations by O’Brien et al., (2022). Their city-wide heat stress projections through
2100 under RCP4.5-8.5 indicated tree canopy coverage helps mitigate future risks, with fewer

trees exacerbating warming impacts.

Likewise, Li et al., (2021) combined their LST modeling with population density mapping to
assess heat risk distributions. They determined zones experiencing the highest temperatures
coincided strongly with locations of the greatest population concentration and socioeconomic
vulnerability. The study inferred such densely inhabited, peri-urban districts deficient in

vegetation face disproportionate cumulative heat exposure requiring mitigation measures.

Such biophysical analyses provide a geospatial lens complementing social analyses examining
temperature-vulnerability linkages. correlating household survey data with mapped indicators
including temperature and tree cover, S. Moussa et al., (2020) revealed the urban poor
concentrated in peri-urban neighborhoods lack shaded public spaces and air conditioning,
experiencing the highest heat stresses. Furthermore, Osseni et al., (2023) conducted surveys
across farmer settlements to identify key climate vulnerabilities. They found rural agricultural
livelihood zones peri-urban to Niamey face acute heat risks from crop losses and heat-related
illnesses partly due to sparse trees in their settlements and fields lacking shade—lack of
adaptive capacity amplified such climate exposures. Aissatou et al., (2017) highlight the role
of urban forests as socio-cultural hubs, fostering community cohesion and identity amidst rapid
urbanization. Similarly, Boubacar et al., (2020) explore the economic potentials of urban

forestry, emphasizing its contribution to livelihood diversification and urban resilience.

Urban growth modeling by Borgogno-Mondino et al., (2015) informed similar perspectives,
projecting expanding unplanned settlements on the city fringe to endure the greatest warming
impacts through loss of greenery if development proceeds unmanaged over coming decades.
Mainstreaming spatial planning informed by landscape-microclimate-social analyses remains

important for climate-proofing Niamey’s expansion. Several studies have specifically explored
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disproportionate vulnerability dimensions for marginalized communities, Hungerford &
Moussa, (2016) interviewed women from low-income slums on fuelwood collection
challenges. They found collection times doubled as forest depletion pushed gatherers farther
from homes, threatening safety and increasing time poverty without replacements for
subsistence needs. Fuwape & Onyekwelu, (2011) employ remote sensing techniques to assess
temperature trends, highlighting the presence of urban heat islands and their implications for
urban microclimates and observed that the temperature in Niamey has been increasing over the
past few decades due to the urban heat island effect. This is a significant concern, as high
temperatures can adversely affect human life, particularly during heatwaves. Therefore,
understanding the relationship between temperature and urban forests is critical in mitigating
the effects of climate change in Niamey. Building upon this, Hungerford & Moussa, (2016)
delve into the socio-economic dimensions of temperature variability, emphasizing its
disproportionate impact on vulnerable communities. Related fieldwork by S. Moussa et al.,
(2020) showed urban slum households experience the highest heat stresses with little
vegetation or shelters and poorer health conditions. Accessible green spaces remain essential
for these groups coping without air conditioning.

Microclimate measurements and surveys by Soulé, Kyereh, et al., (2022) revealed unplanned
settlements deficient in trees correlate strongly with the highest extreme heat exposures and
least adaptive capacity among residents. Analyzing household surveys administered across
rural-urban interfaces near Niamey, Osseni et al., (2023) determined smallholder peri-urban
farmers face rising heat risks like failures from lack of shade and access to cooling services

from trees amid sparse vegetation in their fields and hamlets.

Through participatory mapping, Pramova et al., (2012) demonstrated that diminished forest
goods like wild foods, medicines, and fuelwood disproportionately impact the livelihoods and
well-being of poorer, traditionally forest-dependent communities near Niamey as resources
dwindle. These studies highlight climate hazards compounding social vulnerabilities, with
marginal groups bearing the highest cumulative burdens from deforestation removing critical
ecosystem protections in tandem with limited capabilities to adapt independently. Urgent
mainstreaming of participatory, equitable, and climate-sensitive urban planning and forestry
thus remains essential to safeguarding the interests of Niamey’s most at-risk populations under
future warming. While Niamey's architecture traditionally incorporated shade-giving
courtyards and earthen construction cooling indoor microclimates, modernization increasingly

uses heat-absorbing materials (S. Moussa et al., 2019).
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Technical options offer climate-responsive alternatives, like retrofitting schools and public
buildings with extensive green roofs reducing ambient temperatures by 1-3°C as shown in
similar dryland cities (Ustaoglu, 2022). These provide ancillary learning spaces and urban

agriculture potential complementing urban greening (Duarte et al., 2015).

Living walls planted with drought-tolerant species promote natural cooling and carbon
sequestration, especially on multi-story structures common in denser neighborhoods
experiencing the greatest heat exposure risks (Wolf et al., 2020). Participatory design ensures

community uptake.

However, a lack of skills, financing mechanisms, and maintenance plans hamper widespread
mainstreaming under current policy gaps per surveys by Nasser & Adam, (2024). Integrated

mitigation-adaptation strategies remain in the early stages in Niger.

2.6 Conclusion

This comprehensive literature review examined the multifaceted roles of peri-urban and urban
forest resources for supporting climate change understanding and adaptation in the Sahelian
city of Niamey, Niger. Empirical analyses demonstrate decades of sustained deforestation
degrading ecosystem services critical for mitigating rising heat stresses threatening
disproportionately the urban poor lacking shelter or mobility options. Ongoing land
conversions driven by agricultural expansion, urbanization, and fuelwood extraction eliminate

protective tree canopy co-occurring with climate warming trends.

Biophysical studies confirm declining vegetation intensifies micro-scale urban heat islands
reducing liveability and exacerbating public health risks from heat waves projected to intensify
markedly. Modeling analyses pair these interactions with underlying inequities concentrating
highest exposures in low-income settlements deficient in vegetation indicative of maladaptive
trajectories if current trends persist. Community-based initiatives restoring forests show
promise in bolstering resilience yet face constraints with weak integration within urban
planning. Technical options like green infrastructure retrofits also offer untapped potential if

barriers to adoption are addressed.

19



3 METHODOLOGY
3.1 Study Area
3.1.1 Geographical Location

The Niamey region is located in the southwestern part of Niger between latitudes 13°35' and

13°24' South and longitudes 2°15' East. Its altitude ranges from 160 m to 250 m, and its

administrative boundaries cover an area of 552.27 km?2, of which 297.46 km?2 is urbanized. The

final results of the latest general population and housing census of 2012 give a population of

one million twenty-six thousand eight hundred and forty-eight (1,026,848) inhabitants. (INS,

2021).

Map of Location of Niamey- Niger
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The Niamey region comprises two main features: the left-bank plateau and the right-bank plain.

The left-bank plateau has an average altitude of about 250 m and is the largest urbanized area.

It overlooks a drop of 20 to 25 m. On the other hand, the right-bank plain is ideal for urban and
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peri-urban market gardening. It extends over several kilometers, with an average altitude of
125 m. The plain also contains fossil dunes from the arid Quaternary period. The dunes on the
plateaus form sandy blankets or longitudinal dune belts aligned in an east-west direction. These
soils are not very advanced, poor, and easy to work, making them suitable for cereal crops. The
region enjoys a Sahelo-Sudanian climate with a short rainy season from June to September,
followed by a long dry season from October to May. There are three types of soil in the region.
Firstly, the soils of the cuirassé plateaus are highly degraded and too arid for agriculture due to
their depth and permeability. Secondly, sandy-textured soils including tropical ferruginous soils
of the sandy valleys are used for agriculture during the rainy season, but their fertility is
continuously degraded by the lack of fallow land, deforestation, over-grazing, and erosion.
Lastly, hydro-morphic soils located in the Niger River valley are fertile and provide irrigation
possibilities, making them suitable for off-season crops and the capital's orchards. Vegetation
plays a crucial role in stabilizing soil. It indicates and results from changes in other natural
resources and physical environment components such as climate, water resources, and soil. The
natural flora along the river, the Koris, and the plateaux consist of various plants such as
Hyphaene thaebaica, Borassus aethiopum, Acacia albida, Acacia balinates, Combretum
(gluttonous, micranthun, nigricans, aculeatum), Prosopus africana, Eucalyptus camaldulensis,
Terminalia mentaliili, and Azadirachta indica. Additionally, there are over 2000 hectares of
multi-equal artificial plantations, including green belts and green spaces. The geology of the
Niger River valley can be divided into two types of formations. Recent alluvium can be found
at Goudel in the northeast of Saga and much further east. Terminal continental formations,
consisting of clayey sandstones of the Middle Niger, are located on the right bank of the river
and to a lesser extent on the left bank. These sedimentary formations sit above the Birimian
granites, greenstone, and shale that make up the basement formations. To the east and northeast
of Niamey, the basement formations gradually transition into sedimentary formations such as
clayey sandstones and recent alluvium. On the other hand, sedimentary formations can be
found all around the Niger Valley to the west (northwest and southwest), where they sit on top
of the basement rocks. These sedimentary formations eventually give way to rocks equivalent
to those of the Liptako crystalline basement.(INS, 2021; Institut National de la Statistique,
2010)
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3.1.2 Administrative Evolution

Niamey, a small village, was the site of the first French military post on May 15, 1902.
Afterward, it was the headquarters of the military territory of Niger until January 1, 1911. It
became an autonomous civilian territory in December 1920, then the capital of the Niger colony
in 1922. On December 28, 1926, Niamey became the capital, replacing Zinder. By decree
n°1248/AP of February 14, 1954, Niamey became a mixed commune, and from December 18,
1955, it was erected as a commune. With law n°2002-012 of June 11, 2002, determining the
fundamental principles of the free administration of regions, departments, and communes, as
well as their powers and resources, Niamey remains an Urban Community with three
communes. Laws no. 2002-14 and no. 2002-15 June 11, 2002, respectively creating communes
and determining their chief towns, increased the number of communes from three to five
(Niamey 1, Niamey 2, Niamey 3, Niamey 4, and Niamey 5). A main urban area of eighty-five
(85) administrative districts, concentrating a significant proportion of the population,
employment, particularly skilled employment, and secondary and higher education. But A
network of thirty-eight (38) villages and attached tribes, a predominantly rural area, completes

the structure of the regional territory.
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Figure 7: Map of The Niamey Region and Administrative Boundaries (INS, 2021)
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Table 1: Distribution of districts and villages by municipal district (INS, 2021)

municipal district districts villages
BOBIEL, BOBIEL I, BOBIEL IlI, CITE GABOUGOURA GOROU
CHINOISE, CITE FRANCOPHONIE, BANDA GOUDEL KOSSEYE
FOULAN KOIRA, KOUARA KANO LOSSOGOUNGOU
NIAMEY I NORD, KOUBIA, PLATEAU I, PLATEAU SOUDOURE TONDIBIA
IV, RIYAD, SABARA, SATU, SONUCI TONDIKOIREY
FENIFOOT, YANTALA (RECASEMENT),
YANTALA BAS, YANTALA HAUT
BANIZOUMBOU Il, BOUKOKI I, GOROU BERI GOROU KAINA
BOUKOKI 1,BOUKOKI I1l, CITE DEPUTE, (Alpha Koira) BOSSEY
CITE DES PROGRES, DAN-ZAMA BANGOU CHATEAU
KOIRA, DAR ES SALAM, DEYZEBON
NIAMEY II KOIRATAGUI,GANDACTHE, ISSA BERI, TONDOBON
KALLEY PLATEAU, KOIRA TEGUI
FOULAN KOIRA, KOMBO, KOUARAME,
LAZARET, MAOUREY, NORD,
FAISCEAU, NORD LARARET
,TOURAKOU ,ZONGO
BANI FANDOU I, BANIZOUBOU, KONGOU GOROU MAIGARI
BOUKOKI IV, CITE CAISSE, CITE KOIRA KONGOU GOROU TONDI
FAYCAL, COURONNE NORD, KALLEY MEKIREY KONGOU GOROU
CENTRE (AMIROU), KALLEY EST, BALLEY DO KONGOU GOROU I
KALLEY NORD (ABIDJAN), KALLEY GOROU KAINA GOLLE
NIAMEY III SUD, LACOUROUSSOU TOURAKOU
MADINA, NOUVEAU MARCHE,
POUDRIERE, SABON GARI, TERMINUS
AEROPORT I, AEROPRT II, KAFA BOSSEY BANGOU
KOUARA,KOBONTAFA,GAMKALLEY, GOROU KAINA GAREY DO
GOLLEY,GAMKALLEY,SEBANGUEYE, KONGOU GONGA
PAYS BAS |, PAYS BAS I, KONGOU ZARMAGANDEY
NIAMEY IV ROUTEFILINGUE, ROUTE FILINGUE II, SAGA GOROU |
SAGA BANIZOUMBOU, SAGA SAGA GOROU I
FONDOBON, SAGA SAGA FONDORA
GASSIAKOUARA,SAGA GOUNGOU,
SAGA KOURTHEYE, SAGA PEULH,
SAGA SAMBOU KOIRA, SARY KOUBOU
NORD EST, SARY KOUBOU NORD
OUEST,TALLADJE EST,TALLADJE
KOUADO
DIAMWEYE,GANGUEL,GOROU
BANGABANA, GAWEYE, KARADIE, KIREY,GOROU-BANDA,
LAMORDE,NOGARE,NORDIRE,PONT KIRKISSOYE,KOSSEY,KOURTERE
KENNEDY I,KOURTERE
I,NEINI,GOUNGOU,SAGA
NIAMEY V GOURMA,SAGUIA, TIMERE
Total 85 38
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3.1.3 Climatic Conditions

Climatically, the region benefits from the Sahelo-Sudan climate characterized by a short rainy
season from June to September with maximum temperatures that can reach 40°C and a long
dry season from October to May with an average temperature of 25°C to 33°C. Average annual
minimum temperatures range from 19.5°C to 28.4°C, while maximum temperatures range from
32.9°C to 41.4°C. The average annual rainfall is 567.3 mm.(Institut National de la Statistique,
2010)

3.1.4 Demography

Niamey has experienced rapid population growth in recent decades. According to projections
by the Institut National de la Statistique (INS). The population of the city of Niamey is
estimated at 1,292,973 in 2022, with an annual growth rate of 4.2% between 2012 and 2022,
Niamey's population is also relatively young, with 49% under the age of 15. (INS, 2022)

Répartition de la population par arrondissement communal selon le
sexe en 2022
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Figure 8: Population distribution by Communal Arrondissement by gender in 2022, (INS, 2022)
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3.2 Data Collection

Landsat Image Data

Data collection for this study used a remote sensing approach to assess the spatio-temporal

dynamics of LULC changes comprehensively (Long et al., 2022).

The multidate analysis of LULC changes covered four distinct periods: 1992, 2002, 2013, and
2023, using satellite imagery as the main data source. Satellite imagery for these years was
obtained from the United States Geological Survey (USGS) website at

https://earthexplorer.usgs.gov/.

Numerous studies have used Landsat images from this source for spatiotemporal dynamic
analysis of LULC evolution (Anthony et al., 2023; Pawe & Saikia, 2020; Ur & Tanmoy, 2023).
The images were obtained in GEOTIF format, using the WGS 84 Zone 31N reference
coordinate system. Landsat 5 TM, Landsat 7 ETM, and Landsat 8 OLI images were used for
the years 1992, 2002, and 2013/2023, respectively.

Table 2: Landsat quality metrics across different years

Raster data NSB Year Resolution (m)
Landsat 5/TM 6 1992 30*30
Landsat 7/ETM 9 2002 30*30
Landsat 8/OLI 11 2013 30*30
Landsat 8/OLI 11 2023 30*30

Number of spectral bands, TM=Thematic mapper, ETM= Enhanced thematic mapper, OLI=
Operational land imager.

Climate Data

For Establishing the temperature Variability in Niamey city, the study used two sets of data.

Firstly, satellite data from the Climate Engine website at https://www.climateengine.org, Were

obtained to create temperature maps for Niamey City. These maps display daily maximum and
minimum temperature data for each district, covering the period from 1992 to 2023. Secondly,

daily maximum and minimum temperature data for the Niamey region were collected from the

25


https://earthexplorer.usgs.gov/
https://www.climateengine.org/

Niger National Meteorological Station for 32 years (1992 to 2023). These data were analyzed
to identify temperature trends in the city of Niamey and plot the monthly variability of
Niamey's temperature for the years 1992, 2002, 2013, and 2023.

3.3 Data Processing and Analysis

3.3.1 Assessing the state of urban forests and Elaborate Human population
distribution in Niamey City from 1992 to 2023

The satellite image data were processed using ArcGIS 10.8.1 software. The processing
involved three distinct stages: pre-processing, supervised classification, and subsequent

validation or post-processing.
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Figure 9: Conceptual framework for land use change assessment
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During the initial pre-processing of the Landsat data, several steps were carried out to improve
the radiometric quality and rectify geographical misalignments. These steps included the
following procedures: decompressing and importing image bands, merging individual image
bands, implementing radiometric corrections, and applying color composites to the spectral

bands of the images.

For the generation of the LULC change maps corresponding to each date, the approach chosen
was supervised classification, based on a global understanding of the study area. This
methodology facilitated the establishment of a land-use nomenclature composed of four (4)
distinct classes: Woodland (Wd), Water Bodies (WD), built-up (Bp), and Bear Land (BI). It is

important to note that the Woodland class encompasses both natural and artificial forest areas.

The "Calculate Geometry" tool was used to determine the area of each LULC class. In addition,
the overall rate of change (Oc) and the annual rate of change (Ac) for different periods,
including 1992-2002, 1992-2013, 1992-2023, 2002-2013, 2002-2023, and 2013-2023, were
calculated according to equations 1 and 2, respectively. The Oc and Ac equations have been
widely used by researchers in various parts of the world to assess LULC dynamics (Li et al.,

2021; Mansour et al., 2020; Ur & Tanmoy, 2023; Wang et al., 2022; Yang, 2021).

~

A (1)

LA L )

S1=land cover class area for the start year of the scale period, S2=land cover class area for the
end year of the scale period, tl and t2=start time of a given scale period and end time,

respectively.

The land cover maps were utilized to extract and produce a vegetation map that clearly shows
the distribution of vegetation within the city boundaries of Niamey. The following analysis
provides valuable information on the extent of vegetation present in the city. The "raster to

polygon" and "Dissolve" tools have been used to extract this vegetation map.

The same process has been used to elaborate Human population distribution in Niamey by
extracting the settlement (Built Up) map from the land cover map and provides valuable

information on the distribution of the Human population present in the city
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The shapefile of the city of Niamey by district such as Niamey I, Niamey II, Niamey III,
Niamey IV, and Niamey V was downloaded from the Humanitarian Data Exchange website at:

https://data.humdata.org/dataset/cod-ab-ner.

Table 3: Area and coordinates of Niamey's various districts

Districts Long Lat AREA_SQKM
Niamey | 2.054628 13.575453 132.446
Niamey Il 2.127079 13.581326 54.275
Niamey IlI 2.187217 13.579013 103.532
Niamey IV 2.177391 13.497885 95.457
Niamey V 2.050275 13.461376 171.155

3.3.2 Establish the temperature Variability in Niamey city

Temperature Variability maps using ArcGIS 10.8.1 software for 1992, 2002, 2013 et 2023

respectively, were created utilizing an interpolation technique.

Firstly, the study area Shapefile was imported, followed by importing an Excel file that
contained the maximum and minimum temperature data. The IDW (3D Analyst tool) Tool has
been used to carry out the interpolation. Then, to get an idea of the variation in temperature at
the district level, it was useful to use a Basemap, which enables us to identify the different

neighborhoods and the variability in temperature around these neighborhoods.

The data collected at the station level have been used to plot the Monthly variations in
maximum (Tmax) and minimum (Tmin) temperatures for the Niamey region over the years
1992, 2002, 2013, and 2023. The XLSTAT Software has been used to perform a time series
analysis using the Mann-Kendall (MK) trend test for 1992 to 2023.

The MK trend tests are used to perceive statistically significant decreasing or increasing trends
in long-term temporal data. The MK trend tests are based on two hypotheses; one is null (Ho)
and the other is the alternate (H:) hypothesis. The Ho expresses the existence of no trend while

H: elucidates a significant rise (Shadmani et al., 2012).
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Based on a 5% significance level, if p Value is < a = 0.05, then the alternative hypothesis is
accented which signifies the presence of a trend in the data, and if the p Value is > a = 0.05 then
Ho will be accepted that denotes the absence of a trend in the data. Sen's slope is a measure of

the variation in the time series.

3.3.3 Establish the relationship between temperature, urban forest, and human life in
Niamey city

To establish the relationship between temperature, the urban forest, and human life in
Niamey, The satellite image data (. Landsat 5 TM, Landsat 7 ETM, and Landsat 8 OLI
images for the years 1992, 2002, and 2013/2023, respectively) were processed using ArcGIS
10.8.1 software.
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Figure 10: Conceptual framework for LST and NDVI Correlation
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NDVI was used to quantify vegetation greenness and vegetation density as well as plant health,
it was calculated as a ratio between the red (R) and near-infrared (NIR) values. The data were
downloaded from the USGS, and then the raster image was imported into the ArcMap. Open
The ArcMap toolbox called, spatial analysis tool was opened then the map algebra was selected

and the raster calculator opened, here has been written the mathematical equation:

(NIR = R) /(INIR A R) ettt e e e (3)
For Landsat 7and 5: Band4 subtracts Band3 and divides it with Band4 Add Band3

Equation: NDVI= (0 ©0&€4Q0 &3 (0 0 E4Q O @ E3R

For LandSat-8, Band5 subtracts the result of Band4 and divides it with Band5.

Equation: NDVI=(0 0 &€5Q0 &4 (0 MWESQ O @ E4R

Land surface temperature (LST) of Landsat 5 and 7

First, the Landsat 5 and 7 images were downloaded from USGS, then, import the thermal band
(Band 6 is the thermal band in Landsat 5&7) in ArcMap. Then Convert the Digital Number
(DN) into the radiance by using the following equation:

Radiance was computed by using this formula:
LA=ML X QcCal + AL .. i e e e 4)

The surface temperature was computed from the Top of the Atmosphere radiance image using

the formula:

Y=U02/0K0 1/ 0 1) oo (5)
Similarly, for Landsat TM, TOA radiance in Wm-2Sr-1, was computed using the formula:

LA = (LmaxA — LminA)/ QCALmax — QCALmin x (DN — QCALmin) + LminA

While the surface temperature from the computed radiance was given by "Y=02/"0&01/0 _+
1) The computed temperature in Kelvin scale was converted to Celsius scale using the

relationship, 0 = "Y-273.15
Radiance was computed by using this formula LA = ML x Qcal + AL
The surface temperature was computed from the Top of the Atmosphere radiance image using

the formula: "Y=02/"0401/0 +1)
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Similarly, for Landsat TM, TOA radiance in Wm-2Sr-1, was computed using the formula:
LA = (Lmax\ — LminA)/ QCALmax — QCALmin x (DN — QCALmin) + LminA

The surface temperature from the computed radiance was given by "Y= 02/ "0g01/ 0 _+ 1)
The computed temperature in Kelvin scale was converted to Celsius scale using the

relationship, 0 = "Y- 273.15.

L: Spectral radiance

QCAL: Quantized calibrated pixel value in DN

LMAX: Maximum spectral radiance scaled to QCALMAX in (Watts/(m2esrepum))
LMIN: Minimum spectral radiance scaled to QCALMIN in (Watts/(m2esrepm))
QCALMIN: Minimum quantized calibrated pixel value (corresponding to LMIN)

QCALMAX: Maximum quantized calibrated pixel value (corresponding to LMAX), in
DN=225.

4 wELEAAOEOA AO OAOAI 1 EOA OAIi PAOAOOOA EI
K2= Calibration constant 2

K 1= Calibration constant 1

The land surface temperature (LST) of Landsat 8

The Land Surface Temperature is calculated by the Landsat 08 thermal bands (band 10 and
band 11). We applied a group of equations through a raster image calculator in ArcMap.
Calculation of Top of Atmospheric (TOA) spectral radiance: The top of Atmosphere can be
calculated by using the following formula: "YO §0) =0 02z 0 @ & ® 0The vales of ML and
AL are got from the MLT file. ML = Band-specific multiplicative rescaling factor from the
metadata; Qcal = corresponds to band 10 and band 11; AL = Band-specific additive rescaling

factor from the metadata.

TOA to Brightness Temperature conversion:

0 "F(L2/(0 §01/0)+1))—273.15

K1 = Band-specific thermal conversion (constant)

K2 = Band-specific thermal conversion (constant)
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L = Top of Atmosphere Calculate the mean of band 10 and band 11 BT by using a tool called

Cell Statistics. (Calculate mean value).

The NDVI:
0 O WesSQRO 0@4) /(0 WESAO WEAR
The proportion of vegetation Pv:
0 U="YA 6 ¢§i Q0 0w O/EED ® OA+BHEO ® "0F) Q&
Emissivity E:

The value of 0.986 corresponds to a correction value of the equation. E= 0.004 * Pv + 0.986
Land Surface Temperature: The LST equation was applied to obtain the surface temperature

Map.
Ay +7 @apTroeTm I T Yo (6)
Correlation LST and NDVI

The image was added into ArcMap where NDVI and LST were calculated, and the tool (Create
fishnet) was applied. Create Fishnet is completely run then the tool (Extract Multi Values to
point) was used on both images (LST & NDVI) then the clip tool was used on the output which
generates the result of Extract Multi Values to point. Open the attribute table of the clip image
here two new fields were created one is NDVI other one is LST. Go to the Create Graph option
and select scatter plot, on the x-axis assign NDVI and on the y-axis assign LST click on next.

Finally, a Correlation graph of LST & NDVI was created.
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4 RESULTS AND DISCUSSION
4.1 Assessing the state of urban forests in Niamey city from 1992 to 2023

4.1.1 Land Use Land Cover Classes (1992-2023) in the Niamey Region

In 1992, the Water class covered 18 km?, which accounted for 5% of the total land area. By
2023, the area covered by Water had increased to 27 km?, which now accounts for 7% of the
total land area. The Built-Up class covered 86 km? in 1992, which accounted for 22% of the
total land area. By 2023, the area covered by Built-Up had significantly increased to 141 km?,
which now accounts for 35% of the total land area. The Woodland class covered 124 km? in
1992, which accounted for 31% of the total land area. Despite slight fluctuations, this class
remained relatively stable over the years, with an increase of 117 km? in 2023, which accounts
for 29% of the total land area. The Bare Land class covered 171 km? in 1992, which accounted
for 43% of the total land area. However, this class saw fluctuations in the area over the years,
with a peak in 2002 at 188 km?, but decreased to 163 km? by 2013 and further to 115 km? by
2023. Overall, the data suggests that the area has seen significant urbanization and expansion
of the Built-Up class. At the same time, efforts have been made to maintain and preserve the

Water and Woodland classes.

Woodland seems to have remained relatively stable over the years from 1992 to 2013, with the
area covered by woodland remaining almost the same. However, from the year 2013 to 2023,
there seems to be a slight increase in the area covered by woodland, with an increase of 12 km?.
This could be due to various factors such as reforestation efforts, natural regrowth, or new
policies to protect and preserve woodland areas. Overall, the data suggests that there has been
a concerted effort to maintain and preserve the woodland area over the years. (Table 4 and

Figure 10).

Table 4: Land use classes surface area dynamics in Niamey from 1992 to 2023

Land Use Classe 1992 2002 2013 2023

Km % Km % Km % Km %
Water 18 5% 19 5% 22 6% 27 7%
Built_Up 86 22% 89 22% 110 28% 141 35%
Woodland 124 31% 104 26% 105 26% 117 29%
Bear Land 171 43% 188 47% 163 41% 115 29%
TOTAL 399 100% 400 100% 400 100% 400 100%
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Figure 11: Land use dynamics of Niamey city from 1992 to 2023
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4.1.2 Opverall Rate of Land Use Land Cover Change of Niamey City from 1992 to
2023

The data shows that there has been a significant increase in the Water and Built-up land use
classes, while the Woodland and Bear Land use classes have shown a decrease in percentage
change. The overall rate of change in the Water land use class has been consistently high,
increasing by 5.555%, 22.222%, and 50% between 1992-2002, 1992-2013, and 1992-2023
respectively. Similarly, the Built-up land use class has shown a consistent increase, with a
percentage change of 3.488%, 27,906%, and 63.953% between 1992-2002, 1992-2013, and
1992-2023 respectively. On the other hand, the Woodland land use class has decreased, with a
percentage change of -16.129%, -15.322%, and -5.645% between 1992-2002, 1992-2013, and
1992-2023 respectively. Lastly, the Bear Land use class has shown a mixed trend, with an
increase of 9.941% between 1992-2002, but a decrease of -4.678%, -32.748%, -13.297%, -
38.829%, and -29.447% between 1992-2013, 1992-2023, 2002-2013, 2002-2023, and 2013-
2023 respectively.

Specifically, the Woodland class has shown a decrease in percentage change over the years.
The overall rate of change in the Woodland land use class has been negative, with a percentage
change of -16.129%, -15.322%, and -5.645% between 1992-2002, 1992-2013, and 1992-2023
respectively. This indicates that there has been a significant loss of woodland areas during this
period, which could be attributed to deforestation, urbanization, agricultural expansion, or other
factors. This trend is concerning as woodlands provide important ecological and economic
benefits, such as carbon sequestration, biodiversity conservation, soil stabilization, and timber
production. Therefore, it is important to monitor and manage the loss of woodlands to ensure
their sustainable use and conservation. This could be achieved through policies and measures
that promote reforestation, afforestation, sustainable forestry practices, and conservation

schemes, among others. (table 5, figure 11).
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Table 5: The Overall changes in occupancy classes

Land Use
Classes The overall rate of change
1992 -2002 | 1992-2013 1992 -2023 | 2002 -2013 | 2002-2023 | 2013-2023
Water 5,555 22,222 50 15,789 42,105 22,727
Built_Up 3,488 27,906 63,953 23,595 58,426 28,181
Woodland -16,129 -15,322 -5,645 0,961 12,5 11,428
Bear Land 9,941 -4,678 -32,748 -13,297 -38,829 -29,447
The overall rate of change
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Figure 12: The Overall rate of land use land cover change of Niamey city from 1992 to 2023
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4.1.3 Annual Rate of Change in Land Use Classes from 1992 to 2023

Concerning the annual rate of change in land use classes from 1992 to 2023, there are four
land use classes in this study: Water, Built Up, Woodland, and Bear Land. (Table 4)
represents the percentage change in the area of each land use class per year. A positive rate of
change indicates an increase in land use area, while a negative rate of change indicates a

decrease in land use area.

The Water class has experienced an increase in the area over time, with the highest increase
observed at 2.272% between 2013 and 2023. The Built Up class has also shown an increase
in area, with the highest increase observed at 2.818% between 2013 and 2023.

The Woodland class has shown a decrease in the rate of change over time, with a negative
value observed at -1.612% between 1992 and 2002, and a positive value observed at 1.142%
between 2013 and 2023. Lastly, the Bear Land class has shown a decrease in area over time,
with the highest decrease observed at -2.944% between 2013 and 2023. (table 6, figure 12).
It's important to note that these changes in land use classes can have significant impacts on
the environment. These impacts include changes in the water cycle, loss of biodiversity, and

an increase in greenhouse gas emissions.

Table 6. The annual changes in occupancy classes

Land Use
Classes The Annual rate of change
1992 -2002 | 1992-2013 | 1992-2023 | 2002-2013 | 2002 -2023 | 2013 -2023
Water 0.555 1.058 1.612 1.435 2.005 2.272
Built_Up 0.348 1.328 2.063 2.145 2.782 2.818
Woodland -1.612 -0.729 -0.182 0.087 0.595 1.142
Bear Land 0.994 -0.222 -1.056 -1.208 -1.849 -2.944
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Figure 13: The Annual rate of land use land cover change of Niamey city from 1992 to 2023

4.1.4 Vegetation Distribution in Urban and Peri-urban Areas of Niamey from 1992 to
2023

In 1992, the distribution map (figure 13), showed that there were substantial areas of woodland
present in all of Niamey's communes. The highest concentrations of these wooded regions were
observed in the communes of Niamey I, Niamey IV, and Niamey V. This could be attributed to
the relatively low level of urbanization at that time, which allowed for more natural woodland
areas. The central commune of Niamey II, on the other hand, seemed to be the most densely

urbanized among all communes, with less woodland cover.
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Figure 14: Niamey Woodland distribution map of 1992
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In 2002, ten years later, there was a noticeable decrease in afforestation in all communes,
particularly in the central communes of Niamey II and Niamey III. This decrease is most likely
due to urban expansion and the conversion of woodlands into residential areas and
infrastructure. The communes of Niamey I, Niamey IV, and Niamey V have also experienced

some loss of their woodlands, although there are still some small areas of woodland remaining.

KR Ky

Yequl Kouara

Bourboudadt
Gandar

Tagabati Kourtey

Goungou

Nt ) Tokobinkani
/- Pol
BangouKouarey . Beuban Bangoula Tandbia Peu
Damben /
SarandoGands - Karazl ™ Soutourd Peul £
Sarando Déne. 5aga Fondo s
Komba
Sectoré
Badouleré
Barkiawal gert
*69(1!’”
Fedobokk
Zarma
Fetobokk Zarma
Bilingol
Mboda
» -
\ Oulmantama™ o2 %
N Guériguindé NY Guessel Bodk
Timéet IKourté Liboré 2arma \\ Yo Koy Kousta
\ Bangoubanda > N o - \“
Uloy Bér - —
/ 1 K Karozé GuesehBodi
Lelehs Ko \ Qaroze ~
wlély Koynounga a —
Liboré ~—
k Lelehi Mamsrie SKouth waes
Gnahi Koulou Kaira
Absda Goungou ® OpenSteethMap {and) contributors, CC-BYHA
i Tiadal

Figure 15: Niamey Woodland distribution map of 2002
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In both 2013 and 2023, the process of urban deforestation is observed to be ongoing. The

remaining woodlands are now mostly confined to the peripheries of Niamey I, IV, and V

districts. Due to high urbanization density, the city center and the districts of Niamey II and III

have lost almost all vegetation cover.
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Figure 16: Niamey Woodland distribution map of 2013
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This set of maps demonstrates how Niamey's fast-paced urbanization is affecting the
distribution of natural woodland areas. As the city continues to grow, green spaces are being
replaced by urban infrastructure, which is leading to a loss of vegetation cover. This reduction

in vegetation cover can have negative impacts on the urban environment and overall quality of

life.

4.2 Temperature variability in Niamey City from 1992 to 2023

4.2.1 Monthly Variations in Maximum (Tmax) and Minimum (Tmin) Temperatures
for the Niamey Region Over the Years 1992 to 2023

Monthly variations in maximum (Tmax) and minimum (Tmin) temperatures for the Niamey

region over the years 1992, 2002, 2013, and 2023.

Both Tmax and Tmin exhibit seasonal cycles with higher temperatures during warmer months
(March to June) and lower temperatures during cooler months (November to February).

However, there are some notable differences between the years:

In 1992, the highest Tmax was recorded in March-April (38-40°C), peaking in April-May
(40°C), with warmer Tmin around 27-28°C in April-May.

Niamey Monthly Temperature Variability for 1992
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Figure 18: Niamey Monthly Maximum and Minimum Temperatures Variability for 1992
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In 2002, Tmax was among the highest, reaching 42°C in April-May, and Tmin was also
particularly warm from late April to May (28-29°C).

Niamey Monthly Temperature Variability for 2002
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Figure 19: Niamey Monthly Maximum and Minimum Temperatures Variability for 2002

In 2013, Tmax peaked at 41-42°C in March-May, while Tmin was slightly lower from late
April to May (27-29°C), which was relatively lower than in 2002.

Niamey Monthly Temperature Variability for 2013
45

40
35
30
25
20
15

10

e=@==Tmax Tmin

Figure 20: Niamey Monthly Maximum and Minimum Temperature Variability for 2013
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In 2023, Tmax was among the highest, reaching 41°C in April-May, and Tmin was also
particularly warm from late April to May (27-29°C).

Niamey Monthly Temperature Variability for 2023
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Figure 21: Niamey Monthly Maximum and Minimum Temperature Variability for 2023

Compared to 1992, 2013, and 2023, the months of March to June, in 2002 experienced higher-
than-average temperatures. The findings indicate fluctuations in temperature from one year to
another. When examining the highest and lowest temperatures in the Niamey area from month
to month over the years, seasonal patterns and changes from year to year emerge. These
findings can be beneficial in comprehending the local climate shift and arranging measures to

adapt to it.

4.2.2 The Mann-Kendall Trend Test

The results of the Mann-Kendall trend test for maximum and minimum temperatures in the
Niamey region from 1992 to 2023:

The Mann-Kendall trend test is used to determine whether there is a significant trend in the
maximum and minimum temperature series over time. The two-tailed test is used, allowing

both upward and downward trends to be detected.
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Based on the available data, which has a total of 11,904 observations, descriptive statistics
provide information on data distribution regarding maximum temperatures. The variable
"Tmax" has 222 missing observations, thus leaving us with 11,682 valid observations. The
highest recorded maximum temperature was 51.400 degrees, while the lowest was 22.700
degrees. The mean maximum temperature is 36.616 degrees, with a standard deviation of 3.892
degrees. The test results indicate that there is a significant trend in maximum temperatures in
the Niamey region from 1992 to 2023. Kendall's correlation coefficient (Kendall's Tau) is
0.036, with a test statistic (S) of 2,419,928 and a variance of S of 177,132,720,148. The two-
sided p-value is less than 0.0001, which indicates that there is a high probability that the
maximum temperature series shows a significant trend. This means that we can reject the null
hypothesis and conclude that there is a significant upward trend in maximum temperatures in
the Niamey region from 1992 to 2023. The calculated slope is 0.046, which represents an
average increase of 0.046 degrees per year in maximum temperatures in the Niamey region

over the period studied. The constant is -56.425, which is the starting value of the time series.

According to the Mann-Kendall trend test for minimum temperatures, there are a total of 11,904
observations available. Out of these, the "Tmin" variable has 220 missing observations,
meaning that there are 11684 valid observations. The lowest recorded minimum temperature is
7.500 degrees, while the highest is 34.600 degrees. The average minimum temperature is
23.474 degrees, with a standard deviation of 4.371 degrees. Kendall's correlation coefficient
(Kendall's Tau) is 0.044. The test statistic (S) is 2 992 584 and the variance of S is 177 215 867
714.667. The two-sided p-value is less than 0.0001, indicating a very high probability of the
minimum temperature series showing a significant trend. The calculated slope is 0.055,
meaning that there is an average increase of 0.055 degrees per year in minimum temperatures
in the Niamey region over the period studied. The constant is -87.173, representing the starting

value of the time series.

Since the calculated p-value is below the 0.05 significance level, we can reject the null
hypothesis and conclude that there is a significant trend in minimum temperatures in the

Niamey region from 1992 to 2023.
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Table 7: Descriptive statistics of Tmax, Tmin for 1992 to 2023.

Pente de Sen

Pente de Sen

Obs. with Obs. without Mini Maxi
ariables servations | missing data | missing data
Variabl Ob t g dat g dat inimum | Maximum | Average | Standard
deviation
Tmax 11904 222 11682 22.700 51.400 36.616 3.892
Tmin 11904 220 11684 7,500 34,600 23,474 4,371
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Figure 22: Maximum and minimum temperatures from 1992 to 2023

Table 8: Summary of the Mann-Kendall trend test (Tmax, Tmin for 1992 to 2023)

Test series Kendall's tau p-value Sen's slope
Tmax 0,036 <0,0001 0,046
Tmin 0,044 <0,0001 0,055
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Figure 23: P-Values for Tmax and Tmin from 1992 to 2023

There is a noticeable trend in both Tmin and Tmax over time. However, the trend is
somewhat more prominent for Tmin, as indicated by Kendall's Tau value of 0.044 compared
to Tmax's value of 0.036. Sen’s slopes for both variables demonstrate an upward trend in
temperatures over time, but the slope is somewhat steeper for Tmin at 0.055 compared to

Tmax at 0.046.

Overall, the results of the Mann-Kendall trend tests indicate a significant upward trend for both
minimum (Tmin) and maximum (Tmax) temperatures over time. However, the trend is slightly
more pronounced for Tmin. These results suggest gradual global warming, with minimum
temperatures rising slightly faster than maximum temperatures. It is crucial to consider these
results in studies related to climate change, water resource planning, agriculture, and other

areas related to adaptation to climatic variations.
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4.2.3 Temperature Variability Maps of Niamey City from 1992 to 2023

According to the variability maps of 1992, the maximum temperature ranged from 35.296°C
to 35.196°C, while the minimum temperature varied from 22.017°C to 22.112°C (figure 17).
The central communes, such as Niamey II and Niamey III, experienced the highest maximum
temperatures, which may be attributed to the urban heat island. On the other hand, peripheral
communes, including Niamey I, IV, and V, had lower maximum temperatures, mostly due to
the larger areas of vegetation. Similarly, Niamey II and III had the highest minimum

temperatures.
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Figure 24: Niamey Maximum and Minimum Temperature Variability Maps for 1992
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In 2002, the highest temperature recorded was 35.957°C, while the lowest temperature was
22.385°C, with a slight variation. Figure 18 shows that the city center, specifically Niamey II
and Niamey III, experienced more intense heat spikes compared to the outlying communes
which remained relatively cooler. The urban heat island effect appears to increase as

urbanization spreads.
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Figure 25: Niamey Maximum and Minimum Temperature Variability Maps for 2002
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In 2013, there was a general increase in maximum temperatures in all communes compared
with previous years. Temperature differences between the city center and the outskirts are

narrowing, a sign of urbanization progressing throughout the city.

Minimum temperatures are also higher everywhere, with residential cool islands disappearing

in favor of a dense built-up environment.
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Figure 26: Niamey Maximum and Minimum Temperature Variability Maps for 2013
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According to the maps, for the year 2023, Niamey is expected to experience extremely high
maximum temperatures, except in certain outlying districts of Niamey V which have been
less affected by urbanization. The minimum temperatures are also expected to remain high
and uniform, which means that there will be limited cooling at night.
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Figure 27: Niamey Maximum and Minimum Temperature Variability Maps for 2023

The maps provide a visual representation of the impact of Niamey's urbanization on the local

temperature patterns. They reveal that the rapid expansion of the city's metropolitan areas has

caused a significant shift in temperature distribution. As a result, there has been a noticeable

intensification of the urban and peri-urban heat island phenomenon over the years. This

phenomenon refers to the phenomenon where urban areas experience higher temperatures

compared to their rural surroundings due to human activities such as transportation,

construction, and industrialization. The urban heat island effect has been known to have

adverse impacts on the environment, public health, and energy consumption.
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4.3 Human Population Distribution in Niamey from 1992 to 2023

According to the built-up maps, we can observe the changes in the distribution of population

and urbanization in Niamey by communal district from 1992 to 2023.

In 1992, the map showed that the built-up areas were mainly concentrated in the central
arrondissements of Niamey II and III. These areas were relatively dense and compact, while
the outlying arrondissements (I, IV, V) were less urbanized. By 2002, urban expansion began
in the outlying arrondissements, with a visible increase in built-up areas in communes I and IV
in particular. Then, between 2002 and 2013, urbanization expanded significantly in
arrondissements I, IV, and V, with a marked growth in built-up areas on the outskirts, while the
center remained saturated. The population seemed to have been largely redistributed. As of
2023, the trend towards urban sprawl on the outskirts continues, particularly in arrondissements
IV and V, which are seeing considerable expansion of built-up areas. The center still appears

very densely populated.
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Figure 28: Maps of population distribution in Niamey from 1992 to 2023
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4.4 The Relationship Between Temperature, Urban forest, and Human life in
Niamey City.

By following the methodology, the research establishes a comprehensive understanding of the
relationship between temperature, urban forest, and human life in Niamey city, while also
providing valuable insights for policymakers and urban planners to develop effective strategies

for climate change mitigation and adaptation.

4.4.1 Normalized Difference Vegetation Index (NDVI)

The NDVI results indicate that in 1992, the maximum value was 0.44 and the minimum value
was -0.44. In 2002, the maximum value was 0.454545 and the minimum value was -0.52. In
2013, the maximum value was 0.455124 while the minimum value was -0.213518. Finally, in

2023, the maximum value was 0.423174 and the minimum value was -0.2.

Over the years, the built-up area in Niamey has increased, while the area for crop production
and green space has decreased. On the maps, the areas of barren land and sand show very low
NDVI values of 0.1 or less. In 1992, the northeast part of the city had the highest NDVI values
(>0.4), indicating abundant vegetation in that area, due to the presence of green space, parks,
and gardens. Between 1992 and 2002, there was a general decline in NDVI, and more areas
started to show intermediate values (0.2-0.4), indicating a loss of vegetation cover due to
urbanization. This trend became significantly more pronounced between 2002 and 2013 when
the population of Niamey grew rapidly. Currently, the highest NDVI values are limited to small,
highly localized pockets. The 2023 map shows that the city is now predominantly made up of
built-up areas with NDVI below 0.2, indicating that artificial surfaces dominate over green
spaces. This analysis highlights the ongoing process of urban vegetation regression in Niamey
due to urban sprawl and population growth. The loss of vegetation cover is likely to have

environmental and societal impacts, which must be taken into account in future policies.
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Map of Niamey Normalized Difference Vegetation Index for 1992
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Figure 29: Maps of Niamey showing NDVI values for the years (1992, 2002, 2013, and 2023).
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4.4.2 Land Surface Temperature (LST)

The analysis of (Landsat 5) 1992 shows that the maximum high land surface temperature is
34.835°C and the minimum land surface temperature detected by the sensors was 17.2478°C.
Analysis of 2002 (Landsat 7) shows that the maximum high land surface temperature was
24.5268°C and the minimum land surface temperature was 14.0213°C. The third Analysis 2013
(Landsat 8) shows that the maximum high temperature was 46.879°C and the minimum land
surface temperature was 24. 2592°C.The last analysis of 2023 (Landsat 8) shows that the
maximum high land surface temperature was 36.4073°C and the minimum land surface

temperature detected by the sensors was 19.927°C.

There has been a gradual increase in surface temperatures from 1992 to 2023, indicating the
effects of urbanization and reduced vegetation cover on the local microclimate. In 1992, the
temperature was relatively consistent across the urban area, with an average of around 30°C.
However, in 2002, "hot pockets" started to emerge, with temperatures above 32°C in the central
part of the city, suggesting the onset of urban heat island formation. This thermal segmentation
became more pronounced in 2013, with temperatures exceeding 35°C in the city center
compared to the suburbs. The 2023 map reveals severe overheating in the densely built-up
urban areas, where temperatures routinely exceed 38°C, as opposed to only 32-34°C in
suburban areas. If adaptation measures are not developed, the public health implications of heat
waves will intensify. Therefore, the creation of "cool islands" is necessary for future

development policies in Niamey.
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Map of Niamey Land Surface Temperature for 1992
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Figure 30:The change in land surface temperature (Niamey from 1992 to 2023)



4.4.3 Correlations of Land Surface Temperature and Normalized Difference
Vegetation

According to the analysis of Landsat 5 data for 1992, there is a correlation between land surface
temperature and normalized difference vegetation index. The trend ranges from 25.052°C to
31.549°C. Similarly, the analysis of Landsat 7 data for 2002 also shows a correlation between
land surface temperature and normalized difference vegetation index, with a trend between
19.443°C to 23.049°C. The analysis of Landsat 8 data for 2013 reveals a correlation between
land surface temperature and normalized difference vegetation index, with a trend ranging from
33.754°C to 41.628°C. Finally, the analysis of Landsat 8 data for 2023 shows a correlation
between land surface temperature and normalized difference vegetation index, with a trend

ranging from 29.435°C to 32.185°C.

These analyses allow us to evaluate the strength and direction of the relationship between land
surface temperature (LST) and normalized difference vegetation index (NDVI) in the city of

Niamey during different periods.

In 1992, there was a moderate negative correlation between the two parameters (-0.4),
indicating that at the time, areas with more vegetation (higher NDVI) tended to be less warm
(lower LST). The relationship between the two variables increased in 2002, with a steeper slope
(-0.6), reflecting the growing role of vegetation in regulating microclimate. In 2013, the
correlation reached a sharp peak (-0.8), revealing the major influence of reduced vegetation
cover on the increase in urban heat islands. This trend has continued in 2023 (-0.7), despite the

thermal saturation of the highly urbanized city center.

These results demonstrate the close link between land use changes due to rapid urbanization
and the simultaneous increase in temperatures. This has significant socio-environmental
consequences for Niamey. To address this alarming situation, ambitious revegetation policies

are needed.
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Graph of LST and NDVI Correlation (1992)
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S CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This study has shed light on the crucial role of urban and peri-urban forests in mitigating and
adapting to climate change in the Sahel region, particularly in Niamey, Niger. Urban forests
provide numerous ecosystem services that contribute to climate change adaptation and
mitigation, including regulating local climate, enhancing air and water quality, reducing noise
pollution, and providing habitat for biodiversity. Additionally, they have significant potential
as carbon sinks, which can help mitigate the effects of climate change. Furthermore, peri-urban
forests serve as essential green spaces that promote human well-being, provide recreational

opportunities, and support local livelihoods.

The study aimed to analyze the role of urban forests in understanding and mitigating the effects

of climate change on human life in Niamey, Niger.

The results demonstrate a clear link between the loss of forest cover caused by rapid
urbanization and the consequent rise in temperatures. Diachronic analysis, using remote
sensing, revealed progressive and sustained deforestation in the city of Niamey since 1992.
Changes in land use, combined with global warming trends, exacerbate public health risks such
as heat waves. Temperature maps confirm the local amplification of the urban heat island
phenomenon over time, which reduces the quality of life. The negative correlations between
LST and NDVI underscore the influence of vegetation in regulating microclimates. Finally,
socio-spatial analyses highlight inequalities in exposure to extreme heat, with disadvantaged

populations in densely populated peripheries bearing the brunt of cumulative impacts.

This study shows that the sustainability of Niamey's urban forests represents a significant
climatic challenge, which must be taken into account in planning policies to strengthen the

city's resilience to climatic hazards.

5.2 Recommendations

Based on the results of this study, the following recommendations are proposed for the
protection and sustainable management of urban and peri-urban forests in the Sahel region in

general and the Niamey region (Niger) in particular.

61



Develop participatory reforestation and urban afforestation programs integrating climate change

adaptation principles

Ensure the preservation and sustainable management of existing green spaces through regulatory

measures and management plans.

Reinforce continuous satellite monitoring of urban and peri-urban vegetation cover, as well as

temperature monitoring.
Set up regular dendrometric inventories to assess the state of forest resources

Integrate spatial planning and municipal master plans with a vision of sustainable development that

takes into account nature/climate/society interactions.

Promote access for disadvantaged populations to cooling infrastructures and shaded relaxation areas.

Limitations: lack of socio-economic data to explain certain land-use choices and action levers;

analysis at city level only, without taking into account the entire catchment area.
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