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ABSTRACT 

Climate change poses a serious threat to forest ecosystems, including the Simien Mountains 

National Park in Ethiopia. This study examined the impacts of climate change, particularly 

temperature and precipitation changes, on the park's forest cover dynamics during 1983–

2023. By integrating climate data, remote sensing techniques and vegetation indices, the 

study provided a better understanding of the complex interaction between environmental 

factors and changes in forest cover. The analysis showed a decreasing trend in annual 

rainfall, with the minimum recorded value being 832.76 mm in 2023. However, temperatures 

showed an increasing trend, with the average temperature increasing by 0.033 °C each year 

and the maximum temperature increasing by 0.059 °C per year. These climate changes were 

accompanied by a significant 37% decrease in forest cover, from 571.96 units in 1983 to 

334.52 units in 2023, and a 22% decrease in the Normalized Vegetation Difference Index 

(NDVI) from 0.87 in 1983 to 0.68 in 2023. Correlation analyzes showed a moderately 

positive correlation (R² = 0.562) between precipitation and forest cover, while average 

temperatures showed a moderately negative correlation (R² = 0.585) with forest cover. The 

influence of maximum temperatures on forest cover (R² = 0.618) and NDVI (R² = 0.593) 

was more pronounced than that of minimum temperatures. The results suggested that the 

increase in maximum temperatures had a significant negative impacted on vegetation 

dynamics, with a 1°C increase being associated with a 40.62-unit reduction in forest cover. 

The increase in precipitation generally favored an increase in vegetation productivity, with 

an increase in NDVI of 0.0003794 per unit increased in precipitation. By quantifying trends 

and relationships, the study highlighted the park's vulnerability to climate change. The results 

contributed to the understanding of climate change in mountain forests and provided insights 

into adaptation strategies with the aim of increasing the resilience of ecosystems. 

Keywords: Climate change, Forest cover change, NDVI, Rainfall, Remote sensing, 

Temperature 
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1. INTRODUCTION 

1.1. Background 

Climate change, serving as the primary concern of the planet, poses a formidable challenge 

for the 21st century, exacerbated by high emission conditions. The consequences of 

increased fossil fuel combustion, intensified fertilizer use, deforestation, and land use/land 

cover changes have collectively elevated the concentration of greenhouse gases in the 

atmosphere, consequently altering the Earth's climate (Roshani et al., 2022). This escalating 

accumulation of greenhouse gases, coupled with heightened energy consumption, 

contributes to the overarching issue of rising temperatures and climate change. As a critical 

concern, climate change impacts people's lives across all levels, vegetation, economic 

sectors, and social groups (Loh et al., 2020a). These climate change impacts are particularly 

acute in tropical ecosystems, characterized by their diversity and fragility (Assaye, 2015). 

Forests are crucial for regulating Earth's climate, as they play a vital role in capturing carbon 

dioxide from the atmosphere and storing it in the form of biomass. This carbon sequestration 

function is immensely significant, with forests storing approximately 1.3 times more carbon 

than what is present in fossil fuel reserves (Kumar et al., 2019). Moreover, forests contribute 

to maintaining ecological stability by balancing surface temperatures and enhancing water 

availability in the Planet. The importance of forests extends to their impact on rainfall 

patterns, with forest ecosystems contributing significantly to precipitation. In fact, forests 

are responsible for approximately 40% of the total rainfall, further underlining their role in 

sustaining ecosystems and supporting life (Thilagam et al., 2022a) Therefore, forests serve 

as a critical component of the Earth's climate system, not only by sequestering carbon but 

also by influencing regional weather patterns and ensuring water availability for various 

ecosystems and human societies. 

As the global climate continues to change, vegetation is undergoing enormous changes 

(Zheng et al., 2019). Current climate changes with rising temperatures, unpredictable 

precipitation patterns, frequent extreme events and increasing greenhouse gas emissions pose 

a significant challenge to the forest ecosystem. The risk of climate change impacts increases 

with increasing warming (Thilagam et al., 2022b). The effects of climate change on 
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vegetation have long attracted great interest in many areas. Changes in vegetation cover 

influence the growth characteristics of vegetation and further impact the structure and 

capabilities of the ecosystem (Feng et al., 2023). 

Furthermore, climate change could increase both the frequency and intensity of most 

disturbances (fires, droughts, storms, snow and ice, insect infestations and diseases), possibly 

exceeding forest ecological resilience and resulting in permanently altered forests or shifts 

to non-forest ecosystems (Brack, 2019). 

In recent years, the climate in Ethiopia has changed radically and climate variability and 

changes are observed in most parts of the country. Temperatures (maximum, minimum, and 

average) are rising and precipitation fluctuates greatly (Zegeye, 2018). In Ethiopia, many 

species are exposed to the effects of climate change. Many forest tree species experience 

difficult or poor regeneration and are affected by forest fires due to changing environmental 

conditions, including climate change; due to climate change, various tree species died in 

different corners of the country Ethiopians (Aynekulu et al., 2011). 

Ethiopia's forest ecosystems represent the largest terrestrial carbon sink. Protected areas and 

their highly diverse ecosystems, including forests, are important systems for absorbing and 

storing carbon dioxide from the atmosphere, helping people and ecosystems adapt to the 

effects of climate change (Assaye, 2016). 

Palmate et al. (2017) reported that the Simien Mountains National Park (SMNP) is a very 

important area for the protection of diverse and unique natural resources. The SMNP 

includes several layers of ecological exclusion zones that provide unique habitats for rare 

and endemic flora and fauna. The Park plays an important environmental role in mitigating 

climate change and its impact on surrounding areas. On the other hand, mountain forests are 

more vulnerable to greater negative impacts of climate change.  

Climate change, caused by global increases in greenhouse gas emissions, is thought to be a 

key driver of forest cover change. Rising temperatures and changing rainfall patterns in the 

Ethiopian highlands are altering forest cover and natural succession patterns in the park. 

Consequently, these changes pose a challenge to conservation efforts in the Simien 

Mountains and could have far-reaching impacts on similar mountain ecosystems throughout 

the region.  
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The use of satellite imaging has increased and become a key tool for ecological scientists 

to monitor seasonal and inter-annual vegetation dynamics (Measho et al., 2021). Hence, 

the use of remote sensing products such as normalized difference vegetation index (NDVI), 

becomes feasible to analyze the trend and productivity of vegetation and ecosystem 

resilience. Time series of NDVI can provide very valuable information about changes in 

the terrestrial ecosystem and specifically detect trends in vegetation dynamics and 

phenology (Measho et al., 2021). Therefore, Addressing the impact of climate change on 

the forest cover in the Simien Mountains National Park integrates climate data, remote 

sensing, and on-ground studies. This will aid in formulating appropriate conservation 

strategies and provide insights to stakeholders for adaptive management of the park in the 

face of a changing climate. 

1.2. Statement of the Problem 

The Simien Mountains National Park in northern Ethiopia contains critical Afromontane 

Forest ecosystems with high biodiversity value. However, recent climatic changes in the 

region pose an escalating threat due to the impact of climate change on forest cover change. 

The mountainous terrain, characterized by diverse ecosystems and vital watersheds, is 

particularly vulnerable to the changing climatic patterns experienced globally. The intricate 

interplay between climate change and its repercussions on the park's forest cover is a critical 

issue that necessitates thorough investigation. 

As evidenced by recent studies, including Fekadu et al. (2020), the Simien Mountains 

National Park stands at the crossroads of ecological transformation. Climate change, marked 

by shifts in temperature, precipitation patterns, and extreme weather events, poses a 

significant risk to the existing forest cover. Woodlands within the park have been identified 

as crucial carbon reservoirs, echoing the broader trend observed in Ethiopia, where such 

areas hold substantial carbon stocks compared to high forests. The delicate balance of these 

ecosystems is threatened by factors such as altered fire regimes, prolonged droughts, and 

increased frequency of extreme weather events. 

While global efforts emphasize the importance of mitigating climate change through forest 

conservation and sustainable management, the specific impact on the Simien Mountains 

National Park remains inadequately understood. The woodlands currently contribute to the 
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park's ecological integrity and face unprecedented challenges. Exploitation, both regulated 

and unregulated, along with land-use changes, can potentially compromise the park's 

biodiversity and disrupt vital ecosystem services. 

Moreover, the absence of a systematic assessment of the impact of climate change on the 

park's forest cover poses a significant gap in current research. While there is a growing body 

of literature on climate change impacts globally, a focused study on the Simien Mountains 

National Park is essential due to its unique characteristics and the urgency of conservation 

measures. 

In addressing this gap, the research aims to utilize up-to-date remote sensing data to analyze 

the historical and current state of the park's forest cover. By incorporating real-time 

observations and advanced modelling techniques, the study seeks to unravel the complex 

interactions between climate change and forest dynamics within the Simien Mountains 

National Park. 

1.3. Significance of the Study 

The Simien Mountains National Park (SMNP), located in northern Ethiopia, is known for its 

remarkable ecological diversity and unique Afromontane ecosystems. However, the park is 

now facing the challenges posed by climate change, which threaten the resilience of its 

forests and the biodiversity it supports. 

These forests play a crucial role as watersheds, wildlife habitats, carbon sinks, and sources 

of essential ecosystem-based livelihoods for local communities. They provide timber, honey, 

and tourism revenues. However, the rising temperatures, increased climate variability, and 

more extreme weather events associated with climate change pose significant threats to the 

continuity and ecological integrity of the Simien Mountains' forests. 

By analyzing trends in forest cover change, we can quantify the impacts of climate change 

and assess the risks they pose. This analysis serves as a foundation for modeling future 

climate vulnerabilities and developing evidence-based adaptation strategies that are specific 

to the climate sensitivities of the Simien ecosystems. It also informs the development of 

protective policies and conservation management reforms that are necessary in light of 

changing climatic conditions. Additionally, it helps to mobilize resources and partnerships 
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for expanded conservation efforts and supports targeted interventions to build resilience for 

vulnerable forest-dependent local populations. 

This study adds to the body of scientific knowledge by focusing on a specific and 

understudied context. While global attention tends to be directed towards high-profile areas, 

the Simien Mountains National Park has its own unique and intricate ecological setting. The 

research not only enhances our understanding of the vulnerability of montane ecosystems 

but also fills critical knowledge gaps. This nuanced perspective contributes to the broader 

scientific discourse on the impacts of climate change, particularly in mountainous regions. 

It provides valuable insights for local conservation efforts and informs global environmental 

policies. 

In essence, the significance of this study lies in its ability to provide a comprehensive 

understanding of the complex relationship between climate change and forest cover change 

in the Simien Mountains National Park. It is not simply an investigation into a specific 

geographical area; rather, it is a contribution to our collective knowledge aimed at promoting 

informed conservation practices, resilient ecosystems, and sustainable livelihoods in the face 

of a changing climate. 

1.4. Objectives  

1.4.1. General objective  

The general objective of this study is to investigate the impact of climate change on forest 

cover change within the Simien Mountains National Park located in Ethiopia. 

1.4.2. Specific objective 

• To assess trends in climatic variables, particularly rainfall and temperature, over the 

specified period in the study area 

• To quantify trends and magnitudes of forest cover changes in the study area over the 

designated period. 
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• Evaluate the correlation between trends in rainfall and temperature with changes in 

forest cover. 

•  Make recommendations on sustainable forest management and development 

1.5. Research Questions 

• How have trends in rainfall and temperature varied over the specified period in the 

study area? 

• What are the trends in forest cover changes within the study area over the designated 

period? 

• Is there a significant correlation between trends in rainfall and temperature with 

changes in forest cover within the study area? 

• What sustainable recommendations can be made for sustainable forest management 

and development in the study area? 

2. LITERATURE REVIEW 

2.1. Climate Change 

The Earth's climate is changing rapidly due to the increasing concentration of greenhouse 

gases (GHG) in the atmosphere, caused primarily by human activities, particularly fossil fuel 

use, agriculture and deforestation (IPCC, 2007). Climate change has become a reality and is 

one of the greatest challenges facing the world today. Climate change has led to an increase 

in the frequency, intensity and severity of extreme weather events (droughts, floods, heat 

waves, cold waves, storms/hurricanes, etc.), melting of ice and glaciers, sea level rise and 

changes in global precipitation patterns Expansion of rainfall. desertification, increased 

frequency and intensity of fires, loss of biodiversity, increased pollution, the decline in 

agricultural production and productivity, water shortages, increased incidence of pests and 

diseases, human migration and conflict (Zegeye, 2018). 

Ethiopia's climate is naturally very diverse and highly variable. However, the climate has 

changed dramatically in recent years (Mokria et al., 2017). Climate variability and changes 
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are observed in Ethiopia. The temperature (maximum, minimum, average) is increasing, but 

the precipitation does not show a clear trend - it fluctuates greatly (Addisu et al., 2015). 

Since 1950, the annual average maximum and minimum temperatures of the Ethiopian have 

been increasing every decade by about 1 and 0.25°C, respectively. The mean annual 

temperature for the period 1960-2006 increased by 1.3°C, an average rate of 0.28°C per 

decade (Mengistu et al., 2014). The decadal increase is above the global mean value of 0.2°C 

per decade (Hansen et al., 2006). Spatial and temporal rainfall variability has been 

increasing. The length of the rainy season(s) and the reliability/predictability of the rainfall 

amount, frequency, distribution and timing (onset and ending) are decreasing (Zegeye, 

2018). 

2.2. The Roles of Forests in Carbon Storage and Climate Change 

Mitigation 

The act of removing carbon dioxide from the atmosphere and storing it in soil and green 

plant biomass (also known as a "sink") so that it can be kept there indefinitely through 

photosynthesis is known as carbon sequestration (Cherinet & Lemi, 2023a; Thilagam et al., 

2022c). With high carbon concentrations, forests are the greatest terrestrial C sinks and they 

sequester a significant quantity of atmospheric CO2 (Thilagam et al., 2022c). In the world's 

woods, some 650 billion tons of carbon are kept in storage. According to Saatchi et al. 

(2011), out of this total, 44% of the carbon is stored in biomass, 45% in the soil, and 11% in 

dead wood and litter (Saatchi et al., 2011). Global forest cover accounts for almost 31% of 

the geographical area (FAO, 2016), of which 7–10% is tropical forest and stores 471 ± 93 

Pg C. The average C stock in global forests was 86 Mg ha-1 in 1990 and declined to 81 Mg 

ha-1 in 2005 (Yadav et al., 2022). 

Deforestation and forest degradation contribute significantly to global emissions, accounting 

for approximately 10–15% of total greenhouse gas emissions (Pan et al., 2011). Protecting 

and restoring forests not only reduces emissions but also protects and enhances biodiversity, 

thereby strengthening ecosystem resilience (Cherinet & Lemi, 2023b). 

According to Cherinet & Lemi (2023a), Ethiopia has potential forest carbon reserves of 

about 168 Mt·C. In addition, coal resources at the national level amount to 867 M·C. The 
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forest ecosystem has played an important role in maintaining ecosystem function in Ethiopia. 

The aboveground biomass of forest resources in Ethiopia consumes about 2.76 billion tons 

of coal. The authors also reported that Ethiopian tall forests provide the largest carbon 

resources. 

2.3. Impacts of Climate Change on Forests 

Climate change impacts a variety of ecosystem functions and processes. This affects the 

density of the forest and the nutritional status of the leaves. Wildfires, droughts and other 

climate-related disturbances will impact the forest ecosystem (Fang et al., 2018; Thilagam 

et al., 2022c). Climatic parameters include temperature, precipitation, humidity, hours of 

sunshine, cloud cover, pressure, precipitation, number of rainy days, wind speed, etc., which 

affect the growth and condition of forests. It has been found that there are important factors 

affecting vegetation, particularly temperature and precipitation (Palmate et al., 2017). 

There is a clear positive relationship between the annual maximum temperatures and the 

years, there was a weaker but significant relationship between annual minimum temperatures 

and years, and there was also a significant positive relationship between annual average 

temperatures and years (Loh et al., 2020b) Therefore, the results showed that as precipitation 

increases, NDVI also tends to increase. When there is a rainfall deficit in the vegetation 

cover, greenery decreases and vice versa (Negasa Wolteji et al., 2022). Vegetation responds 

to climate change by changing its phenological patterns, for example by changing the timing 

of life cycle events, by changing range limits leading to areas of extinction and colonization, 

and by changing morphology, reproduction, genetics or extinction (Loh et al., 2020b). 

Extreme events such as climate-related droughts, fires, diseases and pests are likely to 

increase and may have more severe impacts on forests and forest biodiversity than gradual 

changes in global or regional averages (Thilagam et al., 2022c) The result can be drought 

during the dry season and chronic tree diseases, which can exceed 80%. This indicates that 

forest degradation due to climate change is likely sufficient to cause limited adult tree 

mortality (Moore & Watt, 2015). The global literature on forest disturbances suggests that 

disturbances in a warming world will be caused particularly by fires, insects and pathogens 

(regardless of changes in water availability). These factors and their interactions currently 

dominate the disturbance regimes in many forests (Seidl et al., 2017). 
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2.4. Normalized Difference Vegetation Index (NDVI) 

During the early 1980s, scientists at NASA's Goddard Space Flight Center in Greenbelt, Md. 

defined and developed the Normalized Difference Vegetation Index (NDVI) for monitoring 

vegetation health. The NDVI is based on the difference between absorption and reflectance 

of green leaves in the red and near-infrared bands of visible light, respectively (Tucker, 

1979a) 

Kriegler et al. (1969) proposed a simple band transformation to calculate the NDVI: 

subtracting red radiation from near-infrared (NIR) radiation, and then dividing the result by 

the sum of near-infrared and red radiation. This resulted in a simplified image that became 

known as the NDVI. The NDVI is appealing because it quickly delineates vegetation and 

vegetative stress, making it useful in commercial agriculture and land-use studies. 

In recent decades, the remotely sensed NDVI has been used as a proxy for earth vegetation 

productivity. It allows for continuous and long-term monitoring of the relationship between 

vegetation and climate, and is one of the most widely used indicators in studies involving 

vegetation dynamics and ecosystem health worldwide (Rembold & Maselli, 2006; J. Zhang 

et al., 2003) 

The study conducted by Wolteji & Garbaba (2023) examined the interconnections between 

precipitation, temperature, and the Normalized Difference Vegetation Index (NDVI) to understand 

the impact of these climate factors on forest ecosystems. The analysis revealed a positive correlation 

between precipitation and NDVI, indicating that higher rainfall promotes greater vegetation 

greenness and productivity. This finding is consistent with the understanding that water availability 

plays a significant role in controlling plant growth in various regions. However, the relationship 

between temperature and NDVI demonstrated that higher temperatures are associated with a decrease 

in NDVI, suggesting that heat stress can overshadow the benefits of a longer growing period. 

Various vegetation indices have been used for vegetation monitoring. The NDVI method, in 

particular, has been popular for monitoring temporal changes in vegetation. It uses Landsat 

data to prepare spectral vegetation indices that separate green vegetation. This method relies 

on the different interactions between the electromagnetic spectrum of near-infrared and red 

wavelengths. The red wavelength (about 0.6–0.7 µm) shows low reflectance because 

chlorophyll absorbs more red wavelengths, while the infrared wavelength (about 0.8–0.9 
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µm) has high reflectance due to the scattering of infrared wavelengths by the cell structure 

of leaves. NDVI can be easily determined by comparing the infrared wavelength band to the 

red wavelength band. NDVI is calculated as the ratio of the difference between the near-

infrared and red wavelength bands to the sum of those two bands (Richardson and Everitt 

1992) (Richardson & Everitt, 1992) 

NDVI = (
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷
) 

The NDVI has a value range of -1 to 1, with values from -1 to 0 indicating no vegetation and 

values from 0 to 1 indicating vegetation. By using the red (RED) and near-infrared (NIR) 

spectral bands, NDVI can compute the total vegetation coverage area of the basin. This 

approach improves the utility of predictive change relations for vegetation (Richardson & 

Everitt, 1992) and has been shown to be effective for vegetation change detection (Lyon et 

al., 1998). 

3. METHODS 

3.1. Study Area Description 

The Simien Mountains National Park is located in northern Ethiopia (13° 11'N, 38° 04'E ), 

within the North Gondar Zone of the Amhara Regional State It is found along the Gondar 

Mountain Massifs, which encompass seven mountain peaks, with Mount Ras Dejen, 

reaching a height of 4620 meters above sea level, being the highest peak in both the area and 

the country. The Park covers an area of 412 km2. Its headquarters is in Debark Town, which 

is 886 km away from the capital city of Addis Ababa and 123 km from the city of Gondar. 

This area is included three main Woredas: Debark, Jan Amora, and Addi Arkay. 

This are experiences various climatic conditions due to differences in elevation. The lower 

altitudes range from 1500 to 2400 meters above sea level, categorized as Woina dega, while 

the upper elevations above 3700 meters above sea level fall under the Wurch zone. The areas 

in between these two zones have a high-dega and temperate climate. The majority of 

precipitation, approximately 80%, occurs between June and September, mainly in the form 

of hail, rain, and mist, resulting in an annual average rainfall of 1550mm (Araya et al., 2010). 

Temperatures changes along months throughout the year, and there are significant 
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fluctuations between day and night, with nighttime temperatures ranging from -2.4 to 4°C 

and daytime temperatures ranging from 11 to 18°C (Assaye,2015). The mean minimum and 

maximum temperature range is from 8 ◦C to 30 ◦C, with small annual variations. In all 

months except the month of August, the decadal reference evapotranspiration exceeds the 

mean decadal rainfall. 

According to Jacob et al. (2017)The vegetation of the Simien Mountains can be divided into 

three different altitude zones. From 2,000 m to 3,500 m in the northeast and 3,300 m in the 

southeast, Afromontane evergreen forest dominates. This belt is rich in large tree species 

such as Prunus Africana and Hagenia abyssinica on the wetter northern slopes and is 

dominated by Olea europaea subsp. dominated. Tubers on the drier slopes with a south-

southeast orientation. Juniperus procera is less common in the Simien Mountains. The 

heather belt at an altitude of2900–3700 m includes the woody heather Erica arborea with 

Hypericum revolutum and, in the lower parts, Nuxia congesta. Above 3,700 m, the 

Afroalpine area dominates with Afroalpine meadows dotted with giant lobelia (Lobelia 

rhynchopetalum). and various types of short and long grass steppes (Festuca macrophylla, 

Carex erythrorhiza) and mires. 
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Figure 1: Map of the study area 

 

3.1.1 Monthly Rainfall and Temperature Data Analysis 

3.1.1.1. Monthly Average Rainfall  

Analyzing the monthly rainfall data provides important insights into the climatic conditions 

that affect forest cover dynamics in Simien Mountain National Park. The observed patterns 

highlight the impact of seasonal variations in rainfall on vegetation growth and the resilience 

of the ecosystem. 

The dry season, which occurs from October to May, is characterized by minimal rainfall, 

creating challenges for forest ecosystems. Precipitation decreases gradually from October, 

with 38.6 mm recorded, to 15.4 mm in November and 4.6 mm in December. During these 
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dry months, forest vegetation faces pressure due to reduced water availability, making it 

more susceptible to wildfires. 

In contrast, the wet season, from June to September, experiences a significant increase in 

rainfall, revitalizing forest ecosystems. The rainy season begins in June, with 144 mm of 

rainfall recorded, and reaches its peak in July (289 mm) and August (302.7 mm) ( Figure 2). 

These months coincide with the kiremt rains, which are crucial for sustaining forest growth 

and ecosystem functioning. The abundant precipitation replenishes soil moisture, supports 

the regrowth of vegetation, and provides habitats for diverse flora and fauna (Figure. 2). 

The observed monthly rainfall patterns have significant implications for the dynamics of 

forest cover in Simien Mountain National Park, especially in the context of climate change. 

Rising temperatures and altered precipitation patterns can intensify the stress on forest 

ecosystems, leading to changes in the composition, distribution, and timing of species. 

Extended periods of drought may result in forest degradation, loss of biodiversity, and 

increased vulnerability to invasive species and pests. 

Figure  2: Average monthly rainfall trend of Simien Mountains National Park 

On the other hand, extreme rainfall events during the wet season can trigger soil erosion, 

landslides, and flooding, further impacting the health of the forest and the integrity of the 
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ecosystem. Understanding these intricate interactions is crucial for predicting future changes 

in forest cover and implementing adaptive management strategies to enhance ecosystem 

resilience. 

3.1.1.2. Monthly Temperature (Average temperature, Maximum 

Temperature and Minimum temperature) 

The average temperature (Tav) graph showed a distinct seasonal pattern, with the highest 

average temperatures occurred during the months of March (19.01°C), April (19.54°C), and 

May (19.67°C). These months correspond to the dry season in the region, characterized by 

clear skies and increased solar radiation. The lowest average temperatures are recorded in 

October (15.76°C), November (15.85°C), and December (15.96°C), which are part of the 

wet season (Figure 3). 

The maximum temperature (Tmax) data followed a similar trend, with the highest maximum 

temperatures observed during the dry season months of March (29.28°C), April (29.14°C), 

and May (28.61°C). These high maximum temperatures can be attributed to the intense solar 

radiation and lack of cloud cover during this period. 

However, the minimum temperature (Tmin) graph (Figure 5) showed a slightly different 

pattern. The lowest minimum temperatures occurred during the wet season months of 

December (7.04°C), January (7.58°C), and November (7.38°C). This can be explained by 

the increased cloud cover and precipitation during the wet season, which can lead to cooler 

nights. 

The dry season, from October to May, was characterized by clear skies and minimal cloud 

cover, allowed for more intense solar radiation and higher daytime temperatures. However, 

the high altitude and thin atmosphere also contribute to rapid cooling at night, resulting in 

lower minimum temperatures. During the wet season, from June to September, increased 

cloud cover and precipitation can moderate daytime temperatures, while also contributing 

to warmer nighttime temperatures due to the insulating effect of clouds.                                                                      
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Figure 3:  Average monthly temperature trend of Simien Mountains National Park 

Figure 4: Monthly average maximum temperature trend 
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Figure 5: Monthly average minimum temperature trend of Simien Mountains National Park 

3.1.2. Monthly Rainfall Distribution 

During the wet season, specifically in June, July, and August, the park experiences higher 

levels of rainfall. This rainfall is concentrated in the central and northern regions, which 

likely contribute to denser vegetation and greater biodiversity. The presence of small areas 

with lower rainfall values, particularly in the northern-western parts, suggests that these areas 

may be vulnerable to changes in precipitation patterns caused by climate change. As climate 

change leads to more frequent extreme weather events and shifts in rainfall distribution, these 

areas may face an increased risk of forest degradation and habitat loss. 

In contrast, the dry season, spanning from October to May, presents challenges for forest 

ecosystems across the park. During this period, rainfall is minimal, and there is a gradient of 

precipitation from south to north. Areas experiencing lower rainfall values, especially in the 

northern and western regions, may be more susceptible to forest degradation or habitat loss, 

particularly in the context of climate change. As temperatures rise and precipitation patterns 

become more erratic, these areas may face increased pressure from factors such as droughts 

or wildfires, which can negatively impact forest cover and ecosystem resilience of the 

ecosystem (Appendix figure 1)        
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3.2. Data Collection and Sources 

 The study conducted to detect changes in forest cover within the Simien Mountains National 

Park, an integrated approach was used, combining Geographic Information Systems (GIS) 

and Remote Sensing (RS) technologies. This approach involved analyzing temperature, 

rainfall, forest cover, and vegetation data to understand the relationships between them. 

Satellite imagery from Landsat 4-5 TM (Thematic Mapper) for the years 1991 and 1996, 

Landsat 7 ETM (Enhanced Thematic Mapper) for 2001, 2006, and 2011, and Landsat 8 

OLI/TIRS (Operational Land Imager/Thermal Infrared Sensor) for 2016, 2021, and 2023, 

was obtained from the USGS website. These images, with a spatial resolution of 30 meters, 

were specifically acquired during the dry season to assess forest and vegetation cover. 

Normalized Difference Vegetation Index (NDVI) and Land Use/Land Cover (LULC) maps 

were created using the acquired satellite imagery for the years 1991, 1996, 2001, 2006, 2011, 

2016, 2021, and 2023. A comprehensive dataset of sixteen Landsat images was collected, 

focusing on the short rainy season or dry season (January to February). To ensure data 

integrity, strict selection criteria were applied, resulting in the exclusion of images with more 

than 10% cloud cover. 

This integrated approach provided a detailed understanding of forest dynamics within the 

Simien Mountains National Park during the specified time period. By combining GIS and 

RS technologies with climate data, the study revealed the complex relationships between 

environmental variables and changes in forest cover. The use of high-resolution satellite 

imagery allowed for detailed spatial analysis, while NDVI and LULC mapping techniques 

provided insights into vegetation health and land use patterns. 

Monthly climate data, including temperature and rainfall metrics, were obtained from the 

Ethiopian National Meteorological Agency (ENMA). The data was systematically gridded 

using the shapefile of the study area to ensure accurate spatial representation. Rainfall data, 

in particular, was sourced from the Climate Hazards Group InfraRed Precipitation with 

Station data (CHIRPS) dataset, which is available through the Famine Early Warning 

Network (FEWS) (https://www.chc.ucsb.edu/data/chirps). CHIRPS, a collaboration 

between the U.S. Geological Survey (USGS) and the Climate Hazards Group (CHG) at the 

University of California, provides a quasi-global (50ºS–50ºN) gridded product with a spatial 
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resolution of approximately 0.05º (∼5.3 km). This dataset covers the period from 1981 to 

the near present, offering data at various temporal resolutions, including daily, pentadal, 

decadal, and monthly (Funk et al., 2015). I employed the combination of RStudio and Stata 

packages to address missing data within my dataset. By utilizing a linear regression model 

(LRM), I effectively imputed the absent values. This process ensured the completeness and 

accuracy of the dataset, facilitating robust subsequent analyses. 

3.3. Data Analysis 

3.3.1. Landsat images pre-processing 

Simien Mountains National Park falls in two scenes of satellite images. The downloaded 

images were stacked and then mosaiced using ArcGIS V.10.8 software. Corrections were 

made to the satellite images, including radiometric correction based on radiance and 

geometric correction based on the digital number. Radiometric correction is used to remove 

sensor or atmospheric noise and improve the accuracy of ground conditions in an image (M. 

Zhang et al., 1999). Geometric correction is used to remove distortion by rectifying an image 

(Van Wie & Stein, 1977). An area of interest (AOI) was prepared for the Simien Mountains 

National Park to extract the required study area from the mosaiced images. 

In this study, the NDVI-based land cover classification methodology was used to map the 

land use and land cover (LULC) of the study area. This methodology involves using 

Normalized Difference Vegetation Index (NDVI) maps, which provide valuable information 

about vegetation density and health. These NDVI maps are then systematically reclassified 

to delineate different land cover classes. The reclassified NDVI maps are then converted into 

comprehensive Land Use Land Cover (LULC) maps, which provide a detailed representation 

of the various land cover types present in the study area. 

3.3.2. Climate data analysis  

The monthly climate data, including rainfall, maximum temperature, minimum temperature, 

and average temperature, were aggregated to calculate the average values of these variables 

for each month over 33 years from 1991 to 2023. After that, the annual maximum and 
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minimum temperatures, as well as the average temperature and rainfall data for each year, 

were analyzed comprehensively using R Studio. The purpose of this analysis was to identify 

potential trends and statistically significant differences in these climatic variables over time. 

To accomplish this, non-parametric methods such as the Mann-Kendall test and Theil-Sen 

slope were employed. Specifically, the Mann-Kendall test was used to assess the presence 

of monotonic trends, indicating whether the datasets showed increasing or decreasing 

patterns over the study period. This rigorous approach allowed for a thorough investigation 

of temporal changes in climatic conditions, providing valuable insights into long-term trends 

and variability. 

3.3.2.1. Theil-Sen approach and Mann-Kendall test 

The Mann-Kendall (MK) test Mann (1945) and Kendall (1976) were used to analyze the 

time series data of climate variables and their impacts from 1991 to 2023. In addition, Sen's 

Slope Sen (1968)  estimator, a widely used statistical method in hydroclimatic studies, was 

incorporated into the analysis. This estimator provides valuable information on the 

magnitude, direction, and rate of change of trends within the dataset. By combining these 

two analytical approaches, we achieved a more comprehensive understanding of the 

temporal patterns in annual maximum and minimum temperatures, as well as annual rainfall. 

Sen's Slope Estimator complements the Mann-Kendall test by quantifying the slope of 

identified trends, enhancing the interpretation of statistical significance. Post hoc tests and 

additional statistical analyses were conducted to further validate and interpret the findings. 

The integration of Sen's Slope Estimator provided a quantitative measure of the trends 

identified by the Mann-Kendall test, enriching the overall analysis. 

This combined analytical framework formed a robust method for discerning statistically 

significant trends and estimating their magnitude. The inclusion of Sen's Slope Estimator not 

only facilitated the identification of trends in climatic variables but also provided valuable 

insights into the extent and direction of these trends over the study period. Overall, this 

comprehensive approach contributed to a more thorough understanding of the dynamics of 

climate change within the study area. 
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3.3.3. Normalized Difference Vegetation Index (NDVI) Analysis 

During the early 1980s, NDVI was defined and developed by scientists at the National 

Aeronautics and Space Administration’s (NASA) Goddard Space Flight Center for 

monitoring vegetation health, based on the difference between the absorption and reflectance 

of green leaves in the red and near-infrared bands of visible light Tucker (1979b). The NDVI 

formula calculates the difference between near-infrared and red spectral bands, with values 

ranging from -1 to 1. Higher positive values indicate more vigorous, dense vegetation. The 

annual NDVI will allow the characterization of vegetation trends over the past four decades 

(Tucker, 1979c). 

NDVI = (
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷
) 

Landsat 5 = (
𝐵𝑎𝑛𝑑 4 − 𝐵𝑎𝑛𝑑 3

𝐵𝑎𝑛𝑑 4+𝐵𝑎𝑛𝑑 3
) 

Landsat 7 = (
𝐵𝑎𝑛𝑑 4 − 𝐵𝑎𝑛𝑑 3

𝐵𝑎𝑛𝑑 4+𝐵𝑎𝑛𝑑 3
) 

Landsat 8 = (
𝐵𝑎𝑛𝑑 5− 𝐵𝑎𝑛𝑑 4

𝐵𝑎𝑛𝑑 5+𝐵𝑎𝑛𝑑 4
) 

 (Source: USGS Earth Explorer: https://earthexplorer.usgs.gov/)  

The NDVI analysis in this study utilized Landsat 5, 7, and 8 multispectral satellite imagery 

spanning from 1983 to 2022 to evaluate changes in forest cover influenced by climate factors 

within the Simien Mountains National Park of northern Ethiopia. Image preprocessing and 

NDVI generation were executed in ArcGIS Version 10.8. All Landsat scenes underwent 

preprocessing steps, including radiometric calibration, and atmospheric correction to the 

park area, with cloud masking applied to eliminate obscured pixels. Subsequently, annual 

NDVI values for the Simien Mountains Park area were derived from the processed images 

using the NDVI tool in ArcGIS. 

The NDVI analysis involved the calculation of the Normalized Difference Vegetation Index 

for preprocessed, mosaicked, composited, and ultimately extracted areas of interest (AOI) 

using Landsat 5, 7, and 8 images in ArcGIS version 10.8. The Landsat images underwent 

preprocessing procedures to correct for radiometric and atmospheric distortions. 

https://earthexplorer.usgs.gov/
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Subsequently, the images were mosaicked and composited to create seamless, temporally 

coherent datasets. From these datasets, the AOI was extracted to focus the analysis on the 

specific region of interest. This comprehensive approach allowed for the assessment of 

vegetation dynamics and health over time, leveraging the capabilities of ArcGIS for spatial 

analysis and image processing.  

By integrating Landsat imagery and NDVI analysis, this study aimed to provide insights into 

long-term changes in vegetation cover and health within the Simien Mountains National 

Park. The NDVI-derived vegetation trends, forest cover change dynamics and inform 

conservation efforts in the face of ongoing climate change and anthropogenic pressures. 

3.3.4. Correlation analysis between climate variables with NDVI and 

forest cover 

Finally, correlation and regression modelling were used to analyze the relationship between 

changes in vegetation NDVI and forest cover and climatic variables and climate variables 

over the past three decades. This analysis helped to determine the impact of rising 

temperatures and changing precipitation patterns on the integrity of the Simien Mountains 

Forest cover. 

A simple linear regression model analysis was conducted in RStudio to examine the 

individual relationships between annual average temperature, annual maximum temperature, 

annual minimum temperature, and annual average rainfall with NDVI and forest cover 

separately. The analysis focused on evaluating how each of these climate variables relates to 

NDVI and forest cover based on their mean values for each year. The coefficient of 

determination (R²) and P-value were used to assess the overall goodness-of-fit of the 

regression model and determine the significance of each coefficient respectively. These 

statistical measures provided insights into both the strength and significance of the 

relationships between the climate variables and the vegetation indices, enabling a 

comprehensive assessment of their influence on NDVI and forest cover individually. 

Yi = β0 + β1Xi + εi …………………. (Gauss & Stewart, 1995) 

Where: 
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Yi: represents NDVI or forest cover for a specific period, 

Xi: represents annual average rainfall, annual average temperature, annual average 

maximum temperature, or annual average minimum temperature, 

β0 + β1Xi: represents the linear relationship between Yi and Xi, 

β0: represents the mean of Yi when X=0 (intercept), 

β1: represents the change in the mean of Yi when Xi increases by 1 (slope), 

εi: represents the random error term. 

The results of the simple linear regression analysis, indicated by R² and p-values, can range 

between 0 and 1. An R² value close to zero suggests a weak relationship between the indices, 

while values closer to 1 indicate a stronger relationship. Additionally, the sign of the 

coefficient of the independent variable in the regression equation indicates the direction of 

the relationship. If R² is positive and the p-value is significant, it suggests a positive 

relationship between the indices. Conversely, if R² is negative and the p-value is significant, 

it indicates a negative relationship where one index decreases as the other index (e.g., NDVI) 

decreases. These statistical measures provide valuable insights into the strength and 

significance of the relationships between the variables, allowing for a comprehensive 

interpretation of the findings. 



 

 

23 

 

 

Figure 6: Flowchart of the methodology used for establishment of relationship 
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4. RESULT AND DISCUSSION 

4.1. Changes in Annual Rainfall Trend 

The Simien Mountains National Park annual precipitation graph (Figure 7) from 1983 to 

2023 showed that significant variation, with total annual rainfall ranging from a high of 

1,227.2 mm in 1998 to a low of 832.76 mm in 2023. 

 It became clear that there were distinct multi-year periods of relatively wet and dry 

conditions. The late 1990s were characterized by several consecutive rainy years, with 

annual rainfall exceeding 1,100 mm between 1997 and 1999 and reaching a peak of 

1,227.2 mm in 1998. This period was characterized by sustained rainfall amounts that were 

the highest throughout the recorded period. However, after reaching this peak, rainfall 

decreased significantly. Between 1999 and 2009, rainfall fell below the period average of 

in most years, with a few exceptions such as 2005, where the fifth highest rainfall was 

recorded at 1,095.49 mm. The lowest rainfall this decade occurred in 2009, when the 

annual rainfall total fell to 883.09 mm, the only year below 900 mm. 

During 2010–2023, annual rainfall fluctuated between 900 and 1,100 mm without a clear 

long-term trend. However, this period was characterized by greater year-to-year 

fluctuations than the gradual decline observed in 1999-2009. In particular, the last three 

years (2021-2023) showed a downward trend, with the year 2023 recording the lowest 

rainfall at 832.76 mm. for 41 years. This recent decline is concerning and could indicate a 

possible shift towards drier conditions, although longer-term data would be needed to 

confirm this trend. 

Similarly, a study by Gedefaw et al. (2018) analyzed precipitation data in Simien Mountains 

National Park from 1983 to 2016 and found a significant decreasing trend in annual 

precipitation, consistent with the observation of a shift toward drier conditions at the 

beginning of the 21st century. They also identified distinct wet periods and dry periods, with 

the late 1990s being the wettest period, consistent with the results. It also aligns with rainfall 

trends in northern Ethiopia from 1971 to 2010 and showed a significant decline in annual 

rainfall, particularly in the latter part of the study period. They attributed this trend to climate 

change and variability, similar to the conclusions (Miheretu, 2021). 
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.  

The Linear regression analysis provided additional information about long-term trends in 

annual precipitation. The linear regression equation Y = -2.879x + 6810.402 indicates a 

negative trend in annual precipitation over the years, with an average decrease of about 2,879 

mm per year. The R-squared value of 0.672 indicates a moderately strong fit to the linear 

regression model and explains about 67.2% of the annual rainfall variability. Furthermore, 

the p value of 0.01956 (<0.05) indicated that the negative trend of annual precipitation was 

statistically significant at the 5% significance level (Figure 8). 

Figure 7: Annual average rainfall trend 
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Figure 8: Correlation between annual average rainfall and years 

4.2. Changes in Annual Temperature Trend 

4.2.1. Change in Annual Average Temperature 

The average trend and correlation graph for the Simien Mountains National Park from 1983 

to 2023 showed an overall increase in average annual temperatures (Tavg), despite 

fluctuations from year to year. The correlation analysis provided an R-squared value of 

0.824, a p-value of 1.07E-05, and the equation y = 0.03300X - 48.41990. These results 

indicated a strong positive relationship between the years and average temperatures in the 

park. The R-squared value of 0.824 meant that approximately 82.4% of the variation in 

average temperatures could be explained by the linear relationship with the years, stating the 

strong positive correlation observed in the trend graph. 

Additionally, the extremely small p-value of 1.07E-05 emphasized the statistical significance 

of this correlation, suggesting that the observed relationship between years and temperatures 

was highly unlikely to have occurred by chance. The equation y = 0.03300X - 48.41990 

quantified this relationship, stating that for every one-unit increase in the year (X), the 

average temperature (y) was expected to rise by approximately 0.033 degrees Celsius, on 

average (Figure 9). Similarly, Gedefaw et al. (2019) analyzed the temperature trend within 
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the trends of two climate parameters in two ecoregions of Ethiopia and found a significantly 

increasing trend in average annual temperatures with an average increase rate of 0.027 °C 

per year, which is corresponding the average annual temperature trends in the park 

Although the trend graph showed some year-to-year fluctuations, it demonstrated a 

consistent upward trend over the four decades analyzed. This warming trend aligned with 

global observations and projections related to climate change, raising concerns about 

potential impacts on the unique ecosystem of the Simien Mountains National Park (Figure 

10). 

The observed temperature increase, although seemingly small on an annual basis, could have 

cumulative effects on the delicate ecological balance within the park. Even slight 

temperature changes can trigger shifts in species distributions, alterations in the timing of 

seasonal events, and increased vulnerability to invasive species and diseases, as documented 

by the Intergovernmental Panel on Climate Change (Di Giulio et al., 2018). 

The strong positive correlation between years and temperatures, as indicated by the trend 

graph and correlation analysis, emphasizes the need for continuous monitoring and proactive 

conservation efforts. Addressing the potential challenges posed by climate change in the 

Simien Mountains National Park will require a multifaceted approach, including habitat 

restoration, sustainable land-use practices, and community engagement, to mitigate the 

impacts on the park's diverse flora and fauna. 
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Figure 9: Annual average temperature trend 

Figure 9: Correlation between annual average temperature and years 
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4.2.2. Changes in annual maximum temperature  

The trend graph for maximum temperature (Figure 11) illustrates the maximum average 

temperatures in the Simien Mountains National Park from 1983 to 2023, offering valuable 

insights into the temperature patterns observed in the region over this significant timeframe. 

The graph clearly demonstrates a consistent upward trend, indicating a significant increase 

in temperatures throughout the years. 

Over the analyzed period, the maximum temperatures exhibited noticeable fluctuations, with 

the lowest recorded temperature of 22.12 degrees Celsius in 1985 and the highest 

temperature of 25.87 degrees Celsius in 2015. These temperature variations highlight the 

dynamic nature of the park's climate, emphasizing the importance of analyzing long-term 

trends to gain a comprehensive understanding of climatic shifts. 

The regression analysis conducted on the temperature data revealed a strong correlation 

between time and maximum temperatures in the Simien Mountains National Park. The 

coefficient of determination (R²) value of 0.864 indicates that approximately 86.4% of the 

temperature variability can be explained by the linear relationship with time. The derived 

regression equation (Y=0.059540X - 95.128028) suggests an average annual temperature 

increase of 0.059540 degrees Celsius (Figure 12). 

Complementing these findings, Shekuru et al. (2020), who examined the variability and 

trends of temperature and rainfall over three ago-ecological zones in North Shewa, Central 

Ethiopia found a significant increasing trend in annual maximum temperatures.  These 

quantitative findings provided valuable insights into the rate of temperature change observed 

within the park, indicating a consistent warming trend over the analyzed period. This aligns 

with broader climate change narratives, as evidenced by Birara et al. (2018), who reported a 

significant shift towards higher annual average temperatures in Ethiopia after 2000. 

Overall, the trend graph of maximum average temperatures in the Simien Mountains 

National Park provides compelling evidence of a significant temperature increase over the 

analyzed period. The fluctuations and strong correlation observed underscore the importance 

of long-term trend analysis in understanding climate dynamics. These findings contribute to 

our broader understanding of climate change's impact on the park's ecosystem. 
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Figure 10: Annual Maximum temperature trend 

Figure 11: Correlation between annual maximum temperature and years 
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4.2.3. Change in annual minimum temperature 

The trend graph shows the minimum average temperatures in the Simien Mountains National 

Park from 1983 to 2023. It provides valuable insights into temperature patterns within the 

region during this significant timeframe. The graph revealed fluctuations in minimum 

temperatures throughout the years, indicating both short-term variability and potential long-

term trends. The recorded minimum temperatures ranged from a low of 9.9 degrees Celsius 

in 1999 to a high of 12.52 degrees Celsius in 2007. These fluctuations highlight the dynamic 

nature of temperature changes within the park and emphasize the importance of analyzing 

long-term trends to gain a comprehensive understanding of climatic shifts.  

To evaluate the relationship between time and minimum temperatures, a correlation analysis 

was conducted. The resulting correlation graph demonstrates a moderate positive correlation. 

The coefficient of determination (R²) value of 0.532 indicates that approximately 53.2% of 

the variability in minimum temperatures can be explained by the linear relationship with 

time. The p-value of 0.06418 suggests a moderate level of statistical significance (Figure 

13). 

The observed correlation, although not as strong as in the case of maximum temperatures, 

still indicates a discernible relationship between time and minimum temperatures in the 

Simien Mountains National Park. The upward trend in minimum temperatures, though 

subject to fluctuations, aligns with broader climate change narratives and the documented 

global rise in temperatures due to human-induced climate change. 

Understanding the long-term trends and variability in minimum temperatures is crucial for 

assessing the impacts of climate change on the park's forest and vegetation. Rising minimum 

temperatures could affect various aspects of the ecosystem, including plant growth, animal 

behavior, and species distribution. These changes could have cascading effects on the entire 

ecological network within the park. 

In general, the trend graph and correlation analysis of minimum temperatures in the Simien 

Mountains National Park provide insights into the temperature patterns observed over the 

analyzed period. Although a moderate correlation and statistical significance are observed, 

further research is needed to unravel the complex factors driving temperature fluctuations in 
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the park. Understanding these trends is essential for effective conservation and adaptation 

strategies in the face of ongoing climate change. 

Figure 12: Annual minimum temperature trend 

 

Figure 13: Correlation between annual minimum temperature and years 
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4.3. Changes in Forest Cover (FC) Trend 

The trend graph (Figure 15) showcased the changes in forest cover (FC) within the Simien 

Mountains National Park from 1983 to 2023 and presented a pattern of forest decline. The 

correlation analysis revealed a moderate negative correlation (R² = 0.501) with a p-value of 

0.06418, indicating a noteworthy relationship between FC and the corresponding years. The 

regression equation (Y = -4.532X + 9462.065) has a negative slope coefficient of -4.532, 

suggesting a decreasing trend in FC over the years (Figure 16). 

The negative slope coefficient of -4.532 implies that, on average, the FC decreased by 

approximately 4.532 units for each unit increase in the year. This negative relationship 

between FC and time supports the observed pattern of forest decline in the Simien Mountains 

National Park during the studied period. 

While the R² value of 0.501 indicates a moderate correlation, the negative slope coefficient 

clearly demonstrates a decreasing trend in FC over time. However, it is important to note 

that the p-value of 0.06418 is marginally significant at the conventional 0.05 level of 

significance. This suggests that the observed relationship between FC and time should be 

interpreted with some caution, as there is a possibility that the negative correlation could be 

due to chance. 

In 1983, the FC within the park stood at a relatively high value of 571.96 units. However, 

over the subsequent years, a steady decline in FC was observed. By 1991, the FC had 

decreased to 453.30 units, and it continued to drop significantly, reaching 253.14 units in 

1996. This sharp decline indicates a concerning loss of forested area within the park during 

this period. 

Although there was a temporary increase in 2001, with the FC rising to 466.97 units, the 

overall trajectory remained downward. The year 2006 showed a further decline in FC, 

dropping to 271.72 units. While there was a slight recovery in 2011, with the FC reaching 

336.08 units, this improvement was short-lived. By 2016, the FC had decreased to 361.61 

units, and by 2021, it had reached a low of 315.51 units, reflecting a continued loss of 

forested area within the park. 

However, in 2023, there was a notable regain in FC, with the value increasing to 334.52 

units. This positive change could potentially be attributed to several factors, such as 
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conservation initiatives, restoration projects, or local interventions implemented during that 

time. However, it is crucial to note that this regain was still substantially lower than the FC 

values observed in the earlier years, such as 1983 and 1991. 

The negative slope coefficient of -4.532 implies that, on average, the FC decreased by 

approximately 4.532 units for each unit increase in the year. This negative relationship 

between FC and time supports the observed pattern of forest decline in the Simien Mountains 

National Park during the studied period. While the R² value of 0.501 indicates a moderate 

correlation, the negative slope coefficient clearly demonstrates a decreasing trend in FC over 

time. However, the p-value of 0.06418 is marginally significant at the conventional 0.05 

level of significance, suggesting that the observed relationship between FC and time should 

be interpreted with some caution. 

In the context of the Simien Mountains National Park, climate change may be contributing 

to the declining forest cover through various mechanisms. For instance, rising temperatures 

and changes in precipitation patterns can increase the risk of drought conditions, making 

trees more susceptible to disease and mortality (Siyum, 2020). Additionally, climate change 

can exacerbate the occurrence and intensity of wildfires, which can directly destroy large 

areas of forestland (Brown et al., 2023). 

`Furthermore, a study conducted by Bax et al. (2021) suggested that climate change may 

indirectly impact forest cover by altering the geographic ranges of tree species and favouring 

the spread of invasive species or pests and pathogens that can harm or kill trees. These 

climate-related stressors can compound with other anthropogenic factors, such as land-use 

changes and overexploitation, further exacerbating the decline in forest cover. 
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Figure 14: Annual Forest cover change trend 

Figure 15: Correlation between annual forest cover change and years 
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4.4. Changes in Normalized Difference Vegetation Index (NDVI) Trend 

Analysis of NDVI trends over time revealed a statistically significant (p=0.0425) moderate 

negative correlation (R²=0.6145) between NDVI and years. Comparing this with the forest 

cover trend graph, which showed a negative slope, suggests a possible relationship between 

NDVI and forest cover in the park. 

The regression equation for the NDVI, Y=-0.004097x+8.69, showed a slight annual decrease 

in the NDVI of 0.004097 units. Similarly, the regression equation for forest cover Y=-

0.004362x+9.487402 showed a comparable negative slope of -0.004362. These results 

indicated that a consistent decline in NDVI during the study period. The specific NDVI data 

further confirmed the general downward trend. From 1983 (NDVI: 0.87) to 2023 (NDVI: 

0.68) there was a significant decline in vegetation greenness. In some years there were 

significant fluctuations, for example 1996 (NDVI: 0.68) and 2006 (NDVI: 0.62), but overall, 

there was a decline in vegetation productivity (Figure 17). The NDVI maps (Figure 19-26) 

provided visual evidence that elucidated the spatial dynamics underlying the observed trend 

of declining vegetation greenness over the study period. These maps vividly illustrated the 

geographical distribution and magnitude of NDVI changes, offering valuable insights into 

the spatial patterns and drivers that shaped vegetation productivity fluctuations across the 

studied region. 

Comparing the forest cover changing trend with the NDVI values, that years with higher 

forest cover, such as 1983 (NDVI: 0.87) and 2001 (NDVI: 0.88), correspond to relatively 

higher NDVI values. In contrast, years with lower forest cover, such as 2006 (NDVI: 0.62) 

and 2016 (NDVI: 0.70), correspond to reduced NDVI values. This suggests a possible 

relationship between forest cover and vegetation greenness as measured by the NDVI ( 

Figure 19 – 26). 

These findings paralleled the results of recent studies conducted in various ecosystems, 

including the Tibetan Plateau by Wang et al. (2020), which reported declining NDVI trends 

associated with climate change-related factors such as increasing temperatures, decreasing 

precipitation, and increasing drought intensity. The negative slope coefficients and 

decreasing trends of NDVI and forest cover in Simien Mountains National Park were 
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consistent with these studies and demonstrated the effects of climate-related stressors on 

vegetation productivity and forest health. 

The regression plot with an R² of 0.581 and a p-value of 0.05683 further confirmed the 

observed relationship between NDVI and year. Although the p-value is slightly above the 

conventional threshold of 0.05, indicating a marginally significant result, the moderate R² 

value suggests that about 58.1% of the variation in NDVI could be explained by the year 

variable (Figure 18) 

Figure 16: Annual normalized difference vegetation index changes and years 
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Figure 17: Correlation between annual NDVI change and years 

 

Figure 18: Normalized Difference Vegetation Index (NDVI) map of 1983 
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Figure 19: Normalized Difference Vegetation Index (NDVI) map of 1991 

Figure 20: Normalized Difference Vegetation Index (NDVI) map of 1996 
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Figure 21: Normalized Difference Vegetation Index (NDVI) map of 2001 

Figure 22: Normalized Difference Vegetation Index (NDVI) map of 2006 
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Figure 25: Normalized Difference Vegetation Index (NDVI) map of 2011 

 

Figure 23: Normalized Difference Vegetation Index (NDVI) map of 2016 
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Figure 24: Normalized Difference Vegetation Index (NDVI) map of 2021 

Figure 25: Normalized Difference Vegetation Index (NDVI) map of 2023 
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4.5. Correlation Analysis of Forest Cover, NDVI and Climate Variables 

4.5.1. Forest cover and annual average rainfall 

Figure 27 depicted that the visual correlation between annual average rainfall and forest 

cover. The analysis of regression showed a moderate coefficient value of 0.2812, suggesting 

a positive connection between these factors. With an R²-value of 0.562, it was revealed that 

approximately 56% of the variation in forest cover was influenced by annual average rainfall. 

At a p-value of 0.0446, this relationship was deemed statistically significant at the 95% 

confidence level.  

Similarly, Spracklen et al. (2020) analyzed the relationship between rainfall and forest cover 

in tropical regions and reported a positive correlation, with rainfall explaining about 50% of 

the variation in forest cover. This result is consistent with the moderate explanatory power 

(56%) of variability in mean annual rainfall with respect to forest cover observed in this 

study. However, a weaker and insignificant relationship between rainfall and forest cover 

found in highland regions of China. This finding suggested that other factors such as 

temperature might played a more dominant role in forest cover dynamics (Wang et al., 2018). 

The regression equation was Y = 0.2812xX+ 73.5409, where Y represented forest cover and 

X was annual average rainfall. The positive coefficient of 0.2812 suggested that as annual 

average rainfall increased, forest cover also tended to increase. Specifically, for every 1 unit 

increase in annual average rainfall, forest cover increased by 0.2812 units. This positive 

correlation aligns with ecological understanding, as higher rainfall generally provides greater 

water availability to support tree growth and the expansion of forest areas. However, it is 

important to note that the strength of this correlation can vary by region, forest type, and 

other environmental and anthropogenic factors. Recent research by Song et al. (2018) 

analyzed global forest changes and highlighted the complex interactions between annual 

average rainfall factors influencing forests.  

Moreover, the temporal and spatial scales at which rainfall and forest cover data are 

measured can influence the observed correlation. For instance, short-term fluctuations in 

rainfall may not have an immediate or substantial impact on forest cover, while long-term 

trends or extreme events could have more pronounced effects. 



 

 

44 

 

Overall, the regression analysis indicated that annual average rainfall and forest cover had a 

statistically significant positive correlation in the studied region or ecosystem. While the 

exact mechanism and magnitude of the effect might be complex and influenced by various 

factors, the general relationship between rainfall and forest cover is supported by ecological 

principles and observations. Understanding these dynamics is crucial for sustainable forest 

management and conservation efforts, particularly in the context of changing climatic 

conditions and the potential impacts on water availability and forest ecosystems. 

 

 

 

Figure 26: Correlation between Forest cover and Annual average Rainfall 
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4.5.2. Forest cover and temperature 

4.5.2.1. Forest cover and average temperature 

When analyzing the relationship between forest cover (FC) and average temperature (Tavg) 

in the Simien Mountains National Park, a moderate regression coefficient of -20.693 was 

found. This negative coefficient suggested an inverse correlation between temperature and 

forest cover. The R² value of 0.5853 indicated that about 59% of the variability in forest 

cover was due to temperature alone. Furthermore, the p-value of 0.0164 indicated that this 

relationship was statistically significant at the 95% confidence level. The regression equation 

derived from the data was Y = -20.693x + 585.7, where Y represented forest cover and x 

represented temperature (Figure 28).  

A negative coefficient meant that forest cover tended to decrease as temperature increased. 

Specifically, for every unit increase in temperature, forest cover decreased by approximately 

20,693 units. This inverse correlation was consistent with ecological understanding of the 

effects of climate change on forests, as previous research had shown that rising temperatures 

could lead to a reduction in forest cover due to increased drought, wildfires and parasitic 

infestations. 

These results are supported by recent studies that have reported similar inverse relationships 

between and forest cover temperature in different regions. A study by  (Dai et al., 2022) 

reported the impacts of climate change on forest cover in the Qinghai-Tibet Plateau 

highlands and found a significant negative correlation between forest cover and temperature, 

with an R² value of 0.61. They attributed this inverse relationship to increased drought stress, 

mortality of trees, and minimum regeneration related with rising temperatures. 

Additionally, a study by (Chai et al., 2021) examined the impacts of climate change on forest 

cover in the Peruvian Amazon and reported a negative correlation between forest cover and 

temperature with an R² value of 0.48. They highlighted the role of temperature-related 

drought stress and increased wildfire activity in contributing to the observed decline in forest 

cover. 

However, a study conducted in the Qilian Mountains of China found a positive relationship 

between temperature and forest cover, suggested that warmer temperatures may have 
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initially promoted tree growth in some high-altitude or low-frost environments. However, 

they noted that this positive relationship may not persist above certain temperature thresholds 

(Wu et al., 2020) . 

The significant association observed in the data provided was consistent with global 

evidence that rising temperatures were already leading to a reduction in forest cover due to 

factors such as drought stress, fires and insect pests. Continued warming was predicted to 

exacerbate these pressures, raising the risk of forest loss and underscoring the importance of 

implementing adaptive management strategies.   

Figure 27: Correlation between Forest cover and Annual Average Temperature 

4.5.2.2. Forest cover and maximum and minimum temperature 

Correlations showed that forest cover had a stronger negative association with maximum 

temperature (R² = 0.618, p = 0.05204) than the association with minimum temperature (R² 

= 0.423, p = 0.2331). Although the association with maximum temperature was statistically 

significant at the 0.05 level, this was not the case for the association with minimum 

temperature.  

The regression equations quantified these relationships. For every one unit increase in 

maximum temperature, forest cover decreased by 40.62 units, as indicated by the equation 
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Y = -40.62X + 1365.49 (Figure 29). However, for every one unit increase in minimum 

temperature, forest cover decreased by 34.91 units, according to the equation Y = -34.91X + 

766.66 (Figure 30).  

This result is confirmed by recent studies that have shown a greater negative impact of 

maximum temperatures on forest cover relative to minimum temperatures. The study by 

Zhang et al. (2019) in northwest China examined differential growth responses to warming 

between standing trees and actively growing trees in a dry montane forest. Their results 

showed that maximum temperature had a more significant negative correlation with forest 

cover (R² = 0.72) than minimum temperature (R² = 0.54), consistent with the results 

presented here. This study highlighted the different effects of daytime and nighttime 

temperatures on forest growth and cover, with maximum temperatures appearing to have a 

more detrimental effect on the dry mountain forest ecosystem studied. 

Additionally, the research by Emamian et al. (2021) in northern Iran found the influence of 

climate variables, including minimum and maximum temperatures, on forest cover changes 

using Landsat satellite images and climate data from 1986 to 2016. The result showed that 

maximum temperature had a significant negative correlation with forest cover (R² = 0.67, p 

< 0.01), where every 1 °C increases in maximum temperature is associated with a 7.2% 

decreased in forest cover. However, minimum temperature showed a weaker negative 

correlation with forest cover (R² = 0.41, p < 0.05), with a 1°C increased in minimum 

temperature only resulting in a 3.8% decrease in forest cover.  

Therefore, in this study, the stronger negative association between forest cover and 

maximum temperature as well as the statistically significant association suggested that daily 

warming may have been more detrimental to forest cover in this particular case. It should be 

noted that the relationship between forest cover and minimum temperature, although 

negative, was not statistically significant. 
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Figure 28: Correlation between Forest cover and annual maximum temperature 

Figure 29: Correlation between forest cover and annual average minimum temperature 
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Table 1: Temporal Changes in Climate Variables and Forest Cover in Simien Mountains 

National Park 

Year 

 

Rainfall 

 

Tavg 

 

Tmax 

 

Tmin 

 

FC 

 
1983 1168.67 17.49 23.62 11.35 571.96 

  1991 1185.08 17.88 24.25 11.51 453.30 

1996 1179.51 17.49 23.63 11.36 253.14 

2001 1137.85 17.01 23.67 10.34 466.97 

2006 1095.49 18.01 24.04 11.98 271.72 

2011 1073.55 17.08 24.25 9.91 336.08 

2016 930.42 18.2 25.29 11.1 361.61 

2021 1008.72 18.42 25.2 12.05 315.51 

2023 832.76 18.72 25.75 11.65 334.52 

 

4.5.3. Normalized Difference Vegetation Index (NDVI) and rainfall 

The relationship between precipitation and vegetation represented by NDVI was examined 

using regression analysis based on the graph provided. The obtained high regression 

coefficient of 0.641 indicates a significant positive relationship between precipitation and 

vegetation density. The regression equation Y = 0.0003794X + 0.3359565 modeled the 

relationship between precipitation (X) and NDVI (Y). The positive slope coefficient of 

0.0003794 indicates that as precipitation increases, NDVI also tends to increase. 

Specifically, the NDVI was predicted to increase by 0.0003794 units for each unit increase 

in precipitation (Figure 31). 

These results suggested that higher rainfall was associated with better vegetation health, as 

indicated by higher NDVI values. The statistical significance of this relationship was 

reinforced by a significant p value of 0.0332, indicating that the observed correlation 

between precipitation and vegetation was likely not random. The provided NDVI values and 

corresponding precipitation data showed a positive relationship between precipitation and 
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vegetation density. A regression analysis with the equation Y = 0.0003794X + 0.3359565 

can be used to estimate expected NDVI values based on rainfall data for the given year. 

This result aligns with a study by Dagnachew et al. (2020)  on effects of climate variability 

on Normalized Difference Vegetation Index (NDVI) in the Gojeb River Catchment, Omo-

Gibe Basin, Ethiopia, the relationship between annual NDVI and rainfall was examined. The 

result showed a strong positive relationship, with a coefficient of determination (R² = 0.637), 

which was statistically significant (P ≤ 0.001). This result indicated that 63.7% of the 

variation in annual NDVI values could be explained by variations in rainfall amounts within 

the studied region 

The physical mechanism underlying this relationship was that increased soil moisture due to 

rainfall allowed plants to keep their stomata open for photosynthesis and promoted the spread 

of leaves and shoots. This increased photosynthetic activity and vegetation growth has 

resulted in increased tree canopy density and greater green leaf area, resulting in higher 

NDVI values. Additionally, a positive intercept of 0.3359565 in the regression equation 

represents a predicted NDVI with precipitation of zero, which could reflect underlying 

vegetation provided by alternative water sources such as groundwater or fog droplets in more 

ecosystems. dried.  

Moreover, the positive slope coefficient showed that precipitation plays an important role as 

a factor affecting vegetation productivity and greenness as measured by the NDVI. However, 

it should be noted that the exact strength of the association may vary from place to place due 

to factors such as climate, soil conditions and vegetation types. However, the positive 

relationship between precipitation and NDVI has been well established in various biome and 

ecology studies. Continuous monitoring of this relationship, particularly using NDVI and 

rainfall data, can provide valuable insights into ecosystem health and function over time. 
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Figure 30: Correlation between NDVI and Annual average Rainfall 

4.5.4. Normalized Difference Vegetation Index (NDVI) and temperature 

4.5.4.1. NDVI and average temperature 

The graph (Figure 32) illustrated the annual average temperature (Tavg) and normalized 

differential vegetation index (NDVI) values for the Simien Mountains National Park for the 

period 1983-2023. Correlation analysis between Tavg and NDVI revealed an R² value of 

0.658, indicating a moderately strong negative correlation. The negative slope of the linear 

regression equation (Y = -0.09356X + 2.40747) confirmed that vegetation cover, as 

measured by NDVI, tended to decrease with increasing temperature. The p-value of 0.0442 

was statistically significant at the 5% level and provided confidence in the observed negative 

correlation. 

Examination of the annual values showed remarkable contrasts and trends. The year 2021 

was characterized by a relatively high Tav of 18.42°C but a lower NDVI value of 0.68, 

possibly indicating a negative impact of rising temperatures on vegetation cover. In contrast, 

a high NDVI of 0.87 was recorded in 1983 despite a lower average temperature of 17.49°C 
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Another stark contrast could be observed between 2001 and 2006. In 2001, the NDVI was 

relatively high at 0.88, while the Tav was lower at 17.01°C. However, in 2006, despite a 

higher Tav of 18.01°C, the NDVI decreased to 0.62, suggesting a possible threshold effect 

where an increase in temperature beyond a certain point could have deleterious effects on 

vegetation cover. 

The years 1996 and 2016 provided further insights into the complex relationship between 

temperature and vegetation dynamics. In 1996, the NDVI was 0.68 and the Tav was 17.49°C. 

In 2016, the NDVI increased slightly to 0.70, but the Tav also increased significantly to 

18.2°C. This trend suggested that while moderate increases in temperature may have a 

positive impact on vegetation growth, more extreme increases in temperature could 

potentially lead to a decline in vegetation cover, as had been observed in other years (Table 

2). 

The negative relationship between temperature and NDVI in Simien Mountains National 

Park was consistent with results from previous studies conducted in similar montane forest 

ecosystems. For example, the study by Y. Wang et al. (2020) found that the NDVI on the 

Tibetan Plateau had a positive correlation with precipitation but a negative correlation with 

temperature. These studies had shown that while precipitation could have a positive impact 

on vegetation growth, increases in temperature above certain thresholds could have 

detrimental effects on vegetation cover, possibly due to factors such as increased 

evapotranspiration, water stress and changes in ecosystem dynamics 

Furthermore, a study by (Ghebrezgabher et al., 2020) examined the relationship between 

temperature and vegetation greenness in the Horn of Africa. They found that higher 

temperatures were associated with reduced vegetation greenness, as indicated by lower 

NDVI values. This supports the notion that rising temperatures can have detrimental effects 

on vegetation cover in Ethiopian ecosystems. 
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Figure 31: Correlation between NDVI and Annual average Temperature 

4.5.4.2. NDVI and maximum temperature 

The correlation graph indicating annual Tmax and NDVI values revealed intriguing patterns 

and trends. The R² value of 0.593 shows a moderate correlation between maximum 

temperature and Simien Mountains National Park. A p-value of 0.0187 shows a statistically 

significant correlation with the utmost confidence level. The regression equation (Y = -

0.0564X + 2.1168) shows that there was a negative correlation between NDVI and maximum 

temperature due to the negative coefficient (-0.0564). With the rise in maximum temperature, 

there was a corresponding decline in NDVI values, suggesting a potential adverse effect on 

the park's vegetation dynamics (Figure 33) 

These results align with a study by Hussien et al. (2023), it was reported that there is a strong 

inverse relationship between NDVI and maximum temperature in the Abbay River basin in 

Ethiopia. The research linked this negative connection to the adverse impacts of high 

temperatures on plant growth, like heightened evapotranspiration and water stress.  

However, a contrasting study by (Measho et al., 2019) Spatio-temporal analysis of 

vegetation dynamics as a response to climate variability and drought patterns in the arid 

region, Eritrea, found a positive correlation between maximum temperature and NDVI. 

This contrasting result could be attributed to the unique ecosystem characteristics of the 
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arid region, where the vegetation might be better adapted to higher temperatures and could 

benefit from the increased water availability associated with higher temperatures. 

Comparing annual values, it was found that in 1983, when the maximum temperature (Tmax) 

was 23.62 °C, the NDVI value was 0.87. However, when Tmax increased to 24.25 °C in 

1991, the NDVI decreased to 0.82, which corresponds to a negative relationship. Despite a 

lower Tmax of 23.63 °C, the NDVI was 0.68 in 1996, it showed their inverse relationships. 

In 2001, the NDVI increased to 0.88 at a Tmax of 23.67 °C, contradicting the expected 

negative ratio of. Furthermore, in 2006, with a Tmax of 24.04°C, the NDVI decreased to 

0.62, while in 2011, with the same Tmax of 24.25°C as in 1991, the NDVI was lower and 

was 0.74. It is noteworthy that in 2016, when Tmax increased to 25.29 °C, the NDVI 

increased to 0.70, contrary to the negative relationship. In 2021, the NDVI remained at 0.68 

with a Tmax of slightly less than 25.2°C. Surprisingly, the NDVI was still 0.68 in 2023 with 

the highest Tmax of 25.75 °C, suggesting that other factors may have influenced vegetation 

growth despite the high temperature (Table 2). 

Similarly, Dagnachew et al. (2020), noted a decline in NDVI values as maximum 

temperatures increased in the Abay River Basin, Ethiopia. This observation reinforces this 

finding from the Simien Mountains National Park, indicating a negative correlation between 

temperature and NDVI, suggesting that high temperatures contribute to stress on vegetation 

health 
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Figure 32: Correlation between NDVI and Annual average Maximum Temperature 

4.5.4.3. NDVI and minimum temperature 

The regression graph (Figure 34) for the relationship between Tmin and NDVI illustrated a 

negative coefficient (-0.06238), indicating an inverse relationship between Tmin and NDVI. 

As Tmin increased, NDVI values tended to decrease. The R² value of 0.327 indicated that 

approximately 32.7% of the variation in NDVI could be explained by variations in Tmin. 

This suggested a relatively weak correlation between Tmin and NDVI in Simien Mountains 

National Park, in contrast to the observed moderate correlation between NDVI and Tmax. 

The p-value of 0.6946 suggested that the correlation between Tmin and NDVI was not 

statistically significant at the traditional significance level (e.g. α = 0.05). This meant that 

the observed relationship between Tmin and NDVI may have been coincidental, and caution 

should have been used when interpreting the results. However, the correlation between 

NDVI and Tmax was statistically significant, although moderately strong. 

When analyzing annual values, Tmin showed a gradual increase from 1991 (5.7°C) to 2023 

(7.56°C), indicating an increase in minimum temperatures in Simien Mountains National 

Park over the years. However, the NDVI values showed fluctuations without a clear trend, 

similar to Tmax. The NDVI remained relatively stable between 1991–1996 and 2001–2006. 
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There was a slight decline in NDVI between 2011 (0.52) and 2016 (0.47), followed by a 

significant decline in 2021 (0.21). The NDVI values then showed signs of recovery in 2023 

(0.49) (Table 2). These relationships suggested that higher temperatures (minimum and 

maximum) could have a negative impact on vegetation dynamics in the park. However, the 

weaker correlation and non-significant p-value for Tmin suggested that minimum 

temperature alone may not have been a good indicator of changes in NDVI in Simien 

Mountains National Park. 

The analysis of Tmin and NDVI suggested a weak and possibly non-significant negative 

correlation in Simien Mountains National Park. Although higher minimum temperatures 

may have negatively impacted vegetation health and productivity, other factors or variables 

likely played a larger role in determining NDVI values in the study area, similar to the 

findings for maximum temperature. 

The negative regression coefficient (-0.06238) was consistent with the general hypothesis 

that higher temperatures, both minimum and maximum, can lead to increased 

evapotranspiration and water stress, potentially affecting vegetation health and productivity, 

as evidenced by lower NDVI values (IPCC, 2019). 

Overall, the results showed a weak and non-significant negative association between Tmin 

and NDVI in Simien Mountains National Park, similar to the moderately strong but 

significant negative association between NDVI and Tmax. These results suggested that 

although temperature (minimum and maximum) could influence vegetation dynamics in the 

park, other environmental factors and variables needed to be considered to fully understand 

the complex factors affecting NDVI changes in this area. 
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Figure 33: Correlation between NDVI and Annual average Minimum Temperature 

Table 2: Temporal Changes in Climate Variables and NDVI in Simien Mountains National 

Park 

Year 

 

Rainfall 

 

Tavg 

 

Tmax 

 

Tmin 

 

NDVI 

 
1983 1168.67 17.49 23.62 11.35 0.87 

  1991 1185.08 17.88 24.25 11.51 0.82 

1996 1179.51 17.49 23.63 11.36 0.68 

2001 1137.85 17.01 23.67 10.34 0.88 

2006 1095.49 18.01 24.04 11.98 0.62 

2011 1073.55 17.08 24.25 9.91 0.74 

2016 930.42 18.2 25.29 11.1 0.70 

2021 1008.72 18.42 25.2 12.05 0.68 

2023 832.76 18.72 25.75 11.65 0.68 
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4.6. Land Use/Land Cover Change (LULC) in Simien Mountains 

National Park 

Land use and land cover (LULC) data for the Simien Mountains National Park showed trends 

in dense and sparse forest cover, potentially influenced by climate change. Data analysis 

revealed a significant decline in the area of dense forests, from 571.96 hectares in 1983 to 

334.52 hectares in 2023. This represents a significant loss of 237.44 hectares, a reduction of 

more than 40 percent in four decades corresponds (Table 3). 

The dense forest cover fluctuated from 571.96 in 1983, to a low of 253.14 in 1996, followed 

by a gradual increase to 361.61 in 2016. However, there was a slight decrease in 2021 with 

the dense forest occupying an area of 315.51 hectares, and in 2023 it remained relatively 

stable at 334.52 hectares. The sparse forest area also showed fluctuations over the years, 

ranging from 661.12 hectares in 1983 to a maximum value of 686.72 hectares in 1996. 

During the study period, the sparse forest area varied between 594.73 and 678.95 hectares 

(Table 3). 

The regression results between forest cover and climate variables revealed a significant 

relationship. It was observed that fluctuations in climatic variables such as temperature and 

precipitation were accompanied by fluctuations in the forest cover of the park. In particular, 

the increase in temperature and decrease in precipitation correlated with the decrease in 

forest cover, especially in densely forested areas. 

These results highlighted the key role of climate change as the main driver of forest cover 

change in the Simien Mountains National Park. Rising temperatures and changing 

precipitation patterns directly impacted vegetation dynamics and led to changes in the 

composition and distribution of forest cover. Rising temperatures exacerbated water scarcity 

and drought, affecting the health and vitality of forest ecosystems. Furthermore, changes in 

rainfall patterns altered the availability of water resources and further increased the 

vulnerability of forest areas. 
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Table 3: Land Use Table Land Cover Changes (LULC) trends in Simien Mountains 

National 

 

Figure 34: Land Use Land Cover (LULC) of 1983 

 

 Year Barren 

Land 

Agricultural 

Land 

Grassland Dense 

Forest  

Sparse 

Forest 

1983 653.85 1365.08 2321.45 571.96 661.12 

1991 1088.00 1967.89 1464.71 453.30 599.57 

1996 1147.97 1908.28 1577.35 253.14 686.72 

2001 1014.90 1986.25 1491.03 466.97 614.31 

2006 1238.18 1881.20 1503.41 271.72 678.95 

2011 1279.15 1767.43 1572.21 336.08 618.59 

2016 1463.61 1628.03 1502.54 361.61 617.67 

2021 1310.15 1716.40 1616.95 315.51 614.45 

2023 1314.19 1758.57 1571.45 334.52 594.73 
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Figure 35: Land Use Land Cover (LULC) of 1991 

Figure 36: Land Use Land Cover (LULC) of 1996 
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Figure 37: Land Use Land Cover (LULC) of 2001 

Figure 38: L and Use Land Cover (LULC) of 2006 
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Figure 39: Land Use Land Cover (LULC) of 2011 

Figure 40 :Land Use Land Cover (LULC) of 2016 
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Figure 41: Land Use Land Cover (LULC) of 2021 

Figure 42: Land Use Land Cover (LULC) of 2023 
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5. SUMMARY, CONCLUSSION AND RECOMMENDATION 

5.1. Summary 

Rising temperatures and changing precipitation patterns have significant impacts on 

vegetation dynamics and forest cover, thus posing a significant threat to forest ecosystems 

worldwide due to climate change. This study examined how climate change affects changes 

in forest cover in Simien Mountains National Park (SMNP). Northern Ethiopia, known for 

its distinct Afromontane forests and diverse biodiversity.  

The Simien Mountains National Park plays an important role in the environment by acting 

as a carbon sink, controlling local climate patterns and sustaining a diversity of plant and 

animal species. However, due to recent climate changes, including rising temperatures and 

unpredictable rainfall, the park's vulnerability to changing forest cover and ecosystem 

degradation is becoming increasingly concerning. 

This study combined multiple data sources and analysis methods to examine the complex 

relationships between climate factors and forest cover changes in SMNP. Using remote 

sensing technologies such as Landsat satellite imagery and Normalized Difference 

Vegetation Index (NDVI) analysis, the study measures changes in forest cover and 

vegetation health over the past four decades. 

Temperature and precipitation information such as maximum, minimum and average values 

were collected from the Ethiopian National Meteorological Agency (ENMA) and data from 

the Climate Hazards Group's InfraRed Precipitation with Station (CHIRPS) dataset. 

Statistical techniques such as the Mann-Kendall test and Sen slope estimator were used to 

examine the data and identify notable trends and levels of change in climate factors.  

The results showed worrying trends in rising temperatures and fluctuations in rainfall in the 

study region. The average annual temperatures showed a significant increase during the 

study period and the regression analysis showed an average annual increase of 0.033 °C. 

Likewise, higher temperatures had a significantly positive association with weather, 

increasing by about 0.059°C each year. Although minimum temperatures tend to be higher, 

the association is not as strong and has less statistical significance. 
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However, the rainfall patterns showed significant fluctuations with different cycles of multi-

year rainy and dry periods. Rainfall was continuous in the late 1990s, but has generally 

decreased in the early 2000s. There has been a worrying decline in rainfall between 2021 

and 2023, with 2023 reaching the lowest level in 41 years. 

A study of changes in forest cover using Landsat imagery showed a worrying trend of 

reduction in forest cover in SMNP. The study found a moderate negative relationship 

between forest cover and time conditions, showing a decline of about 4,532 units per year. 

Regression analysis provided further evidence of a significant negative association with a 

negative slope coefficient. 

Additionally, examination of the NDVI data provided information about the well-being and 

effectiveness of the park's plant life. The results showed a moderate inverse relationship 

between NDVI and time, indicating a slow decline in vegetation health and vitality over the 

study period. This trend is consistent with a recorded decline in forest cover and highlights 

the potential impacts of climate change on the park's natural systems. 

The correlation analyzes showed significant relationships between climate variables and 

forest cover/NDVI. Average annual precipitation showed a direct and striking relationship 

with forest area, suggesting that increased precipitation leads to greater forest cover and 

greater plant growth. On the other hand, the average, maximum and minimum temperature 

variables are negatively correlated with forest cover and NDVI, suggesting that increasing 

temperatures negatively affect vegetation dynamics in the park.  

These results are consistent with global evidence of the negative impacts of climate change 

on forest ecosystems. Rising temperatures can lead to increased drought stress, wildfires and 

the spread of pests and pathogens, which can ultimately lead to tree death and forest 

degradation. Furthermore, changing rainfall patterns can disrupt the fragile balance of water 

resources and worsen impacts on plant life. 

Possible adaptation measures may include reforestation and restoration initiatives, 

sustainable land use practices, biodiversity conservation efforts, and community programs 

to promote environmental management. In addition, continuous monitoring of climate 

variables, forest cover and vegetation conditions is crucial to monitor the effectiveness of 

implemented strategies and adjust management approaches if necessary 
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5.2. Conclusion 

This study examined the impacts of climate change on forest cover dynamics in Simien 

Mountains National Park, northern Ethiopia. By integrating remote sensing data, climate 

data analysis and vegetation indices, the research has provided valuable information about 

the complex relationship between climate variables and changes in forest cover over the past 

four decades. 

The climate trend analysis revealed significant trends and changes in the study area. Annual 

precipitation showed clear multiannual cycles of wet and dry periods with a high degree of 

interannual variability. It should be noted that conditions were wetter in the late 1990s, while 

drier conditions occurred in the early 21st century. In addition, the study identified a 

statistically significant negative trend in annual precipitation, suggesting possible impacts 

on the park's ecosystems. 

Temperature analysis revealed an alarming increase in average and maximum temperatures 

during the study period. The observed warming trend is consistent with global observations 

and projections related to climate change and raises concerns about possible impacts on the 

unique ecosystem of the Simien Mountains National Park. The strong positive correlation 

between years and temperatures highlighted the need for continuous monitoring and 

proactive protective measures. 

The integration of climate data with remote sensing techniques has made it possible to 

quantify changes in forest cover and vegetation status in the park. Trend analysis of the 

Normalized Vegetation Difference Index (NDVI) showed a moderate, statistically 

significant negative correlation with time, indicating a decline in vegetation greenness and 

productivity over the study period. This result was consistent with the observed decreasing 

trend in forest cover, as evidenced by the negative slope coefficient of in the regression 

analysis. 

Correlation analyzes between climate variables and forest cover/NDVI provided further 

information on possible factors influencing the observed changes. Average annual 

precipitation showed a moderate positive correlation with forest cover, highlighting the 

importance of water availability in supporting tree growth and forest spread. In contrast, 

variable temperatures, including mean, maximum and minimum temperatures, showed 
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moderate to strong negative correlations with forest cover and NDVI, suggesting that 

increasing temperatures may have contributed to forest degradation, water scarcity and 

reduced vegetation productivity. 

The observed patterns and relationships between climate variables, forest cover and NDVI 

highlighted the vulnerability of Simien Mountains National Park ecosystems to the impacts 

of climate change. The combination of rising temperatures, changing rainfall patterns and 

the risk of more frequent and severe extreme weather events has created a serious threat to 

the continued existence and ecological integrity of the park's forests. 

5.3. Recommendations 

To address the challenges of climate change, it is recommended to implement adaptive forest 

management strategies by developing a comprehensive plan that includes measures such as 

promoting drought and climate resilient tree species, implementing sustainable forest 

management practices, increasing biodiversity and creating a resilient forest Surveillance 

system. Monitor changes in forest cover, vegetation conditions and climate variables to 

quickly identify threats and intervene quickly.  

It is recommended to engage local communities through a participatory approach to increase 

ownership and support for sustainable practices. It is strongly recommended to increase the 

resilience of ecosystems and restore degraded areas. Restoration initiatives should focus on 

the use of native species and promote natural regeneration to increase carbon sequestration 

and improve ecosystem services and biodiversity. 

 It is recommended to create forest corridors and improve connectivity between fragmented 

areas to facilitate species migration and gene flow for adaptation. To improve water 

availability and mitigate the effects of drought and erosion, soil and water conservation 

measures such as contouring and rainwater harvesting are recommended. To reduce the risk 

of wildfires and their negative impacts, fire management strategies that include controlled 

fires and community-based prevention and response mechanisms are recommended. 

To support these efforts, it is recommended to strengthen research, capacity building and 

collaboration through partnerships with academic institutions, research organizations and 

international partners to improve understanding of climate change, forest ecosystems and 
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local community interactions. It is recommended to conduct capacity building programs to 

improve the knowledge and skills of park staff, communities and stakeholders in the areas 

of sustainable forest management, climate adaptation and conservation. Collaboration with 

government agencies, non-governmental organizations and international organizations is 

encouraged to leverage resources, share knowledge and coordinate efforts. 

The integration of climate protection and adaptation to climate change in politics and 

planning is an important recommendation. Funding is recommended to ensure that national 

and regional policies, strategies and action plans related to forest management, biodiversity 

conservation and sustainable development take climate change into account. It is 

recommended to incorporate climate adaptation measures into land use planning, with 

particular emphasis on the priority given to forest protection and sustainable management 

when planning land use, land and development activities. It is recommended to explore and 

promote incentive mechanisms such as payments for ecosystem services programs to 

promote sustainable forest management practices and contribute to mitigation and adaptation 

measures. 

Raising awareness and promoting sustainable livelihoods are important recommendations. 

It is recommended that targeted awareness and education campaigns be carried out to 

increase the understanding of local communities, politicians and society on the importance 

of forest protection, the impacts of climate change and the need for sustainable practices. 

It is recommended to promote alternative and sustainable livelihood options such as 

ecotourism, agroforestry and sustainable cultivation of non-timber forest products to reduce 

pressure on forest resources and increase community resilience. It is recommended to 

promote the use of climate-smart agricultural practices and sustainable land management 

techniques in the areas surrounding the park to minimize negative impacts on forest 

ecosystems and promote sustainable resource use. 
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7. APPENDIX 

Table 1: Results of Mann-Kendall test and Sen’s slope analysis for the Average, Maximum 

and Minimum temperatures and Rainfall 

Parameters 

 

MK-Zw 

 

Sen’s Slope 

 

P-Value 

 

Average Temperature 

 

4.5739 

 

0.03 

 

4.79E-06 

 

Maximum Temperature 

 

5.5605 

 

0.06199811 

 

2.69E-08 

 

Minimum Temperature 

 

1.6853 

 

0.01078462 

 

0.09193 

 

 Average Rainfall 

 

-2.2586 

 

-3.051669 

 

0.02391 

 

 

Table 1: Results of correlation analyses 

Correlation between Parameters 

 

Correlation 

Coefficient, R 

 

P-Value 

 

Tavg versus Years 0.908 1.07E-05 

Tmax versus Years 0.93 6.23E-10 

Tmin versus Years 0.729 0.1423 

FC versus Years 0.706 0.06418 

NDVI versus Years 0.762 0.05683 

Tavg versus FC 0.735 0.05804 

Tmax versus FC 0.786 0.05204 

Tmin versus FC 0.65 0.2331 

Tavg versus NDVI 0.811 0.0442 

Rainfall versus NDVI 0.801 0.0332 

Tmax versus NDVI 0.77 0.0187 

Tmin versus NDVI 0.571 0.6946 
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Figure 1: Monthly average rainfall distribution of Simien Mountains National Park 

from January to December 
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