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Abstract 

Heatwaves, warm spells, cold waves, and cold spells are examples of extreme temperature 

events (ETEs) that have catastrophic consequences for human health and ecosystems. 

Climate change is expected to increase the frequency, intensity, and length of ETEs. Effective 

adaptation to ETEs necessitates an appreciation of their current frequency and likelihood of 

occurrence in the face of climate change. Extreme events have received very little attention, 

especially in developing countries, including Namibia. Due to bŀƳƛōƛŀΩǎ low adaptive ability, 

urgent development needs, and relatively poor infrastructure, these events pose a significant 

danger. This research examines extreme weather events over time, both annually and 

seasonally, as well as spatially over the period 2008-2018. The World Meteorological 

Organisation Expert Team on Climate Change Detection (ETCCDI) and the World 

Meteorological Organisation Commission for Climatology and Indices Expert Team on Sector-

Specific Climate Indices (ET-SCI) were used to determine ETEs, using ClimPACT and RClimDex. 

The non-parametric Mann-Kendall, Spearman Rank Correlation Coefficient, and Sen's slope 

estimates were used to quantify trends. Annual and seasonal cold spell duration were 

identified as 4.86 days. An average of 1.99 cold waves was identified with an average duration 

of 4.59 days. The results identified an average number of heatwaves of 1.6 lasting 3.2 days. 

The majority of ETEs occur in the central, northeast and southeast of the country. The west 

coast has experienced ETEs, but with less intensity. Since studies indicate that unusually 

temperature events may persist in a warming world, these findings help raise awareness and 

recognise the frequency and length of extreme events in Namibia. 
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 Introduction 

1.1. Background 

Extreme climatic events are rare, infrequent, and unpredictable climate phenomena 

described by their meteorological characteristics or their consequences (Stott et al., 2016; 

Vogel et al., 2019). The most common extreme climate events relate to temperature, i.e. 

maximum (TX), minimum (TN) and mean (Tmean) temperature (Kousari et al., 2013). Over 

the last 100 years, there has been a significant increase in interest regarding the changing 

climate and the occurrence of extreme temperatures and extreme temperature events (ETEs; 

Alexander et al., 2006; IPCC, 2018). However, there is little agreement in the literature about 

how to classify ETEs, and there is no standard description for ETEs (Allen & Scott, 2015; 

Perkins-Kirkpatrick & Gibson 2017; Sheridan & Lee, 2018; Radovic & Ilglesias, 2019). 

Warm/cold occurrences, heatwaves/cold waves, and warm/cold spells are the most widely 

used terminology in the literature to describe ETEs (Van der Walt & Fitchett, 2021). Each of 

these has its own definition and thresholds. The more simple definitions of ETEs use the 

magnitude of the deviation from the statistical mean of daily, weekly, or annual temperatures 

for a given place or area (Easterling et al., 2000; Lewis & King, 2017). However, the point at 

which a deviation qualifies as an extreme event is widely debated (Lewis & King, 2017).  

 

The National Climate Change Strategy and Action plan for 2013-2020 summarises the 

environmental impacts of ETEs (GRN, 2013). A reduction in groundwater and quality, 

reduction of fish stock, damage to infrastructure, reduction in plant growth and associated 

reduction in grazing capabilities, increases in invasive species, an increase in pests and further 

aridification is all linked to more intense and more frequent ETEs (GRN, 2002; Reid et al., 2007; 

Dirkx et al., 2008; MET, 2011, 2012). These impacts place extreme pressure on water 
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resources, infrastructure and energy, agriculture, food security, ecotourism, biodiversity and 

human health (GNR, 2011). ETEs can also cause heat stress which can be dangerous to human 

(and animal) health (Pappenberger et al., 2014). Heat stress is a condition where the human 

body is at risk of overheating (Havenith, 2001). It includes a range of symptoms, from 

headaches to loss of life (Ikäheimo, 2014). Young children, the elderly and people with existing 

medical problems are at higher risk compared to the middle aged and people without existing 

medical conditions (Harvard Medical School, 2019). The IPCC (2018) highlights that there will 

be an amplification of existing risks to natural and human systems. An increase in frequency 

and severity of extreme weather events, such as flooding and heatwaves, can  be observed in 

Europe, Asia, Australia and Africa (Kreft et al., 2015).  

 

The IPCC (2018) project that extreme weather events will increase, in frequency and severity, 

with a global mean annual temperature increase. There has been a decrease in the mean 

annual frequency of cold nights (nights where minimum temperature falls below the 10th 

percentile) with an increase in warm nights (nights where minimum temperature exceeds the 

90th percentile), globally. Additionally, is has been estimated that the land and ocean surface 

temperatures increased with 1.09°C from 1850-2020 globally (IPCC, 2021). Over 70% of the 

world experienced a significant increase in TX and TN temperatures during 1951-2003 (Fyfe 

et al., 2013). There has been an average increase in the warming rate for the daily average 

ambient surface air temperature of 0.06°C per decade for the period 1880-2012, compared 

to the increase rate of 0.14°C per decade between 1991-2012 (Jones et al., 2012; Fyfe et al., 

2013; IPCC, 2018).  
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The African continent is unique because it covers four hemispheres and spans over 8,000km, 

creating different climate regions classified by the Köppen-Geiger climate classification 

system (Peel et al., 2007; Collins, 2011). Compared to the literature for the global North, there 

have been very few studies exploring AfricaΩs climate, mainly due to the lack of reliable 

temperature data across Africa and southern Africa (Frich et al., 2002; Caesar & Alexander, 

2006). The studies which have been conducted found an increase of 0.5°C over the last 50-

100 years for the majority of Africa (Niang et al., 2014), with increasing TX, TN and Tmean 

temperature trends identified in southern Africa over the last two decades (New et al., 2006). 

In addition, TN temperatures are increasing at a faster rate than TX temperatures (Hulme et 

al., 2001; Kruger & Shongwe, 2004; New et al., 2006; Nicholson et al., 2013; Niang et al., 

2014), together with an increase in the number of extreme warm events since 1961 for 

countries bordering the western Indian Ocean (Vincent et al., 2011).  

 

Temperatures across the African continent are expected to increase quicker than the global 

average during the 21st century and reaching the 20th-century simulations between 2047-

2069 (Zhou et al., 2010; Kruger & Seleke, 2012; Niang et al., 2014). Temperatures in southern 

African are expected to increase across all seasons with temperatures above 3.4°C-4.2°C the 

1981-2000 average (Collins, 2011; Kruger & Seleke, 2012). The arid areas, specifically 

northwestern parts of southern Africa: South Africa, Namibia and Botswana, are expected to 

experience very large warming rates within the 21st century (New et al., 2006; Zhou et al., 

2010; Collins, 2011; Niang et al., 2014).  

 

NamibiaΩs climate can be characterized as arid, semi-arid and hyper-arid, primarily due to its 

location regarding the air movement driven by the Intertropical Convergence Zone (ITCZ), the 
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Subtropical High-Pressure Zone and the Temperate zone (Midgley et al., 2004). The influence 

of the Benguela current in the Atlantic Ocean creates a persistent high-pressure system that 

allows most of the country to be dry throughout most of the year (Dirkx et al., 2008; Turpie 

et al., 2010). Namibia has a complex earth-atmospheric interaction with high temperatures, 

low-humidity, evaporation, evapotranspiration, precipitation and temperatures in the 

interior with high humidity and moisture along the coastal areas (Shui et al., 2012; Kgabi et 

al., 2016).  The northeastern parts of Namibia experience frequent floods while the whole of 

Namibia  experiences persistent and recurring droughts, ETEs (i.e. heat waves and cold 

waves), and unpredictable rainfall (GNR, 2011; Grab & Zumthurm, 2018).  

 

An increase of 4°C in NamibiaΩs annual average Tmean temperature is anticipated by 2040 

(Crawford & Terton, 2016). The temperature increase is expected to have a range of impacts 

on human health (thermal stress) and food security, especially for the rural population (GNR, 

2013). The Global Facility for Disaster Reduction and Recovery (GFDRR) estimated an increase 

of 25% prolonged exposure to heat in the next five years due to increased greenhouse 

emissions (IPCC, 2018). The increase in greenhouse emissions will cause more extreme 

weather events such as ETs in Namibia (IPCC, 2018; Angula and Kaundjua, 2016). Namibia has 

a large population (52%) living in rural areas dependent on crops and livestock for their 

livelihoods (RVAA, 2019). Furthermore, 24% of the population experiences food insecurity, 

and this percentage is expected to rise in the coming years (MET 2011; RVAA, 2019). Another 

concern is the dryland areas in Namibia, increasing the degradation of rangelands and natural 

resources (Kuvare et al., 2008; Angula and Menjono, 2014). 
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NamibiaΩs limited amount of arable land is under threat and is expected to decline with an 

increase in temperature, droughts and floods (Klintenberg et al., 2007; Gremlowski, 2010). 

Another threat is the rising population and resources mismanagement (Klintenberg et al., 

2007; MET, 2011). Furthermore, a lack of diversification in and alternatives to agriculture 

makes the rural population vulnerable to climate changes (Newsham and Thomas, 2009; 

Turpie et al., 2010; Zeidler et al., 2010). With the current climatic and socio-economic 

conditions, these factors contribute to making an already vulnerable region even more 

insecure in the presence of extreme events, in particular ETEs (Spear et al., 2018). 

 

1.2. Rationale and Contribution to Existing Knowledge 

Extreme events, especially ETEs, are understudied in Africa (Otto et al., 2012; Van der Walt & 

Fitchett, 2021). Although most models suggest that Africa and sub-Sahara Africa (SSA) are 

hotspots for ETEs, only two extreme heat events were recorded by the Emergency Event 

Database (EM-DAT) for SSA since 1900-2019 (Harrington & Otto, 2020). By contrast, the same 

database has recorded 83 extreme heat events for Europe from 1980-2019 (Adrijevic et al., 

2020; Harrington & Otto, 2020).  

 

Less economically developed countries in Africa have weaker governance frameworks, sparse 

observational networks and climate data, a lack of experience to develop local metrics, and a 

lack of integration with epidemiological information (Donat et al., 2013; Andrijevic et al., 

2020; Harrington & Otto, 2020). This creates a gap in the research and limited knowledge of 

the frequency, intensity and incidence of ETEs, especially in southern Africa and Namibia. The 

trend analysis of extreme warm and cold events will be the first known studies in Namibia. 

The World Meteorological Organisation (WMO) Commission for Climatology and Indices (CCI) 
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Expert Team on Sector-Specific Climate Indices (ET-SCI; Alexander & Herold, 2016; Yosef et al. 

2019) is used for the first time in a Namibian context for both warm and cold extremes. The 

ET-SCI considers sector-specific indices derived from the Expert Team on Climate Change 

Detection (ETCCDI; Alexander & Herold, 2016; Yosef et al., 2019); the indices consider health, 

water and agriculture and can identify short ETEs (i.e. three-day events) and are thus more 

relevant in a Namibian context. 

 

Examining areas with a similar climate and environment to Namibia, including Arizona, 

Nevada, Iran, and Egypt that are classified as deserts to subtropical deserts with similar 

climate drivers (Hylke et al., 2018), it becomes apparent why it is essential to identify and 

explore ETE trends, which could lead to heat-related stress. Between 2001-2011, there have 

been 1096 heat-related deaths in Iran, with a total increase in the number of deaths in the 

most recent heatwaves (Ahmadnezhad et al., 2013). Iran also had record-breaking 

temperatures between 2017-2019 (Saeid et al., 2019). In the United States of America (USA), 

Arizona and Nevada have also experienced increased heat-related deaths. Heat-related 

deaths increased from 105 in 2014 to 374 in 2017 (Flavelle & Popovich, 2019). Over the past 

three years, a record number of heat-related deaths was recorded in Arizona alone (Hondula 

et al., 2015; Vanos et al., 2015; Hondula & Georgescu, 2018). Heat-related deaths reached a 

new record in 2020, leading to a total of 494 deaths. This is the highest number in the last 13 

years (Totiyapungprasert, 2019; ADHS, 2021). Egypt has also experienced ETEs in the last two 

decades, causing an increase in the number of heat-related deaths, like with the heatwave in 

2015 that attributed to 61 deaths with 581 hospitalizations (Kenawy et al., 2019). There has 

also been an increase in the number of warm days with a decrease in the number of cold 

nights (Kenawy et al., 2019; Saeid et al., 2019). 
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These ETEs threaten human life and the immediate environment, plant and animal 

development (Hatfield & Prueger, 2015). Namibia will be affected more in the coming years, 

making assessments in these areas extremely important. The third hottest year in Namibian 

history was in 2017, against a pre-industrial mean (New & Bosworth, 2018). Although a range 

of climate modelling derived projections have been published for southern Africa (New et al., 

2006; Niange et al., 2014; Harington & Otto, 2020), very few studies focus on ETEs, which 

could lead to heat or cold stress and result in loss of life. This study will contribute to a better 

understanding of the effects of extreme temperature on humans and allow for management 

systems to be implemented to reduce these impacts. 

 

1.3. Study Aim and Objectives 

The primary aim of this research is to investigate the incidence of extreme temperature 

events over Namibia over the period 2008-2019. To address the primary aim of this research, 

the specific objectives of this research are: 

1. Determine the frequency of occurrence of monthly, annual and seasonal warm 

temperature events over the period 2008-2019.  

2. Determine the frequency of occurrence of monthly, annual and seasonal cold 

temperature events over the period 2008-2019. 

 

1.4. Dissertation Structure 

This dissertation is divided into seven chapters. They are constructed as follows: 

An extensive literature review that focuses on climate trends Globally and in Namibia, 

including NamibiaΩs main climate drivers and explaining the different climatic indices, is 
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provided in Chapter 2. Background to the study area and the climatic characteristics of 

Namibia is provided in Chapter 3. Chapter 4 provides the method for collecting the data and 

outline the statistical approaches, selection of temperature indices, spatial interpolation and 

data presentation and thought process throughout. The results obtained are presented in 

Chapter 5, followed by a discussion in Chapter 6. Finally, Chapter 7 will provide a conclusion 

to the research that has been conducted. 
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 Literature Review 

2.1. Introduction 

Namibia is classified as semi-arid, characterized by highly variable climatic conditions and is 

the driest country in sub-Saharan Africa (Andreas, 2015; Angula & Kaundjua, 2016). Over the 

past 30-40 years, Namibia experienced recurring droughts, periods of high temperatures, 

unpredictable and variable rainfall events (Newsham & Thomas, 2011; Kaunjua, Angula & 

Angombe, 2012; Angula & Kaundjua, 2016). These extreme weather events, in particular ETEs, 

may be further exacerbated with an increase in global temperatures as projected by the 

Intergovernmental Panel on Climate Change (IPCC) fifth assessment report and the United 

Nations Framework Convention on Climate ChangeΩs (UNFCCC) report (Angula & Kaundjua, 

2016). Projections indicate an increase in temperature between 1-3.5°C (Engelbrecht et al., 

2015). This would have dire effects on key sectors that support NamibiaΩs economy, including 

tourism, agriculture, health and food security which are most vulnerable (Crawford & Terton, 

2016). These changes could furthermore increase the existing vulnerability of rural livelihoods 

and reduce adaptive capacity to extreme events in Namibia (Tervo-Kankare et al., 2016). 

 

Research on extreme weather events, especially ETEs, are limited in the African continent 

(Niange et al., 2014) and in a Namibian context. Reasons for the lack of research on the African 

continent can be attributed to the large spatial extent and natural variability within the 

African continent and countries, making it difficult to draw a general conclusion (Peterson et 

al., 2013; Otto et al., 2015). To this end, this literature review chapter is divided into four 

sections. The first section explores the different definitions used in the existing literature to 

define ETEs. The second and third section looks at the existing literature on ETEs on a global 
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level, and, African and southern African level, respectively. The last section focuses on existing 

research that has been done on ETEs in Namibia.  

 

2.2. Global Research on ETEs 

There is a need for a standardised approach in exploring temperature metrics, through indices 

that are universally applied, to allow for comparability (Jendritzky et al., 2007). There is clear 

evidence high impact ETEΩs are occurring more frequent (Vogel et al., 2019). The increase in 

heat-related deaths in Arizona, Nevada, Iran and Egypt, serves as evidence for more high 

impact ETEs. Heat-related deaths in the USA, in 2018, was the highest number in the last 13 

years (Totiyapungprasert, 2019). The USA is not the only country where there has been an 

increase in deaths due to extreme temperatures. In June 2010, 55 000 people were killed in 

a heatwave in Russia, causing a 25% decrease in crop yields, 1 million ha of land to burn and 

cost the economy US$15 billion (Otto et al., 2011; Hoag, 2014; Ragone et al., 2018). During 

the summer in Europe, 2003, 2010, 2015,2017, 2018, and 2019 saw pronounced warming 

with an increase in frequency of extreme heatwaves (Few et al., 2019; WMO et al., 2019). The 

heatwave in 2003 attributed to 70,000 heat-related deaths, disrupting ecosystems, 

agriculture, the economy and infrastructure (Pappenberger et al., 2015; Yu & Li, 2015).  

 

Recent studies have found an increase in warm index values and decrease in cold index values 

over over most land surfaces since 1900 (Alexander et al., 2006; Irannezhad et al., 2019). A 

significant increase in the number of warm nights covering 70% of the land surface, 

specifically North America, southern Greenland, the southern parts of South America, is 

recorded from 1950-2003 (Alexander et al., 2006). However, studies exist that explore 

changes over large spatial areas and found between 1950-2004 a more rapid increase in the 
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minimum temperatures than with maximum temperatures. The large scale studies exclude 

the following regions: southern Argentina, eastern Africa, and southeastern Australia (Vose 

et al., 2015). Additionally, global studies that explore extreme and regional temperatures 

revealed a decrease in the number of cold days and nights with an increase in warm days and 

nights for North America, South America, Europe, the Mediterranean, and Australia 

(Alexander et al., 2006; Brown et al., 2008; Peterson et al., 2008; IPCC 2018). Several studies 

that used different methodologies confirm an increase in warm extremes while decreasing 

cold extremes over the Global North (Van der Walt & Fitchett, 2021). 

 

Various studies (Peterson et al., 2008; Kunkel et al., 2013; Schoof and Robeson, 2016) indicate 

that the United States is experiencing an increase in intensity, duration and frequency of 

warm extremes, with a decrease in the intensity, duration and frequency of cold extremes, 

since the 1960s. These trends have also been observed in other countries over the Northern 

Hemisphere, including Finland, Austria, Portugal, Romania, Spain, Canada, and New Zealand 

(Steffen et al., 2014; Mallet et al., 2018; Irannezhad et al., 2019). Statistical evidence suggests 

that observed changes in the climate caused an increase in the severity of heat waves in the 

past 50 years (Luterbacher et al., 2007; Coumou & Robinson, 2013). Coumou and Robinson 

(2013) suggest that 10% of the EarthΩs surface are now affected when extreme temperature 

events occur, whereas, in the 1960s, only 1% were affected by extreme events. Additionally, 

the number of record-breaking daily-, monthly-, and yearly temperatures have primarily 

occurred in the last two decades (Coumou & Robinson, 2013; Mallet et al., 2018). Since 2003, 

United States, Europe, Russia, Australia, and Japan have recorded a combined death toll of 

over 122,500 people, linked to heat-related deaths (Coumou et al., 2013; Perkins-Kirkpatrick 

et al., 2016; Johnson et al., 2018; Flavelle & Popovich, 2019; Kew et al., 2019). Furthermore, 
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Canada and New Zealand recorded warmer temperatures for autumn and winter, while 

countries like Argentina and Chile recorded colder winter temperatures up to -25°C in 2007 

and 2010 (Khandekar, 2013; Caloierio, 2017; Mallet et al., 2018).  

 

Although a large number of countries experienced warm extremes throughout the last two 

decades, several countries in the Northern Hemisphere experienced extreme cold conditions 

in the winters of 2002/2003, 2005/2006, 2009/2010, 2011/2012, 2013/2014 and 2018/2019 

(Khandekar, 2013; Messori et al., 2016; De Prerez et al., 2018; Johnson et al., 2018; Van 

Oldenborgh et al., 2019). South Asia, including Vietnam, Bangladesh, and northern India, 

experienced severe cold temperatures in 2002/2003, which led to the death of over 900 

people in India (De Prerez et al., 2018). North America and Eurasia experienced significantly 

colder than average conditions and higher snowfall in 2002/2003, 2007/2008, 2009/2010 and 

2018/2019 (Johnson et al., 2018). In 2008, China experienced an extreme cold spell that 

caused significant damage to the economy and the social and natural environment. 

Subsequently, 140,000 people lost their lives, 75 million animals died, 0.45 million ton of 

aquaculture fish and 30% of bee colonies died, 40% of winter crops were lost, and an estimate 

of US $22.3 billion was lost (Zhou et al., 2014; Ponjoan et al., 2017). During the winter of 2012 

in Central Europe, temperatures plummeted to below -40°C causing adverse damage to 

infrastructure and the loss of hundreds of lives (Khandekar, 2013). The cold wave of 2019 in 

North America reported over 20 cold-related deaths (Van Oldenbergh et al., 2019). The 

biggest threat from cold extremes are towards populations that are not acclimated and 

unprepared for extremely cold temperatures and can lead to a loss of life (Kandekar, 2013; 

Zhou et al., 2014; De Prerez et al., 2018; Van Oldenborgh et al., 2019). The cold events 
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described above can be caused by natural variability, including ENSO, Arctic Oscillation (AO), 

North Atlantic Oscillation (NAO), and the Pacific Decadal Oscillation (PDO). 

 

The apparent increase in the frequency and duration of extreme high-temperature events is 

attributed to anthropogenic causes (Jones et al., 2008; Christopher, 2014; Fahey et al., 2017). 

Different studies that focused on individual extreme events found a strong correlation 

between human activities and increased probability of extreme events (Christidis & Stott, 

2016; Yin & Sun, 2018). These attribution studies use different methods such as intensity-

based, frequency-based or the fingerprint method (Kim et al., 2016; Yin & Sun, 2018). These 

studies focus on determining whether the changes are caused by natural variability or by 

external forces such as anthropogenic activities and the extent to which it influences the 

change (Morak et al., 2013; Bellprat et al., 2019). The increase in the concentration of 

greenhouse gasses has been linked to the increase in maximum temperatures and decreased 

minimum temperatures across the globe (Stott et al., 2010). The extreme heatwaves in 

Russia, Europe, India and Australia can all be linked to anthropogenic factors (Stott et al., 

2010; Vogel et al., 2019). Although the research on the Southern HemisphereΩs climatic 

conditions has increased in the last decade, a gap is still present, specifically in Africa, 

compared to those of the Northern Hemisphere (Arendse & Crane, 2010; Niang et al., 2014). 

This gap can primarily be linked to a lack of reliable data across rural areas, lack of historical 

data, and the large area covered (Madzwamuse, 2010; Denton et al., 2011; Niang et al., 2014). 

 

2.3. Research on ETEs in Africa and southern Africa 

The African continent is considered the most vulnerable to climate change changes (Otto et 

al., 2015). Therefore, the need exists to better understand  the changes in climate and their 
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impact on weather events (Harington & Otto, 2020). Unfortunately, the African climate 

situation and extreme events receives a lack of research focus in general.(Otto et al., 2012; 

Van der Walt & Fitchett, 2021). The United States National Oceanic and Atmospheric 

Administration (NOAA, 2020) suggest that Africa has a much higher average increase in 

temperature per decade than the global average, at 0.31°C/decade. Observational 

temperature data suggest that between 1950 -2017, Africa had an increase in cumulative heat 

of 50% per decade (Perkinds-Kirkpatrick & Lewis, 2020; Miller et al., 2020). Cumulative heat 

is a relatively new conceptual metric that asses the heatwave duration and intensity during a 

season (Perkinds-Kirkpatrick & Lewis, 2020). East Africa, West African, and Southern Africa 

experienced temperature anomalies in 2019, with a temperature increase between 1°C and 

2°C compared to 1981-2010 (Blunden & Arndt, 2020). The latest data suggest that 

temperatures above 2°C above the average for 1981-2010 were recorded in South Africa, 

Namibia and Angola (WMO, 2020). For the period 1989-2009, the northern parts of Africa 

experienced, on average, 40- 50 heatwave days per anum (Vizy & Cook, 2012). East Africa has 

experienced more frequent droughts over the past 60 years during spring and summer due 

to an increase in the temperature of the Indian-Pacific warm pool and is projected to increase 

in the future (Funk et al., 2008; Shongwe et al., 2011; Niange et al., 2014). Southern and West 

Africa has and is expected to continue to experience a significant increase in hot days, hot 

nights and a decrease in cold nights and cold days, using ETCCDI (New et al., 2006; Miller et 

al., 2020; Van der Walt & Fitchett, 2021). These increases are in line with global warming 

trends (Niange et al., 2014). Furthermore, South Africa has experienced an increase in austral 

summer heatwaves in the last two decades compared to 1961-1980 (Miller et al., 2020).  
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Studies using a high-resolution global atmosphere model  under a 1.5°C and 2.0°C scenario, 

for a base period of 1971-2006 and a projected period from 2007-2100, found an insignificant 

increase in precipitation but forecast an increase in extreme warm events and heatwave 

magnitudes over Africa (Dosio et al., 2018). The number of heatwaves in Africa are expected 

to increase in the 21st century (Vizy & Cook, 2012; Niang et al., 2014). The southwestern 

regions of Africa are projected to experience further increases in heatwaves and droughts, 

mainly due to ENSO and changes in the sea surface temperatures (Niang et al., 2014; Miller 

et al., 2020). Models also project that with this increase in heat events, the duration and 

intensity of droughts will increase over most Southern Africa (Perkinds-Kirkpatrick & Lewis, 

2020; Miller et al., 2020). Perkinds-Kirkpatrick & Lewis (2020) estimate that the cumulative 

heat will increase at 10°C/decade. A median increase of 2.5 heatwave events per season is 

projected for Central and Southern Africa (Miller et al., 2020). An estimated increase in the 

average temperature for 1900-2000 in Africa was 0.5°C (Hulme et al., 2001) but, more recent 

studies suggest that the actual increase was 0.89°C for the same period (Perkins et al., 2015; 

Miller et al., 2020). It is expected that some regions in Africa will become uninhabitable by 

2070 because of the increase in heat and its effects on human health and a decrease in usable 

land, which will have significant implications (Xu et al., 2020).  

 

It is relevant to note that most of the studies related to the ETEs are conducted in the 

Northern Hemisphere with very few projections and modelling in sub-Saharan Africa. This 

creates a gap in the research and knowledge of the effects and extent of extreme 

temperatures in the Southern Hemisphere, primarily Africa and southern Africa (Alexander et 

al., 2006). As explained by Harrington and Otto (2020), similar models that are used 

worldwide are influenced by challenges faced in less developed countries, for example, the 
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availability of data and infrastructure Less developed countries in Africa have poorer 

governance frameworks, sparse observational networks and climate data, as well as a lack of 

expertise to develop local metrics and a lack of integration with epidemiological information 

(Donat et al., 2013; Andrijevic et al., 2020; Harrington & Otto, 2020). Unlike in more 

developed countries, the data reported to databases are from non-governmental agencies 

that seek areas in need of humanitarian aid, thus only covering specific location (Niange et 

al., 2014). Probabilistic event attribution studies that have been undertaken have 

concentrated more on high profile events in midlatitude climates with minimal attempts to 

conduct attribution studies on Africa (Stott et al., 2004; Peterson et al., 2013; Otto et al., 

2015). Furthermore, studies that focus on an average 1.5-2°C temperature increase have 

been far more extensive in the global North than in Africa (Lott et al., 2013; Nangombe et al., 

2019). Studies that focus on different models and means of methodology have received more 

attention in countries like North America, Europe, Asia and Australia (Li et al., 2018). This 

leaves a significant gap in understanding climate change, frequency, duration, and effects on 

the African continent (Nangombe et al., 2019).  

 

Extreme weather events will impact the daily lives of people all around the world, but more 

so in developing countries due to a lack of resources and infrastructure to deal with ETEs 

(Angula & Kaundjua, 2016). Prolonged exposure to extreme temperatures will affect human 

health because this exacerbates any underlying health conditions (Miller et al., 2020). 

Exposure to abnormally low or high temperatures over a prolonged time will have adverse 

effects on the human body (IkäheimoΩs, 2014). These adverse effects are well documented 

and researched (Barnett et al., 2005, 2007; Alpérovitch et al., 2009; Näyhä et al., 2011; Baccini 

et al., 2013; Hyrkäs et al., 2014; Jaakkola et al., 2014; Näyhäet et al., 2014). It is proven that 
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when the ambient temperature exceeds a personΩs average skin temperature, between 32-

35°C, it can cause physical exhaustion and mental fatigue (Luber and McGeehin, 2009). 

Symptoms of heat stress span in intensity from headaches to loss of life (Ikäheimo, 2014). The 

body typically manages the core body temperature by sweating, and this is very effective, but 

in areas of high humidity, sweating is not an effective way of managing core temperature 

(Miller et al., 2020). During heat extremes in Pakistan and India in 2015, it was found that the 

high mortality rate can be attributed to the addition of high humidity (Mazdiyasni et al., 2017). 

This is important for Africa since it consists of several regions with high humidity (Mora et al., 

2017). Consequently, extreme temperatures will dramatically affect the bodyΩs ability to 

function at peak performance (Ikäheimo, 2014). The importance of studying the effects of 

extreme temperature on the human body is outlined by IkäheimoΩs (2014) as an increased 

need to identify groups in the population that are most vulnerable due to an increase in 

extreme weather events, an increased risk in morbidity because of illness and lastly to identify 

the importance of establishing a management plan to reduce health care costs and the 

prevention of mortality (Miller et al., 2020).  

 

Africa comprises of developing countries that rely mainly on agriculture for economic growth 

and holds 60% employment over Africa (Collier et al., 2008). ETEs are likely to have a vast 

impact on the sector due to the critical role temperature plays in agriculture (Miller et al., 

2020). Crops grown in Africa are already pushed to their limits in terms of their thermal 

tolerance and resistance to droughts, and the most crop is produced in semi-arid regions 

which are already challenged by ETEs (Miller et al., 2020; WMO, 2020). Heat stress, droughts, 

increased pest, and flood damage will affect food security and impact all livelihoods in the 

region (WMO, 2020). It is also projected that seasonal weather patterns will be affected and 
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negatively impact the agricultural sector (Miller et al., 2020). The price of food may continue 

to increase, without adaption measures, as food productivity decreases, and the agricultural 

sector continues to struggle, making food affordability even lower in an already economically 

struggling continent (Orimoloye et al., 2019; WMO, 2020). Water shortages are already a 

problem in much of Africa and are expected to become an even more significant problem 

(Garland et al., 2015). It will disrupt food production and the daily lives of people (Niange et 

al., 2014). ETEs effect on the economy and social structures of a region also adds to the 

conflict in many African regions (WMO, 2020). Although there is debate among scientists 

regarding the role of changing climate in driving conflict, there is a consensus that these 

climate changes can exacerbate existing conflict (ICRC, 2020). Studies (OΩLoughlin et al., 2012, 

2014; Scheffran et al., 2012, 2014, von Uexkull et al., 2016) have shown a link between high-

temperature anomalies and increases in violence within the specific region. Between 1991-

2009 in East Africa and 1980-2012 in sub-Saharan Africa, higher than average temperatures 

or extreme warm events have increased violence up to 26.6% (OΩLoughlin et al., 2012, 2014). 

The leading causes of the increase in conflict are attributed to overexploitation of scarce 

resources during these temperature anomalies, mass migration due to shortages of food and 

water, and the increased need for more extensive agricultural land (ICRC; 2020; Miller et al., 

2020; WMO, 2020). 

 

A change in the mean climate of Africa and regions thereof will have adverse effects on 

biodiversity, with multiple fauna and flora species going extinct (Niang et al., 2014). Crop 

harvesting time, phenological cues for plant and animal species, and melting periods for 

glaciers are dependent on the length of time in which threshold temperatures are exceeded 
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(Niang et al., 2014). Seasonal perspective on warm and cold extremes are critical and can have 

adverse effects on the natural, social and economic environment (Harrington et al., 2017). 

A lot of African biodiversity has adapted to the scarcity or abundance of resources, it is 

challenging to determine the exact impact the climate changes will have on the different 

species (Miller et al., 2020). Models project that at least 100 South African Cape Floral region 

species will go extinct, with some models projecting a loss of 2000 species under the current 

climate change conditions (Kidane et al., 2019). It is difficult to make projections about the 

impact on biodiversity due to the lack of observational data within Africa and the extent of 

the impact on freshwater supplies, which is a crucial driver in African biodiversity (Kidane et 

al., 2019). Although projections are difficult to make, it is clear that a large scale change in 

habitat will lead to sensitive species going extinct (Niange et al., 2014; Miller et al., 2020). One 

reason why literature is uncertain about the impact on biodiversity is that there is a lack of 

observational data within Africa and the extent of the impact on freshwater supplies, which 

is a crucial driver in African biodiversity (Kidane et al., 2019). Unfortunately, climate change 

is not a problem created by Africa (Niange et al., 2014). However, large areas of Africa will be 

more affected than others due to the dependence on agriculture, not just for subsistence 

farmers but also for entire countries that rely on agriculture for economic sustainability 

(Niange et al., 2014; Kidane et al., 2019; Miller et al., 2020). Even though African households 

have shown resistance to short term shortages, it is usually not sustainable, and with changes 

becoming more permanent, it is unclear how the households and economy will be able to 

adapt (Miller et al., 2020). Since the 2000s, there has been an increase in the use of indices 

to identify ETEs over Africa (Table 1). In the last decade, the use of ETCCDI and ET-SCI has 

increased significantly, although ETCCDI has been used more often (Table 1) 
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Table 1: Studies conducted since 2000 assessing ETEs in Africa. 

Author Research Topic Indices used Location 

Frich et al., 2002 Observed coherent changes in 

climatic extremes during the second 

half of the twentieth century 

ETCCDI International, Africa 

New et al., 2006 Evidence of trends in daily climate 

extremes over southern and west 

Africa 

ETCCDI West and Southern Africa 

Aguilar et al., 2009 Changes in temperature and 

precipitation extremes in western 

central Africa, Guinea Conakry, and 

Zimbabwe, 1995-2006 

ETCCDI Western Central Africa, 

Guinea Conakry and 

Zimbabwe 

Orlowsky & 

Seneviratne, 2012 

Global changes in extreme events: 

regional and seasonal dimension 

ET-SCI International, Africa 

Kruger & Seleke, 

2012 

Trends in extreme temperature 

indices in South Africa: 1962-2009 

ETCCDI South Africa 

Ly et al., 2013 Evolution of some observed climate 

extremes in West African Sahel 

ETCCDI West Africa 

Donat et al., 2013 Updated analyses of temperature and 

precipitation extreme indices since 

the beginning of the twentieth 

century: HadEX2 dataset 

ETCCDI International, Africa 

Omondi et al., 2014 Changes in temperature and 

precipitation extremes over the 

Greater Horn of Africa region from 

1961 to 2010 

ETCCDI East Africa 

Chaney et al., 2014 Development of a High-Resolution 

Gridded Daily Meteorological Dataset 

over Sub-Sahara Africa: Spatial 

Analyses of Trends in Climate 

Extremes 

ETCCDI Sub -Sahara Africa 

Diallo et al., 2014 Evaluation of RegCM4 driven by 

CAM4 over Southern Africa: mean 

climatology, interannual variability 

and daily extremes of wet season 

temperature and precipitation 

ETCCDI Southern Africa 

Mekasha et al., 

2014 

Trends in daily observed temperature 

and precipitation extremes over 

three Ethiopian eco-environments 

ETCCDI Ethiopia 

Moron et al., 2015 Trends of mean temperatures and 

warm extremes in northern tropical 

Africa (1961-2014) from observed 

and PPCA-reconstructed time series 

ETCCDI Northern Tropical Africa 

Abatan et al. 2016 Trends in extreme temperature over 

Nigeria from percentile-based 

threshold indices 

ETCCDI Nigeria 

Filahi et al., 2016 Trends in indices of daily temperature 

and precipitations extremes in 

Morocco 

ETCCDI Morocco 
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Marigi et al., 2016 Trends of Extreme Temperature and 

Rainfall Indices for Arid and Semi-Arid 

Lands of South Eastern Kenya 

ETCCDI South Eastern Kenya 

Mequanunta et al., 

2016 

Observed and Future Climate 

Variability and Extremes Over East 

Shoa Zone, Ethiopia 

ETCCDI Ethiopia 

Russo et al., 2016 When will unusual heat waves 

become normal in a warming Africa? 

ET-SCI Africa 

Ceccherini et al., 

2017 

Heatwaves in Africa 1981-2015, 

observations, and reanalysis 

ET-SCI Africa 

Kruger & Nxumalo, 

2017 

Surface Temperature Trends from 

Homogenised Time Series in South 

Africa: 1931-2015 

ETCCDI South Africa 

Dosio, 2017 Projection of temperature and heat 

waves for Africa with an ensemble of 

CORDEX Region Climate Models 

ETCCDI Africa 

Abatan et al. 2018 Trends in mean extreme 

temperatures over Ibadan, 

Southwest Nigeria 

ETCCDI Southwest Nigeria 

Gebrechorkos et 

al., 2018 

Changes in temperature and 

precipitation extremes in Ethiopia, 

Kenya, and Tanzania 

ETCCDI Ethiopia, Kenia and Tanzania 

Nkemelang et al., 

2018 

Temperature and precipitation 

extremes undercurrent, 1.5°C and 

2.0°C global warming above pre-

industrial levels over Botswana, and 

implications of climate change 

vulnerability 

ETCCDI Botswana 

Diebhiou et al., 

2018 

Changes in climate extremes over 

West and Central Africa at 1.5°C and 

2.0°C global warming 

ETCCDI Central and West Africa 

Kruger et al. 2019 Historical and projected trends in 

near surface temperature indices for 

22 locations in South Africa 

ETCCDI South Africa 

Nangombe et al., 

2019 

IƛƎƘπ¢ŜƳǇŜǊŀǘǳǊŜ 9ȄǘǊŜƳŜ 9ǾŜƴǘǎ 

Over Africa Under 1.5 and 2 °C of 

Global Warming 

ETCCDI Africa 

Amou et al. 2021 Heatwaves in Kenya 1987ς2016: 

Facts from CHIRTS High Resolution 

Satellite Remotely Sensed and Station 

Blended Temperature Dataset 

ETCCDI Kenya 

Van der Walt & 

Fitchett, 2021a 

Exploring extreme warm 

temperature trends in South Africa: 

1960ς2016 

ETCCDI, ET-SCI South Africa 

Van der Walt & 

Fitchett, 2021b 

Exploring extreme cold temperature 

trends in South Africa: 1960ς2016 

ETCCDI, ET-SCI South Africa 

 



2.3.1. ETEs in Namibia 

Namibia is considered the most arid country in sub-Shahara Africa (MET, 2002; Zeidler and 

Chunga, 2007). The frequency of droughts, floods, and extreme temperatures are on the rise 

in southern Africa, including Namibia (Niange et al., 2014). In the past 50 years, Namibia has 

experienced an increase in the average temperature of 1°C and 1.2°C, with a more significant 

increase in NamibiaΩs Northern parts (MET, 2011). New et al. (2006) conducted a study over 

southern Africa exploring temperature trends. The research display evidence that Namibia 

has seen an increase in the frequency of warm extremes for 1961-2000 (New et al., 2006). 

Additionally, the research indicates a decrease in the frequency colder extremes (New et al., 

2006). The majority of research is over a broader region and uses point data, causing the 

results to have a low resolution for Namibia (New et al., 2006). In the Fifth Assessment Report 

of the IPCC (2018), it is noted that Namibia has also seen a decrease in cool nights and days 

with an increase of warm nights and days.  

 

Evidence indicates that the 1980s and 1990s were the two hottest decades, globally, of the 

20th century (Christensen et al., 2013). Since then, record-breaking high temperatures were 

recorded from 2003 and onwards (Dieckmann et al., 2013). These temperature increases in 

Namibia are three times higher than the global average (Reid et al., 2008). Namibia 

experienced above-average temperatures for summer and winter periods in 2018 (WMO, 

2018). The WMO (2020) noted that 2019 was a significant year for ETEs, with heatwaves in 

the early summer exceeding 45°C, in Spitzkoppe Mountains. There was also an abnormal 

increase for winter temperatures, with some sites recording 40°C in coastal areas (WMO, 

2019). Namibia, with its neighbouring countries, experienced temperatures 2°C above the 

global average (WMO, 2019). There has also been an increase in the number of warm spells 
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and heatwaves across Namibia for the last two decades (New et al., 2006; WMO, 2018, 2019). 

Although there is not the same amount of research on southern Africa as in the Global North, 

it is, nevertheless clear that the observed temperature changes over the last 60 years indicate 

a rise in temperatures (Niange et al., 2014; WMO, 2019). Pinto (2020) used gridded data to 

illustrate the temperature anomalies for 2019 with a base period of 1981-2010 (Figure 1). The 

temperatures for 2019 for all of the SADC countries were above normal. Namibia recorded 

above normal temperatures in all four seasons with some areas exceeding a 2°C above 

normal. Only the west coast of Namibia experienced below average temperatures in Autumn 

(Figure 1; Pinto 2020). Rural and developing areas such as sub-Saharan Africa will bear the 

effects of climate change more so than developed countries, and since southern Africa is more 

prone to extreme temperatures, droughts and floods, the effects will be even more significant 

(Otto et al., 2015; Miller et al., 2020). Therefore, the effects of climate change are no longer 

just a concern for the natural environment but also the survival of the people in Namibia and 

the countryΩs economy (Niange et al., 2014; Otto et al., 2015).  
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Figure 1: Seasonal monthly averages in mean temperature anomalies for southern Africa with 

a baseline of 1981-2010 (Pinto, 2020). 

 

The impacts of the temperature changes can already be seen in the agricultural, economic 

and socio-economic sectors in countries across Africa, including Namibia (Niange et al., 2014; 

WMO 2019). Over the last two decades, the frequency and intensity of ETEs pose further 

vulnerability to the economy, agricultural sector, water demands, habitat loss, tourism, and 

the health sector in Namibia (MET, 2011; WMO, 2019). Water scarcity has been a problem in 

Namibia before the first industrial revolution, but the changing climate has only exacerbated 

the problem (Reid et al., 2007). A decrease in the rainfall, as expected with a further 
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temperature change and an increase in evaporation, have reduced runoff and infiltration 

(Reid et al., 2007; MET, 2011). This already caused a decrease of 30-70% in groundwater 

recharge as well as a decrease in river discharge over the past three decades (Kandjinga et al., 

2010; MET, 2011). These reductions have created a problem for farmers since a large 

percentage of available water is used in crop farming for irrigation and livestock farming (MET, 

2011; Schneider et al., 2015). Due to increased heat stress on the agricultural sector, more 

people are moving to urban areas from rural areas, thus putting even more strain on the 

water resources (Barnes et al., 2012). Reduction of river discharge also affects hydroelectricity 

supply, as in Ruacana Hydropower station (MET, 2011; Barnes et al., 2012). Two-thirds of 

agricultural land in Namibia is used for subsistence farming, with pastoralism already 

decreasing (Spear et al., 2018). Changes in temperatures, seasonal lengths, humidity and 

rainfall led to crop failure and reduced food production throughout Namibia (Spear et al., 

2018). Other factors influenced by climate change are the reduction of soil fertility, soil 

erosion, pesticides, and crop pathogen dynamics (Reid et al., 2007; Barnes et al., 2012; Spear 

et al., 2018). The spread of diseases, such as malaria, dengue fever and schistosomiasis (GRN, 

2015), is also changing due to the changes in temperatures, and there is little understanding 

of how these diseases react to warming temperatures (Kandjinga et al., 2010). Moreover, the 

reduction in vegetation cover reduced grazing land; thus, changing grazing patterns (Reid et 

al., 2007). 

 

Namibia is made up of extremely sensitive biodiversity, and even with a large number of 

protected areas, there is already signs of biodiversity loss (GRN, 2015). A loss of vegetation 

cover and a decrease in the number of deciduous broad-leaved trees are concerning and is 

linked to an increase in CO2 emissions (Thuiller et al., 2006; Spear et al., 2018). Expanding arid 



26 

areas and reducing savanna biomes are threatening peopleΩs livelihoods in the area, and with 

an increase of veld fires worsening the situation (GRN, 2015; Spear et al., 2018). The loss of 

biodiversity directly impacts other processes, such as water purification and the availability 

of medicinal plants (David et al., 2013). The loss in biodiversity also has a significant effect on 

tourism in the country since it relies heavily on natural attractions for tourism (Reid et al., 

2007; Spear et al., 2018). The rise in the average temperature and ETEs also influence the 

ease at which tourist activities are conducted (GRN, 2015). This is a drawback for the countryΩs 

economy as the government relies heavily on tourism to add to the GDP (Thuiller et al., 2006; 

GRN, 2015). ETEs affects the comfortability of the industryΩs activities and increases the 

running cost of tourist sites, for example, the increased use of cooling systems (Spear et al., 

2018; Keja-Kaereho & Tjizu, 2019). The tourism of a country relies on the regionΩs political 

stability, but with a changing climate, the areaΩs stability can very quickly change (GRN, 2015; 

Spear et al., 2018). The impacts mentioned above also directly impact the country's 

healthcare system (GRN, 2015). Namibia has a high percentage of people living with HIV/Aids 

and tuberculosis, which puts a strain on the healthcare system (Thuiller et al., 2006; GNR, 

2015). A large proportion of people in Namibia are malnourished (GNR, 2015). The already 

strained healthcare system is put under more pressure due to increased poverty, 

malnutrition, increased diseases, heat stress and dehydration (Thuiller et al., 2006; GRN, 

2015; Spear et al., 2018). The previous ETEs in Namibia has also affected infrastructure, such 

as the Ruacana hydroelectricity plant (GNR, 2015; Spear et al., 2018). The reduction in water 

availability and the increased temperatures workers have to endure in the agriculture and 

mining sector reduces their productivity and, in turn, the economy (Spear et al., 2018). The 

effects already endured by the country due to climate change and the history of Namibia 

negatively impact their vulnerability and adaptive capacity for future changes (MET, 2011; 
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GRN, 2015). Unfortunately, developing countries are less capable of adapting and surviving 

significant climate changes, mainly due to a lack of financial resources, technology and large 

percentages of poverty (Reid et al., 2008). Over 30% of the gross domestic product (GDP) in 

Namibia depends on the natural environment, and further changes can be catastrophic for 

the economy, further reducing the countryΩs financial capability to adapt to the changes (Keja-

Kaereho & Tjizu, 2019). An estimated loss of 6% of the GDP is projected to damage natural 

resources in the next ten year. Furthermore, the most vulnerable portion of Namibia's 

population (elderly and children) live in rural areas where most adaption is needed (GRN, 

2015; Spear et al., 2018; Keja-Kaereho & Tjizu, 2019).  

 

Climate change projections for Namibia are discussed in the National Climate Change Strategy 

and Action Plan for 2013-2020 (MET, 2011). Even though climatic variability is a normal 

phenomenon, with erratic temperatures, rainfall, and persistent droughts, the country will be 

affected by even more unpredictable weather (Mfune & Ndombo, 2005; Dirkx et al., 2008). 

From global climate models, rainfall projections for Namibia indicate an increase in late 

summer rainfall in most parts of the country and a decrease in the winter rainfall, especially 

in the western and southern parts of the country (Kgabi et al., 2021). It is projected that by 

2050, temperatures be 2-4°C higher when compared to the baselines of 1961-1990 (IPCC, 

2018). Furthermore, it has been projected that with the increase in temperature, Namibia will 

be struck with more severe floods, droughts, rising sea levels, loss of biodiversity, weakening 

of water supplies, and food insecurity (Hulm et al., 2001). A 50% reduction in food production 

is projected by 2050, and with the current increase in population, this can lead to malnutrition 

in 50% of the population (Kotir, 2011; Keja-Kaereho & Tjizu, 2019). Due to the countryΩs 

aridity, climate patterns, socio-economic factors, and its natural resource-based economy, it 
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is classified as highly vulnerable to climate change (MET, 2011). With a high degree of 

certainty, it is predicted that by 2046-2065, summer temperatures will increase between 1-

3.5°C and winter temperatures will increase between 1-4°C (Dirkx et al., 2008). The frequency 

of days above 35°C is increasing, and days below 5°C is decreasing, which suggests overall 

warming in NamibiaΩs climate (MET, 2011). Namibia already faces the threat of water scarcity, 

and the impacts of climate change only worsening the situation. 

 

2.4. Conclusion 

ETEs have a significant impact on the livelihoods of people and the environment in Namibia 

(Spear et al., 2018). There is evidence that the night and day temperatures are warming and 

increase in the frequency and intensity of ETEs (Niange et al., 2014; Miller et al., 2020). 

Countries with a similar climate to Namibia, is clear evidence of the consequences of the 

changes in temperature on a country and its environment (Stott et al., 2004; Peterson et al., 

2013; Otto et al., 2015). Developing countries do not have the number of resources and 

technology at their disposal as developed countries making them more susceptible to changes 

in climatic conditions (New et al., 2006). The African continent has already experienced some 

significant changes in rainfall patterns, temperature increases and ETEs (Niange et al., 2014; 

Spear et al., 2018; Miller et al., 2020). There is a large gap within the literature that explains 

these effects (Miller et al., 2020). There are different reasons for the lack of research, such as 

lack of funding, extensive spatial coverage and sparse reliable data (Niange et al., 2014; 

Harrington & Otto, 2020). ETEs in Namibia are increasing and negatively impact the economic, 

environmental, and socioeconomic sectors (MET, 2011; GNR, 2015; Pinto, 2020). The majority 

of the population live in rural areas and live on the surrounding resources (GNR, 2015). A 

number of limited resources in Namibia (i.e., water availability) will become scarcer with the 
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current projections and further pressure rural communities (Harrington et al., 2017). There 

should be a focus on the environmental impact or socio-economic impacts, but instead, they 

should be seen in tandem to understand the changes thoroughly and adapt accordingly and 

sustainably (Niange et al., Muller et al., 2020; Kgabi et al., 2021).   
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 Study Region 

3.1. Introduction  

Namibia is on the southwestern coast of Africa, situated south of the equator, with the Tropic 

of Capricorn running through the country (Dirkx et al., 2008). Namibia covers an area of 

825,615km², spanning 17-29°S and 12-25°E (Figure 1; Klaus, 2005). Countries that border on 

Namibia are South Africa on the south-east and south, Botswana in the east, Zambia in the 

northeast, Angola in the north, and the Atlantic Ocean in the west. A coastline of about 

1572km and the perennial Kunene, Kavango, Zambezi, Kwando, Linyanti, Chobe and the 

Orange Rivers form the borders throughout Namibia Klaus, 2005; Jänis, 2011).  

 

The topography of Namibia can be classified into five main areas: the Namib Desert Lodge, 

the Great Escarpment, the Central Plateau, the Kalahari Desert and the Bushveld (Klaus, 2005; 

Jänis, 2011). The areas are separated with characteristic vegetation and abiotic conditions, 

with some overlap between each border (Logan, 2009). The Namib Desert Lodge consists of 

hyper-arid gravel and sand that make up the worldΩs highest dunes (Spriggs, 2001). It 

stretches over the entire coastline of Namibia from South Africa to Angola (2000km) and 

spreads inland to the Great Escarpment (130-160km; Logan, 2009). The Great Escarpment 

spreads from the north to the south of Namibia that separates the coastal areas and the 

plateau (Spriggs, 2001). It is made up of different mountain ranges that reach up to 2500m.asl, 

with large valleys throughout the Escarpment that have been eroded over millions of years 

(Jänis, 2011).  

 

The Central Plateau is the most extensive landscape in Namibia and borders the Great 

Escarpment and the Kalahari Desert. Windhoek, the capital city of Namibia, is situated in the 
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Escarpment. Additionally, the Escarpment reaches heights of between 1000-2000m.asl 

(Logan, 2009). The Kalahari Desert spans several countries - South Africa, Botswana, 

Zimbabwe, Zambia, Angola and the Democratic Republic of Congo (Logan & Silberbauer, 

2019) and comprises three main characteristics: sand sheets, longitudinal dunes and pans 

(also called vleis; Spriggs, 2001). Lastly, the Bushveld is dominated by flat plains and borders 

Botswana, Zimbabwe, Zambia and Angola (Rutherford et al., 2006; Jänis, 2011). 

 

3.2. Weather Station Locations 

The weathers stations selected were Klein Aus Vista, Etosha Safari, Hochfeld, Windhoek, 

Swakopmund, Namib Desert Lodge Lodge, and Stampriet (Kalahari Farmhouse). These sites 

were selected due to their spatial variability and data availability for a ten year period. 

Unfortunately, two of the stations did not have sufficient data to calculate the necessary 

indices for the study. Thus, only five stations were used for the study (Table 2, Figure 3).  

 

Table 2: Selected weather stations 

Study Area Latitude Longitude Elevation 

(m.asl) 

Rainfall 

(mm) 

Max Temp 

(C°) 

Min Temp 

(C°) 

Hochfeld нмϲнрϥптϥΩ{ мтϲрмΩмтΩΩ9 1,576 52.74 31.43 6.19 

Kalahari Farmhouse нпϲнлΩмпΩΩ{ муϲнпΩлоΩΩ9 1,211 20.16 36.72 4.53 

Namib Desert 

Lodge 

нпϲлсϥллϥ Ω{ 15°54'00''E 664 10.25 35.77 6.67 

Swakopmund ннϲплΩппΩΩ{ мпϲомΩрнΩΩ9 90 2.32 27.87 10.29 

Windhoek ннϲопϥосϥΩ{ мтϲлпΩонΩΩ9 1,673 40.63 31.29 8.89 
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Figure 2: Map of study region of Namibia, topography and the study area. 

 

3.3. Climate and Weather 

The mean annual temperature of Namibia is 20.2°C for the period of 1901-2016 (Pinto, 2020). 

Temperatures are highest in the north and south of the country, with the average maximum 

for the hottest month exceeding 34°C (Turpie et al., 2010). The Southern Kalahari has the 

coldest temperatures, with an average minimum temperature of <2°C in the coldest month 

(Turpie et al., 2010). The dry season months of June, July and August have the lowest 

temperatures. The country's high evaporation rates range from 3800mm/yr in the south to 

2600mm/yr in the north and are expected to be five times more than the annual rainfall (MET, 

2011).  
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The amount of rain that falls in Namibia varies greatly depending on the region (Spear et al., 

2018). Namibia has only one rainy season, which runs from November to April and coincides 

with the southward migration of the ITCZ (Spear et al., 2018). The ITCZ has a significant 

influence on the ENSO (Spear et al., 2018). The northeast of Namibia receives about 600mm 

of annual rainfall on average, while the south and coastal regions receive less than 50mm 

(GRN, 2015). As a result, other types of precipitation, such as fog, have become essential 

water sources for desert fauna and flora (GRN, 2015). In some coastal regions, coastal fog can 

provide up to five times the amount of moisture and water as rainfall (Kaseke et al., 2018). 

The Namibian climate is projected to become more sensitive to ENSO, with above-average 

temperatures and below-average rainfall (GRN, 2002; Lakhraj-Govender & Grab, 2018).  

 

3.4. Population structure and Socio-economic landscape 

In 2020 NamibiaΩs census data revealed that the country has 2.6 million people, with 35.68% 

of the population younger than 15 years and 3.9% older than 65 (World Bank, 2020). 

NamibiaΩs largest town is Windhoek, with a population of 260,000 and with the rest of the 

urban population spread out through smaller towns. Urban areas and informal settlements 

make up 55% of the total population, while 45% occupy rural areas (Karuaihe, 2019; World 

Bank, 2020). A large proportion of the population that reside in rural areas rely on subsistence 

farming for survival. The dependency on subsistence farming has decreased in Namibia due 

to climate change, forcing rural-urban migration (Karuaihe, 2019). With the changing climate 

and the agricultural sector under pressure, more people are migrating their business to 

trophy hunting and tourism (Stiftung, 2020; World Bank, 2020). There has been a decrease in 

extreme poverty over the past few years, but multi-dimensional poverty remains high (this 

includes health, education and related services). The recession of 2016 and the high 
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unemployment rate has contributed to the growing informal economic sector that now 

makes up 40% of employment (Stiftung, 2020). The Namibian healthcare services are shared 

between the public and private sector. The private sector is found in urban areas, making it 

difficult for the rural population to access these services. The leading causes of deaths in 

Namibia are HIV/AIDS, diarrhoea, tuberculosis, pneumonia and malaria, and the country only 

has a life expectancy of 49 years (MET, 2011; GNR, 2015). HIV/Aids infections are 

approximately 15% of the total population, and the high number of tuberculosis and 

malnutrition in the country puts much strain on the hospitals (GNR, 2015). It is important to 

understand the socio-economic status of the country and the population structure to 

understand the impact ETEs can have on an already pressured healthcare system. The effects 

of ETEs on a country that rely heavily on tourism and the 40% of people living in rural areas 

can put extra strain on the economy.   
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 Methodology 

4.1. Introduction 

The main objective of the study is to assess the frequency and extent of ETEs in Namibia. This 

chapter outlines the methods and process which were followed to address the objective. Only 

quantitative data is used in this study in the form of meteorological data. Firstly, it will discuss 

the data needed for the study and how the data was collected and selected. After that, data 

quality and cleaning are discussed. Furthermore, the different types of indices and 

interpolation of the data are discussed and computed by different computer software.  

 

4.2. Data collection and Station Selection 

For this study, the daily maximum (TX) and minimum (TN) temperatures in (°C) were obtained 

from the Namibian Weather Network for the period 2008-2019. Unfortunately, some 

limitations were encountered with the collection of the data. Over ten years, some stations 

had months to years missing in the data sets. For the indices to be calculated, up to 25% of 

the data set missing is deemed to be acceptable, as by the standards set by the WMO. The 

above mentioned resulted in two of the originally selected stations being omitted from the 

analysis. Thus, the temperature indices for five sites spread out over Namibia were calculated.  

 

4.3. Data quality and cleaning 

Before any statistical analyses are performed, it is recommended that proper quality control 

be done to ensure reliable results (Klein Tank et al., 2009; WMO, 2011; Fioravanti et al., 2019). 

Therefore, the datasets selected were subject to quality control to identify any missing data 

and outliers that may have occurred due to failure of equipment or human error (Salameh et 

al., 2018). In order to maintain consistency throughout, from the raw data to the results, a 
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two-point decimal rounding was used from the raw data, and visible outliers were checked. 

Where possible, missing data of five consecutive days or less, the data was replaced with the 

5-day running average (Alexander & Herold, 2016). These were also cross-checked with 

adjacent stations within a radius of 50km. Additional quality control was also conducted using 

the software packages used to determine the ET-SCI and ETCCDI. The ET-SCI uses the 

ClimPACT v2 (Alexander & Herold, 2016), while the ETCCDI uses RClimDex v1.9 (Zang et al., 

2018). These packages allow the user to set the threshold for outliers in terms of the standard 

deviation and will then warn the user if any occur. Furthermore, the user is then able to make 

the necessary changes. A default threshold of three standard deviations was used for each 

package (Zang et al., 2018; Kruger & Nxumalo, 2017). 
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Figure 3: Method to determine extreme cold and warm temperature events. 

 

4.4. Temperature Indices  

4.4.1. ETCCDI 

In 1996 the IPCC published the Second Assessment Report (SAR), and it was concluded that 

the available data and analyses were inadequate to make assessments on global climate 

changes (Anguilar, 2016). The focus was predominantly on short-term scales; thus, there was 

no long-term datasets record (Donat et al., 2013; Anguilar, 2016). Subsequently, in 1999 a 

jointly sponsored team was created, now known as the ETCCDI (Anguilar, 2016). This team 
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exits of the following organizations: the project on Climate Variability and Predictability 

(CLIVAR), the World Climate Research Programme (WCRP), World Meteorological 

Organization (WMO), the Commission for Climatology (CCl), the Joint WMO 

Intergovernmental Oceanographic Commission (IOC), the United Nations Educational, 

Scientific and Cultural Organization (UNESCO) and the Technical Commission for 

Oceanography and Marine Meteorology (JCOMM; Peterson & Folland, 2001; Donat et al., 

2013; Anguilar, 2016). The ETCCDI have characterised and measure climate variability and 

change by coordinating internationally accepted indices for universal comparison (Karl et al., 

1999). 27 core indices measure temperature and precipitation and can be divided into four 

categories (Karl et al., 1999; Zang et al., 2018):  

1. absolute indices;  

2. threshold indices;  

3. percentile indices; and  

4. duration indices  

  

These indices can be used for modelling or observations globally and on a regional scale 

(Anguilar, 2016; Alexander et al., 2019). For this study, 12 indices were selected from the 27 

main indices, which will be defined below in Table 3 and a summary of each below the table. 

(Karl et al., 1999; Peterson & Folland, 2001; Zang et al., 2018).  
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Table 3: ETCCDI indices used in the study (Zang et al., 2018). 

ID Name Definition Equation Unit 

FD Frost Days Annual number when TN<0°C ὝὔὭὮ < 0ᴈ Days 

SU Summer Days Annual number when TX>25°C ὝXὭὮ < 25ᴈ Days 

TXx Maximum TX Daily warmest TX ὝὢὭὮ=max (ὝὢὭὮ) °C 

TXn Minimum TX Daily coldest TX ὝὢὭὮ=min (ὝὢὭὮ) °C 

TNx Maximum TN Daily warmest TN ὝὔὭὮ=max (ὝὔὭὮ) °C 

TNn Minimum TN Daily coldest TN ὝὔὭὮ=min (ὝὔὭὮ) °C 

TN10p Cool Nights Days when TN<10th percentile ὝὔὭὮ < ὝὔὭὲ10 % 

TN90p Warm Nights Days when TN>90th percentile ὝὔὭὮ > ὝὔὭὲ90 % 

TX10p Cool Days Days when TX<10th percentile ὝXὭὮ < ὝXὭὲ10 % 

TX90p Warm Days Days when TX>90th percentile ὝXὭὮ > ὝXὭὲ90 % 

WSDI Warm Spell Duration Indicator Annual number of days when TX>90th percentile (at 

least 6 consecutive days) 

ὝὢὭὮ > ὝὢὭὲ90 Days 

CSDI Cold Spell Duration Indicator Annual number of days when TN<10th percentile (at 

least 6 consecutive days) 

ὝNὭὮ < ὝNὭὲ10 Days 
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4.4.1.1. Summary of ETCCDI Indices 

Frost Days (FD): The yearly number of days where the daily minimum is below 0°C (TN < 0°C). 

Let ὝὔὭὮ be the daily minimum temperature on day i in year j. 

Summer Days (SU): The yearly number of days where daily maximum is above 25 °C (TX > 

25°C). Let ὝXὭὮ be the daily minimum temperature on day i in year j. 

Maximum TX (TXx): The maximum daily maximum temperature for each month. Let ὝXὭὮ be 

the daily maximum temperature on day i in year j. 

Minimum TX (TXn): The minimum daily maximum temperature for each month. Let ὝὢὭὮ be 

the daily maximum temperature in month Ὥ, year Ὦ. 

Maximum TN (TNx): The maximum daily minimum temperature for each month. Let ὝὔὭὮ be 

the daily minimum temperatures in month Ὥ, year Ὦ. 

Minimum TN (TNn): The minimum daily minimum temperature for each month. Let ὝὔὭὮ be 

the daily minimum temperature in month Ὥ, year Ὦ. 

Cool Nights (TN10p): The number of days where the minimum temperature is below the 10th 

percentile. Let ὝὔὭὮ be the daily minimum temperature on day Ὥ, in the year Ὦ and let ὝὔὭὲ10 

be the calendar day 10th percentile centred on a 5-day window. 

Warm Night (TN90p): The percentage of warm nights where the minimum temperature is 

above the 90th percentile. Let ὝὔὭὮ be the daily minimum temperature on day Ὥ, in the year 

Ὦ and let ὝὔὭὲ90 be the calendar day 90th percentile centred on a 5-day window.  

Cool Days (TX10p): The number of days where the maximum temperature is below the 10th 

percentile. Let ὝXὭὮ be the daily maximum temperature on day Ὥ, in the year Ὦ and let ὝXὭὲ10 

be the calendar day 10th percentile centred on a 5-day window. 
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Warm Days (TX90p): The percentage of warm days where the maximum temperature is 

above the 90th percentile. Let ὝXὭὮ be the daily maximum temperature on day Ὥ, in the year 

Ὦ and let ὝXὭὲ90 be the calendar day 90th percentile centred on a 5-day window. 

Warm Spell Duration Indicator (WSDI): The yearly number of days with six or more 

consecutive days when the maximum temperature is more than the 90th percentile (TX 

>.90th percentile). Let ὝὢὭὮ be the daily maximum temperature on day Ὥ in the year Ὦ and let 

ὝὢὭὲ90 be the calendar day 90th percentile centred on a 5-day window. 

Cold Spel Duration Indicator (CSDI): The yearly number of days with six or more consecutive 

days, when the minimum temperature is less than the 10th percentile (TN <.10th percentile). 

Let ὝNὭὮ be the daily minimum temperature on day Ὥ in the year Ὦ and let ὝNὭὲ10 be the 

calendar day 10th percentile centred on a 5-day window. 

4.4.2. ET-SCI 

At the fifteenth session of the WMO Technical Commission for Climatology, it was decided 

that there was a need for sector-specific indices that will have a broader range of 

implementation (Alexander, 2015; Alexander & Harold, 2016; Mistry, 2019). Henceforth, The 

Expert Team on Sector-specific Indices (ET-SCI) had their first meeting in 2011 in Spain and 

established 34 core sets of indices developed in part with the core indices of ETCCDI (Perkins 

& Alexander, 2013; Alexander & Herold, 2016). The newly developed ET-SCI have sector-

specific applications and were informed by experts in health, agriculture and water (Donat et 

al., 2013; Alexander & Perkins, 2016; Mistry, 2019). Furthermore, the ET-SCI allows the user 

to define thresholds within specific indices. Additionally, it includes new heatwave and 

coldwave indices over a shorter period than those of ETCCDI (Donat et al., 2013; Mistry, 

2019). From the 34 core indices, seven were selected for this study and is discussed below 

(Table 4; Alexander & Herold, 2016):
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Table 4: ET-SCI indices used in this study (Alexander & Herold, 2016). 

ID Name Definition Equation Unit 

SU35 Very Hot Days Annual number of days when TX>=35°C Ὕὢ >= 35ᴈ Days 

CSDId User-defined Cold Spell Duration Indicator Annual number of n consecutive days where TN<10th 

percentile  

Ὕὔ < 10ὸὬ percentile Days 

CWN Cold Wave Number Number of cold waves occurring each winter ὉὅὍ  Ὕ , 

ὉὅὍ  Ὕ Ễ Ὕ Ⱦσπ, 

ὉὅὊҐ ҍὉὅὍίὭὫ Ҏ Ƴƛƴ όҍмΣὉὅὍὥὧὧὰ). 

Number of 

events 

CWD Cold Wave Duration Length of longest cold wave Identified by the CWN Days 

WSDId User-defined Warm Spell Duration Indicator Annual number of n consecutive days where TX>90th 

percentile 

ὝX > 90ὸὬ percentile Days 

HWN Heatwave Number Number of heatwaves occurring each summer ὉὌὍὥὧὧὰȢ Ὕὓ

Ễ Ὕὓ Ⱦσπ,  

ὉὌὍίὭὫȢ Ὕὓ . 

Number of 

events 

HWD Heatwave Duration Days Length of longest heatwave Identified by the HWN Days 
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4.4.2.1. Summary of ET-SCI Indices 

Very Hot Days (SU35): The number of days where the maximum temperature (TX) is above 

35°C. 

User-defined Cold Spell Duration Indicator (CSDId): The yearly number of days contributing 

to events where d or more days where the minimum temperature (TN) is below the 10th 

percentile. 

Cold Wave Number (CWN): The yearly number of cold waves defined by the Excess Cold 

Indices (ECI) and Factor (ECF). 

Cold Wave Duration (CWD): The length of the longest cold wave identified by the CWN and 

defined by the ECF. 

User-defined Warm Spell Duration Indicator (WSDId): The yearly number of days 

contributing to events where d or more days where the maximum temperature (TX) is above 

the 90th percentile. 

Heatwave Number (HWN): The number of individual heatwaves that occur each summer 

(November to March in the southern hemisphere). A heatwave is defined as three or more 

days, where the Excess Heat Factor (EHF) is positive. The EHF is a combination of two excess 

heat indices (EHI). 

Heatwave Duration Days (HWD): The length of the longest heatwave identified by the HWN, 

defined by the number of days. 

4.5. Statistical Trend Analysis  

Trend analyses have a wide variety of applications over a broad number of disciplines, 

including meteorology. Due to the popularity of trend analyses in climate research, several 

time series analyses have developed, including linear curve, accelerated increases, non-linear 

behaviour and non-parametric descriptions (Brown et al., 2012; Sillmann et al., 2013; 
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Mudelsee, 2019; Rathnayake, 2019). Although the linear regression is widely used, it is 

essential to note that it is prone to overestimating or underestimating the time series's slope 

(Onoz & Bayazit, 2003; Machiwal & Jha, 2008). One method that is considered the most 

appropriate in climatological trend analyses is the non-parametric Mann-Kendall trend test 

(Mann, 1945; Kendall, 1955; Onoz & Bayazit, 2003; Machiwal & Jha, 2008; Some'e et al., 

2013).  

 

The Mann-Kendall test uses the time series data to determine a monotonic downward and 

upward trend of extreme temperature series (New et al., 2006; Rehman, 2012; Blain, 2013; 

Abbas et al., 2018; Rathnayake, 2019). The trend is determined by using the null hypothesis 

as no trend; thus, the alternative hypothesis is a positive or negative trend. This can be a linear 

or a non-linear trend, and therefore the Mann-Kendall test can be seen as a replacement for 

linear regression models (Rathnayake, 2019; Yosef et al., 2019). Another reason why the test 

is popular in determining climate trends is that it does not require the data to be normally 

distributed, and therefore it is non-parametric (Onoz & Bayazit, 2003; Machiwal & Jha, 2008; 

Rathnayake, 2019). In conjunction with the Mann-Kendall, the Theil-Sen slope estimator is 

often used. This quantifies the magnitude of slopes and the median slope value (Sen, 1968; 

Davis et al., 2016; Poudel et al., 2020). 

 

For this study, the Mann-Kendall test is used together with the Theil-Sen slope estimator to 

determine the trends in extremely warm and cold weather events. Furthermore, to cross-

validate the Mann-Kendall test results, the Spearman's Rank correlation coefficient was 

calculated. Although both these methods are good in making long term analyses, the Mann-

YŜƴŘŀƭƭ ŀǊŜ ǎŜŜƴ ŀǎ ƳƻǊŜ ƛƴǘŜǊǇǊŜǘŀōƭŜ ό ŜƴΣ нлммΤ wŀǘƘƴŀȅŀƪŜΣ нлмфΤ !ƭŜƳǳ ϧ 5ƛƻƘŀΣ нлнлύΦ 
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As stated above, the Mann-Kendall test uses a null hypothesis (H0) as no trend evident. The 

latter is the alternative hypothesis (Ha), where there is a monotonical increase or decrease 

evident in the trends. Thus, the Mann-Kendall either rejects the H0 or accepts the Ha (Mann, 

1945; Kendall, 1975). The statistic S (Mann-Kendall test) is given by the following formula 

(Mann, 1945; Kendall, 1975; Rathnayake, 2019):  

Ὓ ίὫὲὼὼ ὼ  

1 

where ὼ and ὼ are time series, and ὲ is the number of data points in the time series. The 

"sgn" can be expressed as:  

ίὫὲὼ ὼ

ρȟ ὼ ὼ 

πȟ ὼ ὼ

ρȟ ὼ ὼ

 

2 

The Mann-Kendall variance is:  

ὠὥὶὛ
ὲὲ ρ ςὲ υ В ὸὭ Ὥ ρ ςὭ υ

ρψ
 

3 

where ά is the number of tied groups, and ὸ is the number of observations in the Ὥth tied 

group. Where the sample size ὲ > 10 the standard normal variable ὤ is computed: 

ὤ

ừ
Ử
Ừ

Ử
ứ
Ὓ ρ

ὠὥὶ Ὓ
ȟ        Ὓ π

πȟ                        Ὓ π
Ὓ ρ

ὠὥὶ Ὓ
ȟ        Ὓ π

 

4 
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The ὤ value follows a normal distribution. When the ὤ value is negative; it shows a 

downward trend, whereas a positive ὤ value shows an upward trend. It is important to note 

that the Mann-Kendall test uses several assumptions (Rathnayake, 2019):  

i. The data are identically distributed, and that the data is time-independent, 

ii. The conditions at the observation times are assumed to be the actual conditions, 

iii. The collection and handling of data occurred without any biased situation. 

In the two-tailed test ( at a given significance level ‌), the H0 is rejected for an absolute value: 

ȿὤȿ ὤ Ⱦ  

5 

Where the test for significance is performed at a 5% level (‌ = 0.005) (Phanda et al., 2014; 

Yosef et al., 2019; Poudel et al., 2020).  

The Theil-Sen estimator is used in conjunction with the Mann-Kendall to determine the 

slope's magnitude (Davis et al., 2016; Poudel et al., 2020). The estimator is resistant to 

extreme outliers like extreme lows and extreme highs (Wilcox, 2001). The slope can be 

calculated as follow (Sen 1968):  

‍ ὓὩὨὭὥὲ
ὼ ὼ

Ὦ Ὥ
ȟ Ὢέὶ  Ὦ Ὥ 

6 

where ‍ is Sen's slope estimate and, ὼ are the time value at Ὦ and ὼ are the time value at Ὥ. 

When ‍  π it indicates an upward trend in the time series. 

Spearman's Rank correlation coefficient was also used to determine monotonic trends in the 

time series and determine the degree of correlation between two variables (Rauf et al., 2016; 

Pohlert, 2020). This gives one a numerical value on the correlation or the degree of non-

correlation (Spearman, 1904; Sneyers, 1990). It is calculated as follow:  
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7 

where Ὑὢ  si the rank in the Ὥth observation ὢ in the sample size of ὲ. 

The add-in software XLSTAT 2020.2.1 (ADDinSoft, 2020) was used to calculate the Mann-

Kendal test, Sen's Slope estimator as well as Spearman's Rank correction Coefficient. 

 

 

4.6. Conclusion  

Extreme temperature events are becoming more frequent, and in areas where droughts and 

extreme temperatures are common, it can cause irreparable damage to the environment and 

its surrounding areas (GNR, 2011; Crawford & Terton; 2016; Grab & Zumthurm; 2018). Thus, 

there is a need to better understand extreme temperature events and have predictions for 

the future management of resources (Kuvare et al., 2008; Angula and Menjono, 2014). For 

this study, the TX and TN daily temperatures were collected from the Namibian Weather 

Network (2019). These temperatures were collected over 24 hours and for the duration of 10 

years. It was determined that only six of the eight stations had sufficient data. All the data 

from the selected stations had gone through quality control. The 12 ETCCDI indices and 10 

ET-SCI indices were calculated using RClimDex v1.9 and ClimPACT v2.. This was also done on 

a seasonal scale, Summer (Dec/Jan/Feb), Autumn (Mar/Apr/May), Winter (June/July/August) 

and Spring (Sept/October/November). The results are presented in Chapter 5. All the above-

mentioned statistical methods were used to address the aims and objectives (Section 1.3) of 

the study.
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 Results 

5.1. Introduction 

This study aims to determine the extreme temperature events (ETEs) over Namibia using the 

ETCCDI and ET-SCI. This chapter presents the results of the different indices, starting with the 

mean temperature events. It is further separated between warm and cold events. Under each 

index, the average conditions are discussed, followed by the trends at each station for the 

period. Lastly, it will discuss the seasonal trends where applicable. It is important to note that 

the WMO requires at least 30 years of data for trend analysis to show climate change. The 

study only represents ten years of data. Trends presented are therefore tested for statistical 

significance. If there are statistically significant trends, it cannot be taken as evidence of 

climate change as the results may reveal trends within longer-term cyclicities. The 

interpretation of the different results is represented in Chapter 6.  

 

5.2. Cold events 

5.2.1. Mean minimum temperatures (TNMean) 

The indices, TNMean, refers to the mean minimum temperature of a station. The timescale 

represented will be indicated at each description as either, for the period (2008-2018), year, 

or month. The TNMean conditions over Namibia range between 10.36°C and 13.17°C for the 

entire period with an average of 11.67°C. Windhoek experienced temperatures very close to 

the average TNMean. Swakopmund had the highest TNMean of 13.17°C and can be related 

to the fact that it is situated on the coast of Namibia. Hochfeld and Kalahari Farmhouse had 

the lowest TNMean of 10.36°C and 10.38°C, respectively. Namib Desert Lodge had the 

second-highest TNMean for the period, 12.87°C. There is an apparent increase in the TNMean 

from the western parts of the country towards the northeast and southeast of the country 

(Table 5).  
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Table 5:The average TNMean for 2008-2018. 

 

 

 

 

 

 

The majority of the stations (four of five) have increasing trends, with an overall rate increase 

of 0.13°C.y-1. Swakopmund has no increasing trend for the ten years, while Namib Desert 

Lodge, Hochfeld and Kalahari Farmhouse all have an increasing trend. Windhoek is the only 

station with a decreasing trend of 0.03°C.y-1. Namib Desert Lodge had an increasing trend of  

of 0.34°C.y-1 for TNMean(Supporting Table 1; Figure 4a). From the west coast towards the 

northeast and the southeast, there is an increasing pattern in the trend for TNMean. In 

summer, four of the five stations have an average increasing rate of 0.12°C and Swakopmund 

decreasing by 0.07°C.y-1 (Figure 5a). Hochfeld and Kalahari Farmhouse has the fastest 

increasing trend. During autumn, Hochfeld, Namib Desert Lodge and Windhoek are increasing 

at a rate of >0.22°C.y-1. Kalahari Farmhouse and Swakopmund are both decreasing at a rate 

of >0.09°C.y1-. Most stations have an increasing trend except for Swakopmund that has no 

trend for the period (Figure 5b).  Desert Lodge has a statistically significant increasing trend 

of 0.42°C.y-1 for winter (Figure 5c). All the stations have an increase of >0.34°C.y1- for spring, 

with Hochfeld having an increasing trend of 1.04°C for 2008-2018. Namib Desert Lodge is the 

only station for spring that has a statistically significant increase of 0.37°C.y-1 (Figure 5d). The 

central, northeast, southeast and southwestern part of the country has the fastest rate of 

increase in TNMean, while the west coast shows little to no increase.  

Station 

ETCCDI 

TNMean 

(°C) 

Hochfeld 10.36 

Kalahari Farmhouse 10.38 

Namib Desert Lodge 12.87 

Swakopmund 13.17 

Windhoek 11.58 



 

50 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Trends of TNMean (a), and TNn (b). Open downward and upward triangles indicate negative and positive 

trends. Squares indicate no trend. Solid downward and upward triangles indicate trends that are statistically significant 

at the 5% level 

 

 

(a) 

(b) 
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Figure 4: Trends of TXn (c), and FD (d). Open downward and upward triangles indicate negative and positive trends. 

Squares indicate no trend. Solid downward and upward triangles indicate trends that are statistically significant at the 

5% level.

(d) 

(c) 
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Figure 5: Seasonal trends of TNMean (a) Summer, and (b) Autumn. Open downward and upward triangles indicate 

negative and positive trends. Squares indicate no trend. Solid downward and upward triangles indicate trends that are 

statistically significant at the 5% level. 
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Figure 5: Seasonal trends of TNMean (c) Winter, and (d) Spring. Open downward and upward triangles indicate 

negative and positive trends. Squares indicate no trend. Solid downward and upward triangles indicate trends that are 

statistically significant at the 5% level. 

(c) 

(d) 
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5.2.2. Coldest day (TXn), coldest night (TNn) and Frost days (FD) 

The indices refer to the following: TXn, the maximum daily maximum temperature for each 

month, TNn, the minimum daily minimum temperature for each month and, FD, the yearly 

number of days where the daily minimum is below 0°C. The timescale represented will be 

indicated at each description as either, for the period (2008-2018), year, or month. The 

average TXn for Namibia was 19.09°C for 2008-2018, with almost all of the stations 

experiencing an average TXn of >19°C. Swakopmund is below the average TXn at 15.40°C for 

the period. The highest average TXn was recorded for Namib Desert Lodge, 22.26°C. Hochfeld, 

Kalahari Farmhouse and Windhoek all recorded a TXn slightly above 19°C. There is an increase 

in TXn moving from the west coast towards the southwest and eastern parts (Table 6). The 

average TNn experienced for all stations is <10°C with an average over Namibia of 6.16°C. 

Swakopmund recorded an average TNn of 9.93°C, and it is also the highest TNn measured for 

the period. The average TNn for Windhoek was 7.13°C and 6.07°C for Namib Desert Lodge. 

Hochfeld experienced an average TNn of 5.35°C, and Kalahari Farmhouse recorded the lowest 

average TNn of 4.57°C between 2008-2018. There is a decreasing trend in the TNn moving 

towards the country's southeast (Table 6). The average number of FD for the country is 3 

days.y-1 with only two stations experiencing >1 FD per year. Swakopmund recorded no FD 

over the period, while Windhoek and Hochfeld recorded 0.09 and 0.22 days, respectively. An 

average of 2 days was recorded for Namib Desert Lodge and 12 days for Kalahari Farmhouse. 

There is an increase in FD towards the southeastern parts of the country (Table 6). 
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Table 6: The average TXn, TNn and FD for 2008-2018 

Station 

ETCCDI 

TXn  
(°C) 

TNn 
(°C) 

FD  
(days) 

Hochfeld 19.16 5.35 0.22 

Kalahari Farmhouse 19.08 4.57 11.70 

Namib Desert Lodge 22.26 6.07 2.11 

Swakopmund 15.40 9.93 0.00 

Windhoek 19.56 7.13 0.09 

 

Almost all stations experienced an increasing trend over TXn, with an average increase of 

0.08.y-1 for Namibia. Windhoek was the only station to experience a decrease of 0.11°C.y-1, 

with Swakopmund recording no trend over the period. Hochfeld and Kalahari Farmhouse 

recorded an increase of >0.05°C.y-1. The fastest increasing trend was recorded in Namib 

Desert Lodge, and the station experienced an increase in TNx of 0.39°C.y-1 (Appendix 1.1; 

Figure 4c). Only one station experienced a decreasing trend in TNx and recorded a decrease 

of 0.02°C.y -1 for Kalahari Farmhouse. Swakopmund and Windhoek recorded an increase of 

>0.05°.y-1 while Hochfeld recorded an increase of 0.31°C y-1. The fastest recorded increase in 

trend was in the southeastern part of the country at Namib Desert Lodge, which experienced 

an increase of 0.34°C.y-1 for 2008-2018 (Appendix 1.1; Figure 4b). Only two of the five stations 

experienced any trend in FD over the period. Namib Desert Lodge experienced a decreasing 

trend of 0.55 days.y-1, while Kalahari Farmhouse recorded an increase of 0.83 days.y-1 

(Appendix 1.1; Figure 4d).  

 

Only one station recorded a decreasing trend for TNn in summer. Windhoek experienced a 

decrease of 0.37°C.y-1. Swakopmund experienced an increase of 0.09°C.y-1 while Hochfeld, 

Kalahari Farmhouse and Namib Desert Lodge all recorded an increase of >0.1°C.y-1 (Appendix 

1.7; Figure 6a). During autumn, three stations experienced an increase in TNn. Namib Desert 

Lodge recorded an increase of 0.04°C.y-1 while Swakopmund and Windhoek recorded an 
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increase of >0.1°C.y-1. Swakopmund had an increasing trend in TNn of 0.18°C.y-1. Hochfeld 

and Kalahari Farmhouse experienced a decreasing trend, with Kalahari Farmhouse 

experienced a decreasing trend  of 0.14°C.y-1 (Appendix 1.7; Figure 6b). All the stations 

recorded an increasing trend of > 0.1°C.y-1 for winter. The slowest increase was recorded in 

Swakopmund, 0.13°C.y-1 and Kalahari Farmhouse, 0.27°C.y-1. Windhoek and Hochfeld 

experienced increases of >0.3°C.y-1 while Namib Desert Lodge recorded a statistically 

significant increase of 0.64°C.y-1 (Appendix 1.7; Figure 6c). Kalahari Farmhouse was the only 

station to record a decreasing trend, 0.15°C.y-1, in TNn for spring. Swakopmund and 

Windhoek experienced an increase of >0.01°C.y-1, and Hochfeld and Namib Desert Lodge 

recorded an increase of 0.2°C.y-1. The lowest recorded increase was in Windhoek, 0.01°C.y-1. 

Hochfeld experienced an increasing trend of 0.71°C.y-1. The northeast and southwest of the 

country experience the fastest increasing trends (Appendix 1.7; Figure 6d). 

 

Four of the five stations experienced an increasing trend in TXn for summer. Windhoek was 

the only station to record a decrease in the trend of 0.2°C. y-1. Swakopmund recorded the 

slowest increase in trend with only 0.27°C. y-1. Both Kalahari Farmhouse and Hochfeld 

experienced an increase of > 0.4°C.y-1, and Namib Desert Lodge was the only station to record 

a statistically significant increase in TXn of 0.74°C.y-1 (Appendix 1.6; Figure 7a). All of the 

stations recorded an increase in the TXn trend for autumn. Swakopmund and Kalahari 

Farmhouse recorded an increase of < 0.1°C.y-1, while Namib Desert Lodge, Windhoek and 

Hochfeld recorded an increase of > 0.5°C.y-1. Hochfeld experienced the fastest increase in the 

TXn trend for autumn, 0.78°C.y-1, and Swakopmund recorded the lowest increase, 0.05°C.y-1 

(Appendix 1.1; Figure 7b). Almost all of the stations experienced an increasing TXn trend for 

winter, except Windhoek, which for which a decrease of 0.2°C.y-1. Swakopmund was the 
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station with the slowest trend of 0.05°C.y-1 while Namib Desert Lodge, Hochfeld and Kalahari 

Farmhouse experienced an increase of > 0.9°C.y-1. Statistically significant trends are 

calculated for Namib Desert Lodge, with an increase of 0.91°C.y-1, and Kalahari Farmhouse, 

with a  increase of 1.15°C.y-1 (Appendix 1.6; Figure 7c). In spring, only Kalahari Farmhouse 

experienced a decrease in TXn of 0.16°C.y-1. Namib Desert Lodge recorded an increase of 

0.01°C.y-1, and Swakopmund recorded an increase of 0.1°C.y-1. Hochfeld experienced an 

increasing trend of 1.74°C.y-1. There is a stronger increase in trends from central Namibia 

towards the northeast of the country (Appendix 1.6; Figure 7d).  
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Figure 6: Seasonal trends of TNn (a) Summer, and (b) Autumn. Open downward and upward triangles indicate negative 

and positive trends. Squares indicate no trend. Solid downward and upward triangles indicate trends that are 

statistically significant at the 5% level. 
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Figure 6: Seasonal trends of TNn (c) Winter, and (d) Spring. Open downward and upward triangles indicate negative 

and positive trends. Squares indicate no trend. Solid downward and upward triangles indicate trends that are 

statistically significant at the 5% level.
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