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Foreword 

Climate change is widely recognized as one of the most significant challenges of the 21st century, 

with far-reaching implications for sustainable development, natural ecosystems, and human well-

being. In Ghana, observed increases in temperature and growing variability in rainfall patterns 

highlight the importance of strengthening climate information systems to support effective 

planning, risk management, and long-term resilience. 

The Ghana Climate Atlas Report: Future Changes in Climate over Ghana provides an important 

scientific foundation for understanding how the countryôs climate may evolve throughout the 21st 

century. The report presents projections of key climate indicators including temperature, rainfall, 

and sea level rise under different greenhouse gas emission scenarios and across multiple future 

time periods. By examining these projections both at the national scale and across Ghanaôs agro-

climatic zones, the report provides valuable insights into potential regional differences in future 

climate conditions. 

The results presented in this report indicate a clear warming trend across Ghana under all emission 

scenarios, with the magnitude of warming increasing toward the end of the century. While 

projected changes in annual rainfall are generally minimal, the analysis highlights important 

seasonal variations and regional differences that may have implications for agriculture, water 

resources, infrastructure planning, and other climate-sensitive sectors. In addition, projected sea 

level rise poses increasing risks to Ghanaôs coastal ecosystems, communities, and infrastructure. 

Access to credible and scientifically robust climate information is essential for strengthening 

national climate adaptation and resilience efforts. The Ghana Climate Atlas, therefore, represents 

an important contribution to Ghanaôs climate service framework, providing policymakers, 

planners, researchers, and development partners with reliable evidence to support climate risk 

assessments, development planning, and the design of effective adaptation strategies. 

It is my sincere hope that this report will serve as a key reference for stakeholders across 

government, academia, the private sector, and civil society as Ghana continues to strengthen its 

preparedness for the impacts of climate variability and long-term climate change. 
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Preface 

In recent years, the climate of Ghana has been experiencing shifts from what is generally 

considered as normal conditions and this is manifesting through rising temperatures, increased 

rainfall variability, rising sea levels, and high incidence of weather extremes such as flood and 

droughts. Information about the current and future climate is therefore critical to support informed 

decision-making. 

 In 2023, Ghana Meteorological Agency (GMet) successfully launched the National Framework 

for Climate Services (NFCS), an initiative that is built upon the World Meteorological 

Organization's (WMO) five pillars of the Global Framework for Climate Services (GFCS). It 

encompasses the generation and provision of a wide range of information on past, present and 

future climate and its impacts on natural and human systems.  

To achieve the NFCSôs objectives, GMet is collaborating with the Danish Meteorological Institute 

(DMI) and the Danish Embassy in Accra under the Strategic Sector Cooperation (SSC) project to 

develop a maiden GMet-centric Ghana Climate Atlas. This partnership exemplifies how 

international cooperation can foster local capacity building while addressing the global challenge 

of climate change. The collaboration is designed to propel GMet towards its vision of becoming 

the leading meteorological service provider in the sub-region.  

To achieve co-production, stakeholders in the climate sensitive sectors were presented with the 

initial results where inputs and feedback received were incorporated into generating the first 

version of the Ghana Climate Atlas. This report serves as a foundation for the first version of the 

Ghana Climate Atlas. It focuses on future changes in temperature, rainfall, and sea level rise. at 

the national level and across the various agro-climatic zones of Ghana. 

This publication presents projections of key climate indicators, including average annual and 

seasonal temperature, total annual and seasonal rainfall, and mean sea level. These projections are 

analyzed across three future time periods; the near term (2021ï2040), middle of the century herein 

referred to as mid century (2041ï2060), and the end of the century (2081ï2100) and are examined 

at both the national scale and across Ghanaôs five agro-climatic zones: Coastal, Forest, Transition, 

Guinea Savannah, and Sudan Savannah. This agro-climatic zones perspective provides important 

insights into potential regional variations in future climate conditions. 

The analysis presented in this report draws on both observational datasets and regional climate 

model simulations. Historical climate conditions are represented using a high-resolution gridded 

dataset developed by the Ghana Meteorological Agency, which integrates station observations with 

reanalysis temperature data and satellite-based rainfall estimates to produce climate information 

at approximately 4 km spatial resolution, thereby improving spatial coverage and reliability across 

the country. Future climate projections are derived from an ensemble of approximately 39 Regional 

Climate Model simulations from the CORDEX-Africa suite. 

Recognizing the inherent uncertainties associated with climate modelling, the report adopts a 

multi-model ensemble approach to capture a range of possible future climate outcomes. This 

approach allows the Atlas to present both central projections and the spread of model results, 

thereby providing a more robust basis for assessing potential climate risks. 
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The Ghana Meteorological Agency hopes that the information presented in this report will support 

policymakers, researchers, and practitioners in integrating climate considerations into 

development planning and sectoral decision-making. By strengthening the scientific foundation 

for climate services in Ghana, the Climate Atlas contributes to the countryôs broader efforts to 

enhance resilience to climate variability and long-term climate change. 
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About GMet 

The Ghana Meteorological Agency (GMet) established under Act 682 (2004), is mandated to 

provide meteorological services and ensure the operation and maintenance of international 

standards and practices in meteorology in the country. The Agency advises the government on 

weather and climate matters while issuing forecasts for aviation, maritime operations, oil rigs, and 

socio-economic sectors. GMet's information, advisories, and warnings support agriculture, 

aviation, transport, hydrology, energy, and water resource management, mitigating natural hazards 

like floods, storms, and droughts to safeguard socio-economic development.  

With a vision to lead meteorological services in the sub-region, GMet's mission is to provide 

efficient weather and climate services for Ghana's sustainable growth. Key climate services span 

nowcasts, public weather forecasts, aeronautical and marine/inland water forecasts, sub-seasonal 

to seasonal (S2S) predictions, climate projections, flood/drought bulletins, agrometeorological and 

climatological summaries, numerical weather prediction (Weather Research and Forecasting), 

equipment calibration, and high-quality climate data. 

GMet's climate services, including the Ghana Climate Atlas, align with the Early Warning for All 

initiative (EW4All) and National Framework for Climate Services (NFCS). ISO 9001:Certified 

under a Quality Management System (QMS), these services ensure compliance with international 

standards, enabling tailored climate information for resilient decision-making   
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Summary 

By the end of the century (2081-2100), in a medium emission scenario, the best estimate of 

Ghanaôs future climate compared to the 1991-2020 reference period will be characterized by the 

following climatic changes: 

Annual Temperature 

Ghanaôs average annual temperature is projected to increase by about 1.5ÁC, reaching 

approximately 29.3ÁC. The Coastal, Forest, and Transition zones are each expected to warm by 

around 1.4ÁC, while the Guinea Savannah is projected to warm by about 1.5ÁC, and the Sudan 

Savannah is expected to experience the highest increase of approximately 1.7ÁC. 

Seasonal Temperature 

Across Ghana, seasonal temperatures are projected to increase most during the December-January-

February (DJF) dry season, with a national average rise of about 1.6ÁC, while the smallest increase 

of about 1.3ÁC is expected during the July-August-September (JAS). 

Below are the temperature projections for the Agro-climatic zones: 

¶ Coastal Zone: Relatively spatially uniform warming, with increases ranging between 

1.3ÁC and 1.4ÁC across all seasons. 

¶ Forest Zone: Highest increases of about 1.5ÁC during AMJ and DJF; lowest of 1.3ÁC 

during JAS and SON. 

¶ Transition Zone: Highest increase of 1.5ÁC during DJF; lowest of 1.3ÁC during SON. 

¶ Guinea Savannah: Highest increases of 1.6ÁC during AMJ and DJF; lowest of 1.3ÁC 

during JAS. 

¶ Sudan Savannah: Highest increases of 1.8ÁC during AMJ and DJF; lowest of 1.3ÁC during 

JAS. 

Annual Rainfall 

Total annual rainfall for Ghana is projected to increase by 22mm (1.8%) relative to the reference 

period value of 1221mm. These projected changes are very small, and year-to-year variations fall 

within the models' uncertainty range, indicating that only minimal changes in annual rainfall are 

expected nationally. 

Seasonal Rainfall 

Among the rainy seasons, July-August-September (JAS) will experience the most increase 

nationally, with an increase of about 18mm (3.9%) followed by September- October-November 

(SON) with about 13mm (3.6%). However, April-May-June is expected to have a decline in 

rainfall of about 8mm (1.7%). 

  



 

vii  

 

Below are the rainfall projections for the Agro-climatic zones: 

¶ Coastal Zone: Annual rainfall decreases slightly by 6mm (0.6%). The SON season is 

expected to have the largest increase of 18mm (7.0%), while the AMJ major rainy season 

declines sharply by 16mm (3.5%).  

¶ Forest Zone: Annual rainfall increases slightly by 20mm (1.4%). The JAS season is 

expected to have the largest increase of 24mm (6.2%), while AMJ declines by 9mm (1.7%). 

¶ Transition Zone: Annual rainfall increases by 15mm (1.3%). The JAS season is expected 

to have the largest increase of 20mm (5.2%), while AMJ declines by 8mm (1.7%). 

¶ Guinea Savannah: Annual rainfall increases by 26mm (2.3%). The SON season is 

expected to have the largest increase of 9mm (2.7%), while AMJ declines by 6mm (1.6%). 

¶ Sudan Savannah: Annual rainfall increases slightly by 31mm (3.2%). The SON peak rainy 

season is expected to have the largest increase of 10mm (4.7%), while AMJ declines by 

6mm (2.2%). 

These projected changes in future rainfall are very small, and the year-to-year variations fall within 

the modelsô uncertainty range. This means we can communicate that only minimal changes in 

rainfall are expected  

 

Sea-level rise 

¶ A continuous rise in mean sea level ranging from 0.4 to 0.7m is expected. 
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1.0 Introduction 

1.1 Ghana Climate Atlas   

The issue of climate change has gained a lot of traction on the world stage, especially since the 

start of the 21st century. Climate change affects the environment in different ways, including rising 

temperatures, sea level rise, heatwaves, strong winds, drought, and extreme rainfall events among 

many others (IPCC, 2021). These hazards are experienced differently from region to region, and 

some places are more vulnerable than others (IPCC, 2018). This report is part of the Ghana Climate 

Atlas showing results of how the climate in Ghana is projected to change in the 21st century under 

multiple future scenarios both annually and seasonally. This report shows climate change results 

focusing on a few selected key indicators; average annual temperature, average seasonal 

temperature, total annual rainfall, total seasonal rainfall, and average annual sea level rise (SLR) 

both at the national level and across Ghanaôs various agro-climatic zones (SLR only applies to the 

coastal areas). 

1.2 Ghanaôs Observed Climate 

Ghana is located along the southern coast of West Africa and is bordered by Togo to the east, C¹te 

dôIvoire to the west, Burkina Faso to the north, and the Atlantic Ocean (Gulf of Guinea) to the 

south. The country lies approximately between latitudes 4.5ÁN and 11.5ÁN and longitudes 1.5ÁE 

and 3.5ÁW. 

Ghanaôs climate is strongly influenced by its location within the tropical West African region and 

by the seasonal movement of the Inter-Tropical Discontinuity (ITD), which separates moist south-

westerly winds from the Atlantic Ocean and dry north-easterly winds from the Sahara Desert. As 

the ITD moves northward and southward throughout the year, it determines the onset, intensity, 

and duration of rainfall across the country. Consequently, the rainfall patterns differ between the 

southern and northern parts of Ghana. 

In recent decades, however, Ghanaôs climate has shown signs of gradual change consistent with 

global climate change trends. Observational records indicate rising temperatures, increasing 

variability in rainfall patterns, and a growing frequency of extreme weather events such as floods 

and droughts. These changes pose significant risks to key sectors including agriculture, water 

resources, energy, infrastructure, and public health. 

Understanding how Ghanaôs climate is changing over time is crucial for planning effective 

adaptation and resilience strategies. The Ghana Climate Atlas, therefore, offers a comprehensive 

assessment of the countryôs future climate relative to historical conditions under different emission 

scenarios  
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Rainfall and Temperature Patterns 

 

Figure 1 Rainfall and Temperature climatology of Ghana (1991 -2020) 

In the southern sector of Ghana (south of 8ÁN), rainfall follows a bimodal pattern, meaning two 

distinct rainy seasons occur within the year. The major rainy season typically extends from March 

to July, while the minor rainy season occurs between September and November. Between these 

two seasons, rainfall temporarily reduces during August; a period commonly referred to as the 

ñlittle dry seasonò. Average monthly temperatures typically range between 25ÁC and 30ÁC, with 

relatively small seasonal variations but noticeable differences across regions. 

In contrast, the northern sector of Ghana (north of 8ÁN) experiences a unimodal rainfall pattern, 

that is, a single rainy season that typically begins around April and lasts until October. Average 

monthly temperatures are generally high throughout the year, typically ranging between 26ÁC and 

32ÁC, reflecting the regionôs location within the tropical savannah belt and its stronger exposure 

to dry continental air mass during the dry season (December-January-February). 
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Trends and Anomaly 

      

Temperatures have gradually increased over the period as shown in the figure 2(a), reflecting a 

steady warming of Ghanaôs climate over time. Figure 2(b) illustrates how rainfall in Ghana have 

changed over time. It shows that rainfall varies considerably from year to year, with some years 

experiencing higher totals and others noticeably lower. While there are periods with relatively high 

rainfall amounts, the overall pattern suggests that rainfall is highly variable.  

In terms of anomalies, as shown in Figure 3(a), temperature shows a clear shift over time. Earlier 

years were generally cooler than the long-term average, while more recent years are mostly 

warmer. The increasing number of positive temperature anomalies in recent years suggests that 

warmer than average conditions have become more common. 

       

The rainfall anomalies shown in Figure 3(b), on the other hand, show much greater variability. 

Some years experienced above normal rainfall, while other years were below normal. Unlike 

temperatures, rainfall does not show a strong or consistent long-term trend but rather fluctuates 

from year to year. 

1.3 Emission scenarios  

Long-term emission scenarios describe different possible pathways for how global greenhouse gas 

emissions may change in the future based on how the world might produce or reduce greenhouse 

gases in the future (Pedersen et al., 2021). Emission scenarios help understand what the climate 

Figure 2. Average Annual Temperature and Rainfall Trend of Ghana (1981 - 2025) 

Figure 3. Standardized Rainfall and Temperature Anomaly for Ghana (1981 -2025) 

(a) (b) 

(a) (b) 
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could look like under different choices made today. These scenarios guide much of todayôs climate 

research and provide governments with useful information when planning climate risks and 

solutions. The Ghana Climate Atlas provides the opportunity to see how the climate in Ghana is 

projected to change under different emission scenarios derived from the Intergovernmental Panel 

on Climate Change (IPCC) reports. The IPCC's fifth assessment report (AR5) and special reports 

from 2018 and 2019 used the so-called RCPs scenarios ("Representative Concentration 

Pathways"), while the sixth assessment report (AR6) and special reports from 2021 and 2022 used 

a new set of scenarios called SSPs ("Shared Socioeconomic Pathways"). The RCPs describe 

different levels of future greenhouse gas concentrations based on how much the world warms, 

whereas the SSPs describe possible socioeconomic futures such as population, development, and 

technology, combined with emission pathways to assess future climate outcomes (IPCC, 2021). 

The scenarios used in this report are a low (RCP2.6/SSP1-2.6), a medium (RCP4.5/SSP3-4.5), 

and a high (RCP8.5/SSP5-8.5) emission scenario. 

A low emission scenario is representative of scenarios that lead to low greenhouse gas 

concentration levels due to decline in emissions of carbon dioxide (CO2) by mid century, 

eventually becoming negative by the end of the century, which is in line with the Paris Agreement. 

A medium emission scenario has CO2 emissions remaining around current levels until mid century, 

then declines towards the end of the century. A high emission scenario has CO2 emissions rising 

steadily and roughly doubling from current levels by the end of the century, where global warming 

is likely to be 2ÁC (Van Vuuren et al., 2011). 

1.4 Data sources, time periods and uncertainty levels 

The Atlas relies on a station gridded merged dataset developed by GMet, which integrates station 

observations with reanalysis data for temperature and satellite-based estimates for rainfall. By 

blending spatially continuous, high-resolution reanalysis and satellite datasets with accurate 

ground-based gauge measurements, this generates a refined gridded dataset at approximately 4km 

that improves both spatial coverage and reliability.  

For future projections, the Atlas uses simulations from CORDEX-Africa. These regional climate 

models, at approximately 25 to 50km grid spatial resolution, downscaled global climate models 

to provide region-specific information for Africa. An ensemble of about 39 Regional Climate 

Model combinations is used for Ghana to capture a broad spectrum of possible climate futures.  

Since climate models do not perfectly reproduce observed conditions, the Ghana Climate Atlas 

applies Quantile Delta Mapping (QDM) to correct systematic biases. This statistical method aligns 

the distribution of model outputs with observed historical records while preserving the projected 

climate change signal. The calibration is based on the 1991ï2020 reference period, which 

corresponds to the latest World Meteorological Organization climatological normal.  The final 

product after calibration is a QDM bias-corrected and statistically downscaled climate data at 4 

km spatial grid resolution. 
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The reference period used in the Ghana Climate Atlas is the 1991-2020 average inspired by the 

latest IPCC assessment report (AR6). Ghana Climate Atlas shows analysis of climate at four 

averaged time periods, i.e., reference period (1991-2020), near term (2021-2040), mid century 

(2041-2060) and end of century (2081-2100).   

Since no single climate model can perfectly capture all aspects of the future climate, we need to 

communicate the uncertainty in the projections. The 10th and 90th percentiles around the median 

(50%) show the range of results produced by different climate models. This range represents model 

uncertainty, it helps us understand how confident we can be in the projections and reminds us that 

future climate outcomes are not a single fixed number but fall within a spread of possible values. 

In the Ghana Climate Atlas, the uncertainty is shown as 10th and 90th percentiles around the 

median value (50%). The climate models used were based on the climate model democracy 

approach (Knutti, 2010). This is an approach that refers to the practice of treating all climate 

models equally when analyzing future climate projections, rather than assigning different weights 

based on their perceived accuracy or reliability. This approach is widely adopted in multi-model 

ensembles used for estimating climate change signals, where outputs from multiple climate models 

are averaged to make climate projections. 

1.5 Guide to figures 

The report shows aggregated information in two different formats: maps and boxplot. How to read 

a boxplot is described in Figure 4. All figures show climate information in relation to emission 

scenarios and time periods. The graphs and boxplots also indicate the uncertainty intervals. It is 

most likely that the change is around the median, but the upper and lower bounds give an idea of 

how large the uncertainty is. 

 

Figure 4. Interpreting the boxplot figures. Example of change in average annual rainfall across Ghana. 

In this hypothetical example showing average annual rainfall across Ghana, the best guess (the 

median shown by a solid line) at the end of the century under a high emissions scenario is 1145mm, 

an increase of 23mm compared to the reference value of 1122mm. The lower bound (10th 

percentile of the models) is 1042mm, indicating a decrease of 80mm and the upper bound (90th 

percentile of the models) is 1231mm, indicating an increase of 109mm.
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2.0 Climate Projections 

This section examines key climate indicators; average temperature, total rainfall and sea level rise 

(SLR), critical to understanding climate change in Ghana. Rising temperatures, shifting rainfall 

patterns, and possible coastal erosion due to SLR poses significant environmental and socio-

economic challenges in the country. Analyzing trends of these indicators provides insight into 

current and future climate risks which may inform adaptation and mitigation strategies. 

2.1 Average Annual Temperature 

 

Figure 5. Variations in average annual temperature (50th percentile) in Ghana under low, medium and high 

emission scenarios for the near term (2021-2040), mid century (2041-2060) and end of century (2081-

2100) periods. The stand-alone plot on the far left shows the reference period (1991-2020)  
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The projections for average annual temperature over the entire country show a general increase 

under all three emission scenarios: low, medium, and high for the near term, mid century and end 

of century. The medium and high emission scenarios show a higher increase towards the end of 

century especially in the northern part of the country, middle belt through to the south-eastern 

portion of the country. As expected, annual temperatures in Ghana are highest under the high-

emission scenario toward the end of the century, reflecting the stronger global warming projected 

under this pathway. 

 

Figure 6. Average annual temperature boxplot under three emission scenarios in Ghana. The figure shows 

temperature projection for the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium and 

high emission scenarios are represented by blue, orange and red colored bars respectively. The uncertainty 

bounds shown on the plot are the 10th to 90th percentiles of the models. 

Average annual temperature projection for Ghana shows a general increase in temperature above 

the 27.8ÁC reference period average under all three emission scenarios from the near term to the 

end of century as shown in Figure 6. Projections for a low emission scenario show a modest 

increase of about 0.4ÁC, 0.6ÁC, and 0.5ÁC for the near term, mid century and end of century 

respectively. A medium emission scenario indicates an increase of 0.6ÁC, 1.0ÁC and 1.5ÁC for the 

near term, mid century and end of century, respectively. For a high emission scenario, the average 

temperature increase towards the end of century is 3.7ÁC whereas the near term and mid century 

are projected to increase by 0.7ÁC and 1.6ÁC respectively. Average annual temperature is therefore 

expected to be 29.3ÁC with uncertainty range between 28.8ÁC and 29.5ÁC at the end of century 

under a medium emission scenario.  
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2.2 Average Seasonal Temperature 

  

Figure 7. Average seasonal temperature boxplots for (a) Apr-Jun (AMJ), (b) Jul-Sep (JAS), (c) Sep-Nov 

(SON) and (d) Dec-Feb (DJF) seasons under three emission scenarios in Ghana. The figures show the 

temperature average in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium and high 

emission scenarios are represented by blue, orange and red colored bars respectively. The uncertainty 

bounds shown on the plot are the 10th to 90th percentiles of the models. Note that the y-axis ranges differ 

between panels for clarity. 

In Figure 7(a), the average seasonal temperature for April-May-June (AMJ), with reference period 

value of 28.6ÁC, is projected to rise by 0.5ÁC, 0.6ÁC and 0.8ÁC under a low, medium and high 

emission scenarios respectively for the near term period. Temperature during the mid century is 

expected to increase by 0.7ÁC, 1.0ÁC and 1.7ÁC, for a low, medium and high emission scenario, 

respectively. The end of century projection shows an increase of 0.6ÁC for a low emission scenario, 

1.5ÁC for a medium emission scenario and 3.7ÁC for a high emission scenario. 

With an average seasonal temperature of 26.0ÁC for the reference period, the projection for July-

August-September (JAS) as shown in Figure 7(b), depicts an increase of 0.4ÁC for the near term, 

0.7ÁC for mid century and 0.5ÁC at the end of century under a low emission scenario. A medium 

emission scenario shows an increase of 0.5ÁC, 0.9ÁC and 1.3ÁC for the near term, mid century and 
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end of century respectively. A high emission scenario projects an increase of 0.6ÁC, 1.4ÁC and 

3.3ÁC for the near term, mid century and end of century respectively. 

Projections for the average seasonal temperature for September-October-November (SON) 

relative to a reference period value of 27.0ÁC indicate an increase of 0.4ÁC for near term, 0.7ÁC 

for mid century and 0.5ÁC for end of century under a low emission scenario. A medium emission 

scenario projects an average temperature rise of 0.6ÁC, 1.0ÁC and 1.4ÁC for near term, mid century 

and end of century periods respectively. A high emission scenario shows an increase of 0.7ÁC and 

1.5ÁC for the near term and mid century respectively while the end of century shows an increase 

of 3.6ÁC as displayed in Figure 7(c). 

The average seasonal temperature projection for December-January-February (DJF), with 

reference period value of 28.2ÁC, as shown in Figure 7(d), depicts an increase of 0.5ÁC for the 

near term and 0.6ÁC for both the mid century and end of century under a low emission scenario. A 

medium emission scenario shows an increase of 0.7ÁC, 1.2ÁC and 1.6ÁC for the near term, mid 

century and end of century respectively. A high emission scenario projects an increase of 0.8ÁC for 

the near term, 1.7ÁC for the mid century and 4.1ÁC for the end of century. 
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2.3 Total Annual Rainfall 

 

Figure 8. Variations in total annual rainfall (50th percentile) in Ghana under low, medium and high emission 

scenarios for the near term (2021-2040), mid century (2041-2060) and end of century (2081-2100). The 

stand-alone plot on the far-left shows for the reference period (1991-2020). 

In Figure 8, the total annual rainfall projections for Ghana, for the near term, mid century and end 

of century as compared to the reference period show minimal increase under all the three emission 

scenarios (low, medium, and high). However, rainfall is highest in the southwest and far eastern 

parts of the country and decreases northwards. The variability in rainfall over Ghana is more 

pronounced when analyzed on a seasonal level.  
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Figure 9. Total annual rainfall boxplot under three emission scenarios in Ghana. The figure shows rainfall 

projection for the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium and high emission 

scenarios are represented by blue, orange, and red colors respectively. The uncertainty bounds shown on 

the plot are the 10th to 90th percentiles of the models.  

 

Total annual rainfall projection for Ghana shows a slight increase above the reference period value 

of 1221mm for all three emission scenarios from the near term to the end of century, as shown in 

Figure 9, albeit with wide uncertainties.  On average, rainfall is projected to slightly increase by 

13mm (1.1%) for near term,12mm (1.0%) for both mid century and end of century under a low 

emission scenario. An increase of 13mm (1.1%), 23mm (1.9%) and 22mm (1.8%) is expected for 

the near term, mid century and end of century respectively under a medium emission scenario. 

Under a high emission scenario, rainfall is projected to increase by 12mm (0.9%) for the near term, 

22mm (1.8%) for mid century and 17mm (1.4%) by end of century. 
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2.4 Total Seasonal Rainfall 

 

  

Figure 10. Total seasonal rainfall boxplots for (a) Apr-Jun (AMJ), (b) Jul-Sep (JAS), (c) Sep-Nov (SON) 

and (d) Dec-Feb (DJF) seasons under three emission scenarios in Ghana. The figures show the average 

rainfall in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium and high emission 

scenarios are represented by blue, orange and red colors respectively. The uncertainty bounds shown on 

the plot are the 10th to 90th percentiles of the models. Note that the y-axis ranges differ between panels for 

clarity. 

Rainfall projection for April-May-June (AMJ) season as depicted in Figure 10(a), shows a 

decrease of 11mm (2.5%) for the near term, 6mm (1.4%) for the mid century, and 13mm (2.8%) 

for the end of century under a low emission scenario, compared to the reference period amount of 

444mm. Under a medium emission scenario, rainfall is projected to increase by 6mm (1.3%) for 

the near term and 8mm (1.7%) for the end of century with no change expected during the mid 

century. Under a high emission scenario, rainfall is expected to decrease across all time periods by 

8mm (1.8%) for the near term, 13mm (2.8%) for the mid century and 31mm (7.0%) for the end of 

century. 
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The projection for July-August-September (JAS) in comparison with the reference period value of 

469mm as presented in Figure 10(b) shows an increase for all time periods. A low emission 

scenario depicts an increase of 23mm (5.0%) for the near term, 16mm (3.5%) for the mid century 

and 20mm (4.4%) for the end of century. Under a medium emission scenario, rainfall is projected 

to increase by 4mm (0.9%), 14mm (2.9%) and 18mm (3.9%) for the near term, mid century and 

end of century respectively. A high emission scenario projects an increase of 16mm (3.3%), 27mm 

(5.8%) and 38mm (8.1%) for the near term, mid century and end of century respectively.  

Figure 10(c) shows projected changes in September-October-November (SON) seasonal rainfall 

relative to the reference period amount of 371mm. Under a low emission scenario, rainfall is 

projected to increase by 10mm (2.6%) for the near term, 7mm (2.0%) for the mid century and 5mm 

(1.2%) for the end of century. Under a medium emission scenario, a decrease of 2mm (0.6%) is 

projected for the near term whilst rainfall is projected to increase by 5mm (1.4%) for the mid 

century and 13mm (3.6%) for the end of century. A high emission scenario projects an increase of 

7mm (1.9%) for near term, 17mm (4.4%) for mid century and 24mm (6.5%) for the end of century. 

The projections for December-January-February (DJF), compared to the reference period value of 

53mm as displayed in Figure 10(d), show a decrease in rainfall for the medium and high emission 

scenarios for all time periods. Under a low emission scenario, a decrease of 3mm (4.9%) is 

projected for the near term and an increase of 2mm (3.8%) for the end of century whilst no change 

is projected during the mid century. Under a medium emission scenario, rainfall is projected to 

decrease by 2mm (3.4%) for the near term, 1mm (2.7%) for the mid century and 3mm (5.2%) for 

the end of century. In a high emission scenario, rainfall is expected to decrease by 3mm (5.2%) for 

the near term, 1mm (1.0%) for the mid century and 3mm (4.8%) for the end of century. 
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2.5 Average Annual Sea Level Rise 

Across the globe, sea level rise (SLR) is not evenly distributed, and the differences are largely due 

to gravitational and elastic effects in relation to melting ice, effects of regional ocean dynamics 

and regional steric effects (Mitrovica and Milne, 2003). The latest IPCC Assessment Report (AR6) 

includes medium confidence SLR projections ranging up to 2150 (Fox-Kemper et al, 2021; Kopp 

et al, 2023). This report also makes use of this medium confidence suite of SLR projections across 

three SSP scenarios (SSP1-2.6, SSP2-4.5 and SSP5-8.5) to assess Ghanaôs future changes in SLR 

along the coast. 

 

Figure 11. Projections of mean sea level rise over the period 2021 to 2100 relative to the 1991ï2020 

baseline (a period used for the Intergovernmental Panel on Climate Change Sixth Assessment Report 

(IPCC, 2021) from a combination of the CMIP6 model ensemble for a high emission, medium emission and 

low emissions scenarios 

The projections of sea level rise show a continuous rise through the near term to end of century 

along the coastline under the three emission scenarios in Figure 11. By end of century, the coastline 

is projected to have a mean sea level rise of approximately 0.5m under a low emission scenario, 

0.6m under a medium emission scenario and 0.7m under a high emission scenario.  
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3.0 Agro-Climatic Zones Projection 

3.1 Agro-climatic Zones of Ghana 

Ghanaôs climate and natural environment vary 

widely across the country, creating distinct agro-

Climatic zones shaped by the differences in 

rainfall, temperature, vegetation, and land use. For 

climate analysis in the Ghana Climate Atlas, the 

country is broadly divided into five major agro-

climatic zones: the Coastal Zone, Forest Zone, 

Transition Zone, Guinea Savannah Zone, and 

Sudan Savannah Zone. 

The Coastal Zone lies along the Gulf of Guinea 

and is influenced by maritime conditions, with 

relatively moderate temperatures and a bimodal 

rainfall pattern. Inland from the coast is the Forest 

Zone, characterized by the highest rainfall in the 

country, dense vegetation, and key agricultural 

activities such as cocoa production. Further north 

is the Transition Zone, which represents a gradual 

shift between the forest ecosystems of southern Ghana 

and the savannah landscapes of the north. The Guinea 

Savannah Zone, located in the northern part of the country, experiences a single rainy season and 

supports extensive farming and livestock activities. The Sudan Savannah Zone, found in the far 

north, is the driest and hottest part of the country, with shorter rainy seasons and higher 

vulnerability to drought and heat stress. 

These climatic zones play an important role in shaping local climate conditions, agricultural 

systems, water resources, and livelihoods. Analyzing climate change within these zones allows the 

Ghana Climate Atlas to highlight regional differences in climate impacts and provide more targeted 

information for adaptation planning and decision-making. 

  

Figure 12 The Agro-Climatic Zones of 

Ghana 
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3.2 Average Annual Temperature 

 

Figure 13. Variations in average annual temperature (50th percentile) across the different Agro-climatic 

zones of Ghana under low, medium and high emission scenarios for the near term (2021-2040), mid century 

(2041-2060) and end of century (2081-2100). The stand-alone plot on the far left shows the reference period 

(1991-2020). 

The projections for average annual temperature across the different agro-climatic zones of the 

country as illustrated in Figure 14 show a general increase across all zones under all three emission 

scenarios: low, medium, and high for the near term, mid century and end of century. The high 

emission scenario shows the highest increase towards the end of century especially in the Guinea 

and Sudan savannah zone. As expected, annual average temperatures across the different agro-
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climatic zones are highest under the high-emission scenario toward the end of the century, 

reflecting the stronger global warming projected under this pathway 

 

Figure 14. Average annual temperature boxplots for (a) coast, (b) forest, (c) transition, (d) guinea savannah 

and (e) sudan savannah zones under three emission scenarios in Ghana. The figures show the temperature 

average in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium and high emission 

scenarios are represented by blue, orange and red colors respectively. The uncertainty bounds shown on 

the plot are the 10th to 90th percentiles of the models.  

Average annual temperature projection for the coast shows a general increase in temperature above 

the 27.5ÁC reference period average under all three emission scenarios from the near term to the 

end of century as shown in Figure 14(a). Projections for a low emission scenario show an increase 
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of about 0.4ÁC, 0.6ÁC and 0.5ÁC for the near term, mid century and end of century respectively. A 

medium emission scenario indicates an increase of 0.6ÁC, 0.9ÁC and 1.4ÁC for the near term, mid 

century and end of century, respectively. For a high emission scenario, the average temperature 

increase towards the end of century is 3.3ÁC whereas the near term and mid century are projected 

to increase by 0.7ÁC and 1.4ÁC respectively. Average annual temperature is expected to be 28.9ÁC 

with uncertainty range between 28.6ÁC and 29.3ÁC at the end of century under medium emission 

scenario. 

Average annual temperature projection for the Forest shows a general increase in temperature 

above the 27.1ÁC reference period average under all three emission scenarios from the near term 

to the end of century as shown in Figure 14(b). Projections for a low emission scenario show an 

increase of about 0.4ÁC, 0.6Á and 0.5ÁC for the near term, mid century and end of century 

respectively. A medium emission scenario indicates an increase of 0.5ÁC, 0.9ÁC and 1.4ÁC for the 

near term, mid century and end of century, respectively. For a high emission scenario, the average 

temperature increase towards the end of century is 3.4ÁC whereas the near term and mid century 

are projected to increase by 0.7ÁC and 1.4ÁC respectively. Average annual temperature is expected 

to be 27.1ÁC with uncertainty range between 28.2ÁC and 28.9ÁC at the end of century under 

medium emission scenario. 

Average annual temperature projection for the Transition shows a general increase in temperature 

above the 27.0ÁC reference period average under all three emission scenarios from the near term 

to the end of century as shown in Figure 14(c). Projections for a low emission scenario show an 

increase of about 0.4ÁC for the near term and 0.6ÁC for both mid century and end of century. A 

medium emission scenario indicates an increase of 0.6ÁC, 1.0ÁC and 1.4ÁC for the near term, mid 

century and end of century, respectively. For a high emission scenario, the average temperature 

increase towards the end of century is 3.7ÁC whereas the near term and mid century are projected 

to increase by 0.7ÁC and 1.5ÁC respectively. Average annual temperature is expected to be 28.5ÁC 

with uncertainty range between 28.2ÁC and 29.0ÁC at the end of century under medium emission 

scenario. 

The average annual temperature projection for the Guinea Savannah zone shows a consistent 

increase above the reference period average of 28.4ÁC across all three emission scenarios, from 

the near term through to the end of the century, as illustrated in Figure 14(d). Under the low 

emission scenario, temperatures are projected to rise by 0.4ÁC, 0.7ÁC, and 0.6ÁC for the near term, 

midcentury, and end of century periods, respectively. The medium emission scenario indicates 

increases of 0.6ÁC, 1.1ÁC, and 1.5ÁC for the near term, midcentury, and end of century periods, 

respectively. Under the high emission scenario, temperatures are projected to increase by 0.8ÁC in 

the near term and 1.7ÁC by midcentury, reaching a much larger rise of 3.9ÁC by the end of century. 

Average annual temperature is expected to be 28.4ÁC with uncertainty range between 29.7ÁC and 

30.4ÁC at the end of century under medium emission scenario. 
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Average annual temperature projection for Sudan Savannah shows a general increase in 

temperature above the 28.8ÁC reference period average under all three emission scenarios from 

the near term to the end of century as shown in Figure 14(e). Projections for a low emission 

scenario show an increase of about 0.4ÁC, 0.8ÁC and 0.6ÁC for the near term, mid century and end 

of century respectively. A medium emission scenario indicates an increase of 0.7ÁC, 1.2ÁC and 

1.7ÁC for the near term, mid century and end of century, respectively. For a high emission scenario, 

the average temperature increase towards the end of century is 4.2ÁC whereas the near term and 

mid century are projected to increase by 0.9ÁC and 1.8ÁC respectively. Average annual temperature 

is expected to be 30.4ÁC with uncertainty range between 30.1ÁC and 30.9ÁC at the end of century 

under medium emission scenario.  
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3.3 Average Seasonal Temperature 

 April-May-June 

Figure 15. Average AMJ seasonal temperature boxplots for (a) Coast, (b) Forest, (c) Transition, Guinea 

Savannah and Sudan Savannah agro-climatic zones under three emission scenarios in Ghana. The figures 

show the temperature average in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium 

and high emission scenarios are represented by blue, orange and red colors respectively. The uncertainty 

bounds shown on the plot are the 10th to 90th percentiles of the models.  
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In Figure 15(a), the average seasonal temperature for April-May-June (AMJ), with reference 

period value of 27.9ÁC, is projected to rise by 0.4ÁC, 0.6ÁC and 0.5ÁC under a low emission 

scenario across the time periods. Temperature under the medium emission scenario is expected to 

increase by 0.6ÁC, 0.9ÁC and 1.5ÁC, for the near term, mid century and end of century. The high 

emission scenario projection shows an increase of 0.7ÁC for the near term, 1.4ÁC for a mid century 

and 3.3ÁC for end of century. 

In Figure 15(b), the average seasonal temperature for April-May-June (AMJ), with reference 

period value of 27.5ÁC, is projected to rise by 0.4ÁC, 0.6ÁC and 0.5ÁC under a low, medium and 

high emission scenarios respectively for the near term period. Temperature during the mid century 

is expected to increase by 0.5ÁC, 0.9ÁC and 1.4ÁC, for a low, medium and high emission scenario 

respectively. The end of century projection shows an increase of 0.7ÁC for a low emission scenario, 

1.5ÁC for a medium emission scenario and 3.3ÁC for a high emission scenario. 

In Figure 15(c), the average seasonal temperature for April-May-June (AMJ), with reference 

period value of 27.6ÁC, is projected to rise by 0.4ÁC, 0.6ÁC and 0.8ÁC under a low, medium and 

high emission scenarios respectively for the near term period. Temperature during the mid century 

is expected to increase by 0.6ÁC, 0.9ÁC and 1.6ÁC, for a low, medium and high emission scenario 

respectively. The end of century projection shows an increase of 0.6ÁC for a low emission scenario, 

1.5ÁC for a medium emission scenario and 3.7ÁC for a high emission scenario. 

In Figure 15(d), the average seasonal temperature for AprilïMayïJune (AMJ), with a reference 

period value of 29.4ÁC, is projected to increase across all emission scenarios. Under the low 

emission scenario, temperatures are expected to rise by 0.5ÁC in the near term, 0.7ÁC by mid 

century, and 0.6ÁC by the end of the century. The medium emission scenario indicates increases of 

0.6ÁC, 1.1ÁC, and 1.6ÁC for the near term, midcentury, and end of century periods, respectively. 

Under the high emission scenario, temperatures are projected to rise by 0.8ÁC in the near term and 

1.8ÁC by midcentury, reaching a much larger increase of 4.0ÁC by the end of the century. 

In Figure 15(e), the average seasonal temperature for April-May-June (AMJ), with reference 

period value of 30.5ÁC, is projected to rise by 0.6ÁC, 0.7ÁC and 0.9ÁC under a low, medium and 

high emission scenarios respectively for the near term period. Temperature during the mid century 

is expected to increase by 0.8ÁC, 1.3ÁC and 2.0ÁC, for a low, medium and high emission scenario 

respectively. The end of century projection shows an increase of 0.7ÁC for a low emission scenario, 

1.8ÁC for a medium emission scenario and 4.4ÁC for a high emission scenario.  
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July- August- September 

Figure 16. Average JAS seasonal temperature boxplots for (a) Coast, (b) Forest, (c) Transition, Guinea 

Savannah and Sudan Savannah agro-climatic zones under three emission scenarios in Ghana. The figures 

show the temperature average in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium 

and high emission scenarios are represented by blue, orange and red colors respectively. The uncertainty 

bounds shown on the plot are the 10th to 90th percentiles of the models.  
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With an average seasonal temperature of 25.9ÁC in the reference period, the projection for July-

August-September (JAS) as shown in Figure 16(a), depicts an increase of 0.5ÁC for the near term 

and 0.7ÁC and 0.6ÁC for mid century and end of century respectively under a low emission 

scenario. A medium emission scenario shows an increase of 0.5ÁC, 0.9ÁC and 1.4ÁC for the near 

term, mid century and end of century respectively. A high emission scenario projects an increase 

of 0.7ÁC, 1.4ÁC and 3.1ÁC for the near term, mid- century and end of century respectively 

With an average seasonal temperature of 25.7ÁC in the reference period, the projection for July-

August-September (JAS) as shown in Figure 16(b), depicts an increase of 0.4ÁC for the near term 

and 0.7ÁC for mid century and 0.5ÁC for end of century under a low emission scenario. A medium 

emission scenario shows an increase of 0.5ÁC, 0.8ÁC and 1.3ÁC for the near term, mid century and 

end of century respectively. A high emission scenario projects an increase of 0.7ÁC, 1.3ÁC and 

3.2ÁC for the near term, mid term and end of century respectively. 

With an average seasonal temperature of 25.5ÁC for the reference period, the projection for July-

August-September (JAS) as shown in Figure 16(c), depicts an increase of 0.4ÁC for the near term, 

0.7ÁC for the mid century and 0.5ÁC for the end of century under a low emission scenario. A 

medium emission scenario shows an increase of 0.5ÁC, 0.9ÁC and 1.3ÁC for the near term, mid 

century and end of century respectively. A high emission scenario projects an increase of 0.7ÁC, 

1.3ÁC and 3.3ÁC for the near term, mid century and end of century respectively. 

With a reference period average of 26.3ÁC, the projected seasonal temperature for JulyïAugustï

September (JAS) shows an overall warming trend across all emission scenarios (Figure 16(d)). 

Under the low emission scenario, temperatures are expected to rise by 0.4ÁC in the near term, 

0.6ÁC by midcentury, and 0.5ÁC by the end of the century. The medium emission scenario projects 

an increase of 0.5ÁC, 0.9ÁC, and 1.3ÁC for the near term, midcentury, and end of century periods, 

respectively. Under the high emission scenario, temperatures are projected to increase by 0.6ÁC in 

the near term and 1.4ÁC by midcentury, reaching a higher rise of 3.5ÁC by the end of the century. 

With an average seasonal temperature of 26.5ÁC in the reference period, the projection for July-

August-September (JAS) as shown in Figure 16(e), depicts an increase of 0.4ÁC,0.7ÁC and 0.5ÁC 

for the near term, mid century and end of century respectively, under a low emission scenario. The 

medium emission scenario shows an increase of 0.5ÁC, 0.9ÁC and 1.3ÁC for the near term, mid 

century and end of century respectively. A high emission scenario projects an increase of 0.6ÁC, 

1.5ÁC and 3.5ÁC for the near term, mid term and end of century respectively. 
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September-October-November 

Figure 17. Average SON seasonal temperature boxplots for (a) Coast, (b) Forest, (c) Transition, Guinea 

Savannah and Sudan Savannah agro-climatic zones under three emission scenarios in Ghana. The figures 

show the temperature average in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium 

and high emission scenarios are represented by blue, orange and red colors respectively. The uncertainty 

bounds shown on the plot are the 10th to 90th percentiles of the models.  
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Projections for the average seasonal temperature for September-October-November (SON) 

relative to a reference period value of 27.2ÁC indicate an increase of 0.5ÁC for near term, 0.7ÁC 

for mid century and 0.5ÁC for end of century for a low emission scenario. A medium emission 

scenario projects an average temperature rise of 0.6ÁC, 0.9ÁC and 1.3ÁC for near term, mid century 

and end of century periods respectively. A high emission scenario shows an increase of 0.7ÁC and 

1.4ÁC for the near term and mid century respectively while the end of century shows an increase 

of 3.1ÁC as displayed in Figure 17(a). 

Projections for the average seasonal temperature for September-October-November (SON) 

relative to a reference period value of 26.7ÁC indicate an increase of 0.4ÁC for near term, 0.6ÁC 

for mid century and 0.5ÁC for end of century for a low emission scenario. A medium emission 

scenario projects an average temperature rise of 0.5ÁC, 0.9ÁC and 1.3ÁC for near term, mid century 

and end of century periods respectively. A high emission scenario shows an increase of 0.7ÁC and 

1.4ÁC for the near term and mid century respectively while the end of century shows an increase 

of 3.2ÁC as displayed in Figure 17(b). 

Projections for the average seasonal temperature for September-October-November (SON) 

relative to a reference period value of 26.3ÁC indicate an increase of 0.4ÁC for the near term, 0.6ÁC 

for the mid century and 0.5ÁC for the end of century under a low emission scenario. A medium 

emission scenario projects an average temperature rise of 0.5ÁC, 0.9ÁC and 1.3ÁC for the near term, 

mid century and end of century periods respectively. A high emission scenario shows an increase 

of 0.7ÁC and 1.4ÁC for the near term and mid century respectively while the end of century shows 

an increase of 3.4ÁC as displayed in Figure 17(c). 

Projections for the average seasonal temperature for September-October-November (SON) 

relative to a reference period value of 27.4ÁC indicate an increase of 0.5ÁC for near term, 0.8ÁC 

for mid century, and 0.6ÁC for end of century for a low emission scenario. A medium emission 

scenario projects an average temperature rise of 0.6ÁC, 1.0ÁC, and 1.4ÁC for near term, mid 

century, and end of century periods, respectively. A high emission scenario shows an increase of 

0.8ÁC and 1.7ÁC for the near term and mid century, respectively, while end of century shows a 

much larger increase of 3.9ÁC as displayed in Figure 17(d). 

Projections for the average seasonal temperature for September-October-November (SON) 

relative to a reference period value of 27.7ÁC indicate an increase of 0.6ÁC for near term, 0.9ÁC 

for mid century and 0.7ÁC for end of century for a low emission scenario. A medium emission 

scenario projects an average temperature rise of 0.7ÁC, 1.2ÁC and 1.7ÁC for near term, mid century 

and end of century periods respectively. A high emission scenario shows an increase of 0.9ÁC and 

1.9ÁC for the near term and mid century respectively while the end of century shows an increase 

of 4.2ÁC as displayed in Figure 17(e).  
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December-January-February 

Figure 18. Average DJF seasonal temperature boxplots for (a) Coast, (b) Forest, (c) Transition, Guinea 

Savannah and Sudan Savannah agro-climatic zones under three emission scenarios in Ghana. The figures 

show the temperature average in the time periods 2021-2040, 2041-2060 and 2081-2100. The low, medium 

and high emission scenarios are represented by blue, orange and red colors respectively. The uncertainty 

bounds shown on the plot are the 10th to 90th percentiles of the models.  








































































