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A B S T R A C T   

Ghana’s economy is climate sensitive as more than 80% of its agricultural production is rainfall 
dependent, with only 2% of irrigation potential used. This has consequences under changing 
climate, with the impact projected to intensify if things go in a business-as-usual scenario. The 
manifestation of climate change impact is evident in other sectors of the economy, which requires 
proactiveness to adapt and mitigate through the development and execution of national adap
tation strategies. This research reviews the impact of climate change and some interventions 
made toward its management. The study explored peer-reviewed journals, policy documents, and 
technical reports for relevant materials that chronicle programmes and measures to address the 
challenges of climate change. The research revealed that Ghana had experienced about 1 ◦C rise 
in temperature over the past four decades and sea level rise with socioeconomic consequences 
including decreased agricultural productivity and inundation of coastal communities. Policy in
terventions have resulted in the introduction of several mitigative and adaptation programmes, 
such as building resilience in various economic sectors. The study highlighted the progress and 
challenges to climate change implementation programmes and future policy implementation 
plans. Inadequate funding of programmes and projects was identified as a critical challenge to 
achieving climate change policy goals and objectives. We recommend more political will from the 
government and stakeholders towards policy implementation and greater commitment to 
providing adequate funding for programmes and project implementation to ensure the success of 
local climate action for adaptation and mitigation, as well as for sustainable development.   

1. Introduction 

The climate change phenomenon has become a global challenge affecting human activities in multiple ways. Intense and extreme 
weather events such as floods, cyclones, tornadoes, forest fires, more frequent torrential rains, prolonged droughts, heatwaves, warmer 
and more humid winters with less snow, and high wind speeds continue to be experienced in various parts of the world [1–4,93]. This 
is attributed to increasing atmospheric temperature due to emissions of greenhouse gases (GHGs) from burning fossil fuels, clearing 
forests, and raising livestock [5]. According to the Organisation for Economic Cooperation and Development (OECD) [6], the world’s 
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GHGs emissions from various sectors have increased annually for the past decade (2010–2021): agriculture (8%), transport and storage 
(10.7%), manufacturing (14.6%), electricity (14.8%), construction (14.4%), mining (7%), water supply, sewerage, waste management 
and remediation activities (20.6%), total households (5.7%) and other service industries (11.7%). 

Climate change affects different ecosystems and the services they provide to society. For example, increased infections by insects 
and fungi, tree mortality, high stress on the components of forest ecosystems, deteriorating and reducing biodiversity that affects 
production, supply, and other functions that forests provide to society [7,8], and sea-level rise (SLR) which also endanger life and 
properties in coastal areas that are attractive to human settlement. The global mean SLR increased by 200 mm between 1901 and 2018 
[9] due to the evolving climate from the thermal expansion effect and the melting of ice sheets and glaciers. A third of the increase in 
global sea level happened in the last two and a half decades [10]. Comparing the ten-year annual averages, 1990–1999 to that of 
2000–2009, the frequency of natural disasters has shown percentage increases in extreme temperature (143.5), flood (99.4), insect 
infestation (96.7), epidemics (55.8), wildfires (38), landslide (28), drought (26.3), volcanic activity (17.6) and storms (16.6) [11]. 
Even after 2010, the frequency of natural disasters is still ascending. 

The economic costs and social consequences of climate change (and environmental degradation) disproportionately affect the 
vulnerable, often people experiencing poverty [1]. This is because three-quarters of people living in poverty rely heavily on ecosystem 
services or nature-based activities, particularly farming which is negatively impacted by climate change and resulting in decreasing 
agricultural yields [12]. Also, much of the impact of climate change, which results in chronic water shortages, rising sea levels, 
flooding, mass population displacement, and damage to productive infrastructure, affect the vulnerable and those impacted by in
equalities. The plight of the vulnerable is worsened by erratic weather, limited water sources, and increased competition for resources 
to the level of life and death. Under the covid-19 pandemic, where millions were plunged into poverty in 2020, climate change is 
expected to worsen the situation if the pandemic is not mitigated [12]. In this regard, managing ecosystem services, including agri
culture, soil, and water resources, is paramount in mitigating the adverse effects of climate change on the vulnerable. 

There has been considerable attention on responses to climate change at the global, national, and local levels, which has resulted in 
two distinct responses [13]. The first relates to measures aimed at slowing down and moderating the pace of climate change which 
implies cutting down or lessening GHG emissions into the atmosphere, termed mitigation measures. The developed countries have 
been at the forefront of this drive which is in line with the United Nations Framework Convention on Climate Change (UNFCCC), 
signed in 1992, the Kyoto Protocol (1997), the EU Emissions Trading Scheme (2005), the Copenhagen Accord of 2009, the Paris 
Agreement (2015), and Sharm El-Sheikh Climate Change Conference, 2022 (COP 27). The second response to the impacts of climate 
change is described as adaptation. It includes measures that focus on the capacities of individuals, communities, and nations to handle 
the effects of changed conditions and take advantage of the opportunities they offer [13]. This need for adaptation has also been 
highlighted in the agreements, as mentioned earlier, and given a further boost at COP 27 with the creation of funding mechanisms for 
loss and damage, especially for developing countries that are particularly vulnerable to the effects of climate change [14]. However, 
responding to climate change through multilateral processes like the UNFCCC could be challenging since it requires consensus among 
countries with different development agendas on the approach and strategies for reducing GHG emissions and adapting to adverse 
effects. The challenges include securing the climate financing required for adaptation and mitigation plans to transition developing 
economies, political will and commitment to policy implementation [15], and knowledge gaps, which require increased cooperation 
between scientists, researchers, businesses, and public authorities [16]. 

The impact of climate change is evident to the extent that the United Nations Environment Programme (UNEP) has ranked it as 7th 
among 21 Emerging Environmental Issues for the 21st century [17]. As a result, countries have reaffirmed their commitment to limit 
global temperature rise to 1.5 ◦C above pre-industrial levels through mitigation measures and to adapt by boosting financial support, 
technology, and capacity building, especially in developing countries [14]. Ghana is in a climate-sensitive zone in west Africa 
(bordered by the Republic of Togo, Burkina Faso, and Cote d’Ivoire), with climate impacts on the overall economic growth largely 
negative [10]. With several water bodies and two broad ecological zones: the southern forest zone (30%), the transition belt and 
Northern Savannah Zone (70%), the country relies heavily on agriculture, forestry, hydroelectricity, and other natural resources [10, 
18]. As a lower middle-income developing economy with a population of over 30 million with a projected growth rate of about 2% and 
a GDP of US$77.59 billion (2021) [10,19], the negative impact of climate change on the future GDP is expected to become intense by 
2050 [20]. This could result from the multiplicity of factors due to the changing climate and increased resource use due to population 
growth. The challenges could be dire, notwithstanding recent economic growth facilitated by industry and services due to the 
developed offshore oil and gas resources. The adverse effects of climate change have been highlighted in national policy documents 
such as Ghana’s National Climate Change Policy [21], National Climate Change Adaptation Strategy [22] and Ghana Nationally 
Determined Contributions (NDC), which stress the country’s urgency to adapt, mitigate and reduce vulnerability in critical sectors for 
socioeconomic development. Therefore, the government needs to enforce and implement these policies and be proactive in preparing 
to manage the impacts of climate change by taking advantage of the opportunities outlined in multilateral climate agreements such as 
COP 27. One of these agreements, known as REDD+ (Reducing Emissions from Deforestation and Forest Degradation), was adopted at 
the 21st Conference of the Parties (COP 21) to the United Nations Framework Convention on Climate Change (UNFCCC) to manage 
forests sustainably, conserve, and enhance forest carbon reserves to mitigate climate change and maintain livelihoods in the signatory 
countries. 

This research paper reviews the impact of climate change on critical sectors of the economy, emission levels, and attempts at 
mitigating and adapting through the development of national policies, strategies, plans, and climate-related projects in Ghana. The 
critical sectors of Ghana’s economy are services, industry, and agriculture. Agriculture, which contributes about 19.1% to the GDP and 
provides direct employment to 33% [23] of the working population, is mostly affected by climate change. Low and unpredictable 
precipitation and rising temperature significantly affect agriculture because more than 80% of Ghana’s agricultural production is 

S. Awuni et al.                                                                                                                                                                                                          



Heliyon 9 (2023) e15491

3

rainfall dependent. The country’s energy sector also depends on rainfall to generate power for both industry and agriculture. For 
example, poor rainfall between 2014 and 2016 resulted in low power generation, which led to power rationing. This was because the 
hydropower dams could not generate enough electricity due to inadequate water. The period witnessed a significant closure of in
dustries and a reduction in agricultural and industrial output [24]. Since most people in northern Ghana depend on agriculture for their 
livelihood, this also impacted their crop production and livestock watering. As a result, a significant number of people migrated to the 
south for livelihood opportunities [25], and many have become destitute. 

The remaining sections of this paper are structured as follows. Section 2 describes the methodology employed in answering the 
research questions on the impact of climate change in Ghana. Section 3 provides the dimensions of climate change impact in Ghana 
with subsections detailing the impact on water supply, health, agriculture, forestry, and natural resources. Section 4 details the GHG 
emissions levels, mitigation and adaptation policies, strategies employed, and the progress and challenges with implementation and 
sectoral adaptation options in the water, health, and agriculture sectors. Section 5 concludes the paper by summarising the impact of 
climate change in Ghana and recommendations. 

2. Methodology 

The study is more of a qualitative investigation of current and developing challenges regarding the effects of climate change, with a 
focus on Ghana, rather than a systematic review or meta-analysis. This research paper sought to address the following questions: what 
are the impacts of climate change and its manifestation on the critical sectors of the economy of Ghana? What are the policies, 
strategies, and plans aiding Ghana’s management of climate impacts through adaptation and mitigation? An extensive literature re
view was conducted to answer these research questions and obtain information on crucial life-supporting sectors such as agriculture, 
forestry, ecosystem services, water, and health. These sectors were selected because they were considered relevant to meeting the 
challenges associated with the impact of climate change, as emphasised in the Ghana National Climate Change Policy [21] and 
Adaptation Strategy. 

To answer the first and the second research questions, an online literature search was conducted on Google Scholar and Google 
search engines, providing a wide range of information that cuts across various journals [26] and national and multilateral climate 
change documents. Examples include Nature, Scientific African, Land use policy, Climate risk management, Ecosystem and echog
raphy, and Environmental sciences. The multilateral includes documents from the UNFCCC and the World Bank Group. The search 
focused on the impact of climate change in general and then zeroed in on national and sub-national levels for information on mitigation 
and adaptation strategies in Ghana. The search was done without a specific time interval to obtain as much information as possible 
[26]. Numerous keywords and phrases were used in the search about the subject area of the research topic, including “impact of 
climate change”, “climate impact in Ghana”, “climate change + policy + Ghana”, and “climate change + adaptation + mitigation +
strategy”. Other documents were retrieved, which were numerous to be mentioned and helped answer the second research question. 
Examples include the National Climate Change Policy (2013), National Climate Change Master Plan Action Programmes for Imple
mentation (2015–2020), National Climate Change Adaptation Strategy (2012), Nationally Determined Contributions (NDC) on climate 
change (2015), Updated NDC 2020–2030, the Fourth and Fifth Greenhouse Gas Inventory Reports of Ghana (2019 and 2022, 
respectively), The World Bank’s Climate Risk Country Profile of Ghana (2021), Ghana’s Fourth National Communication to the 
UNFCCC (2020), Ghana’s Adaptation Communication to the UNFCCC (2021). 

In addition, the International Monetary Fund (IMF) and the United Nations Children’s Fund (UNICEF) datasets https://climatedata. 
imf.org/pages/climatechange-data and https://data.unicef.org/resources/resource-type/datasets/, respectively provided data for this 
research paper. 

3. Dimensions of climate change impact in Ghana 

Climate change impacts are varied and include adverse weather conditions, such as increases in extreme weather events, which 
could limit human actions and responses [27]. The impacts of climate change could also present developmental opportunities or gains 
by building a climate-resilient economy [28]. There has been a progressive rise in temperature, which will continue even if there is a 
significant reduction in GHGs emissions [9]. In Ghana, it was found that the observed mean annual temperature has risen more than 
1 ◦C in the past decades [10,29,30]. The impact of climate change also manifests in reducing rainfall in the forest, forest-savanna 
(transition zone), and savanna zones of Ghana. Since the 1960s, an overall reduction in cumulative rainfall of 2.4% per decade has 
been observed in Ghana [30], with a decline in the middle belt and high intensity in the north and south of the country and the 
possibility of increased dry spell durations. Even with this increase, the temperature is expected to rise further in a business-as-usual 
scenario when efforts are not made to reduce GHG emissions. For instance, in Accra, the wet season is expected to have a rise in the 

Table 1 
CMIP5 ensemble projection of climate change.  

CMIP5 Ensemble projection 2020–2039 2040–2059 2060–2079 2080–2099 

Annual temperature anomaly (OC) +0.6 to +1.5 (+0.9 ◦C) +1.2 to +2.7 (+1.7 ◦C) +1.7 to +3.8 (+2.7 ◦C) +2.3 to +5.3 (+3.6 ◦C) 
Annual precipitation anomaly (mm) − 16.7 to +22.0 (+0.9 mm) − 22.2 to +30.4 (+0.3 mm) − 22.9 to +38.9 (+2.9 mm) − 29.7 to +45.2 (+1.6 mm) 

The range values (10th–90th Percentile) and values in parentheses show the median (or 50th Percentile). 
Source: The World Bank Group (2021): Climate Risk Profile of Ghana 
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average temperatures of 1.68 ± 0.38 ◦C by 2050 and 2.54 ± 0.75 ◦C by 2080; the dry season was projected to have 1.74 ± 0.60 ◦C by 
2050 and 2.71 ± 0.91 ◦C by 2080 [31]. Similar temperature projections have been recorded in all agroecological zones across the 
country [10,32]. These observed and projected increases have a consequential impact on ecosystem services and a domino effect on 
society’s well-being. 

Table 1 shows the CMIP5 (Coupled Inter-comparison Project No.5) of the Fifth Assessment Report (AR5) of the Intergovernmental 
Panel on Climate Change data ensemble obtained from the World Bank Group’s Climate Change Knowledge Portal (CCKP), which 
provides annual temperature and precipitation change projections under different emission scenarios or representative concentration 
pathways (RCP) (low = RCP 2.6; medium = RCP 4.5; and high = RCP 8.5) [33]. This research paper highlights the high emission 
scenario (RCP 8.5) situation over four different time horizons [10]. The projection under RCP 8.5, where GHG emissions follow the 
business-as-usual scenario without mitigation measures, shows that the mean annual temperatures will increase by 0.6 ◦C–1.5 ◦C 
around the 2030s, 1.0 ◦C–3.0 ◦C around 2050s and by 2.3 ◦C–5.3 ◦C by 2099 (Table 1). These projected temperature increases are 
expected to cause rapid warming in the northern and inland parts of Ghana. The positive temperature anomalies (change) in the 
ensemble projections (Table 1) show that the observed annual temperatures will be warmer than the baseline in all emission scenarios 
of the different time horizons. Some manifestations of temperature increases are expected to be seen in the frequency of hot days and 

Fig. 1. Observed mean temperature over the period 1991–2020. Source: Climate change knowledge portal: World Bank Group, 2021.  
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nights and a decrease in the number of cold days [10,30]. Within the same time horizon, the projections show anomalies in precip
itation of − 22.2 mm to +30.4 mm around 2050 and -29.7 mm to +45.2 mm by the end of the century. This translates into decreasing 
and increasing rainfall events in the wet season and lower levels during the dry season. The negative and the positive anomalies in 
precipitation have implications of expected drought and flooding, which have consequences on important sectors such as agriculture 
and water resources. The northern zones, especially, are expected to experience lower rainfall than the southern zone. These pro
jections of the changes in the annual temperatures and precipitations have consequential effects on crop production [25,29], where the 
growth of crops such as sorghum, maise, millet, cowpeas, yam, and groundnuts are likely to be negatively affected. Figs. 1 and 2 further 
shed light on changes in observed mean temperature and the annual average temperature in Ghana from 1991 to 2020 and 1901–2021, 
respectively, due to climate change. Fig. 2 shows that temperatures have increased by approximately 1 ◦C above the baseline since the 
1960s. 

In recent years, extreme weather events have also been experienced in almost the entire country, exposing its vulnerabilities to 
these occurrences and raising questions about its preparedness to cope. Several studies [33–37] have also revealed the impact of 
climate change on hydroelectric power generation in Ghana. These studies have further indicated that both drought and flood 
negatively affected the operational water level of the country’s main hydroelectric dam (Akosombo) on Volta Lake. The drought 
reduced the agricultural production around the lake’s catchment area and water level for power generation. Flooding posed structural 
problems to the dam and horizontal displacement of many settlement structures and farmlands, given the low-lying nature of most 
parts of the lakeshore. Usually, devastation of this nature results in high mitigation and resettlement costs [35]. Therefore, low water 
levels and the displacement of settlements due to climate change significantly impact the country’s socioeconomic activities. With the 
prediction that extreme events will be on the rise, hydroelectricity generation must be augmented with renewable energy sources 
(solar, wind, tidal waves) and enhancement of early warning systems. 

Several studies have also indicated the impact of SLR along the coastal areas of Ghana [10,30,38–43]. Some of these studies have 
indicated variable sea levels with varying intensities and impacts along the coast. According to Appeaning Addo, the sea rose by about 
2 mm per year in 2008, with average coastal erosion of about 1.13 m per year along the coast of Accra [38,39], and is expected to 
increase further between 2 and 6 mm per year in the future [92]. The expected increase in the future will cause a recession at varying 
degrees, with much of the coastal lands lost [39]. Follow-up studies by Evadzi et al. [41] reported that Ghana’s average sea level rose 
by about 53 mm from 1996 to 2017, accounting for ~31% of the observed annual coastal erosion. However recent average annual rise 
rate is about 3 mm per year [10], showing a 50% increase within a decade and a half. The rising sea level is therefore inching closer to 
the global average of 3.7 [3.2–4.2] mm per year (2006–2018) [9]. Evadzi et al. [41], in their research using IPCC AR5 (RCPs 2.6, 4.5, 
and 8.5 scenarios), projected future increases of SLRs of 146.2 mm, 206.4 mm, and 335.4 mm by 2100, respectively. The study further 
projected a high risk of inundation of 2.66 km2–3.24 km2 of settlements, 2.10 km2–2.58 km2 of lagoons and 1.39 km2–1.71 km2 of 
wetlands by mid-century for low and high-emission scenarios, respectively, and likely to worsen by the end of the century without 
effective mitigation [40]. These research findings confirm predictions and the implications of SLR in IPCC’s special report on the ocean 
and cryosphere, emphasising increasing global mean sea level and related challenges [44]. In Ghana, communities on the eastern coast 
are affected mainly by SLRs, such as in Ada, Keta, Ningo, and Prampram, and with attendant impact on mangrove forests, erosion, 

Fig. 2. Observed annual average temperature over the period 1901–2021. Source: Climate change knowledge portal: World Bank Group, 2021.  
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agriculture, loss of houses, and other infrastructure such as fish landing sites, and beach resorts. 

3.1. Impact of climate change on water supply 

According to the UNFCCC [45], more than 2 billion people are experiencing severe water security threats, likely to worsen due to 
climate change and increased population and water demand. The UNFCCC Report further affirmed that by 2030 water scarcity in some 
arid and semi-arid places would displace between 24 million and 700 million people in the current climate change scenario. This is 
expected to worsen due to increasing pollution, as 12% of the world’s population drinks water from unreliable and unsafe sources [45]. 
In Africa, the impact is projected to be severe on water supply and sanitation infrastructure [46]. The projection for Ghana indicates 
that by 2050, the demand for water, hydropower, and municipal and agricultural uses in and around the Volta basin cannot be 
achieved. McCartney et al. [47] further confirm a reduction in water flow in the Volta Basin by 24% by 2050 and 45% by 2100 because 
of an expected reduction in rainfall, high temperature, and evaporation rates [30]. Ghana’s hydropower (from the Akosombo, Kpong 
and Bui dams) which provides about 54% of national generation capacity, is projected to suffer a reduction in power generation by 
50% by 2050 [30]. Studies by Amisigo et al. [34] further corroborate the impact on water resources in Ghana in terms of water 
availability and quality in the Volta basin. 

According to Kankam-Yeboah, referenced in Owusu et al. [48], Ghana will experience water stress even without climate change 
considerations by 2025. The impact of water insecurity is being felt, with an estimated 25% of communities lacking access to clean 
water and sanitation, a situation that could be exacerbated by climate change [10]. Other effects of climate change on water avail
ability are rising sea levels in the southeastern coastal areas that infiltrate underground aquifers and the increasing salinisation of 
surface and subsurface waters [30,49]. This reduces access to quality water, and the situation is also exacerbated by anthropogenic 
activities such as illegal mining and inappropriate use of agrochemicals that pollute water bodies [50,51]. Therefore, the increase in 
water pollution and its impoundment for potable water production requires a high water treatment cost by utility companies. 

Since water remains an essential resource for sustaining life and development, climate impact significantly affects socioeconomic 
conditions and the livelihood of the populace. The effects of dwindling water supply include health and sanitation problems such as 
increased incidence of waterborne diseases, decreasing hydroelectric power, negatively impacting energy for industrialisation drive, 
job creation, domestic consumption, and quality of life. The need for hydropower will likely increase future conflict and political 
tensions with neighbouring countries [30] (e.g., Burkina Faso, Benin, Côte d’Ivoire, and Togo) that depend on transboundary water 
sources such as the Volta River Basin for damming and hydroelectricity. This also has the attendant risk of increased business costs, 
likely due to the high cost of electric power. Dwindling water supply for agriculture also has food insecurity implications and the 
livelihoods of riparian communities. Climate-induced water scarcity will require extra time, resources and efforts to search and collect 
water, with a greater impact on women and children. 

3.2. Impact of climate change on health 

Climate change has multiple influences on human health due to heat stress [52]. Both direct and indirect impacts are expected due 
to this phenomenon. These include alterations in the geographic range and intensity of transmission of disease vectors (insect, tick, and 
rodent), food and waterborne diseases, and the prevalence of diseases associated with air pollutants and aeroallergens [53]. Dengue, 
yellow, and malaria fevers are expected to become more prevalent under changing climates, including communicable diseases such as 
HIV/AIDS, cholera, and tuberculosis [10]. Non-communicable diseases (NCDs) and acute and chronic respiratory conditions like 
chronic obstructive pulmonary disease and asthma, diabetes, cardiovascular disease, cancers, and malnutrition can be exacerbated by 
climate change [52,54]. 

The incidences of direct and indirect impacts, such as deaths from heatwaves and floods, can increase. Studies by Rodgers et al. [55] 
estimated that climate change may already be causing over 150,000 deaths per year, with the fear that the number could double 
globally by 2030 [55]. Further, the World Health Organisation (WHO) [56] has also shown that heat-related death in the elderly (65+
years) is projected to increase under high emission scenario to 70 deaths per 100,000 by 2080 compared to the estimated baseline of 
approximately two deaths per 100,000 annually between 1961 and 1990 in Ghana. The situation is alarming as another study by 
Monash University, seen as the world’s most extensive survey, further attributes 5 million deaths annually to extreme temperatures 
[57]. 

Ghana is among the countries at risk of direct exposure to climate change and its impacts on waterborne diseases [58]. It is the 64th 
most vulnerable and the 124th most ready country in the world, ranking 111th out of 182 countries for climate vulnerability, indi
cating that it is both vulnerable to and only moderately prepared to deal with the effects of climate change [59]. This requires sig
nificant investment and innovation to improve preparedness with urgency. With climate change, measles and guinea worm infestation 
cases are projected to increase due to rising temperatures and reduced rainfall [32]. The relative risks of diarrhoea are projected to 
increase by 8–11% (2010–2039) and 22–29% by the end of the century [60]. The resilience of invasive aquatic weeds and their 
increased spread due to climate change also facilitates the prevalence of water-dependent disease vectors. This includes mosquitoes 
and water snails that spread malaria, yellow fever, encephalitis, and schistosomiasis. There is a risk of increased exposure to dusty 
harmattan winds resulting in the severity of respiratory diseases such as asthma and meningitis [30]. Food insecurity due to climate 
change is further aggravating the impact on health. For instance, food insecurity can lead to hunger and malnutrition in vulnerable 
groups and negatively impact their health. By 2050, the risk of hunger and malnutrition is predicted to rise by up to 20% globally, 
necessitating the development of resilience to deal with the effects [10]. In Ghana, 13.4% of children under five are malnourished [61], 
which suggests that food insecurity may worsen malnutrition under climate change. 
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3.3. Impact of climate change on agriculture 

The importance of agriculture to the economy of Ghana cannot be over-emphasised because of its contribution to economic growth, 
livelihoods, and food security. Before 2010, agriculture was the most significant contributor to Ghana’s GDP. However, this has been 
overtaken by the industry (36.3%) and services (44.6%) sectors between 2010 and 2020, with agriculture at 19.1% of GDP [62]. This is 
attributed to the discovery and production of crude oil in commercial quantities, which is impacting the growth of industry and 
services. Notwithstanding the position of agriculture as the third contributor to GDP, it is an important sector for the Ghanaian 
economy and employs a great number of the country’s labour force, as indicated earlier. 

Climate change and variability influence rainfall patterns, resulting in early or late rainfall, increased rainfall intensity and 
flooding, and persistent drought that destroys crops. These have been attributed to inadequate adaptation and mitigation practices, 
over-reliance on rainfall, and limited irrigation capacity for all-year-round farming [63]. As a result, the country has to contend with 
low precipitation and drought that lead to low crop production, as only 2% of the country’s irrigation potential is used [10]. The 
impact on cash crops such as cocoa could be dire because it is temperature and drought sensitive. Moreover, cocoa-producing areas 
along the coast of Ghana are also negatively impacted due to increasing floods, erosion, and soil salinisation, which affect cocoa 
production [30]. 

Rising temperatures are projected to lower the yields of major staple crops such as cassava, yams, plantains, maise, and rice. It has 
been projected that maise and other cereal crops will reduce by 7% by 2050 and cassava by 29.6% by 2080 [64]. A study by 
Kyei-Mensah et al. [65] has also indicated an average decline of 16% in the yield of cassava, cocoyam, and plantain in the Fanteakwa 
District of Ghana due to climate variability. The risk of total crop failure in northern Ghana is projected to occur about once every five 
years due to reduced or delayed rainfall [10]. Crop failures also threaten the northern sector, which mostly sustains the nation with 
food due to increased temperature. Therefore, food crops such as sorghum, maise, millet, cowpeas, yam, and groundnuts are expe
riencing declining production [29]. Also, a temperature rise and reduced rainfall could shorten the growing season, leading to the 
desertification of agricultural land by unsustainable farming practices [66]. 

Furthermore, the increased prevalence of pests and diseases exacerbates crop yields [10], such as the outbreak and incidence of fall 
armyworms that have become a major threat to maise production in Ghana [67]. The fisheries sector is projected to be impacted since 
rising sea surface temperatures will negatively affect the availability of some critical fish species’ and alteration of their reproductive 
cycles and migratory patterns (e.g. anchovies, sardines, tilapia, shrimp and catfish). The projection of a rise in sea surface temperatures 
ranging from 2 to 4 ◦C by the end of the century [30] could aggravate the situation and cause a further decline in fish availability. 
Climate change could further worsen the spread of invasive aquatic weeds (such as water hyacinth, Salvinia, and Pistia) that can 
adversely affect fishing and the livelihoods of riparian communities in the country. Therefore, the over 200 million spent annually on 
importing seafood could be attributed to declining fish stocks due to climate change [30]. These challenges in declining agriculture 
production due to climate change are likely to jeopardise the employment of about 60% of the active population [65] and are also 
likely to increase food prices in major cities. Decreasing agricultural yield due to climate change is projected to cause a decline in 
Ghana’s GDP, with great implications for food security, protein nutrition deficits, income, and livelihoods. 

3.4. Impact of climate change on forestry and natural resources 

The forest and its resources are critical to the economic growth and sustenance of the livelihoods of many of the rural populations in 
Ghana. Approximately 71% of the people are employed in forestry, agriculture, and fishing in rural areas [10]. The sector is a primary 
source of employment for the 300,000–350,000 new workers who enter the labour force each year [10]. Apart from this vital role, the 
forest also serves as a carbon sink to help regulate the climate. It has been estimated that tropical forests store between 120 and 400 
tons of carbon per hectare or up to 3000–6000 tons per hectare for carbon-rich peat forests [68]. 

At the beginning of the 20th century, Ghana had a high forest of 8.2 million hectares and 1.1 million hectares of forest-savannah 
transition. By the early 1990s, about 80% of the high forest had been lost for various uses [69]. As a result, Ghana has been cited as one 
of the highest net losers of forest cover in the humid tropics because of widespread bush fallowing farming, timber exploitation, 
fuelwood harvesting, and wildfires. Deforestation contributes about 17.4% of anthropogenic GHG emissions [70], and tropical forest 
degradation accounts for 25% of emissions [71]. High temperatures and prolonged drought due to climate change result in wildfires 
which in turn cause habitat destruction and loss of biodiversity. This challenge is compounded by unsustainable logging and hunting 
practices, causing loss of biodiversity, ecosystem services, and species extinction [1] and could negatively impact reforestation and 
afforestation efforts. 

4. Emissions, mitigation, adaptation policies, and strategies in Ghana 

4.1. Greenhouse gas emissions 

Ghana’s greenhouse gas (GHG) emissions are relatively low (59.80 MtCO2e) compared to global estimated emission levels of 
approximately 50 billion metric tons of carbon dioxide equivalent (GtCO2e) as of 2019 [72,73]. The most recent GHG emission es
timate of 59.8 million tonnes (Mt) of CO2-equivalent (CO2e) [72] was mainly emitted from agriculture, land use and land use change 
and forestry (LULUCF), industrial processes and product use (IPPU), energy, and waste sectors. The emission trend in Ghana shows 
increased GHGs (Table 2) from 1990 to 2019. The energy sector was the major source of emissions accounting for 45.7% of total 
emissions. The second largest source was agriculture, forestry, and land use (AFOLU), constituting 44.6%, followed by the waste sector 
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at 6.9% and then the IPPU sector at 2.9%. Except for IPPU, which recorded a decline of about 11.8% from 1990 to 2019, all the sectors 
recorded emission increases. The general trend was attributed to economic expansion with increased production and a corresponding 
increase in GHG emissions. Increased emissions from road transportation, fossil-fueled electrical generation, biomass, and defores
tation occurred concurrently with population growth [72]. 

4.2. Mitigation, adaptation strategies and national policy initiatives 

Notwithstanding the emission increase from 1990 to 2019, some mitigation strategies have supported emission removals in 
response to the fight against climate change. They include the implementation of a forest plantation development program targeted at 
planting trees on degraded forest lands and the establishment of a plantation development fund to encourage private-sector plantation 
development, and a government policy banning the export of round logs for enhancing local timber processing [72]. Others are the 
GHG emission control in the industry, such as in the IPPU sector, which has resulted in the decline of emissions by about 11.8% 
between 1990 and 2019 [72]; natural gas recovery and utilisation and restriction of gas flaring in the oil and gas industry; scaling-up 
renewable energy; clean cooking and lighting; energy efficiency in households, commerce, and industry; and innovative waste 
management through waste reduction, recycling and reuse. 

Because of the development opportunities that come with adaptation and mitigation, the global community aligns positively with 
climate change as a sustainable development issue. The IPCC’s Fourth Assessment Report corroborated the development angle, 
underscoring the need to integrate GHG emission reduction in its development trajectory [74]. Against this backdrop, Ghana’s Na
tional Climate Change Adaptation Strategy [22] was developed to stress the country’s urgency to adapt to climate change. The NCCAS 
aims to reduce vulnerability in critical sectors and socioeconomic development areas. Another strategic document, the Ghana National 
Climate Change Policy [21], highlights four thematic focus areas concerning climate change adaptation. These include agriculture and 
food security; natural resources; infrastructure; and disaster preparedness and response. Since the passing of the strategy and the 
policy, adaptation strategies have been pursued at various levels relating to policy direction, such as capacity building and project 
implementations. These range from large-scale national programmes to small-scale community-level and individual initiatives. 

The priority areas of the NCCP include increasing national awareness, mainstreaming climate change impacts and adaptation into 
sectoral policies, plans, and programs, addressing long-term investment risks, dealing with extreme weather events, improving 
observation and early warning systems, strengthening the research and development base, and fostering partnerships and interna
tional cooperation. Several other policy initiatives have been undertaken to translate these priority areas into action programmes and 
integrate them into national and local development plans. These include the development of a guidebook on integrating disaster risk 
mitigation and climate change into national development programmes, policies and plans in 2010; Ghana National Climate Change 
Master Plan Action Programmes for implementation (2015–2020); mainstreaming climate change in district medium-term develop
ment plans, as well as the National Adaptation Policy Framework, a crucial tool for enhancing the emphasis on adaption. Table 3 
highlights some policy-related project initiatives for Ghana’s climate change adaptation and mitigation. 

On the part of climate change mitigation, Ghana has submitted a set of fifty-five (55) Nationally Appropriate Mitigation Actions 
(NAMA) in response to the Copenhagen Accord [75] and Ghana Nationally Determined Contributions (NDC) for Climate Change 
Adaptation and Mitigation [28]. The NDC reaffirms Ghana’s commitment to the Paris Agreement. It highlights the country’s long-term 
mitigation and adaptation goals and ways to build resilience, synergy and reduce vulnerabilities, and enhance efforts at building a 
green economy. The NDC also addresses the priorities for sustainability in other national policy documents, including the Ghana @ 100 
development frameworks, the National Infrastructure Plan (2018–2047), the Coordinated Programme of Economic and Social 
Development Policy, the Medium-Term Development Policy Framework (2022–2025), the Ghana Beyond Aid Charter Strategy and the 
COVID-19 Alleviation and Revitalisation of Enterprises Support [28]. As indicated in the NDC, the sectors with the highest priority for 
adaptation and mitigation of greenhouse gases include agriculture, transport, promotion of energy efficiency, renewable energy, and 

Table 2 
National GHG emissions by sector contributions in 1990, 2000, 2016 and 2019 and the percentage changes for 1990–2019 and 2016–2019, compared 
to the population and GDP.  

Sectors/Categories Total Emissions (MtCO2e) Percentage change 

1990 2000 2016 2019 2016–2019 1990–2019 

National Emissions with LULUCF 25.0 26.2 51.4 59.8 16.3 139.2 
National Emissions without LULUCF 10.7 12.8 38.0 45.3 19.2 323.4 
Energy 2.86 4.07 22.4 27.3 21.9 854.5 
Industrial Processes and Product Use 1.96 0.90 1.68 1.73 3.0 − 13 
Agriculture, Forestry, and Other Land Use 19.0 19.53 23.73 26.64 12.3 40.2 
Waste 1.1 1.6 3.6 4.1 14 265.1 
Population (million) 14.43 18.91 28.21 30.42 7.8 110.8 
GDP (Constant 2015 USD billion) 13.17 20.01 51.07 62.47 22.3 374.3 
GHG emissions per capita (tCO2e) 1.73 1.39 1.82 1.97 8.2 13.9 
CO2 emission per capita (tCO2) 1.18 0.91 1.25 1.38 10.4 16.9 

Source: EPA, 2022: National Greenhouse Gas Emissions Report, 2021 
Source: Environmental Protection Agency (EPA, 2022). Ghana’s Fifth National Greenhouse Gas Inventory Report to the United Nations Framework 
Convention on Climate Change (UNFCCC). 
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Table 3 
Some policy-related project implementations on climate change adaptation and mitigation.  

Project title, location, and duration Activity Development partners; Government partners; 
Funding amount 

Ghana Forest This project seeks to (1) improve forest and 
landscape management with communities, (2) 
implement institutional reforms and policy 
strengthening, (3) enhance trees and agroforestry 
practices in cocoa forests (4) make on-reserve 
investments for REDD+ and plantations. 

World Bank; Ministry of Lands and Natural 
Resources (MLNR)/Forestry Commission (FC); US 
$50 million program 

Investment 
Program, HFZ, (GFIP) 
(2015–2023) 

Ghana Cocoa Forest REDD + Program, The project covers 5.9 million ha of the high forest 
zone (HFZ). It is being implemented in identified 
hotspot intervention areas (HIAs) through five main 
pillars of activities that require concerted actions by 
stakeholders: (1) institutional coordination and 
monitoring, (2) landscape-level land-use planning, 
(3) climate-smart cocoa production, (4) risk 
management and finance, and (5) legislative and 
policy reforms. 

World Bank; MLNR/FC, Ministry of Food and 
Agriculture (MoFA)/Ghana Cocoa Board 
(Cocobod); US$230million, US$50 million 
performance-based payments 

HFZ, (GCFRP) 
(2019–2025) 

Cocoa and forests This project is committed to a no-deforestation 
supply chain from Ghana (and Cote d’Ivoire), 
partnering with the GoG. Companies in the cocoa 
sector are taking concrete steps and investing to end 
cocoa-related deforestation and support 
reforestation. The main actions were focused on 
forest protection and restoration, sustainable cocoa 
production and farmers’ livelihoods, and community 
engagement and social inclusion. 

World Cocoa Foundation, Dutch Sustainable Trade 
Initiative (CFI), cocoa areas, (2019-) Initiative; MLNR/FC, MoFA/Cocobod 

Form Ghana 
Reforestation 
Project, Ashanti 
Region (2017-) 

This project aimed to restore 11,700 ha of degraded 
forest reserves by establishing a large-scale 
sustainable commercial forest plantation with the 
Government of Ghana (GoG). It also focuses on 
producing billets, poles, and round logs for local and 
export markets. 

African Development 
Bank, Forest Investment 
Program; MLNR/FC; US$24million 

Community Resource Management Area (CREMA), 
nationwide 

The CREMA mechanism is Ghana’s natural resource 
management and landscape- level planning tool for 
community initiatives. The FC’s Wildlife Division 
developed it to enable community-based natural 
resource management in off-reserve lands. CREMAs 
fill a critical policy gap by giving communities the 
right to govern, manage, and benefit economically 
from their natural resources (Kasanga, 2003; 
Sarpong, 2006). At least 30 CREMAs across Ghana, 
with an estimated 500,000 + ha under management. 
CREMA now supports eco-tourism, NTFP value 
chains, climate-smart cocoa production, REDD+, etc. 

MLNR/FC (Wildlife Division) 

Increased Resilience to Climate Change in Northern 
Ghana (2016–2020) 

The project sought to achieve climate change 
resilience and adaptive capacity by managing water 
resources and diversifying rural livelihoods in the 
Upper East, Upper West, and Northern Regions. 
Results centre on improved water access and 
increased institutional capacity and coordination. 

UN Development Programme; MESTI; US 
$8.3million 

Program on Affirmative Finance Action for Women 
in Africa (AFAWA): Financing Climate- 
Resilient Agricultural Practices in Ghana, NSEZ 
(2019–2024) 

This project aims to empower women groups in the 
climate-vulnerable NSEZ to participate in low- 
emission, climate-resilient agricultural practices. 
The project provides concessional loans and 
technical assistance to women-led enterprises and 
farmer-based associations. 

African Development Bank, Green Climate Fund; 
MoF, MoFA; US$20 million 

Sustainable Land and Water Management Project 
(SLWMP), Northern Savannah, (2014–2020) 

The project aims to expand the area under SLWM 
practices in selected watersheds. The specific goals 
are to (a) improve SLWM practices to reduce land 
degradation and enhance the maintenance of 
biodiversity in selected micro-watersheds and (b) 
strengthen spatial planning to identify linked 
watershed investments in the Northern Savannah 
region. SLWM activities are ongoing in 174 
communities within 12 districts across northern 
Ghana. 

GEF, World Bank; MESTI; US$28 M project (which 
includes US$14.77 M in additional financing) 

Urban Health and Short-Lived Climate Pollution 
(SLCP) Reduction Project, Accra (2017 -) 

The initiative aims to mobilise the health sector to 
support policy action to mitigate climate change and 
air pollution. It emphasises the health risks of air 

WHO; MESTI/EPA, Ministry of Health/Ghana 
Health Service 

(continued on next page) 
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waste management with a focus on REDD+ and the Low-carbon Emission Road map. 

4.3. Forests protection 

Since 2001 Ghana has been implementing the National Forest Plantation Development Programme (NFPDP) to expand its forest 
resource base to satisfy wood demand and enhance environmental quality. This was accomplished through the reforestation of 
degraded forest lands, with a yearly planting target of 20,000 ha [76]. The extent of deforestation in the nation led to an increase in the 
most recent replanting efforts spearheaded by the Forestry Commission [69]. Even so, the reforestation efforts suffer challenges such as 
poor management of plantations, widespread illegal logging, deviation from management prescription, and the low quality of residual 
production forests [76]. Other challenges include inadequate funding, the destruction of young trees by activities of cattle herders, and 
fire outbreaks. Therefore, to help maintain the forests, the Government of Ghana provided portions of the degraded forest to 
forest-dependent communities to use farmers to simultaneously maintain forest plantations while farming to address food security and 
livelihood issues [77]. However, the challenge for this project has been the negative impact of illegal small-scale mining (locally 
termed “Galamsey”) on agriculture and forest ecosystem services [78] and the lack of formalisation and regulation of the sector [79]. 
Illegal small-scale mining causes deforestation and therefore thwarts afforestation efforts to mitigate climate change. 

Another effort to protect the forest is by reducing emissions from deforestation and degradation (REDD+) project. The National 
REDD + Readiness Project was launched in April 2012 by the Ministry of Land and Natural Resources and the Forestry Commission 
under the World Bank’s Forest Carbon Partnership Fund [80]. Since its inception, it has helped reduce forest degradation and 
deforestation by placing an economic value on carbon, ecosystem services, and non-carbon benefits. It has ensured the maintenance of 
forests and introduced a performance-based payment system to beneficiaries, who are mainly farmers, thereby supporting livelihoods 
[10]. Maintenance of forests, including cocoa agroforestry, is encouraged in the high forest zones to support carbon sequestration, 
micro-climate regulation, and attainment of the REDD + goals. The challenge has mainly been limited funding and political power 
dynamics that slow the disbursement of funds for effective implementation [81]. 

4.4. Sectoral adaptations 

Water: The water sector is one of the critical sectors to consider in developing adaptation strategies, such as relying on under
ground water recharge to sustain livelihood. Others include water resource management, such as irrigation, improvement in water 
supply, and sanitation [10]. Water harvesting from rainwater and other sources is essential for community and household use [82]. 
Flood retention developments and post-construction support for dams, such as water retention ponds and dams’ desilting, can help 
sustainable water supply [10,83]. Sustainability in the water supply can be achieved through sectoral policies such as the Water Sector 
Strategic Development Plan (2012–2025) and the National Irrigation Policy (2011) and other government flagship projects such as the 
construction of water retention small dams in villages- One-Village-One-Dam (1V1D) which are aimed at promoting water security and 
resilience to climate change. 

Health: Relevant adaptation strategies such as immediate policy responses, including investments in healthcare infrastructure, are 
needed to build resilience to climate impact on health. This will include effective management of the environment and ecosystems to 
help reduce disease vectors, waterborne pathogens, and contaminants. The Ghana Government has shown some commitment to 
adapting to adverse impacts in the health sector by approving a national health adaptation strategy to help address the risk of climate 
change [49]. However, the challenge has been the need for more effective implementation of strategies, policies, and measures such as 
national assessment of climate change impacts, vulnerability, and adaptation for the health sector. Nonetheless, some action has been 
taken to build resilient climate health infrastructure capacities. Strategies should include developing adequate early warning systems 
for climate-related diseases through improved monitoring and surveillance systems [84] and climate health adaptation research to 
study the relationship between climate change and health [49]. 

Agriculture: Adaptation strategies in Ghana have prioritised technology needs in the agriculture sector [85], such as cereal-legume 
integration, climate-smart cocoa production, poultry feed improvement and genetic resource enhancement, climate-resilient ruminant 
production and genetic resource conservation, sustainable fisheries and aquaculture, diversified tree crop production, 
roots-tubers-livestock integration, knowledge system and advisory services, water harvesting technologies and irrigation management 
[10]. Other adaptations in the agricultural sector include strengthening insurance programmes to cover the impact of climate change 
on crop yields, particularly in northern Ghana. This is important because of inadequate insurance packages targeting farmers [86]. 

Table 3 (continued ) 

Project title, location, and duration Activity Development partners; Government partners; 
Funding amount 

pollution and climate change to the public and other 
economic sectors, hoping to compel constituencies 
and policymakers to act. 

Source: World Bank, 2020: Ghana Country Environmental Analysis 

S. Awuni et al.                                                                                                                                                                                                          



Heliyon 9 (2023) e15491

11

4.5. Progress, challenges, and plans for future climate change policy implementation 

Ghana has achieved considerable progress through policies, programmes, and planning processes to build resilience to the harmful 
impacts of climate change. One of these is the establishment of the National Climate Change Committee (NCCC), which serves as a 
platform for strategic engagement, communication, and coordination support systems across the government ministries in charge of 
energy, forestry, agriculture, health, and gender. Under these ministries, Climate Change Units have been established to handle specific 
climate change challenges in various sectors. 

Even though there is ample evidence of growing climate financing in the past decade, it is not equally distributed across the various 
climate actions [83,87]. However, some successes have been achieved. For instance, about US$ 1.3 billion has been committed to 
climate finance projects between 2011 and 2019, excluding investments in climate-related projects in the development of the oil and 
gas fields, which amounts to about US$ 14.2 billion [88]. Development partners provided a greater portion of the financing through 
grants (72.1%), loans constituted about 19.1% and government budgetary support and results-based payments over 8% [88]. The 
funds were channelled to energy, forestry and agriculture, with energy receiving the greatest US$ 758.8 million (57.8%), followed by 
forestry (25.7%) and agriculture, the recipient of the remainder from 2011 to 2019. The main channels of financial support within the 
period were bilateral, constituting the largest (45.1%), followed by multilateral (29%), global projects (11.6%), national funds (7.1%), 
and Global Environment Facility (GEF, 4.4%). Other channels include private foundations, the private sector and technical cooper
ation, constituting 1.3%, 0.13%, and 0.02%, respectively [88]. 

Some key projects implemented over the years on adaptation and mitigation include, investment in sea defence projects (adap
tation measures) to the tune of about US$ 670 million along the coastline over the last decade [88]; over US$ 100 million invested in 
the savanna zone of the north to support the building of resilience of farmers and improve their livelihood [88]; €3.8 million invested in 
climate risk transfer (drought index insurance); US$ 200 million World Bank funding for resilient city infrastructure planning, such as 
the Greater Accra Resilient Integrated Development Project to reduce flood risk and improve solid waste management in the Odaw 
River [88]; enactment of Act 919, the Petroleum Exploration and Development Act of 2016, which limits gas flaring during petroleum 
exploration and development; reduction of GHG emissions by six million tonnes under the Ghana Cocoa Forest REDD + Programme by 
the Forestry Commission of Ghana with support from the World Bank in 2019 [89]; rehabilitation of irrigation projects; control of 
climate-induced and gender-related health risks; improvement of climate services and education; and management of early warning 
systems and disaster risk; and integrated water resources management. 

However, several challenges and gaps were identified in implementing these climate change interventions. The most important of 
them was limited financing, which constraints efforts to adapt to climate impacts, including droughts, floods, and sea level rise, 
because funds do not reach the subnational (district) level as envisaged. Also, there is more focus on mitigation activities (such as in 
energy and forestry) than local climate adaptation initiatives, especially in agriculture, with less funding. According to the updated 
nationally determined contributions [28], effective adaptation will require between US$ 9.3 and US$ 15.5 billion investment for 
implementation activities from 2020 to 2030. These are anticipated to be mobilised from global, private sector, public, and carbon 
markets sources. Of the total amount, the unconditional programmes of action will require US$ 3.9 billion, while the conditional 
programmes require the remaining US$ 5.4 billion for implementation until 2030 [28]. Even with the limited financing, there is a 
challenge in tracking financial inflows because numerous organisations in the country receive funding for climate change from various 
sources that only sometimes pass through a centralised location like the Ministry of Finance [88]. For example, funding to NGOs and 
civil society organisations working on climate change projects is not reported to a centralised agency for tracking. Also, the 
communication between the government, donors, and other civil society organisations is not well coordinated, leading to the 
duplication of climate change interventions. 

Aside from the financial limitations, there are other ways that adaptation is hindered, such as limited knowledge about the 
numerous alternatives available to different vulnerable groups on the various manifestations of climate impacts [89]. Others include 
inadequate climate information and capacity development through education and early warning systems to enhance adaptation. The 
generally top-down approach to climate change decision-making hinders the adoption of ideas from local communities already 
experiencing the effects of climate impacts, limiting adaptation and mitigation efforts at learning from local knowledge [90]. 
Notwithstanding these challenges, among others, important lessons could be learned that could be used to create future successful 
paths towards improved adaptation. Policymakers will need to pay more attention to this to solve the challenges in policy imple
mentation and to design efficient and sustainable paths for adaptation projects. Ghana expects the revised NDC to be crucial to ful
filling her international commitments and achieving long-term national development plans and global sustainable development goals. 
This could be accomplished through capacity building on climate financing skills and competencies to mobilise the needed funds for 
local climate action. 

Even though financial support from the private sector in the implementation of climate change projects was inadequate over the 
years [88], the Government of Ghana’s collaboration with the private sector through the Private Enterprise Federation (PEF) in the 
effective implementation of the SDGs is a step in the right direction. According to the Voluntary National Review (VNR) Report on the 
Implementation of the 2030 Agenda for Sustainable Development [91], in order to actively contribute to the achievement of SDGs 
targets, including those for sustainable production and consumption and climate change mitigation and adaptation, the private sector 
must actively integrate sustainability concepts into their business operations. As a result of this vision, the Private Enterprise 
Federation (PEF) collaborates with Ghana’s SDGs implementation processes and the Green Economy and Climate Change steering 
committees at the national level. The partnership has resulted in the creation of some resources to assist the private sector’s 
involvement, such as a green employment guide (to achieve Goals 1, 2, and 8); interventions in renewable energy to give Goals 7 and 9 
a boost; and the creation of an investor guide to drawing the attention of available opportunities (thereby working towards Goals 9, 13 
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and 17) [91]. 

5. Conclusion and recommendations 

This research paper portrays the effect of climate change across critical developmental sectors and the corresponding adaptation 
and mitigation measures. The effects of climate change are varied, with different manifestations due to adverse weather conditions. 
Even though it depicts that the effects could be dire, they could also present developmental opportunities or gains by building a 
climate-resilient economy. Ghana has experienced about 1 ◦C rise in temperature over the past four decades and SLR with socio
economic consequences including decreased agricultural productivity and inundation of coastal communities. The projected mean 
annual temperatures in the 2030s, 2050s and 2100 are expected to cause rapid warming in the northern and inland parts of Ghana and 
decrease the number of cold days. Within the same time horizon (the 2030s, 2050s and 2100), variations in precipitation are expected, 
which could translate into decreasing and increasing rainfall events in the wet season and lower levels during the dry season. These 
projections and future sea-level recession rates will have severe socioeconomic consequences without effective adaptation and miti
gation measures. Both direct and indirect climate impacts on health are expected, such as increased incidences of communicable and 
non-communicable diseases. 

GHGs emissions in Ghana increased to 59.8 million tonnes (Mt) of CO2-equivalent (CO2e) by 2019 due to increased production and 
economic expansion but is relatively low compared to the global emission level of about 50 billion metric tons of carbon dioxide 
equivalent (GtCO2e) as of 2019. The implementation of mitigation policies and strategies is expected to reduce GHG emissions to adapt 
and mitigate the adverse impacts of climate change. Progress and challenges to climate change policies implementation and future 
implementation plans were identified, such as building resilience through various project implementations in critical sectors and 
challenges of inadequate funding and strict policy implementation. 

Based on these research findings of the impacts and projected future outcomes, we recommended the political will to strictly 
enforce policies (both national and multilateral), to carry out programmes and plans at the national and sub-national levels. This could 
be addressed by passing legislation to make climate change a national priority to change perceptions and attitudes toward climate 
change, as emphasised in Ghana’s Adaptation Communication to the UNFCCC, 2021. Also, the government could seek innovative ways 
to mobilise funds for local climate action to complement the existing funding streams, such as private sector investment in more 
sustainable projects because businesses must adapt to the changing needs of the environment. For example, using public-private 
partnerships to mobilise capital, including foreign direct investments (FDIs) for climate-resilient infrastructure projects for mutual 
benefit. Finally, this study employed a qualitative content analysis which allowed for a broader range of data sources. The research also 
provided an opportunity to explore the context in which different research was conducted and helped to gain insights into how 
different factors influenced research outcomes or results. However, this review needs more quantitative information and could benefit 
from further investigation through a systematic review to broaden the literature. 
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islands, coasts and communities, in: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate, Cambridge University Press, Cambridge, UK, 
2019. 

S. Awuni et al.                                                                                                                                                                                                          

https://stats.oecd.org/Index.aspx?DataSetCode=AEA
https://stats.oecd.org/Index.aspx?DataSetCode=AEA
https://doi.org/10.4060/ca8753en
https://f.hubspotusercontent20.net/hubfs/4783129/LPR/PDFs/ENGLISH-SUMMARY.pdf
https://f.hubspotusercontent20.net/hubfs/4783129/LPR/PDFs/ENGLISH-SUMMARY.pdf
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref9
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref9
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref9
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref9
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-06/15857-WB_Ghana%20Country%20Profile-WEB.pdf
https://climateknowledgeportal.worldbank.org/sites/default/files/2021-06/15857-WB_Ghana%20Country%20Profile-WEB.pdf
http://www.emdat.be
https://gca.org/report-category/flagship-reports/
https://doi.org/10.1080/13549830600785506
https://doi.org/10.1080/13549830600785506
https://unfccc.int/cop27
https://doi.org/10.1080/00358533.2021.1985261
https://doi.org/10.1080/00358533.2021.1985261
https://doi.org/10.2863/154554
https://doi.org/10.2863/154554
https://cor.europa.eu/en/engage/studies/Documents/Climate%20Change_adaptation.pdf
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref17
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref17
https://doi.org/10.3390/su9112130
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations=GH
https://doi.org/10.3390/su7067214
https://doi.org/10.3390/su7067214
https://archive.un-page.org/files/public/ghanaclimatechangepolicy.pdf
https://www.adaptation-undp.org/sites/default/files/downloads/ghana_national_climate_change_adaptation_strategy_nccas.pdf
https://www.adaptation-undp.org/sites/default/files/downloads/ghana_national_climate_change_adaptation_strategy_nccas.pdf
https://www.statsghana.gov.gh/gssmain/fileUpload/pressrelease/2021%20PHC%20General%20Report%20Vol%203E_Economic%20Activity.pdf
https://www.statsghana.gov.gh/gssmain/fileUpload/pressrelease/2021%20PHC%20General%20Report%20Vol%203E_Economic%20Activity.pdf
https://doi.org/10.1093/wber/lhz027
https://doi.org/10.1002/WEA.4015
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref26
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref26
https://www.rodekors.no/globalassets/_rapporter/humanitar-analyse-rapporter/norwegian-redcross_report_overlapping-vulnerabilities.pdf
https://www.rodekors.no/globalassets/_rapporter/humanitar-analyse-rapporter/norwegian-redcross_report_overlapping-vulnerabilities.pdf
https://mesti.gov.gh/documents/ghanas-updated-nationally-determined-contribution-unfccc_2021/
https://doi.org/10.1007/s42452-020-3095-3
https://doi.org/10.1007/s42452-020-3095-3
https://www.climatelinks.org/sites/default/files/asset/document/2017_USAID_Climate%20Change%20Risk%20Profile%20-%20Ghana.pdf
https://www.climatelinks.org/sites/default/files/asset/document/2017_USAID_Climate%20Change%20Risk%20Profile%20-%20Ghana.pdf
https://www.climatelinks.org/sites/default/files/asset/document/Climate%20Change%20Assessment_Ghana_%20FINAL.pdf
https://www.climatelinks.org/sites/default/files/asset/document/Climate%20Change%20Assessment_Ghana_%20FINAL.pdf
https://doi.org/10.3390/cli3010078
https://pdf.usaid.gov/pdf_docs/PA00X3HT.pdf
https://doi.org/10.3390/su7066957
http://www.m-hikari.com
https://doi.org/10.1080/19376812.2017.1284598
https://doi.org/10.1080/19376812.2017.1284598
https://pdri.upenn.edu/wp-content/uploads/2022/03/ISSER-Policy-Brief-2-1.pdf
https://pdri.upenn.edu/wp-content/uploads/2022/03/ISSER-Policy-Brief-2-1.pdf
https://scholarworks.uno.edu/resilience/2015/abstracts/3
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref39
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref39
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref40
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref40
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref41
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref41
http://www.e3journals.org
https://doi.org/10.1007/s11852-012-0227-y
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref44
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref44
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref44
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref44


Heliyon 9 (2023) e15491

14

[45] UNFCCC, Climate Action Pathway: Water, Executive Summary, 2020. https://unfccc.int/sites/default/files/resource/ExecSumm_Water_0.pdf. (Accessed 19 
September 2022). Accessed. 

[46] UNESCO, United Nations World Water Development Report 2020: Water and Climate Change, Paris, UNESCO. Original Cover Design by Phoenix Design Aid 
Printed by UNESCO, 2020. Paris, https://unesdoc.unesco.org/ark:/48223/pf0000372985.locale=en. (Accessed 19 September 2022). accessed. 

[47] M. McCartney, G. Forkuor, A. Sood, B. Amisigo, F. Hattermann, L. Muthuwatta, The Water Resource Implications of Changing Climate in the Volta River Basin. 
Colombo, Sri Lanka: International Water Management Institute (IWMI). 40p, 2012, https://doi.org/10.5337/2012.219 (IWMI Research Report 146). 

[48] P.A. Owusu, S. Asumadu-Sarkodie, P. Ameyo, A Review of Ghana’s Water Resource Management and the Future Prospect under a Creative Commons Attribution 
(CC-BY) 4.0 License, 2016, https://doi.org/10.1080/23311916.2016.1164275. 

[49] Republic of Ghana, Ghana’s third national communication report to the UNFCCC 2015 climate change report. https://unfccc.int/resource/docs/natc/ghanc3. 
pdf, 2015. (Accessed 15 September 2022) accessed. 

[50] E. Bessah, A.O. Raji, J.O. Taiwo, K.S. Agodzo, O.O. Ololade, A. Strapasson, E. Donkor, Assessment of surface waters and pollution impacts in Southern Ghana, 
Nord. Hydrol 52 (6) (2021) 1423–1435, https://doi.org/10.2166/nh.2021.051. 

[51] A.E. Duncan, The dangerous couple: illegal mining and water pollution-A case study in fena river in the ashanti region of Ghana, J. Chem. 2020 (2020), https:// 
doi.org/10.1155/2020/2378560. Article ID 2378560, 9 pages. 

[52] C.Y. Wright, M. Norval, T. Kapwata, D. Jean Du Preez, B. Wernecke, B.M. Tod, W.I. Visser, The incidence of skin cancer in relation to climate change in South 
Africa, Atmosphere 10 (2019) 634, https://doi.org/10.3390/atmos10100634. 

[53] J. Rocha, S. Oliveira, C.M. Viana, A.I. Ribeiro, Climate change and its impacts on health, environment and economy, in: One Health: Integrated Approach to 
21st-Century Challenges to Health, 2022, pp. 253–279, https://doi.org/10.1016/B978-0-12-822794-7.00009-5. 

[54] R.M. Parks, J.E. Bennett, H. Tamura-Wicks, V. Kontis, R. Toumi, G. Danaei, M. Ezzati, Anomalously warm temperatures are associated with increased injury 
deaths, Nat. Med. 26 (2020) 65–70, https://doi.org/10.1038/s41591-019-0721-y. 

[55] A. Rodgers, M. Ezzati, S. van der Hoorn, A.D. Lopez, R.-B. Lin, C.J.L. Murray, Distribution of major health risks: findings from the global burden of disease study, 
PLoS Med. 1 (1) (2004) e27, https://doi.org/10.1371/journal.pmed.0010027. 

[56] WHO, Climate and Health Country Profile of Ghana, 2015. https://apps.who.int/iris/bitstream/handle/10665/208862/WHO_FWC_PHE_EPE_15.08_eng.pdf. 
[57] Q. Zhao, Y. Guo, T. Ye, A. Gasparrini, S. Tong, A. Overcenco, A. Urban, A. Schneider, A. Entezari, A.M. Vicedo-Cabrera, A. Zanobetti, A. Analitis, A. Zeka, 

A. Tobias, B. Nunes, B. Alahmad, B. Armstrong, B. Forsberg, S.C. Pan, S. Li, Global, regional, and national burden of mortality associated with non-optimal 
ambient temperatures from 2000 to 2019: a three-stage modelling study, Lancet Planet. Health 5 (7) (2021) e415–e425, https://doi.org/10.1016/S2542-5196 
(21)00081-4. 

[58] World Bank, Investing in Climate Change and Health Series Geographic Hotspots for World Bank Action on Climate Change and Health, World Bank, 
Washington DC, 2017. 

[59] Notre Dame-Global Adaptation Index (ND-GAIN) Index, ND-GAIN index for Ghana. https://gain.nd.edu/our-work/country-index/rankings/, 2020. 
[60] E.W. Kolstad, K.A.( Johansson, Uncertainties associated with quantifying climate change impacts on human health: a case study for diarrhoea, Environ. Health 

Perspect. 119 (3) (2011) 299–305. 
[61] R.W. Miah, P. Awingura Apanga, Z. Abdul-Haq, Risk factors for undernutrition in children under five years old: evidence from the 2011 Ghana multiple 

indicator cluster survey, J. AIDS Clin. Res. 7 (2016) 585, https://doi.org/10.4172/2155-6113.1000585. 
[62] Institute of Statistical, Social and Economic Research (ISSER, The State of the Ghanaian Economy in 2020, University of Ghana, 2021. https://drive.google.com/ 

file/d/1sta8QqS0HowJtABa1hPuCFmE63p3VX6Y/view. 
[63] P. Antwi-Agyei, A.J. Dougill, L.C. Stringer, S.N.A. Codjoe, Adaptation opportunities and maladaptive outcomes in climate vulnerability hotspots of northern 

Ghana, Climate Risk Management 19 (2018) 83–93, https://doi.org/10.1016/J.CRM.2017.11.003. 
[64] S. Doso, P.T. Barimah, P. Twum Barimah, B. Twumasi-Ankrah, Impact of climate change on maise production in Ghana. A review. Impact of climate change on 

maise production in Ghana. A review, Journal of Agricultural Science and Applications (J. Agric. Sci. Appl.) J. Agric. Sci. Appl 3 (2014) 89–93, https://doi.org/ 
10.14511/jasa.2014.030402. 

[65] C. Kyei-Mensah, R. Kyerematen, S. Adu-Acheampong, Impact of Rainfall Variability on Crop Production within the Worobong Ecological Area of Fanteakwa 
District, Ghana, 2019, https://doi.org/10.1155/2019/7930127. 

[66] A. de Pinto, U. Demirag, A. Haruna, J. Koo, M. Asamoah, Climate Change, Agriculture, and Food Crop Production in Ghana. IFPRI Policy Note, 2012. https:// 
ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/127134/filename/127345.pdf. 

[67] S.A. Bariw, S. Kudadze, W. Adzawla, Prevalence, effects and management of fall armyworm in the nkoranza south municipality, bono east region of Ghana, 
Cogent Food Agric. 6 (2020) 1, https://doi.org/10.1080/23311932.2020.1800239. 

[68] W.F. Laurance, A new initiative to use carbon trading for tropical forest conservation, Biotropica 39 (1) (2007) 20–24. http://www.jstor.org/stable/30045478. 
[69] E.O. Acheampong, C.J. Macgregor, S. Sloan, J. Sayer, Deforestation is driven by agricultural expansion in Ghana’s forest reserves, Scientific African 5 (2019), 

e00146, https://doi.org/10.1016/J.SCIAF.2019.E00146. 
[70] F.N. Tubiello, M. Salvatore, A.F. Ferrara, J. House, S. Federici, S. Rossi, R. Biancalani, R.D. Condor Golec, H. Jacobs, A. Flammini, P. Prosperi, P. Cardenas- 

Galindo, J. Schmidhuber, M.J. Sanz Sanchez, N. Srivastava, P. Smith, The contribution of agriculture, forestry and other land use activities to global warming, 
1990–2012, Global Change Biol. 21 (7) (2015) 2655–2660, https://doi.org/10.1111/GCB.12865. 

[71] T.R.H. Pearson, S. Brown, L. Murray, G. Sidman, Greenhouse gas emissions from tropical forest degradation: an underestimated source, Carbon Bal. Manag. 12 
(1) (2017) 1–11, https://doi.org/10.1186/S13021-017-0072-2/FIGURES/6. 

[72] Environmental Protection Agency (EPA, Ghana’s Fifth national greenhouse gas inventory report to the united nations framework convention on climate change 
(UNFCCC). https://unfccc.int/sites/default/files/resource/gh_nir5_15052022_final.pdf, 2022. 

[73] Statista, Annual Greenhouse Gas Emissions Worldwide from 1990 to 2019 (In Billion Metric Tons of Carbon Dioxide Equivalent), 2022. https://www.statista. 
com/statistics/1285502/annual-global-greenhouse-gas-emissions/#:~:text=Global%20greenhouse%20gas%20emissions%20have,main%20driver%20of% 
20climate%20change. 

[74] UNDP, Charting a New Low-Carbon Route to Development, A Primer on Integrated Climate Change Planning for Regional Governments, 2009. https://www.un. 
org/esa/dsd/dsd_aofw_cc/cc_pdfs/cc_sideevent1109/Charting_carbon_route_web_final_UNDP.pdf. 

[75] Republic of Ghana, Ghana’s Second National Communication to the UNFCCC, 2011. MESTI/EPA, https://unfccc.int/resource/docs/natc/ghanc2.pdf. (Accessed 
30 June 2022). accessed. 

[76] K.A. Oduro, G.M.J. Mohren, K. Affum-Baffoe, B. Kyereh, Trends in timber production systems in the high forest zone of Ghana, Source: Int. For. Rev. 16 (3) 
(2014) 289–300. https://www.jstor.org/stable/24310480. 

[77] UNDESA, United nations department of economic and social affairs, united nations forum on forests secretariat. The global forest goals report 2021. https:// 
www.un.org/esa/forests/wp-content/uploads/2021/08/Global-Forest-Goals-Report-2021.pdf, 2021. 

[78] E.A. Obeng, K.A. Oduro, B.D. Obiri, H. Abukari, R.T. Guuroh, G.D. Djagbletey, J. Appiah-Korang, M. Appiah, Impact of illegal mining activities on forest 
ecosystem services: local communities’ attitudes and willingness to participate in restoration activities in Ghana, Heliyon 5 (10) (2019), e02617, https://doi. 
org/10.1016/J.HELIYON.2019.E02617. 

[79] F. Adu-Baffour, T. Daum, R. Birner, Governance challenges of small-scale gold mining in Ghana: insights from a process net-map study, Land Use Pol. 102 
(2021), 105271, https://doi.org/10.1016/J.LANDUSEPOL.2020.105271. 

[80] Ghana national REDD+ strategy. https://www.forestcarbonpartnership.org/system/files/documents/Ghana%27s%20National%20REDD%2B%20Strategy% 
20Dec%202015.pdf, 2015. (Accessed 30 May 2022) accessed. 

[81] R.A. Asare, The Impacts of International REDD+ Finance Ghana Case Study, 2015. https://www.climateandlandusealliance.org/wp-content/uploads/2015/08/ 
Impacts_of_International_REDD_Finance_Case_Study_Ghana.pdf. 

[82] S. Owusu, R. Asante, Rainwater harvesting and primary uses among rural communities in Ghana, J. Water, Sanit. Hyg. Dev. 10 (3) (2020) 502–511, https://doi. 
org/10.2166/WASHDEV.2020.059. 

S. Awuni et al.                                                                                                                                                                                                          

https://unfccc.int/sites/default/files/resource/ExecSumm_Water_0.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000372985.locale=en
https://doi.org/10.5337/2012.219
https://doi.org/10.1080/23311916.2016.1164275
https://unfccc.int/resource/docs/natc/ghanc3.pdf
https://unfccc.int/resource/docs/natc/ghanc3.pdf
https://doi.org/10.2166/nh.2021.051
https://doi.org/10.1155/2020/2378560
https://doi.org/10.1155/2020/2378560
https://doi.org/10.3390/atmos10100634
https://doi.org/10.1016/B978-0-12-822794-7.00009-5
https://doi.org/10.1038/s41591-019-0721-y
https://doi.org/10.1371/journal.pmed.0010027
https://apps.who.int/iris/bitstream/handle/10665/208862/WHO_FWC_PHE_EPE_15.08_eng.pdf
https://doi.org/10.1016/S2542-5196(21)00081-4
https://doi.org/10.1016/S2542-5196(21)00081-4
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref58
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref58
https://gain.nd.edu/our-work/country-index/rankings/
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref60
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref60
https://doi.org/10.4172/2155-6113.1000585
https://drive.google.com/file/d/1sta8QqS0HowJtABa1hPuCFmE63p3VX6Y/view
https://drive.google.com/file/d/1sta8QqS0HowJtABa1hPuCFmE63p3VX6Y/view
https://doi.org/10.1016/J.CRM.2017.11.003
https://doi.org/10.14511/jasa.2014.030402
https://doi.org/10.14511/jasa.2014.030402
https://doi.org/10.1155/2019/7930127
https://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/127134/filename/127345.pdf
https://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/127134/filename/127345.pdf
https://doi.org/10.1080/23311932.2020.1800239
http://www.jstor.org/stable/30045478
https://doi.org/10.1016/J.SCIAF.2019.E00146
https://doi.org/10.1111/GCB.12865
https://doi.org/10.1186/S13021-017-0072-2/FIGURES/6
https://unfccc.int/sites/default/files/resource/gh_nir5_15052022_final.pdf
https://www.statista.com/statistics/1285502/annual-global-greenhouse-gas-emissions/#:~:text=Global%20greenhouse%20gas%20emissions%20have,main%20driver%20of%20climate%20change
https://www.statista.com/statistics/1285502/annual-global-greenhouse-gas-emissions/#:~:text=Global%20greenhouse%20gas%20emissions%20have,main%20driver%20of%20climate%20change
https://www.statista.com/statistics/1285502/annual-global-greenhouse-gas-emissions/#:~:text=Global%20greenhouse%20gas%20emissions%20have,main%20driver%20of%20climate%20change
https://www.un.org/esa/dsd/dsd_aofw_cc/cc_pdfs/cc_sideevent1109/Charting_carbon_route_web_final_UNDP.pdf
https://www.un.org/esa/dsd/dsd_aofw_cc/cc_pdfs/cc_sideevent1109/Charting_carbon_route_web_final_UNDP.pdf
https://unfccc.int/resource/docs/natc/ghanc2.pdf
https://www.jstor.org/stable/24310480
https://www.un.org/esa/forests/wp-content/uploads/2021/08/Global-Forest-Goals-Report-2021.pdf
https://www.un.org/esa/forests/wp-content/uploads/2021/08/Global-Forest-Goals-Report-2021.pdf
https://doi.org/10.1016/J.HELIYON.2019.E02617
https://doi.org/10.1016/J.HELIYON.2019.E02617
https://doi.org/10.1016/J.LANDUSEPOL.2020.105271
https://www.forestcarbonpartnership.org/system/files/documents/Ghana%27s%20National%20REDD%2B%20Strategy%20Dec%202015.pdf
https://www.forestcarbonpartnership.org/system/files/documents/Ghana%27s%20National%20REDD%2B%20Strategy%20Dec%202015.pdf
https://www.climateandlandusealliance.org/wp-content/uploads/2015/08/Impacts_of_International_REDD_Finance_Case_Study_Ghana.pdf
https://www.climateandlandusealliance.org/wp-content/uploads/2015/08/Impacts_of_International_REDD_Finance_Case_Study_Ghana.pdf
https://doi.org/10.2166/WASHDEV.2020.059
https://doi.org/10.2166/WASHDEV.2020.059


Heliyon 9 (2023) e15491

15

[83] Government of Ghana (GoG, Ghana’s Adaptation Communication to the United Nations Framework Convention on Climate Change, Environmental Protection 
Agency, Accra, Ghana, 2021. https://unfccc.int/sites/default/files/resource/Ghana_AdCom%20to%20the%20UNFCCC_November%202021_Final%20with% 
20foreword.pdf. 

[84] WHO, Quality Criteria for the Evaluation of Climate-Informed Early Warning Systems for Infectious Diseases, World Health Organization, Geneva, 2021. 
Licence: CC BY-NC-SA 3.0 IGO, https://www.who.int/teams/environment-climate-change-and-health/climate-change-and-health/country-support/integrated- 
surveillance-and-climate-informed-health-early-warning-systems. 

[85] G.O. Essegbey, B. Amisigo, D. Nutsukpo, K.Y. Oppong-Boadi, D. Benefo, Ghana Technology Needs Assessment Report TNA Project Team, 2012. https://tech- 
action.unepccc.org/wp-content/uploads/sites/2/2013/12/technologyneedsassessmentreport-ghana-13.pdf. (Accessed 1 August 2022). accessed. 

[86] GIZ, An Analysis of the Agricultural Insurance Market Development in Ghana. Report. Bonn/Eschborn: Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH, 2019. https://www.indexinsuranceforum.org/sites/default/files/AgriculturalInsuranceMarketStudy_ACRI.pdf. (Accessed 4 
February 2023). accessed. 

[87] Ministry of Environment, Science, Technology, and Innovation (MESTI, Ghana National Climate Change Master Plan Action Programmes for Implementation: 
2015–2020, 2015. https://www.weadapt.org/sites/weadapt.org/files/2017/ghana_national_climate_change_master_plan_2015_2020.pdf. 

[88] Environmental Protection Agency (EPA, Ghana’s Fourth national communication to the united nations framework convention on climate change. https:// 
unfccc.int/sites/default/files/resource/Gh_NC4.pdf, 2020. 

[89] A. Arhin, Climate Change Adaptation in Ghana: Strategies, Initiatives, and Practices, 2022. Working Paper No. 1. APRI: Berlin, Germany, https://afripoli.org/ 
uploads/publications/Climate-Change-Adaptation-in-Ghana-Strategies-Initiatives-and-Practices.pdf. 

[90] P. Antwi-Agyei, A.J. Dougill, R.C. Abaidoo, Opportunities and barriers for using climate information for building resilient agricultural systems in Sudan 
savannah agroecological zone of north-eastern Ghana, Climate Services 22 (2021), 100226. 

[91] Government of Ghana (GoG, Ghana: Voluntary National Review Report on the Implementation of the 2030 Agenda for Sustainable Development, 2019. https:// 
sustainabledevelopment.un.org/content/documents/23420Ghanas_VNR_report_Final.pdf. 

[92] K. Appeaning Addo, Managing shoreline change under increasing sea-level rise in Ghana, Coast. Manag. 42 (6) (2014) 555–567. https://doi.org/10.1080/ 
08920753.2014.964820. 

[93] E. Coppola, R. Nogherotto, J.M. Ciarlo’, F. Giorgi, E. van Meijgaard, N. Kadygrov, C. Iles, L. Corre, M. Sandstad, S. Somot, P. Nabat, R. Vautard, G. Levavasseur, 
C. Schwingshackl, J. Sillmann, E. Kjellström, G. Nikulin, E. Aalbers, G. Lenderink, V. Wulfmeyer, Assessment of the European climate projections as simulated by 
the large EURO-CORDEX regional and global climate model ensemble, J. Geophys. Res. Atmos. 126 (4) (2021), e2019JD032356, https://doi.org/10.1029/ 
2019JD032356. 

S. Awuni et al.                                                                                                                                                                                                          

https://unfccc.int/sites/default/files/resource/Ghana_AdCom%20to%20the%20UNFCCC_November%202021_Final%20with%20foreword.pdf
https://unfccc.int/sites/default/files/resource/Ghana_AdCom%20to%20the%20UNFCCC_November%202021_Final%20with%20foreword.pdf
https://www.who.int/teams/environment-climate-change-and-health/climate-change-and-health/country-support/integrated-surveillance-and-climate-informed-health-early-warning-systems
https://www.who.int/teams/environment-climate-change-and-health/climate-change-and-health/country-support/integrated-surveillance-and-climate-informed-health-early-warning-systems
https://tech-action.unepccc.org/wp-content/uploads/sites/2/2013/12/technologyneedsassessmentreport-ghana-13.pdf
https://tech-action.unepccc.org/wp-content/uploads/sites/2/2013/12/technologyneedsassessmentreport-ghana-13.pdf
https://www.indexinsuranceforum.org/sites/default/files/AgriculturalInsuranceMarketStudy_ACRI.pdf
https://www.weadapt.org/sites/weadapt.org/files/2017/ghana_national_climate_change_master_plan_2015_2020.pdf
https://unfccc.int/sites/default/files/resource/Gh_NC4.pdf
https://unfccc.int/sites/default/files/resource/Gh_NC4.pdf
https://afripoli.org/uploads/publications/Climate-Change-Adaptation-in-Ghana-Strategies-Initiatives-and-Practices.pdf
https://afripoli.org/uploads/publications/Climate-Change-Adaptation-in-Ghana-Strategies-Initiatives-and-Practices.pdf
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref90
http://refhub.elsevier.com/S2405-8440(23)02698-1/sref90
https://sustainabledevelopment.un.org/content/documents/23420Ghanas_VNR_report_Final.pdf
https://sustainabledevelopment.un.org/content/documents/23420Ghanas_VNR_report_Final.pdf
https://doi.org/10.1080/08920753.2014.964820
https://doi.org/10.1080/08920753.2014.964820
https://doi.org/10.1029/2019JD032356
https://doi.org/10.1029/2019JD032356

	Managing the challenges of climate change mitigation and adaptation strategies in Ghana
	1 Introduction
	2 Methodology
	3 Dimensions of climate change impact in Ghana
	3.1 Impact of climate change on water supply
	3.2 Impact of climate change on health
	3.3 Impact of climate change on agriculture
	3.4 Impact of climate change on forestry and natural resources

	4 Emissions, mitigation, adaptation policies, and strategies in Ghana
	4.1 Greenhouse gas emissions
	4.2 Mitigation, adaptation strategies and national policy initiatives
	4.3 Forests protection
	4.4 Sectoral adaptations
	4.5 Progress, challenges, and plans for future climate change policy implementation

	5 Conclusion and recommendations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of competing interest
	References


