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Abstract - Climate change has become a global phenomenon 

and a topic of discussion on many platforms. Among the 

challenges associated with climate change are the impact on 

water resources and agriculture. Agriculture in Ghana is mainly 

rain-fed and subsistence and the irrigation types are primarily 

furrow and the use of traditional watering can. Climate change 

is therefore likely to affect this type of agricultural system 

severely. This paper investigates whether small-scale 

agricultural scheme, which is the dominant agricultural activity 

in Ghana, could survive in the era of climate change. This paper 

begins with a review of climate change scenario in Ghana, 

agricultural and irrigation development and practices, and the 

impact climate change will have on small-scale agriculture. The 

paper has established that there is climate variability in Ghana 

and farmers have already observed hotter climates and 

declining rainfall over the last decades. Ghana’s informal 

irrigation sector, which is supposed to provide all year round 

farming, has also been neglected for long and only about 0.2% 

of the agricultural land is under irrigation. These scenarios 

therefore suggest that small-scale agricultural schemes will be 

threatened in the era of climate change which will subsequently 

affect the livelihood of the farmers and food security situation in 

the country. The article has therefore suggested measures such 

as rainwater harvesting, integrated water resource management 

among others as some of the best ways for the informal 

agricultural sector to survive under climate change.   
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I. INTRODUCTION 

 

Climate change has become a global phenomenon and a topic 

of discussion on many political and social platforms. The 

evidence of climate change, which is attributed to 

anthropogenic activities, has widely been accepted worldwide 

(IPCC, 2007; Zhang et al., 2007).  Principal among the 

anthropogenic activities accountable for climate change are 

the extensive use of fossil fuel (oil, gas and coal), industrial 

emission, deforestation, drainage of wetlands, cement 

production and land use change (IPCC 2007; Enger & Smith, 

2008; FAO, 2010). These activities emit Green House Gases 

(GHGs) into the atmosphere most especially carbon dioxide 

(CO2) which is the main cause of climate change (IPCC, 

2007; Nair et al., 2009). Climate change will affect the 

hydrological cycle and put pressure on water resources for 

crop production and processing (Boko et al., 2007; UNEP, 

2012). It will cause drought especially in many African 

countries and affect food production which will result in 

poverty and hunger (Funk et al., 2008; Dasgupta et al., 2009; 

Richardson et al, 2011). Climate change is associated with 

rising temperature and declining rainfall especially in arid 

and semi arid regions and this will severely affect agricultural 

productivity in the affected areas. 

Irrigation agriculture which plays a very significant role in 

food production will be very critical due to the perceived 

impact of climate change and population increase. According 

to FAO (2011) irrigation provides about 40% of the food 

supply in the world including horticultural crops from an 

estimated 20% of agricultural land. Irrigation is therefore one 

of the main ways for farmers to adapt to the impact of climate 

change and remain in business. However, will the over 

reliance on rain-fed and subsistence agriculture coupled with 

the current state of irrigation practices in Ghana survive the 

impact of climate change in the coming years?  This review 

paper therefore brings to the attention of all decision and 

policy makers, and stakeholders especially the government to 

take a critical look at agriculture and food production in the 

country which is the engine of growth and the life-wire of 

many rural dwellers.   

 

II. STATE OF CLIMATE CHANGE  IN GHANA 

 

Available information gathered through publications, 

literature, books, reports and personal research work point to 

the fact that Ghana is experiencing climate variability and 

change in recent years. Already, studies have shown that 

most farmers have observed warmer temperatures and 

reduction of rainfall figures over the past decades 

(Gbetibouo, 2009; Deressa et al., 2008).  An ongoing 

research conducted in the northern part of Ghana using 

temperature and rainfall data from 1961-2010 also confirms a 

rising temperature and declining rainfall in the three northern 

regions. Also findings from 330 irrigation farmers sampled 

through questionnaires and interviews also indicated that over 

80% of the farmers have observed rising temperatures and 

declining rainfall in the Upper West Region. This knowledge 

of farmers concerning rising temperatures and declining 

rainfall is not restricted only to the north but also in the 

central and southern part of Ghana.  Kemausuor et al. (2011) 

research findings in Sekyedumase in the Ashanti region of 

Ghana indicated that more than 80% of farmers believe that 

temperature in the district had become warmer and over 90% 
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were of the opinion that rainfall timing had changed, resulting 

in increased frequency of drought.  Yaro (2013) also found 

that farmers in the Gomoa East District in the Central Region 

have a clear knowledge of the increasing temperature and 

declining rainfall trends of the climate parameters in Ghana. 

Research conducted by the Friedrick Ebert Stiftung (FES) 

across the country with about 3000 respondents also confirms 

rising temperature and decline rainfall.   

Temperatures are observed to have risen significantly since 

1970 in Ghana and within the same period rainfall and runoff 

were also recorded to have declined by about 20% and 30% 

respectively (EPA, 2000). Research conducted using the 

General Circulation Models (GCM) in conjunction with 

Simple Climate Models (SCM) in the cocoa growing areas 

indicated that projected mean annual rainfall values in the 

semi deciduous forest zone of Ghana will decline by 2.8, 10.9 

and 18.6% in 2020, 2050 and 2080 respectively while the 

evergreen rainforest zone, mean annual rainfall will also 

decline by 3.1, 12.1 and 20.2% respectively in the same 

periods. Mean annual temperature changes will rise by 0.8, 

2.5 and 5.4 and 0.6, 2.0 and 3.9 
o
C in the semi deciduous and 

evergreen rainforest zones in 2020, 2050 and 2080 

respectively (Anim-Kwapong and Frimpong, 2006). A 

temperature rise by 1.7 
o
C to 2.04 

o
C by 2030 in the Northern 

Savannah regions is also predicted (EPA, 2011). These and 

other several climate models projections show clearly signs 

of climate change and confirm Ghana’s vulnerability even 

though the predictions primarily differ (ibid). These rising 

temperatures and declining rainfall as signs of climate 

variability will affect water resources for irrigation which will 

subsequently affect the lives of rural farmers. According to 

Dasgupta et al. (2009) there is generally evidence that 

agriculture and water resource sectors, human health and 

livelihoods of women will be affected by climate change. The 

establishment of the National Climate Change Policy 

Framework (NCCPF) to ensure climate resilient and 

compatibility through sustainable economic development 

with the objectives to lower carbon emissions and growth, 

develop effective adaptation to climate change and to ensure 

socio-economic development in Ghana is a clear indication 

and awareness of Ghana’s vulnerability to climate change.  

III. AGRICULTURAL DEVELOPMENT AND 

IRRIGATION CAPACITY 

 

The Ghanaian economy is agricultural-driven (WB, 2008) 

with about 60-70% of the population involved in 

agriculture and also contributes about 35-40% to Gross 

Domestic Product (GDP) and about 40% of foreign 

exchange for the country (MoFA, 2012). However, 

agriculture in Ghana is mainly subsistence and rain-fed 

with very little irrigation practice which is primarily 

furrow and the use of traditional watering can. The 

overreliance on subsistence and rain-fed agriculture is 

already being challenged by drought in many African 

countries including Ghana. It is estimated that rain-fed 

agriculture covers about 80% of cultivated land and produces 

about 60% of agricultural output globally (Alexandratos and 

Bruinsma, 2012) and this situation is likely to be affected by 

climate change especially those in semi-arid and arid areas. 

Schmidhuber et al. (2009) argued that the subsistence nature 

of farming in Africa cannot bring about the rapid economic 

transformation to eliminate or reduce poverty in the life of the 

poor even without the effect of climate change.  Rain-fed 

agriculture in semi-arid and arid regions generally produces 

low yields and is prone to water stress which may cause crop 

failure thus only crops such as sorghum, millet and wheat are 

mainly grown is such drought prone areas (FAO, 2010).  It is 

estimated that 75 million hectares of land suitable for rain-fed 

agriculture presently will be lost by 2080 in Sub-Saharan 

Africa due to climate change (ibid) and this therefore call for 

the adoption of irrigation agriculture to sustain food 

production.  

Besides, population increase will also exacerbate food 

security which is defined as “when all people, at all times, 

have physical and economic access to sufficient, safe and 

nutritious food to meet their dietary needs and food 

preferences for an active and healthy life (FAO, 1996)”. 

Almost a billion people are said to be food in-secured with 

large population of hungry people in Africa, India and China 

(FAO, 2009).  Research conducted by Lobell et al. (2008) 

suggests that places like central Africa will experience staple 

food decline due to population explosion. It is also estimated 

that by 2050 demand for food will increase by 2 ½ -3 times 

the current production capacity (Alcamo, 2003a) which 

means African countries must really change their agricultural 

production strategies to ensure food security if malnutrition, 

hunger and poverty are to be averted.  

To ensure all year round food production, rain-fed and 

irrigation agriculture must go hand in hand especially in 

developing countries where drought and water stress seem 

precarious. Irrigation agriculture, unfortunately, has not been 

given the needed attention in Ghana as the country still rely 

mainly on the informal agricultural sector for food 

production. It is estimated that about 80% of Ghana’s total 

agricultural output are small-holder and family-operated 

farms and out of this about 2.74 million households are into 

cultivation or rearing of animals with 90% having farms less 

than 2 hectares in size (Namara et al., 2010; MoFA, 2011). 

Despite the contribution of the informal sector to food 

security situation and employment, the sector has not really 

been recognized (Namara et al, 2010). It is also estimated that 

about 70% of people living in developing countries are rural 

dwellers who depend on agriculture for their livelihood 

(Easterling et al. 2007) thus the use of irrigation is expected 

to alleviate poverty and improve the livelihood of the rural 

poor. According to Ruane et al. (2008) there is a high yield of 

crops of 2 to 3 times higher from irrigation agriculture than 

those who depend on rain-fed agriculture. In irrigation 

agriculture, average cropping intensity could always be 

higher than rain-fed agriculture because of proper 

management and water reliability. This therefore suggests 

that a combination of intensive rain-fed and irrigation 

agriculture is the way forward to guarantee food availability.  

Unfortunately, the current capacity of agricultural land under 

irrigation is just 0.2% which can be translated into 30, 269 

hectares even though the country has the capacity to put 

about 500, 000 hectares under irrigation. A research 

conducted by Namara et al. (2010) indicated that irrigation 

potential in Ghana ranges between 0.36 -2.9 Mha including 
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the use of valleys and flood plains.  This is an indication that 

the country’s real irrigation potential has not yet been tapped 

considering the current value of less than 31, 000 hectares 

under irrigation (table 1&2). This situation is similar in many 

African countries as revealed by FAO (2010) that irrigation 

development in many African countries has been low with 

less than 3.7% of sub-Saharan agricultural land as compare to 

Southern Asia with about 41% of irrigated agriculture. 

African countries including Ghana must therefore step up 

their effort to adopt expanded irrigation for food production. 

 

Table 1. Distribution of land area for agric (2010) 

Land Use      Hectares  (%) area 

Total land area        23, 853, 900     100 

Non Agric.  area        10, 225, 721     42.9 

Agricultural land use area       13, 628, 179     57.1 

Area under cultivation         7, 846, 551     57.6 

Area under irrigation           30, 269      0.2 

Area not under 

cultivation 

       5,751, 359     42.2 

 

Table  2. Total Area under Irrigation in Ghana   

Area under irrigation 

     Irrigation Schemes 2009 

(ha) 

2010 

(ha) 

 

Formal Irrigation Scheme / Project 

Existing Irrigation Schemes     10,067 10,127 

Additional Area after Rehabilitation       500  500 

Small Scale Irrigation Development 

Project 

    1,279  1,682 

Small Farms Irrigation Project       322 324 

Sub-total     12,168 12,633 

                               Informal    Irrigation Scheme/Project 

Small Scale Irrigation farms  17,636 17,636 

Grand Total   29,804  30,269 

Adapted from MOFA, 2011 

 

Tables (2) above clearly outline the 0.2% land area which is 

under irrigation with the informal sector (small-scaled 

irrigation scheme) being larger than the formal sector and yet 

it is mostly ignored. Despite the meager 0.2% of land under 

irrigation, the few irrigation facilities are also underutilized 

and come with other challenges. An ongoing research in the 

northern part of Ghana revealed that most of the dams do not 

have well fitted structures to supply regular water to farmers. 

The general observation around the dams are broken canals, 

weeds in canals, siltation, drought among others due to lack 

of regular maintenance and supervision. Farmers also lack 

basic farm inputs, credit facilities, ready access to market and 

training among others. Additionally, the Ghana Agricultural 

Water Management Investment Framework (GAWMI) report 

outlined several challenges facing the irrigation sector and 

among these are the dependence on rain-fed agriculture, low 

irrigation application and underutilization of the irrigation 

schemes, slow expansion of the irrigation sector, weak 

institutional structures and lack of support for the scheme 

(MoFA, 2012). Unfortunately, many of these farmers do not 

form cooperatives to help them access credit facilities and 

negotiate for better prices for their products and soon get out 

of business (Hamida et al. 2012). These factors really hamper 

the effective growth of the small-scale agricultural schemes 

and thus affect the livelihood of small holders’ irrigation 

schemes especially in the era of climate change.  

 

IV. IMPACT OF CLIMATE CHANGE ON 

AGRICULTURE 

 

Climate change is known to have diverse impacts on 

hydrology, agriculture and human health among others. 

Climate change will also clearly impact on GDP, growth rates 

and development of many African countries including Ghana 

(Ludwig et al, 2009). Agriculture sustainability is the key to 

feed the rising population and improves the livelihood of 

farmers in rural areas in the mist of climate change. The lack 

of sufficient knowledge about climate change and its impact 

on agricultural production is a setback to long term 

sustainable agriculture in most developing countries 

including Ghana (Kotei et al., 2007). Climate change is 

projected to have significant impacts on conditions affecting 

agriculture, including temperature, precipitation and glacial 

run-off (Funk et al., 2008; McCarthy et al., 2001).  In 

developing countries, 11% of arable land could be affected by 

climate change, including a reduction of cereal production in 

65 countries up to about 16% of agricultural GDP (FAO, 

2005). Boko et al. (2007) emphasized that climate change 

and climate variability are likely to compromise agricultural 

production and food security with a reduction of crop yields 

by as much as 50% and crop revenues by 90% by  2012 and 

2100 respectively in some Africa countries and small-scale 

farmers will be more vulnerable. Research has also shown 

that crop water demand will increase by +5% to +8% with 

larger signal of +15% without the effect of CO2 globally due 

to transpiration, rising evaporative demand and longer 

planting season but likely to increase to about +20% by 2080 

with the effect of CO2 under climate change scenario (Fisher 

et al., 2006). According to Batima et al. (2005) water 

demands for livestock and crops production will rise 

exponentially as compared to current conditions which will 

expand overgrazing along water sources due to increased heat 

stress and future drought.  

Global warming will precipitate high surface air temperature, 

greater evapotranspiration, lower soil moisture and results in 

increasing frequency of drought which will affect agriculture 

productivity. In Africa, by 2020, between 75 and 250 million 

people will be exposed to increased water stress and in some 

countries, yields from rain-fed agriculture could be reduced 

by 50 percent (IPCC, 2007). It was estimated in 2005 that 2.5 

billion people in developing countries whose livelihood 

hanged on agriculture and 75% of the poor people globally, 

live in rural areas (FAO, 2010) and these people will be 

affected by the impact of climate change.  

Unfortunately, rainfall pattern has also not been uniform 

across the African continent and while some areas experience 

heavy rainfall leading to floods, others suffer extremely from 

drought (Tadross et al., 2005). For the farmer, the total 

amount of rainfall and its distribution is much more important 

than the total annual rainfall. The beginning and end of the 
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V. CONCLUSION AND RECOMMENDATIONS 

 

It is quite clear that the climate in Ghana is changing through 

higher temperature and declining rainfall and this will affect 

food production significantly due to higher 

evapotranspiration which will cause low yields, crop failures 

and lower water levels in dams for continuous irrigation. This 

will therefore jeopardize food production, food security and 

worsen the plight of small-scale farmers in Ghana. The over 

reliance on subsistence and rain-fed agriculture coupled with 

the meager irrigation practices and population increase in the 

country cannot in any way be sustainable in the era of climate 

change. The question therefore is “will small-scale 

agricultural schemes survive under the influence of climate 

change? Your guest may be as good as mine. For small-scale 

agriculture to survive the effect of climate change, the 

following are thus recommended: 

 

Water harvesting and storage: Considering the rising 

temperature and declining rainfall in the mist of climate 

change, there should be a deliberate effort to harvest adequate 

rainwater for storage and use during the dry season. There 

should be the construction of more standard irrigation dams, 

reservoirs and recharge pools in addition to dredging of old 

dams to store sufficient water to help improve surface and 

ground water levels. Runoff and flood waters could be 

intercepted and channeled into dams, reservoirs and potential 

places to recharge underground aquifers. To address the 

perennial water challenges in the cities, water harvesting 

should be part of all building codes to provide adequate water 

for domestic and peri-urban agriculture.  

 

Integrated water resource management: There is the need to 

properly manage the available water resources through 

efficient, equitable and sustainable manner in the country. 

This is very important due to the imminent impact of climate 

change on water resources thus effective implementation of 

an integrated water resource management is essential in 

ensuring sustainable food production. This may require that 

farmers are educated on crop water requirement and training 

of water users associations to ensure sustainable irrigation 

water use; maintenance of irrigation canals to avoid water 

losses and if possible the use of closed tubes to transport 

water to farmers. It is also very important to plant trees 

around irrigation dams to reduce wind speed, direct 

evaporation and siltation of the dams.  

Improved irrigation facilities: The need to revamp the 

irrigation sector to improve agriculture productivity has 

become more important now than ever. It is already clear that 

the country cannot rely on rain-fed and small-scaled 

agriculture but rather considers irrigation as one of the best 

options to survive climate change. Water harvesting and 

management will be an important factor to ensure all year 

round farming considering the current trend of rainfall and 

temperature variability. To ensure sustainability of irrigation 

agriculture, there should be the urgent need for repairs and 

maintenance of the irrigation structures, regular dredging of 

the dams and purposeful harvesting of water into the dams. 

Irrigation farmers should also be supported with farm inputs, 

credit facilities and ready markets for their products. The 

Irrigation Development Authority (IDA) should also be well 

resourced to provide support for the small scale irrigation 

farmers.  

 

Modification of agricultural practices: To ensure 

agricultural sustainability in the era of climate change, there 

should be a total paradigm shift from the traditional method 

of farming to a more adaptive mechanism to withstand the 

impact of climate change. The sort of crops and certain farm 

practices must completely be changed and farmers must be 

prepared to accommodate new methods of farming. For this 

reason farmers must be supported with new varieties of crops 

that are climate resistance, high yielding crops, short duration 

crops, drought resistance, low water consuming and early 

maturity crops coupled with agro-forestry practices, mulching 

among others. Zero tillage and proper land preparation are all 

important steps to guarantee food security and keep small 

scale farmers in business.  

 

  

 

       

   

  

   

    
    

    

       
   

    

   
     

   

   
  

    

    
  

   

rainy season is also as important as its quantity. Farmers 

sometimes observe early rains in a particular year and late in 

another year with differences in intensity and duration and 

this erratic nature of the rainy season affects farm planning 

and operations. 

Despite the fact that climate change will affect agriculture 

and food production negatively, another school of taught also 

believe that climate change will improve agricultural 

productivity through CO2 fertilization (Woodward, 1993; 

Lockwood, 1999). However, this requires optimization of 

other factors of production (FAO, 2011) and agronomic 

factors such as pest and weeds control, and moisture 

availability (Fuhrer, 2003) to warrant the benefit. Even 

though farmers in Africa are reported to have very good 

knowledge of the climate and have clear opinions on changes 

in rainfall, temperature, and wind speed (Maddison, 2007; 

Thomas et al. 2007; Mertz et al. 2009; Ifejika et al. 2009), 

this indigenous knowledge must be linked to improved 

agricultural practices and functional irrigation facilities to 

ensure that small-scale irrigation farmers adapt and survive 

the threat of climate change. 
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