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1. INTRODUCTION 

Coffee is one of the most widely drunk beverages in the world, and is a very important source of foreign 

exchange income for many countries. More than 125 million people in the coffee growing areas 

worldwide derive their income directly or indirectly from its products (Lashermes et al., 2011; Mishra 

and Slater, 2012). It ranks second after oil in international trade and has created several million jobs in the 

producer and consumer countries where more than nine million tons of green beans are produced annually 

(ICO, 2016). In the world, Brazil is the leading coffee producer and exporter country followed by 

Vietnam, Colombia, Indonesia and Ethiopia (ICO, 2016).  The genus Coffea comprises nearly 124 well 

identified species; however, Coffea arabica L. and Coffea canephora P. are the two commercially 

important species (Davis et al., 2006; Gray et al., 2013). Predominately, Arabica coffee represents 70% of 

global coffee production and Caniphora (Robusta) represents about 30% (Damatta and Ramalho, 2006; 

Davis et al., 2012). The production and productive of both species are largely dependent on the climate 

for attain high yields and quality (Killeen and Harper, 2016). 

The effect of climate variation on natural systems has begun as one of the most critical issues of 

humankind (Jaramillo et al., 2009). Many finding proof that weather alteration is hastening at ample 

quicker stride than earlier that leading to irreversible changes in major earth systems and ecosystems 

(ITC, 2010). Important factors that play a role for climate change are, rising fossil fuel burning and land 

use changes are continuing to emit, and increasing quantities of greenhouse gases into the Earth’s 

atmosphere. The rising greenhouse gases [carbon dioxide (CO2), methane (CH4) and nitrogen dioxide 

(N2O)] in the atmosphere can increase the amount of heat from the sun withheld in the Earth’s 

atmosphere, that would normally be radiated back into space (Vergara, 2014). Carbon dioxide (CO2) and 

methane (CH4) are the most greenhouse gases that influence global climate through emissions (Masters et 

al., 2009). Climate change is transforming ecosystems on an extraordinary scale, at an extraordinary pace. 

The main characteristics of climate change are increases in average global temperature (global warming); 

changes in cloud cover and precipitation particularly over land; melting of ice caps and glaciers and 

reduced snow cover; and raise in ocean temperatures and ocean acidity due to seawater absorbing heat 

and carbon dioxide from the atmosphere (IEH, 2012). 

Changing climatic conditions and rising global temperatures pose one of the most significant threats to 

world coffee production. According to Killeen and Harper (2016) both the productivity and quality of 

Arabica and Robusta coffee largely depend on the climate suitability, especially the precipitation and air 
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temperature. While climate change has the potential to influence the plant yield directly by heat and water 

stresses, it can also have an indirect impact by affecting the fertilizer supply, pathogens, and pests (Mo et 

al., 2017). The majority of researchers agree that global warming is irreversible over a short period and 

requires global policy change and sustainable agricultural practices for a long period to mitigate and 

reverse the environmental damage. The primary objective of this review is to assess the influence of 

climate change on the yields and quality of coffee production. 

2. GLOBAL COFFEE PRODUCTION 

Over the past 50 years, both production and consumption of coffee have risen considerably (FAO, 2015). 

Now over 70 countries produce coffee, and over 50 percent comes from just three countries Brazil, 

Veitnam and Colombia (Fig 2). The dynamics of world coffee production are generally characterized by 

considerable instability, with a large crop in one year frequently followed by a smaller crop in the next 

(ICO, 2014). The average growth rate since 1963 was 2.4%, with 2.8% annual growth in the market-

controlled period, and 2% since 1990 (Fig 1). In crop year 2012/13, world coffee production reached 

145.1 million bags, the largest on record. With the exception of Africa, all coffee-growing regions 

recorded a steady growth in their production over the time period (ICO, 2014). According to the USDA, 

world coffee production for the crop year 2019/20 is forecasted at 5.4 million bags (60 kilograms) lower 

than the previous year to 169.1 million, due primarily to Brazil’s Arabica trees entering the off year of the 

biennial production cycle. With global consumption forecast at a record 167.9 million bags, ending 

inventories are expected to retreat 2.8 million bags to 33.5 million. However, due to local consumption, 

export volume does not represent total production volume. 

 

Figure1.  World coffee production by region (1963/64 - 2012/13) 

Source: International coffee organization 

 
Figure2. Production quantities of top 5 coffee producers 2000 – 2013 

Source: FAO, 2015 
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Over the past 25 years, since the collapse of the quota system policed by the ICO, global coffee 

production has been increasing by a mean of 144,400 t yr-1 (Figure 3, left). Of the leading 25 coffee 

countries over the past 25 years, only 9 (Brazil, Ethiopia, Honduras, Indonesia, India, Malaysia, 

Nicaragua, Peru and Vietnam) have shown significant growth according to USDA figures (Baker, 2015). 

 
Figure3.  Left: world coffee production of all countries (triangles), ten growth countries (diamonds) and 

Brazil+Indonesia+Vietnam (squares) since 1989. 

3. ECOLOGY OF COFFEE 

An elevation greater than 1000 meter above sea level (masl) is required for Arabica coffee. In Low 

elevation it does not possess the quality required by the world market (Mangal, 2007). Ideal rainfall for 

Arabica coffee is in the range of 1200 to 1500 mm per year. Both the total amount and the distribution 

pattern are important. Rain should to be uniformly distributed over 7-9 months of the year. Coffee needs a 

dry, stress period with little or no rain to induce a uniform flowering. Without a stress period, flowering 

may extend over many months making harvesting more difficult (Mangal, 2007). However, the process of 

photosynthesis becomes limited when prolonged water stress occurs, due to closing of the stomata and 

reduction in other physiological activities of the plant (Camargo, 2009). The optimum average 

temperature ranges between 15 and 24°C, though it can tolerate temperatures much below or above these 

limits for short periods (Wrigley, 1988).  

Robusta is much less adaptable to lower temperatures than Arabica. Both leaves and fruits do not 

withstand temperatures below 6°C or long periods at 15°C. As altitude relates to temperature, Robusta 

coffee can be grown between sea level and 800m, whereas Arabica coffee grows better at higher altitudes 

and it grows better in areas with annual mean temperature among 22°C to 26°C (Camargo, 2009). 

4. CLIMATE CHANGE 

Climate change refers to a statistically significant variation in either the mean state of the climate or in its 

variability, persisting for an extended period (typically decades or longer). Global climate change is a 

change in the long-term weather patterns that characterize the regions of the world (Vijaya et. al., 2011). 

Ever since the Industrial Revolution began about 150 years ago, man-made activities have added 

significant quantities of greenhouse gases (GHGs) to the atmosphere. According to the Third Assessment 

Report on climate change 2001 of the Inter-Governmental Panel on climate change, the atmospheric 

concentrations of carbon dioxide, methane, and nitrous oxide have grown by about 31%, 151% and 17%, 

respectively, between 1750 and 2000. Furthermore, climate change (drought, flood, high temperature, 

storm etc.) events are increased dramatically as reported by Food and Agriculture Organization (FAO) 

and as shown in Figure 1. An increase in the levels of GHGs could lead to greater warming, which, in 

turn, could have an impact on the world’s climate, leading to the phenomenon known as climate change. 

The increasing trend of CO2 emissions and sea level and global surface temperature is shown in Figs. 4 

&5 respectively. 
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Figure4. Increasing number of extreme climate-related events occurred during 1990–2016 

Source: Food and Agriculture Organization (FAO) based on data from Emergency Events Database (EM-DAT)  

4.1.  Carbon Dioxide Emission 

 

Figure5. CO2 (ppm) trend over years.           Source: NASA satellite data 

4.2.  Global Surface Temperature 

Global land ocean temperature index 

 

Figure6. Global temperature variation.          Source: NASA satellite data 
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5. IMPACT OF CLIMATE CHANGE ON COFFEE YIELD 

Physiological processes can be influenced by increases in temperature above 30°C, especially if the air is 

dry. In general, Arabica coffee does best at higher altitudes and is often grown in hilly areas (Cambrony, 

1992; Coste, 1992; Wrigley, 1988). However, coffee growth and fruiting can also be easily affected by 

physiological problems due to temperature drops, particularly with increased altitudes. Also water stress 

affects the physiological activity of the Arabica plant causing a reduction in photosynthesis (ICC, 2009). 

Studies indicated that at temperatures above 24°C, the net photosynthesis of coffee decreases markedly, 

approaching zero at 34°C, hinder the development and ripening of cherries and when continued, it could 

result in reduced growth or even in yellowing and loss of leaves (ICC, 2009; Magrach and Ghazoul, 

2015).  

Water availability has also been found to affect the maintenance of maximum photosynthetic rates, high 

fruit set levels, and fruit size. Coffee phenology is therefore vulnerable to both the quantity of 

precipitation and the timing of precipitation events (Magrach and Ghazoul, 2015).  

Climate variation is the most favorable for increase of coffee pest disease; the loss estimate globally is 

13% of yield reduction (Agegnehu et al., 2015). Major disease that occurred because of climate variation 

during coffee growing will increase pest and disease prevalence, expanding the altitudinal range in which 

the fungal disease coffee rust and the coffee berry borer can survive (Läderach et al., 2010). The most 

significant coffee pests which becomes series and damaging with climate change leaf rust (Hemileia 

vastatrix) and the coffee berry borer (Hypothenemus hampei) (CTA, 2014). Coffee Leaf Rust which is 

favored by high temperatures becomes more series disease and affects coffee in high altitude areas (Lin et 

al., 2008). Coffee berry disease (CBD) is also favored by high precipitation and low temperature which 

becomes more severe than ever; change in temperature will affect insect pest dynamics, such as minor 

pests may become major pests; e.g. thrips (Lin et al., 2008). 

The other challenge of climate change is the loss of suitable land for coffea arabica cultivation. The rising 

of temperature render to a certain production areas less suitable or even completely unsuitable for coffee 

growing, production may have to shift (Jamillo et al., 2011). Davis et al. (2012) predict that climate 

change will lead to a 65 percent reduction in suitable land for Arabica coffee growth. This is their best-

case scenario prediction. At worst, they found that 100 percent of suitable land for Arabica coffee 

production will disappear due to climate change by the year 2080. They determined a negative trend 

between the increase in global temperatures and the growth of Arabica coffee (Davis et al., 2012).A shift 

in climate and agricultural zones towards the higher altitudes, changes in production, patterns due to 

higher temperature, changing precipitation patterns, increased vulnerability of the landless and the poor 

(Lin et al., 2008). Yield declines of Coffee are virtually certain in a warming world because it is a 

montane species, not adapted to high temperatures (CCAFS, 2016).  

6. IMPACT OF CLIMATE CHANGE ON COFFEE QUALITY 

The potential yield and quality of coffee is determined by both temperature and rainfall condition since 

both ability to interfere with the phonological growth of the crop (Haggar and Schepp, 2011). These 

impacts include, for example, disrupted flowering cycles and prolonged drought periods, which ultimate 

result in reduced coffee quantity and quality (Masters et al., 2009). According to Killeen and Harper 

(2016) both the productivity and quality of Arabica and Robusta coffee largely depend on the climate 

suitability, especially the precipitation and air temperature. However, the Arabica coffee is more sensitive 

to climate variation, specifically during blossoming and fructification stage (Haggar and Schepp, 2011).  

High elevation improves the quality of the bean and potential cup quality due to delay in ripening brought 

about by cooler weather associated with higher altitudes, and the inherent characteristics of acidity, aroma 

and bold bean can develop fully (Mangal, 2007). Above 23°C, fruit development and ripening are 

accelerated, leading to loss of quality; below 18°C, growth is depressed (Mofatto, 2016). 

Incidences of pests and diseases result in decrease of coffee quality and viability of the product. Jaramillo 

et al. (2011) estimated that climate change would worsen the pest prevalence including that of the berry 

borer, contributing to the decrease of coffee fruit and bean quality. In Africa, research shows the insect 

probably originated as a predator to Coffea canephora, a lesser-used coffee plant that grows at lower 
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altitudes and warmer temperatures than Coffea arabica (Jaramillo et al., 2011). Jaramillo et al. (2009) 

found that the population growth of H. hampei is directly and exponentially related to increases in 

temperatures. As temperatures rise, generations of the insect multiply. A study performed by Jaramillo et 

al. (2009) determined that a 1 to 2 degree Celsius increase in temperature would cause the H. hampei to 

develop faster; this would lead to more generations per fruiting season. They found that increases of over 

2 degrees Celsius would force the H. hampei to migrate to higher altitudes. This explains the bugs’ shift 

from lower elevation where Coffea canephora grows to the higher altitudes of Coffea arabica.  

Increased drought and sunshine can induce the premature ripening of the beans, with sufficient quality 

loss as well as the yield (Mofatto, 2016). Water availability has also been found to affect the maintenance 

of maximum photosynthetic rates, high fruit set levels, and fruit size. Coffee phenology is therefore 

vulnerable to both the quantity of precipitation and the timing of precipitation events (Magrach and 

Ghazoul, 2015). 

7. POTENTIAL STRATEGIES TO INCREASE COFFEE PRODUCTION 

7.1.  Climate Change Mitigation 

Mitigation of global warming involves taking actions to reduce greenhouse gas emissions to enhance 

sinks aimed at reducing the extent of global warming which is important (International Coffee Council, 

2009). Climate change mitigation strategies which include interventions to reduce the sources or 

enhanced the sinks of greenhouse gases have a marked management component aiming at conservation of 

natural resources such as improved fertilizer use, use of water harvesting and conservation techniques. 

These strategies are equally consistent with the concept of sustainability (Bento and Camargo, 2009).  

Mitigation can be divided into two concepts: Reducing the contribution of coffee production to 

greenhouse gas emissions, this is primarily a function of the carbon footprint of coffee production and 

Sequestration of carbon in the shade trees or forest areas of the coffee farms, currently the conservation of 

existing trees has no process for recognition but planting of new trees could be considered as mitigating 

other emissions (Haggar and Schepp, 2012). Carbon sequestration is an important technology for the 

maintenance of optimum CO2 level in the atmosphere, which in turn results in the climate change 

mitigation (Vijaya et al., 2011). Studies of carbon footprints from coffee production indicate that on-farm 

emissions, and in particular nitrogen fertilization account for about 40% of the carbon footprint of the 

whole coffee chain (PCF, 2008).  

7.2.  Adaptation Strategies 

Adaptation strategies include initiatives and measures to reduce the vulnerability of agro-ecosystems to 

projected climate change, such as changing varieties, altering the timing or location cropping activities, 

improving the effectiveness of pest, disease and weed management practices, making better use of 

seasonal climate forecast etc (Bento and Camargo, 2009). Measures to adapt coffee cultivation to climate 

change also contribute to reducing CO2. Other environmental benefits include enhanced water storage, 

the regulation of local temperatures, and biodiversity conservation (Lossau, 2010). Adaptation strategies 

may range from a change in crop cultivars to accommodate drought or shifts in temperature to extreme 

measures such as a total change in land use away from agriculture production (Smith et al., 2007). Good 

management practices that reduce soil erosion (e.g. cover crops and contour bunds) and increase water 

retention (mulching, shade) will further help farmers adapt to climate change and retain the more fertile 

topsoil (Deressa et al., 2009; Jassogne et al., 2013).  

Different scholars seem to agree that the best way to preserve Arabica coffee is through the use of shade 

trees (Jaramillo et al., 2009). Shade trees planted near coffee plants have the ability to block out the sun’s 

impact on the plants. They create lower temperature, reduce up to 4°C better suited for Arabica coffee 

plants.   

Improving new cultivars resistant to pests and diseases, more productive, well adapted to the local 

climatic and soil conditions, and have acceptable and desired quality for the market is very important 

(Enomoto, 2011). Ethiopia has a unique genetic diversity of cultivated, semi-wild and wild Arabica 

varieties with different types of disease resistance environmental adaptations and quality characteristics 

for future breeding coffee varieties opportunity that are adapted to the changed climate (Lossau, 2010). 
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7.3.  Synergies in Adaptation and Mitigation 

The potential for developing synergies between climate change mitigation and adaptation has become a 

recent focus of both climate research and policy. There are also increasing calls for research to define the 

optimal mix of mitigation and adaptation (Klein et al., 2005).  

By focusing mitigation objectives in key cost-effective sectors, adaptation needs in key food producing 

activities could be chosen to provide mitigation at the same time. Indeed, several adaptation activities 

leading to increased systems resilience and improved rural incomes may still have significant mitigation 

value, resulting in no-regrets, win-win situations. For example, this would include the entire set of good 

practices that lead to improved soil and water resource conservation (Tubiello, 2012). 

8. CONCLUSION 

This review summarizes the production, growing requirements of coffee, and influences of climate 

change on the yields and quality of coffee around the world. Climate mitigation and adaptation techniques 

were presented as solutions to address these issues and challenges caused by global warming. The 

fluctuation of climate in the coffee growing area resulted in reduction in the yield and quality, increasing 

the outbreak of pest disease, increasing cost of production and reduced area of production. The 

consequence of the problem may make the coffee sector to have negative impact on the producers and 

consumers. Comprehensive application of all adaptation practice ensures high quality and sustainable 

production of coffee and also maintain sustainable ecosystem. Generally, further research will be focused 

on discovering climate change adaptation strategies feasible for smallholder farmers for practically 

implement. 
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