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Overview  
This report presents the outcomes of a study which analyzed the potential climate-related risks for 
Ghana Oil Palm Development Company (GOPDC). GOPDC owns two oil palm plantations at Kwae 
and Okumaning in Ghana’s Eastern Region. It also owns a mill and refinery at Kwae, where oil palm 
fresh fruit bunches (FFB) are processed into crude palm oil (CPO) and palm kernel oil (PKO), as well as 
refined products (primarily olein and stearin). 

The tables below presents a high level summary of the GOPDC climate risk analysis, where the outlined results 
describe the confidence levels that we attach to them. As described in the climate chapter of this report, there is 
high confidence that temperatures at GOPDC are rising and will continue to rise due to climate change. The 
picture is much less clear with respect to changes in seasonal rainfall: looking across a broad range of climate 
models, about half the models project future increases in rainfall and half show decreases over this part of 
Ghana. There is, however, higher confidence that rainfall intensity will increase, i.e. that a greater proportion of 
total rainfall will fall in heavy events.  

As well as investigating the potential effects of climate change, the risk analysis has assessed how variability in 
current climate conditions affects GOPDC’s operations, and has identified where the greatest climatic 
sensitivities lie. In some cases, while we have been able to identify links between climatic factors and their 
effects on GOPDC, knowledge is lacking about the impacts of climate change – for instance in the case of the 
important oil palm pollinator, E. kamerunicus. This points to the need for additional research. In other cases 
there is good knowledge of the relationships between climatic factors and their impacts on GOPDC, such as 
rising temperatures affecting refinery throughput.  

Where possible, we have presented estimates of annual future financial impacts of climate change for GOPDC, 
using a 12% discount rate. For some climate-driven events, such as the loss of the oil palm pollinator or an 
outbreak of damaging pests, while we have been able to estimate the financial consequence of the event, we 
have no knowledge of its likelihood. In these cases, we present undiscounted financial impacts per event.  

The analysis has also revealed some critical uncertainties that GOPDC faces, for which it has not been 
possible to estimate current or future financial impacts. Most notable among these is future water availability, 
which is essential for GOPDC’s operations. A lack of groundwater has already affected operations at the 
refinery. Climate change, together with increased demand from other users, may exacerbate stress on water 
resources. It is important that GOPDC improves its understanding of current and future risks to its groundwater 
supply and develops strategies to manage them effectively.   

GOPDC is already undertaking a number of actions which help to build climate resilience. Based on the levels 
of confidence in the risk analyses, it is proposed that additional climate risk management actions for GOPDC to 
consider set out in the GOPDC Adaptation Action Plan below. In essence, where there is high confidence in the 
risk analyses, it is recommended that GOPDC investigates the costs and benefits of actions to manage the 
projected changes and their implications for performance. In cases of lower confidence, it is recommended 
to use a more exploratory approach, including research, monitoring, field trials and surveillance. For 
some risk areas, such as malaria and oil palm yield, the analysis has shown that the effects of 
present-day climate variability on profitability are already important. In these cases, it is 
recommended that GOPDC investigates additional actions that could be taken now to manage the 
impacts. 
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Ghana Oil Palm Development Company 
Ghana Oil Palm Development Company (GOPDC) Limited is an integrated agroindustrial company specialized 
in the organic cultivation of oil palm (OP), extraction of crude palm oil (CPO) and palm kernel oil (PKO) and in 
the refining and fractionation of CPO. The company was set up in 1975 as a state enterprise with the main 
objective of diversifying agricultural production in Ghana and was later transformed into a limited liability 
company in 1995. 

Located in the Eastern Region of Ghana in Kwaebibirem District, GOPDC owns and manages approximately 
20,500ha of OP plantation divided between Kwae and Okumaning estates. Some 6,500ha is directly run by 
GOPDC staff (of which there are approximately 280), while 14,000ha is farmed by a body of 7,000 outgrowers 
who own land located within 30km of the oil palm mill at Kwae estate. GOPDC assists outgrowers in the 
development of their plantations and they sell fruits to the company. Approximately 300ha within the 
concession area is farmed by smallholders – farmers who are permitted to develop a temporary plantation 
within the estate and sell their OP fruits to GOPDC. The catchment area, as described, is shown in Figure 1 
below. 

Figure 1: Catchment area of GOPDC operations (30km radius from Kwae mill) 

 

Okumaning 
Concession 

Kwae 
Concession 
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Three main operations are undertaken by GOPDC: OP plantation development; processing of fresh fruit 
bunches (FFBs) in the mill to produce CPO and PKO; and refining/fractionation of CPO into higher value 
products. Plantation development activities include seed germination, OP cultivation in the pre-nursery, nursery 
and main plantation, non-mechanized harvesting and collection of FFBs and transportation of FFBs to the mill. 
GOPDC operates a 60 ton/hour FFB mill (which is currently being increased to provide 80 ton/hour capacity) 
and a 60 ton/day palm kernel mill, where all FFBs are processed to produce CPO, PKO and palm kernel cake 
(PKC). Some 98% of CPO and is processed further at the refinery/fractionation plant (which has a capacity of 
100 ton/day) to produce higher value products. Olein and stearin are the main refined products from CPO, with 
refined bleached deodorized oil (RBDO) and palm fatty acid distillate (PFAD), as additional, smaller volume 
products. 

To give an indication of the order of magnitude of their operation, GOPDC was expected to produce 
approximately 26,000 tons of olein and stearin, 1,300 tons of PKO and 1,300 tons of RPKO in 2009. This 
equates to approximately $20.9m in sales. Products are stored in tanks at Kwae Nucleus Estate and at Tema 
Tank Farm, located at Tema Harbor (approximately 120km southeast of the estate), for distribution to market. 
The storage tanks provide a total capacity of 15,000 tons. 

Further to its core business, GOPDC is committed to maintaining high environmental standards. GOPDC 
minimizes its use of chemicals on the land (e.g. by following the rules of Integrated Pest Management wherever 
possible), manages biodiversity by planting and/or maintaining riparian and upland biodiversity plots on its 
estates (intended both to conserve species and to offer soil protection), manages water use and treatment (e.g. 
GOPDC treats effluent from the mill and refinery plants), and manages energy use as well as gaseous and 
solid waste streams.  

GOPDC is also committed to promoting development and minimizing adverse impacts in the areas within which 
it operates as well as building good relations with its local communities and other stakeholders. As part of this 
commitment, GOPDC has appointed a Community Relations Officer and has developed a Social Action Plan 
addressing issues such as facilitation of smallholder and outgrower schemes, provision of infrastructure in the 
surrounding communities and health care provision. Health care provision, for example, includes spraying 
against mosquitoes in Kwae and the introduction of malaria prevention and sensitization programs for 
community groups and schools.  

Most of GOPDC’s sales are to the domestic market in Ghana, driven by a deficit of palm oil in the country. 
Globally, Malaysian and Indonesian exports dominate the international market. This Southeast Asian 
dominance stems from the region consistently producing higher yields than West African countries, due in part 
to more favorable climatic conditions. 
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Summary of GOPDC climate risk analyses  
 

Risk area Refinery and fractionation plant High confidence 

Most important 
climate factors 

Rising temperatures (annual increases of approx. 1.2 ˚C by the 2030s relative to the 1970-
1999 baseline) are predicted for Kwae. 

Annual average temperatures rose by 1.5˚C over the period 1970-2007. 

A continuous water supply is also needed for refinery and fractionation operations. 

Description of 
climate risks 

The cooling systems for the refinery vacuum system and fractionation plant crystallizers 
were designed for a maximum cooling water temperature of 32 ˚C. 

By 2020, it is estimated that there could be a five-fold increase in the incidence of cooling 
water temperatures above 32˚C. This will lead to lower production rates of olein and stearin 
at both facilities. On average by the 2020s, the reduction equates to 3 days of lost 
production per year in the refinery and 2 days per year in the fractionation plant. 

Lack of water stops operations at the refinery and higher temperatures lead to increased 
water consumption. From January to May 2010, 3-4 days of refinery production were lost 
due to lack of water. 

Financial impact 
(US$) 

In the refinery, the estimated annual reduction in income from sales of olein and stearin is 
approximately $30,000 per year over the period 2010-2030 (12% discount rate). Assuming 
GOPDC would sell excess CPO instead, the net reduction in income is $3,600 per year for 
2010-2030 (12% discount rate). 

For the fractionation plant, a further $28,000 per year of olein and stearin sales would be 
foregone (12% discount rate). Taking account of CPO sales, a net reduction in income of 
$3,400 per year is estimated for 2010-2030 (12% discount rate).   

Lack of water led to a loss of $26,000-$35,000 in income from the refinery, between January 
and May 2010. 

Confidence    in 
the assessment 

• High confidence in projections of higher temperatures. 

• High confidence in knowledge of links between temperature, refinery CPO throughput and 
olein and stearin output. 

• Medium confidence in links between temperature and crystallization rates.  

• High confidence in refinery income foregone due to lack of water in 2010. Low confidence 
in future changes in water availability. 
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Risk area Power plant High confidence 

Most important 
climate factors 

Rising temperatures and continuous water supply, as shown above. A continuous 
water supply is also needed for refinery and fractionation operations. 

Description of 
climate risks 

The cooling system for the power plant turbine was designed for a maximum 
cooling water temperature of 32˚C.The efficiency of the condensing steam turbine 
reduces by 1% for a 1˚C temperature increase, leading to 1% higher fuel 
requirements to maintain power output. Warmer air will, however, be beneficial to 
the boiler, as less pre-heating will be needed. 

Financial 
impact (US$) 

As fuel is supplied as biomass waste, overall economics are not significantly 
affected. In a worst-case assumption where all GOPDC’s annual diesel fuel use 
(1.13m liters) was for power production, a 1% increase would cost just $500 per 
year by the 2030s (12% discount rate, excluding tax). 

Increased water use for the power plant as temperatures rise will bring extra costs 
for water pumping and treatment. There may also be increased power plant 
maintenance costs, if higher temperatures increase dust levels. 

Confidence    
in the 
assessment 

• High confidence in projections of higher temperatures. 

• High confidence in knowledge of links between temperature and power plant 
performance. 

 

Risk area Electrical systems High confidence 

Most important 
climate factors 

Rising temperatures 

Description of 
climate risks 

The performance and efficiency of electrical equipment is reduced by higher 
temperatures.  

Equipment fails more frequently and components may need to be resized.  

Financial 
impact (US$) 

A detailed study is required to evaluate the financial impacts. 

Confidence    
in the 
assessment 

• High confidence in projections of higher temperatures. 

• High confidence that higher temperatures lead to reduced efficiency of electrical 
equipment, but the effect has not been quantified for GOPDC. 
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Risk area Malaria Medium confidence 

Most important 
climate factors 

Annual rainfall which may increase or decrease by approx. 10-15% by the 2030s 
(relative to the 1970-1999 baseline).  

Total number of rainy days is also relevant (again which may increase or 
decrease). 

Description of 
climate risks 

Malaria is the most common illness reported at the GOPDC clinic. Higher rainfall 
and number of rainy days is correlated with an observed increased number of 
malaria cases two months afterwards.  

Increased annual rainfall, number of rainy days and rainfall intensity in future may 
lead to a rise in malaria cases due to increases in the amount of standing water 
and so improved breeding environments for the mosquito vector. 

Financial 
impact (US$) 

At present, annual revenues not earned, resulting from malaria illness, are 
estimated to range from $50,000 to $150,000. Additional costs include paying sick 
leave and costs of medical treatment (which varies depending on employment 
status of workers). Unless there are complications, treatment costs are only $0.50 
per person. In 2007, treatment costs for GOPDC workers were about $370.  

Changes in malaria incidence due to climate change cannot be predicted with 
confidence, due to uncertainties in future changes in rainfall. 

Confidence    
in the 
assessment 

• High confidence that malaria already causes significant numbers of lost man 
days. 

• Low confidence in projected changes in seasonal average rainfall. 

• Medium confidence in projected increase in rainfall intensity. 

 

Risk area Local community livelihoods Medium confidence 

Most important 
climate factors 

Changes in rainfall are most critical, though temperature extremes can also affect 
crops. 

Description of 
climate risks 

Oil palm and other crops grown by local communities (cocoa, citrus, cocoyam, 
cassava, yam and maize) are all negatively affected by drought, flooding, water 
logged soils and, in some cases, temperature extremes. Crops are rain fed. 

Other aspects of community well-being are also vulnerable to climate, including 
transport, health, water availability and water quality. 

Financial 
impact (US$) 

Climate impacts on agriculture could have considerable economic impacts for the 
local community. In turn, lower incomes can have consequences for increased 
delinquency, prostitution, HIV/AIDS and child labor. 

Confidence    
in the 
assessment 

• Only a qualitative assessment has been undertaken. There is good confidence 
that the main climate-related risks have been identified but their severity is 
unknown. 
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Risk area Worker health, safety and productivity Medium confidence 

Most important 
climate factors 

Temperature extremes and high humidity 

Description of 
climate risks 

Staff performance decreases at higher temperature and relative humidity, and 
accidents are more likely. This issue is most prominent at the mill and close to the 
power station turbine. More workers are already needed during the day shift at the 
mill, when temperatures are higher, than at night. 

Financial 
impact (US$) 

Due to higher temperatures, workers will need to take more / longer breaks. More 
workers may also be needed at the mill, with associated increased costs. It has not 
been possible to quantify this impact.   

Confidence    
in the 
assessment 

• High confidence in projections of higher temperatures. 

• Medium confidence that higher temperatures could lead to need for more 
workers at the mill. 

 

Risk area Oil palm yield Low confidence 

Most important 
climate factors 

Many climate variables influence yield, but changing soil moisture deficit (affected 
by changes in rainfall and rising temperatures) seems to be most important.  

Projections of changes in rainfall (and hence hydrological deficit) for Ghana are 
uncertain.   

Description of 
climate risks 

If it occurs, reduced soil moisture would likely decrease oil palm yields. 

The effects of higher temperatures are uncertain – they reduce soil moisture but 
help fruit to ripen.  

Many climate-related issues affect different aspects of the oil palm lifecycle and 
hence yield. Given the complexity of the relationships, the impacts are difficult to 
analyze and model. 

Financial 
impact (US$) 

At present, annual fresh fruit bunch yields (tons/hectare) can vary by +/-50%. 
Climate plays a significant part in this variability. 

Modeling using climate change scenarios indicates that if fruit harvested from 
1990-2006 were harvested in 2010-2026, the estimated total change in revenue 
across this 17-year period ranges from -$1.3m to $34.7m (undiscounted). For a 
mid-point year of 2018, annual projected revenue changes are in the range  
-$27,000 to +$720,000 (12% discount rate).  

If fruit harvested from 1990-2006 were harvested in 2020-2036, the estimated 
change in annual revenue for a mid-point year of 2028 is in the range +$29,000 to 
+$280,000 (12% discount rate). 

Confidence    
in the 
assessment 

• Low confidence in projected changes in seasonal average rainfall. 

• High confidence in projections of higher temperatures. 

• Low confidence in ability to simulate impacts of climate change on oil palm 
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yields. Literature suggests high temperatures can be detrimental to oil palm. 
These effects may not be captured in our models, which were developed based 
on observed temperature conditions, which are lower than temperatures 
expected in the future. 

• Low confidence in ability to calculate financial impacts, resulting from uncertain 
yield estimates. 

 

Risk area Pests and diseases Low confidence 

Most important 
climate factors 

Extremes of wet and dry conditions emerge as the most important factors affecting 
the most destructive pest, the leaf miner (C. lameensis). 

As outlined above, climate change is expected to lead to increased rainfall 
intensity. 

Leaf miner larvae are also negatively affected by high temperatures. 

Description of 
climate risks 

Under conditions where the proportion of total annual rainfall that falls in heavy 
events increases, the C. lameensis leaf miner may be negatively affected (which 
may in turn lead to less destruction of oil palm yield).  

Higher temperatures might reduce the prevalence of leaf miner larvae. 

Financial 
impact (US$) 

Based on past experience of leaf miner outbreaks at GOPDC, estimated revenues-
not-earned for 2009 and 2010 in the event of a heavy leaf miner attack range 
between $1.8m and $5.3m. 

Costs of pest and disease control also need to be considered. 

Changes in leaf miner incidence due to climate change cannot be estimated. 

Confidence    
in the 
assessment 

• Low confidence in projected leaf miner attack likelihood and intensity. 

• Literature linking climate to pest and disease occurrence lacks detail. 

• Low confidence in knowledge of impact of climate change on pest and disease 
occurrence. 
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Risk area Ecosystem services Low confidence 

Most important 
climate factors 

Total rainfall (projections for which are uncertain) is a key factor affecting oil palm 
pollinator E. kamerunicus. 

Description of 
climate risks 

A reduction in total monthly rainfall may lead to a reduction in the number of E. 
kamerunicus present, with potentially negative consequences for oil palm yield.  

The impact of an increase in monthly rainfall is unknown due to a lack of 
information about the upper threshold that the pollinator can tolerate.  

GOPDC has never experienced any problems with low pollinator numbers. 

Financial 
impact (US$) 

A total loss of pollinators (which is the most extreme scenario) could lead to 
revenues not earned of $1.2-$1.4m per year (undiscounted).  

The cost of assisted pollination would add to the financial impact of losing natural 
pollination services. 

Confidence    
in the 
assessment 

• Low confidence in relationship between climate and pollinator numbers, due to 
lack of detail in the scientific literature. 

• Low confidence in projected changes in seasonal average rainfall. 

• Low confidence in impact of climate change on pollinator presence and 
consequent impact on financial performance. 
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GOPDC adaptation action plan 

Risk area Existing actions that help build 
climate resilience 

Additional suggested adaptation actions 

Oil palm yield Mulching/composting of empty fruit 
bunches (EFBs) and fronds, and 
applying the mulch to the plantation 
helps preserve soil moisture. 

Cover crops help reduce soil erosion. 

Sub-soiling across slopes (i.e. planting 
palms in 1 m deep trenches) helps 
reduce soil erosion. 

GOPDC is testing Palm Oil Mill Effluent 
(POME) on a small area of palms behind 
the mill (48ha, 1979 year of planting) to 
see if it brings benefits in terms of 
increased yield. However, the main 
reason for doing this is not for 
irrigation/nutrients but to make use of the 
effluent, rather than disposing of it via the 
wastewater treatment system. There will 
definitely not be enough POME for the 
whole estate (5,000 ha).  

GOPDC do not think terracing or bunding 
is necessary to prevent soil erosion and 
preserve soil moisture, as the slopes on 
GOPDC’s plantations are shallow (unlike 
in Malaysia where terracing is used). 

CIRAD recommended GOPDC improves 
soil structure in upland areas using EFBs. 

Research is needed into new seeds, better 
able to tolerate low rainfall conditions in 
Ghana. Palm Elite (an organization related 
to CIRAD) produce new seed types.  

Pests and 
diseases 

GOPDC is monitoring and managing the 
leaf miner pest all the time. The company 
sprays areas of the plantation every 1-2 
years, when the leaf miner index 
exceeds 10. In 2007, about 25% of the 
plantation needed treatment. 

 

Correlating observed climate data and leaf 
miner egg / larvae monitoring data, would 
help GOPDC to see how these factors are 
related. Similar correlations could be 
developed for other pests and diseases. 
This could potentially facilitate earlier 
detection of the risk of pest/disease 
outbreaks. 

Engaging in research on the relationship 
between oil palm pests and diseases and 
climate change would help GOPDC to 
understand the changing risks posed to oil 
palm production. According to the Ghana 
Environmental Protection Agency (EPA), 
once Ghana’s Climate Change Adaptation 
Strategy (CCAS) is published, GOPDC can 
submit proposals for research on climate 
change impacts on pests and diseases of 
oil palm. Ghana EPA recognizes that these 
threats are not currently well understood. 

Ecosystem 
services 

GOPDC has never had any problems 
with a lack of pollinator numbers, so it 
does not currently take any actions to 
monitor or manage the pollinator. 

It was thought by GOPDC to be very 
difficult to measure the density of the oil 
palm pollinator, so as to correlate it with 
climate data. However, GOPDC would be 
interested if others (e.g. OPRI, CIRAD) 
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looked at this. 

Linking in to research on ecosystem 
services and climate risks would be 
beneficial, such as the Oil Palm Research 
Institute’s work on species that control leaf 
miner and research at the University of 
Oxford on the benefits of forest patches in 
oil palm plantations. Protection of BDPs 
may contribute to pest control, reduction of 
soil erosion and preservation of soil 
moisture. 

GOPDC should compare rainfall gauges 
close to Biodiversity Plots (BDPs) with 
those within plantation further away from 
BDPs, to see if BDPs make any difference 
to rainfall amounts. 

GOPDC should consider installing a full 
weather station at Okumaning, to ascertain 
if relative humidity there is higher than at 
Kwae, due to nearby forest. 

GOPDC can discuss with Ghana EPA as to 
the possibilities of gaining carbon credits for 
its BDPs. They may be eligible, depending 
on their size. 

Industrial 
operations 
(mill, refinery/ 
fractionation 
plant, power 
plant)  

GOPDC have recently installed a second 
cooling tower, for the refinery vacuum 
system, to reduce water consumption. 
This is expected to slightly reduce the 
negative effect of rising temperatures on 
the vacuum system. 

When GOPDC increases the capacity of 
the refinery / vacuum system, they will take 
account of the climate change projections.  

Similarly, if any upgrades to the 
refrigeration and chiller system in the 
fractionation plant are undertaken, it is 
recommended to check design thresholds 
for resilience to climate change.  

A detailed research study (e.g. undertaken 
as part of a Masters) would help to 
establish the overall reduction in efficiency 
of electrical systems at GOPDC associated 
with rising temperatures and to identify 
whether any electrical equipment needs 
upgrading.  

As ambient temperatures increase, it may 
be necessary to consider having more mill 
workers and crane operators. 

It may also be necessary to consider 
building an enclosure for workers close to 
the turbine (as are found elsewhere) to 
shield them from high temperatures and/or 
to try to reduce the heat being emitted by 
the turbine.  

Groundwater 
resources and 
wastewater 

Water meters have recently been 
purchased so that groundwater use can 
be closely monitored. 

GOPDC has plans to improve water 
efficiency including: stopping leaks; 

Given the criticality of water for operations 
at GOPDC, it is a high priority for the 
company to develop a better understanding 
of future water availability and to work 
together with other stakeholders to devise 
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investigating opportunities for recycling 
and reuse in the mill; and rainwater 
harvesting from the mill roof. 

As noted above (under ‘Oil palm yield’) 
GOPDC is testing POME on a small area 
of palms behind the mill. The main 
reason for doing this is to make use of 
the effluent, rather than disposing of it via 
the wastewater treatment system. 

A third stabilization pond has recently 
been added to the wastewater treatment 
system, which has significantly reduced 
levels of pollutants in the effluent 
entering the stream.    

management strategies.  

It is recommended that GODPC engages 
with Ghana EPA and Newmont Ghana on 
how the new Akyem mine could affect 
groundwater resources. Newmont Ghana 
may be able to undertake a hydrogeological 
assessment that encompasses GODPC’s 
aquifer, to better understand the factors 
that influence its recharge. As well as 
investigating the mine’s impact, this 
assessment should develop understanding 
of the relationships between GOPDC’s 
aquifer and climatic variables, and it is 
recommended that the assessment 
incorporates the impacts of climate change. 

Monitoring the performance of the 
wastewater treatment system and stream 
quality as a function of climatic conditions 
would help to understand the criticality of 
the relationships. 

Local 
community 
livelihoods 
and malaria 

When GOPDC has its malaria lab, it will 
know the true number of malaria cases. 
(Some reported malaria cases are 
actually not malaria). 

GODPC is part of the Global Business 
Coalition, which covers malaria, TB and 
HIV/AIDS, and which encourages 
innovative financing and coordination 
between business and donors agencies. 

GOPDC will be providing treated bed 
nets to pregnant women in Kwae and 
Anweam. 

Weeding and cleaning of the estate is 
done every quarter, and helps to keep 
down mosquito numbers. 

Spraying of the estate and in surrounding 
villages is undertaken occasionally, but is 
only effective for 2-3 months. 

GOPDC intends to support community 
awareness on climate change through the 
Community Development Committee which 
it funds. 

GOPDC recognizes the need to do 
spraying for malaria control more 
frequently.  

Working in partnership with local, regional 
and/or national authorities implementing 
malaria control programs, and connecting 
with malaria early warning systems in the 
region may also be beneficial. 
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Contribution to sectoral climate resilience: roles of different groups  
 
This study has highlighted actions that can be considered by GOPDC to increase its resilience to climate 
variability and change. It has also identified gaps that would be better addressed by others, such as 
through government, international or industry-wide funding for research, which could be undertaken by 
research institutes. Filling these key knowledge gaps could serve as a public good, given the economic 
importance of the oil palm industry – and agriculture generally – and their interactions with the environment 
and communities. 

There is currently no palm oil producers association in Ghana which could encourage research 
organizations (e.g. the Oil Palm Research Institute, OPRI) to undertake research on climate change issues. 
Such work could be suggested by GOPDC under the auspices of the Round Table for Sustainable Palm Oil 
(RSPO).  

In terms of climate change information and data, this study relied on general circulation models (GCMs), 
which provide projections of climate change variables at a coarse spatial scale (typically 2.5o x 2.5o). While 
there is good agreement among GCMs on future temperature trends in Ghana, projections of future 
precipitation differ widely, with around half the models projecting rainfall increases and half projecting 
decreases. This uncertainty means that the benefits of downscaled (finer resolution) climate change data, 
which is often recommended as a way to assess specific local impacts, are irrelevant.  

A focused modeling effort to improve understanding of future changes in the amplitude of El Niño Southern 
Oscillation (ENSO) events, which strongly influence West African climate, would certainly be beneficial. 
Once this had been achieved, downscaled climate change scenarios, on the near-to-medium term 
timescales of relevance to industry, would facilitate more localized climate impact and adaptation 
assessments. Since rain-fed agriculture makes such an important contribution to the economies of West 
African countries, and particularly to rural livelihoods, improved knowledge in this area would provide 
significant benefits to the region as a whole. 

The study has also demonstrated the complexities in understanding the influences of climatic factors on oil 
palm yield, as well as impacts on important pests and diseases affecting oil palm, and the oil palm 
pollinator, E. kamerunicus. Climate affects various elements of the lifecycle of the oil palm. Yet despite 
much research having been published in the scientific literature, there does not appear to be a strong 
consensus on how the various stages of oil palm growth and development are affected. As a result, 
estimating future impacts from climate change is fraught with uncertainty. While pests and diseases and the 
loss of the pollinator can have very significant consequences for the oil palm industry, the relationships 
between climate and these issues are poorly understood. Furthermore, there is currently very little literature 
investigating the potential impacts of climate change. 

Finally, there is an urgent need to improve understanding of the interactions between climate change and 
groundwater quantity and quality at local, regional and national scales. Groundwater is vital for domestic 
and industrial users and is already being depleted in many parts of the world through over-abstraction. 
Because groundwater resources are ‘hidden’ from view, they may continue to be over-exploited, while 
users remain ignorant of their vulnerability. The consequences of their loss cannot be under-estimated. 
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Observed climate and climate change at GOPDC 

Climatic conditions in Ghana 
The climate of Ghana is tropical, and is strongly influenced by the West African Monsoon (driven by the 
annual north-south migration of the Inter-Tropical Conversion Zone, ITCZ).  The southern region of 
Ghana, where GOPDC’s plantations are located, has two wet seasons, one in March to July, and a 
shorter wet season in September to November. Seasonal rainfall varies considerably on inter-annual and 
inter-decadal timescales, due in part to variations in the movements and intensity of the ITCZ and 
consequent variations in timing and intensity of the West African Monsoon.  

The most well documented cause of these variations is the El Niño Southern Oscillation (ENSO) with El 
Niño events associated with drier than average conditions in West Africa. Long term trends in rainfall over 
Ghana are difficult to identify: rainfall was particularly high in the 1960s, and decreased to particularly low 
levels in the late 1970s and early 1980s, which causes an overall decreasing trend in the period 1960 to 
2006, of an average 2.3mm per month or 2.4% per decade. 

Observed local climatic conditions at GOPDC1

Monthly average rainfall data shows the two wet seasons described above and two dry seasons in 
August and December to February. Between 1970 and 2007, the data show a very small decreasing 
trend in rainfall. 

 

Monthly average daily mean temperatures range from 27-31°C, monthly average daily minimum 
temperatures range from 21-28°C and monthly average daily maximum temperatures range from 30-
35°C. Between 1970 and 2007 however, there is a strong increasing trend in annual average daily mean 
temperature and annual average daily maximum temperature, with an increase over that period of 1.5°C 
and 1.9°C, respectively. 

With regard to relative humidity, monthly average daily relative humidity ranges from 52-75% while 
monthly average nightly relative humidity varies from 79-91%. Monthly average sunshine hours vary 
throughout the year from 2 to 7hours, declining between June to September while monthly average daily 
potential evapotranspiration (PET) ranges from 68-150mm, again dropping between June and 
September. Finally, monthly soil moisture deficit, which is closely related to temperature, rainfall and 
PET, varies throughout the year from 0-469mm. 

Projected future climatic conditions in Ghana and at GOPDC 
Projections published by the United Nations Development Program (UNDP) of future changes in 
seasonal average rainfall amounts, drawn from different climate models, show a wide range for Ghana: 
around half the models project increases and half project decreases. As shown in Figure 1, over the area 
of GOPDC’s plantations by the 2030s, the median trend for Jan/Feb/Mar and Apr/May/Jun rainfall is a 
zero change, and for Jul/Aug/Sep and Oct/Nov/Dec the median trend is for a slight increase (of the order 
of a few mm per month). However, the maximum and minimum model outputs show significantly larger 
changes – reductions of up to 19mm/month in Jul/Aug/Sep and increases of up to 38mm/month in 
Apr/May/Jun by the 2030s.  

Taking the largest projected changes in rainfall from Figure 1 indicates that climate change could lead to 
average seasonal rainfall changes of about 10-15% at GOPDC plantations by the 2030s, with the years 
between now and the 2030s seeing extreme low and high rainfall occurring increasingly often. The 
climate models are in better agreement that the proportion of total annual rainfall that falls in ‘heavy’ 
events2

                                                      
1 These data are taken from the met stations at Kwae Agricultural Office (at the plantation site) and Akim Oda (30km south of 
Kwae). 

 will tend to increase in the future.  

2 A ‘heavy’ event is defined as a daily rainfall total which exceeds the threshold that is exceeded on 5% of rainy days in current the 
climate of that region and season. 
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Jul/Aug/Sep 
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Jan/Feb/Mar 

Apr/May/Jun 

For temperature, the picture is much clearer (see Figure 2). Annual increases of 1.2°C (low to high range 
of 0.8 – 1.5°C) are projected in the 2030s and 2.3°C (1.7 – 2.7°C) in the 2060s. Extremely hot periods will 
occur more frequently and cold periods will become increasingly rare. These increases will act to reduce 
soil moisture. 

Figure 1: Projected changes in monthly average precipitation (mm) in Ghana by the 2030s (relative to 1970-
1999 baseline) for the A2 greenhouse gas emissions scenario. In each grid box, the central value (large 
number) shows the median of the climate models and the values in the upper and lower corners are the 
maximum and minimum across all the models. GOPDC is located in the bottom grid box shown for Ghana, 
(source: McSweeney et al., 2008). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2: Projected increases in annual average temperature (°C) in Ghana by the 2030s and 2060s (relative 
to 1970-1999 baseline) for the A2 greenhouse gas emissions scenario, (source: as above). 
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Climate risk analysis for oil palm yield at GOPDC Kwae Estate 
Oil palm (OP) yield (measured in fresh fruit bunches – FFBs) is influenced by the following factors: climate, 
endogenous annual cycling of yield, age of palm, soil type, seed type, management practices, pollinators, 
pests and diseases.  

In terms of climate, the ideal requirements for OP production are as follows: 

• Total annual rainfall of 2000mm – 2500mm, evenly distributed without a marked dry season, and 
preferably at least 100mm each month. (Rainfall exerts its main effect on OP through its influence 
on soil moisture content). 

• A mean maximum temperature of about 29-30°C, a mean annual temperature of about 22-24°C 
(according to Hartley 1988), or 26-29°C (according to Paramananthan et al. 2000). If the 
temperature falls below 19°C, particularly at night, bunch development is affected and yield 
reduced. Also, growth in young seedlings stops at temperatures below 15°C. 

• Year round sunshine of 5-7 hours per day and solar radiation of at least 15 MJ/m2 per day.  

• Relative humidity (RH) greater than 80%. Three successive months with RH below 50% is 
unsuitable for OP as low RH restricts stomatal opening and hence CO2 intake. 

Note that these variables can affect the OP at different stages of its development. 

Additionally, even in countries where there is no marked seasonal change in climatic factors, OP yield I 
observed to vary throughout the year as a result of an inherent yield cycle. Palm age is also important, with 
palms aged 11-21 years expected to produce a stable yield at GOPDC. Soil type affects OP yield, with 
those that are coastal alluvial clay, flat and deep, uncompacted, of pH 5.6-6.0 and offering a high and 
balanced nutrient status being the best for planting. Seed type affects yield, with Pobe seeds (from Benin), 
for example, tolerating low rainfall better than Unipalm seeds (from Zaire). Management practices such as 
the use of cover crops to protect the soil from erosion and to aid nitrogen fixation, can help increase yield. 
Finally, pollinators are essential to production of oil palm fruit, while pests and diseases are a threat to their 
survival. 

In order to assess the potential effects of climate change on future OP yield for GOPDC, we first examined 
the relationships between climate variables and observed FFB yield. Noting the need to disentangle as 
many of the non-climatic drivers as possible from climatic factors, we only used data from palms aged 11-
21 years (i.e. those with a stable yield), and segregated those palms with the same seed type and soil type 
in our analysis. Initially we conducted a pair wise analysis of ‘good’ and ‘bad’ yield years against climatic 
factors, and later we performed linear regressions and multivariate analyses of climate variables and 
annual FFB yield data. Then, to demonstrate the possible effects of future climate change on yields, the 
modeled yields from the previous analysis were all recalculated as if they occurred 20 and 30 years later, 
under conditions of climate change. 

The pair wise analysis of ‘good’ and ‘bad’ yield years against climatic factors indicated that yield is 
positively correlated with temperature at GOPDC. It also suggested that hydrological deficit and decreasing 
rainfall are associated with poor yields, though results were not always consistent. The more robust 
multivariate regression analysis however provided further support for these relationships: the statistics 
program accepted and returned statistically significant models for relationships between maximum 
temperature, hydrological deficit and yield. While hydrological deficit is usually associated with low yields, 
higher temperatures can be associated with both low and high yields. This is because, depending on the 
degree, high temperatures help ripen fruit but may also limit growth. Furthermore, given that temperature is 
positively correlated with radiation, (which is needed for photosynthesis), the observed statistical 
relationships between higher temperatures and increased yields may, in fact, be reflecting the influence of 
higher levels of radiation. 

In the analysis of future climate change impacts on yield (based on climate-yield relationships established 
in the regression analysis), overall, the models generally project an increase in yield (tons FFB). One 
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explanation is that the projected increases in temperature are driving the projected yield increases in our 
models, through their influence on bunch ripening. However, we sound a note of caution about the 
postulated positive influence of temperature increases on yield. While our regression models suggest that 
yield is positively correlated with temperature, the published literature suggests that when temperatures get 
too high, they are detrimental to oil palm. These effects may not be captured in our models, as they were 
developed based on the observed temperature conditions, which are lower than temperatures that will be 
experienced in the future. 

Additionally, our model projections of future yield changes (tons/ha) point to both large decreases in yield 
(as much as -75%), as well as very large increases (up to +166%). As these yield changes are being partly 
driven by the projected future changes in hydrological deficit, uncertainty in the climate models about 
whether rainfall in future will increase or decrease in Ghana accounts for some of this wide variation. 

Based on the wide range of future projected yields, we have calculated future projected changes in revenue 
from oil palm products (assuming all CPO is converted to olein and stearin). The projected total changes in 
revenue across the 2010-2026 year of harvesting (YOH) range from -1.3m to +$35m (undiscounted). 
Taking a mid-point year of 2018 and applying a discount rate of 12% gives annual projected changes in 
revenue of -$27,000 to + $720,000. Projected total changes across the 2020-2036 YOH range from +$4.2m 
to +$41m (undiscounted). Taking a mid-point year of 2028 and a discount rate of 12% gives annual 
projected changes of +$29,000 to +$280,000. 

As discussed, the yield modeling is fraught with uncertainties and confounding factors and thus these 
projections can only be considered as indicative of what might happen. We are therefore not able to state 
with confidence whether climate change is likely to lead to increases or decreases in oil palm yield for 
GOPDC. 

GOPDC is already undertaking a number of actions which help to build climate resilience on its plantations, 
including applying a mulch of empty fruit bunches (EFBs) and palm fronds to the plantations to help 
preserve soil moisture; and planting cover crops and sub-soiling across slopes to help reduce soil erosion. 
The company is also testing the benefits of applying Palm Oil Mill Effluent (POME), which is a source of 
nutrients and water, on a small area of palms at Kwae. (The main reason for doing this is to make use of 
the effluent, rather than disposing of it via the wastewater treatment system).  
 
In terms of additional actions that the company can consider, experts at CIRAD have recommended that 
GOPDC improves soil structure in upland areas using EFBs. Finally, GOPDC recognizes that research is 
needed into new OP seeds, better able to tolerate the relatively low rainfall conditions experienced in 
Ghana.  
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Climate risk analysis for oil palm pests and diseases at GOPDC 

While we know that pests and diseases are in general affected by climate (Iglesias & Rosenzweig, 2007; 
Corley & Tinker, 2003), little is known about their specific climate sensitivities. However, as pests and 
diseases can be such a major cause of damage to oil palm (OP) plantations, we have used available 
information to begin exploring the connections between pests and disease infestation, oil palm production 
and climate change. 

First, pests and diseases relevant to OP at GOPDC were identified.  Then, the most notable infestations at 
GOPDC were documented. This information was used to estimate production and revenue losses if 
infestations occurred again now. Pest and disease control methods were also explored in an attempt to 
quantify the total cost associated with oil palm pests and diseases. Finally, climate sensitivities of those 
pests and diseases relevant to GOPDC were examined in order to consider how climate change might affect 
pest and disease occurrence, which may in turn affect yield and revenue. 

At GOPDC, pests and diseases that disturb or attack the OP during the germination and nursery stage 
include caterpillars, rodents, blast, antrachnose, Cercospora elaeidis leaf spot and bud rot; while those that 
were found to be effective in the plantations included grass cutters, rodents, Oryctes rhinoceros beetles, 
Rhynchophorus ferrugineus (red palm weevils), the Coelaenomenodera lameensis leaf miner and Fusarium 
wilt disease (GOPDC, 2008). The most notable infestations at GOPDC have been by the leaf miner (C. 
lameensis), which causes widespread defoliation. ‘Very extensive’ defoliation by the leaf miner was 
observed on approximately 2000ha of GOPDC plantation in early 1987, when action was not being taken to 
control it, with a total of 13,000 tons of fresh fruit bunch (FFB) estimated lost that year (Asamoah & Appiah, 
1998). This defoliation equates to 75% of the plantation land affected and 54% of tons FFB on that land lost. 
Losses are also known to have continued through 1988 and 1989 in line with Appiah et al. (2007) findings 
that during a heavy leaf miner attack on OP, there can be a 50% loss in FFB yields over a two year period. 

If in 2009, 2000ha were affected again by the leaf miner, leading to 54% losses in yield for that area (as in 
1987), this would equate to revenues not earned of $1.6m (if FFB were converted to CPO), and of $1.8m (if 
FFB were converted to olein and stearin) (Table 1). If in 2009, in a more extreme scenario, 75% of the 
current plantation was affected by the leaf miner (i.e. 3135ha) and there were losses of 50% in this area for 
two years (as suggested by Appiah et al., 2007), this loss of FFB would equate to revenues not earned of 
$4.6m (if FFB were converted to CPO), and of $5.3m (if FFB were converted to olein and stearin, Table 2). 
In order to avoid losses of FFB, various disease and pest control methods are employed at GOPDC.  In the 
plantation, methods are organic (applying an Integrated Pest Management System), except in the case of 
the leaf miner, for which parts of the plantations have to be sprayed every 1 to 2 years with insecticides. An 
understanding of this cost (in terms of labor and resources) would add to the evaluation of the impacts of 
pests and diseases on GOPDC. 

Unfortunately, information about the relationship between OP pests and diseases and climate in West Africa 
is lacking. This in turn creates difficulties when considering potential climate change impacts. With regard to 
rising temperatures, a negative response was found in the D. scalariella leaf miner, though this cannot be 
easily compared with the oil palm C. lameensis leaf miner. With regard to changes in rainfall and water 
supply, some pests and diseases relevant to GOPDC were found to respond positively to increases while 
others were found to respond negatively. In the case of the Ghanaian OP leaf miner, however, there is 
evidence to suggest that extremes of wet and dry conditions have a negative impact on the pest. As the 
UNDP climate projections for Ghana indicate that the proportion of total annual rainfall that falls in ‘heavy’ 
events will tend to increase in the future, it is possible that the leaf miner will be adversely affected, which 
may in turn reduce the threat of FFB loss. Again, however, it is important to note the significant level of 
uncertainty about this expectation. According to GOPDC, the leaf miner larvae are also negatively affected 
by high temperatures, so it is possible that higher temperatures due to climate change might reduce their 
prevalence. 
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Table 1: Estimated revenues not earned from OP products as a result of a 54% loss of FFB across 2000ha in 2009 
(i.e. 13,000 tons), as was lost to a leaf miner invasion at GOPDC in 1987 

Oil Palm Product Tons of product lost  GOPDC average sale 
price ($/ton) for 2009 

Revenues not earned 
($x000), resulting from 
FFB losses 

CPO* 2,730 580 1,583 

Olein** 1,739 755 1,313 

Stearin*** 745 655 488 

* CPO (tons) equates to 21% of FFB (tons) (see Chapter 2, Yield). 
**Olein (tons) equates to 70% of RBDPO (which in turn is 91% of CPO) 
***Stearin (tons) equates to 30% of RBDPO (which in turn is 91% of CPO) 

Table 2: Revenues not earned from OP products as a result of a 50% loss in FFB yield across two years (e.g. 2009 
& 2010) for 75% of the plantation at Kwae*. 

Oil Palm Product (as in 
Table 1) Tons of product lost GOPDC average sale 

price ($/ton) for 2009 

Revenues not earned 
($x000), resulting from 
FFB losses 

CPO 7,979 580 4,628 

Olein 5,083 755 3,837 

Stearin 2,178 655 1,427 

*Total projected FFB yield from Kwae for 2009 & 2010 is 101,320 tons FFB according to the IFC’s Financial 
Model for GOPDC. 75% of this is 75,990 tons. Thus, a 50% reduction in this two-year yield equates to 37,995 
tons.  

It is also important to be aware of the complex structure of ecosystems in which OP pests and diseases 
operate. While pests and diseases may be affected by future climate change and may thus affect yield, 
their natural predators may also be affected by climate, which in turn may affect yield. Additionally, of 
course, other factors such as the use of pesticides on a plantation can affect the presence of pest/disease 
predators and thus may influence yields. 

Due to the complex nature of the relationship between oil palm pests and diseases and climate change, a 
sensible adaptation option would be to invest in understanding the risks better. By working together with 
experts (e.g. the Oil Palm Research Institute (OPRI), University of Ghana Kade Agricultural Research 
Centre and the Centre de coopération internationale en recherche agronomique pour le développement 
(CIRAD)), and by correlating pest and disease activity on GOPDC plantations with observed climate data, 
GOPDC could increase its understanding of the impacts of climate change on pests and diseases, and so 
on oil palm, and may also be equipped to build an early detection system for pest and disease outbreaks. 
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Climate risk analysis for ecosystem services at GOPDC 
Ecosystem services are ‘the benefits people obtain from ecosystems’ (Millennium Ecosystem Assessment, 
2005, p. v). They can be organized into four types of service: provisioning services (e.g. food), regulating 
services (e.g. climate regulation), cultural services (e.g. recreational) and supporting services (e.g. nutrient 
cycling). These services may be affected by climate change, though the systems in which they operate are 
often very complex and so specific impacts are hard to predict. For example, various species within an 
ecosystem will respond differently to environmental change, and so established equilibria between species 
in an ecosystem may not be maintained. 

In the case of GOPDC, we have identified relevant ecosystem services and considered how they might 
positively or negatively affect oil palm (OP) yield and financial performance, particularly under conditions of 
climate change. First we have examined insect pollination (a regulating service), exploring the climate 
sensitivities of pollinators, the possible impacts of climate change on the pollinators and consequent 
impacts on financial return. Secondly we have examined GOPDC’s Biodiversity Plots (BDPs). Rather than 
looking at climate risks to BDPs, however, we have considered what ecosystem services BDPs provide that 
may influence oil palm yield, and in turn what role they might play in building resilience to the impacts of 
climate change. Stressing the uncertainty in the understanding of how climate change will interact with 
ecosystem services, we have suggested various issues which it may be beneficial for GOPDC to pursue 
(via collaborating with researchers active in this field) rather than recommending physical adaptation 
measures. 

Elaeidobius kamerunicus is the key pollinator for OP in West Africa where it is native, and so also at 
GOPDC. Various studies have shown that this species reduces in number in response to high rainfall 
conditions and that it also increases when monthly rainfall rises from 94mm to 161mm. While minimum and 
maximum rainfall thresholds have not been established, research suggests that monthly rainfall figures 
below 160mm are not ideal and that annual rainfall above 4000mm is too high (Moura et al., 2008). With 
regard to temperature, little is known about pollinator sensitivity. Nevertheless, Moura et al. (2008) found 
that in Brazil, E. kamerunicus numbers had no relationship with monthly temperature variations within the 
monthly range of 21˚C to 26˚C.  

When considering the impact of future climate change on pollinators at GOPDC, it is thus useful to consider 
current and projected changes in rainfall. First, average monthly rainfall at Kwae between 1988 and 2007 
has ranged from 13mm to 178mm, indicating that rainfall is often not ideal for E. kamerunicus. It is noted, 
however, that GOPDC has never had any problems with low pollinator numbers. Secondly, future rainfall 
projections for Ghana are wide ranging, with the maximum and minimum model outputs showing reductions 
of up to 19mm/month in Jul/Aug/Sept and increases of up to 38mm/month in Apr/May/June. While we 
cannot estimate the impact of increased monthly rainfall on E. kamerunicus due to a lack of information 
about the upper threshold, we can suggest that any rainfall reductions may lead to a reduction in the 
number of E. kamerunicus present, with potential negative impacts on OP yield. It should be noted however 
that, in addition to climate, both OP pests, the application of pesticide and weevil parasites can threaten 
these pollinators. 

While we cannot predict whether or by how much E. kamerunicus will increase or decrease in occurrence 
at GOPDC’s plantations, we have calculated financial losses in the extreme scenario that there is a total 
loss of the naturally occurring pollinator (with no option but to replace it with assisted pollination). Based on 
our understanding of the relationship between assisted pollination and yield, a switch to assisted pollination 
could lead to 20% losses in FFB yield and in the case of projected yields in 2010, to $1.2-1.4m of revenues 
not earned. Additionally, the cost of assisted pollination (in terms of manpower and resource) would need to 
be calculated.  

GOPDC has planted and/or maintained BDPs incorporating moist and dry semi-deciduous forest at both 
Okumaning and Kwae, ranging from approximately 2-18ha in size. BDPs were established primarily 
because of GOPDC’s commitment to balance maximum OP production with biodiversity conservation, 
though it seems that they bring other benefits through the ecosystem services they provide. In terms of 
yield, BDPs can have a positive effect by providing a habitat for key pest predators, through reducing soil 
erosion and potentially preserving soil moisture (via their role as wind-breaks). In terms of pest control, 
insectivorous birds have been found to play an important role in protecting OP from insect pests (Koh, 
2008). While this relationship has not been directly established at GOPDC, anecdotal evidence suggests 
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that OP grown between forest patches experiences fewer leaf miner attacks. Additionally, BDPs can help 
reduce soil erosion as they provide more layers of vegetation to intercept rainfall. Also, as wind breaks are 
known to maintain higher rates of relative humidity, BDPs (if long and straight enough) may do this at 
GOPDC, in turn preserving soil moisture. 

BDPs may also affect yield by providing a climate regulation service. However, while large, regional-scale 
areas of tropical forest have been documented to ‘maintain high rates of evapotranspiration, decrease 
surface air temperature, and increase precipitation’ (Bonan, 2008), there is no evidence to suggest these 
relationships exist on a small scale (e.g. of a BDP at GOPDC). Additionally, carbon sequestration (another 
ecosystem service provided by tropical forest patches) may affect GOPDC positively, via income rather 
than yield specifically. By demonstrating ‘additional’ forest protection and carbon sequestration through 
BDPs, GOPDC could apply for carbon credits for sale on the regulated Clean Development Mechanism 
(CDM) carbon market3

Thus, it is clear that ecosystem services are important to GOPDC. The natural pollinator E. kamerunicus is 
enormously valuable and if it were severely affected, the financial consequences for GOPDC would be 
significant. However, uncertainties and lack of knowledge make it difficult to evaluate how the species 
might be affected by climate change and further research and analysis would be useful. There may be 
potential for OPRI or CIRAD to undertake research in this area, by investigating observed relationships 
between densities of the oil palm pollinator and climatic conditions. Most of the literature on biodiversity and 
OP is focused on nature conservation objectives and highlights the negative impacts of plantations on 
biodiversity. However, it seems that the BDPs also provide positive ecosystem services which help to build 
GOPDC’s climate resilience, particularly in relation to pest control and reduction in soil erosion.  

, or alternatively generate credits to sell on the voluntary carbon markets (on which 
significantly more forestry projects are currently accepted). It is worth noting, however, that while forest and 
biodiversity patches have the potential to positively influence yield (and income) in the ways described, they 
do not always provide positive services. At GODPC, it seems that BDPs may provide a habitat for certain 
OP pests such as the weaver bird and grass cutter, as well as providing a habitat for pest predators. 

Clearly, further work could be done to improve understanding of the benefits of BDPs in OP plantations, 
and there is an active research community investigating these linkages, with whom GOPDC could engage. 
The company has confirmed that it would be useful to link up to research by the Oil Palm Research Institute 
on the bird and insect species that control the leaf miner, and on work at the University of Oxford, 
investigating the benefits of forest patches in oil palm plantations. If it is not already doing so, GOPDC 
could ensure that it is fully exploiting the data it collects at the plantations, to better understand the 
correlations between climatic conditions and ecosystem services. For instance, GOPDC considers that it 
could install some additional rainfall gauges to compare rainfall amounts near BDPs with those in the 
middle of plantations, as well as a full weather station at Okumaning, to measure relative humidity. 

                                                      
3 For further information on the Clean Development Mechanism see http://cdm.unfccc.int/index.html  

http://cdm.unfccc.int/index.html�
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Climate risk analysis for GOPDC industrial operations 
 

GOPDC has several industrial operations which are sensitive to temperature, namely the cooling water 
system, refinery, fractionation plant and power plant. The performance and efficiency of electrical 
equipment supporting these operations is also reduced at higher temperatures. 

It appears that the mill is not sensitive to the small temperature increases associated with climate change, 
as the major operations are mechanical. However, workers in the mill doing manual labor and those close 
to the turbine can suffer at higher temperatures, which lead to lower productivity and increased risk of 
accidents. As a result, GOPDC has more mill workers during the day shift, when it is hotter, than at night. 

GODPC’s cooling water system is a classical circulating closed loop system, using a cooling tower in which 
hot cooling water flows down a packed tower against an ambient air flow provided by a fan system. The 
theoretical achievable cooling water temperature exiting the cooling tower is limited by the ambient air wet 
bulb temperature. The impact of increased air temperatures and increased wet bulb temperatures due to 
climate change will be to reduce the capacity of the cooling tower to reject heat to the atmosphere. In the 
absence of cooler and condenser data sheets, it is difficult to predict the impact that a small inlet water 
temperature rise will have. The effect of a 2oC temperature increase, for instance, could be large (i.e. up to 
15% to 20% reduction in cooling capacity) whereas for other exchangers the effect would be negligible.  

The vacuum system in the refinery, the crystallizers in the fractionation plant and the turbine for the power 
plant were all designed for a maximum cooling water temperature of 32oC. By 2020, it is estimated that 
there could be a five-fold increase in the incidence of cooling water temperatures at the refinery and 
fractionation plant above 32˚C.  

The refining process is sensitive to small temperature increases above the design threshold temperature. 
Increases in cooling water temperature reduce the strength of the vacuum that can be achieved in the 
refinery, which has an adverse effect on crude palm oil (CPO) throughput. Variations in temperature are 
already known to have significant impacts on GOPDC’s ability to process CPO at the refinery. When 
cooling water temperatures exceed 32oC, CPO processing rates can vary from 4 tons/hour to 3.2 tons/hour 
between night and day. 

Using data on atmospheric temperature and vacuum strength recorded at the refinery in December 2008, 
we have developed an understanding of the relationship between these variables. Then, applying 
projections of rising temperatures due to climate change, we have estimated reductions in the production of 
olein and stearin from the refinery over the period 2010 to 2030. The estimated annual reduction in income 
from sales of olein and stearin is approximately $30,000 per year over the period 2010-2030 (12% discount 
rate). Assuming GOPDC would sell excess CPO instead, the net reduction in income is $3,600 per year for 
2010-2030 (12% discount rate). 

GODPC have stated that when they increase the refinery capacity, they will take account of projected 
temperature increases, to ensure that the design temperatures chosen are appropriate over the facility 
lifetime. 

Water shortages have already affected operations at the refinery. From January to May 2010, 3-4 days of 
production were lost in the refinery due to a lack of water. Each day without production involves a loss of 70 
tons of olein and 30 tons of stearin, though the financial impact is somewhat counteracted by selling CPO 
instead. The net financial loss for each day of foregone olein and stearin production is US$8,760, so in the 
first 5 months of 2010, GOPDC has lost US$26,000–35,000. Future water resource availability is a critical 
area of uncertainty for GOPDC to manage. 

The second temperature-sensitive process is crystallization in the fractionation plant, which separates olein 
and stearin products. The crystallizers use cooling provided by chilled water from a conventional 
refrigeration system, so cooling water is required to condense the refrigerant after compression. Cooling 
water temperatures in excess of the 32oC design threshold will affect the number of batches that can be 
processed. GOPDC estimate that a temperature increase of 0.5oC (the projected increase between 2009 
and 2020 for the median climate change scenario) would extend the crystallization time for each batch from 
11 hours to 11.5 hours and would result in the loss of 1 batch every 4.4 days, if cooling water temperatures 
were above 32oC for all of that time (1 batch is 24 metric tons of olein and stearin combined).  



 

24 

Over the period 2010-2030, the estimated annual reduction in income from sales of olein and stearin due to 
this effect is estimated at $28,000 (12% discount rate). Taking account of CPO sales, a net reduction in 
income of $3,400 per year is estimated (12% discount rate).   

Finally, the power plant condensing steam turbine efficiency is slightly reduced by cooling water 
temperature increases, and therefore more steam is consumed to maintain constant power output. 
Nevertheless, as long as the power plant can supply adequate power, the milling and refinery operation will 
not be impacted. More fuel is required to counteract higher temperatures but if this fuel is supplied as 
biomass waste, fuel costs are not significantly impacted. However, if biomass was not available and diesel / 
light distillate fuel oil had to be purchased instead, then the costs of fuel purchase would increase. We have 
investigated a worst-case scenario, whereby we assume that all of GOPDC’s annual fuel consumption 
(1.13m liters) is used in the power plant.  

A cooling water temperature increase of 1oC (projected by the 2030s) would result in an approximate 1% 
loss of efficiency and hence 1% more fuel. The additional purchase cost for fuel would be about US$9,000 
per annum (without tax; undiscounted) (or US$500 per annum at a discount rate of 12%) by the 2030s, i.e. 
small, even under this worst case scenario. Rising temperatures have additional cost implications for the 
power plant. Water use will increase, bringing extra costs for water pumping and treatment. The numbers of 
fans running may need to increase, with associated increased power consumption. There may also be 
increased maintenance costs, if higher temperatures lead to increased dust levels and the air filters and 
fans need to be cleaned more frequently. 
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Climate risk analysis for water and wastewater at GOPDC 
Water is a central issue at GOPDC as the production of oil palm products depends on water inputs 
(groundwater) and because GOPDC’s operations generate wastewater (primarily palm oil mill effluent, or 
POME). Groundwater is used for various operations, including irrigating seedlings in the nursery; as steam 
for electricity generation and for boiling and sterilizing palm fruits; for mill, refinery and fractionation 
operations; and as potable water for offices and residential areas (GOPDC, 2008). For the last two to three 
years, there has been some competition for groundwater resources between the nursery and the industrial 
operations, and in 2010, three to four days of production at the refinery were lost due to lack of water. 
Concerns over groundwater availability are therefore gaining prominence and require more attention, 
particularly in light of Newmont Ghana’s new Akyem gold mine. POME is the liquid waste from the milling 
process which requires treatment before it can be discharged into water courses.  

While no robust conclusions can be drawn about how climate change will impact the water supply and 
wastewater treatment of GOPDC due to a lack of data, we have identified some potential impacts.  This 
was done by addressing water input issues, including an overview of the factors controlling groundwater 
quantity. Then the use, quantity and quality of groundwater at GOPDC were considered, including a brief 
analysis of groundwater data provided by GOPDC, after which the climate change impacts on groundwater 
reserves in Ghana were considered, to build an understanding of how this resource could be impacted in 
the future and to identify adaptation actions. Subsequently, the wastewater management system at 
GOPDC was considered, including how this system and surrounding water courses might be affected by 
climate change, as well as possible adaptation options. 

Overall, the issue of ongoing groundwater availability emerges as a key area of uncertainty for GOPDC. 
Given the criticality of water for operations at GOPDC, it is a high priority for the company to develop a 
better understanding of future water availability and to work together with other stakeholders to devise 
management strategies. 

Climatic factors – most importantly, precipitation, temperature, evaporation and evapotranspiration – have 
an influence on groundwater recharge. However, groundwater recharge is mediated by a number of 
additional factors such as surface water supplies, catchment area, soil moisture, and abstraction by other 
users. Time delays add further complexity; the response of groundwater levels to climatic events may be 
delayed by several years (Chen, 2004).  

At GOPDC, groundwater constitutes the sole water supply that feeds mill and refinery operations, and it is 
also used for irrigation in the nursery (GOPDC, 2008). Groundwater is obtained from boreholes that tap into 
an aquifer also shared by local communities (Atsrim, Pers. Comm., 2008). Water use displays an annual 
trend with March and April being peak water use months, associated with a peak in crude palm oil 
production rate (GOPDC, Pers. Comm., 2008). Although GOPDC estates benefit from good groundwater 
resources owing to their location in the Lower Birimian hydrogeological formation, we the aquifer that 
GOPDC is tapping into is fairly shallow (Atsrim, Pers. Comm., 2008), which may make it more vulnerable 
both to changing climatic conditions and to overexploitation by other users (Nyame, Pers, Comm., 2008).  

A dataset collected by GOPDC on Borehole 3 at Kwae were briefly analyzed. These data indicated no clear 
seasonal fluctuations in the borehole water level, but did support observations that water levels in some of 
GOPDC’s boreholes decrease over the year. Research on how groundwater recharge rates in Southern 
Ghana may be impacted under different climate change scenarios does not indicate clear trends for the 
region (Döll & Flörke, 2005; Dapaah-Siakwan, 2000).  

However, the projections used in these studies have mostly relied on climate models that indicate drier 
conditions in Ghana, whereas the UNDP climate projections for Ghana used in our study are more 
uncertain in terms of future changes in precipitation. The UNDP projections also indicate that the proportion 
of total annual rainfall that falls in ‘heavy’ events will tend to increase in the future, which may reduce 
groundwater recharge as a result of increased run-off into streams when the soil becomes saturated with 
water, or if heavy downpours follow an extended dry period. Thus, there is low confidence in future 
projections of changes in local groundwater recharge at GOPDC.  

In an effort to manage water resources better, GOPDC has recently purchased water meters and also has 
plans to improve water efficiency in its industrial operations. It is recommended that GOPDC goes further 
than this, working with other stakeholders to assess the risks and develop management strategies. 
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Newmont Ghana is developing the Akyem gold mine, approximately 10 km from the Kwae estate. Ghana 
Environmental Protection Agency (EPA) reported that over its lifetime the mine will create a large pit which 
could potentially draw down water from the aquifer used by GOPDC, if it is lower (Ransford Sekyi, Ghana 
EPA, Pers. Comm).  According to Ghana EPA, while Newmont Ghana has done extensive investigation of 
groundwater in the mine area, it is not clear that they have investigated and ruled out potential impacts on 
the aquifer GOPDC uses. It is therefore recommended that GODPC engages with Ghana EPA and 
Newmont Ghana, and requests that Newmont Ghana undertakes a hydrogeological assessment that 
encompasses GODPC’s aquifer, to better understand the factors that influence its recharge. As well as 
investigating the mine’s impact, this assessment should develop understanding of the relationships 
between GOPDC’s aquifer and climatic variables, and it is recommended that GOPDC should request that 
the assessment incorporates the impacts of climate change. 

In considering the relationship between wastewater management and climate, it is useful to separate the 
relationship between climate and the treatment system (the tricanter, fat pit and stabilization pond system) 
from the relationship between climate and treated effluent in streams. Mill effluent is treated in a number of 
different ways before it is discharged into water courses at GOPDC. This treatment process takes roughly 
120 days, with the aim of removing organic matter and solids, after which the treated effluent is passed into 
the Bobri Stream. 

Either positive changes in total rainfall or heavier precipitation events at Kwae may compromise the 
effectiveness of the treatment system as a result of increased rainfall possibly flooding the fat pit or ponds 
used to treat wastewater. As stormwater drainage does not enter the treatment ponds and GOPDC have 
not experienced overflow in the past during periods of extreme rainfall (when there were only two ponds, 
compared to the three now in place), we consider this unlikely. Higher temperatures due to climate change 
may improve the efficiency of the anaerobic digestion process and hence the quality of the effluent entering 
the stream, although this conclusion is tentative. 

With regard to the relationship between climate and stream water quality, precipitation and temperature are 
the key influencing factors. Increased precipitation (although uncertain) could lead to improvements in 
water quality as higher flows lead to greater dilution of effluents. Increasing air temperatures (and thus 
stream temperatures) on the other hand risks degrading stream water quality, by lowering the dissolved 
oxygen concentration of the stream (IPCC, 2001, Technical Summary, Section 4.1). While it is thought that 
local communities do not use Bobri Stream for drinking (GOPDC, 2008), in fact, interviews conducted at 
GOPDC in December 2008 suggest that some farmers do use river water for drinking (due to lack of 
accessibility to boreholes). We should stress that we do not know if this applies to Bobri Stream.  

It was not possible to establish strong links between climate or climate change and wastewater 
management due to a lack of information about how climate interacts with the water treatment system. 
Additionally, limited information about the impact of changing rainfall and temperature on stream water 
quality and in turn on aquatic biodiversity and local communities makes it difficult to conduct a robust 
analysis of climate change impacts. 

In this context, further monitoring of stream quality and stream water use would be helpful.  
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Climate risk analysis for community and social issues 

In Kwaebibirem District, where GOPDC is located, agriculture is the major economic activity, and the main 
occupation for 77% of the workforce. Food crop production is the most common activity, followed by cash 
crop production. Hence, the impacts of climate change on agriculture could potentially have considerable 
impacts on the local economy and community livelihoods. Climate change can also affect other aspects of 
community well-being, including transport, health, water availability and water quality. The combination of 
existing pressures faced by the community and new stresses introduced by climate change could lead to 
increased hardship. These issues can also have consequences for GOPDC, as outlined below. 

In relation to agricultural productivity, as discussed in Chapter 2, oil palm yields from GOPDC’s plantations 
could be affected by climate change, either positively or negatively. Community members that grow oil palm 
are also likely to experience similar yield changes. Any changes in outgrowers’ yields will affect GOPDC, 
which has about 7,000 farmers on long-term contracts supplying fresh fruit bunches (FFBs) to the mill. 
Climate-related impacts on world palm oil prices will also affect outgrowers, who receive a sale price from 
GOPDC which is linked to the world market price. If the price becomes unfavorable to the outgrower, 
he/she may attempt to sell his/her FFBs elsewhere, leading to a reduction in GOPDC’s overall palm oil 
output. 

The local community grows other food crops including cocoa (the most common), citrus, cocoyam, 
cassava, yam and maize, all of which are negatively affected by drought, flooding / water logged soils and, 
in some cases, temperature extremes. All these crops are rain fed, so they are vulnerable to changes in 
rainfall and higher temperatures which reduce soil moisture. The community may also be affected by price 
fluctuations in the markets of cash crops driven by global changes in climate and world production levels. 
Finally, sheep and goats, the most common pastoral animals kept in the district, can be negatively affected 
by increased rainfall, which can lead to foot rot, skin diseases and increased parasite incidence. GOPDC 
state that, on occasion, low rains have led to farmers invading GOPDC’s Biodiversity Plots for bushmeat. 

In relation to transport, most roads in and around GOPDC are not paved and can become difficult to use or 
unusable by vehicles during the rainy season. This can lead to spoiling of farmers’ produce. If, as projected, 
intense rainfall events become more common in future, it may become harder for farmers to transport 
FFBs, other cash crops or livestock to market on existing roads. Climatic disruptions to transport can also 
affect GOPDC if outgrowers are not able to deliver their FFBs to the 31 collection centers in its catchment 
area.  

Malaria is the most common illness affecting the community and 56% of worker attendance at the GOPDC 
clinic in 2007 was due to malaria. Malaria incidence will likely be affected by climate change, and conditions 
favorable to malaria may become more common (see Chapter 8). If the incidence increases among 
outgrowers, while GOPDC is not responsible for their sick pay or healthcare costs, the company may suffer 
from revenues-not-earned if illness leads to lower FFB quantities delivered to GOPDC. Diseases such as 
typhoid fever and cholera (water-borne) as well as dengue and yellow fever (vector-borne) can also be 
exacerbated by floods and may become more common, in line with increased rainfall intensity.  

Hand-pumped boreholes are the main source of water for communities in the GOPDC area. The aquifer 
supplying these boreholes is shared with GOPDC, which is also reliant on groundwater for a range of 
operations (see Chapter 6). Climate change impacts on rainfall and temperature may have a direct impact 
on groundwater recharge and quality, although the relationship between these factors is not well 
understood and needs further investigation.  

In terms of social concerns of the local community, land availability is a key issue, and is impacted by high 
population density and by oil palm and citrus plantations. Consequently, farmers work small, disbursed 
plots of land with poor transport infrastructure between them. This competition for land has resulted in high 
rates and land disputes. Land ownership has also been a contentious issue in the area, particularly related 
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to GOPDC’s Okumaning concession. There were 2,344 affected farmers on the concession, with about 
50% of these already relocated and paid compensation.  

Farmers are paid cash to compensate for crops and structures lost as a result of resettlement; they are 
offered employment and outgrower opportunities at GOPDC to compensate for loss of livelihood and are 
not compensated for land. Resulting from the resettlement process, some local people felt frustrated and 
resentful towards GOPDC. The combination of these existing community pressures and the new pressures 
from climate change could lead to increased community hardship and potential tension. GOPDC notes that 
the community has high expectations of the company. If the community experiences difficulties, there are 
expectations that the company will address them. It is important to note that these risks are uncertain and 
that GOPDC is already engaging with and supporting the local community via job creation and investment 
in education and health. 

While GOPDC is not responsible for climate change impacts on the local community or directly responsible 
for their social situation, it may nevertheless be beneficial for GOPDC to consider acting on these issues. 
The company could investigate the costs and benefits of collaborating with public authorities on 
improvements to transport infrastructure, which would in turn improve the ability of outgrowers to deliver 
FFBs to GOPDC collection centers. It could also investigate whether it is economically worthwhile to further 
invest in malaria control (see Chapter 8). GOPDC’s Community Relations Manager could also discuss 
climate change issues with the community and support community awareness and education about crop 
diversification in the face of climate change. 
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Climate risk analysis for malaria at GOPDC 
 
Malaria, one of the major causes of mortality and morbidity in Africa, is hyper-endemic across Ghana. It 
affects both adults and children and contributes to health problems and death in various ways:  it causes 
frequent acute infections, anemia as a result of repeated or chronic malaria infection and increased 
susceptability to other diseases such as respiratory infections and diarrhoea. Companies operating in 
locations with malaria are affected by its impacts on their workers and their workers’ dependents: if a 
worker or his dependent is infected, he/she may have to remain absent from work. At GOPDC, 56%, or 739 
cases, of worker attendance at the GOPDC clinic in 2007 were due to malaria, demonstrating that it is an 
important issue for the company. 
 
Malaria transmission involves a complex interaction between Plasmodium falciparum parasites, mosquito 
vectors and humans. In sub-Saharan Africa, climate has been found to play an important role in influencing 
the spatial distribution, intensity of transmission and seasonality of malaria (IPCC, 2007). We have explored 
the relationship between climatic variables and malaria, using a Pearson’s correlation analysis to examine 
the empirical relationship between these variables in the GOPDC context.  We have also investigated the 
current cost of malaria for GOPDC, the implications of climate change on malaria incidence, and adaptation 
measures.  
 
In terms of the general relationship between climate and malaria, it is thought that climate impacts on the 
breeding activity of the mosquito vector (Anopheles genus) and on parasite development are key 
contributors to malaria transmission. An increase in total rainfall or the number of rainy days/degree of 
wetness after a rainfall event is usually found to have a positive effect on mosquito breeding and density, 
and so too on malaria incidence. Additionally, an increase in relative humidity (RH) has been recorded to 
lead to an increase in the number of mosquitoes biting an individual per unit time – the ‘human biting rate’. 
However, excessive rainfall does not always lead to a rise in malarial cases. At GOPDC, for example, it is 
noted that rainfall can flush out breeding sites and thus lead to a reduction in malaria incidence. Also, if the 
average monthly RH is below 55% or above 80% the scope of malaria transmission is diminished due to a 
shortening of the life span of the mosquito.  
 
Temperature has also been found to be associated with malaria with higher temperatures (within the 
optimum range of 20̊ C to 30˚C) shortening the mosquito generation time, in turn resulting in higher vector 
densities and increasing the likelihood of transmission. Additionally, temperature affects the development of 
the parasite in the mosquito. The duration of ‘sporogony’, the time required to complete the sexual stage of 
the parasite in the mosquito, is inversely related to ambient temperature. Also, the minimum temperature 
required for the transmission of Plasmodium falciparum is 19˚C. 
 
To examine the relationship between climate and malaria incidence at GOPDC, a Pearson’s correlation 
analysis was conducted, relating monthly incidence of malaria cases at St. Dominic’s Hospital, Akwatia (the 
nearest hospital to GOPDC) and monthly climatic conditions for the period 2004-2007 recorded at Akim 
Oda Met Station. Different time lags between incidence of malaria cases and climatic conditions were 
examined, to account for the complex interactions between parasites, mosquitoes and humans which lead 
to malaria transmission. (Malaria is only transmitted once mosquitoes have developed, become infected 
with a parasite, the parasite has developed and later been injected into a human. Around 30 days are 
needed for the development of a new generation of infective insect vectors, after which a human can be 
bitten and infected). 
 
The highest correlation coefficients were found between the monthly incidence of malaria cases and the 
number of rainy days two months before malaria cases were reported (r=0.79, p<0.01) and total rainfall two 
months before cases were reported (r=0.74, p<0.01). High correlation coefficients were also found between 
incidence of malaria and the number of rainy days and total rainfall one month before cases were reported. 
Additionally, while relatively high correlation coefficients were found between the incidence of malaria 
cases and one month lagged daily, nightly and mean relative humidity, low correlations were found with 
minimum, maximum and mean temperature (both lagged and not-lagged) and with rainfall and rainy days 
with no lag period.  
 



 

30 

In terms of the financial impacts of malaria, three ways have been identified in which malaria can 
economically affect GOPDC. First many workers who take ‘sick days’ as a result of malaria infection are 
entitled to paid sick leave. Permanent workers can claim up to three months of continuous paid sick leave 
(equal to his/her monthly salary), one-year contract workers can claim a ‘certain’ number of sick days 
(receiving their daily salary) with a doctor’s permission and six-month contract workers can only claim this 
sick leave with a doctor’s permission and if their illness is work-related. Secondly, a worker who requires 
healthcare as a result of infection may have the costs covered by GOPDC. Again, permanent workers have 
more benefits than one-year contract workers, who in turn have more benefits than six-month contract 
workers. Finally, GOPDC will also be affected by revenues not earned, associated with absenteeism due to 
malaria. By attributing a value to a man-day (based on revenue derived from oil palm production), and 
calculating the average number of man-days missed as a result of malaria, we estimate revenues not 
earned as a result of malaria ranging from $50,000 to $150,000 per year at present. The costs of malaria 
treatment (about $0.50 per case, assuming no complications) are negligible in comparison. 
 
Having considered current relationships and costs, it is important to explore how climate change may affect 
malaria incidence in GOPDC workers. With regards to rainfall, projected increases in the proportion of total 
annual rainfall occurring in ‘heavy’ events and in 1-day and 5-day rainfall maxima may lead to more 
standing water. We therefore speculate that conditions favorable to malaria may become more common. 
Additionally, while temperature was not found to be related to malaria incidence at GOPDC over the last 
few years, it may become more important. With mean daily temperatures in Akim Oda already reaching 
28.2˚C and maximum daily temperatures reaching 34˚C, additional temperature increases of approximately 
1.2˚C by the 2030s and 2.3˚C by the 2060s (relative to the 1970-1999 baseline period, McSweeney et al., 
2008), may limit malaria transmission, while increases in daily minimum temperatures might increase 
transmission. 
 
In conclusion, malaria is a complex disease and all published malaria models have limited parameterization 
of some of the key factors that influence intensity of malaria transmission. Recent research has 
demonstrated that economic development, greater funding for malaria control and the efficacy of affordable 
treatment, have led to declines in the range and intensity of malaria over the last hundred years or so, even 
though temperatures have been rising. Furthermore, due to the lack of climate model agreement on the 
direction of change in rainfall in Ghana, it is not clear whether or not future climate conditions will be more 
or less favorable for transmission. Under conditions of such uncertainty, decision-makers should seek to 
identify ‘no-regrets’ adaptation measures. These are measures that have benefits that exceed their costs, 
whatever the extent of climate change. 
 
GOPDC is already taking action to manage malaria incidence. Weeding and cleaning of the estate is 
undertaken every quarter, and helps to keep mosquito numbers down. The Kwae Estate and surrounding 
villages were sprayed in 2007, but have not been since, and spraying is only effective for 203 months. 
GOPDC intends soon to have a laboratory at the GOPDC clinic for the diagnosis of malaria, and will also 
be providing treated bednets to pregnant women in Kwae and Anweam. The GOPDC clinic has also made 
efforts to raise awareness among the local community of how to prevent malaria transmission.  
 
Given that malaria costs GOPDC around $50,000 to $150,000 per year, additional ‘no regrets’ adaptation 
measures to reduce the incidence of malaria include: 
 

• Stepping up actions to control malaria, for instance increasing spraying in the area around GOPDC 
operations. As noted above, spraying was last done in 2007, but did not appear to have had a 
dramatic effect on the number of malaria cases in 2007 and 2008.  

• Working in partnership with local, regional and/or national authorities implementing malaria control 
programs – for instance, the WHO/UNDP/World Bank/UNICEF Roll Back Malaria Initiative. 
Partnership working between the private and public sectors to tackle malaria has proved very 
effective in Mozambique. GOPDC is already part of the Global Business Coalition, which covers 
malaria, HIV/AIDS and tuberculosis, and which encourages innovative financing and coordination 
between business and donors agencies. 

• Connecting with malaria early warning systems in the region. 
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