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Abstract  

 

The vulnerability assessment for industrial development on climate change was conducted in Egypt 

and Kenya. The paper demonstrates practical vulnerability assessment framework and methodology 

especially on value added chains in tea and frozen vegetable. This paper applies the contextual 

vulnerability framework, which is defined by the IPCC and other creditable organisations.  The 

framework is applied into a practical methodology using a participatory vulnerability value chain 

matrix and climate service approach as well as focus group discussion and policy assessment. The 

potential contextual vulnerabilities are confirmed by preliminary climate change projection in the 

sectors.  For example, fruit juice is an important industry in Egypt. The low precipitation affects the 

optimal harvesting of fruits and heat waves disturb its cold transportation. The severe climate 

condition will get worse in the future, so that appropriate supports are needed.   

The paper implies that climate change impacts the value chains of the selected industries.  The 

impact is not only on agriculture, which most studies focused in developing countries, but also on 

post-harvesting processes including transportation and storages.  Also, this study demonstrates how 

the contextual vulnerability framework, participatory value chain assessment, and a ready-made 

climate projection model are effective in these countries.  This approach does not require a huge 

computational power and training processes; therefore, the approach will be applicable to many 

other developing countries. Moreover, the recommended actions and policies can be used to 

identify the area of supports from international aid organisations and investment opportunities from 

private sectors.  

The results and methodology presented in this paper are robust and contribute significantly to 

future industrial assessments with climate change. To create awareness and demonstrate 

opportunities, as well as benefits, of low-carbon growth and climate resilient development in the 

productive industries in African countries, Green Industry policy instruments, practices and 

techniques need to be implemented.  

 

Keywords – Vulnerability assessment, Climate change, Value chain assessment, Africa, Participatory 
approach 
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1. Introduction 

An innovative and practical framework was developed to assess the value chain of two African 

countries namely Egypt and Kenya. This analytical framework had to be simple and practical because 

the assessment should be conducted rapidly with a workshop and a desktop assessment.  This 

framework starts with understanding the bottlenecks of a value chain as exposure units in the 

vulnerability assessment.  This process is designed as a workshop exercise and followed by policy 

and action assessments. Climatic and other information, which will be useful for the policies and 

actions supporting the vulnerable value chain, is linked by online climate service tools namely, CIP of 

The University of Cape Town and weADAPT.  

Uncertainties from climate change will never disappear in the future although climate change 

projection models have been improving.  Even in this situation, a vulnerability assessment and 

adaptation policies and actions will be useful as inactiveness is not a solution in the climate change 

era. Moreover, the contextualized information gathered during the climate and policy & activity 

assessments including assumptions and issues raised will be as important as the semi-quantitative 

result of the vulnerability matrix. Therefore, this analytical framework is appropriate for the two 

cases and highly transferable to the similar projects in the developing countries.  Value chains are 

affected by climate change and this framework empowers industrial analysts to incorporate the 

climate change vulnerability assessment into their industrial analysis. 

 

2. Background 

As previously mentioned, the countries selected as the focus are Egypt and Kenya. Both countries do 

have their own different background to justify each selection.  

2.1  Egypt 

Agriculture is one of the main economic activities in Egypt and the food industry remains the most 

important industry and the oldest economic activity in terms of GDP in Egypt (GAFI 2014). Most of 

Egypt’s food industry is privately owned. There were 5,296 companies operating in the agribusiness 

industry with a total capital of EGP 14 billion in the year 2014. Though the GDP growth rate reached 

2.2% in 2011–2012, the unemployment rate has risen from 9.4% to 13%.  

Fruit growing plays a major role in Egypt's agriculture (Zaki 1992). The fruit-planted area has 

expanded over the last three decades to reach about 200 000 feddans (84 000ha). A wide variety of 

tropical and sub-tropical fruits are produced, including: grapes, bananas, mangoes, guavas, apples, 

peaches, nectarines, strawberries, apricots, pears, pomegranates and mangoes, but 30-50% of total 

fruit production is citrus fruits, primarily oranges that represent 65-85% of that figure (El Shereif 

2016). Production is mainly concentrated along, and dependent upon, the River Nile and delta. Egypt 

has competitive advantage in the processing of fruit juices, arising from the availability of fruits 

during off-seasons and also through a direct cost/quality advantage (Ecorys 2005). In addition, most 

of the required fruits (industry inputs) are planted in Egypt and consequently there is no need to 

import such inputs. The sector has grown from 713,000 USD to 13.5 million USD in six years from 

2007 to 2012 (Selim 2009).  

Climate change in Egypt is projected to increase temperatures and potentially reduce precipitation 

which would potentially also affect the agribusiness industry (UNDP 2010). Flash floods, 

earthquakes, desert locusts and storms are the types of natural disasters that commonly occur in 
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Egypt. The flow rate within the Nile is quite sensitive to abstractions for industry and agriculture, 

which is due to the economic activities.  

2.2  Kenya 

Most of the area in Kenya is dry, with less than 500 mm of rainfall per year, which limits the 

potential of agro based economic activities. Land degradation is a major issue in Kenya, partly 

determined by grazing and deforestation; while biomass use is at 78% of the energy consumed in 

the country (MENR 2010). One of main industries in Kenya is tea industry. It is started from tea 

plantations which are situated in the highland areas of the Great Rift Valley, Mt. Kenya, the 

Aberdares, and the Nyambene Hills in the Central Kenya and the Mau escarpment, Kericho 

Highlands, Nandi and Kisii Highlands and the Cherangani Hills; with altitudes between 1500m and 

2700m above the sea level. In 2007 it was estimated that 149 000ha was planted (Amde et al. 2009). 

Factories are located near the place of production. However, the tea industry has been confronted 

by high production costs, poor infrastructure, low levels of value addition and product 

diversification, inadequate research, development and extension, and declining global tea prices 

(Amde et al. 2009). These current obstacles are more exposed to the change of climate variability. 

The value addition of tea starts at the factory, where processing and grading are done. After grading, 

most of the tea is sold mainly through the Mombasa Tea Auction, some through direct contracted 

sales, and a little at factory gate (CPDA 2008). Traditionally, tea out of Kenyan factories is known for 

its high quality, so it usually attracts good prices. The second stage of the value addition is the 

blending and packaging stage. Although the Government of Kenya (GOK), the Tea Board of Kenya 

(TBK) and other stakeholders had made efforts so that this stage is carried in the country, it mainly 

occurs in the consumer countries and is controlled by the big multinational tea companies (Kagira, 

Kimani, and Githii 2012).  

Tea is grown in the areas at high altitude – more than 1500 m above sea level – with adequate 

rainfall and low temperatures. The annual rainfall needed is 1200 mm up to 1400 mm and well 

distributed throughout the year, while the temperature required is 16–29°C (Omondi 2015). In 

Kenya, tea farming can be divided into the highlands on the east and west of the Rift Valley, 

including Kericho and Nandi in the western highlands and Nyambene and Nyeri in the eastern 

highlands (SoftKenya 2016). 

 

3. Methodology 

The methodological framework of vulnerability matrix, policy and action, and climate variable 

linkage assessments were adopted from previous operational projects including CARE International, 

Stockholm Environment Institute, weADAPT.org, and University of Cape Town (For example, see 

(CARE International 2009) and (Stockholm Environment Institute 2007)).   

Overall, the methodological framework has three sets of assessments, namely a vulnerability matrix 

assessment, a policy and action assessment, and a climate linkage assessment as shown in Figure 1. 

A vulnerability matrix was developed first to identify processes that are sensitive to climatic disasters 

in a targeted supply chain. Disasters affecting these key processes was also identified.  In the policy 

and action assessment, what the policies and previous actions for the key processes and disasters 

were identified as well as determining the potential actions and policies to be conducted in the 

future.  Lastly, the different types of climate and other required information to make the policies 

and operational actions were identified with the Climate Information Portal (CIP) (CSAG 2016).  
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Figure 1. Framework of a stakeholder exercise. A vulnerability assessment including a 

matrix identifies the most vulnerable process and disasters. A policy and action 

assessment discuss the policies and actions have been conducted and should be carried 

out.  Information required to design key policies and actions is investigated. 

Two types of vulnerability concepts associated with climate change adaptation have been widely 

accepted. The vulnerabilities of climate change have been defined differently, but it is categorised 

between outcome and contextual vulnerabilities (Adger et al. 2005; IPCC 2007; O’Brien et al. 2007; 

Takama et al. 2016).  Outcome vulnerability defines vulnerability as the overall effect of climate 

change, once climate impacts, and adaptive capacity have been considered (Figure 2). Contextual 

vulnerability assumes that vulnerability is determined by the potential characteristics of issues, 

context, purpose, and system. In the vulnerability matrix exercise, the assessment with stakeholders 

are based on the contextual vulnerability and with climate information, this assessment is 

considered as outcome vulnerability.  

 

Figure 2: Vulnerability concepts and importance of finding issues, context, purpose, 

system, etc. Outcome vulnerability defines vulnerability as the compound result of impact 

assessments and adaptive capacity. Contextual vulnerability assumes that vulnerability is 

determined by the potential characteristics of issues, context, purpose, and system 
(Takama et al. 2016) 
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The vulnerability matrix focused on assessing production processes or supply chain in a targeted 

industry and their exposure to climatic disasters including frost, floods, cyclones, etc. Participants 

were asked to list all production processes as ‘exposure units’. The potential climatic threats were 

listed and ranked through a rapid, scoping exercise, the matrix is filled by ranking each cell according 

to a four-point scale:  

3 = significant impact on the exposure unit 

2 = medium impact on the exposure unit 

1 = low impact on the exposure unit 

0 = no impact on the exposure unit 

The rating of sensitivities depends on the outcome of exposures and hazards, and is used to identify 

the relative significance amongst exposure units and hazards.  “3” is interpreted as “the impact on 

the exposure unit was not coped with historically or is unable to cope without an external support”. 

The number of “3s” is summed by rows and columns to show the overall vulnerability of the 

exposure unit. After the matrices are completed, the assessment identified policies and actions to 

cope with the vulnerabilities. Lastly, this assessment used Climate Information Portal (CIP)1 

developed by Climate System Analysis Group, University of Cape Town to explore the climate 

situation in the target areas.  

 

4. Result: Egypt 

4.1  Vulnerability Assessment for the Identification of Vulnerable Processes 

and Significant Disasters 

The vulnerability matrix for vegetables and fruits processing was developed with representatives 

from EEAA (Egyptian Environmental Affairs Agency), UNIDO, Food Technology Centre, EMA (Egyptian 

Meteorological Authority) and national experts from ENCPC (Egyptian National Cleaner Production 

Center). The matrix focused on production processes in a targeted business and industry, namely 

Fruit and Vegetables Processing against climatic disasters including frost, floods, cyclones, etc. 

The fruit and vegetables value chain in Egypt includes several segments: inputs, production, packing 

and storage, processing and distribution and marketing. The important inputs for production in this 

industry are seeds, fertilizers, agrochemicals (herbicides, fungicides and pesticides), farm equipment 

and irrigation equipment. 

Logistics and transportation fulfils key supporting functions, while government regulatory bodies are 

required to approve the sanitary and phytosanitary conditions of outbound products. Due to the 

fragile and perishable nature of the product, a high degree of coordination between the different 

participants along the chain is required. This ensures that the perishable product reaches its 

destination in good condition (Fernandez-Stark, Bamber, and Gereffi 2011). Cold storage units are 

used throughout the chain to keep the produce fresh, and both air and sea freighting supported by 

the cold chain are key elements to ensure timely delivery. 

                                                      

1 http://cip.csag.uct.ac.za/webclient2/app/ 
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Fernandez-Stark et al. stated the main stages of the value chain are as follows (Fernandez-Stark, 

Bamber, and Gereffi 2011):  

Inputs: Elements needed for production, such as seeds, fertilizers, agrochemicals (herbicides, 

fungicides and pesticides), farm equipment and irrigation equipment. 

Production for Export: Includes the production of fruit and vegetables and all processes related to 

the growth and harvesting of the produce, such as planting, weeding, spraying and picking.  

Packing and Cold Storage: Grading, washing, trimming, chopping, mixing, packing and labelling are 

all processes that may occur in this packing stage of the value chain. Once the produce is ready for 

transport, it is blast chilled and placed in cold storage units ready for export. 

Processed Fruit and Vegetables include dried, frozen, preserved, juices and pulps. Many of these 

processes add value to the raw product by increasing the shelf life of the fruit and vegetables. 

Distribution and Marketing: The product is distributed to different channels; including 

supermarkets, small scale retailers, wholesalers and food services. 

The matrices (Table 1) started from the collection process and not from the agriculture process. 

There are many types of fruits and vegetables that are used as raw materials for collection process 

and many parameters vary according to the type of the product (Seasons of agriculture, location of 

agriculture, agriculture in greenhouses or open-field, etc). The matrices cover different areas in 

Egypt. 

 

Table 1: Climate change vulnerability matrix for Fruit Juice 
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Collection 1 0 0 0 0 0 0 0 

Transportation 1 2 0 2 0 0 2 0 

Storage 3 0 1 2 0 0 3 2 

Washing 0 0 0 0 0 3 0 1 

Preparation 0 0 0 0 0 0 1 0 

Cooking 0 0 1 0 0 3 2 1 
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Dilution and sugar 
addition 

0 0 0 0 0 3 2 1 

Pasteurisation 0 0 0 0 0 3 3 2 

Packing 0 0 0 0 0 0 1 0 

Sterilisation 0 0 0 0 0 3 3 2 

Storage 0 0 0 0 0 0 0 0 

Transportation 1 3 0 2 0 0 3 2 

Number of 3s 1 1 0 0 0 5 4  

 

After a brainstorming session with different stakeholders to identify the potential climate change 

disasters that might affect fruit and vegetables processing sector, we agreed on discussing these 

following factors.  In fruit juice industry, transportation and storage are the most affected processes, 

alongside pasteurisation and sterilisation processes. These four processes are highly affected by rise 

in temperature. Temperature affects water availability and water is a key raw material crucial for 

production of juice. Water is used in the pasteurisation and sterilisation processes for the juice 

(Mohamed et al. 2010). Drought affects the most number of processes including washing, cooking, 

dilution and sugar addition, pasteurisation and sterilisation. Historical climate data shows that for 

the 1979–2000 period, the rainfall pattern in the agriculture region was characterised by drought 

suggesting that drought is a manageable climate condition in Egypt to a certain extent (Ezz and 

Arafat 2015). On contrary, unexpected heavy rain is more likely to impact on storage and flood poses 

a threat for transportation process. Rise in temperature also affects the storage of fruits (Wilson, 

Boyette, and Estes 1999). It is proven by the matrix that, in addition to storage, it also affects the 

transportation of the products significantly as the energy required to reach the cooling temperature 

will be substantially larger. 

Egypt is subjected during some periods of the year to heavy rain, greatly affecting the roads and 

increased periods of heavy rain have remarkable effects on the storage in the industry. Flooding 

during January 2010 is highlighted here as an example of a recent extreme precipitation event 

affecting Egypt. In January 2010, heavy rain exceeding 80 mm/day, led to the worst flash-floods in 

Egypt since 1994. The floods affected the Sinai Peninsula, the Red Sea coast and the Aswan 
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Governorate in southern Egypt, and led to 15 deaths and hundreds of homes destroyed (Medany et 

al. 2011). This kind of flooding lead to transportation disruption and the damage of some raw 

materials, for example some vegetables, fruits and chemicals used in the production process. 

Possibility of heavy rain occurrence increases in the delta region and coastal areas, which are our 

target areas. 

In the past, Egypt was subjected to floods, especially in Upper Egypt, that caused damages and so 

might be subjected to floods again with the changes in the climate. (Frihy 2001) indicated that the 

dam was successful in controlling floodwaters and ensuring continuous water supplies, but water 

consumption became excessive and would have to be controlled. Some valuable land was lost below 

the dam because the flow of Nile silt was stopped, and increased salinity remains a problem. 

Furthermore, the drought in the Ethiopian highlands — the source of the Nile River's water — 

caused the water level of Lake Nasser, the Aswan High Dam's reservoir, to drop to the lowest 

recorded level in 1987. In 1996, however, the level of water behind the High Dam and in Lake Nasser 

reached the highest level since the completion of the dam (White 1988; Wolters et al. 2016). 

Controlling the floodwater is important for reducing threat to transportation process in the industry. 

Another climate variable is frost bite. It can occur in the early winter mornings, and affects the fruits 

as raw materials (Paul 2016). In fruit juice industry, it impacts on cooking process. Frost bite affects 

the value chain in small scale. In medium scale, there is strong wind which occurs in Egypt’s spring 

season with limited effects but increased intensity and frequency may affect agriculture and related 

industries as well as storage (Yizhaq, Y., and H. 2007)(Youssef et al. 2011).  

In conclusion, for Fruit Juice, drought is the most significant disaster as it affects five production 

processes, namely washing, sterilisation, cooking, dilution and sugar addition and pasteurisation; so, 

the industry must make an adaptation plan for this kind of disasters. A rise in temperature affects 

four key industrial processes as the second most significant disaster and the industry must prepare 

to adapt to it. The industrial processes most affected by the climate related disasters are storage, 

pasteurisation, sterilisation and transportation as they are exposed twice. 

4.2  Policy & Action Assessment with Key Processes & Disasters 

In case of fruit juice industrial value chain, many processes except collection, transportation, 

preparation, packing and post-process storage, were perceived to be vulnerable to climate hazards 

such as temperature rise, drought, heavy rain and flood. Due to poor packaging, lack of cold chain 

facilities, rough transport, and multiple handling, the Egyptian perishable products sector like the 

fruit is constrained by a transportation and storage system that is very damaging to product quality. 

It is estimated that up to 40% of total production of highly perishable products are damaged or lost 

in transit and handling (Ecorys 2005; Selim 2009), although this probably varies with the perishability 

of the product. Agricultural raw material losses could be as much as 60% (Selim 2009). With high 

rates of spoilage, these transport and handling issues mean that supply to the food processing 

industry is often unreliable and inconsistent in terms of both quality and quantity, and therefore 

result in reduced  productivity (Koscielski, Lotfi, and Butterfield 2012).  Furthermore, usually due to 

inadequate temperature control, the final products of food processing are at higher risk of suffering 

quality defects or being destroyed; especially those that require freezing or chilling (James and 

James 2010). 

Egypt first identified its vulnerabilities to climate change and desired response strategies in 1999 

through its Initial National Communication. This was continued through its Second National 

Communication in 2010. The content of the Initial National Communication was determined, in part, 
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by a series of background studies completed between 1995 and 1999 (Sowers, Vengosh, and 

Weinthal 2011). These studies included a vulnerability assessment of the country’s freshwater 

resources, a review of the prior framework of the government’s action plan on climate change, the 

assessment of the policy options addressing climate change (mitigation and adaptation) in the 

agriculture industry, adaptation to sea level rise, and an adaptation technology assessment. 

Furthermore, through implementation of the 2005 National Water Resources Plan, Egypt could 

reduce its vulnerability to future water shortages. Measures in this plan include: the improvement of 

irrigation systems, redesigning canal cross sections to reduce evaporation loss, improving drainage, 

and resolving conflicts between users more quickly (Hamouda, Nour El-Din, and Moursy 2009). 

Requirements for water in Egypt, which is predominately drawn from the Nile River, are 

continuously increasing due to population increase and improving standards of living, as well as the 

governmental policy to encourage industrialization and agriculture. 

Egypt has also identified some cross-industrial actions that would contribute to its adaptation efforts 

including public awareness campaigns, development of climate models, increasing the capacity of 

researchers, encouraging exchange of data and information, and enhancing precipitation 

measurement networks in upstream countries of the Nile basin as well as the installation of modern 

early warning systems (Klein et al. 2007). 

The Egyptian government has identified its vulnerabilities to climate change and has expressed the 

desire to respond with some strategies and actions since the 1990s (Brooks, Grist, and Brown 2009). 

A climate change action plan has been developed to address mitigation and adaptation actions that 

focus merely on the agriculture industry and coastal area. However, the policy does not specifically 

integrate the action plan with key climate vulnerability. Cooperation between the government and 

other local and internationally funded projects is present in some areas, though the level of activity 

is still moderate. Therefore, it is important to prepare some action plans through monitoring to 

improve the implementation procedure, planning, and resource allocation among the stakeholders. 

It is also important to propose actions that prioritise industries like water, agriculture, coastal zones 

and health, and include the vulnerability of each industry and the proposed actions in each step. The 

government and related agencies, as well as other authorities, should independently identify and 

describe the roles and responsibilities of each industry (ENCPC 2014). 

4.3  Climate Information Linkage for Key Policies and Actions 

4.3.1 Historical climate data 

The timing of the onset and the cessation of the winter season, during which there is some rain, is 

important for crop management including wheat cultivation. Figure 3 clearly shows that for the 

1979–2000 period, the rainfall in the Giza region was characterised by seasonal pattern over the 

years. The climate monthly average shows that November to March have more than 3 mm of 

rainfall. In April to October, the rainfall is below 1 mm/month. Therefore, Giza has clear differences 

between winter and summer seasons. 

The driest month has historically been July with the monthly average of around 0 mm from 1979 to 

2000. The wettest month has been December with the average total monthly rainfall of 5.5 mm, 

which is still a very dry condition. The minimum average temperature was 9°C in January, while the 

maximum average temperature was 34°C from June to August. 
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Figure 3. Historical Climate Monthly Average in Giza from 1979 to 2000. The temperature changes 

significantly throughout the year. There is clear mild winter and hot summer in Cairo Airport 

Station, Giza. 

The total monthly rainfall data for the period of 1979–2000, as shown in Figure 4, indicates that the 

highest total monthly rainfall occurred in March 1989, namely 26 mm. This condition had implication 

to irrigation water for wheat cultivation. The decrease of rainfall since 1990 had been affecting 

water shortage along irrigation system. 

 

Figure 4. Total Monthly Rainfall in Giza 

4.3.2 Future climate projections 

From the statistical downscaled data CMIP5 GCMs (General Circulation Models) for RCP 

(Representative Concentration Pathway) 4.5 scenario projection for Giza shown in Figure 5, the total 

rainfall is likely to change in 2040–2060. The 2040–2060 projections indicate that the total monthly 

rainfall is likely to increase only in January, February, April and November. Most other models 

suggest that the total monthly rainfall will decrease in all months except April. Meanwhile, in 

December it is likely to decrease significantly compared to the observed rainfall. March is mildly wet, 

but it will get drier. This projection will have impact on future condition of irrigation water in Egypt. 

Decrease of rainfall will reduce support for water resources management. 
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In addition to the rainfall projection, the average maximum temperature scenario projection (Figure 

6) indicate hotter conditions, especially from May to October. Generally, the result of projection 

shows similar patterns as the rainfall projection. The average maximum temperature is likely to 

increase over the years. All models suggest increase in average maximum temperature up to 35°C, 

especially in May and October. June to August are projected to be the hottest months. 

 

 

Figure 5. Total Monthly Rainfall Projection for Period of 2040–2060 Based on RCP 4.5 in 

Giza. The lines show the results for each of 7 climate models. 

 

 

Figure 6. Average Maximum Temperature for Period of 2040–2060 based on RCP 4.5 in 

Giza. The lines show the results for each of 7 climate models. 
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5. Results: Kenya 

5.1  Vulnerability Assessment for the Identification of Vulnerable Processes 

and Significant Disasters 

Tea production in Kenya continues all year around with two main peak seasons of high crop between 

March and June, and October and December which coincide with the rainy seasons. Kenyan tea is 

grown free of agrochemicals because the ideal environment in which the tea is grown acts as a 

natural deterrent to pests’ infestation and crop diseases. This natural condition guarantees the 

consumer the safest and most refreshing health drink. 

Value chain includes tea production processes. The main raw material in the tea production is the 

green tea leaves. The green leaves from the farm undergo the following processes of tea production 

(Gesimba et al. 2005), and hence the value chain are as follows; 

Farm level: This is where land preparation, planting, crop husbandry and plucking takes place. 

Weighbridge: The weighbridge clerk weighs and records the gross weight of transported green leaf 

on arrival from the estates. After offloading the green leaf in the reception bay, the tare weight of 

transport medium is taken off to determine the net weight of green leaf purchased. 

Withering: This takes between 14-20 hours to allow biochemical reaction to take place. It is done to 

ensure that the green tea leaves attain moisture content of approximately 71% (Gupta, Dey, and 

Sinha 2012). 

CTC (Crush, Tear and Curl): The withered leaf is macerated through a rotor vane and subjected to 

four stages of CTC in 3 lines A, B, and C. Metals of the rotor are controlled by use of magnets through 

a pre-programmed protocol. The product of CTC is referred to as dhool (Kerio 2012). 

Fermenting: This is done to allow the oxidation of chemicals, transforming the dhool into black tea 

with quality parameters set at low temperatures of 22°C-30°C by use of continuous fermenting units 

(CFUs) for duration of 110-150 minutes. The target moisture content here is 67-69% (Karori 2007). 

Drying: This is to rapidly reduce the moisture content to 2.8-3.2% within 15-20 minutes, achieved 

through use of fluidized bed dryers and this is critical control point 1. Inlet temperatures for hot and 

main chambers are used as critical limiters (Temple, van Boxtel, and van Straten 2000). 

Dispatching: Dispatching of packed teas is done by using contracted lorry transporters. All 

containers are inspected to conform to C-TPAT (Customs-Trade Partnership Against Terrorism) policy 

prior to loading.  

The identified processes that are sensitive to climatic disasters in a targeted chain above were 

developed with the vulnerability matrix below.  
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Table 1 Vulnerability matrix for tea sector in Kenya 
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Land preparation 2 1 3 0 1 

Planting 2 2 3 1 1 

Plant husbandry 3 2 3 3 3 

Plucking 3 3 3 3 4 

Transportation 1 1 0 1 0 

      

Withering 1 2 2 3 1 

Cut, Tear, & Curl 0 0 1 2 0 

Fermentation 2 2 2 3 1 

Drying 3 2 0 3 2 

Sorting 0 0 0 0 0 

Packaging 0 0 0 0 0 

Distribution 1 0 0 0 0 

No. of 3s 3 1 4 5  
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There are several climate change disasters in the tea sector. First of these is cold condition. It occurs 

when the temperatures are low in the absence of rain, snow and frost (Meteorological Department 

of Kenya). This inhibits the application of fertilizers, plant husbandry and plucking process, ultimately 

leading to low yields. While this discourages the farmers from planting more seedlings, the more 

devastating the effects of cold conditions are fermentation and drying as well as Cut, Tear and Curl 

(per. com). The gap between average maximum temperature and minimum temperature is 

significant. The average minimum temperature recorded was 10.53°C in September, while the 

forecast minimum temperature is to reach 9.3°C (See Synthesis Report). Withering and drying are 

affected by low temperatures as the air is more humid during the rainy season, requiring more 

energy while less energy is used when the air is drier.  

Second disaster is unpredictable rain patterns, including uneven spread of rainfall across the tea 

growing areas, longer dry periods, destructive rainfall which can damage tea bushes and erode tops 

soils, and these occurrences are on the rise (Cracknell 2013). Historical climate data indicated that 

the highest total monthly rainfall during May 1987 was 450 mm. The midterm projection for the 

period of 2040-2060 shows that the total monthly rainfall is predicted to increase throughout the 

year (See Synthesis Report). This will have negative impact on tea production at farm level as well as 

the withering and drying stages. For the same reason as described above for cold condition, the 

higher humidity in the air requires more energy for the withering and drying processes. Heavy rains 

make all-weather-purpose roads impassable hence delay in delivery of green leaves (Miriti, Bundi, 

and Jeremy 2003). Sustainable land use management practices such as mulching, minimum tillage, 

agroforestry and soil conservation methods mitigate against this problem at the local level.  

Hail storm also affects the foreign trade earnings. For a country like Kenya which already suffers 

adaptation deficit, this scenario aggravates the socio-economic conditions of the country hence the 

need for strategies on low carbon and climate resilient industrial development. Hailstone is a form of 

precipitation that falls from the sky as pellets of ice. The pellets can range from small pea size to 

hailstones as large as grapes. It is damaging for the tea crop and can completely strip the branches of 

all the leaves thereby reducing the yields, and the crop takes a long time to regenerate (Ng’etich and 

Stephens 2001). Factories are closed and workers laid off for an extended period. It also affects plant 

husbandry, plucking and drying process significantly. 

Next is drought which has effects not only at the farm level like land preparation, planting, plant 

husbandry and plucking process, but also spread across the entire value chain especially withering, 

cut-tear-curl and fermentation. Drought results in reduced production of green leaf, stunted growth, 

low leaf quality and susceptibility to fire hazards (Cheruiyot et al. 2007). The totality of these 

outcomes exposes the tea sector to reduced productivity by undermining the change 

competitiveness and the communities’ ability to withstand climate change effects.  

Lastly, frost occurs when temperatures fall below freezing point causing formation of small white ice 

crystals. It causes withering of the tea leaves therefore reducing productivity hence less tea export 

which reduces foreign trade for the country (DW 2015). It is prevalent in hilly areas such as Nandi, 

Kericho, Bomet and Kisii. During such times, the tea plantations lay off workers. The practice of 

agroforestry alleviates the situation as livelihood diversifying income. Looking at the entire value 

chain, this problem is more accentuated at the farm level. Kenya suffered the worst frost in the 

period of late 2011 and early 2012 (OCHA 2011). The frost effect is expected to extend into the 

future following the adverse effects of climate change and this justifies the need for low carbon and 

climate change resilient industrial development in Kenya.  
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5.2  Policy & Action Assessment with Key Processes & Disasters 

The Kenya Vision 2030 is the blueprint that espouses economic, social and political pillars. 

Environmental issues are encapsulated in the social pillar. The vision proposes strategies to improve 

the environment. They include: promoting environmental conservation; improving pollution and 

waste management through the design and application of economic incentives; commissioning of 

public-private partnerships (PPPs) for improved efficiency in water and sanitation delivery; 

enhancing disaster preparedness in all disaster-prone areas. Reform of public sectors is also stated 

as fundamental to national development. In addition, the vision recognises the centrality of science, 

technology and innovations (STIs) across the pillars but does not peg specific STIs on strategic goals 

for promotion of environmental sustainability. 

In addition to the Constitution and the Kenya Vision 2030, there are other policy and legislative 

frameworks that directly or indirectly address climate change. One of the frameworks is the 

Environmental Management and Coordination Act (MENR and EMCA 1999), which is the principal 

instrument of the government for the management of the environment. With respect to 

implementation of EMCA, the National Environment Management Authority (NEMA) is mandated to 

exercise general supervision and coordination of matters relating to the environment. It plays a role 

in mainstreaming the environment into policies, plans and programmes, and to prepare the annual 

state-of-environment report (Adams 2009). 

NEMA found its scope was too wide and often in conflict with the mandate of other ministries and 

agencies. Faced with the choice of enhancing the capacity of NEMA to deal with climate change 

issues, Kenya opted for it. This is provided for in the National Climate Change Bill which establishes 

the National Climate Change Council (Kasperson and Berberian 2011). It will be a corporate body 

whose function will be to advise national and county governments on legislation and other measures 

for climate change mitigation and adaptation, coordinate and prepare reports, and undertake 

negotiations on climate change matters. 

In case of tea industry, there is a lack of earnestness and commitment in regards to making the 

appropriate investments in low carbon and climate change resilient industrial development. 

Information related to climate change has been relegated to the periphery of the management 

decisions and policy actions. Adaptation and mitigation measures might be better communicated in 

terms of tailored cost-benefit outlooks and strategies for the value chains of individual operations. 

Disseminating and championing success stories of climate-innovators in the sector and practical 

‘climate-smart’ (See Kenya’s country report). 

5.3  Climate Information Linkage for Key Policies & Actions 

5.3.1 Historical climate data  

The long-term monthly climatology of total rainfall and monthly average maximum and minimum 

temperatures are showed in Figure 7. The driest month in the period of 1979–2000 has historically 

been in December, with average monthly rainfall around 80 mm, and the wettest was in May, with 

an average of 250 mm. During the period, the average monthly rainfall was about 150 mm, 

indicating that the Kericho region has enough precipitation for tea plantation. 

Historically, the highest average maximum temperature was in February and the lowest was in July. 

The minimum temperature recorded was 10.53°C in September and the maximum was 25.60°C in 

February. The wide gap between average maximum and minimum temperature is significant. 
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These monthly climatology values calculated from the historical monthly record data, as shown in 

Figure 8 below, indicated different climate variables for the location. This is useful for identifying 

climate events such as floods and droughts as well as observing long term variability or trends. The 

data indicated that the highest total monthly rainfall during the period occurred in May 1987 with 

450 mm and the lowest was in February 1997. 

 

Figure 7. Historical Climate Monthly Average in Kericho, 1979–2000 

 

 

Figure 8. Total monthly rainfall in Kericho, 1979–2000 

There is also rise in temperature. The impact of increasing temperature potentially can increase tea 

yields. However, a positive correlation exists between air temperatures and tea yields only when soil 

moisture is adequate (Cheserek 2013). Furthermore, the incidences of extreme temperature, either 

cold or hot, suppress tea yields: daytime maximum temperature in excess of 30˚C leads to a 

reduction in the rate and desired habit of growth for processing, and whilst heat can improve tea 

quality, heat extremes potentially damage leaves (Carr and Stephens 1992; Cheserek, Elbehri, and 

Bore 2015). Warmer temperatures, combined with increased humidity, will potentially proliferate 

new pests and diseases (Chang and Brattlof 2015; Cheserek, Elbehri, and Bore 2015; Ethical Tea 
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Partnership 2011; Schepp 2009) whilst destabilizing existing habitat and ecosystems unable to adapt 

(Cracknell 2015). New pests and disease will incur additional costs and will require new techniques 

to be appropriately managed. 

5.3.2 Future Climate Projections 

The projected future changes for the location across 10 different statistically downscaled CMIP5 

GCMs for RCP 4.5 because RCP 4.5 assumes that global annual GHG emissions (measured in CO2-

equivalents) peak around 2040, with emissions declining substantially thereafter. According to 

midterm projected changes for the period of 2040-2060 shown in Figure 9, in general, the total 

monthly rainfall is predicted to increase throughout the year. However, decrease in total monthly 

rainfall is also possible and can take place throughout almost whole year except in January, February 

and July. 

The highest increase of total monthly rainfall in the period is expected to occur in November with an 

increase of approximately 38 mm. Overall, the highest decrease in total monthly rainfall is predicted 

to occur in June. However, such decrease will not affect the total rainfall in the region. The Kericho 

region is predicted to receive total monthly rainfall in sufficient quantities still. 

 

Figure 9. Projected Changes in Total Monthly Rainfall RCP 4.5 in Kericho Station, 2040–

2060 (CIP. 2001) 

For the long-term projection, as shown in Figure 10, total monthly rainfall decrease is less than those 

for the midterm projection. The decrease of total monthly rainfall is predicted to occur in only a few 

months, namely, April, May and June; however, the change is more drastic. The total monthly 

rainfall in May does not increase; however, the total monthly rainfall in the Kericho region is still 

more than 100 mm. There’s a likely increase from July to February and March is uncertain. 
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Figure 10. Projected Changes in Total Monthly Rainfall RCP 4.5 in Kericho Station, 2070–

2090 (CIP, 2001) 

The average maximum temperature in the period of 2040–2060 (Figure 11) indicates a rise in 

average maximum temperature throughout the year by a range of 0.4°C to 2°C. The highest increase 

is predicted to occur in June and September, whereas the lowest possible to occur in April. 

Meanwhile, the average minimum temperature is predicted to increase by a range of 0.6°C to 2.2°C, 

as shown in Figure 12. This projection indicates that differences between maximum and minimum 

temperatures in the period of 2040–2060 become smaller compared to the observed period (1979–

2000). The maximum temperature is projected to reach 26.6°C, while the minimum temperature is 

forecasted to reach 9.3°C. 

 

Figure 11. Projected Changes in Average Maximum Temperature RCP 4.5 in Kericho 

Station, 2040–2060 (CIP, 2001) 
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Figure 12. Projected Changes in Average Minimum Temperature RCP 4.5 in Kericho 

Station, 2040–2060 (CIP, 2001) 

In the projection for long term period (2070–2090), as shown in Figure 13 and Figure 14 below, both 

average maximum and minimum temperatures are expected to experience a slight increase 

compared to the midterm projection. This condition will affect suitability area for tea growing in 

Kericho. It is expected to reduce suitable area for tea plantation. 

 

 

Figure 13. Projected Changes in Average Maximum Temperature RCP 4.5 in Kericho 

Station, 2070–2090 (CIP, 2001) 
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Figure 14. Projected Changes in Average Minimum Temperature RCP 4.5 in Kericho 

Station, 2070–2090 (CIP, 2001) 

6. Recommendation for Fruit Juice Industry in Egypt 

This study showed that fruit juice industry is vulnerable to rise in temperature and drought. Recent 

scientific research also shows climate change adaptation relevant to these exposers in the fruit 

growing sector in Egypt (McCarl et al. 2013; Paciello 2015; Sthapit, Rao, and Sthapit 2012). At farm 

level, changing management practices is among the most important adaptation measures for the 

industry to navigate the impacts of climate change. Internationally, systems are being developed 

that can better predict flowering times for certain fruit trees, calculating pollination confidence and 

coincidental conditions for damaging weather events like frost or heavy rain (Primary Industries 

Climate Challenges Centre 2016). Introducing ways to protect against insects, shade, and cool fruit at 

certain times is proving effective (Darbyshire 2016; Refaie, Esmail, and Madany 2012; Sthapit, Rao, 

and Sthapit 2012). The agriculture sector in Egypt is dominated by small farms which use traditional 

practices that do not comply with internationally recognized standards;  farmers, for example, tend 

to overuse and misuse agricultural chemicals and use outdated technologies and tools for land 

preparation, irrigation, and harvesting (Koscielski, Lotfi, and Butterfield 2012). Improving extension 

and updating to climate smart farming techniques would improve farm resilience. Simple climate 

smart interventions such as mulching and preserving ground cover can improve soils and mitigate 

the extent of dust storms (Sthapit, Rao, and Sthapit 2012; Swain 2016). Using different combinations 

of different levels of improved surface irrigation system efficiencies and applying deficit irrigation 

are considered as means of increasing the capacity of surface irrigation systems in old land in order 

to overcome the negative impacts of climate change (Smith et al. 2013; Sterman 2009). Changing 

cultivars is often cited as one of the most effective adaptations to climate change (Attaher, Medany, 

and Abou-Hadid 2009) as new varieties and cultivars can be chosen that cope better with reduced 

water availability and the increased average temperatures, have increased resiliency to pests and 

disease, and have increased yields (McCarl et al. 2013; Smith et al. 2013). 

For example, good orange production would make the fruit juice industry resilient, which would help 

the food industry in defending food security. There are some key industrial issues such as improving 

storage facilities, cold transportation efficiency and value added post-harvest production for small-

quantity industry. The major challenges for Egyptian oranges are transportation costs, distance 

between competitors and the destination markets, and seasonality of production. In Egypt, there is a 



24 

 

large increase in the internal transport costs, in addition to customs clearance at the port and 

shipping commissions. These increases represent significant challenges for the Egyptian exporter. 

The increase in the production equipment costs will also affect the crop prices in the coming years. 

The projected climate can intensify this condition if there is no effort from stakeholders to solve the 

problems. Poor transportation can obstruct export of oranges to Saudi Arabia (250,000 tons), Russia 

(238,000 tons), United Arab Emirates (80,000 tons), Ukraine (75,000 tons), Iraq (70,000 tons), 

England (68,000 tons) and Netherlands (57,000 tons) (AGQ 2015).  

For the small fruit farming and industry, which cannot afford consistently good transportation for its 

distribution, it is better to consider value added post-harvest production. Whole residuals from the 

market which may otherwise be wasted, could be suitable for feeding animals (El-Ramady 2015). For 

a large company, one of its long-term strategy built on three complementary pillars is investment in 

infrastructure and organic growth market reach. These strategies can be considered as 

recommended adaptation measures for fruit juice industry in Egypt. Researchers need to 

demonstrate the benefits of adaptation options, industry needs to promote change amongst 

growers, and governments must ensure policy encourages change. 

 

7. Recommendation for Tea Industry in Kenya 

This study showed that Kenyan tea sector is influenced by hail storm and low precipitation as well as 

lower temperature.  FAO found that a Geographic Information System (GIS) approach was carried 

out to predict the impact of progressive climate change on tea suitability in Kenya from 2000 to the 

year 2075 (FAO 2012). The implications are that the distribution of suitability’s within the current 

tea-growing areas in Kenya would decrease not because of rainfall amounts but its distribution and 

rise in mean air temperatures beyond the threshold of 23.5 ºC. Preliminary results suggest that the 

suitability of tea growing areas is expected to increase of 8% by 2025, but drop by 22.5% by the year 

2075. The key issue for tea in Kenya is rising temperatures, which will push the areas suitable for 

cultivation to higher altitudes and in some areas, mean it can’t be grown. This condition will change 

tea suitability across different regions in Kenya. 

Climate and geography are key factors in determining both where tea can be grown and how the tea 

grows. In the Kericho region, climate change models’ projections for rainfall suggests that it will be 

suitable for tea plantation until the year 2090. However, adaptation measures such as a new tea 

species that are resistant to low temperature, hail and frost, will still be needed as the minimum 

temperature is too low and will affect the growth and the quality of tea. The Nakuru area is less 

suitable for planting tea because the average monthly rainfall is less than 100 mm and not spread 

evenly throughout the year. To adapt to these conditions, the tea researcher or the government 

might have adaptation measures such as a new tea species that are resistant to low temperature, 

hail and frost. As tea industries depend on the tea plantations, the farmers may have to support the 

adaptation actions. Renewable energy technologies may help to improve the storage and the 

transportation system efficiency and sustainability; allowing the tea production industry to allocate 

its budget for assisting the production stage adaptation to climate change. The industries need to 

connect energy-agriculture nexus to produce sustainable energy for supporting tea value chain. It is 

also important to consider increasing value added post-harvest production for small plantations. 

Resource efficient and cleaner technologies are fast emerging and need to be incorporated in tea 

key processing areas but their uptake in the tea industries is generally low due to primarily low 

awareness levels and inhibiting costs, especially for small-holder farmers. Their uptake can result in 
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low carbon and reduced climate change and vulnerability. Although some adoption is occurring, 

there is need for capacity building on climate change issues and funding of the technologies by 

industries geared towards low carbon and climate resilient industrial development. 

 

8. Conclusion 

Fruits cultivation growth requirements for Egypt suggest that it currently has insufficient rainfall. 

Although efforts to improve water drainage structures and irrigation channels may help to combat 

projected decreases in rainfall fruits and crops, new varieties that can accommodate increases in 

temperature to address the spread of fungal diseases and drought will also be needed. In addition to 

improvements storage facilities and transportation efficiency in fruit juice industry, smaller 

producers should consider value added post-harvest production.  

In the Kericho region, climate change models projections for rainfall and temperature suggest that it 

will be suitable for tea plantation until the year 2090. However, adaptation measures such as a new 

tea species that are resistant to low temperature, hail and frost, will still be needed as the minimum 

temperature is too low and will affect the growth and the quality of tea. As tea industries depend on 

the tea plantations, the farmers may have to support the adaptation actions.  

Analysis of the current and potential climate conditions to two selected sub-industries reveals a 

spectrum of situations ranging from lower impact in Kenya, to those that exacerbate current non-

optimal conditions in Egypt. In both countries, projected decreases in rainfall and increasing water 

demands pose a challenge, suggesting that technological, managerial and operational capacities of 

these industries and other stakeholders must be strengthened to understand current water 

requirements and consumption and to enhance the efficient use of water in order to increase or 

maintain current production levels and to meet other basic and industrial needs. In addition, tea 

varieties that are resistant to low temperatures in Kenya, and those that are drought resistant in 

Egypt, may need to be developed, in addition to the development of adaptation plans for some 

industries. Further industrial development in the two countries related to processing will require the 

improvement of post-harvest processing, storage technology, and transportation infrastructure and 

planning.  

There are many opportunities to support climate resilient industrial development could be built 

upon including: 

i. Policy shifts that encourage the use of low-carbon energy production that are not 

sensitive to high temperatures or dependent on current levels of water availability; 

ii. The re-visiting of some policy objectives that require current or unrealistic levels of 

water availability; 

iii. Improvements to regional planning;  

iv. Upgrading of industrial restructuring policies to take into account private industry 

involvement and reduce internal regional disparities 

Improvements on efficient use of resources will allow budgets to be allocated for industries that 

will need to adapt to changes in climate.   Potential areas of improvement for climate resilient 

industrial development include: 
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i. Full-scale assessment of climate change impacts on all major current economic and 

economic development activities and their value chains, and expressing these in terms 

of industrial vulnerability; 

ii. Assistance to be provided to smaller producers to reduce their climate risks through the 

provision of insurance and weather warnings, and engagement in value-added post-

harvest production to diversify their sources of income; 

iii. Improved coordination amongst stakeholders to prepare action plans, establish 

monitoring processes, planning and resource allocation amongst stakeholders, 

particularly in relation to water use; 

iv. Identifying and applying measures and rehabilitation processes to reduce environmental 

pressures of vulnerable areas; 

v. Increasing the number of adaptation activities, and ensuring full integration of climate 

change into industrial development plans to secure the supply of commodities; 

vi. Improving structural ownership of industries; 

vii. Identifying opportunities to integrate cross-industrial initiatives; and 

viii. Improving overall sustainability of industrial activities e.g. through thorough supply 

analysis 

Lastly, this paper successfully demonstrated the applicability of continuous vulnerability-policy-

climate assessment in developing countries.  It is not necessary to wait to develop high resolution 

climate model and costly-full vulnerability assessment to understand the important issues related to 

climate change in potential vulnerable industries.  It is rather more important to start planning and 

implementing practical adaptation measures with accessible sets of information. The vulnerability 

matrix used in this study is practical and applicable without high level climate change expertise and 

this will a good starting point to understand the bottleneck to adapt to the climate change exposures 

in a target industry.  
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