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1. IMPORTANCE OF THE SECTOR 

1.1 SECTOR PRIORITY IN THE FIVE EAC COUNTRIES 
Management of protected areas, forests, wildlife, and tourism is a priority in all five Partner 
States of the East African Community (EAC) as identified in their respective National 
Adaptation Programmes of Action (NAPAs) and National Vision Statements (Box 1). 

Box 1: Priority of Terrestrial Ecosystems in the EAC Partner States 
v Management of protected areas is priority 3 of 14 priorities in Burundi (Republic 

of Burundi 2007). 

v Integrated water resource management is priority 1 of 6 in Rwanda (Republic of 
Rwanda 2006). 

v Wildlife and associated tourism is among 6 priority areas in Kenya’s Vision 2030 
(Government of Kenya 2007) and in the Tanzania NAPA (United Republic of 
Tanzania 2007). 

v Forestry, wildlife, and tourism are identified in priorities 4, 6, and 7 of 13 priorities 
in Tanzania (United Republic of Tanzania 2007). 

v Land and land use for farm forestry are priorities 1 and 2 of 8 priorities in Uganda 
(Republic of Uganda 2007), and forestry is a primary growth sector in Uganda’s 
economy (Republic of Uganda 2010). 

v Deforestation, prolonged drought, changing rainfall, floods, and temperature rise 
are priorities in the four NAPAs (Burundi, Rwanda, Tanzania, and Uganda) 
and in Kenya’s National Climate Change Response Strategy (NCCRS) and the 
National Climate Change Action Plan (NCCAP) (Government of Kenya 2010 and 
2013). 

 

1.2 TERRESTRIAL ECOSYSTEMS 
Africa’s terrestrial ecosystems contribute significantly to regional and global biodiversity and 
human well-being. The continent accounts for a fifth of the world’s land surface, one-fifth of 
its known species of birds, mammals, and plants, and one-sixth of its amphibians (Desanker 
2002, Siegfried 1989). 

1.2.1 Forests 

The forests and woodlands of East Africa provide energy, food, timber, and non-timber forest 
products and contribute to wealth and health at the household, community, national, 
subregional, regional, and even global levels. They provide essential services that help reduce 
land degradation and the effects of climate change and are therefore critical for agriculture 
and food production (Groner 2003). They harbor rich biodiversity and provide a wide range 
of ecosystem services. Forests are sources of rivers used to generate electricity in all five 
countries. Their value and contributions to the national economies are summarized in Box 2. 
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Box 2: Contribution of Forestry in EAC Partner States 
v In Burundi, wood-based energy demand is estimated at 97 percent, mostly for 

firewood (USAID 2010). 

v In Kenya, the forestry sector contributes 3.6 percent to gross domestic product 
(GDP) (UNEP 2012). 

v According to Rwanda’s Vision 2020, wood is the source of energy for 99 percent 
of the population. 

v In Tanzania, the forestry sector contributes 92 percent of fuel energy, 2–3.5 
percent annually to GDP and 10 percent of external trade (United Republic of 
Tanzania 2007). 

v In Uganda, forestry contributes 6 percent, spread as follows: 1.9 percent formal 
sector contribution, 2.75 percent informal sector contribution, and 1.45 percent 
non-marketable outputs to GDP (NFA 2009) and 90 percent of the population is 
dependent on wood energy (800,000 cubic meters of charcoal and 25–30 million 
cubic meters of firewood per year.  

 
1.2.2 Biodiversity 

Eight of the world’s 34 biodiversity hotspots are in Africa and 2 are in East Africa. The 
Albertine Rift is known for its extremely high vertebrate biodiversity and endemism (the 
highest in continental Africa) and has been the focus of many biological and ecological studies, 
as well as extensive conservation efforts. It spans six countries, each with a unique history, 
political system, and ability to engage in effective conservation (Plumptre et al. 2007). Myers 
et al. (2000) established the criteria for a hotspot: it must have at least 1,500 endemic, native 
vascular plant species and it must have already lost at least 70 percent of its primary, native 
vegetation. Worldwide, about two billion people live in hotspots, 300 million of them are 
within less than 10 kilometers of protected areas (Biodiversity Hotspots Revisited, 
Conservation International, 2004). Figure 1 shows the distribution of richness of regionally 
endemic species of birds, mammals, and amphibians in East Africa. Biodiversity hotspots have 
high numbers of species found in no other area of the world (see Figure 2). 
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Figure 1: Distribution of regionally endemic species in Eastern Africa 
Note: Yellow toward red color indicates areas of high concentration. 
Source: Jetz, and La Sorte (undated). 
 
A. Vetebrate species  B. Endemic vetebrate species  

  
Figure 2: Species richness in East Africa (source: Jetz and La Sorte, undated) 
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1.3 TOURISM 
Tourism has become an important sector for international commerce and is a major source 
of income for many developing countries. It contributes 9 percent to global GDP and 
generates more than US$6 trillion in revenue each year while providing livelihoods for more 
than 255 million people worldwide. The sector is particularly important for some of the 
world’s poorest countries. Of the five EAC Partner States, tourism contributes significantly to 
GDP in Kenya (13.7 percent) and Tanzania (13.3 percent), as well as in Burundi (3.8 percent) 
as reported in 2011. In Rwanda, tourism is the second most important source of foreign 
currency (Figure 3). 

 

  
Figure 3: International arrivals and revenue from tourism in East Africa 
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2. POTENTIAL IMPACTS OF CLIMATE CHANGE ON 
THE SECTOR 

2.1 TOURISM 
The tourism industry is already feeling the effects of climate change, which will likely increase 
as temperatures rise and many destinations become less attractive. Natural phenomena that 
attract millions of tourists—coral reefs, forests, fauna-rich savannah—will be degraded or 
destroyed. In sub-Saharan Africa, up to 40 percent of species in national parks are likely to 
become endangered by 2080, assuming they are unable to migrate. A University of Cambridge 
report summarizes the impacts of climate on the tourism industry (Figure 4). The effects 
include the following: 

v Mountain and snow tourism: Snow sports are at obvious risk from rising 
temperatures, with lower-elevation resorts facing progressively less reliable snowfalls 
and shorter seasons. However, other types of mountain tourism are also vulnerable, 
as infrastructure is put at risk from melting glaciers and thawing permafrost. 

v Forest and lake tourism: Outdoor activities will be affected by large-scale forest 
dieback and more widespread wildfires, triggered by sustained drought and higher 
temperatures. Longer fire seasons will reduce access to national parks. Rising 
temperatures will change lake habitats, affecting fishing tourism. 

v Biodiversity and agricultural tourism: As temperatures rise, the geographical 
dispersal of flora and fauna will change, as species shift to conditions to which they 
are better adapted. Because many nature reserves are geographically isolated, 
adaptation or relocation may prove difficult or impossible for many iconic species. 

v Cities and urban center tourism: City visits account for a large percentage of the 
global tourism industry. Across the world, city infrastructure is exposed to a range of 
climate impacts, including extreme heat events, water shortages, and flooding. Coastal 
cities, meanwhile, are at risk from sea-level rise. 

v Beach and coastal tourism: Rising sea levels and more extreme weather events 
threaten beaches and coastal infrastructure enjoyed by hundreds of millions of tourists 
each year. While adaptation can protect at-risk infrastructure, beaches are difficult to 
protect without reducing their attractiveness. 

v Ocean and sea life tourism: The combination of rising water temperatures and 
increasing ocean acidification, caused by the absorption of carbon dioxide, are perilous 
for reef ecosystems and the dive tourism they support. Warming sea temperatures 
will also change the distributions of fish and marine mammals. 
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Figure 4: Impact of climate change on tourism (source: Cambridge Business School report 
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2.2 TERRESTRIAL ECOSYSTEMS 
Between 25 and 40 percent of mammal species in the national parks of sub-Saharan Africa will become 
endangered by 2080s (IPCC 2007a, AMCEN) and there is evidence that climate is modifying natural 
mountain ecosystems via complex interactions. A few examples are highlighted below. 

2.2.1 Impacts on Ecosystems 

v Aridity is projected to spread due to changes in temperature and precipitation, 
most notably in southern Africa. In a 4°C world, total hyper-arid and arid areas are 
projected to expand by 10 percent compared to the 1986–2005 base period (World Bank 
2013). The 4°C increase will have slight impacts on the Lake Victoria Basin (LVB) as it will be 
wetter (Figure 5). Using 3°C global warming, the savannah is projected to decrease to 
approximately a seventh of its current area (World Bank 2013). 

v Climate change is projected to affect individual organisms, populations, species 
distributions, and ecosystem composition and function. It will have both direct effects, 
such as increased temperatures and changes in precipitation, and indirect effects, through 
changing the intensity and frequency of climate disturbances (IPCC 2002). 

 
Figure 5: Multi-model mean of the percentage change in the annual Aridity Index in a 2°C world 
(left) and a 4°C world (right) for sub-Saharan Africa by 2071–2099 relative to 1951–1980, Note: 
Negative change corresponds to a shift to more arid conditions (source: World Bank 2013) 
Climate change projections indicate that many ecosystems could be endangered by increased 
temperatures and other changes resulting from greenhouse gas emissions (IPCC 2007b). Under those 
scenarios, extensive land areas could be converted from one biome to another, wildfires could 
increase, and many plant and animal species would be isolated or driven to extinction. About 20–30 
percent of species assessed are at high risk of extinction if global mean temperatures increase 2–3°C 
above pre-industrial levels (Thomas et al. 2004, IPCC 2007b). The potential impacts on East African 
biodiversity are presented in Table 1. 
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Table 1: Projected impacts of climate change on biodiversity in East Africa 
Issue Projected impacts 
Biodiversity • Climate change is expected to significantly alter African biodiversity as species struggle 

to adapt to changing conditions (Lovett et al. 2005). 
• Biome sensitivity assessments show that deciduous and semi-deciduous closed-canopy 

forests may be very sensitive to small decreases in precipitation during the growing 
season. Hence, deciduous forests may be more sensitive to reduced precipitation than 
grasslands or savannahs (Holy et al. 2006). 

• Large changes in ecosystem composition and function because of regional climate change 
would have cascading effects on species diversity (Sykes and Prentice 1996, Solomon 
and Kirilenko 1997, Kirilenko and Solomon 1998). 

• Recent studies by Bhola et al. (2012a and 2012b) reveal how predation risk, forage 
quantity and quality, water, competition with and facilitation by livestock interact with 
individual life-history traits, seasons, and land use in shaping the dynamics of herbivore 
hotspots in protected and human-dominated savannah.  

Migration • Climate change has the potential to alter the routes and timing of migration of species 
that use both seasonal wetlands (e.g., migratory birds) and track seasonal changes in 
vegetation (e.g., herbivores). This may increase conflicts between people and large 
mammals such as elephants, particularly in areas where rainfall is low (Thirgood et al. 
2004). 

• The distribution of wildlife contracted sharply during 1977–2011 in southern Kenya 
(Amboseli), especially for wildebeest, giraffe, and impala (Ogutu et al. 2014). Only zebra 
and ostrich (Ogutu et al. 2012) distributions expanded. The findings point to recurrent 
droughts, intensifying human population pressures, land use changes, and other 
anthropogenic impacts as the salient causes of the declines and range compressions 
(Ogutu et al. 2014). More severe changes in climate will further reduce these 
populations and ranges (Western 2010a and 2010b). 

Phenology and 
breeding 

• A change in the intensity or duration of the rainy versus dry seasons could change 
relative breeding rates and, hence, genetic structures in animal populations (Poole 1989, 
Rubenstein 1992). 

• Rainfall seasonality strongly influences reproductive seasonality and juvenile recruitment 
among African ungulates. The interaction of the rainfall influence with life-history traits 
and other factors leads to wide interspecies and regional variation. Global climate 
change, especially widening annual rainfall variation expected to result from global 
warming, could reduce the predictability of the timing of birth, and hence reduce 
reproductive success among tropical ungulates (Ogutu et al. 2014 and 2015, CAMCO 
2016b). 

Plants and 
invasive species 

• Climate projections suggest that during already dry months, less precipitation will occur, 
reducing the resilience of plants (Vanacker et al. 2005, CAMCO 2016c). 

• In sub-Saharan Africa, which includes parts of East Africa, several ecosystems, 
particularly grass and shrub savannahs, are known to be highly sensitive to short-term 
availability of water due to climate variability (Vanacker et al. 2005). 

• Species ranges probably will not shift in cohesive and intact units and are likely to 
become more fragmented as they shift in response to changing climate (Channel and 
Lomolino 2000). Invasive species and other species with high fertility and dispersal 
capabilities have been shown to be highly adaptive to variable climatic conditions 
(Malcolm et al. 2002). Climate change will also increase the severity of extreme weather 
events. Strong winds, currents, and wave action can facilitate the movement of invasive 
species at regional and global scales (Burgiel and Muir 2010). 

Source: WWF (2006) with new studies and analysis from this project. 

2.2.2 Forests 

Forests help maintain a wide range of delicate relationships with nature and its ecosystems. Impacts 
on the well-being of forests due to climate change will therefore have a dramatic effect. For example, 
according to projections, changes in climate will mean that by 2050 the world’s ecosystems, including 
its forests, will be releasing more carbon than they are capable of absorbing. Forest cover in East 
Africa has been declining rapidly. Between 1990 and 2010 Burundi registered the biggest forest losses, 
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followed by Uganda, Tanzania, and Kenya (Table 2). Only Rwanda registered an increase in forest 
cover. These regions once were endowed with expansive forest cover, but this has been lost over the 
years (Figure 6). The impacts of the loss of forests on biodiversity, water, agriculture, and health in 
the region are enormous and will likely be further amplified by the additional impacts of climate change. 

The Mau Forest Complex is the origin of the main rivers flowing into five lakes: Victoria, Turkana, 
Baringo, Nakuru, and Natron. More than 5 million people live in the regions crossed by these rivers. 
The current annual market value of goods and services from tea, tourism, and energy sectors in the 
ecosystems is about US$286 million (http://www.unep.org/ecosystemmanagement). 

Figure 6: Forest loss in East Africa 

  
Original forest [pale green] and current 
forest cover [dark green] (source: UNEP 
1998) 

The extent of the Mau Forest (deep dark 
green)—30 percent of the forest was lost 
between 1973 and 2009 (source: 
http://kenyafromspace.blogspot.com) 

 

Table 2: Trends in the extent of forest cover between 1990 and 2010 in EAC 
Country Forest area (1,000 hectares) Annual change rate 

1990 2000 2005 2010 1990–2000 2000–2005 2005–2010 
1,000 
ha/yr 

 Percent 1,000 
ha/yr 

 Percent 1,000 
ha/yr 

 Percent 

Kenya 3,708 3,582 3,522 3,467 -13 -0.35 -12 -0.34 -11 -0.31 
Uganda 4,751 3,869 3,429 2,988 -88 -2.03 -88 -2.39 -88 -2.72 
Tanzania 41,495 37,462 35,445 33,428 -403 -1.02 -403 -1.10 -403 -1.16 
Burundi 289 198 181 172 -9 -3.71 -3 1.78 -2 -1.01 
Rwanda 318 344 385 435 3 0.79 8 2.28 10 2.47 

Source: FAO 2011. 

Forests are vulnerable to climate change because trees have long lifetimes and low capacity to adapt 
to changing ecological conditions. Climate change will exacerbate the impacts of the processes that 
already stress and threaten overexploited ecosystems for several reasons, including agricultural 
expansion, destruction of habitats, pollution, high rates of change in land use, and population growth. 
Climate change will heighten the impacts of these stressors and have major effects on both managed 
and natural ecosystems and associated services (USAID 2013). The Tanzania NAPA 2007 documents 
the expected change of vegetation types in the forest zones due to increase in temperature (Table 3). 
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Table 3: Predicted changes in forests 
Type of vegetation Expected change 
Subtropical dry forest and subtropical moist forest 
life zone 

Change to tropical; very dry forest, tropical dry forest 
and tropical moist forest 

Subtropical thorn woodland Completely replaced/disappear 
Subtropical dry forest Decline by 61.4 percent 
Subtropical moist forest Decline by 64.3 percent 

 
The loss of forests in the EAC needs urgent attention. Annex 1 presents case studies of these losses 
from Uganda, Tanzania, and Kenya. 

Box 3: The Redd+ Mechanism 
REDD+ is a global climate change mitigation mechanism designed and encouraged by the United 
Nations Framework Convention for Climate Change (UNFCCC) to provide developing countries 
with incentives to reduce emissions from deforestation and forest degradation; to promote the 
conservation, management, and enhancement of forests; and to encourage investment in low-carbon 
paths to sustainable development. 

The overall vision for REDD+ is that developing countries have significantly reduced their forest 
and land-based emissions while also achieving national development goals in a sustainable and 
equitable manner. Important REDD+ decisions under the UNFCCC have been adopted 
progressively since COP 13. Among the most important of these are the “Cancun Agreement” 
reached at COP 16, which set the stage for a nationally driven three-phased approach to 
development of the REDD+ mechanism; and “The Warsaw Framework” at COP 19 in 2013, which 
finalized and adopted the most important decisions that constitutes the complete “REDD+ 
Rulebook” on how REDD+ must be implemented. 

The Paris Agreement, adopted by 195 countries at COP 21 in December 2015, raised the profile 
of forests. While modest progress previously had been made, the 2015 agreement was a major shift. 
At COP 21, some of the world’s most heavily forested countries agreed to prevent deforestation 
and promote forest conservation. Where previous REDD+ debates had focused on how much money 
countries would earn for conserving forests, at COP 21 they focused on the steps they would take 
to address deforestation. In Paris, nations finally achieved a consensus that had previously been 
elusive. Article 5 of the Paris Agreement encourages countries to implement and support REDD+, 
as well as activities related to “the role of conservation, sustainable management of forests and 
enhancement of forest carbon stocks in developing countries.” For many developing nations, land 
use, land use change, and forestry account for most of their greenhouse gas emissions. That makes 
this sector a logical place for developing countries to start meeting their commitments under the 
Paris Agreement. 

 
2.2.3 Impacts of Climate Change on Species 

Birds 
A study by the Worldwide Fund for Nature (WWF 2006) reviewed more than 200 research reports 
to assemble a clear and consistent picture of the climate change risks for birds. Birds throughout 
the world suffer from the effects of climate change. Scientists have found declines of up 
to 90 percent in some bird populations, as well as total and unprecedented reproductive 
failure in others. Some groups of birds are at particularly high risk: migratory, mountain, island, 
wetland, Arctic, Antarctic, and seabirds. The report notes that “While bird species that can move 
easily to new habitat are expected to continue to do well, those that thrive only in a narrow 
environmental range are expected to decline, and to be outnumbered by invasive species.” 
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The report finds that climate change now affects the behavior, ranges, and population dynamics of bird 
species. Some species, it finds, are already experiencing strong negative impacts from climate change. 
Moreover, future climate change will put large numbers of bird species at risk of extinction at rates 
varying from 2 to 72 percent, depending on the region, climate scenario, and potential for birds to 
shift to new habitat. The major findings of the report are as follows: 

v Shifts in timing of important life cycle events and shifts in ranges are major ways that birds and 
their ecological communities already respond to climate change. These responses pose further 
threats and risks of their own to birds. The report indicates that the early warning signs of 
climate change are already evident in shifts in the timing of important seasonal behaviors. Many 
species now arrive in spring breeding grounds earlier and lay eggs earlier in response to 
warming. One analysis of 64 studies found that birds had advanced timing for such spring 
phenomenon at an average rate of 6.6 days per decade. In Europe, some birds that normally 
migrate have even stopped migrating altogether. 

v Long-distance migratory birds face elevated climate change risk. Birds that migrate long 
distances are not able to predict changes in their food sources along their migratory path. 
Hence, they cannot adjust their arrival at their breeding grounds to coincide with peaks of 
their prey species, which will be affected by climate change. This exposes the migratory birds 
to a greater climate change threat than resident birds. 

v Ranges are shifting and shrinking. Significant evidence shows that birds, as well as other animals 
and plants, are shifting their ranges in response to climate change, with bird species shifting 
pole-ward, or to higher altitudes in tropical mountains. The extent of such shifts is expected 
to be considerable in the future. For example, some European birds are expected to undergo 
range boundary shifts of more than 1,000 kilometers. Range contractions are expected to be 
more frequent than range expansions. 

v Climate change threatens birds with extinction. Extinction rates due to the complete loss of 
optimal niches are likely to be severe and nonlinear, with losses increasing rapidly beyond an 
increase of 2°C, and compounded by other climate-related impacts. 

Gorillas 
Gorillas rarely drink water as the vegetation they feed on contains enough water to sustain them. If 
the dry season becomes more prolonged and severe, more open water and small streams may be 
needed to ensure adequate water for the gorillas. 

Exposure to human diseases is also a potential threat to gorillas, especially for those habituated to 
human contact. Climate change is likely to create conditions where new diseases appear, diseases 
spread more quickly, and resources to prevent illness are reduced. Also given the small size of the 
two remaining populations, and their concentration in relatively small reserves, an obvious concern is 
that catastrophic losses to population numbers could occur. These could come about through an 
extreme weather event, or another threat resulting from a primary or secondary effect of climate 
change, such as a severe fire or refugee episode, or a disease epidemic. These potential concerns 
underlay considerations of health threats to gorillas in the face of climate change. 

Invasive Species 
Climate change and invasive species are the two greatest threats to biodiversity and the provision of 
valuable ecosystem services. Invasive species are those plants, animals, or microorganism that become 
established in a natural or semi-natural ecosystem or habitat and that act as agents of change and 
threaten native biological diversity or species with negative impacts on biological diversity, agriculture, 
human development, or even human health. The estimated worldwide damage from invasive species 
is more than US$1.4 trillion annually—5 percent of the global economy—with impacts across such 
sectors as agriculture, forestry, aquaculture, transportation, trade, power generation, and recreation 
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(Pimentel et al. 2001). It has been estimated that a single invasive plant species—the water hyacinth—
cost Uganda US$112 million in 1999. According to the Convention on Biodiversity the annual national 
economic loss to invasive plant species in 2001 was US$50 billion for Brazil, US$117 billion for India, 
US$12 billion for South Africa, US$12 billion for the United Kingdom, and US$137 billion for the 
United States.  

East Africa has experienced multiple biological invasions, some of which have had significant 
consequences for the environment, biodiversity, and socioeconomics. Available information on 
invasive species in East Africa (Figures 7a and b) shows that 97 species invaded Kenya, 88 invaded 
Tanzania, 60 invaded Uganda, 16 invaded Rwanda, and 18 invaded Burundi (derived from Global 
Invasive Species Database). Few of these species are under control. 

Figure 7: Invasive species in EAC Partner States 
Rwanda Burundi 

  
Uganda 
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Tanzania 

 
Kenya 

 
Source: The Global Invasive Species Database, managed by the Invasive Species Specialist 
Group of the International Union for the Conservation of Nature (IUCN) Species Survival 
Commission (http://www.iucngisd.org/gisd/). 
 
The complexity of the combined interaction of climate change and invasive species increases 
dramatically, and evidence is rapidly growing on how climate change is compounding the already 
devastating effects of invasive species. Climate change impacts, such as warming temperatures and 
changes in CO2 concentrations, are likely to increase opportunities for invasive species because of 
their adaptability to disturbance and to a broader range of biogeographic conditions and environmental 
controls. The impacts of those invasive species may be more severe as they increase both in numbers 
and extent, and as they compete for diminishing resources such as water. Warmer air and water 
temperatures may also facilitate movement of species along previously inaccessible pathways of spread, 
both natural and human-made. Table 4 summarizes the impacts of climate change on the invasive 
species. 
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Table 4: Potential interactions between climate change and invasive species 
Changed 

conditions 
Introduction and naturalization of 

invasive species 
Spread and proliferation of invasive species 

ABIOTIC CONDITIONS (climate, fire, and CO2) 
Altered 
temperature 
and rainfall 
patterns 

v Invasive species and other species 
with high fertility and dispersal 
capabilities have been shown to be 
highly adaptive to variable climatic 
conditions (Malcolm et al. 2002). 

v Warmer temperatures accelerate 
the life cycle of invasive pathogens 
and insects. 

v Climate change is likely to increase 
the global range of water hyacinth. 
Its growth rates are affected by 
water temperature and nitrogen 
concentration, with maximal growth 
rates at 29.6°C. As temperature 
rises with climate change, higher 
growth rates will occur, leading to 
faster spread within a habitat and 
opportunities to invade habitats that 
previously were too cool for survival 
(Masters and Norgrove 2010). 

 

v Examples of invasive species include the 
cassava mealybug (Phenacoccus manihoti), 
which caused cassava yield losses of up to 80 
percent before it was brought under control. 
The larger grain borer (Prostephanus 
truncatus), native to central America, attacks 
stored cassava, maize, and other staple foods 
(Masters and Norgrove 2010, Keil 1988, 
Nang’ayo et al. 1993). In Tanzania, it causes 
US$91 million in maize losses per year. 
These and other invasive species have been 
estimated to cause losses in yield of eight of 
Africa’s principal crops amounting to 
approximately US$12.8 billion per year 
(Masters and Norgrove 2010). 

v Water hyacinth (Eichhornia crassipes) is a 
floating neotropical species that has become 
invasive in both tropic and temperate areas. 
Outside its native range in South America it 
can quickly grow to very high densities (over 
60 kilograms per square meter) and clogs 
waterways, preventing movement of boats 
and fishing activities. In the Lake Victoria 
region, water hyacinth threatened livelihoods 
of local communities by reducing fish 
populations, fouling hydroelectric power 
turbines, and providing habitats for 
mosquitoes and snails, the vectors of malaria 
and schistosomiasis. Water hyacinth was first 
observed around the lake in 1989; seven 
years later it had spread to approximately 80 
percent of Uganda’s shoreline. The weed has 
been successfully controlled using biological 
control agents (two weevil species, mottled 
water hyacinth weevil, [Neochetina 
eichhorniae], and chevroned water hyacinth 
weevil, [N. Bruchi]) combined with 
mechanical removal in many locations 
(Masters and Norgrove 2010). Water 
hyacinth and other water weeds affecting 
water use currently cost countries in Africa 
and Asia over US$100 million annually 
(Masters and Norgrove 2010) in addition to 
economic and health losses. 

More 
droughts 

v More drought-tolerant plant 
species/varieties are introduced. 

v Weeds colonize bare patches, 
replacing native plants killed by 
drought. 

v Prosopis was introduced in 1970s as a 
government policy toward interventions to 
mitigate effects of drought and improve 
livelihood in the drylands. Prosopis juliflora is 
invasive and widespread in Kenya, Tanzania, 
and northern Uganda. The plants reproduce 
through seed, often once they have passed 
through the digestive tract of browsers such 
as goats, cattle, camels, and some wild 
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Changed 
conditions 

Introduction and naturalization of 
invasive species 

Spread and proliferation of invasive species 

herbivores. It is spread along watercourses 
and run-off areas during periods of rain and 
then spreads laterally from these sites. 

v P. juliflora can be a very aggressive invader 
and replaces native vegetation and takes over 
rangelands. This can result in complete loss 
of pasture and rangelands, blocking access to 
water, damage to fishing nets, and illness and 
death of livestock due to eating P. juliflora 
pods and being pierced by the plant’s thorns. 
Other impacts are loss of cropland, the costs 
of repairing tires punctured or destroyed by 
thorns, and doctor’s bills for treating thorn 
wounds. Dense stands of P. juliflora can block 
irrigation channels, obstruct roads, and block 
smaller trails completely affecting access to 
pasture, croplands, water sources and fishing 
areas. 

More/more-
intense 
floods 

v Exotic fish are washed out of ponds 
into wetlands. Weed seeds are 
washed or blown from gardens and 
paddocks into bushland. 

v Lantana camara is invasive in large parts of 
Kenya, Tanzania, and Uganda (Lyons and 
Miller 1999) and is very widespread in all 
three countries. L. camara is poisonous to 
livestock and children have been known to 
die after eating unripe berries. Untreated L. 
camara poisoning can result in 
photosensitization, loss of appetite, jaundice, 
liver and other organ/tissue damage, and 
even death.  

Intensifying 
fire regimes 

v  v Flammable pasture grasses spread with more 
fire and promote fire. Weeds spread along 
fire tracks. 

Higher CO2 
levels 

v  v Weeds that become more water efficient 
under higher CO2 levels spread into drier 
areas. Increased asexual reproduction of 
weeds due to greater below-ground growth 
of rhizomes and roots. 
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3.  ASSESSING POTENTIAL IMPACTS OF CLIMATE 
CHANGE ON SPECIES IN EAST AFRICA 

3.1 PROJECTING CLIMATE CHANGE IN EAST AFRICA 
3.1.1 Rainfall 

Climate change analysis and projections were based on a regional, downscaled climate 
model—the CORDEX. The downscaling is done using multiple regional climate models 
(RCMs) as well as statistical downscaling (SD) techniques. Three climate scenarios were used 
to project rainfall and temperatures to 2100. The three Representative Concentration 
Pathways (RCPs) RCP2.6, RCP4.5, and RCP8.5 designate increasing levels of radiative forcings 
(global energy imbalances), measured in watts per square meter, by the year 2100. The RCP2.6 
emission pathway is representative for scenarios leading to very low greenhouse gas 
concentration levels (van Vuuren et al. 2007). RCP4.5 is a stabilization scenario where total 
radiative forcing is stabilized before 2100 by deployment of a range of technologies and 
strategies for reducing greenhouse gas emissions (Wise et al. 2009), and the RCP8.5 is 
characterized by increasing greenhouse gas emission over time representative for scenarios 
leading to high greenhouse gas concentration levels (Riahi et al. 2007). 

The projections for the annual rainfall component under each of the three scenarios and time 
windows show relatively little change compared to the projections for the seasonal rainfall 
components. The short rains (October–December, or OND period) are projected to increase 
over most parts of the region under all three scenarios (10–25 percent by 2030, and 25–50 
percent by 2050; Figures 8a and b). By contrast, the long rains (March–May, or MAM period) 
are projected to decease over the northern part part of the region, but increase over the 
southeastern. The dry season rainfall (June–September, or JJAS) is projected to decease over 
most parts of the region. The projected annual rainfall shows a tendency to increase over the 
LVB. 

Figure 8: EAC projected rainfall changes (relative to 1971–2000) 

 
Figure 8a: Projected changes (relative to 1971–2000) over EAC by the 2030s in the 
annual (1st column), MAM (2nd column), JJAS (3rd column), and OND (4th column) rainfall 
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components. Each row corresponds to emission scenarios RCP2.6 (1st row), RCP4.5 (2nd 
row), and RCP8.5 (3rd row). 

 
Figure 8b: Projected changes (relative to 1971–2000) over EAC by the 2050s in the 
annual (1st column), MAM (2nd column), JJAS (3rd column), and OND (4th column) rainfall 
components. Each row corresponds to emission scenarios RCP2.6 (1st row), RCP4.5 (2nd 
row), and RCP8.5 (3rd row). 

3.1.2 Maximum and minimum temperatures 

The projected changes in the maximum temperature component for the three scenarios 
(RCP2.6, RCP4.5, and RCP8.5) in the 2030s and 2050s compared to the reference period 
(1971–2000) are shown in Figure 9. By 2030, maximum temperatures during the long rains 
(MAM), the dry season (JJAS), and the annual component will likely increase by 1.0 to 2.0°C 
over most of the region. The expected warming extent is greatest during the long rains (MAM) 
and the dry season (JJAS) and least during the short rains (OND). By 2050, annual maximum 
temperatures are expected to be 1.0–2.0°C higher under the RCP2.6, 1.5–2.5°C higher under 
the RCP4.5, and 2.5–3.5°C higher under the RCP8.5 scenario over most of the EAC, with 
slightly less warming expected in some coastal areas. The projected changes in the minimum 
temperatures through time for the three scenarios are shown in Figure 10. The results suggest 
that there will likely be a greater increase in the minimum than the maximum temperatures in 
future. By 2030, almost all the EAC region will likely be 1.0–2.5°C warmer than the base 
period, with the greatest warming expected during the dry season months (JJAS) under the 
RCP8.5 scenario. By 2070, the projected increase in the annual minimum temperatures will 
likely be 4–5°C higher under the RCP8.5 scenario relative to the base period. 
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Figure 9: EAC projected maximum temperature changes (relative to 1971–2000) 

  
Figure 9a: Projected changes (relative to 1971–2000) over EAC by the 2030s in the 
annual (1st column), MAM (2nd column), JJAS (3rd column), and OND (4th column) 
maximum temperature components. Each row corresponds to emission scenarios 
RCP2.6 (1st row), RCP4.5 (2nd row), and RCP8.5 (3rd row). 

  
Figure 9b: Projected changes (relative to 1971–2000) over EAC by the 2050s in the 
annual (1st column), MAM (2nd column), JJAS (3rd column), and OND (4th column) 
maximum temperature components. Each row corresponds to emission scenarios 
RCP2.6 (1st row), RCP4.5 (2nd row), and RCP8.5 (3rd row).  
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Figure 10: EAC projected minimum temperature changes (relative to 1971–2000) 

  
Figure 10a: Projected changes (relative to 1971–2000) over EAC by the 2030s in the 
annual (1st column), MAM (2nd column), JJAS (3rd column), and OND (4th column) 
minimum temperature components. Each row corresponds to emission scenarios 
RCP2.6 (1st row), RCP4.5 (2nd row), and RCP8.5 (3rd row). 

  
Figure 10b: Projected changes (relative to 1971–2000) over EAC by the 2050s in the 
annual (1st column), MAM (2nd column), JJAS (3rd column), and OND (4th column) 
minimum temperature components. Each row corresponds to emission scenarios 
RCP2.6 (1st row), RCP4.5 (2nd row), and RCP8.5 (3rd row). 
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3.2 CASE STUDIES ON PROJECTIONS OF IMPACTS OF CLIMATE CHANGE ON 

SELECTED SPECIES IN EAST AFRICA 
3.2.1 Large Herbivores—Population Dynamics, Migration, Phenology, Synchrony, 

and Fecundity of Reproduction 

v Impacts of climate change on resident wildebeest population dynamics in the Ngorongoro 
Crater 

The Ngorongoro Conservation Area (NCA) is a UNESCO World Heritage Site. The NCA 
includes Olduvai Gorge, where some of the earliest known specimens of the human genus 
have been found. Based on fossil evidence Homo habilis and other early hominidae, such as 
Paranthropus boisei, have occupied the area for 3 million years. 

The NCA is part of the Greater Serengeti-Mara ecosystem (GSME). It is contiguous with the 
southern Serengeti plains and adjoins Serengeti National Park. The Serengeti plains extend 
into the unprotected Loliondo division and are open to wildlife. The GSME supports one of 
the largest animal migrations on earth, including over 1.7 million wildebeest, 260,000 zebras, 
and 470,000 Thomson’s and Grant’s gazelles, which move south into the area in December 
and north in June (Figure 11). This movement changes with the rains, but the migration—one 
of the most spectacular in the world—traverses almost the entire plains. 

Wildlife. The NCA has a population of about 25,000 large animals, mostly ungulates, as well 
as the highest density of mammalian predators in Africa, including the densest known 
population of lions. Large animals in the crater include the black rhinoceros (Diceros bicornis), 
the local population of which declined from about 108 in 1964–66 to between 11–14 in 2012, 
the African buffalo or Cape buffalo (Syncerus caffer, about 3,600), and the hippopotamus 
(Hippopotamus amphibius). There also are many other ungulates: the blue wildebeest 
(Connochaetes taurinus) (11,000 estimated in 2012), Grant’s zebra (Equus quagga boehmi) 
(4,940), the common eland (Taurotragus oryx, 43), and Grant’s (Gazella granti, 313) and 
Thomson’s gazelles (Gazella thomsonii, 1,193). Waterbuck (Kobus ellipsiprymnus, 20) occur 
mainly near Lerai Forest (UNESCO site). There are no topis (Damaliscus lunatus korrigum), 
oribis (Ourebia oribi), or crocodiles (Crocodylus niloticus). NCA harbors a range of endangered 
species, such as wild hunting dogs (Lycaon pictus) and golden cat (Caracal aurata) and 500 
species of birds. 

In the wet season, 20 percent or more of the wildebeest and half the zebra leave the crater 
(Estes et al. 2006), while buffalo (Syncerus caffer) and eland migrate in. The numbers of buffalo 
and eland are highest during the rains (Estes et al. 2006). Since 1986, the crater’s wildebeest 
population has fallen from 14,677 to 7,250 (2003–2005) (Estes et al. 2006). The numbers of 
eland and Thomson’s gazelle have declined while the buffalo population has increased, probably 
due to the prevention of fires, which favor fibrous grasses over shorter, less fibrous types 
(Estes et al. 2006, UNESCO website). 
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Figure 11: Seasonal movements of wildebeest between the Ngorongoro Conservation 
Area, Maswa, Grumeti, and Ikorongo Game reserves and Serengeti National Park in 
Tanzania and Masai Mara National Reserve and adjoining pastoral lands in Kenya 

 
Figure 12: Panorama view of Ngorongoro Crater 
This study analyzed the impacts of climate change on the resident wildebeest population in 
the NCA. Projections for the NCA for RCP2.6 suggests that annual rainfall will decline up to 
2040 and increase slightly thereafter up to 2100. The RCP4.5 scenario indicates that annual 
rainfall will increase slightly up to 2040 and decrease thereafter. Lastly, the RCP8.5 scenario 
projects a slight increase in rainfall between 2004 and 2100. Similar rainfall patterns are 
projected for the adjoining Serengeti National Park in Tanzania and the Narok County in 
Kenya by the corresponding RCPs. 
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Figure 13: Projected rainfall under three climate scenarios for the period 2006–2100 for 
Narok County in Kenya and Ngorongoro Crater and Serengeti National Park in 
Tanzania 
 
Statistical models for forecasting the influence of climate change on terrestrial 
sector indicators: Statistical methods for time series analysis and forecasting were used to 
analyze temporal variation in a variety of time series of historic observations. The time series 
of historic observations (response variables) were related to various time series of predictors 
(explanatory variables). The relationships established for the historic response series were 
used to forecast the likely future trajectories of the response series. 

One primary goal of univariate time series analysis is to model variation in the series and use 
the model to forecast future values of the series. The same applies to multivariate time series. 
However, analysis of the relationships among the component series may be of additional interest 
for multivariate series. Other goals for analyzing time series, but which are often only of 
secondary interest, include smoothing trend patterns, interpolating (estimating missing values), 
and modeling the structure of the series. The analysis of time series typically involves careful 
consideration and modeling of several characteristics of time series, including seasonality, cycles, 
trend, and autocorrelation. 

This study used the VARMAX (Vector Autoregressive Moving Average Processes) model to 
model the dynamic relationships between the response and the predictor variables and to 
forecast most of the response variables. (The methodology is described in Annex 2.) These 
extended models allow for the following: 

v Modeling of several time series together 
v Accounting for relationships among the individual component series with current and past 

values of the other series 
v Feedback and cross-correlated explanatory series are allowed 
v Cointegration of time component series to achieve stationarity 
v Seasonality 
v Autoregressive errors 
v Moving average errors 
v Mixed autoregressive and moving average errors 
v Lagged values of the explanatory series and more 
v Unequal or heteroscedastic covariances for the residuals. 
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Impacts of climate change on the wet and dry season population dynamics of 
wildebeest in Ngorongoro Crater National Park, Tanzania: The fitted and forecasted 
wildebeest population size for the dry season under the RCP 2.6, RCP4.5, and RCP8.5 
scenarios are displayed in Figure 14a. Corresponding fitted values and forecasts for the 
population size for the wet season are exhibited in Figure 14b. Wildebeest populations in both 
the wet and dry seasons exhibit oscillatory dynamics with extended periods of population 
increase followed by extended periods of persistent population declines. Nevertheless, there 
were also discernible differences in the projected population trajectories under the three 
climate change scenarios. The projected wildebeest population trajectories suggest that the 
population will continue to fluctuate widely between 5,000 and 15,000 animals in all the 
scenarios and seasons. It is only in RCP2.6 that the dry season population shoots beyond 
20,000 animals around 2070 and 2090. 

  

  

  
Figure 14: Projected population size of wildebeest in the Ngorongoro Crater National 
Park during the (a) dry and (b) wet season based on the three climate change 
scenarios RCP2.6, RCP4.5, and RCP8.5. 
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3.2.2 Impacts of Climate Change on Phenology, Synchrony, and Fecundity of Births 
in Three Wildlife Species in the Serengeti-Mara Ecosystem 

The impacts of climate change on the phenology (timing), synchrony (degree of coordination 
or spread), and fecundity (prolificity) of births in wildlife species in the Serengeti-Mara 
Ecosystem of Kenya and Tanzania were assessed using ecological monitoring data collected 
monthly in the Masai Mara National Reserve from July 1989 to December 2003. The monthly 
counts of seven ungulate species and ostrich (Struthio camelus masaicus) were carried out by 
the Masai Mara Ecological Monitoring Program. The study area was divided into three census 
blocks bounded by major rivers and roads, each with a fixed transect (Ogutu et al. 2015).1 

Three species were selected for closer examination by this study: topi, impala, and zebra. The 
data from the Serengeti-Mara for topi (Damaliscus lunatus korrigum) show seasonally restricted 
births, impala (Aepycerus melampus) give birth year-round, and zebra (Equus burchelli) give birth 
mostly during the wet season. Topi have a gestation period of around 8 months, while the 
gestation period of impala is 6.5 months, and that of zebra is 12 months. 

Understanding the likely consequences of climate change on phenology, synchrony, and 
fecundity of births in ungulates and other species is important for planning and developing 
appropriate management and conservation interventions. Projected climate warming is 
expected to “cause shifts in animal phenology able to accentuate trophic mismatching, cause 
unforeseeable outbreaks of species, decreases of specialist species, and changes in ecosystem 
functioning” (van Asch et al. 2007, Singer and Parmesan 2010). 

Timing and synchrony of births are important components of fitness for animals inhabiting 
seasonally variable environments. In mammals, the timing of reproduction is determined 
primarily by resource availability during gestation and lactation (Millar 1977, Oftedal 1984), 
while breeding synchrony, especially among gregarious, placental mammals is by adjustment of 
estrous and not births (Berger 1992). It has been proposed that birth synchrony in ungulates 
is an adaptation to seasonality in weather and resource supplies (Ims 1990) and that ungulates 
match their breeding with the period of peak food availability and plant quality to meet the 
high energy demands of gestation and lactation (Clutton-Brock et al. 1989). 

This study examines the potential impacts of rainfall changes on the synchrony of births in the 
Greater Serengeti-Mara ecosystem, building upon an earlier study by Ogutu et al. (2008), who 
examined year-to-year variation in the onset of births and birth season length as well as the 
within-year distribution of births in relation to rainfall and developed quantitative empirical 
relationships. These relationships were used to project the phenology, synchrony, and 
fecundity of births under each of the three climate scenarios, RCP2.6, RCP4.5, and RCP8.5. 

3.2.3 Phenology of Births 

The observed and projected patterns of topi show that births characteristically peak in 
November (5)–December (6) regardless of the climate change scenario. It is very rare for 
births to be advanced such that they peak in October–November or for births to be delayed 
such that they peak in December–January. The observed and projected patterns thus suggest 
                                                
1 A combination of body size, coat color, and horn length and shape was used to assign immature animals to five size classes: 
newborn, quarter, half, yearling, and three-quarter grown. Animals were highly visible in the open grasslands, reducing 
misclassification into these age-sex classes. To reduce the omission of potentially fecund young females, three-quarter-sized 
hartebeest and topic and yearling plus three-quarter-sized impala and warthog were included in the adult class. The monthly 
fecundity for each species was estimated by dividing the total number of newborns recorded in each month by the corresponding 
number of adult females. For zebra, the total number of newborns was divided by the total number of all adults (both male and 
females) because it was difficult to accurately assign individuals to sex classes in the field (for details refer to Ogutu et al. 2014). 
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a high degree of stability in the timing of birth peaks, despite strong inter-annual fluctuations 
(Figure 15). 

Births in impala are spread across most months of the year in Serengeti-Mara with minor 
peaks spanning July to March of the following year. This wide spread in the timing of births 
can be expected to be sustained under all the three scenarios (Figure 15). Births in zebra peak 
between January and February irrespective of climate change scenario. In only a very few 
instances do births peak earlier, during December–January, or later, during February–March 
(Figure 15). 

Figure 15: Forecasting phenology of births in relation to projected rainfall 

 
Figure 15a: Forecasting phenology of births in relation to projected rainfall for the three 
RCPs (2.6, 4.5, and 8.5) for topi in the Masai Mara ecosystem 
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Figure 15b: Forecasting phenology of births in relation to projected rainfall for the three 
RCPs (2.6, 4.5, and 8.5) for impala in the Masai Mara ecosystem 

 

 
 

Figure 15c: Forecasting phenology of births in relation to projected rainfall for the three 
RCPs (2.6, 4.5, and 8.5) for zebra in the Masai Mara ecosystem 
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3.2.4 Synchrony of Births 

Synchrony of births is the degree of coordination or spread of births over months within a 
year. It can be quantified in terms of the standard deviation or dispersion of births. Here, the 
definition and quantification of births used by Ogutu et al. (2014) is employed. A large value 
for birth synchrony means a wider spread or less coordination of births among females. 
Smaller values for birth synchrony indicate a narrow spread or greater coordination of births 
among females. Ogutu et al (2014) showed that births are more widely spread during drought 
years when high-quality food is limited but they are more tightly coordinated during rainy 
years when both the availability and nutritional sufficiency of forage are high. 

Topi showed relatively synchronized births (ranges between 1.1 and 1.4) in all the years and 
scenarios, consistent with the highly seasonal births characteristic of this species. Births are 
less synchronized in a few years, but these tend to be followed by years with highly 
synchronized births (Figure 16). This is consistent with two observations made by Ogutu et 
al. (2014). The first is that females often fail to conceive in drought years because they fail to 
build adequate body fat reserves required for successful conception. The second is that some 
females that do conceive fail to carry the pregnancy to term because of nutritional stress 
caused by food deficiency. Both categories of females are typically able to build body condition 
and be able to conceive early in the subsequent breeding season leading to both early onset 
and high degree of synchrony of births. 

Synchrony of births was much less in impala (1 to 15) than in topi (Figure 16), reflecting the 
year-round distribution of births in impala in tropical equatorial regions such as the Serengeti-
Mara ecosystem (Ogutu et al. 2015). Moreover, there is strong inter-annual variation in 
synchrony of births in correspondence with inter-annual variation in rainfall that underpins 
inter-annual variation in synchrony of births in this ungulate in the Serengeti-Mara (Ogutu et 
al. 2014). The anticipated trajectories of synchrony of births in impala were also similar across 
the three scenarios. 

Zebra also are seasonal breeders in the Serengeti-Mara ecosystem. Due to their larger body 
size zebra have a gestation period of 15 months. This means that a single reproductive cycle 
spans two calendar years. This can be seen in the relatively lower frequency oscillations in the 
trajectories of synchrony of births in Figure 16. The high degree of inter-annual rainfall 
variation is reflected in a correspondingly high degree of inter-annual variation in synchrony 
of births in zebra. The temporal patterns in synchrony of breeding for zebra are rather similar 
across scenarios. 
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Figure 16: Forecasting synchrony of births in relation to projected rainfall for the three 
RCPs (2.6, 4.5, and 8.5) for topi, impala, and zebra in the Masai Mara ecosystem 

 3.2.5 Fecundity of Births 

Fecundity of births here refers to the proportion of breeding females that give birth to live 
calves per year, expressed a percentage. While fecundity was rather similar across scenarios 
for each species, it was much higher for topi (20–35 percent) than for impala (1–9 percent) 
or zebra (0.5–2 percent), as shown in Figure 17. As with phenology and synchrony of births, 
years with high rainfall are associated with high fecundity and years with low rainfall with low 
fecundity. This implies that the strong inter-annual variation in fecundity in all three species 
and all scenarios follows similar underlying inter-annual variation in rainfall (Ogutu et al. 2014). 
The projected trajectories of phenology, synchrony, and fecundity of birth display a 
surprisingly high degree of stability across the three very contrasting rainfall scenarios, implying 
a high degree of flexibility by tropical ungulate species to climate change impacts (Figure 17). 

 



 

 
29 

VIA Chapter 10: Terrestrial Sector – Future Scenarios 

 
 

 
Figure 17: Forecasting fecundity of births in relation to projected rainfall for the three 
RCPs (2.6, 4.5, and 8.5) for topi, impala, and zebra in the Masai Mara ecosystem 
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3.3 CASES FROM OTHER STUDIES 

3.3.1 Birds of East Africa 

The EAC countries have extraordinary variety of terrestrial vertebrates. Recent biodiversity 
assessments have identified the Eastern Arc Mountains, including the East Usambara and 
Udzungwa, as among the most important areas in Africa for range-restricted vertebrate 
species and endemic plants (Meyers et al. 2000, Brooks et al. 2010). Similarly, the Albertine 
Rift contains important centers of plant and vertebrate endemism, including birds. 

The analysis of the impact of climate change on birds was conducted by Jetz (2012). The model 
was based on the distribution of 1,295 bird species at spatial resolution of grids at 1 degree. 
Projected temperature and precipitation were compiled from 18 atmosphere-ocean general 
circulation models (AOGCMs). The model characterized species-environment relationship 
with four climatic variables: mean annual temperature, total precipitation, and annual 
seasonality of both. The species-environment relationship was used to predict future 
distribution under projected climatic conditions for all species. The impact of climate change 
on the bird species in the LVB indicate there will be high loses in Uganda, except the 
southeastern section of the country, no changes in the Kenyan side of the basin, significant 
loses on the Tanzania side, and slight impacts in Burundi (Figure 18). 

 
Figure 18: (A) Current distribution of bird species in East Africa, and (B) Predicted 
change in species richness under projected climate conditions, at 1 degree spatial 
resolution (source: Jetz 2012) 
 
For some species, climate change is likely to shrink the habitable space within dispersal 
constraints or movement limits, potentially leading to substantial range contractions. Montane 
species, in particular, will be forced toward higher elevations, but may not always be able to 
shift their range upwards. Montane species whose range would be affected include Cisticola 
tinniens and Pternistis hildebrandti. 

The Cisticola is a monogamous bird, breeding with one partner for life. The bird lays 2–5 eggs 
in nests built high up in the canopy where the nestlings are protected from predators by 
branches and dense foliage. The Cisticola breeds in eastern Africa in a range from Kenya to 
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eastern South Africa. The bird is found in riverine forests and close to lakes, dams, and 
streams. Pternistis hildebrandti are found in Kenya and Tanzania, southeastern Democratic 
Republic of Congo, northeastern Zambia, and southern Malawi. 

Figure 19: Potential response of montane bird species to climate change 

 

 

Figure 19a: Potential response of Cisticola tinniens to climate change (source: Jetz 2012). 

 

 

Figure 19b: Potential response of Pternistis hildebrandti to climate change (source: Jetz  
2012). 

3.3.2 Gorillas 

Mountain gorillas, a subspecies of the Eastern gorilla, exist in only two populations: the Virunga 
population, straddling three contiguous countries and national parks, and the Bwindi 
population in the Bwindi Impenetrable Forest in Uganda. Altogether, there are approximately 
680 animals (AWF et al. 2010). The success of conservation efforts in parts of this region has 
recently increased because of effective transboundary collaboration between Uganda, Rwanda, 
and the Democratic Republic of Congo with a focus on mountain gorilla conservation 
(Plumptre et al. 2007). Mountain gorillas are the most endangered of the three subspecies of 
Eastern gorilla, and are seriously at risk of extinction. Mountain Gorillas are just one of many 
animals adversely affected by global warming (http://www.saveagorilla.org/60-Questions.html). 
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A clear understanding of expected impacts of climate change on the mountain gorilla is 
essential to evaluating possible management actions (AWF et al. 2010). Given the small size of 
the two remaining populations, and their concentration in relatively small reserves, an obvious 
concern is catastrophic losses of population. This could come about as result of an extreme 
weather event, or of another threat resulting from a primary or secondary effect of climate 
change, such as a severe fire, refugee episode, or a disease epidemic. Analysis of temperature 
indicate that in 1990 mean temperature was 26°C and would increase to 27°C in 2030 and 
28.1°C in 2060 and 29.7°C in 2090. The rainfall is predicted to increase from 1,199 millimeters 
in 1990 to 1,233 millimeters in 2030 to 1,287 millimeters in 2060 and 1,406 millimeters in 
2090 (AWF et al. 2010). The climate projections were based on downscaled climate models—
WorldClim, which is based on 1 kilometer grid climate surfaces. It consits of monthly 
temperature and precipitation. For this study, A2 and AIB scenarios were used. These are 
among the more extreme in terms of assumption of future CO2 levels. The team used Maxent 
to analyse a series of predictor variable that would define the cuurent distribution of gorillas 
before modeling the future distribution of gorillas based on projeted climate scenarios (AWF 
et al. 2010). 

 
Figure 20: Predicted range of great apes in Africa (source: Caldecott and Miles 2005). 
 
Mountain gorillas have been classified by the IUCN as critically endangered, based on their 
small population (Robbins et al. 2008), with approximately 680 individuals in two isolated 
populations, the Virunga Volcanoes and Bwindi Impenetrable National Park (Gray et al. 2009, 
Guschanski et al. 2009). Threats to the populations of mountain gorillas include (1) the loss 
or modification of habitat (e.g., deforestation, timber extraction, charcoal production, change 
in structure and composition of forest/availability of food); (2) killing of individuals for meat or 
the capture of infants; (3) war and political instability; (4) diseases; (5) water collection; (6) 
climate change. 

The three models—the topographic-only model, the BioClim, and the NPP-only view—
provided different results. The topographic-only model identified the broadest areas suitable 
for mountain gorilla. Elevation explained 73.3 percent and topographic roughness 26.7 
percent. The BioClim predictor’s variables included precipitation in driest quarter (16 
percent), annual precipitation (17.5 percent), temperature seasonality (7.7 percent), and mean 
temp in wettest quarter (7.9 percent). The NPP-only view identified April, June, September, 
and November (16.2 percent, 28.6 percent, 13.8 percent, and 15.5 percent respectively), as 
the most important to patterns of gorilla presence. 
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The modeling using BCCR A2 scenario, under the topography + 4 BioClim predictor variables 
shows the Virungas will most likely lose its suitability for gorillas by 2050. Bwindi remains 
suitable through 2050 and becomes unsuitable by 2100 (Figure 21a). When topography and 4 
NPP variables are used, both protected areas will still be viable in 2100. Most of the areas are 
identified as potential suitable range areas but based on whether afforestation is undertaken 
and what is remains as forest is protected. 

Anticipated impacts of climate change: Species distribution models using future climatic 
scenario A1B show divergent predictions of suitable range, with plant productivity (+ 
topographic) exhibiting remaining, but shifting range, while the BioClimatic variable (+ 
topographic) projects near entire loss of suitable range (AWF et al. 2010). Under the A2 
scenario, species distribution models produced using topography and the four BioClim 
predictors suggest that a high likelihood that suitable range will be completely gone at the local 
and eco-regional scales by 2050. But, when using topography and 4 NPP, the species 
distribution models indicate initial decrease but then increasing habitat in the Virunga 
mountains, but Bwindi will likely become unsuitable by 2050. 

According to AWF report predictions, climate change will increase the local temperature 
monotonically and local rainfall significantly, with possible long or severe intervening drying 
periods. These changing conditions are likely to alter vegetation within the two forest regions 
containing mountain gorillas. They argue that changes will take place very rapidly and plant 
species may not be able to adapt evolutionarily or physiologically to the new conditions. If 
temperatures increase without an increase in precipitation, in a couple of decades some tree 
species may senesce and stop growing, fruiting, or reproducing, affecting the diet or feeding 
habits of the gorillas. Naturally growing vegetation needs to be maintained by establishing 
nurseries and through planting programs that consider future climate challenges. 

Figure 21: Species distribution models using future climatic scenario A1B 

 
Figure 21a: Species distribution models using future climatic scenario A1B showing 
divergent predictions of suitable range with BioClimatic variable (+ topographic) project 
near entire loss of suitable range 9Wource: AWF et al. 2010) 
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Figure 21b: Species distribution models using future climatic scenario A1B showing 
divergent predictions of suitable range with plant productivity (+ topographic) indicating 
remaining but shifting range 9Wource: AWF et al. 2010) 

3.3.3 Land Use Changes in Nyungwe Forest 

At least 20 percent of the total primate species in Africa are found within the confines of 
Nyungwe, an impressive statistic that is equaled only by Kibale Forest National Park in 
Uganda. Nyungwe is a haven for flora with over 1,000 species 
(https://www.mountaingorillalodge.com/nyungwe-forest-national-park/). Historical data and 
RCP8.5 simulation for the Nyungwe area depict a widespread conversion of tropical forest to 
agriculture—a fivefold increase over 70 years. Beyond 2005 the simulation shows stabilization 
of agriculture area while forests continue to decrease at a lower rate (Figure 22). The forest 
loss is balanced by an increase of grassland. Forest loss beyond 2005 could be attributed to 
drivers such as deforestation due to logging, charcoal production, livestock grazing, and bush 
fires. 



 

 
35 

VIA Chapter 10: Terrestrial Sector – Future Scenarios 

 

Figure 22: Trend of six land use/land cover classes (1850–2090) for the Nyungwe Forest 
National Park based on historical data and RCP8.5 simulations (source: Anton Seimon 
2012) 

Similar pressure is experienced in the Kibira National Park. Since the mid-1990s, the forests 
have suffered uncontrolled destruction by armed gangs, bush fires, illegal cutting of wood 
products, farming, logging, gold panning, grazing, and charcoal production. 
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4. ADAPTATION PRINIPLES, OPTIONS, AND 
CONSTRAINTS 

4.1 ANALYSIS OF KEY SECTOR ISSUES AND PRIORITIES 
The majority of studies of terrestrial biological systems reveal notable impacts of global 
warming over the past three to five decades. These include longer growing seasons in middle 
and higher latitudes, production range expansions at higher elevations and latitudes, some 
evidence for population declines at lower elevation or latitudinal limits to species ranges, and 
vulnerability of species with restricted ranges, leading to local extinctions. Non-climate factors 
also can significantly limit migration and acclimatization capacities of wildlife. 

Since Africa is exposed to a range of stressors that interact in complex ways with longer-term 
climate change, adaptation needs are broad, encompassing institutional, social, physical and 
infrastructure needs, ecosystem services and environmental needs, and financial and capacity 
needs. Within East Africa, the capacity for adaptation and mitigation and policy and strategy 
development processes are in their infancy. However, because climate change is a reality, 
there is a growing trend to hasten those process. To realize this, a lot of capacity development 
within the key actors (government, nongovernment, and private sector) is needed. In line with 
this, the following policy and institutional mitigation and adaptation recommendations or 
options have been made on capacity gaps identified by this study. 

1. All sectors need climate-smart policies: While many legal and policy guidelines related to 
environmental/natural resources protection are in place, most do not focus on climate 
change. Where this is lacking, climate change needs to be integrated. It is important 
to note that more recently some of the EAC Partner States have developed climate 
change policies, strategies, and action plans. 

2. Inadequate policy harmonization and enforcement: Scattered legislation, insufficient 
enforcement, and poorly-harmonized policies and laws governing natural resource 
management also need attention in the EAC Partner States. A strong link is needed 
between the existing policies and strategies related to terrestrial ecosystems and 
climate change. Where national regulations and policies do not exist, they need to be 
created. 

3. Lack of sector-based climate change strategies: Broad climate change strategies and action 
plans have been prepared in most countries, but sector strategies are just evolving. 
Kenya is preparing a wildlife climate change strategy. Similar strategies for the tourism 
sector should be prepared for all five countries. 

4. Inequitable gender representation both at policy and institutional level: Gender needs to be 
integrated into all aspects of climate change policies and programs. A deliberate effort 
is needed to involve both men and women in policy design and implementation toward 
more equitable and effective outcomes. Women and men at both the local and 
national levels should be engaged in such processes. 

5. Improving institutional coordination: While efforts have been made to improve 
coordination, there is need for improvements and monitoring of different entities 
engaged in protection of terrestrial ecosystems including those that directly deal with 
climate change. Most established institutions pursue their own sectoral priorities and 
approaches. A holistic approach is needed. Resolving well-documented institutional 
challenges of natural resource management, including lack of coordination, 
monitoring. and enforcement, is a fundamental step toward more effective climate 
governance. Establishment of dedicated and well-funded climate change national 
institutions would enhance coordination. An operational framework needs to be 
established that further facilitates coordination of different initiatives around green 
economy and sustainable development. This will address challenges of low levels of 
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awareness subnationally, and support integration of climate change into sector 
strategies, District Development Plans, and performance contracts as embraced by 
Rwanda and Kenya. 

6. Limited ownership of donor-funded climate change interventions: Lack of country 
ownership of interventions supported by development partners has been identified as 
a capacity gap (LVBC and WWF ASARPO 2010). Strategies to ensure continuation of 
these interventions at program design stage would improve ownership. 

7. Lack of centralized databases: Most data related to environment and climate change is 
scattered. A more centralized database is needed to allow easy access to such 
information by potential users. Data on gender and climate change are limited, which 
makes it difficult to gauge the level of gendered impacts on the ecosystem, 
management, and key lessons that can inform policy and practice in the region. 

8. Reliability of climate data: With increased unreliability of weather patterns, accurate 
local weather information is essential for planning and monitoring climate-sensitive 
sectors at all levels. In some countries, such as Burundi, national statistics are lacking, 
resulting in the absence of reliable data on climate. In Rwanda, very few meteorological 
stations have reopened since 1998 and only ten are operating. Climate change analysis 
today relies on the only just one meteorological station—Kigali Airport. 

9. Limited involvement of marginalized communities: Greater involvement of vulnerable and 
exposed people in assessing and choosing adaptation responses for local initiatives is 
critical to adaptation. Culture, or the shaping of social norms, values, and rules—
including those related to ethnicity, class, gender, health, age, social status, cast, and 
hierarchy—is important not only for adaptive capacity but also for removing barriers 
to successful local adaptation. 

10. Inadequate institutional capacity: Weak institutional capacity, poor infrastructure leading 
to low levels of development, financial constraints, low accountability, and lack of 
transparency are among the threats to good governance in the EAC. Increased funding 
and resolving governance issues are critical in strengthening climate change 
institutions. 

11. Access to climate finance: Access to climate finance is essential for meeting the region’s 
goal of adapting to and contributing to the mitigation of climate change. Finance is also 
critical in factoring complex, cross-cutting environment and climate change issues into 
strategic planning and implementation in all five countries. To effectively secure 
resources from existing global funding mechanisms, capacity in resource mobilization 
needs to be developed in relevant government ministries in all five countries. 

12. Limited research: Research to assess and quantify the impact of climate change on 
different sectors and systems and socioeconomic consequences of the loss of 
ecosystems and of economic activities as well as of certain mitigation choices (biofuels 
and their links with food and livelihood security, for example) and adaptation to 
climate change is also limited. The EAC should explore mechanisms to support 
research through setting up funds. A mechanism or a platform should be established 
to convert information to knowledge that can guide adaptation strategy to sustain the 
momentum of climate science. 

13. Land use planning: Developing integrated land use plans to mitigate interaction of land 
use and climate is needed. This may also include a harmonized policy and coordinated 
land use planning in management of ecosystems shared between countries. Different 
protocols also need to be harmonized, especially as the Partner States are members 
of various regional bodies. 

14. Incentives to promote conservation: Incentives are needed to manage fragile and 
endangered ecosystems. These incentives should include payment for ecosystem 
services, easements, and other financial instruments. The private sector should be 
involved in supporting these initiatives to ensure their long-term sustainability. The 
incentives should also be supported by appropriate policy and legal instruments. These 
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incentives should support devolved governance. The devolved system should 
empower people to manage resources sustainable through capacity building and 
investment. 

15. Rehabilitation of degraded ecosystems: Rehabilitation of degraded ecosystems is 
important as less and less land is available for conservation. A local review to reclassify 
the land as critically endangered, most endangered, endangered, or normal in relation 
to climate change and other drivers will help prioritize key actions. 
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4.2 POLICY OPTIONS ANALYSIS AT ECOSYSTEM LEVEL 
Table 5: Climate adaptation policy options for terrestrial ecosystem resilience 
 Policy option  Advantages Disadvantages 

In
fo

rm
at

io
n-
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se

d 
 

v National institutions consistently monitor 
terrestrial ecosystems (forest, biodiversity, 
ecosystems, and goods and services within a 
system (e.g., pollution reduction, water-air 
quality) 

v Better information may result in improved 
response capacity (social and ecological) to 
conditions of ecosystem stress 

v Can be costly 
v Monitoring all systems all the time will 

not be possible 
 

v Regional climate organizations (ICPAC, EAC) 
and regional metrological departments of the 
EAC countries provide annual, monthly and 
seasonal climate projections to stakeholders 
managing terrestrial ecosystems  

v Provides critical insight into the future, 
improving decision making 

 

v Can have significant barriers that limit 
their use and application (e.g., 
accessibility, uncertainty, credibility, cost, 
difficult to understand, and accuracy)  

v International, regional research organizations, 
EAC, and universities develop scenarios of 
possible future climate conditions (and the 
respective impacts and adaptation decisions of 
the various terrestrial systems) with 
stakeholders involved in managing terrestrial 
ecosystems  

v Establishes “buy-in” early in knowledge-creation 
and decision-making processes and increases 
likelihood of outcomes and actions 

v Allows decision makers to contemplate 
uncertainties associated with climate change  

v Can be costly and time-intensive 
v Need to develop modeling capacities of 

various institutions involved in managing 
terrestrial ecosystems 

v Can be difficult to represent the entire 
range of interests 

 
v International, regional research organizations, 

EAC, and universities educate the public, 
decision makers, and media on climate risk 
and its importance in managing terrestrial 
ecosystems  

v Can increase public understanding of 
importance of climate risk and value of 
ecosystem services 

v May foster support for appropriate policy 
measures 

v Results in increases in data for evaluating 
climate processes and for monitoring 
effectiveness of adaptation decisions 

v Can lead to empowerment through citizen 
science  

v Can risk delayed action in the name of 
more knowledge and understanding 

v Can be costly in the collection of data 
and processing of information 

v Barriers and institutional constraints exist 
between countries/regions for 
standardizing and sharing of data 
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 v Regional and national institutions and judiciary 
(national and EAC levels) develop protection 
programs and legal protection laws on 
endangered species and habitats, sanctions 
and/or altering current laws to improve 
ecosystem habitat (e.g., change water rights to 

v Can be a common regulatory means to achieve 
environmental objectives 

v Can be clear and easy to enforce in cases 
where ecosystem damage can be easily 
identified (e.g., pollutants and land 
contamination) 

v Requires effective monitoring and 
penalties for noncompliance to be 
successful; enforcement capacity can be 
weak or nonexistent (e.g., fragile nations 
and communities) 
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 Policy option  Advantages Disadvantages 
protect in stream flows, prioritize protection 
of key habitats that buffer terrestrial 
ecosystems, such as forests, wetlands, 
estuaries, and mountains that provide water 
to the lowlands)  

v Will help build common interest in the 
protection and conservation of shared 
terrestrial ecosystems and resources  

v Sustainable ecosystem products (e.g., eco-
labeling, green marketing) 

 

v Can encourage and support shifts to more 
sustainable production practices (e.g., reduction 
of chemical use in textile and food production) 

v Labels can help to inform consumer choice and 
shift consumption patterns toward more 
sustainably produced goods and services 

v Can result in financial savings to producers in 
the long term 

v Standards for eco-labeling can be uneven, 
have poorly expressed environmental 
standards, and lack appropriate 
certification mechanisms 

v Absent additional protection policies and 
regulations (e.g., greater limits on dolphin 
by-catch), labels are not enough to 
guarantee species recovery  

v Regional and national financial and 
environmental institution through public-
private partnerships should provide payments 
for environmental services (PES) and subsidies 
that protect critical species and habitat 

v Have been used to close the gap between 
socially optimal level of using ecosystem 
services and level of user-based and narrower 
private benefits 

 

v Distributional issues can be prevalent; 
equity and rights of individuals and 
community will be difficult to negotiate 

v Few financial services will provide such 
funding unless returns are guaranteed 

v National land use and planning ministries 
within the EAC and LVB need to zone land 
for various uses (e.g., limiting floodplain 
development, building in sensitive areas) 

v Can be effective at directing various types of 
ecosystem uses to clearly demarcated 
geographical areas, or harmful development 
away from sensitive areas 

 

v Requires state capacity to effectively 
carry out appropriate zoning actions 

v Equity issues can be prevalent; the 
marginalized often are forced to 
ecologically sensitive lands, the 
subsequent protection of which can lead 
to displacement and relocation 

Pu
bl

ic
 in

ve
st

m
en

t 
pr

og
ra

m
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v The EAC governments should initiate 
programs that diversify livelihoods to reduce 
pressure on land, land-based resources, and 
biodiversity  

v Multiple benefit actions support human 
development and poverty reduction 

 

v May imply challenging cultural transitions 
for people (e.g., transitioning from 
agricultural livelihoods to other forms of 
making a living in areas designated 
exclusively for protection)  

v The EAC governments, working with local 
communities, should preserve state and local 
land reserves, including communal 
management of protected areas, with 
emphasis on areas that will be priorities in a 
future climate regime 

 

v Devolution of management to local users can 
result in multiple benefits for people and 
ecosystems 

v Can support empowerment and autonomy 
v Can serve as a basis for supporting sustainable 

use of ecosystem services and practices  

v Land tenure and land use rights can be 
costly to administer and politically 
challenging to confer 

v Uncertainty about ecological shifts due to 
a changing climate regime can be difficult 
to anticipate and scale to the level of 
user groups and land use units  
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 Policy option  Advantages Disadvantages 
v The EAC governments should cancel 

investment policies that can have a negative 
impact on ecosystems (e.g., roads, dams, and 
other civic infrastructure, agricultural policies 
including subsides and unsustainable irrigation 

v Addresses unsustainable use of and negative 
impacts on ecosystems at the level of the 
socioeconomic system, with the potential for 
highly transformative effects over time 

v Can support maintenance of ecosystem 
structure and function and preserve biodiversity  

v Requires significant political will and 
leadership 

v Entrenched institutional structures and 
interest groups can stymie efforts to 
transform institutional practices 

v Establishing landscape connectivity can be 
challenging culturally, politically, and 
institutionally  

v National environmental agencies and 
international partners in the five countries 
should target invasive species for elimination 
or harvesting to restore current and future 
habitat for native ecosystems  

v Economic benefits may be derived from species 
removal 

v Addresses unsustainable use of and negative 
impacts on ecosystems at the level of the 
socioeconomic system, with the potential to 
have highly transformative effects over time  

v Maintaining overly rigid structural and 
functional elements in threatened 
ecosystems may put it at risk for state 
change 

v Requires significant political will and 
leadership and community participation 
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v The EAC countries are part of international 
treaties and conventions (e.g., UN 
Commission on Sustainable Development, 
RAMSAR, CITES, UNCCD Desertification, 
CBD) 

 

v Most environmental conventions are 
framework conventions that establish general 
obligations and new information may be 
amended to the treaty (e.g., RAMSAR) 

v Further protocols may also be developed (e.g., 
Kyoto Protocol to the UNFCCC and 
Cartagena Protocol to CBD) 

v Can have enforceability issues (i.e., these 
are not “hard laws”) 

v Can be difficult to make substantive 
changes once a treaty is signed 

 

v Bi- and multi-level agreements on cross-
boundary resource management issues (e.g., 
river basin commissions and water-use 
agreements) and “soft laws” (e.g., UN 
Statement of Principles for a Global 
Consensus on the Management, 
Conservation, and Sustainable Development 
of All Types of Forests) 

v Though usually not legally binding, can later be 
transformed into treaties 

v Enables states to take on obligations they 
otherwise might not 

 

v Are often non-binding; consequences for 
noncompliance are difficult to enforce 

 

v International agreements outside the 
environmental sector that take ecosystem 
health into account (e.g., development, trade, 
human rights, anticorruption)  

v Trade and investment agreements can support 
by incorporating environmental measures as a 
part of their performance requirements 

 

v Requires that knowledge of 
environmental principles be incorporated 
into multiple arenas of decision making, 
but institutional and financial barriers to 
this may be substantial 
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4.3 OPTIONS ANALYSIS AT SPECIES LEVEL—GORILLAS 
Table 6: Option analysis for maintenance and conservation the gorilla population in East 
Africa due to climate change 

Issue Response 
Population and 
diseases 

v Increase monitoring of population range shifts; changes in 
phenology, population abundance, and behavior; and the 
correlation of any of these with changes in weather and climate 

v Monitor disease, particularly pathogens to which mountain 
gorillas may not have had previous exposure 

Protected area 
management 

v Increase the extent of protected areas to include stepping stones, 
movement corridors, and climate refugia; improve management 
and restoration of existing protected areas to facilitate resilience 

v Ensure appropriate policy/enforcement/ collaboration for 
protected area management 

Land use plans and 
management 

v Reduce pressures from other threats, many of which are likely 
to be exacerbated by climate change, through increasing the 
capacity of humans to manage the effects of climate change 

v Mitigate increasing risks posed by infrastructure development 
and exploitation of resources 

v Minimize habitat loss and fragmentation caused by poor land use, 
development, etc., on unprotected land 

Ecosystem 
management and 
payment for 
environmental 
services 

v Monitor trends (such as gorilla habitat encroachment) that might 
indicate that communities facing increased hardships are turning 
to methods of earning income that adversely affect mountain 
gorillas and other wildlife 

v Help people adapt to the changing climate by promoting 
alternative livelihoods that conserve ecosystem services and do 
not negatively impact mountain gorillas 

Global, regional, 
and cross-border 
cooperation  

v Facilitate cross-border dialogue and improved harmonization of 
best practices for park management and tourism 

v Increase monitoring by rangers 
v If mountain gorillas are faced with an increased risk of extinction, 

drastic measures such as translocation of subpopulations may 
need to be considered; plans need to be developed 

 

4.4 INSTITUTIONAL STRENGTHENING AND TRANSFORMATION AT EAC AND 

LAKE VICTORIA BASIN AUTHORITY AS IT RELATES TO CLIMATE CHANGE AND 

MANAGEMENT OF TERRESTRIAL ECOSYSTEMS 
Each EAC Partner State is implementing initiatives aimed at addressing climate change, directly 
or indirectly related to terrestrial ecosystems. Table 7 highlights some of the initiatives 
relevant to the terrestrial sector in each of the countries. These initiatives and experiences in 
natural resource management, biodiversity use, and ecosystem-based responses—such as 
afforestation, rangeland regeneration, catchment rehabilitation, and community-based natural 
resource management (CBNRM)—can be harnessed to develop effective and ecologically 
sustainable local adaptation strategies. 
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Table 7: National climate change initiatives relevant to the terrestrial sector 

State Climate change initiatives relevant to terrestrial sector  
Burundi v Current government, nongovernmental organization, and/or donor 

programs and projects related to forest resources can be grouped into two 
categories: large-scale integrated watershed management and small-scale 
reforestation and woodlot establishment. Programs for agroforestry and 
reforestation/afforestation, such as the African Development Bank (AfDB) 
Watershed Management Project (PABV) falls under category 1. Category 2 
projects include the USAID (CARPE and Multiyear Assistance Programs) 
and Global Environment Facility (GEF) and World Conservation Union 
Living Landscapes Strategy project and Green Belt Action for the 
Environment. Other initiatives include: 

o The Wildlife Conservation Society is facilitating transboundary 
management of Kibira and Nyungwe national parks. 

o United Nations Development Programme (UNDP)/GEF multiyear 
project in support of the CBD Programme on Protected Areas. 

o Community-based organization programs on tree planting, 
agroforestry (e.g, the Association of Women for the Environment 
in Burundi). 

o Two pilot IUCN Landscape and Livelihood Strategy project—one 
outside Kibira and another outside Bururi Natural Forest Reserve. 

o Implementation of the priority actions included in the Poverty 
Reduction Strategy and Action Plan (PRSP) 2012 and the 2007 
NAPA (Republic of Burundi 2007). 

Kenya v The Kenya Adaptation to Climate Change in Arid Lands project supported 
through the Special Climate Change Fund. 

v Strengthening the Protected Area Network within the Eastern Montane 
Forest Hotspot of Kenya by Nature Kenya and the WWF—East African 
Coastal Forest Ecoregion program. 

v The Kenya Water Security and Climate Resilience Project, both funded by 
the World Bank and the Low-Emission Capacity Building Project funded by 
European Union and UNDP. 

v FAO is also supporting development of a Climate-Smart Readiness plan. 
v DANIDA is supporting the natural resource management program. 
v Finland is funding the Miti Mingi Maisha Bora Project—a forestry program 

supporting a policy framework and participatory forest management 
v Assistance au Developpement des Echanges en Technologies Economiques 

et Financieres is supporting the preparation of the Kenya Wildlife Climate 
Change Response Strategy 

v Care International is using the Climate Vulnerability and Capacity Analysis 
Tool and the Community-Based Risk-Screening Tool—Adaptation and 
Livelihoods (CRiSTAL) to gather data and information at different levels in 
dry lands 

v A wide range of NGOs have programs that facilitate knowledge and 
information sharing and learning among climate change actors as well as 
building capabilities for advancing and applying knowledge from climate 
change 

v Implementing the priority actions included in NCCAP, 2013—2017 and 
Vision 2030 MTP 11 

Rwanda v An ongoing project on adaptation to climate change 
v Programs such as the UNEP/UNDP supported Poverty Environment 

Initiative that is building government capacity to mainstream and include 
environment and climate change concerns in policy, planning, and budgeting 

v The African Adaptation Program and Least Developed Country Fund 
project “Reducing Vulnerability to Climate Change by Establishing Early 
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State Climate change initiatives relevant to terrestrial sector  
Warning (EWS), Disaster Preparedness Systems and Support for Integrated 
Watershed Management in flood prone areas” 

v An annual program of reforestation and fight against erosion 
v An ongoing project on woody combustible substitution national strategy to 

combat deforestation and put a brake on erosion due to climate change 
v An ongoing project on reducing the vulnerability of the energy sector to 

impacts of climate change 
Tanzania v Protection of wildlife corridors (such as the Derema corridor in Amani 

Nature Reserve) and along Kilimanjaro National Park 
v Community-based management programs in areas surrounding the national 

parks and game reserves 
v Program on integrating vulnerability and adaptation to climate change into 

sustainable development policy planning and implementation 
v GEF-funded Joint Programme on Environment and Climate Change 
v UNEP-supported program on developing core capacity to address 

adaptation to climate change in productive coastal zones 
v Implementation of the Western Indian Ocean Challenge Initiative on 

Climate Change under the objectives of the Mauritius Strategy for Further 
Implementation of the Barbados Program of Action and establishment of an 
integrated road map toward the Zanzibar Adaptation Plan of Action in 
response to the impacts of climate change 

Uganda v Territorial Approach to Climate Change, which is part of a partnership 
between the United Nations and subnational governments in Mbale region 
for fostering climate-friendly development at the subnational level 

v The Climate Change Unit of the Ministry of Water and Environment of 
Uganda is implementing the Clean Development Mechanism (CDM) 
Capacity Development Project, with financial support from the Government 
of Belgium through the Belgian Development Agency (BTC) 

v There are several CDM projects—the five Nile Basin reforestation 
projects—the first of the kind in Africa and Kacung Afforestation and 
Reforestation Project. There is a significant number of private forests based 
on CDM principles who anticipate registering them in CDM markets 
(Banana et al. 2014) 

v The Government of Uganda, through the Climate Change Unit, Ministry of 
Water and Environment, and in collaboration with the UNDP, is delivering 
the Low-Emission Capacity Building Project for Uganda 

v Farm Income Enhancement and Forest Conservation Project by the 
Agricultural enterprise development, which was funded by AfDB but now 
closed 

v Research in adaptation with a focus on Flexible and Forward-Looking 
decision making and governance in Africa by the Climate Change Resilience 
Agency—now closed 

v National inventory of greenhouse gasses has been conducted  
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ANNEXES 

ANNEX 1: CASE STUDIES ON REDD PROJECTS IN EAST AFRICA 

REDD+ in the EAC 

The Global Climate Change Alliance (GCCA), in partnership with COMESA-EAC-SADC, is 
seeking to build successful adaptation and mitigation actions across eastern and southern 
Africa. The effort is part of the GCCA+ Intra-ACP Programme, funded under the 10th 
European Development Fund financial framework, to support 79 member countries in Africa, 
the Caribbean, and the Pacific. The specific objective of the Africa initiative is to enable the 
COMESA-EAC-SADC member states to increase the investments in climate-resilient and 
carbon-efficient agriculture and in the related areas of forestry, land use, and energy practices. 

Much progress has been made in the EAC in readying for REDD+. However, the region still 
faces many challenges. For example, while intersectoral and national committees have been 
legally established in each member country, experts have observed that in most cases they 
only exist on paper. First, many countries have found it difficult to obtain consistent and 
meaningful participation from outside the traditional forest and environmental sectors. 
Second, full government engagement and commitment is still a problem. Third, and most 
important, the investments required for implementation are still limited, misdirected, or 
disproportionately distributed. While some countries have had enormous funding, others have 
had none.2 

REDD+ Case Studies in the EAC 

1. The Budongo-Bugoma Landscape/Murchison-Semliki REDD+ Projects 
(Uganda) 

The Budongo-Bugoma Landscape REDD+ Project, known as Conserving Critical Chimpanzee 
Habitats In Western Uganda through a REDD+ Approach, was a three-year effort by the Jane 
Goodall Institute.3 The goal of the project was to reduce the annual deforestation rate within 
the Budongo-Bugoma corridor from 5.1 percent in 2010 to 2.5 percent in 2013 by building 
awareness, capacity, and governance mechanisms for private forest owners and community 
groups to access carbon payments and benefit from REDD+ approaches to climate change 
mitigation. The project built a foundation for the bigger Murchison-Semliki Landscape REDD+ 
project, designed and piloted by a consortium of international and national environmental 
conservation organizations operating in northern Albertine Rift Forests in Uganda. 

                                                
2  Twentieth Session of the African Forestry and Wildlife Commission. REDD+ Initiatives, Experiences and 

Challenges in Africa. Nairobi, Kenya, 1–5 February 2016. 
3  The Jane Goodall Institute (2013). Conserving Critical Chimpanzee Habitat in Western Uganda through a REDD+ 

Approach. End of Project Report from February 2010 to December 2013 on the Implementation of REDD+ 
Readiness Activities in Bugoma-Budongo Corridor Forests in the Murchison-Semliki Landscape, Uganda. 
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Figure 23: Map showing the location of the Budongo-Bugoma Landscape/Murchison-
Semliki REDD+ Projects 
 
2. Tanzania REDD+ Pilots 

Tanzania has the highest number of REDD+ projects in the EAC region. Eight REDD+ pilot 
projects, supported by the Royal Norwegian Embassy in Tanzania, are already being 
implemented by Tanzanian villages and communities, together with civil society organizations. 
These pilot projects cover different regions of Tanzania and have diverse aims and approaches. 
The pilots have been working collaboratively on several fronts to exchange lessons learned 
across projects, and to advance learning, action, and appropriate REDD+ policy in Tanzania 
and internationally. The pilots have found that making REDD+ work means different things in 
different contexts, but that there are important opportunities to learn across projects. Figure 
24 shows the location of the eight pilot projects. 

 

Figure 24: Location of the 8 REDD+ pilot projects in the United Republic of Tanzania 
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3. Hifadhi ya Misitu ya Asili (Conservation of Natural Forests) REDD+ Project in 
Zanzibar (Tanzania) 

Working in partnership with local civil society, government institutions, and research 
organizations, the HIMA project is being implemented in seven districts of Unguja and Pemba 
Islands. The project aims to secure more than 27,000 hectares of upland and mangrove forests 
during the pilot phase. Successful activities will then be scaled up to conserve a total of 60,000 
hectares. The project has been registered under the Voluntary Carbon Standard (VCS) and 
Climate, Community, and Biodiversity (CCB) Standards. It is estimated that the project has 
achieved up to 763,300 tCO2e accumulated reduced emissions in the period 2010–2015. 

 

Figure 25: Location of the HIMA REDD+ Project, Zanzibar 
 
4. Kasigau Corridor REDD Project, Kenya 

The Kasigau Corridor REDD Project is in the coastal region, in southeastern Kenya, 
approximately 150 kilometers northwest of Mombasa. The project area is a combination of 
private forested land, community-owned group ranches, and community trust lands. Adjacent 
to the project area are many villages and subsistence agricultural activities (Figure 26). 

To manage the complexity of such a large project, especially given the fact that the REDD 
methodologies are new and evolving rapidly, the project is split into two phases. The Kasigau 
Corridor REDD Project (Phase I—Rukinga Sanctuary and Phase II—The Community 
Ranches), have been validated by the VCS and CCB. The Kasigau Corridor REDD Project 
Phase I (Kasigau Phase I) covers an area of land known as the Rukinga Sanctuary, which is 
30,169 hectares of land privately held under a leasehold agreement with the Kenya 
government. 
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Figure 26: Kasigau Corridor REDD+ Project, Kenya 
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ANNEX 2: DESCRIPTION OF VARMAX ANALYSIS FOR WILDEBEEST CASE 

STUDY 
The VARMAX model can be represented in various forms, including in state space and dynamic 
simultaneous equation or dynamic structural equations forms. The model allows 
representation of distributed lags in the explanatory variables. For example, power generation 
in year t can be related to power generation in year t-1, t-2 plus to annual rainfall in year t, t-
1, t-2, minimum and maximum temperatures in years t, t-1, t-2, etc., simultaneously. 

We used univariate autoregressive moving average models with rainfall, minimum and 
maximum temperature as the explanatory variables. We tested and allowed for various lags 
in rainfall, minimum and maximum temperature so that most of our models can be 
characterized as autoregressive and moving average multiple regression with distributed lags. 
We also included in the models and tested for the significance of seasonal deterministic terms 
for monthly time series data. For some response variables we used dead-start models that do 
not allow for present (current) values of the explanatory variables. We also tested for 
heteroscedasticity in residuals and, where appropriate, allowed for GARCH-type (generalized 
autoregressive conditional heteroscedasticity) conditional heteroscedasticity of residuals. We 
used several information-theoretic model selection criteria to automatically determine the AR 
(autoregressive) and MA (moving average) orders of the models. The specific criteria used 
were the Akaike information criterion (AIC), the corrected AIC (AICC), Hannan-Quinn (HQ) 
criterion, Schwarz Bayesian criterion (SBC), also known as Bayesian information criterion 
(BIC), and the final prediction error (FPE). As additional AR order identification aids, we used 
partial cross-correlations for the response variable, Yule-Walker estimates, partial 
autoregressive coefficients and partial canonical correlations. Parameters of the selected full 
models were estimated using the maximum likelihood (ML) method. Roots of the 
characteristic functions for both the AR and MA parts (eigenvalues) were evaluated for the 
proximity of the roots to the unit circle to infer evidence for stationarity of the AR process 
and inevitability of MA process in the response series. 

The adequacy of the selected models was assessed using various diagnostic tools. The specific 
diagnostic tools we used are the following. 1) Durbin-Watson (DW) test for first-order 
autocorrelation in the residuals. 2) Jarque-Bera normality test for determining whether the 
model residuals represent a white noise process by testing the null hypothesis that the 
residuals are normally distributed. 3) F tests for autoregressive conditional heteroscedastic 
(ARCH) disturbances in the residuals. This F statistic tests the null hypothesis that the residuals 
have equal covariances. 4) F tests for AR disturbance computed from the residuals of the 
univariate AR(1), AR(1,2), AR(1,2,3), and AR(1,2,3,4) models to test the null hypothesis that 
the residuals are uncorrelated. 5) Portmanteau test for cross-correlations of residuals at 
various lags. Final forecasts and their 95 percent confidence intervals were then produced for 
the response series for lead times running up to 2100. 

To project the population dynamics of the Ngorongoro wildebeest, we built a model relating 
wildebeest population size in the current year (t) to wildebeest population size in the past two 
years (year t-1 and t-2; i.e., autoregressive process of order p=2). The model also allows 
residuals for the current year to depend on the residuals for the previous two years (i.e., a 
moving average process of order q=2). Since wildebeest numbers are counted once in the wet 
season and once in the dry season of each year we did not allow for seasonal variation in the 
counts (i.e., the length of the seasonal cycle s=0). Accordingly, the model can be denoted 
symbolically as a VARMAX(2,2,0) model. Since some wildebeest move seasonally between 
Ngorongoro and the surrounding areas, the wet and dry season counts do not estimate the 
same underlying population size. We therefore treat the wet and dry season counts as two 
separate variables and use a bivariate VARMAX(2,2,0) model. We allow variation in wildebeest 
numbers in the wet and dry season to depend on the total wet and dry season rainfall in the 
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current year (t) and in the preceding five years (t-1, t-2, …, t-5). The model thus allows the 
current wet and dry season rainfall components and their lagged values up to five years prior 
to the current count year to influence the population size of wildebeest in the current wet 
and dry season. The model is therefore a multiple lag (or distributed lag) regression model. 

In the table of the parameter estimates for the bivariate VARMAX(2,2,0) model fitted to the 
two time series of wildebeest population size in the wet and dry seasons (see Appendix I, 
Table 8), the six lagged dry and wet season rainfall components (rightmost column labeled 
variable) for the current year (year t) up to five years prior to the current year (years t-1,…, 
t-5) are denoted by dry (t),…, dry (t-5), and wet (t),…, wet (t-5), respectively. A maximum lag 
of five was used because a spectral analysis of rainfall showed the cycle period of the dominant 
quasi-cyclic oscillation in the local rainfall to be five years. Analogously, for the dry season 
counts, the autoregressive process of order 2 is denoted by wildebeest_dry (t-1) and 
wildebeest_dry (t-2) while the moving average process of order 2 by e1 (t-1) and e2 (t-2). A 
parallel notation is used for the wet season counts. The estimated regression coefficients 
(estimate) for the parameters (parameters) associated with each of these variables plus the 
intercept (Const1), the standard errors of the estimates and a t-test (t value) of the null 
hypothesis that each coefficient is not significantly different from zero (Pr >|t|) are also 
provided in Appendix I, Table 8. It is important to note that the population of wildebeest in 
the wet season of the current year depends not only on the current and past values of rainfall 
but also on the population of wildebeest in the past two dry seasons and past two wet seasons. 
The same applies to the wildebeest population in the current wet season. This dependence of 
the two series on each other is made possible because of the bivariate nature of the 
VARMAX(2,2,0) model. 

This model was fitted to the population counts of wildebeest for the wet and dry seasons for 
the period 1964–2012 based on historic station rainfall data for 1960–2012. The historic total 
wet season rainfall component was divided by its mean for use in the model. The same was 
done for the total dry season rainfall component. Future forecasts were then produced by 
supplying the projected wet and dry season rainfall values, each divided by its mean, for 
Ngorongoro for 2013–2100. 

Several univariate model diagnostics were used to extensively assess how well the selected 
bivariate VARMAX(2,2,0) model fitted the count data (Tables 9—13). The first model 
diagnostic tool, the Portmanteau Test for Cross-Correlations of Residuals (Table 9) was 
significant, considering only up to lag 5 residuals. This test of whether the residuals are white 
noise residuals (i.e., uncorrelated) based on the cross-correlations of the residuals, suggests 
that the residuals were apparently correlated, when only up to lag 5 residuals are considered. 
Even so, results of the univariate model ANOVA diagnostics suggest that the models for both 
the dry and wet season counts were highly significant and had high predictive power (R-square, 
Table 10). Results of the Univariate Model White Noise Diagnostics (Table 11) suggest that 
the residuals are normally distributed (Jarque-Bera normality test) and have equal covariances 
(ARCH(1) disturbances test). The Univariate AR Model Diagnostics indicate that the residuals 
are uncorrelated, contrary to the finding of the multivariate Portmanteau test (Table 11). The 
modulus of the roots (eigenvalues) of the AR characteristic polynomial are less than 1 
suggesting that the series are stationary. These tests suggest that this model is reasonable. 
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APPENDICES 

APPENDIX I 
Table 8: Parameter estimates for the bivariate VARMAX (2,2,0) model for wildebeest population size in the dry and wet seasons in the Ngorongoro 
Crater National Park, Tanzania 

Season Parameter Estimate SE t value Pr > |t| Variable 

Dry 

CONST1 -0.55729 2.94168 -0.19 0.8506 1 
XL0_1_1 0.33356 0.07901 4.22 0.0001 dry(t) 
XL0_1_2 0.18984 0.15976 1.19 0.2411 wet(t) 
XL1_1_1 -0.09957 0.10271 -0.97 0.3376 dry(t-1) 
XL1_1_2 0.60576 0.1845 3.28 0.002 wet(t-1) 
XL2_1_1 -0.06663 0.06769 -0.98 0.3304 dry(t-2) 
XL2_1_2 0.67711 0.25877 2.62 0.0121 wet(t-2) 
XL3_1_1 -0.01624 0.07705 -0.21 0.834 dry(t-3) 
XL3_1_2 0.34985 0.22925 1.53 0.1341 wet(t-3) 
XL4_1_1 0.00784 0.08014 0.1 0.9225 dry(t-4) 
XL4_1_2 0.25521 0.15491 1.65 0.1066 wet(t-4) 
XL5_1_1 -0.16007 0.08558 -1.87 0.0681 dry(t-5) 
XL5_1_2 -0.00767 0.17474 -0.04 0.9652 wet(t-5) 
AR1_1_1 0.14399 0.32172 0.45 0.6567 Wildebeest_dry(t-1) 
AR1_1_2 0.04606 0.30688 0.15 0.8814 Wildebeest_wet(t-1) 
AR2_1_1 0.17796 0.23955 0.74 0.4615 Wildebeest_dry(t-2) 
AR2_1_2 0.47052 0.19242 2.45 0.0185 Wildebeest_wet(t-2) 
MA1_1_1 -0.51652 0.37612 -1.37 0.1766 e1(t-1) 
MA1_1_2 0.47681 0.38594 1.24 0.2232 e2(t-1) 
MA2_1_1 -0.82279 0.56683 -1.45 0.1537 e1(t-2) 
MA2_1_2 0.85538 0.27922 3.06 0.0037 e2(t-2) 
      

Wet  CONST2 3.28096 2.19643 1.49 0.1424 1 
XL0_2_1 0.19376 0.14624 1.32 0.192 dry(t) 
XL0_2_2 -0.24851 0.29396 -0.85 0.4025 wet(t) 
XL1_2_1 -0.04448 0.09536 -0.47 0.6432 dry(t-1) 
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Season Parameter Estimate SE t value Pr > |t| Variable 
XL1_2_2 0.54832 0.26089 2.1 0.0413 wet(t-1) 
XL2_2_1 -0.03745 0.10983 -0.34 0.7347 dry(t-2) 
XL2_2_2 0.09181 0.24046 0.38 0.7044 wet(t-2) 
XL3_2_1 0.00412 0.11228 0.04 0.9709 dry(t-3) 
XL3_2_2 0.13583 0.25039 0.54 0.5902 wet(t-3) 
XL4_2_1 -0.00139 0.12557 -0.01 0.9912 dry(t-4) 
XL4_2_2 -0.10852 0.26062 -0.42 0.6791 wet(t-4) 
XL5_2_1 0.08422 0.13607 0.62 0.5392 dry(t-5) 
XL5_2_2 -0.17582 0.20857 -0.84 0.4038 wet(t-5) 
AR1_2_1 -0.08282 0.41363 -0.2 0.8422 Wildebeest_dry(t-1) 
AR1_2_2 0.92381 0.36249 2.55 0.0144 Wildebeest_wet(t-1) 
AR2_2_1 -0.31987 0.29264 -1.09 0.2803 Wildebeest_dry(t-2) 
AR2_2_2 0.07324 0.25316 0.29 0.7737 Wildebeest_wet(t-2) 
MA1_2_1 0.19754 0.4358 0.45 0.6526 e1(t-1) 
MA1_2_2 1.28095 0.66611 1.92 0.061 e2(t-1) 
MA2_2_1 -1.67611 0.34198 -4.9 0.0001 e1(t-2) 
MA2_2_2 0.54487 0.90939 0.6 0.5521 e2(t-2) 
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Table 9: Portmanteau Test for Cross-Correlations of Residuals from the bivariate VARMAX(2,2,0) 
model for wildebeest population size. The results show tests for white noise residuals based on the 
cross-correlations of the residuals. Insignificant test results show that we cannot reject the null 
hypothesis that the residuals are uncorrelated. 

Variable Up to lag DF Chi-Square Pr > ChiSq 
Wildebeest 
Population 

5 4 11.44 0.0220 

 
Table 10: Univariate model ANOVA diagnostics for wildebeest population size. The results show 
that each model is significant. 

Variable R-Square Standard 
Deviation 

F Value Pr > F 

Dry Season 0.7965 0.18629 4.5 0.0004 
Wet Season 0.9208 0.10928 13.37 <0.0001 

 
Table 11: Univariate model white noise diagnostics for wildebeest population size. The results test 
whether the residuals are correlated and heteroscedastic. The Durbin-Watson test statistics to test 
the null hypothesis that the residuals are uncorrelated. The Jarque-Bera normality test tests the null 
hypothesis that the residuals are normally distributed. The F statistics and their p-values for 
ARCH(1) disturbances test the null hypothesis that the residuals have equal covariances. 

Variable Durbin-
Watson 

Jarque-Bera normality 
test 

ARCH(1) test 

  Chi-Square Pr > 
ChiSq 

F Value Pr > F 

Dry 2.31282 1.54 0.4627 1.18 0.2843 
Wet 2.11816 2.83 0.2427 0.37 0.5461 

 
Table 12: Univariate AR model diagnostics for wildebeest population size. The F statistics and their 
p-values for AR(1), AR(1,2), AR(1,2,3) and AR(1,2,3,4) models of residuals test the null hypothesis 
that the residuals are uncorrelated. 

Season AR(1) AR(1,2) AR(1,2,3) AR(1,2,34) 
 F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > 

F 
Dry 1.04 0.3129 0.54 0.5862 0.4 0.7514 0.48 0.7531 
Wet 0.17 0.6867 0.13 0.8777 0.63 0.5972 0.79 0.537 

 
Table 13: Roots of AR and MA characteristic polynomials for the model of wildebeest population 
size. The modulus of the roots of its AR polynomial should be less than 1 for a time series to be 
stationary. 

Season Roots Index Real part Imaginary 
part 

Modulus Arctagent Degree 

Dry AR 1 0.86676 0.30859 0.9201 0.342 19.5973 
AR 2 0.86676 -0.30859 0.9201 -0.342 -19.5973 
MA 3 -0.33286 0.28704 0.4395 2.43 139.2277 
MA 4 -0.33286 -0.28704 0.4395 -2.43 -139.2277 

Wet AR 1 0.99882 0.10866 1.0047 0.1084 6.2085 
AR 2 0.99882 -0.10866 1.0047 -0.1084 -6.2085 
MA 3 -0.61661 0.77198 0.988 2.2448 128.6153 
MA 4 -0.61661 -0.77198 0.988 -2.2448 -128.6153 
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APPENDIX II: THE PARAMETER ESTIMATES AND UNIVARIATE MODEL DIAGNOSTICS FOR 

ASSESSING HOW WELL THE SELECTED VARMAX MODELS FITTED THE DATA ON THE 

PHENOLOGY. 
 
Table 14: Parameter Estimates for the model for phenology (phi) of births in three selected 
ungulate species inhabiting the Masai National Reserve of Kenya. 

Species Variable Parameter Estimate SE t value Pr > |t| Variable 
Topi Phenology CONST1 7.04145 1.23376 5.71 0.0001 1 
  XL0_1_1 -1.1222 0.13953 -8.04 0.0001 Earlywet_dev(t) 
  AR1_1_1 0.18401 0.13569 1.36 0.2000 phi(t-1) 
  AR2_1_1 -0.25007 0.13004 -1.92 0.0785 phi(t-2) 
  MA1_1_1 -0.63063 0.38915 -1.62 0.1311 e1(t-1) 
  MA2_1_1 -1 0.4874 -2.05 0.0627 e1(t-2) 
        
Zebra Phenology CONST1 7.05345 2.07307  3.40 0.0052 1 
  XL1_1_1 -1.22792 0.20966 -5.86 0.0001 dry_dev(t-1) 
  AR1_1_1 -0.10056 0.20832 -0.48 0.6380 phi(t-1) 
  AR2_1_1 0.30627 0.12837  2.39 0.0344 phi(t-2) 
  MA1_1_1 -1.00000 0.19407 -5.15 0.0002 e1(t-1) 
        
Impala Phenology CONST1 6.80273 1.76873 3.85 0.0023 1 
  XL0_1_1 -1.37963 0.94439 -1.46 0.1697 earlydry_dev(t) 
  XL0_1_2 -1.45094 0.79767 -1.82 0.0939 latedry_dev(t) 
  AR1_1_1 0.52115 0.23412 2.23 0.0459 phi(t-1) 
  AR2_1_1 -0.28963 0.21781 -1.33 0.2083 phi(t-2) 
        

 
Table 15: Portmanteau test for cross-correlations of residuals for the model for phenology (phi) of 
births in three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results 
show tests for white noise residuals based on the cross-correlations of the residuals. Insignificant 
test results show that we cannot reject the null hypothesis that the residuals are uncorrelated. 

Species Variable Up to lag DF Chi-Square Pr > ChiSq 
Topi Phenology 5 1 6.01 0.0142 
Zebra Phenology 4 1 2.66 0.1028 
Impala Phenology 3 1 0.38 0.5400 

 
Table 16: Univariate model ANOVA diagnostics for the model for phenology (phi) of births in three 
selected ungulate species inhabiting the Masai National Reserve of Kenya. The results show that 
each model is significant. 

Species Variable R-Square Standard 
Deviation 

F Value Pr > F 

Topi Phenology 0.8603 0.16371 7.39 0.0152 
Zebra Phenology 0.8187 0.32756 7.90 0.0098 
Impala Phenology 0.5761 1.06903 2.38 0.1496 
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Table 17: Univariate model white noise diagnostics for the model for phenology (phi) of births in 
three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results test 
whether the residuals are correlated and heteroscedastic. The Durbin-Watson test statistics to test 
the null hypothesis that the residuals are uncorrelated. The Jarque-Bera normality test tests the null 
hypothesis that the residuals are normally distributed. The F statistics and their p-values for 
ARCH(1) disturbances test the null hypothesis that the residuals have equal covariances. 

Species Variable Durbin-
Watson 

Jarque-Bera normality 
test 

ARCH(1) test 

   Chi-Square Pr > 
ChiSq 

F Value Pr > F 

Topi Phenology 2.05408 1.72 0.4237 0.22 0.6518 
Zebra Phenology 1.40466 1.54 0.4626 0.73 0.4161 
Impala Phenology 1.70581 0.96 0.6199 0.44 0.5237 

 
Table 18: Univariate AR model diagnostics for the model for phenology (phi) of births in three 
selected ungulate species inhabiting the Masai National Reserve of Kenya. The F statistics and their 
p-values for AR(1), AR(1,2), AR(1,2,3) and AR(1,2,3,4) models of residuals test the null hypothesis 
that the residuals are uncorrelated. 

Species Variable AR(1) AR(1,2) AR(1,2,3) AR(1,2,34) 
  F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F 
Topi Phenology 0.10 0.764 0.35 0.7194 0.19 0.9022 0.22 0.9090 
Zebra Phenology 0.15 0.7117 1.14 0.3733 0.32 0.8121 2.15 0.2772 
Impala Phenology 0.16 0.7004 0.04 0.9582 0.09 0.9643 0.07 0.9870 

 
Table 19: Roots of AR and MA characteristic polynomials for the model for phenology (phi) of births 
in three selected ungulate species inhabiting the Masai National Reserve of Kenya. The modulus of 
the roots of its AR polynomial should be less than 1 for a time series to be stationary. 

Species Roots Index Real part Imaginary 
part 

Modulus Arctagent Degree 

Topi AR 1 0.092 0.49154 0.5001 1.3858 79.3982 
 AR 2 0.092 -0.49154 0.5001 -1.3858 -79.3982 
 MA 1 -0.31532 0.94899 1 1.8916 108.3799 
 MA 2 -0.31532 -0.94899 1 -1.8916 -108.3799 
Zebra AR 1 0.50542 0 0.5054 0 0 
 AR 2 -0.60598 0 0.606 3.1416 180 
 MA 1 -1 0 1 3.1416 180 
        
Impala AR 1 0.26057 0.47088 0.5382 1.0654 61.0412 
 AR 2 0.26057 -0.47088 0.5382 -1.0654 -61.0412 
 MA 1 -1 0 1 3.1416 180 
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APPENDIX III: THE PARAMETER ESTIMATES AND UNIVARIATE MODEL DIAGNOSTICS FOR 

ASSESSING HOW WELL THE SELECTED VARMAX MODELS FITTED THE DATA ON THE 

SYNCHRONY OF BIRTHS OF TOPI, ZEBRA, AND IMPALA. 
 
Table 20: Model Parameter Estimates for the model for Synchrony (SD) of births in three selected 
ungulate species inhabiting the Masai National Reserve of Kenya. 

Species Variable Parameter Estimate SE t value Pr > |t| Variable 
Topi Synchrony CONST1 2.45471 0.61726 3.98 0.0018 1 
  XL0_1_1 0.04168 0.02251 1.85 0.0889 earlydry_dev(t) 
  XL0_1_2 -0.03420 0.01840 -1.86 0.0878 latedry_dev(t) 
  AR1_1_1 -0.60590 0.20296 -2.99 0.0114 SD(t-1) 
  AR2_1_1 -0.34276 0.33770 -1.01 0.3301 SD(t-2) 
  MA1_1_1 -1.11743 0.28418 -3.93 0.002 e1(t-1) 
  MA2_1_1 -1 0.30175 -3.31 0.0062 e1(t-2) 
        
Zebra Synchrony CONST1 1.49223 0.57412 2.6 0.0233 1 
  XL0_1_1 0.3491 0.10061 3.47 0.0046 earlydry_dev(t) 
  XL0_1_2 -0.1706 0.27708 -0.62 0.5496 latewet_dev(t) 
  AR1_1_1 1.04191 0.13716 7.6 0.0001 SD(t-1) 
  AR2_1_1 -0.61099 0.13962 -4.38 0.0009 SD(t-2) 
  MA1_1_1 1 0.22784 4.39 0.0009 e1(t-1) 
        
Impala Synchrony CONST1 6.03448 4.62328 1.31 0.2144 1 
  XL1_1_1 -2.9543 1.41129 -2.09 0.0565 Earlywet_dev(t-1) 
  XL1_1_2 5.37734 3.09055 1.74 0.1055 latewet_dev(t-1) 
  AR1_1_1 -0.2415 0.19191 -1.26 0.2304 SD(t-1) 
  MA1_1_1 -0.72813 0.30829 -2.36 0.0345 e1(t-1) 

 
Table 21: Portmanteau test for cross-correlations of residuals the model for synchrony (SD) of 
births in three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results 
show tests for white noise residuals based on the cross-correlations of the residuals. Insignificant 
test results show that we cannot reject the null hypothesis that the residuals are uncorrelated. 

Species Variable Up to lag DF Chi-Square Pr > ChiSq 
Topi Synchrony 5 1 1.80 0.1793 
Zebra Synchrony 4 1 6.49 0.0108 
Impala Synchrony 3 1 0.75 0.3855 

 
Table 22: Univariate model ANOVA diagnostics for the model for synchrony (SD) of births in three 
selected ungulate species inhabiting the Masai National Reserve of Kenya. The results show that 
each model is significant. 

Species Variable R-Square Standard 
Deviation 

F Value Pr > F 

Topi Synchrony 0.4458 0.02644 0.67 0.6823 
Zebra  Synchrony 0.7877 0.10859 4.45 0.0485 
Impala Synchrony 0.5587 1.73144 2.53 0.1227 
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Table 23: Univariate model white noise diagnostics for the model for synchrony (SD) of births in 
three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results test 
whether the residuals are correlated and heteroscedastic. The Durbin-Watson test statistics to test 
the null hypothesis that the residuals are uncorrelated. The Jarque-Bera normality test tests the null 
hypothesis that the residuals are normally distributed. The F statistics and their p-values for 
ARCH(1) disturbances test the null hypothesis that the residuals have equal covariances. 

Species Variable Durbin-
Watson 

Jarque-Bera normality 
test 

ARCH(1) test 

   Chi-Square Pr > 
ChiSq 

F Value Pr > F 

Topi Synchrony 1.77459 4.34 0.1142 1.42 0.2646 
Zebra  Synchrony 2.91486 0.19 0.9089 0.2 0.6677 
Impala Synchrony 1.79664 1.55 0.4608 0.14 0.7151 

 
Table 24: Univariate AR model diagnostics for the model for synchrony (SD) of births in three 
selected ungulate species inhabiting the Masai National Reserve of Kenya. The F statistics and their 
p-values for AR(1), AR(1,2), AR(1,2,3) and AR(1,2,3,4) models of residuals test the null hypothesis 
that the residuals are uncorrelated. 

Species Variable AR(1) AR(1,2) AR(1,2,3) AR(1,2,34) 
  F Value Pr > F F Value Pr > F F Value Pr > F F Value Pr > F 
Topi Synchrony 0.56 0.4742 0.49 0.6342 0.67 0.6042 0.72 0.6323 
Zebra  Synchrony 5.85 0.0387 1.21 0.3548 0.79 0.5506 0.34 0.8382 
Impala Synchrony 0.04 0.85 0.32 0.7338 0.34 0.7993 0.66 0.6492 

 
Table 25: Roots of AR and MA characteristic polynomials for the model for synchrony (SD) of births 
in three selected ungulate species inhabiting the Masai National Reserve of Kenya. The modulus of 
the roots of its AR polynomial should be less than 1 for a time series to be stationary. 

Species Roots Index Real part Imaginary 
part 

Modulus Arctagent Degree 

Topi AR -0.30295 0.50098 0.5855 2.1147 121.1623 -0.30295 
 AR -0.30295 -0.50098 0.5855 -2.1147 -121.1623 -0.30295 
 MA 1 -0.55872 0.82936 1 2.1636 123.967 
 MA 2 -0.55872 -0.82936 1 -2.1636 -123.967 
Zebra AR 1 0.52095 0.58275 0.7817 0.8413 48.2047 
 AR 2 0.52095 -0.58275 0.7817 -0.8413 -48.2047 
 MA 1 1 0 1 0 0 
Impala AR 1 -0.2415 0 0.2415 3.1416 180 
 MA 1 -0.72813 0 0.7281 3.1416 180 
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APPENDIX IV: THE PARAMETER ESTIMATES AND UNIVARIATE MODEL DIAGNOSTICS FOR 

ASSESSING HOW WELL THE SELECTED VARMAX MODELS FITTED THE DATA ON THE 

FECUNDITY OF BIRTHS OF TOPI, ZEBRA, AND IMPALA. 
 
Table 26: Model Parameter Estimates for the model for Fecundity (MAX) of births in three selected 
ungulate species inhabiting the Masai National Reserve of Kenya. 

Species Variable Parameter Estimate SE t value Pr > |t| Variable 
Topi Fecundity CONST1 14.03625 11.35963 1.24 0.2385 1 
  XL0_1_1 12.56219 4.31352 2.91 0.0121 wet_dev(t) 
  AR1_1_1 -0.00423 0.33223 -0.01 0.99 max(t-1) 
  MA1_1_1 -0.27177 0.31349 -0.87 0.4017 e1(t-1) 
        
Zebra Fecundity CONST1 2.15897 0.48578 4.44 0.0008 1 
  XL1_1_1 -0.00164 0.0004 -4.11 0.0015 dry(t-1) 
  XL1_1_2 -0.00093 0.00045 -2.05 0.0633 latewet(t-1) 
  AR1_1_1 -0.2614 0.25509 -1.02 0.3257 max(t-1) 
  AR2_1_1 0.29104 0.15475 1.88 0.0845 max(t-2) 
  MA1_1_1 -1.94341 0.26657 -7.29 0.0001 e1(t-1) 
  MA2_1_1 -1 0.26478 -3.78 0.0026 e1(t-2) 
        
Impala Fecundity CONST1 1.07732 2.17293 0.5 0.6277 1 
  XL0_1_1 3.23249 1.62875 1.98 0.0671 latewet_dev(t) 
  XL0_1_2 0.75746 1.16444 0.65 0.5259 latewet1_dev(t) 

 
Table 27: Portmanteau test for cross-correlations of residuals for the model for fecundity (MAX) of 
births in three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results 
show tests for white noise residuals based on the cross-correlations of the residuals. Insignificant 
test results show that we cannot reject the null hypothesis that the residuals are uncorrelated. 

Species Variable Up to lag DF Chi-Square Pr > ChiSq 
Topi Fecundity 3 1 1.71 0.1909 
Zebra Fecundity 5 1 8.76 0.0031 
Impala Fecundity 3 1 0.75 0.3855 

 
Table 285: Univariate model ANOVA diagnostics for the model for fecundity (MAX) of births in 
three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results show 
that each model is significant. 

Species Variable R-Square Standard 
Deviation 

F Value Pr > F 

Topi Fecundity 0.4363 3.2304 2.32 0.1436 
Zebra  Fecundity 0.8879 0.11375 6.6 0.0281 
Impala Fecundity 0.5237 1.10994 6.05 0.0169 
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Table 29: Univariate model white noise diagnostics for the model for fecundity (MAX) of births in 
three selected ungulate species inhabiting the Masai National Reserve of Kenya. The results test 
whether the residuals are correlated and heteroscedastic. The Durbin-Watson test statistics to test 
the null hypothesis that the residuals are uncorrelated. The Jarque-Bera normality test tests the null 
hypothesis that the residuals are normally distributed. The F statistics and their p-values for 
ARCH(1) disturbances test the null hypothesis that the residuals have equal covariances. 
 

Species Variable Durbin-
Watson 

Jarque-Bera normality 
test 

ARCH(1) test 

   Chi-Square Pr > 
ChiSq 

F Value Pr > F 

Topi Fecundity 1.60614 0.52 0.7719 0.26 0.618 
Zebra  Fecundity 1.29184 0.66 0.7201 0 0.9498 
Impala Fecundity 1.8238 5.01 0.0817 0.62 0.4481 

 
Table 30: Univariate AR model diagnostics for the model for fecundity (MAX) of births in three 
selected ungulate species inhabiting the Masai National Reserve of Kenya. The F statistics and their 
p-values for AR(1), AR(1,2), AR(1,2,3) and AR(1,2,3,4) models of residuals test the null hypothesis 
that the residuals are uncorrelated. 

Species Variable AR(1) AR(1,2) AR(1,2,3) AR(1,2,34) 
  F 

Value 
Pr > F F Value Pr > F F Value Pr > F F Value Pr > F 

Topi Fecundity 0.12 0.734 0.71 0.5188 0.95 0.4746 1.83 0.2869 
Zebra  Fecundity 0.98 0.3484 1.02 0.4095 0.51 0.6899 26.6 0.0112 
Impala Fecundity 0.03 0.8582 0.33 0.7295 0.03 0.9916 0.26 0.889 

 
Table 31: Roots of AR and MA characteristic polynomials for the model for fecundity (MAX) of 
births in three selected ungulate species inhabiting the Masai National Reserve of Kenya. The 
modulus of the roots of its AR polynomial should be less than 1 for a time series to be stationary. 

Species Roots Index Real Part Imaginary 
part 

Modulus Arctagent Degree 

Topi AR 1 -0.00423 0 0.0042 3.1416 180 
 MA 1 -0.27177 0 0.2718 3.1416 180 
Zebra AR 1 0.42439 0 0.4244 0 0 
 AR 2 -0.68579 0 0.6858 3.1416 180 
 MA 1 -0.97171 0.2362 1 2.9031 166.3379 
 MA 2 -0.97171 -0.2362 1 -2.9031 -166.3379 
Impala AR       
 MA       
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