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Background and derivation

The issue of the impacts of climate change on World Heritage natural and cultural properties was brought to the attention of the World Heritage Committee in 2005, which then requested the World Heritage Centre of UNESCO to convene a broad working group of experts on the issue. The expert meeting took place in March 2006 and resulted in the preparation of a report on predicting and managing the effects of climate change on World Heritage, as well as a strategy to assist State Parties to the WH Convention to implement appropriate management responses (UNESCO 2006). The World Heritage Committee reviewed these two documents and took the decision to request all State Parties to implement the strategy. The Committee also requested the World Heritage Centre, the Advisory Bodies and States Parties to develop and implement pilot projects at specific World Heritage sites, especially in developing countries so as to define best practices for the strategy. 
This led UNESCO to commission the preparation of a Field Guide to Climate Change Adaptation Strategies for Natural World Heritage Site Managers, and an accompanying Climate Change Adaptation Workbook designed to assist in the actual application of the Field Guide. In 2013, a pilot exercise to test the utility of these documents was carried out by asking the managers of two WHSs in Kenya, and two in India, to use them to produce climate change adaptation plans for their areas.

The Sites selected in Kenya were Mount Kenya and the Rift Valley Lakes. In each case an initial 1.5 day stakeholder workshop was held to identify the threats posed by climate change to the Outstanding Universal Values (OUVs) upon which the Site had qualified for inscription as a WHS, as well as appropriate management responses thereto. These workshop outputs were later captured in a draft climate change adaptation plan for the Site which was reviewed by the same stakeholder planning team at a second, half day workshop.
The workshops for the Mount Kenya WHS were held at the Old House, Nanyuki on 06-07 May 2013 and 05 June 2013. The participants involved are listed in Annex 1. This Climate Change Adaptation Programme (CCAP) is the outcome of that exercise.
The Guide was designed to “enable natural WH Site managers to factor in the implications of climate change into their management planning and implementation. It should feed into an existing Management Plan where one is already in place (e.g. as an Annex)”. The CCAP presented here has been structured accordingly, and is consistent with the general management planning process in use by the Kenya Wildlife Service (KWS) and its partner management authorities responsible for the Site. To an extent therefore, it can be considered an elaboration of Action 4.7 in the current (2010-2020) Mt Kenya Ecosystem Management Plan’s Ecological Management Programme, namely: “Support climate change monitoring”.

It should be noted that the management actions captured here have been developed to a basic conceptual level only. Time constraints did not allow detailed considerations of who should carry out the action, or when and at what estimated cost. The intention is that the Site’s managers will bring actions from this CCAP into their annual workplans and cost estimates according to perceived priority, and will develop all the logistical details at that time. Some actions are likely to form the basis to proposals to be submitted to external funding agencies.
Fundamentally, the methodology used to develop this CCAP involved an analysis of the likely impact on the Site’s Outstanding Universal Values (OUVs) of an overall climate very different from today’s, followed by a consideration of what would be an appropriate management response (if any). The process is based therefore on as sound an understanding as possible of both OUVs and predicted climate change. These are described in the next section.

Programme Purpose
The resilience of Mount Kenya’s Outstanding Universal Values to climate change is enhanced  

Mount Kenya National Park / Natural Forest was inscribed on the World Heritage List in 1997. At the time, Sites were not inscribed with a formal Statement of Outstanding Universal Value as they are today, and Mt Kenya still has no SoOUV. According to UNESCO’s 2011 Status of Conservation Report for the Site, the State Party had submitted a draft SoOUV, but a copy of this could not be traced before the planning workshops.

For present climate change adaptation planning purposes the proxy SoOUV given below was developed from a variety of sources including the documentation for Mt Kenya National Park/National Forest posted on the World Heritage website; the Information Sheet for the Site published by UNEP-WCMC; and the Exceptional Resource Values given in the Mt Kenya Ecosystem Management Plan. 
The UNESCO World Heritage Committee cited Criteria (vii) and (ix) as the original basis for the property’s inscription and did so primarily with regard to features of the Site’s higher elevations. However, the CCAP team felt that features of the Site’s lower elevations also deserved recognition, not least because they satisfy Criterion (x)
. Accordingly these features are included in the proxy SoOUV below.
The State Party can consider proposing another formal SoOUV to UNESCO on the basis of this formulation.
Proxy Statement of Outstanding Universal Value

At 5,199m, Mount Kenya is the second highest peak in Africa. It is an ancient extinct volcano, during whose period of activity (3.1–2.6 million years ago) it is thought to have risen to 6,500m. The summit is rock, snow and ice. Above about 3,300m the mountain slopes and most of the Park are above the tree line; below it the rich volcanic soils are clothed in forests which are part of the largest continuous block of indigenous closed canopy forest in Kenya. The entire mountain is a vital water catchment for some seven million people and is the source of the great Tana and Ewaso Nyiro rivers. Plant and animal biodiversity is high, with numerous rare and endemic species. 
Criterion (vii): With its rugged snow and glacier-clad summits and forested middle slopes, Mount Kenya is one of the most impressive landscapes in East Africa with three primary peaks, and four secondary peaks that sit at the head of the U-shaped glacial valleys. There are 11 remnant glaciers on the mountain, all receding rapidly, and 32 glacial tarns and lakes of varying sizes, and numerous glacial moraine features. These physical features together with varied and unique altitudinal vegetation zones constitute an area of exceptional topographic and floristic natural beauty, especially at higher elevations. 
Criterion (ix): Above the tree line a unique afro-alpine ecosystem is found whose flora and flora contain dozens of endemic species whose evolution and ecology provide an outstanding example of ecological processes. At its lower elevations (3,300m-3,800m) is an alpine moorland zone characterized by high rainfall and a thick humus layer. Waist-high tussock grasses (e.g. Festuca pilgeri), and sedges (Carex spp) predominate. The higher elevations (3,800m-4,500m) are more topographically diverse, and contain a more varied flora, including several species of iconic “giant rosette plants” in the genera Lobelia, Senecio (Giant Groundsels) and Carduus (Giant Thistle). The evolution in these plants of adaptations to extreme cold is of particular scientific interest, the rosettes being composed of a great number of adult leaves surrounding a central cone of developing leaves. Upon onset of the night frost the adult leaves bend inwards to insulate the central leaf bud which slows cooling long enough to protect it from freezing until re-warming by the next day's sunshine.
Large mammals are rare in the afro-alpine ecosystem. The Mt Kenya Rock Hyrax Procavia johnstoni mackinderi is common as is the endemic Root-rat Tachyoryctes splendens throughout the northern slopes and in the Hinde Valley up to 4,000m. The Giant Thicket Rat Grammomys gigas and Mt Kenya Mole Shrew Surdisorex polulus are the only other mammals endemic to the mountain.  There are several other small rodents present. Reptiles include the endemic Mt Kenya Bush Viper Atheris desaixi, the near endemic Alpine Meadow Lizard Adolphus alleni, the Kenyan Side-striped Chameleon Chameleo schubotzi, Jackson’s chameleon Chameleo jacksonii, and various skinks.
Criterion (x):  The mountain’s diverse forested habitats are also important and significant for the in-situ conservation of biological diversity, containing populations of many rare and endemic species of plant and animal, several of which are globally or regionally threatened. A number of forest types have been described, whose altitudinal distribution varies around the mountain according to local rainfall. Typically, the area just below the afro-alpine moorland is characterised by a high-rainfall cloud-woodland dominated by Hagenia (Rosewood) species with an understorey dominated by giant St John’s Wort Hypericum keniensis. Many of the trees are festooned with mosses and the lichen Old Man’s Beard Usnea longissima. Below this are tracts dominated by pure stands of the bamboo Arundinaria alpina, giving way to a bamboo-forest mosaic. Lower still one finds closed canopy montane forest locally characterised by species such as Juniperus procera (Cedar), Podocarpus milanjianus (Yellowwood) Ocotea usambarensis (Giant Camphorwood) and Cassipourea malosana (Pillarwood). In some places these species are threatened by illegal logging.
A wide variety of mammals is found in the lower forest and bamboo zones, the most visible being a number of primate species. The Site has an important population of some 2,600 Elephants Loxodonta africana, a species increasingly threatened throughout its range. Also notable is one of only four small, isolated populations of Eastern Bongo Tragelaphus euryceros isaaci, an extremely rare forest antelope. 

Mt Kenya is recognised as an Important Bird Area and as such is part of the “Kenyan Mountains Endemic Bird Area (EBA)”. Eight of the 9 endemics listed for this EBA have been recorded in the Site: Jackson’s Francolin Francolinus jacksoni, Sharpe’s Longclaw Macronyx sharpei, Hunter’s Cisticola Cisticola hunteri, Jackson’s Widowbird Euplectes jacksoni, Abbott’s Starling Cinnyricinclus femoralis. Hinde’s Pied Babbler Turdoides hindei, Montane White-eye Zosterops poliogaster winifredae, and Kenrick’s Starling Poeoptera kenricki. 
Other rare birds of note include Olive Ibis Bostrychia olivacea (Mt Kenya race), Mountain Buzzard Buteo oreophilus, Lesser Kestrel Falco naumanni , Mountain Wagtail Motocilla clara, the Scarlet-tufted Malachite Sunbird Nectarinia johnstoni (one of numerous species of Nectariniidae), Moorland Francolin Francolinus psilolaemus, Mackinder's Eagle Owl Bubo capensis mackinderi, and the locally threatened Scarce Swift Schoutedenapus myioptilus. 

Climate Change and the Mount Kenya ecosystem

A very large number of publications attempting to describe and predict climate change globally, regionally for Africa and nationally for Kenya have accumulated over the past few years. For present purposes, reference was made to a limited number of sources only (see References), from which the following generalised predictions of climate change applicable to Kenya over the next 50 years were derived:

Temperature: The mean annual temperature is predicted to increase in Kenya with a greater frequency of hot days and nights (1oC by 2020, 4oC by 2100)
Rainfall: Rainfall is predicted to remain the same but shift in seasonality (“short” rains increase in duration, “long” rains decrease) and increase in intensity

Extreme events: An increase is expected in the frequency and intensity of extreme events, primarily droughts and floods. Extreme events will occur in new locations.

All predictive models of climate change have wide confidence limits, especially at local levels. This is especially true of Mt Kenya, where the local climate differs significantly from one side of the massif to the other due to prevailing seasonal winds and rain-shadow effects
. Because of this, it was agreed that planning would proceed against the hypothetical extremes of “WET” (prolonged and more frequent episodes of intense precipitation and flooding) and “DRY” (prolonged and more frequent episodes of drought) conditions. Such extremes are anyway, and always have been, a feature of the local climate meaning a ready management response to them should not be seen as an entirely new requirement. For certain features, the planning team considered also a “HOT” scenario of consistently elevated average temperatures (both seasonal and diurnal).
Management  Objectives and Actions
Objective 1 An adaptive management response to CC-related threats to key features of the Site’s OUVs developed

The planning team reviewed the criteria and OUVs against which the Site qualifies for World Heritage status and considered the following to be their most critically important features or components:
Impressive Landscape; Afro-alpine Ecosystem; and diverse Montane Forests

The resilience to climate change of each of these features can be analysed according to a number of characteristic “Attributes” which have the potential to be monitored and managed as described in the Sub-Objectives below.
Sub-Objective 1.1 CC-related threats to key attributes of Mt Kenya’s impressive landscape studied and managed

A summary of the planning team’s analysis of threats to the most distinctive aspects of the Mt Kenya landscape is given in Table 1.1. The Action responses cross-referenced there are elaborated below.
Since snow and ice are dominant characteristics of the landscape, a generally high sensitivity to climate change can be assumed. 
Extreme wet conditions will bring more snow to the peaks. However there will be a knock-on effect when dry conditions eventually return, with a greater melt run-off than usual. By maximising snow-melt, lengthy drought will have the same effect.  A steady overall rise in temperature will mean less snow, higher melting rates and a rising snow-line. 

Apart from the monitoring of relevant variables for correlation with other phenomena, management responses are limited to dealing with predicted consequences.
Table 1.1 Threats to the Mt Kenya landscape posed by extreme wet and dry conditions/events and rising temperatures
	
	THREATS
	ACTION

	ATTRIBUTES
	WET
	DRY
	HOT
	WET
	DRY
	HOT

	Snow-capped peaks
	HIGH
	HIGH
	HIGH
	1.1.1
	1.1.1
	1.1.1/6

	Glaciers
	MED
	?
	HIGH
	1.1.2
	
	1.1.2/6

	U-shaped valleys
	
	
	
	
	
	

	Lakes and Tarns
	LOW
	LOW
	LOW
	1.1.3
	1.1.3
	1.1.3

	Wilderness character
	HIGH
	
	
	1.1.4
	
	

	Landslides
	MED
	
	
	1.1.5
	
	


Action 1.1.1 Monitor climbing safety and ensure climbers and guides are well informed of risks and advised accordingly
Increasingly severe melt run-offs, irrespective of proximal cause, will result in a higher incidence of rock-falls and gully erosion. One can thus predict that climbing conditions will deteriorate over time, meaning management must keep climbers and guides advised of safety issues (e.g. locations with a high risk of rock-fall) and of routes opened or closed in response to climate impacts. Main trails will need upgrading (see 1.1.4).
Action 1.1.2  Continue glacier monitoring and address  implications of trends 
Extreme wet conditions will entail less sun and more snow, thus retarding the rate of glacier melt. Once dry conditions return, glacial ice does not melt as quickly as snow and the impact of extended drought on glacier recession is difficult to predict. A steady rise in overall temperature however, will of course increase melt rates and recession. Other than respond to the consequences, there is little management can do other than to help maintain the monitoring currently undertaken by the University of Innsbruk. The implications of trends with regard to possible changes in abstraction policies for glacier-dependent rivers must be discussed and agreed with stakeholders.
Action 1.1.3 Expand monitoring of lakes and tarns and address implications of trends 
One would expect the level of the Site’s high lakes and tarns to go up under generally wetter conditions and vice versa, but the hydrology of these water bodies is poorly understood. The general impression however, is one of stable levels irrespective of season. This implies the possibility of both sub-surface re-charge in dry seasons, and means of “over-flow” run-off in wet
. If so, extremes of wet or dry might have only a relatively low impact. However lakes in the lower forested zones appear much less stable, to the extent that for several on the NE slopes a change from open water to grassy swamp has been noted within the past 40 years.

In any case, a steady rise in average water temperature is quite likely have both direct and indirect impacts on the aquatic and other benthic fauna and flora, much of which is thought to be endemic. Consequently management will work with relevant research bodies (e.g. those already studying lake sediments), to expand monitoring to include water quantity and quality, as well as the diversity and abundance of aquatic species. The implications of trends with regard to possible changes in abstraction policies for lakes and tarns must be discussed and agreed with stakeholders.  
Action 1.1.4 Avoid proliferation of access routes by upgrading key trails and roads to all-weather standard and sensitising guides
One general predicted consequence of climate change will be increased run-off and greater erosion. Trails and roads tend to capture run-off and become eroded or muddy themselves. When they become dangerous or impassable, users set up parallel routes which in due course may also be abandoned, thus causing a proliferation of routes and trails that would have a massive negative impact on the Site’s much-valued wilderness character. To control this, no vehicles will be allowed above the tree line, and key access roads will be tarred. Main trails will be paved as necessary, and guides instructed to keep to these and not go off-trail. Although these measures themselves will have a negative impact on wilderness character, management considers this will be both less than and preferable to that of an uncontrolled and messy proliferation of “the human footprint”.
Action 1.1.5 Monitor incidence of major landslides
Major landslides occur in forested areas where they contribute an unwelcome aspect of the landscape, since it can take years for trees to re-colonise the resulting scar. The incidence of major landslides is predicted to increase, particularly under extreme wet conditions. These events tend to occur on steep slopes in inaccessible parts of the mountain, and anyway are beyond management control. However, their frequency and distribution can and should be monitored in the course of other aerial reconnaissance work.
Action 1.1.6 Plant more trees on the lower slopes and in the buffer zone
Historically, there was much more forest surrounding the base of Mt Kenya than there is today. Management believes this must have contributed to a warming of the climate of the high peaks
, and if so an attempt should be made to reverse this (or slow it down) by replacing lost forest cover to the extent possible. Whether such a local effort can mitigate regionally or globally-driven atmospheric trends affecting the high peaks is debatable, but the measure can certainly do no harm and the Government directive that at least 10% of all private/community land must be under trees must anyway be enforced.
Sub-Objective 1.2 CC-related threats to key attributes of the Afro-alpine Ecosystem studied and managed

A summary of the planning team’s analysis of threats to the mountain’s unique Afro-alpine Ecosystem is given in Table 1.2. The Action responses cross-referenced there are elaborated below.

Table 1.2 Threats to the Afro-alpine Ecosystem posed by extreme wet and dry conditions/events and rising temperatures
	
	THREATS
	ACTION

	ATTRIBUTES
	WET
	DRY
	HOT
	WET
	DRY
	HOT

	Bogs
	
	LOW
	?
	
	1.2.1
	

	Thick humus layer
	
	HIGH
	
	
	1.2.2
	

	Tussock grasses
	
	HIGH
	
	
	1.2.2
	

	Fire
	
	HIGH
	
	
	1.2.3
	

	CC indicator species
	?
	?
	MED
	
	
	1.2.4/7

	Water quantity
	
	HIGH
	
	
	1.2.5
	

	Water quality
	MED
	MED
	
	1.2.5
	1.2.5
	

	Local climate
	HIGH
	HIGH 
	HIGH
	1.2.6
	1.2.6
	1.2.6

	Rare and endemic plants
	MED
	MED
	MED
	1.2.7/8
	1.2.7/8
	1.2.7/8

	Rare and endemic animals
	MED
	MED
	MED
	1.2.7
	1.2.7
	1.2.7


Action 1.2.1 Monitor the distribution and status of bogs
Bogs are a major attribute of the afro-alpine ecosystem and are believed to play an important role in storing water and moderating its run-off. While they might expand in extent under extreme wet conditions, there is presumably a limit to their water storage capacity beyond which an overflow run-off would occur. While they would tend to lose moisture under extreme drought and/or heat, the impact would be low due to a recharge effect from increased snow and ice melt higher up. Bogs will be monitored and studied as part of an overall hydrological monitoring programme for the ecosystem (see 1.2.5).
Action 1.2.2 Finalise and implement a fire management plan for the afro-alpine ecosystem
The thick humus layer and tussock grasses are important characteristics of the afro-alpine ecosystem. Neither is likely to be threatened by extreme wet conditions, indeed the productivity of tussock grasses and other plants that contribute ultimately to the humus layer is likely to increase. Under extreme drought however, both are prone to dry out making them very susceptible to fire. Following the events of 2012, when fire spread above the tree line and the dried humus layer burnt like peat, it is now known that fire presents a very real threat to the afro-alpine ecosystem under dry conditions.  A specific response in terms of preventing and extinguishing fires in this ecosystem will be developed and added to the existing Mt Kenya Fire Management Plan. A fire monitoring protocol also will be developed (1.2.3).
Action 1.2.3 Monitor and study the incidence and impact of fire in the afro-alpine ecosystem
Until recently, fire was almost unknown in the afro-alpine ecosystem. As the Site’s most valuable biological feature, the fact that it may become increasingly prone to fire is of grave concern to management. In addition to a fire control plan therefore (1.2.2), the number and distribution of fires in the ecosystem will be closely monitored. At the same time, studies of regeneration and vegetation succession in burnt areas will be instituted and coordinated with similar studies in forest zones (see 1.3.3).

Action 1.2.4  Monitor abundance and distribution of potential CC-indicator species
A generally assumed effect of global warming on montane ecosystems is that over time species will tend to be found at higher elevations than previously, in other words they will move into areas that formerly would have been considered “too cold” for them, or conversely they will die out in areas that have become “too warm” for them. In order to provide evidence for vertical trends in species’ distributions, certain species will be selected for close monitoring in this regard. Endemic species are prime candidates as they are likely to have the most precise environmental needs and tolerances (see 1.2.7), but any promising line of evidence will be pursued. For example increasing numbers of Pinus, an exotic, have been noted in the afro-alpine zone over the past decade or so: accordingly, their distribution and numbers will be monitored more closely from now on (see also 1.3.4).
Action 1.2.5 Monitor the quantity and quality of water flowing out of the afro-alpine ecosystem
In generalised terms, the afro-alpine zone receives in total more direct rainfall than any other part of the Site, whether above or below (on the south and east especially). Obviously amounts would increase under extreme wet conditions, and vice versa, with possibly profound effects on the amount of water entering the mountain’s river systems. The impact of drought might be offset to a certain extent by increased snow and ice melt, but there is a clear need to monitor the quantity of water leaving the ecosystem and flowing into the treed areas below with new stream gauges on key rivers
. Suitable monitoring protocols will be developed and implemented in collaboration with relevant partner institutions including the relevant water management authorities (flow gauge network). Funding will be required to establish this network which will be automated to the extent possible.

A protocol for monitoring water quality will be developed also, as that too might change in either weather extreme. Relevant variables include temperature, salinity, pH, dissolved O2, nutrients, pollutants, biological O2 demand (BOD), heavy metals, suspended solids etc. Pollutants are relevant because they may be introduced as a result of fire and/or human activities, so some monitoring sites will be chosen close to where the latter occur (e.g. near tourism sites and routes).
Action 1.2.6 Establish a new network of weather stations to systematically monitor local climate at selected sites around the mountain
Since management probably can do nothing to influence the dynamics of climate change per se, it must make sure it is aware of all related consequences some of which will be unpredictable and unexpected. Not all of the latter will be amenable to mitigation either, but first they must be detected and understood. It is for this reason that the trend data collected through the various actions in this CCAP which involve monitoring must be compared with local climatic trend data to see whether or not there are any correlations. 
The Site has been host since 1933 to one of only six Global Atmospheric Watch Stations established by the World Meteorological Organisation (and the only one on the equator), but other relevant monitoring sites (e.g. for rainfall) must be re-equipped, and a new network of weather stations established at selected sites to monitor local weather in terms of maximum and minimum temperature, humidity, rainfall, wind and solar radiation. These stations will be automated to the extent possible. While this need is perhaps greatest in the afro-alpine zone whose climate to date has received little or no attention, the southern and northern parts of the massif also are poorly monitored in comparison to the east and west. Suitable monitoring protocols will be developed and implemented in collaboration with relevant partner institutions including the national meteorology department. Funding will be required to establish or re-establish this network which will be automated to the extent possible.

Action 1.2.7 Maintain biodiversity monitoring with an emphasis on endemics and other climate-sensitive species, especially those restricted to the afro-alpine ecosystem
Being highly adapted to it, the various rare and endemic species found in the afro-alpine ecosystem are likely to be particularly sensitive to the direct and indirect effects of climate change on their preferred habitat. As such, changes in overall biodiversity together with changes in the abundance and vertical distribution of rare and endemic species, should provide a good index of climate change if sustained over a long period (see also 1.2.4). Particularly good candidates for study would be endemics considered likely to be particularly intolerant of climate change, such as the extreme-cold adapted rosette plants, and certain alpine habitat-specific vertebrates.
Fortuitously, the Site already conducts a biannual biodiversity survey embracing both plants and animals that crosses all habitats from top to bottom and so provides an existing baseline against which changes in species’ distribution and abundance can be detected and then correlated with elevation, habitat type, local weather and other variables. It follows that this survey must be sustained indefinitely. A climate change perspective indicates that greater attention to selected endemics is needed, and that data for a comprehensive range of taxa and species would be informative and useful. It follows that gaps in the survey protocol should be researched for all habitats surveyed and then sampled. Possible gaps include all “invasive species” as well as reptiles, amphibians, fish, insects, nematodes, other invertebrates, fungi and micro-organisms
.
Action 1.2.8 Promote the study of plant phenology in the afro-alpine ecosystem
Changes in abundance and distribution are not the only ways highly-adapted afro-alpine plants can respond to climate change. Reproductive patterns may change, with flowering/fruiting occurring earlier/later and/or being of a longer/shorter duration. There is evidence that some sensitive species on Mt Kenya (e.g. Lobelia spp) are already showing such changes, for which a link or otherwise to climate variables needs to be investigated. Thus management will promote appropriately designed scientific studies of plant phenology in selected afro-alpine species.
Sub-Objective 1.3 CC-related threats to the Montane Forests studied and managed

A summary of the planning team’s analysis of threats to the Site’s Montane Forests is given in Table 1.3. The Action responses cross-referenced there are elaborated below. Please note that for present CC adaptation planning purposes, the term “montane forest” embraces the full diversity forest types found on the mountain below the tree line.

Table 1.3 Threats to Montane Forests posed by extreme wet and dry conditions/events and rising temperatures
	
	THREATS
	ACTION

	ATTRIBUTES
	WET
	DRY
	HOT
	WET
	DRY
	HOT

	Hagenia/Hypericum woodland
	
	HIGH
	
	
	1.3.1/2
	

	Bamboo zone
	
	LOW
	
	
	1.3.1/2
	

	Bamboo-Forest mosaic
	
	MED
	
	
	1.3.1/2
	

	Forest zone
	
	HIGH
	
	
	1.3.1/2
	

	Fire
	
	HIGH
	
	
	1.3.1/3
	

	CC indicator species
	?
	?
	MED
	
	
	1.3.4

	Water quantity
	
	HIGH
	
	
	
	1.3.5/6

	Water quality
	MED
	MED
	
	1.3.5/6
	1.3.5/6
	

	Local climate
	HIGH
	HIGH 
	HIGH
	1.2.6
	1.2.6
	1.2.6

	Rare and endemic plants
	MED
	MED
	MED
	1.2.7
	1.2.7
	1.2.7

	Rare and endemic animals
	MED
	MED
	MED
	1.2.7
	1.2.7
	1.2.7

	Elephants
	LOW
	HIGH
	
	1.3.7
	1.3.7
	

	Mountain Bongo
	
	HIGH
	
	
	1.3.8
	


Action 1.3.1 Implement the Mt Kenya Fire Management Plan and update regularly
Apart from an increased incidence of landslides in some areas (1.1.5), the habitat types found below the tree line are not threatened by extreme wet conditions, and indeed should benefit from higher average rainfall. However, all are threatened by extended drought. The threat takes two forms, water deprivation and fire. Theoretically, the community that would suffer the greatest impact from serious water deprivation is the Hagenia/Hypericum woodland. Fortunately however, this occurs just below the afro-alpine ecosystem and enjoys a similar very high level of rainfall, and is anyway the first recipient of the run-off from above. In practice therefore, it is unlikely to dry out to a point where the community is exposed to critical physiological water stress. The other habitat types should be able to survive very long dry periods, provided they do not catch fire.
Unfortunately the longer the drought, the greater the risk of fire. This is not simply because of progressive desiccation, but rather increased human incursions. Most fires on the mountain are started by people and although they are not allowed into the Site, illegal incursions - whether for poaching, honey hunting, grazing or water – all increase the longer drought conditions persist. 
The bamboo zone shows the greatest resilience to fire, in that it will recover quickly after adequate rain. The woodlands and forests proper however, although nowhere near as combustible as bamboo, show very low resilience once they do burn in that it can takes years if not decades before the original community is re-established. The resilience of the bamboo-forest mosaic obviously lies between these two extremes.
Because of the link between fires and people, the threat is greatest lower down the mountain. In very dry conditions however, fires can quickly spread up-slope and can burn for months at a time as happened in 2012 (see also 1.2.3). The latter event inspired management to sit with all stakeholders, including all neighbouring Community Forest Associations, and draw up a joint Mt Kenya Fire Management Plan. This Plan will be diligently implemented and regularly updated in the light of experience
. In view of the practical challenges involved, the possibility of forming a specialised fire-fighting unit to serve Mt Kenya as well as other key forests is addressed in Action 3.5. 
The management response to increased human incursion during drought is discussed in 1.3.2 and 1.3.6 below.

Action 1.3.2 Work with the livestock authorities and CFAs to prevent and control the incursion of people and livestock into the Site during drought
Existing policy outlaws the grazing of livestock in indigenous forest, but allows permits to be issued for grazing in Plantation forests. Although permits specify the number and type of animals allowed, they are very difficult to enforce. This is especially true during drought, when pastoralists in the surrounding areas converge in ever increasing numbers on Mt Kenya in search of grazing and water for their livestock and permit conditions are either violated or evaded entirely.

This pressure and its consequences (which include a heightened fire risk) would be minimised if livestock numbers could be kept within the ecological carrying capacity of the pastoral areas, and if herders could be persuaded to take out climatic index-related insurance, and/or sell their animals before they die. Such measures are beyond the remit of WHS managers, but they will explain to all the relevant authorities both the threats to the Site and its global importance, in order to pressurise them into taking appropriate action. 
In the meantime, the numbers and types of livestock that are allowed into either Plantations or CFAs, and the terms and conditions involved, must be strictly controlled, applied and monitored.
Action 1.3.3 Monitor and study the incidence and impact of forest fires 
In addition to fire control measures (1.3.1), the number and distribution of forest fires will be closely monitored (possibly using satellite imagery). At the same time, studies of regeneration and vegetation succession in burnt areas will be instituted and coordinated with similar studies in the afro-alpine zone (see 1.2.3).
Action 1.3.4 Monitor the abundance and distribution of potential CC-indicator species, as well as the position of the tree line
As noted under 1.2.4, a generally assumed effect of global warming on montane ecosystems is that over time species will tend to be found at higher elevations than previously. As for the afro-alpine ecosystem, potential indicator species have been noted such as Hagenia and Juniperus whose distribution and numbers will be monitored more closely from now on. A more generalised potential indicator of this phenomenon is the tree line itself whose position and alignment could be monitored from satellite imagery at suitably wide intervals (5 years?).
Action 1.3.5 Monitor the quantity and quality of water flowing out of the Site
Generally speaking, greater quantities of water will flow off the mountain in extreme wet conditions, and vice versa. In either case it is very important to measure systematically the quantity and quality of the water flowing out of the Site because of the ever increasing demand for the same from the rapidly growing human population around the mountain. The existing flow gauge network therefore will be re-habilitated and expanded to include any important rivers not yet monitored, particularly those with existing or proposed abstraction points. The implications of trends with regard to possible changes in abstraction policies must be discussed and agreed with stakeholders (see 1.3.6).

Given that most of the water leaving the mountain is used for agriculture and human consumption, a water quality monitoring protocol will be developed along the same lines as, and coordinated with, that planned for the afro-alpine ecosystem (see 1.2.5).
Action 1.3.6 Work with the water management authorities (WRMA and WRUAs) to prevent and control the incursion of people and livestock into the Site during drought 
During drought conditions, the continuing downstream demand for more and more water is greatly exacerbated. As flow off the mountain diminishes, but use does not, the rivers dry up ever closer to the forest edge. Pastoralists converge on the mountain in search of grazing and water for their livestock (see 1.3.2). As a result, pressure builds to abstract water from ever higher points, and in drought this often takes place illegally.
This pressure and its consequences (which include a heightened fire risk) would be minimised if proper Sub-Catchment Management Plans could be prepared to facilitate, for example, the construction of large storage dams in strategic places outside the WHS. While such plans exist for some of the mountain’s sub-catchments, they are needed for all. Such measures are beyond the remit of WHS managers, but they will explain to all the relevant authorities both the threats to the Site and its global importance, in order to pressurise them into taking appropriate action. In the meantime, existing abstraction policies and controls within the Site will be strictly enforced, and the cooperation of CFAs actively sought in this regard.
Action 1.3.7 Intensify efforts to understand and manage human-elephant conflict
Actions to conserve and manage the Site’s important elephant population have already been elaborated in the Mt Kenya Ecosystem Management Plan (2010-2020)
. Although neither extreme wet nor extreme dry is likely to pose a direct threat to this particular population, climate change may aggravate some indirect climate-related impacts. Assessments of the latter must be based on the population’s seasonal behaviour patterns.

Current understanding indicates that under extreme wet conditions elephants will avoid steep slopes as these become slippery and treacherous. Under extreme drought there is a variable response. Elephants are water dependent and so some may move up-slope to find water, while others may move down and out of the site to find water in and around human settlement.  Despite the fact that browse resources will never become critically scarce, lack of grass during dry spells, and the availability of crops at the start of the dry season, do cause elephants to come out of the forest and into conflict with humans. At the same time, human incursions into the forest increase during drought and may lead to an increase in poaching.

In summary, human-elephant conflict will worsen under a scenario of more frequent and severe drought. The principal management response will be preventative, and involve a continuation of the ongoing fencing programme. This will be supplemented by supporting community self-help efforts, including the introduction of new deterrent measures including use of chilli sprays, and the strategic deployment of bee hives. Efforts will also be made to develop additional water sources in community conservancies, and to secure corridors that will provide a link to other parts of the elephant range outside the Site (see 2.2).
Action 1.3.8 Intensify efforts to protect Mountain Bongo and other animals from poaching during drought
The Mountain Bongo antelope is the flagship species of Kenya’s high mountain forests. Once numerous within its restricted habitats, the species has declined dramatically over the past 40 years due to a combination of several factors related to rapid human population growth: encroachment into the forest estate, livestock-mediated disease (notably Rinderpest), and poaching. Consequently, Mt Kenya now holds one of the country’s few remaining Bongo populations
, where it is found in the higher altitude Bamboo/Podocarpus forests of the south-western (Chehe) and northern (Sirimon) sectors. Actions to conserve and manage this extremely important population have already been elaborated in the Mt Kenya Ecosystem Management Plan (2010-2020)
.
Climate change-related threats to the Bongo would be greatest during dry extremes when fire risk is highest (its preferred Bamboo/forest mosaic being particularly vulnerable), and human incursion increases bringing with it yet higher fire risk and the direct threat of poaching. Other than a direct response to poaching, these threats are addressed in the sections 1.3.1, 1.3.2 and 1.3.6. Clearly elevated poaching during drought is a threat not only to the Bongo, but many other species also. Accordingly patrol effort will be intensified at such times, especially in areas known to be frequented by Bongo. At lower elevations, the CFAs will be encouraged to intensify anti-poaching surveillance also. 
Objective 2 The integrity and connectivity of the Site improved
In principle, connectivity with other ecosystems increases a protected area’s resilience by spreading risks and providing insurance making it possible for an ecosystem that is disturbed to recover. The Mt Kenya Ecosystem Management Plan (2010-2020) already addresses the need to study ways and means of providing connectivity to adjacent ecosystems and in so doing increase ecosystem resilience in the face of climate change
. The actions presented under this objective are specific to considerations of Mt Kenya’s status as a World Heritage Site and its Outstanding Universal Values.

Action 2.1 Add Lewa Wildlife Conservancy and the Ngare Ndare Forest to the World Heritage Site
The Lewa Wildlife Conservancy and Ngare Ndare Forest are adjacent private properties north-west of the Site. A corridor between them and Mt Kenya has already been established, inclusive of a tunnel under the Nanyuki-Isiolo sector of the main highway to Ethiopia, thus ensuring genetic continuity between the Mt Kenya and Laikipia ranges of elephants and several other species.  The State Party has submitted a proposal to the World Heritage Committee for the formal addition of these adjacent properties to the WHS in the belief it would benefit the integrity and resilience of each component. The measure would expand the overall biodiversity of the Site by bringing in a lowland savannah ecosystem, including  endangered species such as the Grevy’s Zebra and Black Rhino, the latter formerly but no longer found on the mountain. Provided a procedure can be developed whereby these private properties are legally and irreversibly committed to conservation in perpetuity, management will continue to lobby for their formal inclusion in the Site.
Action 2.2 Continue working for the development of additional habitat corridors
Large migratory mammal species that require a big foraging area (e.g. the elephant) depend on connectivity between Mt Kenya and adjacent savannah ecosystems to meet their socio-ecological requirements. In practice, the fencing needed to control human-wildlife conflict has a negative effect on the Site’s integrity that can only be offset by ensuring some ecologically functional connections with outside areas remain. Historically, four corridors between the Mt Kenya and surrounding ecosystems were recognised. The one with Lewa has already been secured (2.1), and of the others probably only one remains viable. This is the Mt Kenya-Sangare Ranch-Aberdares Corridor, but its establishment has stalled in the face of resistance from influential individuals.  Management will strive to overcome this by sensitising Government and communities to its importance and feasibility in order to get the political support necessary. If successful, the feasibility of securing further corridors such as Aberdares-Suguroi-Laikipia-Mt Kenya will be assessed.
Action 2.3 Control future development and use of plantation forests
As a measure to maintain the Site’s integrity, various existing policies with regard to State plantation forests will be enforced. Firstly, there is to be no more conversion of indigenous forest to plantations
. Secondly, the establishment of new plantations will only be allowed in previously planted areas that have become degraded. Lastly, existing plantations can remain. On private and community land however, the establishment of woodlots will be encouraged in line with Government policy that at least 10% of all such land should be treed (see also 1.1.6).
The need for tighter control over grazing in plantation forests is addressed elsewhere (see 1.3.2).

Objective 3 Capacity to manage the Site increased
Direct management responsibility for the Site is shared between KWS, KFS and a number of Community Forest Associations, but its conservation in the long term depends also on many other agencies (see 3.5).  
Action 3.1 Create and support a Committee to oversee management of the WHS

A National Committee to oversee the Site as a whole is needed, chaired by the State Party (KWS) and consisting of representatives of all other key stakeholders. The Committee’s principal responsibility would be to review progress in implementation of the Mt Kenya Ecosystem Management Plan, as well as commission and approve any revisions thereto. 
Another reason to form such a Committee is that efforts to solicit the range of financial and technical support clearly needed for Plan implementation - whether from Government, UNESCO or other development partners - will be far more effective if channelled through such a high-level, inclusive body (see also 3.3 and 3.4). As meetings themselves incur costs, it is intended that the Committee will meet annually, but otherwise conduct business by email.
Action 3.2 Institutionalise regular inter-agency management meetings
In order to improve co-ordination and avoid inconsistent approaches to issues, monthly meetings will be held between field-level staff from KWS, KFS and the CFAs. In addition, the top managers from these agencies (including one or more representatives from their Nairobi HQs), will meet every 6 months.
Action 3.3 Seek funding for management and monitoring through international and national resources available to support CC mitigation/adaptation 
In order to enhance management capacity in all its potentially CC-impacted properties, KWS must seek to access the substantial funding available for CC mitigation and adaptation, including carbon-credit schemes. In view of their global importance, World Heritage Sites stand a relatively good chance of obtaining such support. Working through its parent Ministry of Environment, Water and Natural Resources (MEWNR), the KWS Conventions Office will explore the opportunities available.
Action 3.4 Seek funding for management and monitoring through PES schemes 

This CC Adaptation Programme has a strong emphasis on monitoring, the sustained implementation of which will be costly. This and other aspects of Site management require enhanced levels of funding that likely will be difficult to secure through conventional channels. Given the huge importance of the mountain’s water resources in particular, it is self-evident that the Mt Kenya ecosystem provides services of immense direct and indirect value both to downstream communities and the nation as a whole. Those benefiting should contribute to the cost of maintaining these services through a Payment for Ecosystem Services (PES) scheme of the type successfully set up in other parts of the world. The Nature Conservancy (TNC) is already working to establish such a scheme for the Tana catchment, and is consulting with MEWNR, KPLC, WRMA and other key stakeholders as to how this might work. The Site’s managers will get fully involved in this initiative order to secure their rightful share of the income generated, and will work towards the development of a PES scheme for the Ewaso catchment also.

Action 3.5 Educate key natural resource management agencies about the Site’s global and national importance as the basis to developing mutually beneficial working relationships with them
As this CC Adaptation Programme shows, implementation of any resource management plan that looks beyond the borders of a particular site requires collaboration with other institutions and agencies. In the present case this includes many forms of monitoring (climate, water, species’ distributions etc), as well as practical action (tree planting, fire control, anti-poaching, abstraction control, dam building, conflict management, corridor establishment etc). To succeed in these endeavours is impossible without the complicity and collaboration of other key agencies, both Government and community-based. WHS managers must make a deliberate effort to explain to such entities not only the issues of mutual concern, but also the global importance of the Site, and work with them to implement the requisite actions. Some WHS staff may need special extension training in order to participate effectively in such collaborative ventures

Of very particular relevance to this approach, is the recently established Water Towers Management Authority (WTMA) with which the Site’s managers will try to establish a close collaborative relationship in order to promote coordinated action with respect to issues such as the prevention and control of wildfires
, and the development of PES schemes that could help secure the finance needed to enhance management and monitoring capacity (see 3.4 above).

Action 3.6 Make the existence of the WHS more visible
To date management has done little to make the Site’s World Heritage Status more “visible”. The World Heritage logo needs to be incorporated on letterheads, official documents and on signs displayed at official entry points.
Action 3.7 Formalise adoption of the CC Adaptation Programme
In order to optimise the chances of its implementation, this CC Adaptation Programme will be submitted to the Directors of KWS and KFS to seek formal approval for its annexure to the current Mt Kenya Ecosystem Management Plan. This will institutionalise the requirement that its implementation be officially monitored and reported along with the rest of the Plan (see also 3.1).
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� (vii) to contain superlative natural phenomena or areas of exceptional natural beauty and aesthetic importance; (ix) to be outstanding examples representing significant on-going ecological and biological processes in the evolution and development of terrestrial, fresh water, coastal and marine ecosystems and communities of plants and animals; (x) contain the most important and significant natural habitats for in-situ conservation of biological diversity, including those containing threatened species of outstanding universal value from the point of view of science or conservation.








� As a result southern and eastern areas are wetter and more biodiverse, and northern and western areas drier and less biodiverse.


� In which case they may feed several of the rivers running off the mountain


� Less forest low down led to less shielding by trees and higher vertical wind speeds on the mountain. It led also to more CO2 and higher temperatures. Higher wind speeds and warmer temperatures have led to accelerating glacial retreat.


� e.g. those linked to abstraction points downstream


� For example pollinators, decomposers and mycorrhiza involved in the health of certain forest trees could well be climate sensitive, and if so climate change could over time have a dramatic effect on forest cover. This could work through a decline in beneficial organisms, or an increase in pathogenic ones. 


� Effectively this Fire Plan captures and elaborates on all the Actions listed under Objective 3 (Wild fires are prevented and managed effectively) of the current  (2010-2020) Mt Kenya Ecosystem Management Plan’s Ecological Management Programme


� Actions 1.1 and 1.2 of its Ecological Management Programme


� The other forests with confirmed Bongo populations are the Aberdares, Eburu and the Mau


� Actions 1.4, 1.5 and 1.6 of its Ecological Management Programme


� Action 2.5 of its Ecological Management Programme


� Indeed under the new Constitution, such conversion can only take place after a referendum process. Former Presidential powers in this regard have been rescinded.


� The logistical and technical challenges of fighting fires on Mt Kenya and the other key “water towers” are of sufficient magnitude to justify consideration being given to the formation of a specially trained and equipped national wildfire-fighting unit, either under WTMA or as a separate agency. Other countries have such agencies (e.g. Ghana).


� This reference is very useful being a “summary of summaries”





