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Abstract 
This report presents an innovative and participatory approach to 
identifying hotspots of water scarcity and conflicts, exemplified by the 
Ewaso Ng’iro North Basin in Kenya. Hotspots are areas within the Basin 
that show problematic situations of water scarcity and/or water conflicts. 
Hotspots are therefore an important indication of where and how to set 
priorities of water development in the basin.  

The approach combines spatially disaggregated baselines with a 
participatory assessment involving expert and contextual knowledge, and 
complements the current state assessment of hotspots with anticipating 
the impact of future developments under three scenarios, namely 
peripheral, agrarian and industrial transformations.  

The mapping reveals distinct patterns of hotspots, with two complex 
configurations of hotspots in the upper basin and in the region of the 
Merti aquifer and a number of less complex and more localised hotspots, 
thereby clearly indicating priorities, required strategies, and appropriate 
approaches for water development and conflict mitigation in the basin. 
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1 Idea and objectives 

1.1 Water as key-development issue in the Ewaso Ng’iro 
North Basin 

The Ewaso Ng’iro North Basin is one of five large river basins of Kenya, 
encompassing about 210,000 km2. It stretches from the peaks of Mount 
Kenya and the Nyandarua Ranges over the Laikipia Plateau down to the 
vast lowlands in the North East of Kenya, bordering Somalia and Ethiopia 
(see figure 1). It represents a typical tropical highland-lowland system 
characterised by humid to semi-humid conditions in the relatively small 
upper reaches and semi-arid to arid conditions on the plateau and in the 
vast lower parts of the basin (see figure 2). As a result of these conditions 
the most limiting factor for human activities and development in more 
than 90% of the basin is water with precipitation below the agriculturally 
critical 600mm annually. Additionally, the high temporal and spatial 
variability of rainfall aggravates this limitation and leads into a 
dependency of the lower basin from river water and groundwater largely 
stemming from Mount Kenya and the Nyandarua Ranges (see also Liniger 
1998; Wiesmann et al 1998; Wiesmann et al 2000; Mungai et al 2004; 
Aeschbacher et al 2005; Liniger et al 2005; Luedeling et al 2015; Providoli 
et al 2019). 

In the past 100 years, and in particular in the decades since the 
independence of Kenya, the Ewaso Ng’iro North basin underwent drastic 
socio-economic transition. Large-scale ranching, and in particular 
immigrating small-scale farmers and recently established large-scale 
horticultural enterprises transformed the upper basin from its originally 
pastoralists land use system, which still prevails in large parts of the lower 
basin. This transition led to a steep increase of population densities, 
which in combination with the new land use systems dramatically 
increased the pressure on water resources, in particular on river water 
(Providoli et al 2019; Ericksen et al 2011; Mutiga et al 2010a; Kiteme et al. 
1998a; Wiesmann and Kiteme 1998; and Kohler 1987).  

As a result of these developments, problems of water scarcity have 
aggravated in all parts of the basin and competition and conflicts over 
water resources have increased within and between communities and 
within and between the highlands and the lowlands of the basin. Easy and 
inclusive solutions to these complex issues of water scarcity and conflicts 
cannot be found, especially when additionally considering the diversity of 
communities in the basin, the socio-economic power imbalances, the 
multitude of planning and administrative units, represented e.g. by 10 
counties, and the limited natural and financial resources for water supply 
development (Kiteme et al 2018; Kiteme and Wiesmann 2015; Mutiga et 
al 2010a; Kiteme and Wiesmann 2008; Kiteme and Gikonyo 2002; Kiteme 
et al 1998b; Wiesmann 1998; Liniger 1995).  

1.2 The idea of hotspots of water scarcity and conflicts 

Against the background of the complexity and interconnectedness of 
water issues in the basin and the absence of ‘silver bullet’ solutions, 
approaches have to be found that entangle water problems to a level 
where solutions to water supply and conflict mitigation can be concretely 
identified, prioritized, and effectively and efficiently implemented. This 
entanglement is envisaged with the approach of identifying hotspots of 
water scarcity and conflicts. 

Two basic considerations stand behind the idea of hotspots. First, the 
issues of water scarcity and conflicts appear in different manifestations 
and configurations in different parts of the basin, depending on the 
specific water requirements by populations, land use systems and 
ecosystems, and on the concrete availability of water resources stemming 
from the various components of the water cycle. Concretely identifying 
these manifestations and configurations context-specifically forms the 
first component of the hotspot approach. Secondly, issues of water 
scarcity and conflicts may change over time due to socio-economic and 
land use dynamics and environmental changes, e.g. climate change. 
Incorporating future trends therefore forms the second component of 
the hotspot approach. 
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1.3 Objective of the hotspot approach 

The hotspot approach aims at identifying site-specific current and future 
manifestations and configurations of water scarcity and conflicts in the 
basin as a basis for the development of context-specific approaches and 
solutions to water issues. Assessing hotspots of water scarcity and 
conflicts thereby aims at providing a crucial planning instrument for 
prioritisation and implementation of water development in the basin. 

2 Approach 

2.1 Two components of the hotspot approach 

The approach to identify hotspots of water scarcity and conflicts builds 
on two components: First, on the compilation of available baseline data 
and information concerning environmental conditions, water resources 
and their variability, land use systems, population, and socio-economic 
characteristics. The quality of hotspot identification therefore largely 
depends on the quality of the baselines and especially on their degree of 
spatial disaggregation. Secondly, on an expert-based and participatory 
identification of the concrete hotspots through combining baseline 
knowledge with topical knowledge and in particular with contextual 
expertise. The topical and geographic accuracy of hotspot identification 
therefore also largely depends on the knowledge, competence and 
composition of the participatory team performing this second 
component. 

2.2 Quality of the two components for the basin 

The assessment of hotspots of water scarcity and conflicts in the Ewaso 
Ng’iro North basin met with favourable conditions in both components: 

The inter- and transdisciplinary research by CETRAD and its collaborating 
partners and projects during three decades has created a wealth of 
baseline information. Besides land use and environmental mapping 
(Eckert et al 2017; Njuguna et al 2014; UNEP 2014; Notter et al 2007; 
Kohler 1987) the long-term hydro-metrological monitoring system 
(MacMillan et al 2005; Mungai et al 2004; Ojany and Wiesmann 1998;) 
provided crucial data on water resources and their changes over the time, 
and especially reveal the degradation of river water due to over-
utilisation. The hydro-met monitoring system, which was originally 
confined to the upper basin, was recently expanded to include 
downstream tributaries, as well as spring and groundwater monitoring in 
the lowlands (Providoli et al 2019). CETRAD additionally provides detailed 
information on the land use and socio-economic transitions, such as the 
development of small-scale farming and agribusinesses in the upper basin 
(Zaehringer 2018; Luedeling et al 2015; Lanari 2014; Ulrich et al 2014; 
Ulrich et al 2012; Schuler 2004). This information is supplemented by 
detailed and high-resolution socio-economic data for the overall basin 
through the socio-economic atlas of Kenya (Wiesmann et al 2014, 
Wiesmann et al 2016), that informs on population numbers and 
characteristics, poverty rates, and economic activities down to the sub-
locational level and for each sub- catchment of the basin. Although more 
information in particular on water resources and their use in the lower 
basin would be useful, the baselines provided by CETRAD and its partners 
are quite unique in the African context and enable a high factual quality 
of the hotspot assessment. 



8 

1.3 Objective of the hotspot approach 

The hotspot approach aims at identifying site-specific current and future 
manifestations and configurations of water scarcity and conflicts in the 
basin as a basis for the development of context-specific approaches and 
solutions to water issues. Assessing hotspots of water scarcity and 
conflicts thereby aims at providing a crucial planning instrument for 
prioritisation and implementation of water development in the basin. 

2 Approach 

2.1 Two components of the hotspot approach 

The approach to identify hotspots of water scarcity and conflicts builds 
on two components: First, on the compilation of available baseline data 
and information concerning environmental conditions, water resources 
and their variability, land use systems, population, and socio-economic 
characteristics. The quality of hotspot identification therefore largely 
depends on the quality of the baselines and especially on their degree of 
spatial disaggregation. Secondly, on an expert-based and participatory 
identification of the concrete hotspots through combining baseline 
knowledge with topical knowledge and in particular with contextual 
expertise. The topical and geographic accuracy of hotspot identification 
therefore also largely depends on the knowledge, competence and 
composition of the participatory team performing this second 
component. 

2.2 Quality of the two components for the basin 

The assessment of hotspots of water scarcity and conflicts in the Ewaso 
Ng’iro North basin met with favourable conditions in both components: 

The inter- and transdisciplinary research by CETRAD and its collaborating 
partners and projects during three decades has created a wealth of 
baseline information. Besides land use and environmental mapping 
(Eckert et al 2017; Njuguna et al 2014; UNEP 2014; Notter et al 2007; 
Kohler 1987) the long-term hydro-metrological monitoring system 
(MacMillan et al 2005; Mungai et al 2004; Ojany and Wiesmann 1998;) 
provided crucial data on water resources and their changes over the time, 
and especially reveal the degradation of river water due to over-
utilisation. The hydro-met monitoring system, which was originally 
confined to the upper basin, was recently expanded to include 
downstream tributaries, as well as spring and groundwater monitoring in 
the lowlands (Providoli et al 2019). CETRAD additionally provides detailed 
information on the land use and socio-economic transitions, such as the 
development of small-scale farming and agribusinesses in the upper basin 
(Zaehringer 2018; Luedeling et al 2015; Lanari 2014; Ulrich et al 2014; 
Ulrich et al 2012; Schuler 2004). This information is supplemented by 
detailed and high-resolution socio-economic data for the overall basin 
through the socio-economic atlas of Kenya (Wiesmann et al 2014, 
Wiesmann et al 2016), that informs on population numbers and 
characteristics, poverty rates, and economic activities down to the sub-
locational level and for each sub- catchment of the basin. Although more 
information in particular on water resources and their use in the lower 
basin would be useful, the baselines provided by CETRAD and its partners 
are quite unique in the African context and enable a high factual quality 
of the hotspot assessment. 

9 

Figure 1: Geographical extent and population of the Ewaso Ng’iro North basin. 

The figure indicates perennial rivers, forests and natural parks, as well as the total population (3,167,000) and the overall poverty rate (67.3%) in the 
basin. Source: Clip from interactive socio-economic atlas of Kenya, www.kenya-atlas.org, Wiesmann U., et al, 2016. 
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Figure 2: Agro-ecological zones and access to safe water in the Ewaso Ng’iro North basin. 

The figure shows the distribution of agro-ecological zones from semi-humid (blue) to arid (brown), indicates sub-catchments of the basin, and depicts the 
percentage of households per sub-catchment with access to safe domestic water, whereby the size of signatures indicates population size. Source: Clip 
from interactive socio-economic atlas of Kenya, www.kenya-atlas.org, Wiesmann U., et al, 2016 
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Figure 3: Counties and poverty rates in the Ewaso Ng’iro North basin. 

The figure shows the 10 counties fully or partially within the basin and depicts the poverty rates for each sub-catchment. Source: Clip from interactive 
socio-economic atlas of Kenya, www.kenya-atlas.org, Wiesmann U., et al, 2016. 
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Figure 4:  Population densities and pastoral activities in the Ewaso Ng’iro North basin. 

The figure shows population densities from more than 200 pers/km2 (brown) to less than 10 pers/km2 for each sub-location and depicts the percentage 
of the labour force engaged in pastoralism per sub- catchment. Source: Clip from interactive socio-economic atlas of Kenya, www.kenya-atlas.org, 
Wiesmann U., et al, 2016. 
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Figure 5: Satellite overview of and small-scale agriculture in the Ewaso Ng’iro North basin. 

The figure shows a composite of satellite images for the basin and depicts the percentage of the total labour force being engaged in small-scale 
agriculture per sub- catchment. Source: Clip from interactive socio-economic atlas of Kenya, www.kenya-atlas.org, Wiesmann U., et al, 2016 
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Due to CETRADs long-term collaborative networks and its rooting in the 
field, a well-balanced team could be composed that included the topical 
and contextual expertise to perform the actual assessment of hotspots in 
the second component of the approach. The team included experts and 
stakeholders from county and national governments departments and 
ministries, civil society, private sector, as well as academia (Ott and 
Kiteme 2016; Pohl et al 2010) (see also the list of contributing authors). 

2.3 Two workshops at the core of the approach 

The concrete approach for the assessment of hotspots of water scarcity 
and conflicts in the Ewaso Ng’iro North basin included four steps of which 
two participatory workshops formed the core. 

In the preparatory step, topographical maps, satellite imagery and 
especially all the available baselines were compiled by CETRAD to be 
displayed and consulted during the participatory workshops.  

In a first workshop in November 2015, the participatory team first agreed 
on the definition of four types of hotspots of water scarcity and conflicts 
before then mapping the hotspots in three groups. The three assessment 
maps were then compared in the plenary and in intense discussions 
consolidated into one map of the current hotspots. Based on this map the 
team finally discussed sustainable development approaches for each 
hotspot. 

In a second workshop in August 2017, the same participatory team 
defined and spatially mapped three scenarios of future socio-economic 
and land use developments in the basin. The scenarios were not designed 
according to probability but in order to mark a field of possible 
developments within which the actual development will, with high 
probability, take place. For each of these spatially explicit scenarios it was 
then assessed what their impact on the current hotspots would be, or if 

new hotspots may occur under a certain scenario. In combination, the 
four maps of the current hotspots and three future hotspots provide a 
spatially explicit planning instrument for water development and conflict 
mitigation in the basin. 

In a final step the results of the two workshops were compiled by CETRAD 
and presented in this report. Of importance is that members of the 
participatory team could again give further input and feedback. 

3 Definition and types of hotspots 

3.1 Definition of hotspots 

The basic idea behind hotspots is simple. They mark contexts of water 
deficiency in the sense that water demand surpasses available water 
resources. This leads to the following definition of a hotspot: 

A hotspot of water scarcity and conflict is an area where the total usable 
water resources are at any given time less than the total water demand.  

The usable water resources thereby include three types of water: (1) 
water generated in the area, in particular in-situ rainfall, (2) water present 
in the area, such as groundwater and springs, or (3) water passing the 
area, e.g. in form of river water. The total usable water resources in a 
specific area is the quantitative sum of the three types of water of good 
quality and their reliability level over time. The quality and reliability 
requirements of water resources depends on the type of water use, e.g. 
domestic water use requires higher quality and reliability levels than 
other uses, such as e.g. water for agricultural production. These 
requirements imply that the total water resources e.g. for domestic use 
are principally smaller than the total water resources for agricultural 
production.  
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The total water demand includes demands for (1) domestic, (2) livestock, 
(3) urban, (4) industrial, and (5) agricultural use, as well as (6) ecological
functions, including preservation of biodiversity of fauna and flora. The
total water demand therefore does not only include water quantity, but
also reliability and quality requirements by the various demands.
Therefore, the total water demand is the sum of the six types of water
demand under consideration of the specific quality and reliability
requirements by each type of demand.

3.2 Four types of Hotspots 

Based on the above definition and the experiences of the participatory 
team in the Ewaso N’giro North basin four types of hotspots of water 
scarcity and conflict can be differentiated:  

Type 1 In-situ hotspots: In this type in-situ water resources, in particular 
precipitation, local run-off and small local aquifers, are the predominant 
resources in the area and are not enough to cover the total water demand 
at the required reliability levels over time. This type mainly occurs in rural 
settings such as areas of small-scale farming, agro-pastoralism, 
conservancies, and in particular in pastoralists areas. The main 
characteristic of this type of hotspot is that water resources are not 
developed enough, e.g. by rainwater harvesting and storage facilities, or 
that they are not accessible to certain types of demand, e.g. when 
pastoralists cannot access water points in access-restricted 
conservancies. 

Type 2 Groundwater hotspots: In the areas of these hotspots, 
groundwater and springs are the predominant water source that are 
shared among different uses and communities and that are used beyond 
the recharge rates of the aquifers. Typical for these hotspots is that 
different uses are conflicting, e.g. between and among different 
agricultural production systems, as well as e.g. with urban supply 

schemes. These hotspots can be aggravated if the recharge of aquifers is 
negatively influenced by land and water use outside of the areas of the 
hotspots, e.g. by changing run-off and infiltration ratios in the source 
areas of the aquifers. 

Type 3 Catchment hotspots: The areas of these hotspots refer to sub-
catchments in the basin in which various uses rely on surface water as 
their main water source and in which problems of distribution of river 
water occur between different uses or communities, and in particular 
between upstream and downstream. These hotspots are typically found 
in sub-catchments of tributaries to the Ewaso Ng’iro North river. Conflicts 
mainly occur during dry seasons, when small-scale farming communities, 
agribusinesses and/or urban water intakes compete over low flows. 
These hotspots are aggravated in case the competition over river water 
leads to over-utilisation in the sense that residual discharges out of the 
sub-catchment cannot be maintained, especially in dry seasons. In these 
hotspots it is also problematic when land use changes, e.g. forest 
depletion, lead to changes in run-off and infiltration ratios, thereby 
increasing high flows and decreasing low flows. 

Type 4 Highland-lowland hotspots: This hotspot type is basically similar to 
the sub-catchment hotspot as competition over river water is at the 
centre of water conflicts and over-utilisation of water resources. The 
difference is that the highland-lowland hotspots refer to a larger context 
encompassing the sub-catchments of several tributaries leading into one 
stream, which cannot maintain its importance for downstream 
populations and ecosystems due to over-utilisation in the upper parts of 
the hotspot, in particular during the dry seasons. This type of hotspot is 
typical for tropical-highland lowland systems with drier lowlands being 
dependent on the river water generation and use in the more favourable 
uplands. Water scarcity and conflicts in highland-lowland hotspots are 
especially complex because they are normally split by major political, 
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socio-economic or ecological boundaries, thereby making planning and 
development processes, as well as conflict mitigation more challenging. 
In addition, highland lowland hotspots normally include several 
catchment hotspots (see type 3) which implies that the competition over 
river water in the sub-catchments leads to a reduction of outflow from 
these catchments, that can sum up to a significant degradation of the 
main stream, thereby massively affecting downstream systems. 
Complexity in these types of hotspots is further increased by the danger 
that conflict mitigation of water distribution in sub-catchment hotspots 
may strongly conflict with mitigation processes at the level of the 
encompassing highland lowland hotspot, unless residual discharges are 
negotiated and maintained for each sub-catchment hotspot. 

3.3 Legend of hotspot maps 

The legend of the hotspot maps for the Ewaso Ng’iro North basin (see 
Figures 6 to 9) basically differentiates between the above four types of 
hotspots of water scarcity and conflicts. However, some types of hotspots 
can occur in combination, in particular type 2 (groundwater hotspots) and 
type 3 (sub-catchment hotspots), which in the legend are combined in the 
category of ‘catchment and groundwater hotspots’. As mentioned above, 
type 4 (highland lowland hotspots) in most cases spatially include type 3 
(sub-catchment hotspots). But this combination was in the map not 
merged into one category in order to keep the map explicit on the two 
types, thereby implicitly implying that upstream sub-catchment hotspots 
are also part of the adjunct overall highland lowland hotspot.  

4 Current hotspots (2017) 
Based on the process outlined in chapter 2 current hotspots of water 
scarcity and conflict were assessed and mapped in a participatory 
process. The result is presented in the map of current hotspots (see figure 
6), representing the state and knowledge of 2017. 

Although low and highly variable rainfall causes problems of water 
scarcity for all livelihoods and ecosystems in the basin, the map shows a 
distinct pattern of different types of hotspots, thereby indicating where 
water development and conflict mitigation should be prioritised. The 
following main observations can be drawn from the map: 

First, it can be noted that, contrary to general assumptions on highland 
lowland systems, the highland-lowland hotspot does not cover the overall 
basin, but concentrates in its upper parts. At the same time, it reveals that 
the highland lowland hotspot includes catchment hotspots all along its 
upper reaches, where population densities and economic activities are 
especially high. This creates a very complex situation with competition 
over water in catchment hotspots conflicting with distribution problems 
at the overall highland-lowland hotspot. The fact that the dry flow of the 
Ewaso Ng’iro North river has in the past decades reduced by 90%, (Kiteme 
et al 2019; Kiteme et al 2008; Wiesmann et al 2000; Wiesmann et al 1998) 
thereby strongly affecting downstream livelihoods and ecosystems, 
underpins the severity of this hotspot configuration in the upper basin. 

The second complex hotspot cluster refers to the groundwater hotspot of 
the Merti aquifer, which is related to the spring-fed catchment hotspot of 
the Ewaso Ng’iro North river feeding into the area of the aquifer. The 
multitude of agricultural, agro pastoral and pastoral water demands in 
this hotspot is overlapped by distant urban claims on groundwater, e.g. 
the planned water corridor to the Wajir town. To what extent the 
groundwater resources are already over used beyond recharge, cannot 
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yet be scientifically quantified. However, the fact that conflicts already 
prevail and that the aquifer has a transnational extension into Somalia, 
underline the current and future importance of this hotspot 
configuration. 

The other hotspots of water scarcity and conflicts in the basin are less 
complex as they are confined to more localised conditions and do not 
include different types of hotspots. They can be grouped into two: First, 
in situ hotspots that mainly affect pastoralists and that mainly relate to 
underdevelopment of and reduced accessibility to water points for 
domestic and livestock use. These local hotspots principally cover most 
parts of the pastoralists areas in the lowlands, but are especially 
pronounced where other uses, such as expanding conservancies and 
increasing agro pastoral use are restricting the accessibility of water for 
pastoralists. Secondly, catchment hotspots that are not linked to larger 
highland-lowland systems. Such hotspots are especially pronounced in 
and around the resource island of Marsabit and along the perennial and 
non-perennial border rivers to Ethiopia in the Moyale (Laga Walmur and 
Laga Badan) and Mandera (river Dauwa) regions. In these regions 
competition and conflicts between agricultural, pastoralist and urban 
demands on the same surface water resources prevail. 

In sum, the map of current hotspots of water scarcity and conflicts reveals 
that water development and conflict mitigation is complexly challenged 
in two areas of the basin; the upper basin with its highly conflictous 
highland lowland hotspot, and in the area of hotspot configurations in the 
region of the Merti aquifer. Although severe as well, the other hotspots 
in the region can be addressed with localised and site-specific 
approaches. In that sense, the map points to the main thrusts and 
priorities of water development and conflict mitigation in the Ewaso 
Ng’iro North basin. 
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Figure 6: Current state of hotspots of water scarcity and conflicts in the Ewaso Ng’iro North basin (2017) 
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5 Three scenarios 
Although the map of current state of hotspots of water scarcity and 
conflicts gives important indications for where and how to approach 
water issues and related conflicts in the basin, it however does not 
consider future trends and developments that may change or aggravate 
hotspots. In order to include this dimension into hotspot mapping for 
developing sustainable long-term strategies, scenarios of future socio-
economic and land use developments in the basin are used to 
complement the hotspot approach (see chapter 2). The basic idea of the 
scenarios is not to assume the most probable trends of development, but 
to use three scenarios to span a field of potential developments in which 
the future in reality will most probably take place. The scenarios define 
land use and socio-economic developments, which then are interpreted, 
in a participatory process, concerning their potential impacts on the 
hotspots. Three such scenarios were differentiated through the following 
narratives. 

5.1 Scenario 1: Peripheral transformation 

In this scenario, the socio-economic and infrastructural development of 
the vast dry lowlands, which constitute the largest part of the basin, will 
continue to lag behind the high-potential areas of Kenya. In conjunction 
with the projected further natural population growth and the over-
utilisation and degradation of pastoral resources, this will continue to 
deepen the crisis of pastoralism. As a result, the economy in this region 
will increasingly be dominated by small-scale informal activities. With 
poverty rates remaining high, selective outmigration of the most 
productive and educated labour force will continue. Contrary to that, the 
upper basin and especially the footzones of Mount Kenya and the 
Nyandarua ranges will as part of the high-potential Kenyan highlands 
continue their transformation towards market-oriented agriculture and 

small-scale industry, thereby increasing the socio-economic 
disintegration and the divide between the upper reaches and the rest of 
the basin.  

5.2 Scenario 2: Agrarian transformation 

In this scenario the basin will be firmly incorporated and linked to the 
overall national economy. The trends for agrarian transformation 
observed in the Kenyan highlands will spill over to the basin, with 
originally strongly subsistence oriented mixed small-scale farming 
transforming into market-oriented agriculture with more specialised and 
intensified production. This type of agriculture will develop and spatially 
further expand especially in the current catchment and groundwater 
hotspots, where water resources appear to be available. This will be 
accompanied by increasing sizes of small-scale farming enterprises and 
by the establishment of some agribusinesses even in the lower basin. 
Pastoralism will undergo further transformation with sendentarisation 
and semi-sedentarisation increasing and the shift to agro pastoralism 
taking place around the agricultural development areas. The remaining 
pastoralists will further diversify their livelihoods by increased 
engagement in the informal sector, but also by changing strategies to 
more market oriented livestock production. Contrary to scenario 1, urban 
centres will become more vibrant and serve as regional market hubs in 
these processes of agrarian transformation. 

5.3 Scenario 3: Industrial transformation 

In this scenario the driving force of development will be the realisation of 
the Lamu Port South Sudan and Ethiopia Transport (LAPSSET) Corridor 
with its main and secondary corridors (see figure 9). This supra-regional 
economic infrastructure will trigger urban and industrial development, 
e.g. in the field of infrastructure maintenance and services, especially in 
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the vicinity of the corridors, where population densities will also increase. 
Agricultural transformation will take place similarly to scenario 2, but less 
pronounced and less spatially expansive. Transformation and 
sedetarisation of pastoralism will also be similar to scenario 2, but with 
stronger concentration around the economic hubs along the corridors. 
Overall, and contrary to the other two scenarios, the economic power 
balance between the upper and the lower basin will be more levelled. 

5.4 Probability of scenarios 

It is important to reiterate that scenarios do not aim at representing the 
most probable trends but rather to span a field of potential developments 
in which the future in reality will most probably take place. It would even 
be wrong to assume that one of the above three scenarios is more 
probable than the others. This would hinder an approach to water 
development and conflict mitigation that takes into account the hotspots 
of all three scenarios and therefore is prepared for all development 
pathways within the field spanned by the scenarios. 

We use few examples to illustrate the importance to not attribute 
probabilities to the single scenarios: One decade ago, most experts might 
have attributed the highest development probability to scenario 1 
(peripheral transformation) as the development of semi-arid and arid 
areas did not constitute a major national priority. However, with the 
Kenya Constitution 2010, the processes of devolution and the respective 
functions and means of the county  governments, development pathways 
in the direction of scenario 2 (agrarian transformation) or even 3 
(industrial transformation) may have become more probable. If the 
national and international mega-project of the LAPSSET will be concretely 
realized, probabilities will shift further. The multitude of future triggers of 
development may even result in a mosaic of developments where some 
areas of the basin take the pathway of scenario 1 whereas other areas 

may develop in direction of scenario 2 or 3. These examples illustrate how 
important it is to consider the overall field of future developments 
spanned by the three scenarios instead of attributing probabilities to 
single scenarios. 

6 Future hotspots 
The above scenarios can be used to estimate the effect of the future 
socio-economic and land use developments on the current hotspots. This 
was performed in a participatory and expert-based process (see chapter 
2), resulting in three maps of future hotspots of water scarcity and 
conflicts (figures 7 to 9). 

Basically, the same legend as in the map of the current hotspots (see 
figure 6) could be used, but is complemented by additional features and 
categories for the scenarios of agrarian and industrial transformation. In 
both maps two categories were added: A category which indicates the 
spatial expansion of catchment hotspots and a category which indicates 
significant increase of pressure on groundwater. In addition, the map on 
scenario 3 (industrial transformation) shows the corridors of the planned 
LAPSSET and introduces a new category of hotspot that refers to 
problems of surface and groundwater pollution which do not play a 
significant role in the current situation, as well as in the other two 
scenarios. 
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Figure 7: Hotspots of water scarcity and conflicts under scenario ‘peripheral transformation’ 
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Figure 8: Hotspots of water scarcity and conflicts under scenario ‘agrarian transformation’ 



28 29 

Figure 8: Hotspots of water scarcity and conflicts under scenario ‘agrarian transformation’ 

29 

Figure 8: Hotspots of water scarcity and conflicts under scenario ‘agrarian transformation’ 



30 

  



30 

  

31 

Figure 9: Hotspots of water scarcity and conflicts under scenario ‘industrial transformation’ 
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Figure 9: Hotspots of water scarcity and conflicts under scenario ‘industrial transformation’ 



32 



32 33 

7 Synopsis of the four hotspot maps 
Synoptically assessing the four maps of current and future hotspots of 
water scarcity and conflicts (figures 6 to 9) enables to come up with some 
general observations that are relevant to strategies and approaches to 
water development and conflict mitigation in the basin. 

7.1 Current hotspots remain relevant 

The four maps show that the current hotspots of water scarcity and 
conflicts remain relevant and important in all three scenarios. In the 
scenario of agrarian and industrial transformation, many of them further 
aggravate, whereas pressure in some of the hotspots in the scenario of 
peripheral transformation will reduce to some extent. However, 
considering the prevailing high poverty rates in the basin under this 
scenario, water scarcity will remain a major threat to local livelihoods. 
These observations imply that the current hotspots are appropriate key-
entry-points for water development and conflict mitigation in the basin 
(see chapter 5) that also take account of possible future developments. 
In other words, building on the current hotspots for sustainable water 
development strategies and approaches lays the basis to cope with long-
term future developments.  

7.3 The upper basin remains a key-concern 

The overlap of catchment hotspots with high internal competition over 
surface water with the highland lowland hotspot remains a key concern 
in all scenarios. Under industrial transformation, and more so in the 
scenario of agrarian transformation, catchment hotspots will aggravate 
and even spatially expand, thereby worsening the problem of residual 
discharge of the Ewaso Ng’iro North river for downstream populations 
and ecosystems. In the scenario of peripheral transformation this effect 

will be less pronounced, but considering the widening socioeconomic and 
political power gap between upstream and downstream, the effects will 
be similarly grave for downstream populations and ecosystems. This 
synoptic analysis implies that approaches and negotiations on surface 
water in the upper reaches of the basin remain a very high and urgent 
priority. 

7.4 Special attention required on the great aquifer 

Experts in the participatory assessment agreed that the planned water 
corridor from the Merti aquifer to Wajir town will most probably not be 
realised in the near future. In spite of that it can be expected that the 
configuration of hotspots related to the large groundwater hotspot of the 
Merti aquifer will massively aggravate under the two scenarios of 
agrarian and industrial transformation. Thereby, increased pressure will 
not only concern groundwater itself, but also its recharge due to the 
increased surface water use in the adjunct catchment hotspots. 
Particularly important will be the pressure on spring-fed Ewaso Ng’iro 
North river before it reaches the region of Merti. Recharge may also be 
affected by changes in the high flows of Ewaso Ng’iro North river or its 
episodic tributaries, e.g. in the case of realising the planned mega river 
dams. Whereas pressure on groundwater resources in the scenario of 
agrarian transformation will mainly result from increased demand by 
market-oriented agriculture, agribusinesses, and also agro pastoral use, 
severe competition over groundwater resources in the scenario of 
industrial transformation will evolve between local agricultural demand 
and distant urban and industrial demands. Taking all these considerations 
into account, the complex configuration of hotspots around the Merti 
aquifer may in future turn into a constellation, which is as grave and 
conflictous as the situation in the upper basin. To avoid, or to cope with 
this situation it is important to urgently develop appropriate planning and 
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negotiation approaches in an early stage. This need also requires a better 
understanding and spatio-temporal monitoring of the water cycle in the 
region, in particular processes and rates of recharge, as well as the role of 
springs and tributaries for the overall water resources availability.  

7.5 Site-specific approaches to the other hotspots 

Although the other hotspots of water scarcity and conflicts in the basin 
may be as grave for the concerned populations and livelihoods, they are 
less complex than the two configurations of the upper basin and of the 
Merti aquifer. This means that local, context-specific solutions and 
approaches to water development and conflict mitigation can be 
participatorily developed for them. Of high priority are catchment 
hotspots, such as the ones in the Marsabit, Moyale and Mandera regions, 
which are foreseen to aggravate or even to expand in one or more of the 
future scenarios. This is especially important against the danger that 
these catchment hotspots may grow to form new supra-regional highland 
lowland hotspots. But also the in situ hotspots require urgent and 
continuous attention, as they heavily affect pastoralist communities and 
livelihoods in large parts of the lowlands. This is particularly important in 
contexts where access to water points is restricted by other uses and 
claims, such as the mushrooming conservancies or, in the case of 
industrial development, the restricting corridors of the LAPSSET. Finally, 
special attention is also required to the increasing water demands by 
urban and industrial developments, especially if the future trends go 
towards the scenarios of agrarian or industrial transformation. Solutions, 
which are based on local water resources, such as untapped groundwater 
pockets, should be prioritised in order not to aggravate other hotspots 
through distant demands. Especially in case of the scenario industrial 
transformation, issues of potential water pollution will have to be 

addressed from the onset of these developments through strict law 
enforcement and appropriate protection measures. 

In sum, the synopsis of the current and future maps of hotspots confirm 
the strategic thrusts for water development and conflict mitigation 
derived from the analyses of the current hotspots (see chapter 4). In 
addition, the synopsis enables to prospectively set priorities and to come 
up with appropriate and timely approaches in view of sustainable 
solutions for all hotspots of water scarcity and conflicts in the basin. 

8 Conclusions and outlook 

8.1 Conclusions 

The novel and participatory approach of hotspot mapping presented in 
this report leads to the following conclusions:  

(1) The approach of hotspot mapping has proven to effectively and
efficiently disentangle the complex water issues in the basin. The spatially
explicit mapping of different types of hotspots enables to set priorities in
water development and conflict mitigation in the basin. Knowledge-
based priority setting in this field was largely missing up to now.

(2) The preconditions for successful hotspot mapping are sufficient and
spatially disaggregated baselines on ecology, water, land use, and socio-
economy, as well as a carefully and inclusively composed team of experts
and stakeholders to perform the mapping. The participatory team also
forms the basis of social and political ownership of the results and acts as
transmitter to and champions in their respective institutions.
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negotiation approaches in an early stage. This need also requires a better 
understanding and spatio-temporal monitoring of the water cycle in the 
region, in particular processes and rates of recharge, as well as the role of 
springs and tributaries for the overall water resources availability.  

7.5 Site-specific approaches to the other hotspots 

Although the other hotspots of water scarcity and conflicts in the basin 
may be as grave for the concerned populations and livelihoods, they are 
less complex than the two configurations of the upper basin and of the 
Merti aquifer. This means that local, context-specific solutions and 
approaches to water development and conflict mitigation can be 
participatorily developed for them. Of high priority are catchment 
hotspots, such as the ones in the Marsabit, Moyale and Mandera regions, 
which are foreseen to aggravate or even to expand in one or more of the 
future scenarios. This is especially important against the danger that 
these catchment hotspots may grow to form new supra-regional highland 
lowland hotspots. But also the in situ hotspots require urgent and 
continuous attention, as they heavily affect pastoralist communities and 
livelihoods in large parts of the lowlands. This is particularly important in 
contexts where access to water points is restricted by other uses and 
claims, such as the mushrooming conservancies or, in the case of 
industrial development, the restricting corridors of the LAPSSET. Finally, 
special attention is also required to the increasing water demands by 
urban and industrial developments, especially if the future trends go 
towards the scenarios of agrarian or industrial transformation. Solutions, 
which are based on local water resources, such as untapped groundwater 
pockets, should be prioritised in order not to aggravate other hotspots 
through distant demands. Especially in case of the scenario industrial 
transformation, issues of potential water pollution will have to be 

addressed from the onset of these developments through strict law 
enforcement and appropriate protection measures. 

In sum, the synopsis of the current and future maps of hotspots confirm 
the strategic thrusts for water development and conflict mitigation 
derived from the analyses of the current hotspots (see chapter 4). In 
addition, the synopsis enables to prospectively set priorities and to come 
up with appropriate and timely approaches in view of sustainable 
solutions for all hotspots of water scarcity and conflicts in the basin. 

8 Conclusions and outlook 

8.1 Conclusions 

The novel and participatory approach of hotspot mapping presented in 
this report leads to the following conclusions:  

(1) The approach of hotspot mapping has proven to effectively and
efficiently disentangle the complex water issues in the basin. The spatially
explicit mapping of different types of hotspots enables to set priorities in
water development and conflict mitigation in the basin. Knowledge-
based priority setting in this field was largely missing up to now.

(2) The preconditions for successful hotspot mapping are sufficient and
spatially disaggregated baselines on ecology, water, land use, and socio-
economy, as well as a carefully and inclusively composed team of experts
and stakeholders to perform the mapping. The participatory team also
forms the basis of social and political ownership of the results and acts as
transmitter to and champions in their respective institutions.
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(3) The typology and characteristics of the delineated hotspots enables to
develop context-specific water development and conflict mitigation
strategies and approaches for each hotspot. It also gives clear indications
on the decision-making levels and administrative units to be involved and
indicates the communities and the range of stakeholders to be
considered in context-specific and participatory approaches.

(4) Going beyond the current state of hotspots by anticipating their future
development through the scenario building approach has added
considerable value to priority setting and approaches to water
development and conflict mitigation. It also gives clear indications on
monitoring and information needs, e.g. in the field of springs and
groundwater in the Merti region. In addition, the developed scenarios of
peripheral, agrarian and industrial transformation can form a crucial base
for policies and planning beyond the water sector.

8.2 Outlook 

The results of the hotspot mapping presented in this report form a crucial 
baseline for water development and conflict mitigation in the basin. They 
imply the following steps to be followed up: 

(1) The results of the hotspot mapping and respective priority settings
have to be anchored at all relevant decision-making and planning levels.
Based on the ownership already created within the hotspot mapping
team, a process of information, transfer and negotiation is to be initiated
that aims at broad socio-political agreement on the hotspots. This process
has already been initiated by CETRAD and respective authorities.

(2) Monitoring of critical variables for evidence-based approaches and
negotiations has to be guaranteed. The hotspot mapping has revealed
that this is especially critical in the complex hotspot configurations of the

upper basin and of the Merti region. This implies that the well-established 
long-term hydro-met monitoring in the upper basin is maintained and 
that the monitoring, in particular of springs and groundwater in the Merti 
region, is further established and respective data made available for 
interpretation, planning and negotiation. In addition, baselines on land 
and water use as well as on socio-economic characteristics dynamics 
require regular updates. 

(3) Concrete and site-specific approaches to water development and
conflict mitigation for all major hotspots can be developed and their
implementation supported in collaboration with partners, stakeholders
and concerned communities. Developing such approaches for the two
complex hotspot configurations mentioned above will thereby require a
well-tuned and planned socio-political process involving all relevant
decision-making levels from the local to the inter-county.

(4) The approach of hotspot mapping presented here was developed for
the Ewas Ng’iro North basin. Opportunity-driven, this approach can be
offered to and applied in other basins of Kenya and beyond. At the same
time, the three scenarios developed can be used in planning processes in
other development fields than water, e.g. poverty reduction, food
security, urban and infrastructural development, or conservation, among
others.

In sum, these conclusions and outlook highlight that the hotspot mapping 
forms a crucial milestone within the complex and long-term processes of 
water development and conflict mitigation in the Ewaso N’giro North 
basin. 
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