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Operational Definition of Key Concepts 

Green Water: “the water held in the soil. It is the largest fresh water resource, but it can only be used in situ, by 
plants” (Falkenmark and Rockström 2004). 

Green Water Management: Entails strategically blended nature-based mechanisms, including Soil and Water 
Conservation (SWC) hydro-policies and “Payment for Environmental Services” (PES) (Shisanya, Luwesi and 
Obando 2014).  

Payment for Environmental Services” (PES) scheme: “a voluntary transaction in which a well-defined 
environmental service (ES), or a form of land use likely to secure that service is bought by at least one ES buyer 
from a minimum of one ES provider if and only if the provider continues to supply that service (conditionality)” 
(Wunder 2005). When a PES scheme is implemented within the limits of a catchment area, it is usually called 
“Payment for Watershed Services (PWS) scheme (Luwesi, Shisanya and Obando 2012; Ortega-Pacheco, Lupi 
and Kaplowitz 2009). 

Soil and Water Conservation (SWC): these are engineering and agronomic measures used to control soil 
erosion and preserve water resources within a catchment area.  

Hydro-policies: are set of strategic and regulatory instruments used in Integrated Water Resource Management 
(IWRM) (Beyene and Luwesi, 2018) 

Integrated Water Resource Management (IWRM): "IWRM is a process which promotes the coordinated 
development and management of water, land and related resources, in order to maximize the resultant economic 
and social welfare in an equitable manner without compromising the sustainability of vital ecosystems" (GWP 
2015). 

Climate Change: climate change is a statistically significant variation in either the mean state of temperature 
precipitations and other climatic variables or their variability, persisting for an extended period (typically decades 
or longer) due to natural internal processes or to persistent anthropogenic changes in the composition of the 
atmosphere or in land use (Harris et al. 2017; IPCC 2014). 

Agriculture Adaptation to Climate Change: include both crop/ plant drought resistance and acclimatation. 
The ability of a crop to grow satisfactorily in areas subjected to water deficits has been termed as drought resistance, 
whereas acclimatation involves the ability of a plant to slowly adapt to a new environmental condition, namely 
flood, drought and dry spell (Arnon 1992). 

Crop water requirement: is the total evapo-transpiration of a crop from the sowing to the harvest 

Farmer’s water demand: is the market value of water actually bought by the farmer for its agricultural activity  

Economic Order Quantity (EOQ): is the optimum water supply or demand to be achieved under 
hypothesized “Above Normal” (ANOR) rainfall regime. 

Limit Average Cost (LAC): is the optimum water supply or demand to be achieved under hypothesized 
“Normal” (NOR) rainfall regime. 

Minimum Efficient Scale (MES): is the optimum water supply or demand to be achieved under hypothesized 
“Below Normal” (BNOR) rainfall regime. 
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1 Introduction 

The agricultural production in most tropical arid and semi-arid lands (ASALs) is being significantly affected by 
the changing weather patterns, possibly due human induced activities and other anthropogenic factors. In most 
African ASALs, rain-fed agriculture has become highly vulnerable to climate change, owing to the depletion of 
“green water” under the effect of deforestation. This “green water”, which represents the two thirds (2/3) of the 
total amount of fresh water resources, is in fact the soil moisture generated and held in the soil by plants for their 
own use. The remaining one-tenth (1/3) of all fresh water resources is actually tapped from rivers, streams and 
groundwater is referred to as “blue water”.  
 
To increase agriculture resilience to climate change scientists have suggested communities to put on strenuous 
efforts for accrue investments in Green Water Saving (GWS) in ASALs to increase the accessible blue water in 
streams and lakes as well as groundwater by 50% and above. They have since explored different types of GWS 
technologies ranging from Soil and Water Conservation (SWC) measures to hydro-policies. “Green Water 
Saving” (GWS) schemes constitute such kind of innovative SWC and hydro-policies being experimented in many 
ASALs around the globe within the framework of Water Resource Users’ Associations (WRUAs). They are 
strategic mechanisms aiming at the conservation of green water resources within the upper sub-catchment area 
under the stewardship a Water Resource Users’ Association (WRUA). They involve the co-operation of both 
upstream and downstream stakeholders, upstream farmers being “GWS services’ sellers” and their downstream 
counterparts being “GWS services’ buyers”. Henceforth, GWS schemes are “pro-poor” schemes initiated at the 
lowest level of environmental management by local stakeholders. They deal with “Payment for Environmental 
Services” (PES) by “rich” farmers to “poor” ones in order to foster a green revolution in ASALs through usage 
of SWC measures and hydro-political strategies (Ortega-Pacheco, Lupi and Kaplowitz 2009). Managing “green 
water” enhances rainwater infiltration into the soil and groundwater reserves thus resulting in increased water 
tables and thus surface runoff. They address the ever widening gap between water demand and supply, and 
ensure agriculture resilience to climate change in most ASALs.  
Even though these schemes have been successfully tested in some countries, many watershed managers do 
neither recognize their performance nor reward their outcomes in Africa in general, and Kenya in particular. 
There are also quite a few researches on rainwater saving and surface water partitioning with the aim of reducing 
unproductive evapo-transpiration and thus increasing infiltration and soil moisture to ensure agricultural water 
efficiency in Africa. Yet, such studies are needed to enhance agriculture resilience in the course of climate change 
in Africa in general, and Kenya in particular.  
 
Based on the above background, this study assessed agricultural water vulnerability to climate change and 
farmers’ capability to implement GWS schemes in Arid and Semi-Arid Lands (ASALs) of Kenya. It sought 
specifically to: (i) analyze factors leading to farmers’ vulnerability to drought and flood in Ngusishi and Muooni 
catchments; (ii) assess innovative strategies put in place by farmers to mitigate water stress and sustaining their 
livelihoods; (iii) evaluate the effectiveness of GWS schemes with regard to the use and management of 
agricultural water in the selected catchment areas; and (iv) determine the efficiency and ability of GWS schemes 
to ensure cost recovery in the selected catchments under conditions of droughts and floods. The achievement 
of these four objectives gave insight on the sustainability of agricultural water in Kenyan ASALs by shedding 
light on in terms of their biophysical need (Objective 1), their social acceptability (Objective 2 and 3), and their 
economic viability (Objective 4) of GWS schemes being particularly implemented in Ngusishi and Muooni 
catchments of Kenya. 

2 Methodological Approaches of the Study 

The research encompassed an on-farm survey involving 66 and 106 farmers from Ngusishi and Muooni 
catchments, respectively as well as 15 in-depth interviews in each catchment, one Focus Group Discussion 
(FGD) in each catchment, and hydro-geomorphologic field surveys. The latter dealt with river discharge and soil 
moisture measurements in situ using Hydrometrie current meter and ThetaProbeML2x Moisture meter, respectively. 
The river discharge was computed from estimates of velocity, length and depth of 6 cross-sections of the rivers 
under study, while the soil moisture was automatically measured by the machine from 30 soil points in each 
catchment. Besides the above on-farm survey, in-depth interviews, FGDs and field researches, data collection 
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also encompassed large sets of secondary data on rainfall, temperature and discharge, as well as an extensive 
literature review. 
To determine factors leading to farmers’ vulnerability to water disasters (Objective 1) the analysis encompassed: 
(i) The assessment of Land-Use/ Land-Cover Change (LULC) based on satellite imagery’s Ground Control Point 
(GCP) technique; (ii) Hydro-climatic forecast of the variations in rainfall, temperature and discharge using 
Seasonal Auto Regressive Integrated Moving Averages (SARIMA) and Predicted Probability plots (PP plots); 
(iii) The prediction of water balance in each catchment using the Water Evaluation And Planning (WEAP) model; 
and (iv) the quantification of risks and vulnerability rates. The assessment of innovative water saving strategies 
(Objective 2) was mainly based on descriptive statistics and qualitative methods of pattern analysis. To evaluate 
the effectiveness and efficiency of GWS schemes put in place by farmers (Objective 3) the study first analyzed 
the Strengths, Weaknesses, Opportunities and Threats (SWOT) catchment management institutions prior to 
calculating farmers’ capability and to rating water institutions’ performance via Performance Management Rating 
(PMR). Finally, hydro-economic Cost Efficiency Inventory (CEI) and BCR financial mathematical models were 
utilised to determine GWS schemes’ efficiency and cost recovery ability in comparison with Blue Water Supply 
(BWS) projects (Objective 4). 

3 Findings of The Study 

3.1 Factors leading to farmers’ vulnerability to water disasters (Objective 1) 

Results of the Vulnerability-Capability Assessment (VCA) indicate that farmers in general were more vulnerable 
to drought than flood. This was mostly explained by land-use activities that were inconsistent with SWC, thus 
leading to subsequent environmental changes. The latter were said to be linked to some extent to the global 
warming, sea surface temperature rise, ocean currents, and atmospheric winds in the southern hemisphere, 
commonly known as El Niño flood and La Niña drought.  
The forecast of expected mean temperatures for Ngusishi catchment reveal increases of 1.60C in a century (R2 
= 0.84), which will be accompanied by increased annual rainfall of about 15 mm per century, and decreased river 
discharge of 0.18% downstream (R2 = 0.835). Muooni catchment in turn will experience an increase of about 
1.00C of mean temperatures per century (R2 = 0.863) with subsequent decreases in mean rainfall of about 10 
mm per century (R2 = 0.877) and decreased river discharge of 1.2% downstream (R2 = 0.667).  
The assessment of Land-Use/ Land Cover Change (LULC) clearly emphasized a drastic depletion of natural 
vegetations, shrubland, grassland and riverine vegetation of about 62% in Ngusishi catchment (from 2,324.83 
hectares in 1976 to 883.7 hectares in 2007), whereas the analysis of satellite images for a similar period revealed 
a re-greening of Muooni catchment of about 19.4% (from 1,191.65 hectares in 1976 to 1,422.99 hectares in 
2010). The latter was mainly explained by the effects of agro-forestry within what seemed to be like a “natural 
forest” (though man-made) from that vantage view.  
Results of the prediction of the total water balance in 2010 show a deficit of 27,760.59 m3 /day in Ngusishi 
catchment, the upper sub-catchment recording 25,442.59 m3 deficit /day, and the lower one 2,318 m3 
deficit/day. In contrast, water balance in Muooni catchment resulted into a surplus of +1,007.14 m3 /day, 
upstream farmers recording unmet demands of 2,165.24 m3 /day while their downstream counterparts enjoyed 
a surplus of 3,172.38 m3 /day. In fact, the hydrological survey conducted in Muooni catchment shows that more 
than 66% of the total daily water demand (of 3,008.06 m3) for domestic and institutional use is abstracted by 
water projects operating therein. Schools, health centres and local industries were contented with about 15.3%, 
5.8% and 12.6%, respectively. Daily water consumption by livestock was estimated to 425.34 m3 upstream and 
519.86 m3 downstream, goats and cattle consuming about 70% of the total demand. Finally, daily water demand 
for irrigation averaged 26,752.47 m3, upstream and downstream farmers requiring 38.4% and 60.6% of the 
catchment’s irrigation water demand, respectively, in the year 2010. In total, upstream farmers needed 10,272.95 
m3/day while downstream ones required 16,479.52 m3/day.  
Concerning Ngusishi catchment, the total household water demand amounted to 2,260.15 m3/day. Ngusishi 
Water Resource Users’ Association was abstracting 2,201.65 m3/day, while the remaining 2.6% was allocated to 
health centres (1.4%) and mini factories (1.2%). Finally, the computed water demand for agriculture averaged 
1,232,521.3 m3 /month, upstream farmers abstracting about 79.3% and downstream ones 20.7%. In total, water 
demands upstream and downstream represented 32,579.645.7 and 8,504.4 m3 /day, respectively. Water demand 
by mini bakeries amounted to 1 m3/day while restaurants and hotels ordered about 25 m3 /day, thus making a 
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total of 26 m3 /day. Water demand for livestock was estimated to 29,252 and 35,752 m3 in 2010 for upstream 
and downstream, respectively. If an environmental Flow Reserve (EFR) of 30% was to be enforced, both 
catchments would have recorded total deficits in the year 2010. Likewise, none of them is expected to sustain a 
surplus by the year 2030 and in the long run.  

3.2 Assessing innovative water saving strategies (Objective 2) 

This study revealed that the two selected catchments displayed a high rate of dependence on surface water 
resources. Yet, predicted blue water balances for the 2011-2030 period revealed high rates of unmet water 
demands over years, owing to drought intensity and high water abstraction upstream (for Ngusishi) and 
downstream (for Muooni). Local stakeholders have thus embraced innovative water saving strategies ranging 
from traditional Soil and Water Conservation (SWC) measures to modern hydro-policies and technologies. If 
Muooni stakeholders were lauded for their adherence to SWC measures, Ngusishi farmers have performed in 
building a strong institution for water resource management, the Ngisishi Water Resource Users’ Association 
(NWRUA). The latter does not only co-ordinate water supply and demand, but also fosters the implementation 
of GWS schemes in the catchment. Another example of innovative water development in ASALs was given by 
an automated borehole project activated by mobile phone technology. It was implemented in a catchment 
neighbouring upstream Muooni (Musingini) by the Danish Pump maker Grundfos Lifelink and the Kenyan 
mobile operator Safaricom. The implementation of such innovative schemes required a high “Willingness To 
Pay” (WTP) for GWS services by downstream farmers and a fair “Willingness To Accept compensation” (WTA) 
for GWS services by upstream farmers. About 46.2% farmers living upstream Ngusishi catchment and 20.6% 
downstream farmers revealed having been involved in a GWS scheme. Such kind of mechanisms encompassed: 
(1) the award Green Water Credits (2.4%); (2) cash payments by rich farmers to poor ones for environmental 
services (24.4%); (3) the donation of clean water by rich farmers to poor ones in time of drought for the sake of 
environmental conservation (24.4%); (5) the allocation of farming water quantity to all farmers with possibility 
for one's selling his/her share (24.4%); and (6) the offering of employment for environmental conservation by 
the State or a large scale farmer (24.4%). Though Muooni farmers were not linked by any GWS scheme’s 
agreement, they demonstrated both their Intention To Pay (ITP) and Intention To Accept compensation (ITP) 
for GWS scheme. In effect, 25% of farmers upstream and 22.8% downstream have already heard about a specific 
type of GWS schemes. These farmers wished to implement nine (9) major schemes, namely: (1) Green Water 
Credits (1%); (2) cash payments by rich farmers to poor ones for environmental services (18%); (3) the transfer 
by rich farmers of part of their harvest to poor ones for environmental services (5%); (4) the donation of 
foodstuffs in time of famine by rich farmers to poor ones for environmental services (6%); (5) the donation of 
clean water in time of drought by rich ones to poor ones for environmental services (17%); (6) the allocation of 
farming water quantity to all farmers with possibility for one's selling his/her share (24%); (7) employment for 
environmental conservation by the State or large scale farmers (22%); (8) the transfer of management of a public 
fund to a private business for watershed conservation (6%); and (9) the leasing of public land for environmental 
conservation (1%). Nevertheless, Muooni farmers need strong institutional frameworks for managing the whole 
catchment and increasing their capability to curb the effects of flooding and drought in their catchment. 

3.3 Evaluating the effectiveness of GWS schemes (Objective 3) 

These decreasing trends in the water balance were associated with high water abstraction patterns and high rates 
of vulnerability to drought estimated to 53.3% in Ngusishi catchment (against 4.3% of vulnerability to flood), 
and 97.4% in Muooni catchment (compared to 2.7% of vulnerability to flood). This farmers’ vulnerability to 
drought in Ngusishi catchment was mostly due to the collapse of the available ecosystem under severe drought 
(94 %), while a fair socio-political impact (54%) and a minor economic impact were (21.9%). Likewise, the bio-
physiscal, socio-political and economic impacts of drought in Muooni catchment were rated severe (95 %), major 
(85%) and fair (51.2%), respectively.  
In such conditions, GWS schemes must have been bio-physically needed and their implementation feasible. 
However, their social acceptability would have depended on their good performance. This was the case for 
Ngusishi catchment, which overall effectiveness of GWS schemes was rated “good” (76%). These schemes were 
found effectively “good” for addressing challenges related to high storm intensity or flooding (61.6% capability 
index and 4.3% vulnerability index). They were said to be “fairly poor” in curbing warming effects resulting from 
minimum temperatures’ increase (29% capability index and 22.4% vulnerability index) and “poor” in addressing 
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drought effects arising from decreased river discharges and soil moisture (24.2% capability index and 53.3% 
vulnerability index) in Ngusishi catchment. However, the overall effectiveness of GWS schemes in Muooni 
catchment was rated “fairly good” (54.4%). Their capability ranged from “poor” to “good”, owing to the effect 
of drought on river discharge and soil moisture decrease (2.2% capability index and 97.4% vulnerability index), 
to the warming effect of increased minimum temperatures (2.7% capability index and 72.4% vulnerability index) 
and to storm intensity (78.4% capability index and 2.7% vulnerability index) in Muooni catchment. The 
performance of these GWS schemes in both drought stricken catchment areas was yet not truly felt on the 
ground. This was due to limited natural, social and economic resources vis-à-vis the high intensity of drought 
hazards, which are often exacerbated by El Niño and La Niña cycles in both catchments. In such context, 
increased social networking may increase poor capability to compensate the collapse of its bio-physical systems 
and economic loss. This will enable a smooth running of GWS schemes in the catchment, particularly in Muooni 
catchment. 

3.4 Efficiency and Cost Recovery of GWS Schemes (Objective 4) 

GWS schemes were specifically found to be efficient and economically beneficial under Above Normal (ANOR) 
rainfall regime rather than conditions of drought, and Blue Water Supply (BWS) projects were just the opposite. 
In effect, Ngusishi catchment presented a case of subsidized blue water supply, with the price of a cubic meter 
stabilizing around US$ 0.01 the cubic meter (that is less than KES 1 /m3) from 2010 to 2030 for annual growth 
rates of demand and supply of +4.5% and -4.2% for, respectively, under ANOR. Revenues would rather decrease 
than increase at annual rates of 4% owing to subsided supply and stabilization of sale prices at Hence, losses 
incurred under the ANOR scenario would likely be attributed to the subsidization of prices, while the catchment 
would be facing enormous daily unmet demands of 12,425 m3 in 2030. Under the NOR scenario, Ngusishi 
farmers will have to contend with unmet demands of about 86,000 m3 /day in 2030 and average prices ranging 
from US$ 0.07 /m3 (in 2010) to US$ 0.08 /m3 (in 2030). This situation will worsen under the BNOR scenario 
when the unmet demands will count for 98,234 m3 /day in the year 2030. Under such conditions, GWS schemes 
will need to increase their technical and allocative efficiencies to save more excess water during the ANOR 
rainfall regime (flood) to supplement water deficits under the NOR (normal) and BNOR (drought) rainfall 
regimes at a fair price.  
Surprisingly, such efficiency was partly achieved by BWS projects operating in Muooni catchment, which 
recorded high technical efficiencies of 277.3% and 100% under the ANOR and BNOR scenarios, respectively 
in the year 2030. Though burdensome for farmers, these water businesses were charging an average water cost 
of ten (10) to fifty (50) times higher than Ngusishi under normal and drought conditions, and sometimes under 
overflow. They were expected to make as high gross profits as US$ 2,191.73 /day in 2030 under the ANOR 
scenario, demand, increasing quickly than supply by 2.75% in the year 2035. These water vendors will be more 
profitable under NOR and BNOR scenarios, their record profitability rates ranging from 23% (in 2010) to 161% 
(in 2030) under the BNOR scenario. This kind of economic mania and greed deplored by Kindelberger and 
Aliber (2005) lead to panics and are among the causes of unsustainable water supplies in the long run. The latter 
were predicted to decrease at a rate of from about 60,000 m3/day in 2010 (under ANOR scenario) to nearly 
2,000 m3/day in 2030 (under BNOR scenario), while the daily water demand was set around 27,000 m3/day 
under both scenarios. This situation was finally attributed to the lack of adequate allocative efficiency, in the 
absence of an institution coordinating the catchment management. Thence, GWS schemes were expected to 
increase water sustainability and productivity under conditions of flood to achieve an “Economic Order 
Quantity” (EOQ) of 12,702.7 m3/day, or a “Limit Average Cost” (LAC) of 5,202.31 m3/day under normal 
climatic conditions, or a “Minimum Efficient Scale” (MES) of 7,942.08 m3/ day under conditions of drought. 
A merger between these schemes and cost-effective BWS projects was recommended under conditions of 
drought to minimize deficits in water productivity and ensure higher Benefit-Cost Ratios (BCR). In effect, BWS 
projects were found economically rentable than GWS schemes in a water scarce area like Muooni, under normal 
conditions (NOR) and drought (BNOR), these projects recording BCRs of 3.72 and 2.38, respectively, but 
lacking economic viability under conditions of flooding (ANOR) with a BCR of 0.23. However, these blue water 
businesses were not economically viable in a regulated catchment like Ngusishi, neither under the NOR scenario 
(BCR= 0.17), nor under the BNOR (BCR= -0.70) nor under the ANOR scenario (BCR= - 0.1). Under the 
alternative scenario, GWS schemes were not found economically viable under conditions of drought or normal 
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conditions. However, these schemes offered higher BCR rates of 15.92 and 5.09 under conditions of flooding 
(ANOR scenario) for Ngusishi and Muooni catchments, respectively.  
Finally, a contingent valuation of GWS schemes’ benefit confirmed that these schemes were not financially 
sustainable. With a WTP of US$ 11.61 times 674 households and a WTA of US$ 108.33 times 1,011 households, 
the implementation of GWS schemes in Ngusishi would result in a monthly deficit of US$ 101,696.49. Likewise, 
GWS schemes in Muooni catchment will incur a monthly deficit of US$ 485,816.22 with downstream farmers 
expressing a Willingness To Pay (WTP) for GWS services of US$ 21.82 monthly (times 2,549 households), 
against a Willingness To Accept compensation (WTA) by upstream farmers of US$ 259.06 (times 2,090 
households per month). GWS schemes operating in Muooni and Ngusishi would thus need to ensure their cost 
recovery by raising substantial funds from other agencies, thus impeding their financial self sufficiency and 
economic feasibility in the long run. No wonder that many catchment managers remain sceptical about the ability 
of these schemes to ensure cost recovery. 

4 Conclusions and Recommendations of the Study 

The depletion of blue water reserves and rapid changes in Land Use and Land Cover (LULC) in most Arid and 
Semi Arid Lands (ASALs) of Kenya raise much concern about agriculture resilience in those areas. They are the 
result of catchment degradation, which is portrayed by the collapse of its biological and ecological systems, 
reduced social equity and economic efficiency of water projects in the catchment area. The latter are attributed 
to human induced activities exacerbated by population growth and the effects of cycles of El Niño flood and La 
Niña droughts as well as the failure by the government to develop surface and groundwater resources. This 
farmers’ vulnerability to drought and drought-flood cycles is predicted to worsen by the year 2030, if no 
precautionary measure is taken. Tremendous unmet crop water demands are expected under BNOR rainfall 
regime (drought), and sometimes under normal rainfall regimes (NOR), especially in Muooni catchment, where 
high water prices have been signalled, even under periods of overflow (ANOR). For that reason, farmers have 
been using various water saving strategies to curb these hazardous effects of drought and flood in farming. These 
included traditional Soil and Water Conservation (SWC) measures, modern technological innovations and hydro-
policies. The introduction of such innovative water saving strategies in drought stricken areas, particularly in 
Muooni catchment, has brought some relief to farmers. Yet, some farmers and catchment managers would not 
fully acknowledge nor reward the effectiveness of such SWC measures, technological innovations and hydro-
policies, particularly in Muooni catchment. This was mainly explained by the high intensity of impacts associated 
to climatic changes, which could not allow them feel the true impact of GWS schemes on the ground nor reward 
their performance. It was thus suggested that farmers increase social networking in the catchment along with 
effective co-ordination of its water resource management to increase their capability and compensate the collapse 
of their biological and ecological systems, social and political inequality and economic loss across the country, 
and particularly in Muooni catchment. Hence, the creation of strong WRUAs was recommended to be an 
effective way for spearheading the adoption of GWS schemes and blend them with efficient BWS projects and 
innovative financial mechanisms such as microfinance, BOT, BOL and BOS. This would enable farmers achieve 
an “Economic Order Quantity” (EOQ) under flooding conditions (ANOR), a “Limit Average Cost” (LAC) 
under normal conditions and a “Minimum Efficient Scale” (MES) under conditions of drought (BNOR) to 
ensure agricultural water sustainability and farming resilience in drought stricken areas. 
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1.1. Background  

Several climate scenarios predict a decline in communities’ livelihood in dry and marginal lands owing to 
challenging issues of water availability and decreased quality in the course of climate change (Jones et al. 2004; 
DeWit and Stankiewicz 2006; IPCC 2001; 2007; 2012). In fact, climate change exacerbates rainfall regimes and 
the distribution of natural resources with regard to the basic needs of communities, thus leading to vulnerability 
to water disasters and poverty (Shisanya 1996; Pachauri 2004; Stern 2007; Van Aalst 2006; Shisanya and Khayesi 
2007; USAID 2009a; Luwesi, Shisanya and Obando 2011). The 2007/2008 Human Development Report (HDR) 
emphasized that fact by declaring:  

Climate change will be one of the defining forces shaping prospects for human development during the 21st 
Century. Through its impact on ecology, rainfall, temperature and weather systems, global warming will directly 
affect all countries. Nobody will be immune to its consequences. However, some countries and people are more 
vulnerable than others. In the long term, the whole of humanity faces risks but more immediately, the risks 
and vulnerabilities are skewed towards the world’s poorest people.... The bad news is that forces generated by 
climate change will be superimposed on a world marked by deep and pervasive human development deficits, 
and by disparities that divide the ‘haves’ and the ‘have-nots (UNDP 2007a).  

Hence, agricultural production in most tropical Arid and Semi-Arid Lands (ASALs) is not only to be affected by 
the changing weather patterns, but more significantly by population settlements, deforestation and other Land 
Use/Land-Cover (LULC) changes (Bates et al. 2008; UNEP/GRID-Arendal 2008; USAID 2009b). To ensure 
agriculture resilience to climate related water disasters, many countries have resorted to increase their investments 
in surface water saving by building huge dams and other storages (Ledec and Quintero 2003; World Bank et al. 
2008; Scherr et al. 2011). Owing to the high cost of investments in surface water transfer and storage and their 
side effects on desertification (Reisner 1993), scientists have suggested local communities to put on strenuous 
efforts for accrue investments in saving “green water” with the prospect of increasing the accessible “blue water” 
in streams and lakes as well as groundwater by at least 50% through increased water table and finally extensive 
surface runoff (Dent and Kauffman 2007; Malesu et al. 2007; Hoff et al. 2010; Immerzeel et al. 2010; Luwesi and 
Bader 2012; Luwesi, Shisanya and Obando 2012). The latter represents about one third (1/3) of the total fresh 
water resource obtained through direct transfer of rainfall into the soil and aquifers. The remaining two thirds 
(2/3) is referred to as “green water” and is defined the water held in the soil by plants for their own use (Wilschut 
2010; UNEP 2011). Green water is thus “the largest fresh water resource, but it can only be used in situ, by 
plants” (Falkenmark and Rockström 2004).  
Managing green water together gives an opportunity to farmers to work toward safeguarding their “blue water” 
and assuring their livelihood and food security to all. “Green Water Saving” (GWS) schemes are such strategic 
mechanisms fostering the participation of both upstream and downstream stakeholders and their partners in a 
legal contractual agreement commonly known as “Payment for Environmental Services” (PES) (WRMA 2010; 
PRESA 2012). Within the GWS scheme framework, upstream farmers are considered as “GWS services’ sellers” 
and the stewards of the catchment. They are entitled to payment or any other compensation for implementation 
of SWC measures in the upper sub-catchment. Their downstream counterparts are referred to as “GWS services’ 
buyers” and considered as potential beneficiaries of the upper sub-catchment conservation. They need therefore 
to finance the catchment conservation with support from the private sector (microfinance, banks and 
enterprises), governmental institutions and development partners (WRMA 2010).  
 
The GWS agreement aims to conserve the upper sub-catchment area under the stewardship of a Water Users’ 
Association (WRUA) using different types of mechanisms ranging from Soil and Water Conservation (SWC) 
measures to hydro-policies (ISRIC 2008; IWMNet 2010). In general, SWC measures applied in a watershed 
include planting of trees and conservation of water source; control of soil erosion, desiltation of drainage 
channels and water storages; and control of water pollution at source (Porras et al. 2007). Innovative hydro-
policies are also being introduced. They mainly deal with the award of Green Water Credits (GWCs) to upstream 
and midstream stakeholders; the allocation of Evapo-Transpiration Quotas (ETQ) to farmers; Payments for 
Watershed Services (PWS) and any other kind of compensation by “rich” stakeholders to “poor” farmers who 
deliver Environmental Services (ES); as well as the promotion of Rain Water Harvesting and Storage (RWHS) 
and Import of Virtual Water (VW) (Earle 2005; Bastiaanssen and Bingfang 2008). GWS schemes have been 
experimented in many ASALs around the world including Australia, Bangladesh, Burkina Faso, Kenya, Niger, 
Palestine South-Africa and Zimbabwe to address the ever widening gap between water demand and supply 
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(Malesu et al. 2008; Mukheibir 2008; Reij et al. 2009; Islam et al. 2010; Zhang et al. 2010; Al-Salaymeh et al. 2011). 
These schemes have enhanced water use efficiency in agriculture by increasing infiltration, reducing surface 
runoff/ overland flow generation and thereby increasing soil water availability and shifting unproductive 
evaporation to productive water use. 
It shall be noted that GWS schemes are being implemented within the context of Integrated Water Resource 
Management (IWRM) to overcome the great challenge of moving from “business as usual” to “business not as 
usual” in the course of climate change (Cap-Net, GWP and UNDP 2007; UNDP 2007b; Berntell 2008).  
Henceforth, they are “pro-poor” schemes initiated by local stakeholders at the lowest level of environmental 
management, in lieu of poverty alleviation mechanisms initiated by governmental institutions and their 
development partners. They are also localised “Payment for Environmental Services” (PES) instead of “Clean 
Development Mechanisms” (CDMs) that aim to financing a green revolution through trading of Environmental 
Services (ES) between “rich” and “poor” countries. Thus, GWS schemes have become useful programmes for 
climate adaptation. These schemes have been successfully tested with a co-benefit in terms of climate mitigation 
in countries such as Australia, Bangladesh, Burkina Faso, Niger, Palestine and South-Africa to address the ever 
widening gap between water demand and supply. Hunink et al. (2010) demonstrated that the implementation of 
Green Water Credits (GWCs) in the Upper Tana Catchment of Kenya enhanced cooperation between upstream 
and downstream stakeholders, thus mitigating conflicts arising on resource utilization (Gleditsch et al. 2004). 
Besides, enhanced rainwater storage and utilization has been identified as one of the key mitigation measures for 
food security and poverty alleviation in East Africa the poor (Malesu et al. 2007). Thus, investing in rainwater 
harvesting may provide more economic incentives to governments to curb the effects of deforestation and 
mitigate flood, drought and dry spells through implementation of climate resilient development mechanisms 
such as GWCs (Rockström 2003; ISRIC 2008). 

1.2 Problem Statement and Justification 

Climatic changes occurring globally are among factors leading to the transformation most catchments in Kenya. 
Water stressed and scarce areas represent about 85% of the country and are becoming drier with unpredictable 
water flows subject to extreme events such as drought, flood and mass movements. Most people living in these 
areas rely on rainfall as their major source of water for agriculture. The Government of Kenya (GoK) thus 
initiated a water sector reform in 1999, which culminated with the release of The Water Act 2002. The aim of this 
new policy was to augment water flows and storage in all the drainage systems to sustain agriculture resilience to 
climate change (Ngurari 2009). The government has ever since increased its water budget line to enable the 
construction of many dams across the country (bfz, WaterCap and EUWI 2011). Yet, owing to the degradation 
of most catchment areas, these dams are subject to siltation and pollution. In view of this development, the 
government has henceforth engaged in the rehabilitation of major catchment areas of Kenya through the Water 
Resources Management Authority (WRMA) and the Water Resource Users’ Associations (WRUAs). A few 
research organizations have successfully accompanied this process by introducing Green Water Saving (GWS) 
Schemes in some areas to WRUAs – like in Ngusishi catchment. In areas where no WRUA exist– such as in 
Muooni catchment- some farmers’ associations have been implementing similar mechanisms for decades. Yet, 
many among those managing the catchments across Kenya do neither recognize the performance of such 
schemes nor do they reward their outcomes. Though unrecognised and unrewarded, Geertsma, Wilschut and 
Kauffman (2010) argue that GWS schemes are practically effective, biophysically possible, socially acceptable 
and economically feasible when it comes to satisfying the needs of both upstream farmers and downstream water 
users, especially in Sub-Saharan Africa (Wunder 2007). So, why is the concept of GWS scheme not effectively 
incorporated in social practices and political institutions operating within most catchments of Kenya? 
This study was hence justified by the fact that there are quite a few researches evidencing the benefits of pro-
poor rainwater saving schemes in Kenya, with the aim of partitioning the available water and reducing 
unproductive evapo-transpiration to increase infiltration and soil moisture. Moreover, studies explaining the 
non-performance of these schemes in ASALs are quasi nonexistent. Yet, such kinds of researches are needed to 
enhance agriculture resilience in the course of climate change in Africa in general, and Kenya in particular. This 
study is therefore justified to shed light on the biophysical need, the social acceptability and the economic viability 
of GWS schemes being particularly implemented in Ngusishi and Muooni catchments of Kenya. This will give 
an insight on the sustainability of agricultural water in these Kenyan ASALs. 
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1.3. Objectives  

The broad objective of this study is to assess agricultural water vulnerability to climate change and farmers’ 
capability to implement GWS schemes in Semi-Arid Lands (ASALs) of Kenya. Specifically, it aims to achieve 
the following targets: 
(i)  To analyze factors leading to farming water vulnerability to drought and flood in Ngusishi and Muooni 

catchments; 
(ii)  To assess innovative strategies put in place by farmers to mitigate water stress and sustaining their 

livelihoods;  
(iii)  To evaluate the effectiveness of GWS schemes with regard to the use and management of agricultural 

water in the selected catchment areas; and 
(iv)  To determine the efficiency and cost recovery ability of these schemes in the selected catchments under 

conditions of droughts and floods. 

1.4 Significance of the Study and Scope  

This study provides scientific evidence on the sustainability of agricultural water in the course of climate change 
through implementation of GWS schemes. It sheds more light on the practicality, the biophysical need, the social 
acceptability and the economic viability of these schemes in Kenyan ASALs. A robust Performance Assessment 
and Evaluation (PAE) of such schemes was used to explain factors hindering their adoption by those managing 
catchments. These were assessed to address major issues pertaining to the implementation of the Water Act 2002 
in Kenya (Huggins 2002). Nonetheless, the study did not assess each and every scheme to the extent of describing 
each intervention. Rather, it provided an overall picture of their sustainability in Kenyan ASALs. Hence, findings 
from this study are expected to contribute to improved socio-political and financing mechanisms of agricultural 
water development in ASALs. This will enhance farmers’ adaptability to water disasters. These encompass among 
others the dissemination and funding of SWC measures, rainwater harvesting and storage, water allocation plans, 
small scale irrigation schemes, and other water saving systems by local farmers as well as alternative financing 
options by public institutions and development partners. 
Moreover, the assessment of agricultural water saving mechanisms was focused on Kenyan catchments located 
in ASALs, where there exists a GWS scheme implemented within the framework of a WRUA or any other 
farmers’ association. The focus was narrowed down to agriculture adaptation to water disasters under conditions 
of drought and flood occurring in Ngusishi and Muooni catchments. The target group of this research mainly 
encompassed peasant farmers, especially those who are members of Water Resource Users’ Associations 
(WRUAs), water projects and self-help groups and farmers’ associations. 

1.5 Limitations of the Study 

Data availability is a major issue in most catchments of Kenya. Data used to assess LULC change and predict 
hydro-climatic patterns (that is rainfall, temperature and river discharge) by the year 2030 were scattered over a 
period of 40 years (1970-2010), thus resulting in many missing data. These secondary physical data were availed 
by the regional offices of the Water Resources Management Authority (WRMA) and sometimes by the Water 
Resource Users’ Associations (WRUAs). Agro-economic and social data were gathered using questionnaires, 
interviews’ guides and a guide for Focus Group Discussions (FGDs). This field research covered demographics, 
farm innovations, soil and water conservation technologies, agro-ecological knowledge and skills used by 
smallholder farmers in the management of plant water resources in Eastern Province of Kenya. Accessibility to 
respondents, communication hindrances, and inaccuracies of farmers’ responses were some of the limitations to 
the reliability of the study findings. Owing to these challenges, technological devices were used to fill the gaps in 
data and apprehend inaccuracies in farmers’ responses. Also, four research assistants were hired, two from each 
selected catchment, to unblock communication barriers. 

1.6 Theoretical and Conceptual Frameworks 

Achieving agriculture sustainability within the framework of GWS schemes requires an integrated approach of 
catchment management for decreased farmers’ vulnerability to climate change and their enhanced capability to 
curb water disasters. Hence, the study first applied “DPSIR framework for a strategic marine development 
assessment” to establish farmers’ response to environmental changes (Turner et al. 2010) (Fig.1.1). 
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Fig. 1.1 DPSIR Framework Assessment within a Marine Context (Turner et al., 2010) 
This DPSIR Assessment Framework has been used to describe “Driving forces” that lead to environmental 
degradation of the catchment (“Impacts”) and innovative mechanisms put in place by local stakeholders 
(“Responses”) to curb a complex of causal links resulting from “Pressures” by anthropogenic and natural (or 
biophysical) processes leading to subsequent “States” of the catchment degradation. Remarkable was the 
introduction of “Cost-Benefit Analysis” (CBA) in this DPSIR framework used by Turner et al. (2010) to assess 
local stakeholders’ economic gains and losses due to climate change and coastal processes variability  
The drivers to farmers’ vulnerability and their response obtained from the DPSIR assessment were assessed 
against the magnitude of such vulnerability and farmers’ capability using Downing and Patwardhan (2005) 
Vulnerability-Capacity Assessment (VCA) framework (Fig. 1.2).  

 
Fig. 1.2 VCA framework (Adapted after Downing and Patwardhan 2005) 

Consequently, an integrated framework that combines both farmers’ response and their capability was used to 
provide a complete picture of the study (Fig. 1.3). This re-designed adaptation framework provides a holistic 
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view of the management of agricultural water resources in the course of climate change in Kenyan ASALs. It 
integrates the methodological approach for the DPSIR assessment suggested by Turner et al. (2010) and Downing 
and Patwardhan (2005) VCA technique with the WRI (2007) adaptation theory. The latter states that water 
disaster adaptation programme shall take into consideration a continuum of responses to climate change. These 
may include: (i) Addressing the drivers of vulnerability, (ii) Building response-capacity, (iii) Managing climate 
risk, and (iv) Confronting climate change. The new adaptation framework involves two main wings: (i) Drivers 
to vulnerability; and (ii) Responses to Vulnerability. Each wing embeds issues related the biophysical need of 
GWS schemes, their socio-political acceptability and their economic viability. The analysis therefore comprises 
four (4) major steps: (i) A risk assessment of climate change impact on water resources; (ii) A vulnerability 
assessment of farmers to water disasters; (iii) A socio-political appraisal of GWS schemes acceptability; and (iv) 
An economic analysis of the viability of GWS schemes’ investments under conditions of drought and flood (Van 
Aalst 2006). In support of this analytical framework, the study used biophysical models, socio-political 
assessment metrics and economic models to assess upstream and downstream farmers’ response and their 
capability to implement GWS schemes in two catchments of Kenya, namely Ngusishi and Muooni catchments. 
For efficient use and holistic management of agricultural water resources, the assessment involved: (i) the 
computation of the impacts and risks related to water disasters by predicting the micro-climate change, LULC 
change and the future water balance; (ii) an estimate of the amplitude of vulnerability to drought and flood using 
mathematical models (ii) an estimate of the amplitude of farmers’ capability using similar models for vulnerability, 
and an appraisal of socio-political acceptability of the success of GWS schemes under conditions of drought and 
flood using SWOT analysis and “Performance based Management Rating” (PMR) of watershed institutions’ 
management; and (iii) the economic viability of the GWS schemes by providing an estimate of their cost-
efficiency and Benefit-Cost Ratio (BCR)  compared to Blue Water Supply (BWS) projects, under hypothesised 
Normal (NOR), Above Normal (ANOR) and Below Normal (BNOR) rainfall regimes.  

 
Fig.1.3 Farming water adaptation assessment framework (Luwesi and Shisanya 2017) 
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2.1 Introduction 

The foregoing literature review reveals that very little attention has been paid to the overall performance of green 
water saving and its “use value” in agriculture in the course of climate change, particularly in Kenyan ASALs. 
This study attempted to fill this gap by analysing predictions on agriculture adaptation in the course of climate 
change; the usage of indigenous knowledge by peasant farmers in the context of climate adaptation; GWS 
schemes implementation in the context of Integrated Water Resource Management (IWRM); and a methodology 
for needs assessment for successful implementation of GWS Schemes in Kenya.  

2.1 Agriculture Adaptation to Climate Change 

Climate change has both direct and indirect impacts on agricultural production and its market. These include 
“adaptation and land use practices, soil and vegetation conditions, nutrient loss, water availability, physiological 
conditions, environmental degradation such as environmental pollution and desertification, pests and diseases, 
transportation, marketing and many other agricultural indicators which are crucial to sustainable national 
development” (Ogallo, Boulahya and Keane 1999; Hulme et al. 2005). IPCC (2007) defines climate change as “a 
statistically significant variation in either the mean state of the climate or in its variability, persisting for an 
extended period (typically decades or longer). Climate change may be due to natural internal processes or external 
forcings, or to persistent anthropogenic changes in the composition of the atmosphere or in land use”. 
Agriculture adaptation to climate change on the other end includes both crop/ plant drought resistance and 
acclimatation. The ability of a crop/ plant to grow satisfactorily in areas subjected to water deficits can be termed 
as drought resistance, whereas acclimatation involves the ability of a crop/ plant to slowly adapt to a new 
environmental condition, namely flood, drought and dry spell (Arnon 1992). Most climate scientists predict that 
water related hazards will escalate in regions where forests and wetlands have been depleted, since the latter are 
known to absorb excess water losses during floods and soften the effects of droughts (Bates et al. 2008; IFRC 
2005; USAID 2009c). The 2007/2008 Human Development Report (HDR) mentions five (5) interactive 
transmission mechanisms: (1) the collapse of ecosystems; (2) increased exposure to coastal flooding and extreme 
weather events; (3) heightened water insecurity; (4) reduced agricultural productivity; and (5) increased health 
risks. This reports concludes: “While the processes are already apparent in many countries, breaching the 2°C 
threshold would mark a qualitative shift: it would mark a transition to far greater ecological, social and economic 
damage” (UNDP 2007a). The ecological disaster was notably explained by extreme moisture or water deficiency 
in farmlands would lead to excessive water stress or desiccation of crops and plants, soil loss and mass 
movements, and massive loss of natural habitats (Brown 2001; Pachauri 2004). The social disaster generally 
attributed to the effect of El Niño Southern Oscillation (ENSO) relates to the worsening vulnerability to flood, 
drought and dry spells as well as other related extreme events (Downing 2003). Finally, the economic disaster 
may be quantified in terms of economic externalities emanating from environmental changes (Luwesi 2010; 
Luwesi, Shisanya and Obando 2011). So, disaster preparedness and risk management are keys toward achieving 
adaptation to and mitigation of water disasters in agriculture to enable farmers ensure their livelihood and food 
security in the course of climate change (Hartnady and Hay 2004; IFRC 2009; USAID 2009a)  
In support of such a disaster preparedness operational framework, this study suggests the prediction of 
biophysical (or ecological), socio-political and economic impacts of climate change in a specific catchment area 
to determine upstream and downstream farmers’ response and their capacity and ability to implement GWS 
schemes therein. In areas where no GWS scheme exists, peasant farmers have since immemorial times been 
practicing some forms of agricultural adaptation to environmental changes. Hence, it will thus be wise to 
incorporate a component on appraisal of their “Indigenous Knowledge” (IK). 

2.2 Indigenous Knowledge and Adaptation to Climate Change 

Peasant farmers remain the bulk of land users expressing their “Indigenous Knowledge (IK) through various 
agricultural systems (Osunade 1994). “Indigenous Knowledge (IK) is defined as “a systematic body of knowledge 
acquired by local people through accumulation of informal experiences and intensive understanding of their 
environment in a given society” (Cheserek 2005). “While this knowledge is not formalized or uniformly 
distributed, it is a key resource which should be recognized and incorporated in a more participatory wetland 
management and planning process” (Dixon 2005). Hence, farmers’ participation in research has several 
advantages for the development of environmentally friendly and sustainable production systems (Okali et al. 
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1994). This study puts an emphasis on the role and importance of local knowledge and skills on environmental 
conservation. The following paragraphs stress the role of Indigenous Knowledge (IK) in achieving sustainable 
management and utilisation of water and other environmental resources to sustain farmers’ livelihoods.  
Subramanian (2001) demonstrated that if water shortage problems are solved more quickly in Arid and Semi 
Arid Lands (ASALs) of India (rather than in humid regions), it is simply because of adaptation of traditional 
water storage systems to drought, mainly using deep ponds and storage wells. “Water problems in developed 
countries have been solved only by reservoir storage at different stages of the river flow” (Subramanian 2001). 
Likewise Cheserek (2005) reported that some populations of Kenya hold in high esteem traditional water 
conservation techniques. The latter enable them to cope with drought. For instance, the Marakwet agro-
pastoralist populations use traditional Soil and Water Conservation (SWC) strategies to protect their water 
courses against droughts and mitigate subsequent conflicts over the little resource available through equitable 
allocation plans (Gleditsch et al. 2004). Tiffen et al. (1994) demonstrated how local communities in Machakos 
District of Kenya ensured environmental stability and survival of agricultural land uses through effective soil 
conservation measures. This enabled them to cope with increasing population pressure on land resources. This 
careful application of IK’s techniques was also a key for successful adaptation to environmental changes. Dixon 
(2005) noticed that the concept of community involvement valued in modern literature for achieving 
conservation-oriented management goals has in fact a traditional makeup. Yet, this IK’s practice is not 
significantly incorporated in the implementation of the catchment management strategies; hence, local 
communities do not properly have control over their natural resources. In the same vein, Shisanya (2005) 
observed that about 58% of people living in rural western Kenya, more precisely in Kakamega area, do not have 
access to potable water because of lack of technical know-how, and adequate means of transport and finances 
assuring permanent water supply. These factors increase socio-economic externalities that impact directly on the 
environment maintenance. Therefore, the author recommended a water policy involving directly local 
community in water allocation planning and good land husbandry. Flintan and Tamrat (2003) also revealed that 
efficient water resource conservation and management practices are found in the history of Ethiopian 
stakeholders. These include afforestation, pollution control, good land husbandry and conflict resolution on the 
resource. If guided by a philosophy that values such practices, farmers are eager to protect their natural resources. 
Nonetheless, this IK does not guarantee a foolproof system for sustainable production through better 
management of water and land resources among small-scale farmers in the course of climate change.  
Several scholars admit that IK has become rudimentary due to the high pressure of population growth on natural 
resources for producing adequate amount of food and supplying water to meet the high demand. Moreover, 
traditional water allocation and conservation technologies are outdated when considering the effects of “climate 
change” on natural disasters’ escalation. For instance, Benson and Clay (1998) pointed out to extreme climatic 
events such as storms, hurricanes, tornadoes, floods and droughts, which frustrate the agricultural sector in the 
tropics. These hazards cost billions of dollars and thousands of lives each year due to maladapted traditional 
water technologies. To that effect, dams, canals and irrigation schemes have become vulnerable to important 
siltation, water evaporation and frequent damage by floods leading to constant repair costs (UNU 1997). Shakya 
(2001) illustrated IK’s limitations during exacerbated periods in Khageri Catchment of Chitwan district, Nepal, 
by “the increased upstream/downstream competition for water in the context of the customary rights of the 
beneficiaries of the irrigation system”. Local populations therein seem to ignore the impact of deforestation on 
water flowing in the catchment. In the same vein Waswa (2006) proved beyond doubt that local knowledge 
systems needed to be complimented by formal science, owing to farmers’ ignorance, poverty, and lack of 
technological innovation. The author alluded to two main factors limiting sustainable use of agricultural soils in 
African resource-poor farms. These encompassed: (1) the selection of a specific land-use; and (2) an appropriate 
form of land management preventing crops from failure in case of heavy rains and drought, under the threats of 
soil erosion. Luwesi, Shisanya and Obando (2012) emphasize on water sustainability as a third factor to be taken 
into consideration. These three factors dictate the biophysical need of GWS schemes in a certain region. But 
what does the concept of “green water” entail and how is the scheme integrated in the management of a 
catchment? 
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2.3 GWS Schemes in the Context of Integrated Watershed Management 

2.3.1 Understanding Physical Processes Leading to Green Water  

Science has proved beyond doubt that water availability depends on resulting from the water cycle. The latter is 
a process involving complex interactions between the solar energy, the troposphere, the biosphere, the 
lithosphere, the hydrosphere and the cryosphere (ice and snow), which regulate rainfall distribution across the 
globe (Gerten et al. 2004; Hartnady and Hay 2004). The total rainfall received on the earth’s surface is in majority 
kept in oceans and lakes as salty water (97.5%). Only 2.5% of the total precipitation is part of what is called 
“fresh water”. Yet, only 0.4% of the world reserve of fresh water is available for production and consumption, 
the remainder being locked in glaciers and ice lands (2.1%) (Bates et al. 2008; Bfz, WaterCap and EUWI 2011). 
Dent and Kauffman (2007) estimated to about 65% the total accessible fresh water reserves conserved by plants 
both in agriculture and the environment. Grasslands accounted for 31%, forest and woodlands 17%, crops 4%, 
other land cover 6% and arid lands keeping 5%. The remaining 38% are referred to as accessible base flow (11%) 
and storm runoff (27%), which is being partly allocated to irrigation (1.5%) with half of it being constituted as 
return flows (0.7%) (See also ISRIC 2008). Ericksen (1998) simulated the agricultural water use in the world to 
69% of the accessible fresh water reserves, while the industrial share amounted to 23% and households’ use for 
domestic purposes to 8% only. The African share for agricultural use of fresh water was estimated to 88%, 
industries accounted for 5% and households for 7% only. Consequently, Falkenmark and Rockström (2004) 
conclude that “green water is the water held in the soil. It is the largest fresh water resource, but it can only be 
used in situ, by plants”. It represents about two thirds (2/3) of fresh water reserves but cannot be diverted to a 
different use, if it is not for usage by plants or soil moisture alone (UNEP 2011). The remaining one third (1/3) 
is referred to as “blue water”. “Blue water is defined as fresh water that can be tapped, from rivers and streams, 
or groundwater” though harvest and storage, diversion and pumping (Wilschut 2010). A clear understanding of 
these processes leads to monitoring changes in the quantity and the quality of water in order to predict, mitigate 
and adapt to water related disasters. More important, managing green water gives an opportunity to local 
stakeholders to work together toward safeguarding their “blue water” and assuring food security to all 
(Rockström et al. 2009).  

2.3.2 Concept of Integrated Water Resource Management  

Integrated Water Resource Management (IWRM) has developed as "a process which promotes the coordinated 
development and management of water, land and related resources, in order to maximize the resultant economic 
and social welfare in an equitable manner without compromising the sustainability of vital ecosystems" (GWP 
2000). This definition suggests that the management of water resource is to be supplemented a holistic 
management of other natural resources that depend on the catchment environment in order to enhance the 
sustainability of agricultural production and other economic activities. Such an approach would not only preserve 
the vitality of natural ecosystems but also satisfy the needs of human beings toward the achievement of social 
equity and economic development. Thus, IWRM becomes “an integrated approach of natural resource 
management, focusing on sustainable protection of water resources to achieve food security and poverty 
reduction’’ (Universität Siegen 2005).While IWRM is not a panacea to all water problems, it does provide a 
holistic and useful framework for action, by acknowledging the complex human-environment interactions and 
feedbacks in the water system. (Cap-Net, GWP and UNDP 2007; UNDP 2007b; IWMNet 2010; Bfz, WaterCap 
and EUWI 2011). Owing to the effect of deforestation, which has depleted green water reserves in many ASALs, 
catchment managers need to face the great challenge of getting to “business not as usual”, that is moving from 
downstream-upstream management of “blue water” to that of “green water” (Berntell 2008). In this case, “Green 
Water Saving” (GWS) schemes are being suggested as innovative mechanisms for achieving a holistic and 
sustainable management of water resources in a catchment.  

2.3.3 Concept of “Green Water Saving” and its Applications 

The concept of “Green Water Saving” (GWS) consists of an avalanche of mechanisms generally evolving around 
Soil and Water Conservation (SWC) and hydro-policies, which are strategically blended with a scheme dealing 
with “Payment for Environmental Services” (PES) or any similar compensation mechanism set in a catchment 
management plan (Universität Siegen 2010; Luwesi and Bader 2012; Luwesi, Shisanya and Obando 2012). 
Wunder (2005) defines a PES scheme as “a voluntary transaction in which a well-defined Environmental Service 
(ES), or a form of land use likely to secure that service is bought by at least one ES buyer from a minimum of 
one ES provider if and only if the provider continues to supply that service (conditionality)”. Grieg-Gran, Stacey 
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and Porras (2006) precisely notice that a PES scheme encompass various Environmental Services (ES) including 
“watershed services, carbon sequestration, biodiversity conservation and landscape beauty”. Therefore, when a 
PES scheme is implemented within the limits of a catchment area and for the sole purpose of rewarding 
watershed services, it is virtually a “Payment for Watershed Services (PWS) scheme. It involves the 
implementation of market mechanisms to pay, reward or compensate upstream and midstream landowners in 
order to maintain or modify a particular land use, which is affecting the availability and/or quality of the 
downstream water resources (Ortega-Pacheco, Lupi and Kaplowitz 2009; IWMNet 2010).  
Nyongesa and Muigai (2012) observe that, for the purpose of enforcement, the entry point for a “Payment for 
Watershed Services” (PWS) scheme is a legal contractual agreement between upstream farmers and their 
downstream counterparts, and thus the need for the creation of a “Water Resource Users’ Association” (WRUA) 
to coordinate the scheme. This was the case for the “Equitable Payment for Watershed Services (EPWS)” 
scheme implemented in Lake Naivasha Basin by The World Wildlife Fund for the Nature in Kenya (WWF-
Kenya) in partnership with CARE International – Kenya, as well as the schemes implemented in Malewa and 
Sasumua Catchments of Kenya and Kibungo-Uluguru Catchment of Tanzania. Upstream farmers were engaged 
in providing GWS services to their downstream counterparts in view of the rehabilitation and maintenance of 
riparian zones using awareness creation on environmental changes and conflict resolution, tree planting, grass 
striping, terracing, reduction in fertilizer and pesticide use. (Universität Siegen 2009; PRESA 2012). Other 
examples of GWS schemes come from the sub-catchments of the Tana Catchment of the Mount Kenya Region. 
For instance, stakeholders from Bwathonaro Water Resource Users’ Association (BWARUA) and Ngaciuma-
Kinyaritha Water Resource Users’ Association (NGAKINYAWRUA) were deeply involved in catchment 
transformation through land use conservation and awareness creation for behaviour change. These schemes 
were established as pilot projects by the Water Resources Management Authority (WRMA) through partnership 
with Kenyatta University and the Universität Siegen (Universität Siegen 2007; IWMNet 2010). Similar schemes 
have also been implemented in countries such as Australia, Bangladesh, Burkina Faso, Niger, Palestine and 
South-Africa to address the ever widening gap between water demand and supply (Mukheibir 2008; Reij et al. 
2009; Islam et al. 2010; Zhang et al. 2010; Al-Salaymeh et al. 2011). 
All the above agreements were based on hydrological concerns, the water needs of buyers and compensation 
requirements of sellers, as well as environmental impacts of the scheme on stakeholders’ livelihood. In some 
cases, though institutional, legal and policy frameworks came only later to strengthen the existing schemes, the 
lack of a specific framework did not deter their formation. Local stakeholders were willing to transact, upstream 
ones selling GWS services and their downstream counterparts being willing to buy (WRMA 2010).  
Hence, the GWS schemes provide a useful framework for action by acknowledging the complex human-
environment interactions and feedbacks in the catchment, thus ensuring good management of natural resources, 
food security and poverty alleviation (Droogers 2006; Grieg-Gran, Stacey and Porras 2006; Dent and Kauffman 
2007; Kauffman et al. 2007; Hoff et al. 2010; Immerzeel et al. 2010; Porras et al. 2007; Wilschut 2010). They are 
innovative mechanisms that address both water scarcity and rural poverty through fair payments of GWS 
services. They are pro-poor schemes initiated by stakeholders at the lowest level of environmental management, 
in lieu of poverty alleviation mechanisms initiated by the governments and their partners. Finally, they are 
“Payments for Environmental Services” (PES) schemes instead of “Clean Development Mechanisms” (CDMs) 
that involve funding flows from rich countries to poor ones for the global environment re-greening. 
Nevertheless, the performance of GWS schemes is yet to be fully recognised and nor is their outcome rewarded 
by all catchment managers (Wunder 2007). The fact is that there are quite a few researches on needs assessment 
of agricultural water saving in Africa through application of pro-poor schemes (PES, PWS, GWC, etc.). 
Therefore, this study aims to provide a methodology for assessing the biophysical need (objective 1), social 
acceptability (objective 2 and 3-Effectiveness part) and economic feasibility (objective 4 and 3-Efficiency part) 
of GWS schemes in Kenyan ASALs to measure their performance in the course of climate change.  

2.4 Needs Assessment for Implementation of GWS Schemes in Kenya 

GWS Schemes are first and foremost investments in land and people with a focus on water, vegetation and soil 
conservation by upstream stakeholders in order to allow free and massive flow of water downstream (Wilschut 
2010). There is thus need for assessing: (i) the causes of hindrance to massive flow of water downstream (the 
biophysical need of GWS scheme); (ii) the type, the suitability and effectiveness of GWS services needed by local 
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stakeholders (social acceptability of GWS schemes); and (iii) the economic sustainability of the scheme dictated 
by its cost recovery (economic feasibility) (Geertsma, Wilschut and Kauffman 2010). 

2.4.1 Biophysical Needs Assessment for GWS Schemes 

As noted in the first and second sections of this literature review, both natural and anthropogenic factors 
contribute to water stress and scarcity. These include mainly the effects of climate change and Land-Use/ Land-
Cover (LULC) change. Hence, meteorological, hydrological and other geospatial models are necessitated to 
assess the biophysical need of GWS schemes (objective 1). These may include statistical forecast models, Soil 
Water and Water Assessment Tool (SWAT), Water Evaluation And Planning (WEAP) model, Remote Sensing 
and GIS. For instance Hessel et al. (2003) used Limburg Soil Erosion Model (LISEM) to simulate the effects of 
land use and management strategies for reducing runoff and erosion rates in the Danangou catchment in the 
Loess Plateau. The study found decreases in runoff and soil erosion of about 5 to 15% after implementation of 
SWC measures following the existing land use pattern. Nonetheless, there was decrease of 40 to 50% discharge 
and 50 to 60% soil loss under changing land use pattern in accordance with the steepness of the slope. Similarly, 
Liu et al. (2003) simulated the impact of climate and LULC changes on runoff in the Yellow River for the period 
1980–1990 using SWAT model. Their findings show that an increase of 10C in temperature resulted in decreased 
runoff of 109% while land use change increased runoff by 10% in the source region of the Yellow River.  
Based on similar modelling, Hunink et al. (2010) conducted a biophysical assessment of Green Water Credit 
(GWC) in some selected sites of the Upper Tana Basin of Kenya by quantifying fluxes of green and blue water 
as well as sediment using SWAT. The study led to identifying potential target areas for awarding GWCs in the 
pilot operation based on their heterogeneities in terms of precipitation regime, topography, soil characteristics 
and land use. The SWAT model assisted in estimating the benefits of the management practices on erosion 
reduction and green and blue water flows in the basin. The analysis revealed that basin-wide implementation of 
tied ridges would lead to a reduction of sediment input into the Masinga reservoir of about a million tons, while 
mulching would reduce unproductive soil evaporation by more than 100 million cubic meters per year. The 
enhancement of groundwater recharge through the different practices would improve the usage of the natural 
storage capacity in the basin by about 20%. These benefits were quantified based on specific crops and sites. 
Wilschut (2010) on the other hand used Remote Sensing (RS) to map land use activities going on in the Upper 
Tana Basin. This RS analysis was applied using two classification methods (rangelands and forest cover) based 
on the Support Vector Machine method, which proved to be more accurate than the Africover 2000 map that 
was in use. The study came up with an updated and higher resolution land use map depicting hotspot areas and 
different land use types for each area, namely rangelands versus cereal farms; and forest cover versus tea, coffee 
and maize farms). This new land use map was said to be used to improve hydrological and erosion modelling. 
This would lead to a more accurate estimation of water resources and land degradation as well as improving the 
choice of GWC target areas.  
Finally, Hoff, Stacey and Droogers (2007) used the Water Evaluation And Planning (WEAP) model to develop 
and test options for matching water supply and water demand, and assessing upstream-downstream links for 
different options in terms of water sufficiency for un-met demand, costs and benefits in the Tana Basin of Kenya. 
The study shows all water uses therein have unmet demands, including hydro-power, municipal water utilities 
and irrigation. For instance, the Masinga Dam had lost over 30% of its capacity from 1982 to 2002. The study 
concludes that immediate decrease of unmet demands and rationally significant gains in hydro-power generation 
and urban water supply can be achieved by stopping the siltation of water reservoirs from small areas and 
farmlands. Hence, the need for GWCs in some targeted areas. 
Based on the above findings, this study used the WEAP model to predict water balance in the selected 
catchments of Kenya by the year 2030 besides comparing different statistical trend-shift detection techniques 
and LULC changes to assess the micro-climate variability and changes in the selected catchments of Kenya. To 
predict catchment climate variability, a simulation of changes in temperatures (To) and Precipitations (Prec.) over 
20 years (2010-2030) was performed using Seasonal Auto Regressive Integrated Moving Average (SARIMA) 
technique for seasonal time series forecast (Zorita and Von Storch 1999). A comparison of various trend-shift 
detection techniques shed light on changes of seasonal and annual precipitations as well as temperatures in each 
catchment (Rodionov 2011). Techniques used in this study included observed and expected probabilistic plots 
(PP-plots). Results from these forecasts enabled the researchers to determine farmers’ vulnerability to past, 
present and future water disasters predicted by the WEAP model for Ngusishi and Muooni catchments of Kenya.  
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2.4.2 Socio-political Acceptability Appraisal for GWS Schemes 

Downing and Patwardhan (2005) Vulnerability-Capacity Assessment (VCA) framework was recommended as 
an important for computing the magnitude of farmers’ vulnerability to water disasters and their capability to 
curbing drought and flood using GWS schemes (see the conceptual framework under the sub-section 1.6). To 
be socially practical and politically acceptable, these GWS schemes need first to demonstrate their performance 
in the catchment management. Any performing water system is required to yield infrastructure and services that 
are environmentally sustainable, socially beneficial, economically efficient and delivered at a fair price (Savenije 
and Van der Zaag 2002; Meijerink et al. 2007). Cap-Net (2008) notes that “applying a price to water is not only 
done because of cost recovery but is equally important as a tool to change behaviour and make sure that water 
is distributed more fairly”. Simply put, the achievement of performance in management necessitates meeting the 
conventional ‘3 Es’, namely: (i) the Economy of their inputs; (ii) the Efficiency of their outputs; and, (iii) the 
Effectiveness of their impact (UNCDF 2006). Performance based Management (PM) is a process that aims at 
yielding infrastructure and services that are economically viable and efficient to address effectively the core values 
of environmental sustainability, social equity, transparency and accountability for resource management (Huggins 
2002; Kasambala, Kamara, and Nyange 2006; Ngigi and Macharia 2007). Hence, the PM achieves rational 
development and equitable distribution of water resources, transparent management of financial resources and 
their accountability using strategic management tools as well as regulatory and institutional instruments of 
IWRM. These arrangements include basic requirements of the Water Act (WA) such as Legal and Institutional 
Frameworks (LIF), Catchment Management Strategies (CMS), Sub-Catchment Management Plans (SCMP), 
Resource Allocation Plans (RAC), Resource Use and Pollution (RUP) and standardized metrics (Universität 
Siegen 2005; K’akumu 2008). The implementation of these tools results on the increased capacity to perform 
and deliver quality infrastructure and services without overshadowing environmental sustainability, social equity, 
accountability and transparency.  
The efficiency of a PM can be assessed using Variance Analysis (VA) embedded in “Performance Assessment 
and Evaluation” (PAE). It consists of measuring variances between planned items and their related targets 
through comparison of unit costs for different services or infrastructures delivered under different contexts (e.g. 
geographical settings, inflation rates, etc.) and periods (e.g. years) (Hatry 2006). This ensures that managers and 
resource developers are held accountable for the use of funds collected from GWS schemes. A wide variance 
between funds received and expenditures in relation to planned targets will challenge the organization’s ability 
to plan (particularly to budget) and to deliver GWS services, besides touching its moral integrity. A good 
governance of these funds will assist in achieving the targets in the plan, while these targets will not be achieved 
in case of mismanagement of funds. That is where the terms ‘sound planning/ management’, ‘under/over-
estimation’ and ‘corruption’ come in (UNCDF 2006). This will send a bad signal to the high management. The 
latter will necessitate requests for thorough investigations to bring the plan’s implementation on the track. Hence, 
the implementation of GWS schemes requires genuine ‘political’ leaders to champion transparency and 
stakeholders’ participation in planning, budgeting and implementation, monitoring and evaluation processes, if 
any good governance is to be achieved in the catchment (Mulwa 2011). 
The effectiveness of a PM can be measured in cycles of PAE based on a quarterly, annually or tri-annually plans, 
programmes and budgets. The PAE herein focuses on continuous improvement of internal core processes across 
the water sector for the purpose of comparing or benchmarking service delivery in the whole sector without 
considering individual GWS schemes’ standards or requirements from local stakeholders, industries and other 
interest groups (Paralez 2001). A formative or summative process for making policy adjustments from local 
initiatives necessitates a “Robust PAE”. The latter is needed to monitor and evaluate consistently and on regular 
basis a consolidated GWS scheme across a basin or a region using gap and trend analyses (UCA 2001) Formalized 
data collection and monitoring systems are thus required to be put in place to facilitate uniform evaluation of 
various GWS schemes based on performance metrics (Pulakos 2004). It shall be noted that both simple and 
robust PAE systems use different approaches to construct consistent effectiveness -based metrics, which 
objectively quantify the GWS scheme’s abilities to attain the goals of the water sector reforms (Rogers 2005). 
These outcomes help decision-makers to make effective policy adjustments or efficient resource allocations 
among the WRUAs within a larger basin.  
Another approach utilized to evaluate the performance of GWS schemes includes the analysis of Strengths, 
Weaknesses, Opportunities and Threats (SWOT Analysis). Finally, an overall assessment of the GWS scheme’s 
performance requires a strategic auditing of the catchment management “Strengths” and “Weaknesses” while 
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tracking “Opportunities” and “Threats” from the catchment environment (Boseman and Phatok 1989). The 
assessment is based on a tool known as the “SWOT” matrix that a catchment manager can easily utilize to 
analyze regularly potential trends in both the internal management system and the catchment environment (Baker 
and Start 1989; Doyle 1992). These changes may affect the overall management system and its market share, as 
well as its competitive, economic, political, legal, technological, social and cultural backgrounds (Ferrell et al. 
1998; Martinsen 2008). Consequently, a SWOT analysis would enable catchment managers to address areas of 
weaknesses and consolidate their managerial strengths while avoiding severe threats from the environment to 
take advantage of prospective opportunities therein (Ansoff 1990; Kotler 1991). The SWOT matrix may 
therefore become a planning tool for future interventions in the catchment to achieve the sustainability of water 
resources. It may address issue of provision of basic water requirements, the reduction of risks of shortfall and/ 
or pollution, the extension of water networks, the conservation of land resources, the development human and 
financial resources, the enhancement of technological and allocative efficiency, the minimization of costs and 
maximization of profits, as well as the creation of awareness on the core values of the water sector reforms 
(Stephenson 2005; Meijerink et al. 2007). 
This study filled a major gap noted from the literature by conducting a robust “Performance Assessment and 
Evaluation” (PAE) for GWS schemes operating in the Kenyan ASALs. In fact, most studies merely focus on 
the strengths and opportunities of the schemes rather than looking at their internal weaknesses as well as possible 
threats from the environment. Accordingly, a complete analysis of Strengths, Weaknesses, Opportunities and 
Threats (SWOT) was needed to unveil the reasons why the concept of GWS schemes was not effectively 
incorporated in social practices and political institutions operating within most catchments of Kenya. It also 
enabled detecting innovative adaptive measures used by farmers (see Objective 2) and provided scientific 
evidence of GWS schemes’ effectiveness (see Objective 3). 

2.4.3 Studying the Economic Viability of GWS Schemes 

The designers of a GWS scheme need to provide economic incentives to both upstream and downstream 
stakeholders to enable them protect their land in order to release enough water downstream and pay for these 
green water saving services, respectively. For that reason, both conventional and extended Benefit-Cost Analyses 
(BCA) are used, based on financial mathematical models for Benefit-Cost Ratio (BCR) and Contingent Valuation 
Methods (CVM), respectively, to determine the scheme’s capacity to ensure cost recovery (Rietbergen-
Mccracken and Abaza 2000).  
The traditional BCA was said to be the best estimate of profits or losses resulting from discounted values of any 
investment (OAS 1991; Anandajayasekeram 2004; DFT 2011). Yet, this can only be true if carried out under a 
normal economy (Normal scenario), where market prices prevail and that a proper sensitivity analysis is provided. 
In the course of climate change, the latter could easily be challenged by unpredicted La Niña droughts (Below 
Normal scenario) or El Niño floods (Above Normal scenario) (Brown 2001; Hulme et al. 2001; Jones et al. 2004; 
Smith et al. 2004; Steinemann, Hayes and Cavalcanti 2005; Stern 2007). Therefore, rather than using Data 
Envelopment Analysis (DEA) or other probabilistic models for production and cost, this study first conducted 
an hydro-economic Cost Efficiency Inventory (CEI) based on the WEAP linear programming models to 
simulate operational costs of each GWS scheme (cost of transaction) and its external costs (opportunity cost, 
cost of water saving and shortage cost) (Lòpez-Baldovin, Gutiérrez-Martin and Berbel 2006; Oduol et al. 2006; 
Barah 2009; Luwesi 2010; Luwesi, Shisanya and Obando 2012). The analysis also employed the “maximin” / 
“minimax” criteria applied in the “game theory” to select the highest cost and lowest income to be considered 
in the study from different GWS schemes assessed (Howe 1971; OAS 1991; ADPC 2005). These financial 
estimates for GWS schemes were compared vis-à-vis costs and benefits for implementing Blue Water Supply 
(BWS) projects using financial mathematical models for the BCA. This assisted in avoiding beatific expectations 
that could lead to overestimation of what the scheme really worth under hypothesized Normal (NOR), Above 
Normal (ANOR) and Below Normal (BNOR) rainfall regimes (Smith et al. 2004; Luwesi, Shisanya and Obando 
2012). Finally, an average “Willingness To Pay” (WTP) for GWS services was computed from downstream 
farmers in comparison to the “Willingness To Accept compensation” (WTA) for GWS services delivered by 
upstream farmers. The difference between the WTP (income) and the WTA (cost) established contingent benefit 
that determined the financial sustainability of the scheme (Venkatachalam 2003; Meijerink et al. 2007). 
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3.1 Introduction 

To achieve its objectives, the study collected and analyzed primary and secondary data from two semi-arid 
catchments of Kenya, namely Ngusishi and Muooni catchments. These two catchments experience serious 
problems of droughts and sometimes flooding episodes. They were purposively selected to build scenarios of 
vulnerability to and capability to curb water disasters in Arid and Semi-Arid Lands (ASALs) of Kenya, in 
comparison to wet areas such as those located in the Tana Region, where GWCs are being successfully 
implemented. The following sub-sections present each study; research design, organization and ethical 
considerations; sampling techniques; techniques for data collection; techniques for data analysis; and results 
presentation and interpretation.  

3.2 Geographical Setting of the Study Area 

3.2.1 Featuring Muooni Catchment  

Muooni is a small catchment of 25 km2 shared by three administrative sub-locations, namely Isyukoni, Mbee 
and Kaewa. It is situated in Mitaboni location of Kathiani Division of Machakos County (in the former 
Machakos District of the Eastern Province of Kenya). Geographically, the catchment is bound by latitudes 
1.24o S and 1.28 o S, and longitudes 37.16 o E and 37.20 o E (Figure 3.1).  

 

Fig. 3.1 Muooni Catchment Area (Musuva 2010) 
The catchment belongs to the eastern highlands topographic area, one of the most important ecosystem of 
eastern Kenya (Phillips 2002). It is a dry and hilly land rising between 1,434 (near Kathiani) and 2,005 metres 
(at Mutondoni). The land is intensively cultivated even on the steep slopes (Luwesi, Shisanya and Obando 
2011). No doubt that soil erosion, water stress and food insecurity are major concerns of Muooni catchment’s 
stakeholders. 
Muooni catchment lies within a medium potential zone: the Upper Midland Agro-Ecological Zone 4 (UM4-
AEZ). Climatic conditions in the catchment range from arid to semi-arid. Rainfall is bimodal falling during the 
long rains (from April to May) and the short rains (from November to December) (Luwesi 2010). Annual 
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temperatures range between 100 and 300 C, with mean minimum, maximum and average temperatures of 
12.0oC, 23.0oC and 17.5oC. Mean annual rainfall is estimated to 540 mm with a reliability of 66% and annual 
evapo-transpiration of about 1,622 mm (Jaetzold et al. 2007; Luwesi, Shisanya and Obando 2012).  
Muooni catchment is inhabited by Akamba people, of Bantu origin. During the Kenya 2009 Population and 
Housing Census, the population of Kathiani division was estimated to 19,923 persons within 4,539 households, 
thus making an average population density of 463 persons/ km2 (KNBS 2010). However, demographic 
projections for Muooni catchment indicate a population density of roughly below 10 persons each 100 m2; that 
is more than 900 persons/ km2 (Luwesi 2010; Musuva 2010). 
The Akamba people are mainly agriculturalists and livestock keepers. Farming income is generated by the 
cropping of potatoes, coffee (in altitudes ranging from 1,650 to 1,800 m), early maturing sorghum and foxtail 
millet, and “marginal crops” (like Tepary beans and Tohono Z16 maize), most of the time associated with 
livestock farming. Yet, Muooni catchment is mainly suitable for sunflower and maize cropping as it does 
ecologically belong to the Upper Midland Agro-Ecological Zone 4 (UM4-AEZ) (Jaetzold et al. 2007). 
Nevertheless, it is not generally favourable for intensive rainfed agriculture since it receives less than 1,000 mm 
of mean annual rainfall. Because of climatic conditions varying with altitude, variable soils have developed at 
the hill tops (with high rainfall) and at the low plains (with low rainfall). Those soils are poorly consolidated 
and highly susceptible to erosion, especially on steep slopes (MoW 1987). The high soil moisture and cool 
climate of the hill tops make them favourable for cropping wheat, maize and pyrethrum. However, these crops 
most likely fail due to the shortness of the rainy seasons and small size of farms.  
From the hydrological point of view, Muooni catchment belongs to the Athi Basin, one of the five major 
hydrological networks of Kenya. Water in the whole catchment is mainly supplied by rainfall, Muooni River 
and its dam, the latter being the major source of water in the catchment. Muooni dam is a kind of overflow 
gravity dam located in a narrow part of the deep valley of Muooni River at Isyukoni sub-location (Mitaboni 
location, Kathiani Division). Table 3.1 presents some key characteristics of Muooni dam. 
Table 3.1: Key design features of Muooni Dam 

 
Source: Compiled from MoW (1987) and Luwesi (2010) 

WRMA (2008) observed that the dam site was so highly eroded, thus having significant impacts on the siltation 
of the dam reservoir. Its average storage capacity has decreased due to soil erosion problems, thus having some 
implications on other productive sectors of the local economy, especially the water economy. This forced 
women and children to walk long distances (up to 3 km) to fetch water and graze animals, with some 
implications on their health. For addressing major challenges facing the entire Athi Basin, the WRMA Regional 
Office in Machakos drafted a Catchment Management Strategy (CMS) in the year 2009. WRMA has already 
started negotiations with local stakeholders for a “Water Resource Users’ Association (WRUA) in Muooni. The 
incoming WRUA will have to address issues of water stress and food insecurity facing Muooni catchment. 
Meanwhile, an environmental committee oversees Muooni dam Site and Kauti Irrigation Scheme’s Water 
Users’ Association (Kauti IWUA) utilizes water from Muooni dam to irrigate farms at Kauti sub-location and 
its environs. 
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3.2.2 Ngusishi Catchment  
Ngusishi catchment is located in Mutarakwa Sub-location, Ngusishi Location, Timau Division of Meru County 
(in the former Imenti North District of Eastern Province of Kenya). It has an area estimated to 45.8 km2, which 

is delimited by longitudes 37 10’ 30” E and 37 20’ 24” E, and latitudes 0 08’ 03” N and 0 20’ 05” N (Figure 
3.2).  

 

Fig. 3.2 Map of Ngusishi (Digitized by Luwesi and Shisanya 2017) 
Hydrologically, Ngusishi is a sub-catchment of Timau catchment, which belongs to the great Ewaso-N’giro 
Basin. The catchment is dry and comprises a few springs that feed in Ngusishi River, namely Kabeere, Muthuuri 
and Batian. The catchment lies to the eastside of Mount Kenya Forest and shares its borders with Laikipia 
District to the west, and Maritati Sub-location to the south. It is a hilly land rising between 2,230 m (near Batian) 
and 2,430 m (at Kabubungi). It covers the following areas: Batian, Chumvi, Kabubungi, Kabeere, Kongoni, 
Lobelia, Lucern, Muthuuri, Ole-Naishu, Siraji and Wiumiririe. Average temperatures in the catchment range 
between 9 and 18oC. Rainfall is herein very scattered, ranging from 700 to 1,000 mm per annum with an average 
annual precipitation of 746 mm and a reliability of 66%. This situation is mainly explained by the rain shadow 
and orographic effects of the Mount Kenya as well as by the effects of the western Kenya rainfall patterns 
(Jaetzold et al. 2007). 
Population projections in Ngusishi catchment for the year 2012 was estimated to 5,049 people with a total 
density of 110 persons/ km2 distributed across 1,685 households (Luwesi and Shisanya 2017). However, the 
average population density was enumerated to 89 persons/ km2 in Timau Division during the 2009 Population 
and Housing Census (KNBS 2010). The population in Timau division is to a large extent low and evenly 
distributed owing to the vastness of Arid and Semi-Arid Lands (ASALs). It is made of a mixture of diverse 
cultural backgrounds including populations from the Kikuyu, Meru and Masai communities.  
These areas belong to the Upper Highland Agro-Ecological Zone 3 (UH3-AEZ), which is mainly suitable for 
wheat-barley cropping. In effect, the soil conditions prevailing in Ngusishi makes the catchment unsuitable for 
maize and other typical smallholder crops but fits for large-scale agriculture, especially in the higher zones 
where it is too cold for maize. For that reason, the upper catchment abounds in various floricultural farms 
among which Batian, Lobelia, Lolomarit, Nelion, Oldonyo and Siraji are the biggest. Downstream, there are 
some pasture and forage well suitable for Merino Sheep and grade beef cattle (Jaetzold et al. 2007). Cut flowers, 
cuttings and plants are widespread than fruits and vegetables. It shall be noted that floriculture has somehow 
disabled full-time peasant farming, many stakeholders working part-time in the floricultural industry. This 
industry has also shaped water resources planning and management within the catchment through the creation 
of the “Ngusishi Water Resource Users’ Association” (NWRUA) in 1998, which was fully registered in 2003. 
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3.3 Research Design, Organization and Ethical Considerations 

3.3.1 Research Design 

The main concerns of this study can be summarized in the three following questions: “why are Kenyan ASALs 
vulnerable to water stress? What adaptive strategies are put in place by local stakeholders to mitigate water 
stress and alleviate poverty in their catchment? Are GWS schemes cost-effective and efficient? And what kind 
of institutional support exists for smooth implementation of these schemes in ASALs? To attend to these 
research questions a quasi-experimental design was selected (Morra-Imas and Rist 2009). The study examined 
responses from stakeholders living in Ngusishi catchment (experimental group), where GWS schemes formally 
exist, in comparison to Muooni catchment (control group), where informal types of GWS schemes exist since 
the colonial time. These responses were analyzed both at the catchment level and the sub-catchment ecological 
units (upper and lower zones). Findings provided a clear indication of both causes of vulnerability to water 
stress and the type of capability treasured by local stakeholders (and institutions) for successful management 
and development of water and land resources in the course of climate change using GWS schemes.  

3.3.2 Field Team and Research Organization 

To cover the selected study areas, two research assistants were identified from the Water Resources Users’ 
Associations (WRUAs) working within the catchments. The WRUA representatives were selected based on 
their education credentials (secondary and above) and ability to communicate fluently in English, Kiswahili and 
local languages spoken in the study area (Kikamba for Muooni catchment, Kikuyu, Kimeru or Masai for 
Ngusishi catchment). Trainings for research assistants were conducted in February 2012 to enlighten them on 
key concepts and methodologies pertaining to the research. Clear issues of the investigation and areas of 
surveys, in-depth interviews and Focus Group Discussions (FGDs) were successfully tackled to facilitate data 
collection and sometimes translation in the local language (see Appendices 7.4, 7.5 and 7.6). An emphasis was 
put on how to ask questions that bring out the three main components of this study, namely: biophysical issues, 
socio-cultural questions and economic concerns. The next step of this research was to identify other resource 
persons to be incorporated in the research team. These included:  (1) representatives of the water resources 
management authority (WRMA); (2) agricultural extension officers; and (3) teachers/ other educators and 
specialists, whose interests are water, plants and agriculture, and could provide facilitation and packaging of 
various knowledge products.  

3.3.3 Research Ethics 

In attempting to address issues of drought and water scarcity often raised by local stakeholders since their first 
interaction with researchers in 2007, researchers looked back to some of the guidelines provided by the 
Government of Kenya (GoK) with regard to protecting water catchments and allocating of water use rights. 
In general, a participatory approach and gender equity were recommended and enforced during the Focus 
Group Discussions (FGDs) to involve at least 50% of female and male members of the community. These 
same standards were implemented at catchment level when selecting interviewees and respondents to 
questionnaires. Differences arising from social and ethical background were also considered to avoid 
disturbance of the discussions. For instance, representatives from WRUAs and other organizations were 
encouraged to take cultural differences into consideration when selecting group discussions’ participants. This 
was especially the case in Ngusishi where diverse communities live together, including Kikuyu, Meru and Masai. 
An agreement was also needed prior to mixing both genders during the discussions. Finally, it was agreed that 
names and some particulars of participants were to be concealed to the general public. In all the cases, 
researchers always sought permission prior to reporting any sensitive declaration in the reports. Any other 
ethical issue was addressed according to Kenyatta University Intellectual Property Rights (IPR) ethical 
clearance, which recommends to: 

(1) Identify the communities living in the study area; 
(2) Consult with the communities to ascertain interest in the project in allowing access to their resources; 
(3) Access to genetic resources embodying their knowledge; 
(4) Negotiate agreement with communities on their intellectual property rights (IPR);  
(5) Request a third party right for potential use of information gathered and reported;  
(6) Provide copies of the report to community representatives; and 
(7) Sort out issues related to equitable benefit sharing. 
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3.4 Sampling Techniques 

3.4.1 Sampling Strategy 

As mentioned above, this report presents results of the field work conducted in Ngusishi and Muooni 
catchments. For that reason, Krumme (2006) and Zeiller (2000) sampling techniques were used for sampling 
the catchments and selecting units during survey, in-depth interviews and Focus Group Discussions (FGDs). 
Krumme (2006) approach consisted of dividing each catchment area in two homogenous Ecological Functional 
Units (EFU), namely the Upper Sub-Catchment Area (USCA) and the Lower Sub-Catchment Area (LSCA). 
Zeiller (2000) random walk strategy involved equal chance of selection for all respondents, both the most 
accessible from the centre and those far away from main roads and market centres. Nonetheless, it shall be 
noted that the chance of selection is not always equal even where settlements are uniformly distributed; what 
matters is a representative sample. Hence, a random sample size was needed with a systematic selection strategy 
in addition to the random walk and EFU techniques.  
It shall be noted that the two Ecological Functional Units (EFU) were situated within one Agro-Ecological 
Zone (AEZ). Owing to the wide range of farming practices, the researchers avoided complications by assuming 
that the variations of prices of inputs and outputs were not significant within the same AEZ. This saved time 
and energy with regard to the computation of crop water requirements, farmers’ water demand and their 
subsequent costs. Also, each EFU was allocated a research assistant to facilitate communication with local 
stakeholders as a translator.  

3.4.2 Sample Size and Selection Strategy 

A total sample size of 167 farms was computed for both catchments: 103 farms for Muooni and 64 for 
Ngusishi. The following Cochran (1977) formula for categorical data was used to determine the number of 
farms to be selected in each catchment area under study (Bartlett et al. 2001): 
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Where,  

popct is the total population of farms in the catchment estimated to 5,114 in Muooni and 1,685 in Ngusishi; 

no is the Cochran’s return sample size calculated as follows: 
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2  is the catchment’s variance computed according to formula 4.3 below:

 2  = )1(* pp   

        [3.3] 
With, 

p the relative frequency of farms estimated to 45% and 55% in the upper and lower Muooni, and to 65% and 
35% in the upper and lower Ngusishi, respectively;  

t the t-test statistics’ value set at 1.96 (for 95% confidence level) for Muooni, and 1.65 (for 10% confidence level) 
for Ngusishi 

  is the acceptable margin of error the researcher is willing to except for the catchment being estimated, which 

was set at 12.5% for the upper sub-catchments (where GWS schemes are implemented), and 15% for the lower 
sub-catchments (hypothesized to be the beneficiaries of the schemes). 
Based on formula [3.1] and in conformity with Krumme (2006) approach, 103 farms in total were a priori 
selected in Muooni catchment at 95% confidence level, 61 and 42 farms for the upper and lower sub-
catchments, respectively. Likewise, 64 farms were first selected in Ngusishi catchment at 90% confidence level, 
38 upstream and 26 downstream. Thus, the total number of farming units involved in the study amounted to 
167 units for the two catchment areas.  
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Using the table of random numbers, the researcher administered 61 and 42 questionnaires within Muooni’s 
USCA and LSCA strata, respectively, while 38 and 26 farmers were surveyed in Ngusishi’s USCA and LSCA 
strata, respectively. Owing to Zeiller (2000) requirement of providing equal chance of selection to all farmers, 
not-at-home farmers were automatically replaced by their immediate random number. Unfortunately, owing to 
the inaccuracy and incompleteness of responses among some farmers surveyed, 5 questionnaires were 
discarded and new respondents were selected, among whom 2 farmers in the upper Muooni, 1 farmer in the 
lower Muooni, and 1 farmer in each of the two sub-catchments of Ngusishi. Thence, the final sample size 
figured in this report amounts to 172 farms, 106 for Muooni and 66 for Ngusishi catchment. 

3.5 Data Collection 

3.5.1 Techniques of Data Collection 

  

Fig. 3.3 The Soil Moisture Meter kit used during geomorphologic surveys 
(A photography by Luwesi and Shisanya 2017) 

 
Fig. 3.4 The Current Meter Kit Used During Hydrological Surveys ( A photography by Luwesi and Shisanya 
2017) 
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Techniques of data collection encompassed an on-farm survey using questionnaires, in-depth interviews 
involving local administration officers and Focus Group Discussions (FGDs) (Appendices 7.3, 7.4 and 7.5). 
Primary physical data were collected in situ using a soil moisture meter and a current meter (Figures 3.3 and 
3.4). A documentary review assisted to gather information and secondary data. Physical data included land-use 
and land cover, rainfall, temperatures and discharge. These were needed to establish the bio-physical feasibility 
of GWS schemes in specified catchments of the study. Other physical and computational data were collected 
using GPS, photographic devices, satellite images and topographic maps. These secondary data were mainly 
collected from available hydrological and meteorological stations and relevant ministerial departments (KMD 
and DRSRS), as well as from libraries and the internet. 

3.5.2 Data Collected  

This report presents key findings from the on-farm surveys, institutional in-depth interviews and Focus Group 
Discussions (FGDs) as well as hydro-geomorphologic surveys and meteorological data gathered from February 
to July 2012 in Muooni and Ngusishi catchments. Researchers conducted an extensive documentary review on 
topical issues pertaining to the study. The latter contains facts and data from 167 farmers, 20 key informants 
and two (2) FGDs as well as primary data on discharge (in total 15 river points) and soil moisture (30 field 
points and 30 soil cans). Also secondary data on daily and monthly rainfall (ranging from 1965 to 2010) were 
collected from 19 rain gauge stations, monthly data on temperature (ranging from 1968 to 2008) were obtained 
from four (4) meteorological stations and monthly discharge (ranging from 1965 to 2010) were gathered from 
each sub-catchment.  
Besides, physical computational data (raster) on land-use and land-cover included four (4) sets of Landsat 7 
panchromatic images of Machakos (11 February 1976, 25 February 1987, 21 February 2000, and 19 August 
2010) and Mount Kenya (11 February 1976, 25 February 1987, 21 February 2000, and February 2007) acquired 
from the Department of Resource Surveys and Remote Sensing (DRSRS), Nairobi, Kenya. Alternative 
computational data were retrieved from the GIS Lab of the Department of Geography at Kenyatta University, 
and open sources available from the internet. 
Data collected enabled the development of a database in SPSS and MS Excel spreadsheets as well as other ones 
in ILWIS, Arc View and the WEAP system. ILWIS was mainly used for Landsat imagery and ArcView for 
mapping. MS Excel/ SPSS spreadsheets recorded and displayed data from on-farm survey (167 cases times 190 
variables), the in-depth interviews (20 cases times 140 variables), the two FGDs (264 cross-sectional data from 
24 cases), the hydro-meteorological survey plus secondary data on temperature, rainfall and discharge (186 
cases times 26 variables), and geomorphologic survey (30 field points and 30 soil cans). The WEAP model 
contained 10 demand nodes, 2 reservoirs and 2 tributaries for both catchments. 

3.6 Data Analysis and Results Interpretation 

3.6.1 Introduction 

As stated above, data collected were first pre-processed and then analyzed using mainly ILWIS remote sensing 
software, ArcView GIS software, SPSS 17.0 and MS Excel 2007 spreadsheets as well as the WEAP hydrological 
model. Each objective of the study was successfully subjected to the analytical procedures described below. 
Results were interpreted and discussed to the light of factors leading to faming water vulnerability (objective 
1); farmers’ innovative strategies to curb water disasters (objective 2), the effectiveness of GWS schemes 
(Objective 3), and GWS schemes’ efficiency and cost recovery (Objective 4) in both Muooni and Ngusishi 
catchments. The following sub-sections provide detailed description of each study objective’s analytical 
framework. 

3.6.2 Analysis of Factors Leading to Farmers’ Vulnerability 

The major goal of this objective was to analyze climatic and spatial trends through simulation of changes in 
land-use/ cover (LULC), temperatures (To), Precipitations (Prec.) and streamflows from 1971 to 2030 in 
Muooni and Ngusishi catchments. This analysis resulted in some significant indicators and levels of 
vulnerability to drought and flood which were critically confronted to farmers’ own appraisal.  
The analysis of land-use/ cover (LULC) change was based on the Ground Control Point (GCP) technique for 
Landsat imagery. Original satellite images obtained from the Direction for Resource Survey and Remote 
Sensing (DRSRS) had a small resolution of 182 km x 185 km. These Landsat images were adjusted to 30 m x 
30 m ground resolution to fit to the geodetic accuracy using GCP. This helped matching the image to a 
particular cartographic projection and correct distortions due to relief influences (NASA 1999; NASA, NOAA 
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and USGS 1999). The GCP process dealt with the transformation, radiometric and geometric corrections of 
orthorectified image data. It was the basic level for image interpretation and thematic analysis, after which came 
the classification system of LULC based on the image characteristics (tone, texture, pattern, shadow, 
association, shapes, sizes and site). A synoptic classification system was adopted in this study, which 
encompassed as many as twelve (12) units that could be identified. The latter included: (i) bare areas; (ii) water 
body; (iii) settlement; (iv) irrigated agriculture; (v) rainfed agriculture; (vi) rainfed shrub crop; (vii) shrubland; 
(viii) grassland; (ix) riverine vegetation; (x) closed trees; (xi) natural vegetation; (xii) mixed systems (rainfed 
agriculture/ shrubs; rainfed agriculture/ closed trees, etc.).  This led to the generation of preliminary mapping 
units and descriptive statistical tables. A 'ground proofing' was carried out in each of the catchments under 
study during the periods of Focus Group Discussions (FGDs), to corroborate raster data and direct 
observations with views of local farmers in-situ. Hence, the analysis concluded with the interpretation of the 
results. 
To evaluate hydro-climatic changes from 1971 to 2010 and predict the trend in 2030 a forecast of time series 
data for temperature (To), precipitation (Prec.) and discharges (Q) was conducted using the “Seasonal Auto 
Regressive Integrated Moving Average” (SARIMA) model. The first stage of the prediction was to determine 
the “date” type, whether annual, quarterly or monthly. In this case, the quarterly period was selected with data 
arranged in JF, MAM, JJAS and OND seasons. The forecast period ranged from JF 1965 up to OND 2030, in 
most of the cases. The next step was to define the dependent variable and its predictors (or independent 
variables). Thence, the “Seasonal Auto Regressive Integrated Moving Average” (SARIMA) model was picked 
out as the criterion for smoothing the trend and forecasting (predicting) future values. The general linear 
ARIMA model is Auto-Regressive (AR) to order p (or P) and Moving Average (MA) to order q (or Q) and 
operates on the d th (or Dth) difference of xt to obtain stationary. It can be represented as polynomials of order 
p, q and p for regular series, and P, D and Q for seasonal series, respectively. It can be written in compact form 
as ARIMA (p,d,q) (P,D,Q) and expressed as below: 

(1-B)d(1-Bs) φ(B) Φ(B) Xt = θ(B) Θ(B)at      [3.4] 
Where,  

B is the backward shift operator defined as the lag operator 
d and D are the order of the first differencing component for removing the trend (for regular series) and the 
seasonality (for seasonal series), respectively. 

s is the period of the season (e.g. for quarterly seasons in a year s = 4) 
φ(B) and θ(B) are AR and MA operators for regular series of order p and q, respectively  
Φ (B) and Θ(B) are AR and MA operators for the seasonal series of order P and Q, respectively  
at    is the model residual 
For fitting the SARIMA model to the time series a three-stage ARIMA procedure was regularly followed. The 
ARIMA was associated with Ljung-Box statistic to enable stationarity in a record lag time (Abebe 2009). This 
procedure was used for both regular (annual) and seasonal series to test whether parameters corresponding to 
the coefficient of the moving average operator were significantly different from 0 at 95% confidence interval. 
The model building process used for ARIMA and Ljung-Box included Auto-Correlation Function (ACF), 
Partial Auto-Correlation Function (PACF), and the Residual Auto-Correlation Function (RACF). An automatic 
selection criterion was used to keep the model as simple as possible and at the same time provide a goodness 
of fit to the data series using the normalized Bayes Information Criterion (BIC). Finally, the following fit 
measures were utilized to assess the strengths of the estimated hydro-climatic models: (i) Stationary R-squared; 
(ii) R-squared; (iii) Root Mean Square Error (RMSE); (iv) Mean Absolute Percentage Error (MAPE); (v) Mean 
Absolute Error (MAE); and (vi) Maximum Absolute Error (MaxAE). 
Trend-shift detection and occurrence likelihood statistical techniques were used to confirm (or infirm) any 
allegation of shifting trend in the variations of temperature, precipitation and discharge in the selected 
catchments. This was mainly achieved using predicted probability distributions for observed and expected 
hydro-climatic trends (PP-Plots). These results gave a broad idea on risks related to micro-climate and 
hydrological changes in the selected catchment areas. 
The study also established a correlation between these predictions and hydro-climatic risks and geomorphologic 
impacts observed by farmers. The latter were considered as key factors leading to land degradation in the 
catchment and thus to vulnerability to water disasters (FAO 1995; Luwesi, Shisanya and Obando 2011). Finally, 
the computation of the water balance for the year 2010 and the 2011-2030 period confirmed these results on 
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Vulnerability-Capability Assessment (VCA) for water disasters in each catchment. The potential water balance 
for the year 2010 was computed according to the procedure suggested by Universität Siegen (2008) and LVBC 
and WWF-ESARPO (2010), as summarized in table 3.2 below.  
Finally, the future water balance was simulated under Above Normal (ANOR), Normal (NOR), and Below 
Normal (BNOR) rainfall regimes. This exercise consisted of building scenarios in terms of “what if” 
propositions for different levels of catchment development and water management options based on hydro-
climatic conditions previously forecasted for the 2011-2030 period. The Water Evaluation And Planning 
(WEAP) hydrological model was very useful to that effect (Hoff, Stacey and Droogers 2007). It enabled the 
design of contingency plans under risk and uncertainty considering three (3) plausible future developments for 
water supplies and resources in Ngusishi and Muooni catchments, namely: (i) “normal” (hereby referred to as 
NOR and based on the water supply turnover for April 2010); (ii) “very dry” (hereby referred to as BNOR and 
based on the water supply turnover for November 2009); and (iii) “very wet” (hereby referred to as ANOR 
and based on the water supply turnover for December 1981). 
Table 3.2: Computational process for the potential water balance  

 

 

Source: Adapted after Allen et al. (2000), Universität Siegen (2008), LVBC and WWF (2010) 
Depending on the hydro-climatologic characteristics of a catchment, water demands were to expand according 
to one or more of the five (5) following hypotheses : (i) a maintenance (or reference) scenario (“Business-As-
Usual”); (ii) implementation of an environmental reserve flow (EFR); (iii) irrigation expansion; (iv) High/low 
population growth; and (v) high/low urbanization. The outcome of these predictions gave a signal on the need 
to implement alternative schemes for sustainable blue water supply in each catchment, including notably Green 
Water Saving (GWS) schemes. 

3.6.3 Farmers’ Innovative Strategies for Adaptation to Water Disasters 

A descriptive statistics of the different types of GWS schemes measures was conducted to identify innovative 
methods used on the ground to mitigate water disasters and adapt agricultural water to climate change. The 
analysis mainly looked at Soil and Water Conservation (SWC) measures and hydro-political strategies in 
managing the scarce water resource. these included among others techniques and tools for: (i) harvest and 
storage of rainwater at household level (e.g. aerial or ground tanks); (ii) harvest and storage of rainwater at farm 
level (e.g. underground tanks); (iii) soil moisture conservation at farm level; (iv) control of soil erosion at farm 
level; (v) control of soil erosion at catchment level; (vi) storage of river flow at catchment level (e.g. weirs or 
small dams); (vii) protection of water quality and conservation of its quantity at catchment level; (viii) 
application of water allocation plans and metrics at catchment level; (ix) implementation of Payments for 
Watershed Services (PWS) at catchment level; and (x) implementation of ICT based solutions for sustainable 
water supply; and (xi) the implementation of participatory water management structures, institutions and 
knowledge systems.  
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3.6.4 Effectiveness of Farmers’ GWS Schemes 

This sub-section of the study measured both the capacity and ability of farmers, mainly downstream ones, to 
adapt to water disasters using Vulnerability-Capability Rating (VCR). It also assessed and evaluated the 
performance of catchment management institutions (for upstream farmers’ capability). The study hypothesized 
that downstream farmers had the capacity to contend with their vulnerability to drought and flood in each 
respective catchment, while their upstream counterparts’ adaptability largely depended on community 
organization and strategic plans for adaptation to and mitigation of water disasters. GWS schemes were 
hypothesized to be the most important implementation mechanisms in Kenyan ASALs. For that reason, a 
robust Performance Assessment and Evaluation (PAE) was conducted to test the effectiveness of farmers’ 
adaptive strategies vis-à-vis water disasters’ intensity and appraise their water institutions’ performance. This 
performance assessment was achieved through an analysis of “Strengths, Weaknesses, Opportunities and 
Threats” (SWOT) of water management institutions operating in each catchment area. However, the 
performance evaluation of water management institutions was first conducted by farmers during the Focus 
Group Discussions (FGDs) following a “Performance based Management Rating” (PMR) system adapted after 
the Independent Evaluation Group (IEG) of the World Bank (2009) and Kazbekov et al. (2009). Farmers’ 
appraisal was based on the contribution of water management institutions to the environmental sustainability, 
business success, economic development, social equity and institutional development of the catchment. 
Performance indicators and rating criteria applied during the PMR are set out in Annex 7.5. It shall however 
be noted the World Bank (2009) suggests six levels of performance evaluation, namely: (1) Highly Unsuccessful; 
(2) Unsuccessful; (3) Mostly Unsuccessful; (4) Mostly Successful; (5) Successful; and (6) Highly Successful 
(Table 3.3).  
Table 3.4 presents an analogue rating system adopted from Kazbekov et al. (2009). This performance rating 
system was first applied to Water Users’ Associations (WUA) in Kyrgyzstan. It assesses actual flows of water 
services delivery (measured or collected) against the targets or appropriate expected capacity set in the Sub-
Catchment Management Plan (SCMP). 
Table 3.3 Catchment management performance rating system 

 

 
Source: Adapted after World Bank (2009) 

(1) Business Success indicates profitability exceeding an expected average rate 
(2) Economic Development refers to productive investments to ensure business development beyond 
an expected average rate 
(3) Environmental Sustainability is related to measures put in place to ensure Environmental 
conservation beyond an expected average rate 
(4) Social Equity encompasses measures put in place to ensure both gender balance and fairness, and 
which exceed an expected average rate 
(5) Institutional Development means both organizational culture and capacity of the organization to 
adapt to change estimated beyond an expected average rate 

http://jistee.org/volume-v-2020/


Cush Ngonzo Luwesi - Chapter 3. Research Methodology /IJWSET -JISTEE, August 2022, pp.33-46 
 

_________________________________________________________________________ 
International Journal Water Sciences and Environment Technologies (IJWSET/JISTEE) 

©2022 by the authors  Open Access Journal  ISSN Online: 1737-9350, ISSN Print: 1737-6688 

August 2022 - jistee.org/volume-vii-2022/ 
Page | 44  

International Journal Water Sciences and Environment Technologies 
e-IЅЅƝ: 1737-9350 p-IЅЅƝ: 1737-6688,  Open Aϲϲeѕѕ Јоurnal  August 2022 

Why green water saving is not fully rewarded by farmers in mount kenya region 
A research frontier of pure: applied sciences and engineering 

 

 

To validate this farmers’ capability, an estimate of farmers’ vulnerability to present and future water disasters 
was needed. It was given through formula [3.5] adapted after Ragab and Hamdy (2004) and Xie et al. (2011): 

capability

 Value Risk 
*Hazard )CVI(IndexerabilitylnuV Climate      [3.5] 

The risk value was calculated using the following formula for drought risk value (Van Aalst 2006; Abebe 2009): 

t,j,i

n

1j

jt,it,i fwPR 


      [3.6] 

Where, 
Ri,t the risk in sub-catchment i at time t 
Pi,t the probability of drought incident in sub-catchment i at time t 
wj the weight of factor j 
fi,j,t the factor j in sub-catchment i at time t (e.g. density of population, forest, stream or road; slope of the 
catchment) 
Table 3.4 Evaluation of the performance of a catchment management  

 

 
Source: Adopted from Kazbekov et al. (2009) 

(1) Economic Value refers to water cost in relation to alternatives  
(2) Effectiveness indicates the outcome of the implementation of SCMPs 
(3) Efficiency is the ratio of costs to benefits  
(4) Accountability is rated as ability to report results and assume their outcome  
(5) Social Equity encompasses both gender balance and fairness in allocation  

 
The catchment’s capability index share (CI) for a specific climatic hazard (drought or flood) was computed as 
follows:  

tl

tkl tkl
tl

R1

)TCI1(*TCC 
   )(CCIIndex Capability Climate




    [3.7] 

Where, 
TCCtkl the total catchment’s capacity under l climatic event (flood or drought) computed as the geometric mean 
of the farming community’s capacity in the environmental, social and economic sectors (k) at a certain time (t); 
and 
TCItkl the total climate impact under l climate event (flood or drought) computed as the geometric mean of 
impacts in the environmental, social and economic sectors (k) at a certain time (t). 
Based on the results from the SWOT analysis, the VCA and other survey results, the researcher validated the 
farming community’s PMR. Ultimately, the effectiveness of farmers’ GWS schemes in each catchment was 
estimated according to the rating scale below (Table 3.5). 
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Table 3.5 A scale for rating GWS schemes’ effectiveness  

 
Source: Compiled from Downing and Patwardhan (2005) Kazbekov et al. (2009) and Xie et al. (2011) 

3.6.5 GWS Schemes’ Efficiency and Ability for Cost Recovery  

The study used hydro-economic inventory models to compute efficiency levels of green water to be saved in 
terms of Economic Order Quantity (EOQ), Limit Average Cost (LAC) and Minimum Efficient Scale (MES) 
of farming water demand and supply (Harvey 1985; Hardwick, Khan and Langmead 1994; Luwesi 2010). The 
EOQ was the optimized farming water quantity under Above Normal (ANOR) rainfall regime, while the LAC 
and MES were its counterparts under a Normal (NOR) and Below Normal (BNOR) rainfall regimes, 
respectively (Table 3.6).  
Table 3.6 Hydro-economic inventory of GWS schemes’ efficiency  

 
Source: Luwesi (2010) 

Optima levels of green water to be saved (EOQ, LAC and MES) related costs and incomes in farming were 
compared to their blue water counterparts to induct farmers’ efficiency in implementing GWS schemes under 
drought and flood scenarios. These computations were based on the Future Value (FV) rating curves derived 
from linear programming projections of the Water Evaluation and Planning (WEAP) system for the period 
2010 to 2030, which were predicted in MS Excel spreadsheet (Lòpez-Baldovin, Gutiérrez-Martin and Berbel 
2006; Luwesi, Shisanya and Obando 2012).  
Optimum farming water productivities were computed as the ratio of farming incomes expected under EOQ, 
LAC or MES scenarios to their related optimized farming water supply or demand, irrespective of the farming 
scale. Scale Efficiency (SE) was computed under ANOR and BNOR as the ratio of Technical Efficiency (TE) 
obtained under assumption of a LAC to the one obtained under assumption of an EOQ [3.11] and of a MES 
[3.12], respectively. 
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The Technical Efficiency (TE) under each scenario (i) was estimated as the ratio of the incremental optimum 
green water demand (ΔQd

*) to the increment of the optimum blue water supply (ΔWs
*) (Formula [3.13]). 

*

si

*

di

W

Q
TE




         [3.13] 

The incremental optimum green water demand (ΔQd
*) was derived from the optimized turnover of farming 

water demand (
GWS

r


), where a GWS scheme exists. The increment of the optimum blue water volume (ΔWs
*) 

was interpolated from the optimized turnover of farming water supply ( BWSr


), where only a BWS project 

exists. The TE was hence calculated in accordance with formula [3.15]: 

BWS

GWS

__

i

__

i

r

r
TE          [3.15] 

A measure of in-put oriented Allocative Efficiency (AE) was residually obtained from the ratio of the total Cost 
Efficiency (CE) to the Technical Efficiency (TE) under ANOR [3.16] or BNOR scenario [3.17]. 

EOQ

an
TE

CE
AE         [3.16] 

MES

bn
TE

CE
AE         [3.17] 

 
The total Cost Efficiency (CE) was derived from the ratio of the Marginal Social Benefit (MSB) by the Marginal 
Social Cost (MSC) of farming water supply or demand. The MSB was calculated as the incremental expected 
revenue from optimized water supply (ΔRw

*) by the increment of the available total water volume (ΔW), the 
MSC being the incremental optimized cost of water supply (ΔTC*

s) by the increment of the available total water 
volume (ΔW). Consequently, the CE was simply reduced to the ratio of incremental expected revenue from 
optimized water supply (ΔRw

*) to the incremental optimized cost of water supply (ΔTC*
s) (Formula [3.18]). 

*

si

*

iW

TC

R
CE




        [3.18] 

Finally, the ability of GWS schemes to achieve cost recovery was estimated using the traditional Cost-Benefit 
Analysis (CBA) (Howe 1971; Anandajayasekeram et al. 2004). The latter involved an estimate of the Present 
Value (PV) and Future Value (FV) per type of GWS schemes and Blue Water Supply (BWS) projects retained 
in the analysis. A projection of the FV of costs, revenues and benefits over a period of 20 years was done based 
on the WEAP system results and the outcomes of the major BWS project or GWS scheme retained for each 
catchment. Thence, an estimate of the PV was generated for the GWS scheme and BWS project by discounting 
the FV values, while the Net Present Value (NPV) was calculated from the difference between the FV and the 
PV. Finally, a Benefit-Cost Ratio (BCR) was computed as the ratio of the sum of NPV (Benefits) to the sum 
of NPV (Costs). The latter determined the profitability of GWS schemes and BWS project retained by the 
analysis. A comparison between the two investment shed light on their economic viability. It served as a basis 
for adoption of these schemes by farmers and catchment management authorities.   
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4.1 Analysis of Factors Leading to Farmers’ Vulnerability 

4.1.1 Introduction 

Most arid and semi-arid catchments of Kenya are exposed to climate variability and change as well as other 
environmental and anthropogenic changes (Hulme et al. 2005; Ngonzo et al. 2010; IPCC 2012). WSP (2011) 
notably pointed out to demographic expansion and agricultural expansion in Kenya which has triggered high 
siltation of drainage systems and water pollution through deforestation, use of agro-chemicals and waste disposal 
(Mogaka et al. 2006). To what extent have these factors enhanced the vulnerability of farmers living in Ngusishi 
and Muooni catchments to water disasters? This study critically looked at the impact of the micro-climate 
variability and change, Land Use and Land Cover (LULC) change, and the future water balance, on the socio-
economic exposure and response of farmers to water disasters. 

4.1.2 Micro-Climate Variability and Change  

Table 4.1 Seasonal hydro-climatic forecast in the selected catchments1 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

 1 forecast per quarter in Ngusishi and Muooni catchments 
In general, results of this study show an increase in mean seasonal and annual temperatures in the selected 
catchments. Whereas Muooni catchment experiences decreasing trend of rainfall and river discharges, Ngisishi 
expects higher rainfall followed by a decrease of river discharges (Table 4.1). 
Table 4.1 predicts mean temperatures for Ngusishi catchment reveal increases of 1.60C in a century (R2 = 0.84), 
which will be accompanied by increased annual rainfall of about 14 mm per century (R2 = 0.842), and a level off 
of river discharge of 0.007 m3/s (R2 = 0.837). Muooni catchment in turn will experience an increase of about 
1.20C of mean temperatures per century (R2 = 0.863) with subsequent decreases in mean rainfall of about 12 
mm per century (R2 = 0.863) and lowering river discharge of 0.012 m3/s downstream (R2 = 0.667). These 
forecasts are displayed in Figure 4.1 below.  
 
The allegation of shifting trend in the behaviour of these hydro-climatic variables needed to be confirmed using 
trend detection techniques. In effect, the cumulative probability for observed temperature was remarkably 
different from expected one in Muooni rather than Ngusishi catchment (Fig. 4.2). Observed cumulative 
probabilities were higher toward the upper percentiles and lesser toward the lower percentiles, while their 
expected counterparts were higher in the lower percentiles and lesser in the upper percentiles for all the selected 
variables, both upstream and downstream. There were no significant change rather than variability in the intensity 
of the precipitation and discharge in both catchments as well as temperature in Ngusishi catchment. This may 
explain the high deviations in temperature and discharge were observed during almost all the four (4) seasons, 
except for precipitations, which presented high variations during the long dry (JJAS) and short rainy (OND) 
seasons alone. Hence, the likelihood of occurrence of flash floods in Muooni as well as in Ngusishi could not be 
simply ruled out based on hydro-climatic predictions 
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Fig. 4.1 Hydro-Climatic Predictions for Muooni and Ngusishi (Luwesi and Shisanya 2017) 

.  
 

Fig. 4.2 PP-Plots for Climatic Trend-Shift in Ngusishi and Muooni (Luwesi and Shisanya 2017) 
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As a matter of fact, 53.4% of farmers in Ngusishi and 35.9% in Muooni declared that their catchment areas are 
likely to experience acute droughts during a La Niña event, while only 6.9% and 1.1% expected an El Niño flood 
and 5.0% and 29.6% acknowledged high rainfall variability in Ngusishi and Muooni, respectively. Also, 24.6% 
and 8.4% of farmers in Ngusishi, and 19.8% and 5.1% in Muooni recognized the effects of the global warming 
and high wind pressure on their catchment degradation and water stress. Besides drought and flood, other hydro-
geomorphologic risks of these climatic changes randomly occurring in Ngusishi and Muooni (respectively) 
included the siltation of drainage systems and reservoirs (20.3% and 26.0%), wildfire and deforestation in the 
catchment (13.3% and 4.1%), gullies (10.3% and 3.7%), and landslides in the catchment (6.6% and 4.0%), to 
name but a few. These externalities to farming activities were obstructing farmers’ efforts to conserve water and 
soil in their respective catchment areas (Universität Siegen 2006; Kiteme et al. 2008; Luwesi, Shisanya and 
Obando 2011). The following sub-sections shed more light on Land Use Land Cover (LULC) changes assessed 
in the study areas. 

4.1.3 Land Use Land Cover Change Assessment 

The assessment of Land-Use/ Land Cover (LULC) changes clearly emphasized a drastic depletion of natural 
vegetations, shrubland, grassland and riverine vegetation of about 62% in Ngusishi catchment (from 2,324.83 
hectares in 1976 to 883.7 hectares in 2007), whereas the analysis of satellite images for a similar period revealed 
a re-greening of Muooni catchment of about 19.4% (from 1,191.65 hectares in 1976 to 1,422.99 hectares in 
2010). The latter was mainly explained by the effects of agro-forestry within what seemed to be like a “natural 
forest” (though man-made) from that vantage view (Tiffen, Mortimore and Gichuki 1994).  
Results of spatial analysis of Landsat imagery conducted in Ngusishi catchment show that the natural vegetation 
of this catchment has experienced a drastic downfall for the period 1976-2007, with 94.7% decrease in scrubland, 
39.5% in grassland and 29.9% fall in riverine vegetation (Figure 4.3).  

 

 
Fig.4.3 Different Land-Use/ Cover Types in Ngusishi (1976-2007) 

(Analysis by Luwesi and Shisanya 2017 based Landsat images acquired from DSRSS) 
The total area occupied by natural vegetations has been reduced from 2,324.83 hectares (1976) to 883.7 hectares 
(2007). This was mainly explained by the expansion of rainfed agriculture and rainfed shrub crops (inclusive of 
floricultural species and likely “Miraa” shrub) by 836.1% with a cumulative area of 2,575.79 hectares in 2007 
(against an area 275.17 ha in 1976). Consequently, the irrigated agriculture, which accounted for 1981.94 hectares 
in the year 1976, has been gradually decreasing to an annual rate of 1.4% in terms of farming area.  
In terms of cropping patterns, Ngusishi farmers tend to specialize in one major seasonal crop, mainly maize 
(97.1%) or French beans (42.9%), and a subsidiary one such as Irish potatoe (14.3%) and sweet potatoe (11.4%). 
These farmers did not show much interest in multiple cropping of perennial trees, except for banana (20%), 
avocado (14.3%), grevilia and other shrubs (14.3%) and coffee (11.7%), to some extent (Table 4.2).  
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Table 4.2 Cropping patterns in Ngusishi catchment 

 
 

Source: Luwesi and Shisanya (2017) 
Even though maize cropping was widespread in the lower zone of Ngusishi catchment, soil moisture measured 
within 10 cm from the topsoil during the long rainy season (from March to May) of the year 2011 show that 
such cropping cannot, in most of the cases, sustain below a soil moisture value of 0.25 m3/m3. Yet, the minimum 
soil moisture measured downstream Ngusishi catchment was 0.001 m3/m3 with a maximum of 0.169 m3/m3 and 
a mean of 0.107 m3/m3. Therefore, soil moisture variations and the cropping patterns observed in this catchment 
would have lasting effects on agriculture sustainability in the course of climate change. 
In contrast, soil moisture measurement conducted downstream Muooni presented maximum values beyond 0.60 
m3/m3 with at least 25% of soil sample measuring above 0.20 m3/m3. Yet, most farmers sustain their livelihoods 
through intercropping of both perennial and seasonal crops, owing to the devastating effects of drought (Table 
4.3). Maize cropping remains one of the most important agricultural activity in Muooni catchment (75% of farms 
surveyed). Other major seasonal crops encompass cow peas (93.2%), cassava (70.5%), French beans and other 
seasonal crops (63.6%), sweet potatoe (59.1%), and Irish potatoe (47.7%). Banana (77.2%), avocado (75.4%), 
coffee (63.2%), mango (42.1%), sugarcane (36.8%) and guava (26.3%) remain among key perennial crops 
associated to seasonal ones in Muooni catchment. 
Table 4.3 Cropping patterns in Muooni catchment 

 
Source: Fieldwork (Luwesi and Shisanya 2017)  
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From a satellite vantage view, most of these land use activities in Muooni catchment appear to be like rainfed 
agriculture within a “natural forest”, though man-made. Though the practice of agro-forestry has slightly 
decreased by 4.3% (from 218.66 hectares in 1976 to 209.19 hectares in 2010), it represented 67.1% of the total 
catchment area in 2010. Also, rainfed agriculture outside forest conservation occupied an important space of 
228.32 hectares in 1976 but has recorded 86% increase in the 2010. Finally, there has been a construction of a 
dam going on from April 1986 to June 1987, which occupied 12.24 hectares of land in 1987 and has lost about 
13.9% of its coverage area in 2010. Figure 4.4 illustrates the extent of variation of these spatial units in Muooni 
catchment. It clearly indicates that reforestation is actually widespread in the catchment to the point of re-
greening it to a similar status like a “natural forest” (Tiffen, Mortimore and Gichuki 1994; Tiffen and Mortimore 
2002).  
 

 
 

Fig. 4.4 Different Land-Use/ Cover Types in Muooni Catchment (1976-2010) 
(Analysis by Luwesi and Shisanya 2017 based on Landsat imagery from DRSRS) 

Nonetheless, farming activities are said to be endogenous factors leading to land degradation and water stress in 
both Ngusishi and Muooni catchments (Kiteme et al. 2008; Luwesi, Shisanya and Obando 2012). The most 
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intriguing fact arising from the analysis is the cropping of more than 5 major perennial crops in Muooni 
catchment, generally on small land of less than ½ hectare. The widespread planting of water unfriendly exotic 
trees such as eucalyptus (54.4 and 8.6% in Muooni and Ngusishi, respectively) and grevilia (33 and 14.3%) may 
be a threat to the sustainability of agriculture in such ecosystems. Moreover, most farms are exposed to soil 
erosion problems and mass movements, which have direct effect on water and land conservation both 
catchments.  
Farmers indisputably interpreted soil erosion as the occurrence in their farmlands of sheets and rills (75.4 and 
55.4% in Ngusishi and Muooni, respectively) and gullies (13.1 and 4.0%), while mass movements mainly implied 
landslides associated with gullies in the farmland (4.9 and 4.0%) and encroachment on wetland by big farms (16.7 
and 8.2%) (Table 4.4). 
Table 4.4 Key farming impacts on water and land in the selected catchments  

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

These farming impacts were principally explained by footpaths occasioned by livestock mobility in the catchment 
(93.4 and 76.2% in Ngusishi and Muooni, respectively), subsistence cultivation with limited irrigation 75.4 and 
22.8%) and subsistence cultivation without irrigation (14.8% and 54.5%) (Table 4.5). 
Table 4.5 Key land use activities associated with catchment degradation 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 
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4.1.4 Prediction of the Potential Water Balance by the year 2030 

The results presented above have clearly revealed that climate change and human-induced activities are 
exogenous and endogenous factors leading to land degradation and water stress in the catchments under study. 
This sub-section focuses on the prediction of the potential water balance in the year 2010 and 2030 in Ngusishi 
and Muooni catchments. The computation of water demand and water resources was based on projected growth 
and development expected by the year 2030 in the three Catchments, namely Ngusishi and Muooni (Table 4.6).  
These projections took into consideration some demographic and economic data. These encompassed factors 
such as population per capita, population growth rate, number of households, and size of household, These 
population data enabled the prediction economic variables like the per capita Gross Domestic Product (GDP), 
average income per household (US$), and income growth rate, cost of water supply and water demand, and the 
expected development or level of urbanization. Finally, the catchment hydrology was taken into consideration. 
The water supply turnover was simulated under drought scenario (based on rainfall data for Nov. 2009) and 
flood scenario (based on rainfall data for Dec. 1981) to enable the simulation of the water balance from specific 
water demand sites and allocation priorities retained in the WEAP model for each catchment (Table 4.7). 
Table 4.6 Projected growth and development in the selected catchments  

 

Source: Fieldwork (Luwesi and Shisanya 2017) 
1 Annual average  
Table 4.7 Water demand sites and allocation priorities in the study areas 

 

Source: Fieldwork (Luwesi and Shisanya 2017) 
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Table 4.8 Computed water demand and balance in the study areas (FY 2010) 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

 
Findings from the analysis show a deficit of 27,760.59 m3 /day in Ngusishi catchment in 2010, the upper sub-
catchment recording 25,442.59 m3 deficit /day, and the lower one 2,318 m3 deficit/day. In contrast, the potential 
water balance in Muooni catchment resulted into a surplus of +1,007.14 m3 /day representing 3.63% of the 
available water resource. Upstream farmers recorded unmet demands of 2,165.24 m3 /day while their 
downstream counterparts enjoyed a surplus of 3,172.38 m3 /day (Table 4.8).  
In fact, the hydrological survey conducted in Muooni catchment shows that more than 66% of the total daily 
water demand (of 3,008.06 m3) for domestic and institutional use is abstracted by water projects operating 
therein. Schools, health centres and local industries were contented with about 15.3%, 5.8% and 12.6%, 
respectively. Daily water consumption by livestock was estimated to 425.34 m3 upstream and 519.86 m3 
downstream, goats and cattle consuming about 70% of the total demand. Finally, daily water demand for 
irrigation averaged 26,752.47 m3, upstream and downstream farmers requiring 38.4% and 60.6% of the 
catchment’s irrigation water demand, respectively, in the year 2010. In total, upstream farmers needed 10,272.95 
m3/day while downstream ones required 16,479.52 m3/day.  
Regarding Ngusishi catchment, the total household water demand amounted to 2,260.15 m3/day. Ngusishi Water 
Resource Users’ Association was abstracting 2,201.65 m3/day, while the remaining 2.6% was allocated to health 
centres (1.4%) and mini factories (1.2%). Finally, the computed water demand for agriculture averaged 
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1,232,521.3 m3 /month, upstream farmers abstracting about 79.3% and downstream ones 20.7%. In total, water 
demands upstream and downstream represented 32,579.645.7 and 8,504.4 m3 /day, respectively. Water demand 
by mini bakeries amounted to 1 m3/day while restaurants and hotels ordered about 25 m3 /day, thus making a 
total of 26 m3 /day. Water demand for livestock was estimated to 29,252 and 35,752 m3 in 2010 for upstream 
and downstream, respectively. If an environmental Flow Reserve (EFR) of 30% was to be enforced, both 
catchments would have recorded total deficits in the year 2010. Likewise, none of them is expected to sustain a 
surplus by the year 2030 and in the long run. 
In effect, the simulation of the future water balance in Ngusishi catchment disclosed only one best scenario for 
farmers, the ANOR one. Under this scenario, the catchment’s balance sheet displays a surplus from 2011 up to 
2017 (Figure 4.5). In effect, under the ANOR scenario, the total water demand in 2011 was valued to 13,394.926 
m3/day, upstream farmers abstracting 10,675.756 m3 daily while downstream ones being contented with 
2,719.170 m3/day. This water demand was predicted to peak at 41,648.238 m3/day in 2030, allocational measures 
remaining practically the same as in 2011. This upward rise was justified by irrigation expansion, representing 
96.8% of the total demand, and mainly by upstream farmers. Yet, the total resource available was predicted to 
decrease from 37,073.14 m3/day (in 2011) to 12,810.18 m3/day (in 2030), thus leading to a deficit of 69.2% of 
the predicted demand (which represent 225.1% of the available resource in 2030).  
 
Table 4.9 Future water balance in Ngusishi under BNOR scenario  

Area Resource Demand Balance 
%Resource 

/Demand  
%Balance 

/Demand 
%Balance 

/Resources 

2011 

Upstream 293.78  35,763.783  (35,470.00) 0.82 (99.18%) (12,074) 

Downstream 456.36  9,109.22   (8,652.86) 5.01 (94.99%) (1,896) 

Catchment 750.14  44,873.002  (44,122.86) 1.67 (98.33%) (5,882) 

2030 

Upstream 280.67  111,198.714  (110,918.05) 0.25 (99.75%) (39,519) 

Downstream 436.00  28,322.88  (27,886.89) 1.54 (98.46%) (6,396) 

Catchment 716.66  139,521.598  (138,804.94) 0.51 (99.49%) (19,368) 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 
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Fig. 4.5 Water demand and supply in Ngusishi under the ANOR (Luwesi and Shisanya 2017) 

In view of the above results, normal rainfall regime (NOR scenario) and below normal rainfall regime (BNOR 
scenario) were likely to be catastrophic, with deficits ranging from 70.4 to 90.8% of the available resource under 
the NOR scenario for 2011 and 2030, respectively (Table 4.9), and from 98.3% in 2011 to 99.5% in 2030 under 
the BNOR scenario (Figure 4.6).  

 
Fig. 4.6 Unmet Water Demand under the NOR Scenario in Ngusishi (Luwesi and Shisanya 2017) 

Facing such an acute water stress, if an environmental flow reserve (EFR) would not be imposed by water 
authorities, Ngusishi would likely experience a total water scarcity accompanied by an acute environmental 
disaster.  
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Just like for Ngusishi, the simulated future water balance in Muooni revealed that this catchment will enjoy good 
harvests and water security under above normal rainfall regime (ANOR scenario). The water balance upstream 
and downstream will represent about 73.3% and 71.7% of the total demand expressed by local stakeholders 
(Table 4.10). But this fair situation will not last longer since water deficits are expected to rise by 2028, though 
part of the lower sub-catchment could still enjoy a surplus, if an EFR would not be enforced. 
Table 4.10 Future water balance in Muooni under the ANOR scenario 

Area Demand Resources Balance  
%Resource 
/Demand 

%Balance 
/Demand 

%Balance 
/Resources 

 2011 

Upstream 5,942.258 22,242.49 16,300.24 374.31% 274.31% 73.28% 

Downstream 9,532.37 33,644.67 24,112.30 352.95% 252.95% 71.67% 

Catchment 15,474.630 55,887.16 40,412.534 361.15% 261.15% 72.31% 

 2030 

Upstream 11,955.028 10,929.39 (1,025.64) 91.42% -8.58% -9.38% 

Downstream 19,177.86 16,524.89 (2,652.97) 86.17% -13.83% -16.05% 

Catchment 31,132.885 27,454.27 (3678.61) 88.18% -11.82% -13.40% 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

However, under a normal (NOR) or below normal (BNOR) rainfall regime, the catchment will experience a 
ubiquitous situation. The lower sub-catchment will first enjoy more than enough water, its water balance being 
equal to 2,105.79 m3/day in 2011. If an EFR would be enforced, deficits ranging between 1% to 50% of the 
total demand would progressively be experienced after 2012. The upper sub-catchment would yet suffer badly 
in both scenarios. With total demands of 10,852.1 m3/day (in 2011) and 21,832.9 m3/day (in 2030), its unmet 
demands are expected to range between 25.8% (in 2011) and 67.7% (in 2030) under NOR (Figure 4.6), and 
93.6% (in 2011) and 97.2% (in 2030) under BNOR.  

 
Fig. 4.7 Unmet Water Demand in Muooni under NOR (Luwesi and Shisanya 2017) 

Based on the above predictions, conflicts on appropriation of water resources are likely to arouse very early both 
in Muooni and Ngusishi catchments, even under normal situations; the worse should be expected under drought 
(Gleditsch et al. 2004). It is thus crucial to explore the type of exposure to past and present water stresses 
experienced by farmers, and the kind of political and institutional response that have that they have accorded 
these risks in their respective catchments. 
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4.1.5 Socio-Economic Exposure to Water Stress and Response Characterization 

The survey conducted in Ngusishi revealed that 64% among the 64 farmers interviewed were male and aged 
between 19 to 54 years old. About 72% among these farmers had 4 children and above, while their daily use of 
water per household amounted to less than 200 litres per day, farmers living upstream having the lion’s share 
(including Wiumiririe, Kongoni, and Chumvi). This situation was explained by the fact most farmers living in 
the lower sub-catchment (Karimariu, Lucern, Batian, Mutarakwa and Kabubungi) were either pastoralists or 
peasant farmers (77%) while those living in the upper sub-catchment were generally employed by private 
investors in the horticultural industry (67%), alongside a number of public servants (27%) and commercial 
farmers/ businessmen (6%). Consequently, 43% among upstream farmers earned above KES. 100,000 annually 
(against 21% downstream) and used more than a cubic meter of water per day (against 8% downstream). 
However, about 23% of farmers surveyed upstream and 57% downstream were living below the poverty line of 
1$ a day. Nonetheless, Ngusishi Catchment presented a very positive educational record with 15% upstream and 
6% downstream having tertiary education degrees, about 40% and 30% having certificates of primary and 
secondary educations, 20% having attended professional polytechnics and only 7% did not go to school.  
Concerning the 103 farmers surveyed in Muooni catchment, 28% were female while 55% were randomly selected 
in the upper sub-catchment (Kaewa, Lita and Mbee), the remaining 45% being drawn from Kauti, Muuoni, 
Isyukoni, Kyuluni, Ithaene, Mathiane, Mathithu and Muthala (downstream). Results show that the average 
household size upstream and downstream was of 5 and 7 children, respectively. Yet, their daily water use was 
estimated to 106 and 114 litres per household upstream and downstream, respectively, while a standard 
household’s water use approximates 250 and 350 litres per day at Muooni Dam site and its environs (Musuva 
2010). This was a clear indication of farmers’ vulnerability to drought, Muooni catchment being a water scarce 
area. The latter was magnified by the householder’s poverty. On average, a farmer living in the upper and the 
lower sub-catchment earned about KES 66,180 and 81,744 in the upper and lower zones, respectively. These 
results confirmed findings by Luwesi (2010) indicating an average seasonal income of USD 231 per year 
(equivalent of KES. 18,480 per quarter in 2010) per farm at Muooni dam site.  
These household’s incomes were shaped by their professional affiliations, more than 60% among them being 
active agriculturalists and livestock keepers, whilst 35% were employed by small private businesses and the 
government, the remainder undertaking their own businesses (less than 5%). These farmers’ social and economic 
characteristics in Muooni catchment were reflected by their level of education. In effect, most farmers have 
attained some level of formal education (82%), while only 18% alone did not go to school (Luwesi 2010). In 
total 33.3% among farmers had primary school leaving certificates, 30.3% completed secondary education and 
12.1% were holders of professional credentials, while 6.1% had university degrees.  
In response to their poverty, farmers living in the lower zone of Ngusishi and those in Muooni have found 
alternative livelihoods. A majority among Ngusishi farmers have turned to the cropping of narcotic shrubs or 
euphoric stimulants known as “Miraa” (“Khat” species), especially downstream. Upstream Ngusishi catchment, 
the floricultural industry has offered several opportunities for employment to poor farmers. This industry has 
also shaped the catchment management therein through the creation of Ngusishi Water Resources Users’ 
Association (NWRUA) in 1998, which was fully registered in 2003. It has also constructed a weir at Kakubungi 
village and a pipeline network to allocate water equitably to all and enable enforcing water rules on the EFR on 
behalf of the Government of Kenya (G.O.K). Consequently, the NWRUA has successfully managed to put in 
place a system for planning, managing, monitoring and evaluating water resources within Ngusishi catchment. 
This has considerably reduced cases of social injustice, corruption and theft in Ngusishi catchment.  
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Fig. 4.8 Soil Erosion and Sand Harvesting at Muooni Dam Site 

(Photos by Luwesi and Shisanya 2017) 
Muooni farmers however rely on a dam built by the government in 1987. Yet, settlements’ encroachment on 
farmlands, deforestation and droughts, and cycles of drought-flooding often amplified farmers’ poverty and 
resulted in inconsistent farming methods and the miniaturization of the cropping area for the purpose of leasing 
or settlement (Jaetzold et al. 2007; UNEP 2009). These factors had a negative impact on agricultural productivity, 
thus leading to soil infertility, crop failure and livestock mortality in both selected catchments, especially 
downstream Ngusishi and in the whole Muooni. Owing to the smallness of their farming areas, most farmers 
have abandoned fallowing and did not have sufficient means to cater for mineral soil fertilizers. This factor was 
widely associated with land degradation and the sedimentation of river courses and other water storages in the 
selected catchments (FAO 1995). Hence, farmers have discovered various small scale businesses to sustain their 
lives in time of distress. These include among others harvesting building stones and sand for sale (Figure 4.8).  
Besides, a widespread practice of over-land flow irrigation upstream threatened water availability downstream, 
especially during the long dry season (June to September). The depleting natural capital (water and land resources) 
had been pointed out as a major source of conflicts on natural resources between upstream and downstream 
stakeholders, pastoralists and agriculturalists, human and wildlife, to name but a few, especially in Muooni 
Catchment (Aeschbacher, Liniger and Weingartner 2005; Universität Siegen 2008; Luwesi, Shisanya and Obando 
2011).  
As a response to vulnerability to climate variability and change farmers have resolved to Climate Information 
System (CIS) and Early Warning System (EWS) (Phillips 2003). On average, 89 and 95% of farmers in Ngusishi 
and Muooni catchments received information on rainfall distribution and temperature from the Kenya 
Meteorological Department (KMD) through Radio and TV, agricultural extension officers, and their neighbours. 
The frequency and accuracy of such information being generally questionable, most farmers found it easier to 
recourse to traditional Early Warning Systems (EWS). The latter were believed to be more effective and had 
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better response for adaptation of food security and agricultural production to conditions of drought and 
flooding. These EWS encompassed the changing colour and canopy of some specific plants' leaves, the flowering 
of some well-known indigenous trees (i.e. the Muuti tree), the colouring and motion of clouds, early presence of 
dew, the croaking of frogs, the migration of different species of birds and animals, the stomp-stamping of insects, 
high wind pressure, high and low surface temperatures, unusual cool air associated with the variation of spring 
discharges at some critical periods of the year, and the aching joints of elderly ones. These indicators were 
differently interpreted as incoming drought spells or heavy rains associated with the risk of flooding. Though 
some farmers did not totally trust climate forecast by the KMD, more than 50% among them found it useful for 
predicting rain onset. This allowed them taking preventive measures against soil erosion, flood and drought, and 
planning to sow. They also suggested that EWS at a local level coupled with their own judgment on KMD climate 
information were enhancing weather forecast credibility and therefore its adoption. They were not only useful 
for planting but also for taking preventive measures to ensure food security in case of water disasters.  

4.1.6 Discussion on Factors leading to Farmers’ Vulnerability to Water Disasters 

There is no doubt that most farmers leaving in ASALs of Kenya face challenges related to drought and 
sometimes to a cycle of droughts and floods (Jaetzold et al 2007). Despite several preventive measures taken by 
farmers to reduce their vulnerability to water disasters, Wise and Murphy (2012) could only stress the challenges 
faced by small scale farmers and women with limited resources in a climate-constrained world owing to the 
failure of policies and limited public investments on agricultural development and food production in developing 
countries. Mogaka et al. (2006) attributed this situation to “a combination of the country’s very limited natural 
endowment of water, the high variability with which annual rainfall occurs, the heavy dependence of the 
economy on water resources, and inadequate preparedness for regularly recurring climate shocks to the 
economy” (IFRC 2005; 2009; USAID 2009c). Hence, climate variability and change as well as farmers’ 
inconsistent land use changes, poverty and to some extent their ignorance of physical processes, and the lack of 
appropriate institutional framework for catchment management and water development are key determinants of 
increased water stress and land degradation in most arid ASALs of Kenya (Morgan 1995; Mutisya 1997; Waswa 
2006). Thus, WSP (2011) could conclude that the country needed to strengthen its policy instruments and 
implementation institutions to channel more investments in the development of alternative water resources. 
These include groundwater, rainwater and green water using hydro-political instruments that may constitute 
reliable, renewable and drought resistant water sources. Owing to the weakness of such mechanisms, farmers 
have found innovative ways of curbing water disasters as detailed in the following section. 

4.2 Farmers’ Innovative Strategies for Mitigating Water Disasters 

4.2.1 Innovative Stream Flow Storage and Allocation in Ngusishi Catchment 

Recurrent water stresses and inequitable availability in the upper and lower sub-catchments make Ngusishi 
farmers naturally vulnerable to water disasters. Yet, this catchment is one of the few catchments of Kenya well-
known for better water allocation practices in the ASALs (Aeschbacher 2003; Ehrensperger and Kiteme 2005; 
Notter et al. 2007; Kiteme et al. 2008). In effect, irrigated floricultural farms located upstream are the main water 
abstractors in the catchment to the expense of pastoralists and agriculturalists operating downstream. The 
floricultural industry was determined to ensure equity in the distribution of water among local stakeholders 
through good water resource management. This was clearly demonstrated by the creation of Ngusishi Water 
Resource Users’ Association (NWRUA) in 1998 as a self help group registered with the gender, culture and social 
services (registration No. 183/98) and as an association registered with the office of the attorney general in 2003 
(registration No. 22204). The NWUA incorporates voluntary members such as water users, riparian land owners 
and other stakeholders who have formally decided to associate for the purposes of co-operatively sharing, 
managing and conserving a common water resource. The association marked a milestone by building of a weir 
(or small scale dam of 2.059 m3 storage) in 2007 at Kabubungi Village (Figure 4.9).  

http://jistee.org/volume-v-2020/


 Cush Ngonzo Luwesi - Chapter 4. Findings and Discussion/IJWSET -JISTEE, August 2022, pp.47-98 

_________________________________________________________________________ 
International Journal Water Sciences and Environment Technologies (IJWSET/JISTEE) 

©2022 by the authors  Open Access Journal  ISSN Online: 1737-9350, ISSN Print: 1737-6688 

August 2022 - jistee.org/volume-vii-2022/ 
Page | 62  

International Journal Water Sciences and Environment Technologies 
e-IЅЅƝ: 1737-9350 p-IЅЅƝ: 1737-6688,  Open Aϲϲeѕѕ Јоurnal  August 2022 

Why green water saving is not fully rewarded by farmers in mount kenya region 
A research frontier of pure: applied sciences and engineering 

 

 
Fig. 4.9 A Weir Erected in Ngusishi River at Kabubungi Village 

(Photos by Luwesi and Shisanya 2017) 
Currently, this weir serves as a common intake for a network of sixteen (16) pipeline projects, namely Batian 
farms, Batian Flowers, Chumvi, Daisa Farm, Kabeere, Kabubungi, Kongoni, Land A, Lobelia, Lolomarik, Ol 
Donyo, Ole Naishu, Siraji, TimaFlor, Valley Spring and Wiumiririe. The weir is also a major tool for allocating 
water equitably to different locations, using water allocation plans and meters, as well as enforcing water rules 
on the EFR on behalf of the Government of Kenya (G.O.K). The erection of this weir and the strong 
institutional support from the NWRUA have mitigated the inequitable distribution of natural resources between 
upstream and downstream in Ngusishi catchment, particularly in time of stress and scarcity. The flow is 
consistently measured and 30% of the total streamflow is left downstream for EFR purpose (NWRUA 2010). 
The NWRUA also sets water rationing programmes, timing of abstractions among different user groups and 
issuing water use guidelines to prevent water shortages, pollution, splinter groups, and destruction of vegetation 
cover. It is worth noting that the NWRUA was initiated by eight (8) horticultural farmers in 1999. Not only did 
they initiate the idea, but they also conducted feasibility study and helped registering the NWRUA. They keep 
providing finances and logistic support for its management (Ehrensperger and Kiteme 2005). 

4.2.2 A Revolutionary Groundwater Taping System in Machakos Area 

Unlike Ngusishi, Muooni catchment lacks a proper institutional framework for a good governance of the 
catchment. Yet, the catchment possesses an overflow gravity dam located in a narrow part of the deep valley of 
Muooni River at Isyukoni with a reservoir area of 15.2 hectares, a maximum capacity of 1,559,400 m3, a median 
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capacity of 836,000 m3 (at the spillway level) and a threshold of 119,400 m3 (Table 4.11). This dam is the major 
water source of the catchment. It was built from April 1986 to June 1987 by the Government of Kenya (Ministry 
of Water) to provide water to Mitaboni, Kathiani, Lita and Nzaikoni (in Kathiani Division), Kyevaluki, Kakuyuni 
and Kawethei (in Kangundo Division) as well as to Vyalya, Masii, Mwala and Makutano (in Mwala Division). 
But its average storage capacity have been decreasing by 6.2% annually due to soil erosion problems, thus having 
some implications on other productive sectors of the local economy, especially the green economy (Luwesi 2010; 
Musuva 2010). 
Table 4.11 Key features of the design of Muooni dam 
 

 
Source: Compiled from MoW (1987) and Luwesi (2010) 

 
Currently, Muooni dam can only supply water to Kathiani divisional headquarters (including the market centre, 
the hospital and the high school) and surrounding rural areas within a radius of 3 kilometres. This has forced 
women and children to walk long distances (about 3 km) to fetch water during normal periods. However, during 
major droughts, when many boreholes in Machakos area are dry or carry salty water, farmers receive water in 
forms of humanitarian aid. They have to rely on their Indigenous Knowledge (IK) to ensure sustainable 
management of soil moisture and other natural resources at farm level. However, since 2009, Muooni farmers 
living upstream relate a revolutionary groundwater project that has redefined the concept of water management 
and sustainability in the Machakos area (Figure 4.10).  
Many stakeholders in the upper zone of Muooni catchment would prefer buying water from Musingini rather 
than consuming salty water from their own boreholes. In effect, through a partnership between the mobile 
operator Safaricom (M-PESA section) and Grundfos Lifelink (a Kenya based Danish company specialized in 
pump making), a project was created to provide clean and safe water resources to communities lacking access 
these resources. Local stakeholders were more exhilarated to see the technology that made all of this possible. 
The latter consisted of a smartcard of the size of a KES 20 coin (that is 25 mm), which contains money stored 
from a mobile phone via M-PESA payment system provided by Safaricom. It activates a solar pump from the 
customer mobile phone (in Kenya) and a server (in Denmark). The latter draws clean water underground to feed 
an aerial tank, which feeds back a free-standing pump station, looking like an ATM, via gravity. The smartcard 
is placed in a slot in the pump station and borehole water runs from the water tank until the card is removed. 
One needs just to select “M-PESA” on the Menu and click on “Pay Bill”, and then enter his/ her “business 
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number”; then his/ her membership “PIN” number; and lastly the amount s/he want to load. Once this 
information is transmitted to the smartcard, one would wait for two or three minutes to fetch water. To trigger 
the water flow, the smartcard is placed in any of the three slots on the sides of the pump station and water will 
run from the connected pipes until money runs out or the smart card is removed. In this last case (when the 
smartcard is removed), one litre of water will continue to flow before cutting off. The fourth side of the pumping 
machine has a screen that displays the smartcard balance.  

 
Fig. 4.10 Grundfos Lifelink Automated Borehole Implemnted in Musingini 

(Photographies compiled from Karago (2009) 
 

It shall be noted that the solar-powered borehole works on a computerised system managed from Denmark. If 
it breaks down, engineers receive failure messages and they can immediately alert their subsidiary firm in Kenya 
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to sort out the issue. They can also tell how much water has been used and how much income has been generated. 
This system costs between Euros 40,000 to 50,000. The M-PESA use secures payments for paying instalments 
to Grundfos Lifelink, which provided the smartcards and the automated water systems (pumps, maintenance 
services and other overheads). The Ministry of Water and Irrigation has found it very innovative and efficient. 
It has since then started working with Grundfos Lifelink to disseminate this project across the country to bring 
piped water into schools, dispensaries, market places and places of worship to help achieving a universal access 
to potable water, in line with Millennium Development Goal 7. Though Musingini is not much more than a little 
shopping centre in Machakos, Karago (2009) reveals that local residents and those from surrounding drought-
stricken areas (including Muooni upper zone) have experienced improved health and hygiene, and have benefited 
economically from potable water through this groundwater project. Now, they can have adequate washing 
facilities and flourishing vegetables and flowers in their gardens, even during the dry season. The people of 
Musingini and surrounding areas are cheerful as they see water flowing in their desolate land. Even so, the 
sustainability of this water system management would depend on an effective catchment management. This will 
enable a systematic implementation of GWS schemes. Thus, the next sub-section focuses on innovative 
mechanisms put in place by farmers to deliver GWS services and compensate those delivering these services in 
Muooni catchment. 

4.2.3 Innovative Mechanisms for Delivery of GWS Services in Muooni 

This study established that “Green Water Saving” (GWS) schemes were not widely disseminated among farmers 
living in Muooni catchment. In effect, 25% of farmers upstream and 22.8% downstream have already heard 
about a specific type of GWS schemes. They wished to see the implementation of nine (9) major schemes in 
Muooni catchment, namely: (1) Green Water Credits (1%); (2) cash payments by rich farmers to poor ones for 
environmental services (18%); (3) the transfer by rich farmers of part of their harvest to poor ones for 
environmental services (5%); (4) the donation of foodstuffs in time of famine by rich farmers to poor ones for 
environmental services (6%); (5) the donation of clean water in time of drought by rich ones to poor ones for 
environmental services (17%); (6) the allocation of farming water quantity to all farmers with possibility for one's 
selling his/her share (24%); (7) employment for environmental conservation by the State or large scale farmers 
(22%); (8) the transfer of management of a public fund to a private business for watershed conservation (6%); 
and (9) the leasing of public land for environmental conservation (1%). 
Though modern GWS schemes are not yet widespread in Muooni catchment, a study by Tiffen and Mortimore 
(2002) revealed that such kinds of schemes exist in the Akamba culture and that farmers were intuitively practiced 
them. In effect, all the 22.8% of downstream farmers having already heard about GWS schemes believed that 
these schemes were important for adequate water management in the catchment. Nonetheless, 25% estimated 
that these schemes were mainly important for cash payments by rich farmers to poor ones for their 
environmental services. Another category of farmers (66.1%) felt that these schemes were only useful for farming 
water allocation to all farmers with possibility for one selling his/her share. In all the cases, 82.5% of farmers 
living downstream would agree to compensate other stakeholders engaged in catchment conservation, if asked 
to do so by the government. Consequently, 46.8% could donate either food or clean water, 44.7% would offer 
employment in one’s farm or cash payments, while 8.5% might give a piece of land for agricultural production. 
This Intention To Pay (ITP) for GWS services expressed by downstream farmers was an indicator of their 
preference for the GWS schemes. 
Upstream farmers’ Intention to Accept Compensation (ITA) for their GWS services was an indicator of their 
availability to implement GWS schemes in Muooni Catchment. This study revealed 77.3% among the 25% of 
farmers living upstream, who had already heard about GWS schemes, felt that these schemes were very useful 
for allocating farming water quotas to all farmers with possibility for one to sell his/her share. However, 22.7% 
among them found these schemes adequate for water management in the catchment. Still 22.1% believed that 
these schemes were mainly meant to motivate “rich” farmers to pay cash to “poor” ones, for granted that the 
latter get involved in environmental rehabilitation of the upper catchment. Furthermore, 19.7% of farmers would 
prefer using Soil and Water Conservation (SWC) measures to boost agricultural yield while sustaining crops from 
drought and flood. Only a few among them admitted using mulching (4.7%) and rainwater harvesting (2.3%) as 
SWC measures to sustain drought (or flood) while preserving soil moisture and water balance. Whatever the 
case, 75% among upstream farmers would agree to set aside ½ acre of land for tree planting alone, in exchange 
of compensation from the government. For that purpose, 98.8% among them would ask for material or financial 
compensation. Types of compensation would include clean water donation (32.5%), employment in the public 
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service (31.3%), tax exemptions on land (20.5%), cash payments (8.4%), food and seed donation (4.8%), and 
farming water supply (1.2%). These indicators provided evidence that upstream farmers operating in Muooni 
catchment were willing to implement GWS schemes for granted that equitable and fair compensation was 
assured to them by the Government and their fellow farmers managing the schemes. 

4.2.4 Farmers’Effective Strategies for Saving Water in Muooni Catchment 

It is no longer a secret that farmers operating in Muooni catchment have to face physical vulnerability to water 
disasters. To ensure their livelihood, 55% of farmers reported that they would buy water for cropping and/or 
keeping their animals. A majority among these farmers did not believe in their ability to ensure the efficiency of 
their farming activities (77.2%). Nonetheless, about 50% among them felt that efficiency in farming was only 
achieved in some few cases while deficiency was widespread, depending on the type of farming inputs 
procurement (including fertilizers, manure, insecticides, herbicides, fungicides and rodenticides). Hence, more 
than 30% attributed agricultural efficiency to the chance of getting farming inputs at a fair price. Also, only 5.3% 
among them acknowledged having some innovative technological abilities to ensure farming efficiency in time 
of disasters, especially during a drought occurrence.  

 

 
Fig. 4.11 Techniques for Watering Plants in Muooni (Luwesi and Shisanya 2017) 

 
Technological efficiency was linked to effective soil and water conservation measures, some farmers utilizing 
sprinklers (29.7%) and drips (22.8%), and others using water basins and wells or furrows (13.9%) as well as 
overland flow from the wetland (8.9%) (Figure 4.11). About 35% among these farmers had water tanks and 17% 
possessed water pumps, the remainder utilizing other tools of such kind to abstract and save water (Figure 4.12). 
Nonetheless, many agro-pastoralists would prefer using basins and wells to provide water to their animals 
(45.5%) or watering animals in the river course, either late in the evening or early in the morning (39.6%). 
Eventually, a few among them would still prefer watering animals during working hours (11.9%), when 
householders are still their water for domestic use (Figure 4.13). 
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Fig. 4.12 Tools for Abstracting and Saving Water in Muooni (Luwesi and Shisanya 2017) 

 
 

Fig. 4.13 Techniques Used for Watering Animals in Muooni (Luwesi and Shisanya 2017) 
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Fig. 4.14 Traditional Measures for Water Hygiene in Muooni (Luwesi and Shisanya 2017) 

 
Regarding hygienic measures used by farmers to keep water clean, Figure 4.14 indicates six (6) main traditional 
measures taken by the farming community, including (1) water prohibitions and taboos (28.7%); (2) traditional 
rules for water purification (23.8%); (4) separation between drinking and washing sites (22.8%); (5) separation 
between human washing and animals’ drinking sites (14.9%), and (6) fencing of the headwaters (5.9%). 
Modern tools for Rain Water Harvesting and Saving (RWHS) involved roof catchments (19.8%) and 
underground tanks (10.9%). Even though rainwater harvesting is an important alternative source of water in 
most ASALs, it is not among the major sources of water in Muooni catchment. Farmers instead employ 
traditional techniques for tapping and saving stream flow. Tools utilized included plastic basins, buckets, 
calabashes and such like storages (37.6%), and seasonal wells (29.7%) (Figure 4.15).  

 
 

Fig. 4.15 Tools for Harvesting and Saving Rain Water in Muooni (Luwesi and Shisanya 2017) 
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Finally, soil moisture was mainly conserved using terraces (22.8%), windbreaks (18.8%), contour grasses and 
trees (17.8%), small dams or runoff cut-outs (15.8%), agro-forestry (6.9%), and fallows or fences around water 
sources (2.0%) (Figure 4.16). These innovations would not properly work if allocational measures were not put 
in place to enhance efficiency. Some of these allocational measures may have encompassed: (1) the compliance 
to water allocation plans; (2) the adjustment of the cropping area in case of streamflow variation; and (3) the 
increase of farming inputs per parcel of land.  
 

 
 

Fig. 4.16 Soil Moisture Conservation Measures (Luwesi and Shisanya 2017) 
Farmers mainly relied on: (1) indigenous knowledge to enhance preparedness and compliance to the planting 
calendar (13.9%); (2) new agronomic technologies and skills (12.9%); (3) irrigation and water saving techniques 
combined with weather information, water allocation plans and planting calendar (10.9%); (4) enhanced soil 
conservation measures (9.9%); (5) migration techniques or settlement at an area that is not prone to droughts 
and floods or where there is a new markets with high demand to avoid high competition (9.9%); (6) savings, 
subscription to social insurances and crop loss schemes offered by cooperatives and microfinance institutions 
(8.9%); (7) security measures that consist of watchdogs and watchmen (7.9%); (8) banking loans (6.9%); (9) 
compost and manure (6.9%); (10) governmental subsidies and non-governmental aids (5.0%); (11) farming inputs 
sold at a fair price (3.0%); (12) crop selection or the use of improved seeds, early maturing crops and drought 
resistant crops (3.0%); and (13) ploughing animals and farming machines (1.0%). Beside these 13 coping 
measures taken by individual farmers, the upper sub-catchment relies on the automated borehole found at 
Musingini, which uses mobile phone technology and solar energy. 

4.2.5 Innovative Mechanisms for Delivery of GWS Services in Ngusishi  

Contrary to Muooni, the study established that “Green Water Saving” (GWS) schemes were widely accepted 
among farmers for equity and fairness in the management of natural resources in Ngusishi Catchment. In effect, 
46.2% of farmers upstream and 20.6% downstream have already been involved in a GWS scheme. The latter 
encompassed six (6) major mechanisms namely: (1) the award Green Water Credits (2.4%); (2) cash payments 
by rich farmers to poor ones for environmental services (24.4%); (3) the donation of clean water by rich farmers 
to poor ones in time of drought for the sake of environmental conservation (24.4%); (5) the allocation of farming 
water quantity to all farmers with possibility for one's selling his/her share (24.4%); and (6) employment for 
environment conservation by the State or Large scale farmers (24.4%). The study revealed that 26.1% among 
upstream farmers and 27.8% downstream estimated that these schemes were mainly meant for environmental 
conservation through cash payments by rich farmers to poor ones.  
Naturally, 92% among farmers living downstream, respectively, believed that these schemes were important for 
adequate water management in the catchment. These farmers expressed their Intention To Pay (ITP) for GWS 
services in terms of: (1) allocation of farming water to farmers with one's possibility of selling his/her share (66.7 
%); (2) offer employment in one’s farm or cash payments (46.2%); (3) award of a piece of land for agriculture in 
compensation of upstream farmers’ GWS services (25.6%); (4) donating food or clean water in time of disaster 
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(15.4%). Hence, 54.8% of farmers living downstream would agree to compensate other stakeholders engaged in 
catchment conservation, if asked to do so by the government.  
Among farmers living upstream Ngusishi, 82.6% believed that GWS schemes were important for adequate water 
management in the catchment. These farmers expressed their Intention to Accept Compensation (ITA) for their 
GWS services involving: (1) setting aside ½ acre of land for tree planting (80.8%); (2) Soil and Water 
Conservation (SWC) at farm level to boost agricultural yield while sustaining crops from drought and flood 
(67.7%); (3) mulching (20.7%); (4) rainwater harvesting (19%) to sustain drought (or flood) and preserving soil 
moisture. For that purpose, 97.7% among upstream farmers would expect a material or financial compensation 
from downstream counterpart or the government in exchange of their GWS services. Types of compensation 
may include: (1) cash payments (45.5%); (2) employment in the public service (20.5%); (3) Tax exemptions on 
land (13.6%); (4) the management of a public fund for environmental conservation and other public duties 
(13.4%); and (5) clean water donation (4.5%). All these indicators are evidence of the social acceptability of GWS 
schemes in Ngusishi Catchment for equitable and fair management of its natural resources. 

4.2.6 Efficient Farming Water Strategies in Ngusishi catchment 

Despite their vulnerability to water disasters, 88.3% of farmers operating in Ngusishi catchment reported that 
they buy water for cropping and/or watering their livestock. Surprisingly, 89.8% among them believed that their 
farming activities were still efficient. They attributed this efficiency to technological innovation and effective 
agricultural resources allocation. Efficient technologies mostly used included: (1) improved seeds (14.8% of 
farms), (2) new agronomic technologies (9.3%); (3) effective soil conservation measures (5.6%); (4) ploughing 
animals and farming machines (7.4%); (5) composting and manure (3.7%); and (6) water saving techniques 
(5.6%). The use of sprinklers (50.8%), drips (21.3%) and water basins and wells (13.1%) for irrigation purpose 
emerged among the most commonly used water saving techniques (Figure 4.17).  

 
 

Fig. 4.17 Plant Watering Techniques Used in Ngusishi (Luwesi and Shisanya 2017) 
At least 50% among these farmers had water tanks, 12.5% possessed water pumps and the remainder used other 
similar tools to abstract and save water (Figure 4.18). Nonetheless, many agro-pastoralists preferred basins and 
wells to provide water to their animals (66.7%). Eventually, quite a number among them would still prefer 
watering their animals in the river course, either during working hours (23.3%) or late in the evening, even early 
in the morning (5%), when householders have completed fetching their water for domestic use (Figure 4.19). 
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Fig. 4.18 Water Abstraction and Saving Tools Used in Ngusishi (Luwesi and Shisanya 2017) 

 

 
 

Fig. 4.19 Techniques used in Ngusishi for watering animals (Luwesi and Shisanya 2017) 
Whatever the case, Figure 4.20 indicates that, for the sake of hygiene, this farming community still abided to 
traditional water purification rules (22.4%), water prohibitions and taboos (8.6%), as well as to a set of measures 
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dealing with the separation of drinking and washing sites (37.9%), human washing and animals’ drinking sites 
(6.9%), and the headwaters with the accessible catchment area (15.5%). 

 
 

Fig. 4.20 Hygienic techniques used in Ngusishi to keep water clean (Luwesi and Shisanya 2017) 
 

 
 

Fig. 4.21 Rain Water Harvesting and Saving in Ngusishi (Luwesi and Shisanya 2017) 
Rain Water Harvesting and Saving (RWHS) remained the most important source of water in ASALs. In effect, 
Figure 4.21 shows that Ngusishi farmers employed roof catchments (50.8%) as their major RWHS technique. 
Other key techniques included the use of plastic basins, buckets, calabashes and other similar storages (24.6%), 
underground tanks (9.8%), and seasonal wells (8.2%). 
Finally, soil moisture was mainly conserved using terraces (45.8%), contour grasses and trees (20.3%), windbreaks 
(13.6%), agro-forestry (11.9%), fallows (3.4%), small dams (3.4%) and fences around water sources (1.7%) 
(Figure 4.22). These SWC measures would not properly work if allocational measures were not put in place to 
enhance efficiency. Some these allocational measures reported by farmers encompassed: (1) the compliance to 
water allocation plans (11.1%); (2) the adjustment of the irrigated area in relation with streamflow variation 
(13%); and (3) the increase of farming inputs per parcel of land (20.4%). 
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Fig. 4.22 Soil Moisture Conservation Measures in Ngusishi (Luwesi and Shisanya 2017) 
The main farming inputs included NPK, DAP and CAN as well as manure among fertilizers. Other inputs 
indicated by farmers encompassed insecticides, herbicides, fungicides and rodenticides. Also, in time of disasters 
(mainly drought), farmers had to recourse to coping strategies to maintain their farming efficiency. They valued 
new agronomic technologies and skills (25%) as their primary strategy for ensuring efficiency. Other strategies 
consisted of: (1) crop selection or the use of improved seeds, early maturing crops and drought resistant crops 
(17.9%); (2) irrigation and water saving techniques combined with weather information, water allocation plans 
and planting calendar (17.9%); (3) security measures dealing with watchdogs and watchmen (16.1%); (4) 
ploughing animals and farming machines (7.1%); (5) composting and manure (5.4%); (6) enhanced soil 
conservation measures (3.6%); (7) adjustment of irrigation water with the fluctuations of streamflow (3.6%); (8) 
(9) use of indigenous knowledge to enhance preparedness and compliance to the planting calendar (1.8%); and 
(9) migration or settling in an area that is not prone to droughts and floods (1.8%). Yet, whatever the number of 
measures taken by individual farmers, their effectiveness would depend on their catchment management as a 
whole environmental entity. Thus, the next section of this study focuses on the existing individual and 
institutional capability to curb water disasters in Ngusishi and Muooni catchments. 

4.2.7 Discussion on Farmers’ Innovative Strategies to Curb Vulnerability 

UNU (1997) and Shakya (2001) revealed that traditional water technologies alone may not assist in case of 
hazards involving climate change. These technologies are maladapted to changing climatic conditions and thus 
cost billions of dollars for constant repairs and maintenance. This study has shown that farmers need innovative 
ways for sustaining water supply and soil moisture in their farms. They also have to integrate both Indigenous 
Knowledge (IK) and modern science within the framework of Integrated Water Resource Management (IWRM) 
to enable the adoption of revolutionary systems for water harvesting, storing, allocation and management. 
Ngusishi catchment and Musingini Groundwater project provided a clear evidence of successful blending of IK 
and modern technologies to mitigate vulnerability to water disasters. Yet, these technologies are costly and many 
government s in the developing world are likely not ready to invest on water development at a small scale 
catchment like Muooni and Ngusishi (Ledec and Quintero 2003; World Bank et al. 2008). Thus, the need for 
local stakeholders “Willingness To Pay” (WTP) for GWS services and other small scale investments in the water 
sector (Porras 2006). Applying such a price to water development will not only enable cost recovery but also 
stimulate a change of behaviour and make sure that water is distributed more fairly (Cap-Net 2008; Universität 
Siegen 2008). The Government of Kenya (GoK) thus needs, in line with the Water Act 2002, to expedite the 
creation of watershed institutions for effective investments in GWS schemes and continuous coordination of 
natural resources management in each catchment (Adger 2000). This will ensure water and food security in the 
whole country and reduce conflicts on natural resources, especially in many ASALs (Vishnudas 2006; Malesu et 
al. 2008). 
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4.3 Effectiveness of GWS Schemes in Ngusishi and Muooni 

4.3.1 Introduction 

The robust Performance Assessment and Evaluation (PAE) used in this study to assess the effectiveness of 
GWS schemes comprised an analysis of “Strengths, Weaknesses, Opportunities and Threats” (SWOT) of water 
management institutions, a “Vulnerability-Capability Rating” (VCR) and an evaluation of their performance 
using “Performance based Management Rating” (PMR). Using the SWOT analysis, the study explored best 
practices as well as failures in rapport with GWS schemes in the study areas. The research provided an assessment 
of the catchment management internal strengths and weaknesses as well as opportunities and threats accrue from 
its external environment. The VCR was thus needed prior to estimate the magnitude of environmental, social 
and economic risks as well as of capacities treasured by farmers. The PMR gave an insight on the farmers’ 
perception of the performance of their water institutions, which were supposedly, based the implementation of 
GWS schemes for sustainable water services’ provision. These analyses were mainly conducted based on the 
following four components of hydro-climatic factors retained in the study, namely: (i) Lower maximum 
temperatures, evaporation/ transpiration and all other factors; (ii) Higher minimum temperatures and 
evaporation/ transpiration; (iii) Increased storm intensity and number of flash floods (flood severity); and (iv) 
Decreasing trend of rainfall, river discharges, soil moisture and infiltration rate (drought severity). Ultimately, an 
effectiveness rate for GWS schemes was derived from the above analyses based on a rating scale adapted after 
Downing and Patwardhan (2005) and Kazbekov et al. (2009). The following sub-sections present the results of 
each of the above processes from the selected study areas.  

4.3.2 SWOT Analysis for Catchment Management in the Selected Areas 

Put aside the global warming and increasing temperatures in the catchment, Ngusishi stakeholders face various 
challenges related to high evaporation and transpiration rates in their catchment. Table 4.12 displays key 
“Strengths”, “Weaknesses”, “Opportunities” and “Threats” of the Ngusishi Water Users’ Association 
(NWRUA). It comes out from the analysis that local stakeholders need to invest in effective soil conservation 
measures (agro-forestry, vegetative filter strips, grass waterways, terraces, contours, runoff cut-outs).  
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Table 4.12 Ngusishi Catchment’s SWOT Matrix 

 
Source: Analysis from fieldwork data (Luwesi and Shisanya 2017) 
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It is imperative to create new infrastructures to mitigate storm intensity, regulate encroachment to wetlands and 
other water towers, as well as introduce new technologies for monitoring surface runoffs and reclaiming extra 
water resources. All of these may be achieved by notably: (i) building a dam and a water treatment plant to be 
curb adverse effects of drought and storm intensity on water quantity and quality; (ii) increasing vegetation cover 
through agro-forestry, reforestation or afforestation; and (iii) promoting the practice of zero-grazing. The 
NWRUA and the farming community living in Ngusishi would likely increase their catchment management 
strengths if they: (i) set emergency oversight committees to invigilate on wetlands’ encroachment and create 
awareness on sanitation, hygiene and environmental disasters (bushfires, endemics and pandemics); (ii) upgrade 
the existing hydrological and meteorological equipments; (iii) increase exchanges and knowledge sharing between 
upstream and downstream farmers to implement effective irrigation schemes downstream; and (iv) search for 
new funding opportunities to extend the delivery of extension services to remote areas (Annex 7.1). For 
effectiveness, the NWRUA shall disseminate Rain Water Harvesting and Saving (RWHS) techniques among 
farmers (including building roof catchments, water storage tanks, reservoirs and dams). It needs to enhance the 
use of agronomic technologies to increase infiltration and maintain soil moisture (i.e. mulching, tillage, 
greenhouses, crop selection, drought resistant plants, etc.). Farmers may also explore new markets and PPP 
schemes’ financing options such as grants, lending, and microfinance, Build-Operate-Lend (BOL), Build-
Operate-Sell (BOS) or Build-Operate-Transfer (BOT). Finally, the NWRUA shall train its staff on how to initiate 
PPP schemes, write bankable proposals and set efficient water tariffs to review the current subsidised water 
charges and enable sufficient public contributions for new infrastructures. Similar results were obtained from 
the situation analysis conducted in Muooni catchment, despite the fact the catchment does not have a co-
ordinating authority for the catchment management (Table 4.13). 

 
 

Fig. 4.23 Soil conservation measures around Muooni Dam Site (Luwesi and Shisanya 2017) 
The analysis acknowledged that the risk of flash floods was only high downstream and for some few affected 
homesteads. The use of farming methods that were inconsistent with soil and water conservation was put 
forward as the main cause of such vulnerability to flood. Nonetheless, farmers’ usage of soil conservation 
measures and early warning systems was an asset for preventing and curbing the effects of high surface runoff 
and flash floods. Yet, excessive multiple cropping and widespread use of open furrows, and the planting of 
eucalyptus trees in wetlands were among malpractices to be revised in the management of farming water in 
Muooni catchment (Figure 4.23).  
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Table 4.13 Muooni Catchment’s SWOT Matrix  

 
Source: Analysis from fieldwork data (Luwesi and Shisanya 2017) 
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Among other weaknesses, Muooni catchment was lacking proper strategy for disaster mitigation besides having 
a weak technological capacity due to the obsolescence of hydro-meteorological equipments. In the absence of a 
registered Water Resource Users’ Association (WRUA), these weaknesses could be triggered by threats such as 
El Niño flash floods, high erosivity and the risk of mass movements, water siltation and pollution, and the weak 
enforcement capability of public officers in the area. Nonetheless, Kauti Irrigation Scheme’s Water Users’ 
Association (Kauti IWUA) could be mandated to: (i) design a strategic action plan for disaster mitigation for the 
whole catchment; (ii) regulate, measure and charge all water uses at their abstraction or effluent discharge points; 
(iii) promote agronomic technologies such as greenhouses, crop selection, drought resistant plants, etc.; (iv) 
promote alternative farming schemes in the form of trusts and cooperatives of production, savings and credits; 
(v) train farmers on PPPs proposal writing and business literacy; (vi) train farmers on marketing strategies to 
enable them explore new markets and PPP schemes’ financing options, and increase their investments in farming 
and/or off-farm sectors (Annex 7.2). An estimate of the rate of farmers’ vulnerability to and capability to curb 
drought and flood in both catchments under consideration is provided below to pave the way for estimating 
GWS schemes effectiveness in the study areas. 

4.3.3 Farmers’ Vulnerabilty and Capability vis-à-vis Flood and Drought 

The analysis found out that Ngusishi catchment undergoes a moderate vulnerability to drought and a minor 
vulnerability to flood. In effect, the catchment has to get along with a minor vulnerability to flood of 4.3% index 
share for a hazard frequency of 20% (1 occurrence every 5 years) and a risk value of 14%. Farmers’ vulnerability 
to flood was largely attributed to the impact of flash floods on its economy (21.9% affected), human population 
(4%) and ecological systems (1%). Regarding its vulnerability to drought, Ngusishi farmers have first to 
experience a moderate drought (that is a hazard frequency of 20%) under the effects of increasing minimum 
temperature, evaporation and transpiration. The latter recorded a vulnerability index share of 22.4% and a risk 
value of 42%. Besides, the farming community has to contend with another moderate drought of 53.3% 
vulnerability index share and 70% risk value, owing to reduced river discharges, infiltration and soil moisture. 
Globally, vulnerability to drought results in the collapse of the bio-physical environment (94% affected) and 
socio-political systems (54%) under drought, while economic resources remain sustainable to some extent 
(21.9%) (Figure 4.24).  

 
Fig. 4.24 Farmers’ vulnerability to drought in Ngusishi 1 (Luwesi and Shisanya 2017) 

1 The white triangle in the centre of the figure shows vulnerability in Ngusishi 
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The assessment of farmers’ capability to adapt to flood and drought in Ngusishi catchment revealed that the 
farming community had high potentials for adaptation to flood than drought. The catchment recorded a high 
capability index share of 75.86%, when facing a minor flood frequency of 20% (that is 1 hazard occurrence in 5 
years) and a risk value of 14%. Ngusishi’s capability to high storm intensity and flash floods was largely attributed 
to the resilience of its ecological systems (99%), socio-political institutions (96%) and economic recovery (78%). 
Hence, the impact of flash floods on the catchment’s economy was said to be negligible. However, when it came 
to capability to mitigate drought effects, Ngusishi catchment recorded a fairly poor index share of 29% to 
overcome a moderate drought of 22.4% caused by higher minimum temperatures, evaporation and transpiration 
with a hazard frequency of 20% and a risk value of 42%. This capability was poorer (24.2% index share) when 
facing a moderate drought resulting from reduced river discharges, infiltration and soil moisture (for a drought 
hazard of 20% frequency and 70% risk value). Hence, an overall fairly poor capability to curb drought was 
recorded by farmers operating in Ngusishi. It was largely attributed to the slow pace of economic recovery (63%) 
and reduced resilience of ecological systems (83%) amplified by weaknesses observed in the management of 
socio-political institutions (95%).  
Concerning Muooni catchment, farmers living therein have to experience a minor flood hazard of 21.5% 
frequency (that is about 1 occurrence every 5 years) with a vulnerability index share of 2.7% and a total risk of 
16%. This flood is likely due to increased storm intensity under the effect of El Niño flash floods. It threatens 
1% of ecological systems, 2% of human beings and 14.6% of economic assets. However, the catchment has to 
cope with a moderate drought attributed to higher minimum temperature, evaporation and transpiration. Its 
vulnerability index share was estimated to 72.4% for a hazard frequency of 23.8% (that is about 5 occurrences 
every 20 years) and a risk value of 48%. A more severe drought associated with decreasing river discharge, water 
infiltration and soil moisture rates recorded 97.4% vulnerability index share with a hazard frequency of 23.8% 
and a risk value of 80%. In general, drought impact in Muooni catchment was appraised as the collapse of 
ecological systems (95%), the exposure to unhealthy human lives (85%) and the decline of economic assets 
(51.2%) (Figure 4.25).  
Muooni farmers’ capability was rated high (78.4%) for curbing a minor flood hazard of 21.5% frequency with a 
risk value of 16%. The analysis revealed that the farming community had high potentials to achieve ecological 
sustainability (99%) and increase its social capital (98%) and economic wealth (85%). Yet, this strong adaptability 
was swept away (2.7% index share) by a moderate drought hazard of 23.8% frequency and 48% risk value. 
Likewise, capability index share of 2.2% (poor) was recorded when faced with a major drought hazard of 23.8% 
frequency and 80% risk value. This reduced poor capability was explained by the weakening of ecological systems 
(5%), socio-political governance (15%) and economic assets (49%).  

 
Fig. 4.25 Vulnerability to Drought in Muooni 1 (Luwesi and Shisanya 2017) 

1 The orange triangle in the centre of the figure shows vulnerability in Muooni 
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It is suggested that increased social networking may increase poor capability to compensate the collapse of its 
bio-physical systems and economic loss. Therefore, it is crucial to know the performance of catchment 
management institutions vis-à-vis the intensity of drought in both catchments under consideration. The 
following sub-section provides results of these organizations’ performance as appraised by the farming 
community and validated by the researchers. This gives insight on the ability of upstream farmers to curb future 
water disasters using GWS schemes. 

4.3.4 Catchment Institutions’ Performance Management Rating 

The turning point of this study was the Focus Group Discussions (FGDs) that empowered local farming 
communities to assess the performance of catchment management institutions, which principally determines the 
capability of upstream farmers to curb water stress/ scarcity in the catchment via GWS schemes. Performance 
Management Rating (PMR) was used to evaluate: (1) environmental sustainability; (2) business success; (3) 
economic development; (4) social welfare; and (5) institutional development. These FGDs also involved them 
to set priorities (desired interventions) for their local catchment management institutions in rapport with the 
three main issues tackled by the SWOT through Performance Management Rating (Table 4.14).  
Table 4.14 Catchment management performance rating in the selected catchments  

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

Table 4.14 shows that Ngusishi Water Resource Users’ Association (NWRUA) was granted a rated fairly good 
capability (73.7%) by local stakeholders for water resources management under normal situations. In fact, it had 
insufficient capacity to manage wastes and pollutants despite its good technological capacity to innovate and 
conserve the environment. Environmental sustainability was hence rated 82.5% (fairly good). Likewise, farmers’ 
business success was as well rated fairly poor (50%) due to the fact that farmers had fairly high profitability and 
solvability, as well as accessibility to and affordability of quality water services. However, the NWRUA did not 
have the ability to collect sufficient revenue from water services to develop new infrastructures, though the 
burden of these investments was taken in charge by a few big horticultural farmers. However, the NWRUA did 
to some extent favour economic development, which was rated fairly “good” (76.7%). Nonetheless, the 
NWRUA did not do enough to build farmers’ capacity to mobilize sufficient resources and develop their 
businesses. Besides, the NWRUA had championed social equity (100%) by providing a platform for achieving 
social consensus, equity and fairness, as well as gender balance and effective Public-Private Partnerships (PPP) 
at local level. The institutional development was also rated good (90%) since it had updated strategic plans with 
average quality of standards and specifications, and good capacity for implementation using participatory 
approaches. 
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Muooni Catchment on the other hand presented a puzzling case. Whereas the catchment had various 
uncoordinated catchment management institutions, namely Muooni Dam environmental committee, Kathiani 
Water Treatment Plant, Kauti Irrigation Scheme’s Water Users’ Association (Kauti IWUA) and several other 
water projects, to name but a few, their contribution to environmental sustainability, social welfare and economic 
development was rated fairly poor (62.7%) under normal conditions. This rate was partly perceived as an average 
of their compliance to environmental regulations, even though “user pays” and “polluter pays” principles were 
not effectively implemented in the catchment along with public safety measures in time of disaster. Nonetheless, 
there was a high potential for technological innovation, waste management and environmental conservation. In 
the same vein, business success was rated fairly poor (33%). This was as the resultant of very good affordability 
of water services and of the quality of water services, while the regularity of water revenues and customers’ 
payment was very negligible, and farmers’ profitability and solvability were said to be insufficient even inexistent. 
However, catchment management organizations’ contribution to economic development in the catchment was 
rated 80%, meaning fairly good. This resulted from the perception of the farming community that it had 
sufficient capacity to mobilize resources, create public relations and develop businesses in the catchment. 
Likewise, farmers’ contribution to social peace and welfare was perceived to be fairly good (84.2%). This was 
attributed to the respect of local culture and application of equity and fairness doctrine by catchment 
management organizations. Also, their structures were gender balanced, with women playing a role in the 
management and youths being promoted. 
 
Finally, Public-Private Partnerships (PPP) were being effectively used at the local level. Herein, farmers declared 
to have achieved social consensus, equity, fairness and gender balance with an average motivation to initiate 
PPPs at the local level. Finally, catchment management institutions needed to develop their adaptive capacities 
in view of change, though their institutional development was globally rated fair (63%). This was a result of good 
organizational culture and institutionalization of public involvement. The organizational culture received quite a 
good mark (83%), since farmers confessed that water projects and institutions were legally recognized, had sound 
policies and procedures as well as quality standards and specifications. However, the development of adaptive 
capacities was poor and needed to be updated (30%), existing strategic plans being generally out of date (meaning 
no frequent strategic reviews). Lastly, the institutionalization of public involvement was acknowledged to be 
fairly poor (60%). Catchment management institutions were reputed of being very weak in implementing 
participatory approaches for decision-making but they had public trust, owing to their good reputation and 
regularly of meetings with their members. Globally, catchment management institutions’ contribution to 
environmental sustainability, business success and economic development, social welfare and institutional 
developments was rated fairly poor (62.7%) in Muooni catchment.  
 
This farmers’ appraisal needed to be validated based on survey results of the SWOT analysis and the VCR. The 
starting point of this validation exercise was an estimate of the contributions by water management institutions 
to business success and economic development. Farmers’ capability to raise more Marginal Farming Revenue 
(MfR) was an indicator of their business success, while the rate of water saving or economy of water use (te) was 
a good estimator of water economy development. Then, the validation of environmental sustainability, social 
equity and institutional development followed. The latter was based on figures retrieved from the SWOT analysis 
and survey results. A comparison between estimates by farmers during the FGDs and validation rates from the 
SWOT analysis and survey data of the selected catchments is provided on Table 4.15. 
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Table 4.15 Validated catchment management institutions’ performance  

 

Source: Fieldwork (Luwesi and Shisanya 2017) 
The computation of the Marginal Farming Revenue (MfR) revealed that Muooni catchment had high potentials 
for business success (75.1%) than Ngusishi (68.3%). In fact, a marginal farmer in Muooni Catchment was earning 
KES. 508.6/ month (US$ 1 = KES 80) while the same farmer in Ngusishi would have earned KES. 352.2 per 
month, respectively. This was a result of higher prices of outputs due to recurrent water scarcity in Muooni. 
However, the marginal farming water demand was much higher in Muooni Catchment than anywhere else. 
Muooni recorded a mean of 27.6 m3 (with a standard deviation of 47.7 m3) against a mean of 7.9 m3 in Ngusishi 
(with a standard deviation of 26.5 m3). When translated into the rate of water use economy (te) Ngusishi and 
Muooni performed better with respective rates of 81.5% and 68.7%. This water economy rate meant that at least 
81% of farmers in Ngusishi can daily afford 7.9 m3 of water for farming, while 68.7% in Muooni can secure 27.6 
m3 of farming water on average per day. These rates also established the average contribution of upstream 
farmers to the catchment management economy through conservation of the upper sub-catchment and release 
of sufficient water for cropping downstream (in Muooni Catchment), which irrigation schemes are mainly 
located upstream.  
A comparison between farmers’ appraisal of catchment management’s environmental sustainability in Ngusishi 
(82.5%) showed huge gaps with estimates from the surveys (62.5%). However, when it came to social equity and 
institutional development, Ngusishi presented figures of 100% and 90% to the FGDs, with average rates of 
95.8% and 71.9% respectively. Hence, globally, Ngusishi emerged with 76% as a “good” performance for 
catchment  management (Figure 4.26).  
Muooni catchment recorded similar results for environmental sustainability (55.8% for FGD against 37.5% 
validated). Nonetheless, institutional development in Muooni catchment was poorly rated (15.6% validated from 
the 60.6% FGD’s rate), though its social equity received corresponding rates (75% validated from the 84.2% 
FGD’s rate). Globally, Muooni catchment performed fairly well in catchment management with a validated rate 
of 54.4% (Figure 4.27).  
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Fig. 4.26 Capability to Curb Drought in Ngusishi Catchment 1 

 
1 The black shadowed polygon in the centre of this figure shows capability in Ngusishi 

 

 

 
 

 

Fig.4.27 Capability to curb drought in Muooni Catchment1 
1 The orange shadowed polygon in the centre of this figure shows capability in Muooni  
These validated performance rates were interpreted as an expression of the public commitment in the catchment 
management (“institutional sustainability”) through valorization of water (“success of business”) and other 
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natural resources (“environmental sustainability”) and their efficient use for enhanced agricultural production, 
energy generation and other utilities (“economy of inputs”). This was possible because of the existence of leading 
to equitable sharing of water management benefits among all stakeholders in the catchment (“social equity”). 
However, this performance is likely achieved in most ASALs because of the implementation of GWS schemes. 
The following sub-section focuses on the derivation of GWS schemes’ effectiveness from farmers’ vulnerability 
and capability rates as well as catchment management institutions’ performance. 

4.3.5 Induction of GWS Schemes’ Effectiveness 

Table 4.16 GWS schemes’ effectiveness in Ngusishi catchment1 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

1 Red cells indicate “poor” effectiveness; the yellow ones refer to “fair” effectiveness; and the white cell signals 
“good” effectiveness 
 
An overall rating of the effectiveness of GWS schemes was done for both small scale farms and institutions of 
catchment management at a large scale in the study areas. Table 4.16 and 4.17 presents the effectiveness of Soil 
and Water Conservation (SWC) measures put in place by farmers to curb the effects of flood and drought in 
Ngusishi and Muooni catchment, respectively.  Table 4.17 shows that SWC measures implemented by farmers 
in Ngusishi catchment were effectively fairly good (51-75%) to mitigate the impact of high storm intensity (flood) 
on their farming production. When it came to the increased minimum temperatures (in case of a moderate 
drought) d and decreasing trends of river discharge and soil moisture (in case of a severe drought), the 
effectiveness of SWC measures was subsided to fairly poor (26-50%) and poor (25% and below). However, when 
considering GWS schemes as the main tools used by catchment management institutions, their effectiveness 
ranged from good (76% and above) to fairly poor (26-50%). These schemes were found effectively good for 
addressing challenges related to flooding (or high storm intensity). Yet, they were said to be fairly poor in curbing 
drought effects resulting from both increased minimum temperatures and decreasing river discharges and soil 
moisture in Ngusishi. Concerning Muooni, Table 4.17 reveals that Muooni farmers were effectively good (76% 
and above) in implementing SWC measures.  
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Table 4.17 GWS schemes’ effectiveness in Moony catchment1  

 
 

Source: Fieldwork (Luwesi and Shisanya 2017) 
1 Red cells indicate “poor” effectiveness; the yellow ones refer to “fair” effectiveness; and the white cell signals 
“good” effectiveness  
If Muooni eases the effect of high storm intensity (flooding) through SWC measures, it is however poor (25% 
and below) in addressing the impact of a moderate to severe drought brought about increased minimum 
temperatures and decreasing trends of river discharge and soil moisture, respectively. The effectiveness of GWS 
schemes ranged from poor to fairly good, owing to the intensity of storm (2.7% vulnerability index and 54.4% 
valid capability), minimum temperatures’ increase (72.4% vulnerability index and 54.4% capability index) and 
river discharge and soil moisture decrease (80% vulnerability index and 54.4% capability index) in Muooni 
catchment. 

4.3.6 Discussion on GWS Schemes’ Effectiveness in the Study Areas 

The SWOT analysis confirmed the fact that farmers practice both traditional and innovative Soil and Water 
Conservation (SWC) measures in the selected catchments using GWS schemes. Yet, they were sometimes 
inconsistent with water and land conservation. In general, ill-planned farming, the introduction of exotic trees, 
shrubs, crops and weeds in most marginal, human settlement, agriculture and other induced activities exacerbate 
vital functions of ecosystems and wetlands (UNU. 2005). Even where crop coverage and agro-forestry could 
provide land protection against soil erosion, the cropping of exotic trees, notably eucalyptus grandis or blue gum 
in Muooni (Figure 4.28) and Miraa shrub in Ngusishi.  
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Fig. 4.28 Matured Eucalyptus Grandis in Eastern Province of Kenya (Luwesi and Shisanya 2017) 

These factors were associated with water stress and scarcity in their respective catchments (Kitissou 2004; 
Ojwang 2008). They were also said to be linked to the global warming, to sea surface temperature, ocean currents, 
and atmospheric winds in the southern hemisphere, commonly known as El Niño flood and La Niña droughts 
(WRI et al. 2007). These changing hydro-climatic conditions resulted in high social, political and economic risks 
and impacts depicted by the SWOT analysis, the VCR and the PMR, which weakened the effectiveness of GWS 
schemes. For instance, they had a negative impact on farmland productivity, and water quality and quantity in 
river channels and other water storages (Terer 2004; Van Aalst 2006; Heurtefeux et al. 2011).  
Hence, it comes out from the analysis that individual farmers’ capability to adapt to future disasters largely 
depend, not on their endowed capacity (or resources) but on institutional capability to integrate communities’ 
preparedness and adaptation to climate disasters in their planning and management processes (Miller et al. 1997; 
Adgar 2000; Pelling 2004; Luwesi, Shisanya and Obando 2012). These institutions are entitled to enforce the 
creation of sustainable farming mechanisms, including Green Water Saving (GWS) schemes to ensure land and 
water conservation at all time (Kauffman et al. 2007; Malesu et al. 2007; Hoff et al. 2010; Immerzeel et al. 2010; 
Luwesi and Bader 2012). These schemes may enhance farmers’ ability to initiate Public Private Partnerships 
(PPPs) and build strong institutions, which will ensure that water is availed to all equitably in normal times as 
well as under situations of stress (Berg 2007; Agrawal and Perrin 2008).  
No wonder that, some farmers and catchment managers, especially within the ASALs, remain skeptical about 
the significance of the value added of GWS schemes compared to traditional conservation, especially when it 
comes to addressing drought severity, owing to decreasing rates of river discharges and water infiltration in the 
soil (Wunder 2007; Rockström et al. 2009). Some even question their impact on the increased surface runoff 
(“overland flow”) and storm intensity (flood severity) (Mutisya 1997; Luwesi 2010; Luwesi, Shisanya and Obando 
2011). These results consolidates findings by Lal (1993), Mutisya (1994), Ehrensperger and Kiteme (2005), 
Mogaka et al. (2006), Waswa (2006), Kiteme et al. (2008), Rockström et al. (2009), Luwesi (2010), Ngonzo, 
Shisanya and Obando (2010), Luwesi, Shisanya and Obando (2011), WSP. (2011), IPCC (2012), and Luwesi, 
Shisanya and Obando (2012), especially with regard to the situation in the Kenyan Arid and Semi-Arid Lands 
(ASALs).  
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4.4 GWS Schemes’ Efficiency and Cost Recovery Ability by the Year 2030 

4.4.1 Introduction 

The last section of this study dealt with the computation of the efficiency, costs and benefits of Green Water Saving 
(GWS) schemes operating in Ngusishi and Muooni catchments compared to their Blue Water Supply (BWS) 
projects counterparts. These computations were based on hydro-economic inventory models of the use value of 
blue and green waters in farming in each of the selected catchments. Equations presented hereby were derived 
from the linear programming system of the WEAP predictions for 2011-2030 period (Lòpez-Baldovin, Gutiérrez-
Martin and Berbel 2006; Luwesi, Shisanya and Obando 2012). Cost efficiency and recovery models took into 
consideration the vulnerabilities and capabilities of each catchment under Above Normal (ANOR), Normal 
(NOR), and Below Normal (BNOR) rainfall regimes.  
Based on the results from the WEAP system, the analysis predicted rating curves in terms of Future Value (FV) 
for daily water supply (Ws), demand (Wd), their total costs (TCs and TCd) and the total revenue from supply (Rw) 
under the three scenarios of rainfall fluctuation. For the convenience of the study, it was assumed that the quantity 
of inputs for producing a cubic meter of water was the same for both BWS projects and GWS schemes. It was also 
hypothesized that inputs remained constant over time in each catchment under the three climatic scenarios. The 
following sub-sections present results of Cost-Efficiency Inventory (CEI) and Benefit-Cost Analysis (BCA) for 
BWS projects and GWS schemes, respectively, as well as Contingent Benefit Valuation (CBV) for GWS schemes. 

4.4.2 Cost-Efficiency Inventory for GWS Schemes versus BWS Projects  

The study used hydro-economic inventory models to determine operational functions of blue water supply and 
demand for farming in Ngusishi (GWS scheme) and Muooni (BWS projects). For that reason, a turnover for water 
orders (r) was simulated in each catchment from discharges observed in December 1981 (ANOR scenario), April 
2010 (NOR scenario) and November 2009 (BNOR scenario) (Table 4.18). The latter were hypothesized to reflect 
the variations of farmers’ water demand and supply under predicted hydro-climatic conditions prevailing in each 
catchment. 
Table 4.18 Water order turnovers under different rainfall regimes in the study areas 

Catchment 
ANOR Turnover 

 (ran) 

NOR Turnover  

(rno) 

BNOR Turnover 

 (rbn) 

Ngusishi 3.350 0.530 0.063 

Muooni 1.826 0.571 0.050 

  
Source: Fieldwork (Luwesi and Shisanya 2017)  

A prognosis of the economic viability of farming activities in 2010 was established (Table 4.19). Farmers’ annual 
income statement showed that farmers in Ngusishi and Muooni catchments spent 0.37% and 2.94% of their total 
farming cost on water, respectively. High farming expenditures on water in Muooni catchment were an indicator 
of their vulnerability to low rainfalls and drought, in the absence of GWS schemes. However, Ngusishi catchment 
disclosed a bit of reliability of farming water supply from rainfall and any other source, GWS schemes included. 
Nevertheless, crop water requirements in general were not properly met, even under normal rainfall regimes (Table 
4.20). 
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Table 4.19 Farmers’ annual income statement in the selected catchments (FY-2010)  

N° TITLE 
INCOME & COST (in US$) 1 

Ngusishi Muooni 

1.0 Farming Income   

1.1 Total Income (per sample surveyed)  119,749.35 64,740.47 

1.2 Average Income (per farmer)  1,963.10 640.99 

1.3 Marginal Income (per Catchment)  331.16 11.58 

2.0 Farming Cost 
  

2.1 Total Farming Expenditures (per sample)  112,699.49 118,264.64 

 2.1.1   Seeds  8,603.40 6,460.21 

 2.1.2   Fertilizers  25,269.08 20,842.95 

 2.1.3   Pesticides  3,630.05 1,016.57 

 2.1.4   Water  414.53 3,475.91 

 2.1.5   Water Pumps Fuel  2,776.02 18,519.80 

 2.1.6   Wages  32,250.80 28,910.03 

 2.1.7   Transport  28,699.17 28,472.50 

2.1.8  Food  11,056.45 10,566.64 

2.2 Total Farming Cost(per sample) 112,699.49 118,264.64 

2.3  Average Cost (per farmer)  1,847.53 1,170.94 

2.4  Marginal Cost (per Catchment) 788.37 90.62 

3.0 Farming Profit 

3.1  Total Profit (per sample surveyed)   7,049.86 -53,524.17 

3.2  Average Profit (per farmer)  115.57 -529.94 

3.3 Marginal Profit (per Catchment) -457.21 -79.04 
  

Source: Fieldwork (Luwesi and Shisanya 2017) 
1 US$ 1 = KES 80 
Table 4.20 Farmers’ water demand and crop requirements in the study areas in 2010 

Catchment 

(1) 

Annual farming Water 

Demand (m
3
) 

(2) 

Annual crop water 

requirement (m
3
) 

(3) = (2)-(1)  

Gap 

(m
3
) 

(4)=100*(3)/(2)  

Percentage Gap 

(%) 

Ngusishi 2,544.45 38,758.89 36,214.44 93.44% 

Muooni 709.35 23,404.14 22,694.79 96.97% 
  

SOURCE: Fieldwork (Luwesi and Shisanya 2017)  
Farming water demands represented only a ratio of 6.56% and 3.03% of the annual crop water requirements for 
Ngusishi and Muooni catchments, respectively, computed in the year 2010. Yet, these farmers’ crop water 
requirements and their estimated costs formed the basis for valuation of green water supply and demand in the 
catchment. It was referred to as blue water supply and demand for agriculture irrigation under co-ordination by a 
Green Water Saving (GWS) scheme. The analysis hence hypothesized that the GWS scheme would maintain blue 
water supply throughout the year, under whatever seasonal variations. This would increase water productivity and 
revenues in farming (in case of a drought or flood), and decrease water cost per unit of agricultural yield. 
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Fig. 4.29 Farming Water Demand and Supply in Ngusishi by 2030 (Luwesi and Shisanya 2017) 
Figure 4.29 provides a panorama of the analysis of blue water demand and supply for farming in Ngusishi 
catchment under fluctuating rainfall regimes. The catchment presented a case of subsidized water supply under 
regulation by a GWS scheme, the unit cost per cubic meter remaining stable from 2010 to 2030. 
Daily farming water demands were predicted to increase at higher speed than supply under the three hydro-climatic 
scenarios (ANOR, NOR and BNOR). Annual growth rates of +4.5% and -4.2% for demand and supply, 
respectively, were foreseen under the ANOR scenario. Hence, daily water demand that amounted to 12,264 m3/day 
in 2010 was expected to increase to 29,577 m3/day in 2030, while daily water supply was to fall from 40,457 to 
17,152 m3/day. Yet, this higher demand increase would not fuel increased daily revenues. Revenues would rather 
decrease at annual rates of 4% owing to subsided supply and stabilization of sale prices at US$ 0.01 the cubic meter 
(that is less than KES 1 /m3). In the meantime, the cost of farming water supply would have gone up from US$ 
0.02 to 0.03 the cubic meter. Hence, losses incurred under the ANOR scenario would likely be attributed to the 
subsidization of prices, while the catchment would be facing enormous daily unmet demands of 12,425 m3 in 2030.  
GWS schemes and farmers operating in Ngusishi will also have to endure serious water stresses and shortages 
under normal (NOR) climatic conditions and drought (BNOR), respectively. Under the NOR scenario, water 
demand and its cost will keep growing at the same rates as under ANOR scenario. Nonetheless, water supply 
decreasing annual rates will stabilize at -0.2% and the cost variation at -0.01% with revenues decreasing at annual 
rate of 1%. In such conditions, Ngusishi farmers will have to contend with unmet demands of about 86,000 m3 

/day in 2030 and average prices ranging from US$ 0.07 /m3 (in 2010) to US$ 0.08 /m3 (in 2030). This situation will 
worsen under the BNOR scenario when the unmet demands will count for 98,234 m3 /day in the year 2030. In 
effect, daily water supply will pass from 1,046 m3 /day (in 2010) to 856 m3 /day (in 2030), while demand will have 
shot up from 41,084 to 99,083 m3 /day. The cost of water supply is foreseen to increase at an annual rate of 0.14%, 
thus resulting in average daily cost of water consumption of US$ 1.32 /m3 in 2010 and US$ 1.35 /m3 in 2030. This 
situation will be a burden for both farmers and GWS schemes, the first being incapable of affording the cost of 
new prices while the second will be incurring tremendous losses in the year 2030. Hence, estimated daily revenues 
of US$ 1,386 (for 2010) will decrease at 3% annual rate to close at US$ 753.7 in 2030, while the cost of production 
will have to jump from US$ 1,046 (in 2010) to US$ 1,075.68 (in 2030).  
On its part, Muooni catchment offers a case of high economic vulnerability of the agricultural sector to drought 
with subsequent prolific blue water businesses or vendors (BWS projects), the average cost of water under normal 
conditions and even under overflow being ten (10) to fifty (50) times higher than Ngusishi catchment (Figure 4.30).  
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Fig. 4.30 Blue Water Demand and Supply in Muooni by 2030 (Luwesi and Shisanya 2017) 
It comes out from the analysis that daily water prices per cubic meter in Muooni catchment are still high, even 
under ANOR when there is overflow (US$ 1.37 and 1.48 in 2010 and 2030, respectively). Demand, increasing 
quickly by 2.75%, is expected to surpass supply by 2035, which is expected to decrease by more or less an equivalent 
rate. Hence, Muooni catchment will be facing water stress some years after 2030 under ANOR scenario due to 
increased unmet demands. Though burdensome for farmers, this situation will be profitable for water vendors, 
who will make as high gross profits as US$ 2,191.73 /day in 2030. These water businesses will be more profitable 
under NOR and BNOR scenarios with decreased supply from 28,338 to 2,246 m3/day (in 2010), respectively, at 
subsequent rates of 0.9% and 0.4% per annum, and a daily demand of 26,753 m3/day under both scenarios.Water 
vendors are expected to record profitability rates ranging from 23% (in 2010) to 161% (in 2030) under the BNOR 
scenario. With this increased profitability, farmers will incur an average cost of US$ 50.4 to 52 /m3, while the supply 
cost will vary between US$ 10.08 to 30.86 /m3 in 2010 and 2030, respectively. However, the NOR scenario offers 
a more humanistic situation whereby average water supply prices are predicted to vary between US$ 2.50 and 2.56 
/m3 in 2010 and 2030, respectively. Decreased annual rate of productivity change are expected as a result of 
dropping revenues from US$ 466,881 /day (in 2010) to US$ 430,916.35 /day (in 2030). Average water supply cost 
is predicted to US$ 0.5 /m3 (in 2010) and 0.51 /m3 (in 2030). In such a situation, both farmers and water vendors 
benefit from the stabilization of the catchment economy.  
At this point, the study turned to the optimization of water order turnovers (r) to determine hydro-economic 
inventory models that would generate optimum blue water supply levels in each catchment under ANOR (EOQ), 
NOR (LAC) and BNOR (MES) scenarios. These optimal values were obtained from operational marginal cost 
functions (Table 4.21). The latter provided a basis for computation of optimum value for farming water supply, 
productivity and efficiency under predicted hydro-climatic conditions in each selected catchment. 
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Table 4.21 Optimal blue water turnovers under rainfall fluctuation in the study areas 

 

Catchment 
ANOR Turnover 

(ran) 

NOR Turnover 

(rno) 

BNOR Turnover 

(rbn) 

Ngusishi 1.000 1.229 1.414 

Muooni 1.173 0.246 1.414 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

Table 4.22 illustrates the efficiency levels of blue water supply in Ngusishi catchment under fluctuating rainfall 
regimes. The total Cost Efficiency (CE) and Allocative Efficiency (AE) for farming water supply under co-
ordination by Green Water Saving (GWS) schemes operating in Ngusishi catchment represented about 41% (in 
2010) and 27% (in 2030) under BNOR rainfall regime with high Technical Efficiency (TE) of 100%. Daily water 
revenues, cost and profit (deficit) amounted to US$ 20,053, 16,341 and US$ -3,712 in the year 2010 under BNOR, 
with a water productivity of US$ 3.28 per m3. However, due to decreased revenues (US$ 466,881) achieved at 
higher cost (US$ 14,169) under the NOR scenario, these GWS schemes were incapable of achieving even 10% of 
their CE and AE efficiencies under BNOR though being credited with very high TE of 123.2%. Likewise, under 
the ANOR scenario, a CE rate of 0.2% was expected in 2010 with an AE rate of 0.7% and a TE of 27.3%, despite 
a high Scale Efficiency (SE) of 451.2%. 
Table 4.22 Optimal farming water supply in Ngusishi under different rainfall regimes  

  

 

Optimum Level 

Horizon 2010 Horizon 2030 

Qnty 

(m
3
) 

Water 

productivity 

Total Cost 

Efficiency 

Technical 

Efficiency 

Allocative 

Efficiency 

Qnty 

(m
3
) 

Water 

productivity 

Total Cost 

Efficiency 

Technical 

Efficiency 

Allocative 

Efficiency 

EOQ 391.12 4.64 0.002 0.273 0.007 260.17 4.64 0.002 0.273 0.007 

LAC 734.41 3.77 0.021 1.232 0.017 666.74 3.77 0.019 1.232 0.015 

MES 798.77 3.28 0.406 1.000 0.406 830.14 3.28 0.268 1.000 0.268 
  

Source: Fieldwork (Luwesi and Shisanya 2017) 
For high economic efficiency, optimal blue water supplies for farming in 2010 were estimated to 391.12 m3, 734.41 
m3 and 798.77 m3 per day under ANOR, NOR, and BNOR rainfall regimes, respectively, to enable achieving an 
EOQ of 260.17 m3/day, a LAC of 666.74 m3/day and a MES of 830.14 m3/day in the year 2030. The analysis 
confirmed the fact that farming water operational costs were highly variable in Ngusishi catchment under the 
BNOR regime rather than under any other rainfall regime. Modest profits and efficiency rates of farming water 
supply were achieved under BNOR in Ngusishi, owing the presence of a water regulatory body that subsidizes 
costs related to water shortage. Hence, GWS schemes tend to increase their technical efficiency to maintain their 
cost efficiency in the long run. Though being socially acceptable to farmers (or water demanders), this practice of 
subsidization may seriously threaten the economic viability of farming water supply in Ngusishi catchment in the 
long run owing to increased deficits incurred by the GWS schemes.  
The efficiency of blue water supply for farming in Muooni catchment is presented below under the ANOR, NOR 
and BNOR rainfall regimes (Table 4.23).  
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Table 4.23 Optimal farming water supply under different rainfall regimes in Muooni 
 

 
 

    

Optimum 

2010 2030 

Qnty 

(m
3
) 

Water 

productivity 

Total Cost 

Efficiency 

Technical 

Efficiency 

Allocative 

Efficiency 

Qnty 

(m
3
) 

Water 

productivity 

Total Cost 

Efficiency 

Technical 

Efficiency 

Allocative 

Efficiency 

EOQ 26,336.47 1.98 0.172 2.773 0.062 12,702.7 6.98 0.049 2.773 0.018 

LAC 13,930.39 16.51 0.998 0.132 7.558 5,202.31 78.93 0.213 0.132 1.613 

MES 4,654.05 33.22 1.517 1.000 1.517 7,942.08 68.06 0.453 1.000 0.453 
  

Source: Fieldwork (Luwesi and Shisanya 2017)  
BWS projects operating in Muooni catchment recorded CE rates of 100% and above 150% under NOR and BNOR 
rainfall regimes, respectively. In effect, their daily water revenues, costs and profits (or deficits) under the ANOR 
scenario amounted to about US$ 20,053, US$ 16,341 and US$ 3,712, respectively, in the year 2010. These water 
projects expected a water productivity of US$ 1.98 per m3 with a CE rate of 17.2%. However, due to increased 
revenue (US$ 466,881) achieved at a lower cost (US$ 14,169) under the NOR scenario, water vendors would be 
capable of achieving about 99.8% CE rate. Likewise, under the BNOR, a rate of 151.7% CE would be expected by 
Muooni water businesses. These rates were projected to decrease by more than 75% by the year 2030 with optimum 
water demands estimated to 12,702.7 m3 EOQ (compared to 26,336.47 m3 in 2010), 5,202.31 m3 LAC (versus 
13,930.39 m3 in 2010) and 7,942.08 m3 MES (against 4,654.05 m3 in 2010).  
These results show that BWS projects tend to maximize short-term benefits in Muooni catchment to take advantage 
of drought, since there is no formal institution coordinating water prices, allocation and management, on one end. 
On the other end, farming water supply under co-ordination by a GWS scheme generally displayed high water 
productivities under the ANOR and NOR rainfall than the BNOR regime. Yet, due to the high demand of water 
for irrigation and the limited technical efficiency of GWS schemes to save sufficient excess water under the ANOR 
for allocation and use during periods of deficits (the NOR and BNOR rainfall regimes), the total cost of farming 
water supply was higher under NOR and BNOR rainfall regimes than the ANOR. Nonetheless, the existence of a 
GWS scheme ensured both equity and fair prices in farming water supply to enable farmers attain a full cost 
recovery, even though the scheme would need substantial income for infrastructure development.  

4.4.3 Benefit-Cost Analysis for GWS Schemes versus BWS Projects 

A 7-step Benefit-Cost Analysis (BCA) was applied in this study to determine the ability of GWS schemes to achieve 
cost recovery in comparison to their BWS projects counterpart. This BCA approach encompassed notably: (step 
1) the specification of water situation “with” and “without” GWS schemes; (step 2) the description of costs and 
benefits over the project period; (step 3) the valuation of cost and benefit streams; (step 4) the computation of the 
discounted project values; (step 5) the adjustment of discounted project values to risk and adaptive capacity values; 
(step 6) sensitivity analysis; and (step 7) the prospection of tangible and intangible socio-economic and biophysical 
impacts of GWS schemes. 
Concerning the first step, it was observed that “Blue Water Supply” (BWS) Projects have collapsed over years due 
to the costs of floods and droughts brought about by climate change (Shakya 2001). The study considered options 
that will enable water supply in the whole catchment within the limits of blue water availability in the main river 
and in case of drought. As “Business As Usual” (BAU) a small dam excavation and construction, operations and 
maintenance (BWS project) was considered to fit to the needs of Ngusishi area, while a borehole with an ICT 
mobile phone activated pump (Grundfos Lifelink type) was appropriate for Muooni catchment. The alternative 
“Not As Usual Business” (NAUB) project was a set of Soil and Water Conservation (SWC) measures featuring a 
GWS scheme. The SWC were limited to agro-forestry, runoff cut-outs, terraces and grass waterways. The sequential 
aforementioned steps for a BCA are described below, starting by the description of the nature of costs and benefits.  
Regarding step 2, the study applied the “game theory” criteria of “maximin” and “minimax” in the selection of 
costs and incomes of GWS schemes, respectively (Howe 1971). Under the “Business As Usual” (BAU) scenario, 
the total cost for investing in a dam (1) in Ngusishi and ten (10) Grundfos Lifelink’s automated boreholes in 
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Muooni amounted to US$ 1,368,400.60 and 797,317.64, respectively. Thus, annual maintenance costs were 
predicted to US$ 126,557.73 in Ngusishi and US$ 256,015.70 in Muooni. Average variable operating costs for water 
supply were approximated to US$ 0.063 /m3 in Ngusishi and US$ 0.51 /m3 in Muooni. Average m3 price was set 
to US$ 0.085 /m3 in Ngusishi and US$ 2.57 /m3 in Muooni.  
Table 4.24 presents the projected costs for implementation of Green Water Saving (GWS) schemes in each 
catchment under the “Not As Usual Business” (NAUB) scenario.  
Table 4.24 GWS schemes’ cost of implementation in the selected catchments (FY-2010) 

Cost  Ngusishi Muooni 

GWS capital costs (US$ annual share) 2,041.96   2,166.62  

GWS fixed maintenance costs (US$) 1,701.63  1,805.52  

Variable operating farming costs (US$/m
3
) 3,113,414.38  5,432,341.94  

Total Cost FY-2010 3,117,157.96 5,436,314.08 
  

Source: Fieldwork (Luwesi and Shisanya 2017) 
GWS scheme’s capital cost represented 96% of the maximum cost of implementation for agro-forestry extended 
over 167 hectares of land in Ngusishi and 177 hectares in Muooni. It comprised the cost of tree seedlings (20%), 
manure (14%), fertilizers (12%), tillage (10%), and the cost of farmer’s training on agro-forestry (40%). The 
remaining 4% was attributed to the cost of maintenance of agro-forestry. The capital and maintenance costs for 
agro-forestry were chosen because agro-forestry was more costly than terraces, runoff cut-outs and grass waterways 
in each of the tree catchments. Besides, the analysis assumed that the variable water price per m3 was identical to 
the cost, since the scheme was set by farmers to stabilize water prices in case of seasonal variations. The average 
variable operating costs for water supply were approximated to US$ 0.0008 /m3 in Ngusishi and US$ 0.019 /m3 in 
Muooni. Table 4.25 shows predicted green water revenues in the selected catchments.  
Table 4.25 Revenues accrue to GWS schemes in the selected catchments (FY-2010) 

Cost  Ngusishi Muooni 

Fixed revenues (US$)  - - 

Variable farming revenues (US$) 3,308,170.24  2,973,744.91  

Variable Blue water revenues (US$/m3)  11,451.60  159,659.99  

Total Cost FY-2010 3,319,621.84 3,133,404.9 
  

Source: Fieldwork (Luwesi and Shisanya 2017) 
The valuation of cost and benefit streams (Step 3), involved the derivation of rating curves for daily water supply, 
cost and revenue in each catchment and each scenario. Under the “Business As Usual” (BAU) scenario, the 
following functions were obtained from the analysis of farming water data from Ngusishi: 

Ws (t) = 13,618 (0.998) t       [4.1]   
TCs (t) = 851 (0.9999) t        [4.2]   

Rw (t) = 1,127 (0.99) t         [4.3]  
Similar rating curves were derived for daily water supply, its cost and revenue (t = 0 for the year 2010) from Muooni 
catchment’s data: 

Ws (t) = 28,338 (0.995) t       [4.4]  
TCs (t) = 14,169 (0.996) t       [4.5] 

Rw (t) = 66,881 (0.996) t        [4.6] 
Streams of benefits were derived from the difference between water revenue (Rw) and the total cost for water supply 
(TCs). 
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Similar computations were done under the “Not As Usual Business” (NAUB) scenario. The following rating curves 
for daily green water supply in Ngusishi catchment were obtained: 

Ws (t) = 38,758.89 (0.998) t        [4.7] 
TCs (t) = 8,658.77 (0.9999) t         [4.8] 
Rw (t) = 9,221.17 (0.99) t        [4.9] 

Finally, rating curves for daily green water supply in Muooni catchment were as follows: 
Ws (t) = 23,404.14 (0.995) t        [4.10] 
TCs (t) = 15,100.87 (0.996) t       [4.11] 
Rw (t) =8,703.90 (0.996) t       [4.12] 

Streams of benefits were derived from the difference between water revenue (Rw) and the total cost for water supply 
(TCs). 
The next step (4) of this analysis was to discount future values (FV) for costs and benefits computed under normal 
climatic conditions (NOR) to measure what Green Water Saving (GWS) schemes and Blue Water Supply (BWS) 
projects worth that day in dollars (US$) in terms of “Net Present Values” (NPV). Operational costs and benefits 
were discounted at a real interest rate matching the opportunity cost of capital in each catchment. Hence, a real 
interest rate of 12.66 % per annum was derived from the analysis of the Kenyan borrowing market. The said 
discount rate was in fit with the opportunity cost of capital mostly used for developing countries, and which ranges 
between 8 and 15 percent in real terms (OAS, 1991).  
Under the “Business As Usual” (BAU) scenario, the sum of NPV for costs and benefits in Ngusishi catchment 
amounted to US$ 10,903.96 and 1,860.62, respectively, with a BCR of 0.17. This meant also meant that blue water 
projects were not economically viable in this catchment. However, Muooni catchment presented an NPV (cost) of 
172,909.38 against a NPV (Benefits) of 643,263.4, thence displaying a BCR of 3.72. This ratio meant that blue water 
businesses are economically rentable in a water scarce area like Muooni and even under normal climatic conditions. 
Under the “Not As Usual Business” (NAUB) scenario, the BCR was negative in both Muooni and Ngusishi. 
Compared to BWS projects, GWS schemes operating in Muooni offered a higher BCR rates than GWS schemes 
in Ngusishi catchment, even though the two projects were not viable economically. NPV sums of US$ 110,945.763 
(for cost) and US$ - 6,505.37 (for benefits) were recorded, thus generating a negative BCR of -0.06. Similarly, sums 
of NPV (cost) and NPV (benefits) in Muooni catchment amounted to US$ 184,281.32 and -78,064.51 respectively, 
with a BCR of - 0.42. 
Using hydro-economic inventory models, the analysis determined operational functions for costs, revenues and 
benefits of Blue Water Supply (BWS) under the BAU and the NAUB scenarios (Step 5). Water order turnovers (r) 
simulated from discharges observed in November 2009 (under drought) and December 1981 (under flooding) were 
used for adjusting each catchment’s values (Table 4.26). 
Table 4.26 Water supply turnovers under drought and flood in the study areas 

Catchment 
Drought turnover 

 (ran) 

Flooding turnover 

 (rbn) 

Ngusishi 0.063 3.350 

Muooni 0.050 1.826 

  
Source: Fieldwork (Luwesi and Shisanya 2017) 

Under the Business As Usual (BAU) scenario, the following rating curves for water supply were derived from 
analysis of Ngusishi catchment’s dataset under drought: 

TCs (t) = 31,046 (1.0014) t      [4.13]  
Rw (t) = 1,386 (0.97) t       [4.14]  

Sums of NPV (Cost), NPV (Benefit) and BCR generated under drought in Ngusishi were of US$ 13,656.97 US$ -
1,367.32 and - 0.1, respectively. Under flooding conditions, the following rating curves were computed for water 
supply in Ngusishi catchment: 

TCs (t) = 755 (0.983) t       [4.15]  
Rw (t) = 303 (0.96) t       [4.16]  
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Sums of NPV for BWS obtained under conditions of flooding in Ngusishi catchment were estimated to US$ 
7,843.68 (for cost) and US$ -5,460.77 (for benefits), thus generating a negative BCR of -0.70. Hence, BWS was 
perceived to be economically viable neither under drought nor under flood in Ngusishi catchment. 
Finally, rating curves for water supply derived from Muooni catchment under drought are presented below: 

TCs (t) = 22,639 (0.999) t      [4.17]  
Rw (t) = 113,193 (0.967) t      [4.18]  

Sums of NPV for BWS cost and benefit generated US$ 286,825.1 and 681,200.21, with a BCR of 2.38. This BCR 
demonstrated once more that water business is very rentable in Muooni catchment under drought rather than 
flood. In effect, Muooni catchment’s rating curves for water supply under conditions of flooding were as below: 

TCs (t) = 16,341 (0.974) t     [4.19]  
Rw (t) = 20,053 (0.974) t      [4.20]  

Estimated sums of NPV for BWS under flooding in Muooni catchment valued US$ 152,089.67 (for cost) and US$ 
34,548.49 (for benefits), with a positive BCR of 0.23. This ratio showed the lack of economic viability of water 
businesses in Muooni catchment under conditions of flooding. 
Under the “Not As Usual Business” (NAUB) scenario, the following rating curves for green water supply under 
drought were obtained for Ngusishi catchment: 

TCs (t) = 138,382.91 (1.0014) t      [4.21]  
Rw (t) = 5,360.98 (0.97) t      [4.22]  

Sums of NPV (Cost), NPV (Benefit) and BCR generated under drought in Ngusishi were US$ 1,806,779.76, US$ 
-1,759,243.99 and -0.974, respectively. Under flooding conditions, the following rating curves were computed for 
green water supply in Ngusishi catchment: 

TCs (t) = 28,981.79 (0.983) t      [4.23]  
Rw (t) = 647,656.87 (0.96) t      [4.24]  

The sums of NPV obtained for Ngusishi GWS schemes under conditions of flooding were estimated to US$ 
301,091.1541 (for cost) and US$ 4,792,340.03 (for benefits), thus generating a negative BCR of 15.92. Hence, the 
study concluded that GWS schemes are economically viable in Ngusishi catchment under conditions of flood rather 
than drought. 
Finally, the following rating curves for green water supply in Muooni catchment were obtained under drought: 

TCs (t) = 304,230.94 (0.999) t      [4.25]  
Rw (t) = 1,191.99 (0.967) t      [4.26]  

NPV sums for green water supply cost and benefit were US$ 3,854,457.77 and US$ -3,844,263.89, with a BCR of 
-0.997. This BCR demonstrated once more that GWS schemes are not rentable in Muooni catchment under 
drought condition. Nevertheless, these schemes are economically feasible under conditions of flooding. In effect, 
Muooni catchment’s rating curves for green water supply under conditions of flooding were as below: 

TCs (t) = 27,568.93 (0.974) t      [4.27]  
Rw (t) = 167,982.73 (0.974) t      [4.28]  

Estimated sums of NPV for GWS schemes under flooding in Muooni catchment were US$ 256,590.74 (for cost) 
and US$ 1,306,865.42 (for benefits), with a positive BCR of 5.09. This ratio showed high economic viability of 
GWS schemes in all the selected catchments under conditions of flooding rather than drought. 
A Sensitivity analysis (step 6) was conducted to test the variations of GWS schemes NPV and BCR under 
assumptions of alterations of operating costs and expected benefits under the hypothesized drought or flooding. 
In Ngusishi catchment, Expected NPV (cost), NPV (benefits) and BCR were estimated to US$ 42,770.43, US$ 
2,593,844.43 and 60.65 under flooding, respectively, and those for drought amounted to US$ 13,656.97, US$ -
1759243.99 and -128.82. Hence, switching values represented 4 times higher the flood BCR and 132 times less than 
the drought BCR. Expected NPV for cost and benefits under flooding in Muooni catchment amounted to US$ 
152,089.67 and 1,306,865.42, thus generating a BCR of 8.59. This value was nearly 2 times the previous BCR. 
Expected NPV (cost), NPV (benefits) and BCR under conditions of drought were approximated to US$ 286,825.1, 
US$ -3,844,263.887 and a ratio of -13.4. This ratio was 13 times less than the previous one. These results confirmed 
the fact that GWS schemes are economically feasible under conditions of flood than drought. 
Lastly, prospective impacts of GWS schemes were assessed from the farmers’ viewpoint (direct or tangible impacts) 
and that of the Government of Kenya (indirect or intangible impacts) in Ngusishi and Muooni catchments (step 
7). Prospective success of GWS schemes from local stakeholders expectations were assessed against the 5 key 
performance measurements stated under objective 3 above, namely: (1) environmental sustainability; (2) business 
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success; (3) economic development; (4) social equity; and (5) institutional development. The following direct and 
tangible benefits were suggested: (i) sustained crop growth high yield, and land cover / ecosystem diversity due to 
soil stability and enhanced water availability ( for environmental sustainability); (ii) increased farming output and 
market, water use efficiency, and land and farming inputs efficiency (for business success); (iii) high farming yield 
and returns on capital (for economic development); (iv) social sustainability and improved social welfare (for social 
equity); (v) good governance and on-farm management (for institutional development). 
Definitely, from the government’s viewpoint, these schemes are intended to eradicate poverty and augment 
compliance to water use charges and effluent discharge thresholds while improving water availability and 
accessibility in the catchment as well as its economic efficiency in farming (WRMA, 2010). Owing to increased 
water productivity and profitability, stakeholders would be more inclined to pay their public duties and taxes. This 
would result in an improved macro economy and stabilization of prices in the markets (goods and services, foreign 
exchange, etc.) across the catchments through increased balance of payments and employment creation in the 
country. 

4.4.4 Contingent Valuation of GWS Schemes’ Benefits  
During the on-farm survey conducted in Ngusishi catchment, downstream farmers were asked whether they would 
be willing to pay upstream farmers involved in the conservation of the catchment, and how much? Eventually, an 
average commercial farmer aged 42 years old was willing to offer US$ 11.61 monthly (with a standard deviation of 
US$0.99), while his/ her average farming income was estimated to US$ 96.89 (with a standard deviation of US$ 
123.07) (Table 4.27). 
Table 4.27 Downstream farmers’ willingness to pay (WTP) in Ngusishi 1 

Variable Mean Std. Deviation N 

Cash payments a farmer is willing to give (KES/month) 928.57 79.39 35 

Sex of farmer (Male) 63.6% 49% 35 

Age of farmer 41.76 0.689 35 

Farmer household size 4.12 1.430 35 

Water total cost (KES/month) 78.6207 248.82 35 

Farming average income (KES/month) 7,751.4 9,845.32 35 

Would you agree to compensate other stakeholders engaged in 

catchment conservation, if the government asked you to do so? 
54.8% 50.5% 35 

 
Source: Fieldwork (Luwesi and Shisanya 2017) 

1 US$ 1 = KES 80 
The analysis also reveals that an average peasant farmer of 42 years old was willing to accept a monthly allowance 
of US$ 108.33 (that is KES 8,666.67 with a standard deviation of KES 653.2), while his/ her average farming 
income was estimated to US$ 91.21 (that is KES 7,297.11 with a standard deviation of KES 4,307.33) (Table 4.28). 

http://jistee.org/volume-v-2020/


 Cush Ngonzo Luwesi - Chapter 4. Findings and Discussion/IJWSET -JISTEE, August 2022, pp.47-98 

_________________________________________________________________________ 
International Journal Water Sciences and Environment Technologies (IJWSET/JISTEE) 

©2022 by the authors  Open Access Journal  ISSN Online: 1737-9350, ISSN Print: 1737-6688 

August 2022 - jistee.org/volume-vii-2022/ 
Page | 97  

International Journal Water Sciences and Environment Technologies 
e-IЅЅƝ: 1737-9350 p-IЅЅƝ: 1737-6688,  Open Aϲϲeѕѕ Јоurnal  August 2022 

Why green water saving is not fully rewarded by farmers in mount kenya region 
A research frontier of pure: applied sciences and engineering 

 

Table 4.28 Upstream farmers’ willingness to accept (WTA) GWS services in Ngusishi 1 

Variable       Mean Std. Deviation N 

Compensation a farmer is willing to ask (KES/month) 8,666.667 653.197 29 

Average Farming income (KES/month) 7,297.107 4,307.333 29 

Sex of farmer (Male) 65.3% 48.5% 29 

Age of farmer 41.692 0.838 29 

Farmer household size 4.462 1.392 29 

Water cost (KES) 14.8 16.154 29 

Would you agree to set aside ½ acre of land for tree planting 

alone, if the government asked you to do so? 
80.8% 40.2% 29 

 

Source: Fieldwork (Luwesi and Shisanya 2017)  
1 US$ 1 = KES 80 
With a WTP of US$ 11.61 times 674 households and a WTA of US$ 108.33 time 1,011 households, the 
implementation of GWS schemes in Ngusishi would result in a monthly deficit of US$ 101,696.49. To ensure their 
cost recovery, GWS schemes will need to raise substantial funds from the government, other local public and 
private institutions as well as development co-operation agencies. This will impede their financial sustainability and 
economic viability in the long run. 
On their part, Muooni farmers revealed a Willingness To Pay (WTP) for GWS services of US$ 21.82 monthly 
(times 2,549 households), against a Willingness To Accept compensation (WTA) of US$ 259.06 (times 2,090 
households per month), thus leading to a total deficit of US$ 485,816.22 per month. In effect, an average 
commercial farmer aged 42 years old was willing to offer US$ 21.82 monthly (That is KES 1,745.46 with a standard 
deviation of KES 456.45), while his monthly farming income was estimated to US$ 80.95 (That is KES 6,475.92 
with a standard deviation of KES 3,458.02) (Table 4.29).  
Table 4.29 Downstream farmers’ willingness to pay in Muooni 1 

Variable Mean Std. Deviation N 

Cash payments a farmer is willing to give (KES/month) 1,137.5 310.73 61 

Sex of farmer (Male) 67.4% 44.3% 61 

Age of farmer 42.11 0.84 61 

Farmer household size 5.03 1.41 61 

Water total cost (KES/month) 6,681.25 7,555.82 61 

Farming average income (KES/month) 6,475.92 3,458.02 61 

Would you agree to compensate other stakeholders engaged in 

catchment conservation, if the government asked you to do so? 
82.5% 35.5% 61 

 

Source: Fieldwork (Luwesi and Shisanya 2017) 
1 US$ 1 = KES 80 
The analysis also revealed that an average male farmer aged 42 years old would accept a monthly allowance of 
US$ 259.06 (that is KES 20,725 with a standard deviation of KES 6,942.47), while his average farming income 
was estimated to US$ 71 (that is KES 5,679.55 with a standard deviation of KES 2,891.67) (Table 4.30).  
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Table 4.30 Upstream farmers’ intention to accept GWS services in Muooni 1 

Variable       Mean Std. Deviation N 

Compensation a farmer is willing to ask (KES/month) 20,725 6,942.47 48 

Average Farming income (KES/month) 7,297.107 4,307.333 48 

Sex of farmer (Male) 99% 46.2% 48 

Age of farmer 42.02 0.76 48 

Farmer household size 5.00 2.71 48 

Water cost (KES) 5,673.077 4,528.9 48 

Would you agree to set aside ½ acre of land for tree planting 

alone, if the government asked you to do so? 
75% 20.2% 48 

 

Source: Fieldwork (Luwesi and Shisanya 2017)  
1 US$ 1 = KES 80 
Just like in Ngusishi, GWS schemes operating in Muooni would ensure their cost recovery by raising substantial 
funds from other agencies, thus impeding their financial self sufficiency and economic feasibility in the long run. 

4.4.5 Discussion on GWS Schemes’ Efficiency and Cost Recovery Ability 

This study has shown that many farmers in Muooni and Ngusishi were unable to meet the natural water 
requirements of their plants, especially under BNOR rainfall regime (drought), and sometimes under normal 
conditions of rainfall (NOR). Hence, high water prices, even under periods of overflow (ANOR), specifically in 
Muooni catchment, were burdensome for farmers but profitable for water businesses that make high profits. The 
absence of a co-ordinating authority in this catchment gave rise to opportunistic water businesses or vendors (BWS 
projects), which were charging arbitrary prices under drought. This lack of a formal regulation of water prices result 
in “crashes, mania and panics” deplored by Kindelberger and Aliber (2005), which often lead to financial crises in 
the water sector (Sehring 2006). This kind of economic greed also results in unsustainable water supplies in the 
long run, which were mainly explained by the lack adequate technical and allocative efficiencies.  
This situation was predicted to worsen by the year 2030. The little storage of water per capita in Kenya was 
attributed to the failure by the government to develop surface and groundwater resources, which in turn exacerbates 
the country’s vulnerability. “Consequently, there is very little stored water per capita so when severe droughts occur 
water storage areas are rapidly drawn down” (WSP 2011). There is thus need for a paradigm shift in the course of 
climate change, which is predicting increased extreme droughts across the continent, and mostly in ASALs. The 
existence of a GWS scheme may ensure both equity and fair prices for farming water supply to enable farmers 
attain a full cost recovery, even though these schemes need substantial funding from other agencies to finance their 
operations and infrastructure development. 
“UNEP believes rainwater harvesting could be a cheap and effective way to ‘climate-proof’ some communities and 
go some way to achieving its millennium development goal to provide water for half of those people who don’t 
have access to water today” (b. spirit! 2008: 20).  
‘Green water” can be used to sustain water running off therein, notably because of their low vegetation cover, and 
thus low soil moisture content. It is believed that efforts in investing in green water saving contributes to increased 
accessible blue water in streams and lakes. This can boost a “green revolution” in Kenya like it was the case in 
South-East Asia (India, China, etc.) in the 1960s (Vishnudas 2006; GRAIN Briefing 2007; Bastiaanssen and Bingfang 
2008). Similar results have also been obtained in Australia, Bangladesh, Burkina Faso, Niger, Palestine and South-
Africa to address the ever widening gap between water demand and supply (Mukheibir 2008; Reij et al. 2009; Islam 
et al. 2010; Zhang et al. 2010; Al-Salaymeh et al. 2011). 
Yet, Green Water Saving (GWS) schemes are not a panacea to all Kenyan farmers’ water problems. Results showed 
that these schemes are more efficient upstream and economically feasible under normal conditions and flooding 
rather than drought. However, Blue Water Supply (BWS) is more efficient downstream and economically feasible 
under normal conditions and drought rather than flooding. There is need for a combination of efficient BWS 
projects and effective GWS schemes to enable farmers achieving an “Economic Order Quantity” (EOQ) under 
flooding conditions (ANOR), a “Limit Average Cost” (LAC) under normal conditions and a “Minimum Efficient 
Scale” (MES) under conditions of drought (BNOR) (Harvey 1985; Hardwick, Khan and Langmead 1994). This 
will result in an improvement of the actual farming water use to avoid crop failure, especially under BNOR rainfall 
regime (drought), when the shortage costs are excessively high (Musick et al. 1986; Harris et al. 2017; Luwesi, 
Shisanya and Obando 2011).  
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5.1 Conclusions 

The depletion of blue water reserves and supplies in most Arid and Semi Arid Lands (ASALs) of Kenya raises 
much concern about agriculture resilience in those areas. This study predicted that this situation will worsen in the 
course of climate change, by the year 2030, with expected rapid changes in Land Use and Land Cover (LULC) 
brought about by human populations and their induced activities. Nonetheless, vulnerability to drought and 
drought-flood cycles was attributed to the failure by the government to develop surface and groundwater resources. 
Farmers recorded tremendous unmet crop water demands under BNOR rainfall regime (drought), and sometimes 
under normal rainfall regimes (NOR), especially in Muooni catchment, where high water prices have been signaled, 
even under periods of overflow (ANOR). Though burdensome for most farmers, this situation was profitable for 
water businesses (BWS projects), in the absence of a catchment co-ordination authority. Thence, the need for a 
paradigm shift was felt by most stakeholders living in the ASALs.  
It is in that context that the introduction of effective Soil and Water Conservation (SWC) measures, particularly in 
Muooni catchment, has brought some relief to this drought stricken area, even though some farmers and catchment 
managers may sometimes not feel their true impact on the ground, owing to the high risks of droughts associated 
to climatic changes (Van Aalst 2006). The creation of a “Water Resource Users’ Association” (WRUA) has also 
been a blessing for Ngusishi farmers, since it helps coordinating water demands and supplies, the catchment 
management and the regulation of water prices, thus creating an environment that is conducive for equitable 
distribution of water resources. These GWS schemes have prevented cupid water vendors to take advantage of 
water stress and shortages to shoot up farming water prices, like in Muooni catchment. They have also enabled 
farmers attain a full cost recovery in their farming activities. Nevertheless, GWS schemes were not a panacea to 
the water scarcity experienced by these ASALs.  
Even though these schemes were biophysically well thought and feasible, and socially acceptable and equitable, 
their implementation in most ASALs, especially in Ngusishi catchment, has resulted in the subsidization of water 
prices, especially under periods of scarcity. Consequently, tremendous deficits and lower Benefit–Cost Ratios 
(BCR) have been recorded by these schemes. This was mostly attributed to inadequate technical and allocative 
efficiencies, to weak Willingness To Pay (WTP) and excessive Willingness To Accept compensation (WTA) for 
GWS services by farmers. This economic inviability of GWS schemes in the ASALs of Kenya has led to the raising 
of substantial funding from public and private agencies as well as international organizations to finance the schemes 
operations and infrastructure development. No wonder that many catchment managers remain reluctant to 
embracing such hydro-political mechanisms in Kenya. 

5.2 Recommendations 

It is suggested that increased social networking coupled with effective co-ordination of water resource management 
may increase the capability of poor farmers to compensate the collapse of their biological, ecological, social, political 
and economic systems across the country, and particularly in Muooni catchment. Hence, the creation of strong 
WRUAs is recommended to be an effective way for spearheading the adoption of GWS schemes to ensure 
agricultural resilience in drought stricken areas. WRUAs are mandated to foster the planning, measuring and 
allocation of water supplies, charging of water demands and effluent discharges, monitoring and evaluation of the 
catchment management in order to save over flows during above normal rainfall regimes and release them during 
periods of scarcity. These WRUAs shall combine effective GWS schemes with efficient BWS projects, to enable 
farmers achieve an “Economic Order Quantity” (EOQ) under flooding conditions (ANOR), a “Limit Average 
Cost” (LAC) under normal conditions and a “Minimum Efficient Scale” (MES) under conditions of drought 
(BNOR). The implementation of such a strategy will require adopting new technologies, such as the Grundfos 
Lifelink’s automated groundwater projects in Musingini (Machakos area), as well as effective hydro-political 
strategies, including Rain Water Harvesting and Saving (RWHS). There is also need for blending GWS schemes 
with other innovative financial mechanisms such as microfinance, BOT, BOL and BOS. Finally, in line with the 
Kenya Vision 2030, farmers, particularly those living in Muooni, ought to embrace crop selection and specialization 
(to 2 or 3 crops per plot) to avoid over-abstracting water through cropping of water unfriendly crop species such 
as eucalyptus (KNBS 2007). By so doing, they would increase their agricultural production within the Production 
Possibility Frontier (PPF) and expect achieving higher BCRs to ensure the resilience of their farming activities 
under conditions of drought and flood. This will foster food security and poverty alleviation and ensure adaptation 
to climate change in the ASALs. 
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7.1 Consolidated SWOT Matrix for Ngusishi Catchment 
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•Use effective soil conservation measures 
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•Build new infrastructure to mitigate storm 

intensity  

•Regulate encroachment to wetlands and other 
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•Introduce new technologies for monitoring 

surface runoffs and reclaiming extra water 

resources 

•Create a water treatment plant  
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•Increase vegetation cover through agro-

forestry, reforestation or afforestation 

•Promote the practice of zero-grazing on farms  

•Set an emergency oversight committee to 

invigilate and create awareness on sanitation, 

hygiene and environmental disasters (bushfires, 

endemics and pandemics, etc.) 

•Upgrade the existing hydrological and 

meteorological equipments 

•Increase exchanges and knowledge sharing 

between upstream and downstream farmers to 

implement effective irrigation schemes 

downstream 

•NWRUA to search for new funding 

opportunities to extend its service delivery to 

remote areas 
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•Train farmers on rainwater saving techniques 

(building roof catchments, water storage tanks, 

reservoirs and dams, etc.) 

•Explore new markets and PPPs financing 

options (grants, lending, microfinance, BOL, 

BOS, BOT, etc) 

•Train NWRUA staffs on PPPs and proposal 

writing  

•Enhance the use of agronomic technologies to 

increase infiltration and maintain soil moisture 

(i.e. mulching, tillage, greenhouses, crop 

selection, drought resistant plants, etc.)   

•Review the current water use charges to enable 

sufficient contributions from the public for 

building new infrastructures 

 

 

Source: Luwesi and Shisanya (2017) 

1 A key for interpretation of Sj,Wj, Oj and Tj acronyms is provided in Table 4.12 
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7.2 Consolidated SWOT Matrix for Muooni Catchment 
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•Kauti IWUA to design a strategic action plan for 

disaster mitigation in Muooni catchment 

•Train its staff on disaster monitoring and 
prevention 

•Install new hydro- meteorological stations/ upgrade 

existing equipments 
•Intensify sensitization meetings and awareness 

creation campaigns on climate change and water 

conservation 
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•Intensify sensitization on the use of effective 

agronomic technologies for soil water conservation 

(i.e. mulching, tillage, greenhouses, crop selection, 
drought resistant plants, etc.) 

•Kauti IWUA to introduce in-situ demonstrations to 

upgrade farmers’ knowledge) 

•Promote the use of zero-grazing 
•WRMA Office in Machakos to initiate 

consultations with the public for the creation a 

WRUA that will coordinate the overall catchment 
management 

• WRMA to map all water resources and demarcate 

them from protected forests and other public lands 

as well as settlements  
•WRUA to implement participatory approaches for 

water resource allocation and management by 

involving all the relevant institutions  
•WRUA to create awareness on the water sector 

reforms  
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•The new WRUA to regulate, measure and charge all 

water uses at their abstraction points or effluent 
discharge points by setting meters and tariffs 

•Train farmers on PPPs and proposal writing 

Promote alternative farming schemes in the form of 
trusts and cooperatives of production, saving and 

credits 

•Farmers to explore new markets and PPPs 
financing options (grants, lending, microfinance, 

BOL, BOS, BOT) 

•Promote agronomic technologies such as 

greenhouses, crop selection, drought resistant plants, 
etc.  

•Increase investments  in off-farm sectors  

•Train farmers on business literacy 

  

Source: Sishanya and Luwesi (2012) 
1 A key for interpretation of Sj,Wj, Oj and Tj acronyms is provided in Table 4.13 
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7.3 Performance Based Management Rating Scale Used during the FGDs  
Rate water projects and other watershed institutions in Muooni/ Ngusishi catchment following the marking 

scheme below: 

Marking Scheme 

MARKS MEANING 

100% Excellent (or PERFECT) 

75% Good (or ABOVE AVERAGE) 

50% Fair (or FIFTY-FIFTY) 

0% None (or NIL) 

 

Performance Based Management Rating System 
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7.4 In-Depth Interviews’ Guide 
Date………………............……………...............................Time…............…… 
Name of Water Project………………...................................Location ................ 
Persons to be contacted: ……………………………………….............................. 

1. What roles did your project/ organization play in the conservation and management of the catchment? 

.....................……………………………………………………………………… 

.....................……………………………………………………………………… 
2. Are you a member of a Water Resource Users’ Association? 

□ YES 
□ NO 

3. If NO, how effectively do you manage to implement the water sector reforms towards achieving 
sustainability in your  catchment? ..........………………………………………............................................……….. 
.....................……………………………………………………………………… 
 
4. In your opinion, what aspects of the water sector reforms need to be improved on? 
.....................……………………………………………………………………………….......................…………
…………………………………………………. 

5.  How is your project/ institution organized? 
.....................……………………………………………………………………... 
.....................……………………………………………………………………… 

6.  How effectively and efficiently do you face floods and droughts? 
.....................……………………………………………………………………………….....................................…
………………………………………………… 

7.  How effectively and efficiently do you fight corruption in case of emergency aids? 
.....................……………………………………………………………………………….....................................…
………………………………………………… 

8.  Is the process of water allocation effective within your current institutional framework? 

.....................……………………………………………………………………………….................................

....…………………………………………………… 

9.  If yes how does it operate?  

.........................................................................................................................  

10. What are the strengths and weaknesses of water projects/ organization in this catchment?  

Strengths...…………………………………………………………………….. 
.....................………………………………………………………………………  

Weaknesses...…………………………………………………………………….. 
.....................……………………………………………………………………… 
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7.5 Farm Survey Guide 

Place of Interview/ Name of Institution: 
………………………………………………………………...……….............. 
Name of Interviewer:…………………………………………………………… 
Person Interviewed:…………………….……………………………………….. 
Date & time of Interview:……………………………………………………….. 

1. What are the main regulations and policies governing water resource management in this country? (Plse, continue 

on separate sheet to complete your answers) 

..…………………………………………………………………………………... 
…………………………………………………………………………………..... 

2. What are the main regulations and policies governing water disasters management in this country? (Plse, continue 
on separate sheet to complete your answers) 

…………………………………………………………………………………..... 
…………………………………………………………………………………..... 

3. What is the importance of the agriculture sector in the 
catchment?…………………….......................................................................................... 

4. Give an estimate of the main costs incurred in the farming activity in the catchment. 

No Nature of Cost Monthly Cost 
(in $/ acre) 

Annual Cost 
(in $/ acre) 

Comments 

1        

2        

3        

4        

5        

5. Can you evaluate the catchment’s mean annual productions and sales (per crop)?  

No Type of Crop Annual Yield 
 (per acre) 

Average Price 
 (in $/ Kg) 

Annual Income 
 (in $) 

1 Cabbage    

2 Cow peas    

3 French Beans    

4 Groundnuts    

5 Sorghum    

6 Finger millets    

7 Maize    

8 Banana    
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9 Irish Potatoes    

10 Sweet Potatoes    

11 Sugar cane    

12 Coffee    

13 Eucalyptus    

14 Mango    

15 Guava    

16 Miraa    

17     

18     

19     

20     

6. Do farmers pay their water for agriculture?   
□ YES 
□ NO 

How much per month?………………………………US $/ per m3 

7. What socio-economic problems related to agricultural production have you observed?  
……………………............................................................................................ 
……………………………………………………………………………………… 
8. What environmental problems related to agricultural production have you observed? 
……………………............................................................................................... 
……………………………………………………………………………………...... 
9. What may be the responsibility of farmers on physical processes going on around the 
catchment?................................................................................................................... ........ 
................................................................................................................................. 

10. What are some strategies put in place by farmers to cope with water disasters and maintain their efficiency 
in farming? 
...................................................................................................................... 
…………………………………………………………………………………… 
…………………………………………………………………………………… 
11. How does the government plan to solve environmental challenges facing farmers?  
……………………………………………………………………………………. 
…………………………………………………………………………………..... 
12 What can you suggest for improving farmers’ preparedness to water disasters in our country in general and 
in this catchment in particular? 
...................................................................................................………………………………………………………
……………………….............................…………..……………………………………………………………
………................................... 
FINAL COMMENTS ON CLIMATE CHANGE AND DISASTER MANAGEMENT  
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Rainfed agriculture has become highly vulnerable to the depleting water resources in most arid and semi-arid 
tropics (ASATs) of Mount Kenya under the effect of climate change. The impact has certainly been very high in 
Ngusishi catchment where more than 99% of the natural forest has been cleared. The farming communities have 
created various innovative ways of coping with a warming environment to increase their resiliency to drought 
and foster agriculture. These include, among others, rain water management, reforestation and agro-forestry. 
This study used statistical forecast techniques to unveil the past, current and future variations of the micro-
climate in Ngusishi catchment, and determine relevant factors casting doubt on the performance of Green Water 
Management (GWM) schemes. In view of the current trends of the population growth and urbanization in 
Ngusishi by the year 2030, agricultural expansion and farmers’ resilience to drought are seriously threatened if 
no appropriate policy, extension service and science-based emergency measures are put in place by the 
Government of Kenya. No wonder that, some farmers and watershed managers, especially within the ASALs, 
remain skeptical about the significance of the value added of GWS schemes compared to traditional 
conservation, especially when it comes to addressing drought severity, owing to decreasing rates of river 
discharges and water infiltration in the soil. 
 
Keywords: Agriculture, Micro-Climate; Climate Adaptation; Climate Vulnerability, Drought, Green Water, 
Watershed Management 
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