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Conceptualizing a research agenda for Water-Energy-Food security Nexus 

research in small-scale water sheds in Sub-Saharan Africa: the case of the Sio-

Malaba-Malakisi River Basin 

 

Graphical abstract 

 

Figure 1: Word cloud of „Index-Keywords” (n=84) (Threshold = 1) 

1 Introduction 

With the increasing pressure on ecosystems and natural resources due to human exploitation of 

nature, the last years have shown an increase in the development of conceptual frameworks to 

overcome some of the consequences associated to this exploitation, like increasing rural poverty, 

environmental degradation, an water-, energy- and food insecurity. These problems are particularly 
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severe in large parts of Sub-Saharan Africa, which is seen, together with South Asia, as a hot spot 

region when it comes to water-, energy- and food insecurity (Conway et al., 2015; Hoff, 2011; Wong 

and Pecora, 2015). Within Sub-Saharan Africa, densely populated areas with high growth in economic 

activity, consumption, and population are the most vulnerable towards the consequences of human 

exploitation of nature, as the societies in these areas largely depend on natural resources (i.e. land, 

soils, water, forests) (Conway et al., 2015; Hoff, 2011; Waughray, 2011). On a river basin scale, this 

counts, for instance, for the Kagera river in the Great Lakes region of East Africa, selected river basins 

in the Gulf of Guinea (i.e. Cross, Oueme, Tano and Bia rivers), and particularly for the Sio-Malaba-

Malakisi River Basin (SMMRB) in the southern border region of Kenya and Uganda (Meigh et al., 

1999; Roussel, 2012; UNEP and UNEP-DHI, 2015). 

Table 1 Area, population, and population densities in selected small river basins <10,000 km2 (bolt, black) and medium scale 
10,000-100,000 km² (grey) in Sub-Saharan Africa. Sources: 1)(Kaindi, 2013); 2) (UNEP and UNEP-DHI, 2015); 3) (LVBC, 2013); 4) 
(BRL, 2008) 

River basin Countries Area [km2] Population 
[capita] 

Pop. density 
[capita/km2] 

Source 

SMM Kenya, Uganda 5,230 2,073,000 396 1 
Umbeluzi Mozambique, South Africa, Swaziland 5,000 635,000 127 2 
Umba Kenya, Tanzania 7,000 500,000 71 2 
Great Scarcies Guinea, Sierra Leone 8,000 516,000 65 2 
Akpa Nigeria, Cameroon 3,000 132,000 44 2 
Loffa Guinea, Liberia 10,000 224,000 22 2 
Utamboni Equatorial Guinea, Gabon 8,000 67,000 8 2 
Mbe Equatorial Guinea, Gabon 7,000 24,000 3 2 
Kagera Burundi, Rwanda, Tanzania, Uganda 59,800 16,248,000 272 4 
Cross Cameroon, Nigeria 52,000 10,766,000 207 2 
Oueme Benin, Nigeria, Togo 59,000 8,483,000 144 2 
Tano Côte D'Ivoire, Ghana 17,000 1,750,000 103 2 
Bia Côte D'Ivoire; Ghana 12,000 1,199,000 100 2 
Chiloango Angola, Congo, DRC Congo 13,000 1,169,000 90 2 
Moa Guinea, Liberia, Sierra Leone 20,000 1,757,000 88 2 
Gash Eritrea, Ethiopia, Sudan 24,000 1,906,000 79 2 
Mara Kenya, Tanzania 13,750 981,000 71 3 
Pangani Kenya, Tanzania 41,000 2,902,000 71 2 
Thukela Lesotho, South Africa 29,000 1,975,000 68 2 
Mono Togo 21,000 1,425,000 68 2 
Sassandra Côte D'Ivoire, Guinea 68,000 4,143,000 61 2 
Cestos Côte D'Ivoire, Guinea, Liberia 12,000 711,000 59 2 
Cavally Côte D'Ivoire, Guinea, Liberia 29,000 1,524,000 53 2 
St. Paul Guinea, Liberia 20,000 1,027,000 51 2 
Little Scarcies Guinea, Sierra Leone 19,000 926,000 49 2 
Buzi Mozambique; Zimbabwe 29,000 1,319,000 45 2 
Incomati Mozambique, South Africa, Swaziland 47,000 2,104,000 45 2 
St. John Côte D'Ivoire, Guinea, Liberia 17,000 761,000 45 2 
Maputo Mozambique, South Africa, Swaziland 30,000 1,335,000 45 2 
Komoe Burkina Faso, Côte D'Ivoire, Ghana, Mali 84,000 3,673,000 44 2 
Geba Guinea, Guinea-Bissau, Senegal 12,000 498,000 42 2 
Baraka Eritrea, Sudan 64,000 2,261,000 35 2 
Pungwe Mozambique, Zimbabwe 31,000 950,000 31 2 
Corubal Guinea, Guinea-Bissau 25,000 662,000 26 2 
Gambia Gambia, Guinea, Senegal 72,000 1,793,000 25 2 
Benito/Ntem Cameroon, Equatorial Guinea, Gabon 44,000 657,000 15 2 
Lotagipi Swamp Ethiopia, Kenya, Uganda 29,000 324,000 11 2 
Nyanga Congo, Gabon 25,000 100,000 4 2 
Atui Mauritania 43,000 76,000 2 2 
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One concept that has recently gained a lot of attention amongst various stakeholders in dealing with 

the challenges associated to the increasing pressure on natural resources is the so-called Water-

Energy-Food security (WEF) nexus. The WEF nexus is defined by the Food and Agriculture 

Organization (FAO) as a “concept to describe and address the complex and interrelated nature of our 

global resource systems, on which we depend to achieve different social economic and 

environmental goals” (Dubois et al., 2014), and researchers are particularly addressed when it comes 

to “sharing and developing knowledge among relevant stakeholders to access the best available data 

and developing common frames of reference on the need for solutions” (Waughray, 2011). The 

knowledge should be shared with stakeholders from local over national to international levels in 

order to facilitate governance and resource planning at all levels (Bizikova et al., 2013). In practice, 

however, some authors argue that large parts of the WEF nexus discussion focuses on macro-drivers 

and omits the complexity existing at the local scale (Biggs et al., 2015). This indicates that, while most 

research and activities focused on areas on a higher political and larger hydrological and geographical 

scale (e.g. macro scale river basins, countries, world regions), the local scale (e.g. meso and micro 

river basins, village communities) are still underrepresented (Endo et al., 2017). Furthermore, WEF 

nexus research involves a lot of “rhetoric but lacks nuanced and detailed research-based evidence on 

how to implement nexus research and deliver real world solutions at multiple scales and in different 

contexts” (Leck et al., 2015).  

In order to develop this research-based evidence and deliver real world solutions for areas on 

watershed level on local scale in Sub-Saharan Africa, the aim of the article at hand is to construct an 

agenda for research on WEF related challenges, taking the example of the SMMRB as a case study. 

The research questions are: 

1. What are the main challenges for water, energy, and food security in the SMMRB? 

2. With respect to data used and methods applied in earlier research, how can these challenges 

be investigated? 

3. What can be learned from the example of the SMMRB to other regions? 

After describing the case study area, scientific literature on the WEF nexus is reviewed, with respect 

to data used and methods applied. Furthermore, scientific and non-scientific literature on the three 

main aspects of the WEF nexus in the case study area SMMRB is reviewed. Based on that, nexus 

related challenges for the case study are elaborated (constructed), and methods for their 

investigation at local level are suggested.  
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2 Method and methodology 

2.1 Description of the case study area SMMRB 

The SMMRB is located at the southern border region between Kenya in the east and Uganda in the 

west. The area covers two river basins, namely Sio and Malaba-Malakisi. The two basins cover in total 

around 4,000 km², of which 2,880 km² are in Kenya and 1,220 km2 are in Uganda (Roussel, 2012). The 

Sio river, which forms the border between the two countries in the southern part of the area, is 

mainly located in Kenya and origins from the Kaujai and Luucho hills in Bungoma, Kenya, from an 

altitude of around 1,800 meters above sea level (MASL) (Barasa et al., 2011). It has a length of 85 km, 

covers an area of around 1,500 km² and drains into the Lake Victoria (1,135 MASL) (Kaindi, 2013; 

Roussel, 2012). The Malaba-Malakisi or solely Malaba river basin lies in the northern part of the area, 

discharges to the Lake Kyoga in Uganda (950 MASL) and occupies around 2,500 km² (Barasa et al., 

2013; Kaindi, 2013). The upper part of the Malaba basin is dominated by the river Lwakhakha, which 

originate from the Ugandan side of Mount Elgon (4,320 MASL). After joining the from the Kenyan 

side of Mount Elgon originating Malakisi river at the border town of Malaba, it is subsequently 

termed as Malaba river. Additionally to that, the Mpolongoma river basin (2,000 km²) in Uganda is 

sometimes included in SMMRB studies, but not in the one at hand (Roussel, 2012). Using the 

hydrological classification of (Becker and Nemec, 1987), the Sio and the Malaba-Malakisi would thus 

be meso scale river basin of between 1,000 and 10,000 km². 
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Figure 2 Location of and elevation distribution in the Sio-Malaba-Malakisi River Basin (SMMRB) 

Table 2 gives an overview on the main area and population data of the SMMRB, excluding the 

Mpolongoma catchment. 

Table 2 Area and population data of main districts and counties in the SMMRB; data from (KNBS, 2015a, b, c; UBoS, 2016a, 
b) 

District/County District / 
County 

Population 
2014 

Area [km²] Area in 
SMMRB [km²] 

Share of 
SMMRB [%] 

Share of 
District / 
County in 

SMMRB [%] 
Busia Uganda (U) 323,662 702 390 11% 56% 
Manafwa (U) 353,825 603 240 7% 40% 
Tororo (U) 517,082 1,671 590 17% 35% 
Bungoma (K) 1,500,990 3,032 890 26% 29% 
Busia Kenya (K) 812,036 1,695 1,270 36% 75% 
Kakamega (K) 1,812,330 3,050 110 3% 4% 
Total 5,319,925 10,753 3,490     

 

2.2 Literature review – WEF nexus 

Under construction 

3 WEF nexus related challenges in the SMMRB 

3.1 Water security 

3.1.1 Water quantity 

The hydrological water balance, which describes the flows of water in and out of an area and thus 

also the quantitative water availability, constitutes of, precipitation, evapotranspiration, surface 

runoff, and percolation (change in groundwater storage). 

Figure with meteorological and hydrological stations here 

A number of meteorological stations in the SMMRB record the precipitation in the area. According to 

this data, the area receives an average of 1,500 mm of annual and bimodal rainfall (Barasa et al., 

2013; Barasa et al., 2011), with values ranging between 1,200 mm/yr in the low lands and 2,000 

mm/yr in the high lands of Mount Elgon. In selected micro climates, values down to 700 mm/yr have 

been measured (Roussel, 2012). Trends in precipitation have been analyzed by (Otim, 2008) for the 

District of Busia, Uganda, applying the Standardized Precipitation Index (SPI) to rainfall data between 

1963 and 2005. Findings suggest that the highest drought and thus lowest rainfall magnitudes 

occurred in the 1970ies. (Barasa et al., 2013) analyzed data for the time period of 1983-2011 (rainfall) 

and 1992-2011 (streamflow) by SPI, Combined Precipitation Index (CPI), and the IHACRES model, in 

order to trace out extreme weather events (flood and drought) in the Malaba-Malakisi river basin. 
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Even though results were not uniform among the models applied, of the 28 years covered in the 

models, nine years were found to be dryer than average, of which one year was in the 1980ies, 3 

years in the 1990ies, and the five years between 2005 and 2009. The authors concluded that the 

return time of extreme events, i.e. drought and floods, in the catchment has reduced during the 

observation time, dropping from 4-10 to 1-3 years. What both, (Barasa et al., 2013) and (Otim, 2008) 

point out are the meteorological data gaps existing for the years of political instability in Uganda in 

the 1970ies and 1980ies.  

 

Figure 3 Precipitation and evaporation E0 in the SMMRB; data from(WREM, 2010) as cited in (Kaindi, 2013) 

The evaporation E0, which is also based on the data from meteorological stations, is highest in the 

southern end of the area that borders to Lake Victoria with values of up to 2,250 mm/yr and 

decreasing towards Mount Elgon to 1,500 mm/yr (Kaindi, 2013), reflecting the mean temperature at 

different sea levels. Land cover, which majorly effects transpiration, has been changed significantly 

during the last decades. (Mugagga et al., 2012b) investigated the impact of land use change on land 

slides in the Ugandan Manafwa District in the northern part of the area towards Mount Elgon, based 

on aerial photographs and satellite images. Results indicate that while there was little change 

between the years 1960 and 1995 in the distribution of land cover, a major change was recorded 

between 1995 and 2006. Thereafter, 80% of woodlands and forest cover reduced to only 40%, while 

agricultural land use increased from 20% to 60%, within only 10 years. These data, however, is in 

partial contradiction to the official statistics by the Ugandan Bureau of Statistics (UBoS) which shows 

that in the Districts of Busia, Tororo, and Mbale (which contains Manafwa District in its statistics), the 

agricultural land use was already high in 1995 with 72%-93%, and it further increase to 79%-93% of 

the whole district areas excluding water bodies in 2005 (UBoS, 2016a). Correspondingly, during the 

same time, the share of forests (0%-12% in 1995 and 0%-9% in 2005) and woodlands (4%-17% in 

1995 and 3%-13% in 2005) decreased. Similar figures are given by the statistics of the Ugandan 

National Forestry Authority as stated in (Kaindi, 2013). However, land use transfers in the area are 
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likely not only between natural ecosystems (i.e. forests) and agricultural land use. A study by 

(Ebanyat et al., 2010) carried out in three parishes in the neighboring district of Pallisa west of the 

area showed that the cultivated land increased between 1960 and 2001 from 24% to 46% of the 

land, while grassland earlier used as community grazing land reduced from 13% to 0%. For the 

Kenyan side of Mount Elgon, a survey by the Kenya Wildlife Service (KWS) and the Forest Department 

(KFD) showed that between 1960 and 1999, the forest and the moorland at the mountain decreased 

from 50% to 33% and from 23% to 17% respectively, while bamboo (from 15% to 20%), grass land 

(from 6% to 10%), plantations (from 1% to 4%), and agricultural land use (from 0% to 9%) increased 

(Kaindi, 2013). Also in detail, investigations on the land use and land use changes have been analyzed 

by (Makalle et al., 2008) and (Barasa et al., 2011) for the Sio river basin. (Makalle et al., 2008)  who 

collected data by a questionnaire survey found that on the Kenyan side of River Sio, plots owned are 

larger and more land is used by farmers for grazing than in Uganda. (Barasa et al., 2011) showed by 

using landsat images a massive decrease in wetlands and a slight decrease in bushlands towards a 

steep increase in grasslands and agricultural land between the years 1986 and 2000. For the Solo 

river basin, the latter being a tributary of the Malaba river, all. (Barasa et al., 2017) furthermore 

investigated the influence of the land use along the river bank of River Solo on its morphology, 

finding much higher changes for agricultural land than for other land uses, such as forests, tree 

plantations, or bushlands. 
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Figure 4 Land cover information on the SMMRB taken from Africover 

Given a certain rainfall and land cover, surface runoff as well as groundwater formation is mainly 

influenced by the slope and the soils of an area. In the SMMRB, slopes are steep close to the Mount 

Elgon in the Malaba-Malakisi part of the catchment, while the rest of the area is generally flat, 

resulting in slopes of more than 20% gradient covering 7% of the area, slopes of 5%-20% gradient 

covering 7% of the area, and flat land of slopes lower than 5% of gradient covering the remaining 

85% of land (Roussel, 2012).  

 

Figure 5 Physiographic map of the SMMRB illustrating the distribution of slope gradients, with land classes C, V1, V2, E1, E2 
are gradients higher than 20%, R and U are gradients between 5% and 20%, and G and W are gradients below 5%. The 
details on the classification can be found in (Roussel, 2012) 

The soils in the area are quite heterogenic, reflecting the geological activity. Around Mount Elgon in 

the North of the area, soil types are present as concentric circles, with the upper slopes of the 

massive dominated by young soils rich in organic matter, i.e. Sapric Histosols and Cambric Umbrisols. 

The lower slopes are dominated by Umbric, Rhodic and various other Nitisols, both on top of alkali 

volcanic base rock. Further south, the base of the generally deep and well drained soils is 

Precambrian gneiss-granulite, granite, and to a lesser extent the metamorphic rocks of the so-called 

Nyanza System. Soil types change and also divide between the Kenyan and the Ugandan side. The 

Kenyan side which is in this part of the area more or less identical to the sub-catchment of the river 

Sio, the shallow hills and ridges are different types of Acrisoils, while the valleys Eutric Gleysoils 



9 
 

saturated with groundwater for long periods of the year. On the Ugandan sites, Haplic Ferralsols can 

be found along the border, changing to Albic Plinthosols towards North-West and Plinthic Lixisols 

towards South-West. Poorly drained soils of high heterogeneity can be found in river beds (JICA and 

MWE, 2011; Jones et al., 2013; Roussel, 2012; Westerhof et al., 2014). 

 

 

 

 

 

Figure 6 Soil types in the SMMRB after (Roussel, 2012) and (Jones et al., 2013) 

For the formation of groundwater, these properties mean that a relatively large amount of water is 

subject to surface run-off in the upper part of the area towards Mount Elgon. Based on a study by 

(Bamutaze et al., 2010) carried out in the Mount Elgon region of the SMMRB neighboring Manfwa 

river catchment, slope gradient was a more significant factor decreasing the in general high 

infiltration rate of the volcanic soils than other factors, i.e. soil texture and carbon content. Despite 

that, the higher amount of rainfall in these parts may also lead to higher infiltration of up to 600 mm 

per year (JICA and MWE, 2011) (see Figure 8). The infiltrated water is stored in both, the weathered 

bed rock as well as in the granulite, and the static groundwater level in the area is between 5 and 15 

meters (Kaindi, 2013).  
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Figure 7 Estimated bedrock depth (left) and aquifer thickness (right) after (JICA and MWE, 2011) 
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Figure 8 Estimated annual water infiltration after (JICA and MWE, 2011) 

All of these features form the water balance, which has been determined for the SMMRB by 

Newplan (2010) as cited in (Kaindi, 2013), applying the Soil Water Assessment Tool (SWAT). The 

result of this calculation, expressed as the water yield, shows that it is highest in the slopes towards 

Mount Elgon with over 1,000 mm/yr, which can be mainly explained by higher rainfall and lower 

precipitation in this part of the area. Water yields of between 700 and 1,000 mm/yr can be found in 

the Eastern part of the Sio catchment, while the area in between is characterized by water yields of 
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between 500 and 700 mm/yr. Lower water yields can only be found in the Western part of the 

SMMRB (see Figure 9). 

 

Figure 9 Estimated water yield using SWAT after Newplan (2012), cited in (Kaindi, 2013) 

Part of the water yield is the surface runoff through rivers, which marks the last important and 

hitherto covered term in the water balance of the area. Like for meteorology, hydrological stations 

exist measuring the discharge of the rivers in the area, but not as many as for the aforementioned 

(Verweis: Literatur über die Stationen; (MWE, 2016)). A selection of some runoff data was presented 

by (Kaindi, 2013). This data shown in Table 3, however, did include neither the reference period, nor 

the exact position of the hydrological station or the reference document in detail. Nevertheless, the 

same source also stated that according to WREM (2008), floods in the area were recorded in the 

years 1961, 1988, 1994, 1997, 1998, 2000, 2002, 2003, 2007. Even though this indicates an increase, 

one should bear in mind that for a long time period in the 1970ies and 1980ies, it is likely that no 

measurements were conducted, for the aforementioned political instability during that time. More 

data should be available for the Kenyan side of the SMMRB, which is also indicated by Figure 10. 

Table 3 Selected runoff data from the SMMRB, taken from WREM (2008) or Newplan (2012) as cited in (Kaindi, 2013) 
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Runoff data is also presented by (JICA 2011) for 4 stations on the Ugandan site, of which one is at 

River Malaba (82218), one at the border at the Kami river, a tributary to the River Malaba (82226), 

and two are at the River Mpologoma.    

 

  

Figure 10 Average monthly runoff data for rivers Sio and Malaba after Newplan (2012) as cited in (Kaindi, 2013) 

Forecast model by Strzepek et al. (2011), cited in (Kaindi, 2013) 

3.1.2 Water quality (supply side) 

Even though the quality of water sources in the SMMRB is considered in a number of documents, it 

can hardly be dealt with straight forward in a review, as the definition of quality unlike quantity lies 

very much in the demand of the users. Thus, water for production or hydropower generally requires 

a lower quality with respect to most parameters usually measured (i.e. biological and chemical 

parameters) than drinking water or water as a habitat. Due to the higher requirements for drinking 
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water, the parameters relevant for this water used are the baseline for this review, while likely 

effects of water quality properties on other water uses are highlighted where applicable. 

According to (JICA and MWE, 2011) and (Kaindi, 2013), surface water quality of rivers in the SMMRB 

is measured at three stations in Kenya and three stations in Uganda. However, for one of the latter 

(SWR009 at River Manafwa NWSC treatment works), it is not clear if this one is within the SMMRB. 

Water quality measurement is carried out every three months at Kenya stations and with a lower and 

less regular frequency at the Ugandan stations. The results, which are only published for the three 

Kenyan stations for the years of 2002-2007, shows that of the few parameters measured, Nitrates, 

pH value and electric conductivity are below selected standard guidelines for drinking water, while 

turbidity and color are way above these standards particularly during the rainy season, which 

indicates a large transport of sediments by erosion (Kaindi, 2013). These sediments are not only a 

problem for utilization of drinking water, but also for hydropower and multipurpose dams for water 

for production, as they may settle and thus may lead to an early siltation of the reservoirs (Quelle). 

For the three stations in Uganda, unfortunately, only highly aggregated data is presented in (JICA and 

MWE, 2011) which counts for both, historical data between the years 1998 and 2008, as well as data 

collected by the authors themselves in the year 2009. This data, which considered more parameters 

than just the ones aforementioned (e.g. total suspended solids TSS, total dissolved solids TDS, etc.), 

confirm the same high values of turbidity and color, but in addition to that, other parameters like E-

coli, total P and N proofed to be too high too. This on the first hand effects persons using the water 

directly without pre-treatment. With respect to groundwater, the quality is generally better than for 

surface water, however, the study by to (JICA and MWE, 2011) for Uganda and (Kaindi, 2013),  for 

the Sio basin in Kenya show that also here, drinking water parameters do not meet the standards. 

For the river Sio, which seems to be the best investigated with respect to water quality, Ngirigaca 

(2010) as cited in (Kaindi, 2013) found that along the river, turbidity, total suspended solids and the 

sediment load significantly increases. Contrary to that, total P and N decreased significantly along the 

river. 

Examples for sources for water pollution and low water quality are point sources like waste water 

from pit latrines and cesspits (for nutrients and Ecoli) (Kaindi, 2013; Roussel, 2012). However, 

(Scheren et al., 2000) who roughly estimated the sources of Biological Oxygen Demand (BOD), 

Nitrogen and Phosphorus as nitrification agents in Lake Victoria, found that domestic BOD sources 

overweigh industrial ones, while erosion from agricultural land and particularly deposition were the 

main sources of N and P.  For N,  (Minghua et al., 2014) estimates support these finding. Erosion from 

agricultural land ((Jiang et al., 2014); Newplan 2010 as cited in (Kaindi, 2013)) and riverbank erosion 

(Barasa et al., 2016) were also identified by other authors as major sources for particulate matter 
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pollution. Furthermore, (Barasa et al., 2016) found not only higher riverbank erosion rate in areas 

with artisanal gold mining activities at River Okame, a tributary to River Malaba in Busia District, 

Uganda, but also suspected that these activities may lead to a notable pollution with Mercury. 

3.1.3 Water use (demand) 

As highlighted in the database of the Directorate of Water Development (DWD) of the Ministry of 

Water and Environment (MWE), drinking water demand on the Ugandan side is meet by several 

technologies, supply and operating schemes (DWD, 2011). In the Districts of Busia, Tororo and 

Manafwa whose area is almost entirely part of the SMMRB, the population of the rural areas that has 

access to drinking water largely depends on groundwater point sources through boreholes and 

shallow wells, while urban areas like Busia Municipality, Tororo Municipality, Malaba and Lwakhakha 

Towns in Uganda rely on a piped network. Of these urban areas, Tororo, Malaba and Lwakhakha 

retrieve their drinking water from the Malaba river. The data base further shows that around 80% of 

the population has access to safe drinking water (DWD, 2011). On the Kenyan side, the situation is 

quite similar, even though not as much information was possible to retrieve. Like in Uganda, the 

largest cities on the Kenyan side of the SMMRB, namely Busia Kenya and Malakisi are supplied by 

surface water from the Rivers Sio and Malakisi. The town of Nambale, which is the second largest on 

the Kenyan side of the area, plans to meet its water demand in future by River Sio as well (Quellen). 

Like on the Ugandan side, rural water supply is dominated by shallow wells and deep boreholes in 

the lower and flat parts of the SMMRB, while protected springs can be found towards Mount Elgon in 

the North and the Kaujai and Luucho hills in the East (Kaindi, 2013). For the entire SMMRB, Newplan 

(2010) projected the future domestic water demand to more than double within the next 25 years 

(Kaindi, 2013). This increase is assumed to be largely based on the population growth. 

With respect to water for production (industry, animal husbandry, irrigation), irrigation is currently 

the only relevant water for production user, and the irrigated area in the SMMRB is relatively small 

compared to the total cropland. According to data by the Irrigation Subsector Review 1999 of the 

FAO and the Kenyan Western Province Irrigation Office in Kakamega, more irrigated area is in the 

Ugandan part of the SMMRB (393 km²) than on the Kenyan side (7.5 km²). Contrary to these figures, 

the data by Newplan (2010) which is also cited in (Kaindi, 2013), shows more than that (450 km² in 

Uganda and 117 km² in Kenya). According to the same source, the anticipated irrigated area in the 

year 2035 should increase to 917 km² on the Uganda side and 956 km² on the Kenyan side of the 

area, leading to a large increase in the water demand to 690 million m³/yr (Kaindi, 2013). This is 

much higher than the anticipated water demand for animal husbandry (18 Million m³/yr), industry 

(23 million m³/yr) and fisheries (90 Million m³/yr). Regarding the crops irrigated and the regarding 

irrigation schemes, it turns out that almost all the irrigated land in Uganda are rice fields located in 
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former wetlands along the rivers (Kaindi, 2013), part of it in the so-called Doho rice scheme (DRS). 

The DRS dates back to the 1940s and received Chinese government aid in the 1970ies. Around 10 

km² of rice paddies are cultivated by 4,320 farmers in this scheme (Angella et al., 2014; Nakano and 

Otsuka, 2011). On the Kenyan side, where no data on crops irrigated is given, lies also the only 

constructed reservoir for irrigation, the Munana dam. For the future, however, both countries’ 

governments plan to increase the number of reservoirs in the SMMRB, usually in a multipurpose 

design (water for production and drinking water) (NBI, 2011a, b). The sites of these dams are shown 

in Figure 11. 

 

Figure 11 Planned hydropower and multi purpose dam sites in the SMMRB (NBI, 2011) 

Figure 11 furthermore shows the planned hydropower sites in the SMMRB. All of these are located in 

the upper part of the area towards Mount Elgon (NBI, 2011a, b). 

3.2 Energy security 

3.2.1 Resources for energy production 

Biomass is the most important source of energy in Kenya, Uganda, and the SMMRB, i.e. firewood and 

wood charcoal (Kiplagat et al., 2011; Twaha et al., 2016). Wood is present either as forests in 

protected areas (Mount Elgon National Park and Busitema Forest Reserve), tree plantations of mostly 

fast-growing softwood (Pinus patula, Pinus radiata and Eucalyptus saligna) and to a lesser extent 

hardwood (Olea capensis, Vitex keniensis, Podo facaltus, and Juniperus procera), and isolated 

trees (Kaindi, 2013; Roussel, 2012). The composition of the tree population in the area has changed a 
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lot during the last years. A study carried out by (Barasa et al., 2010) in the Sio River Basin showed 

that during the last 20 years, the numbers of species like Milicia excelsa and various types of Ficus 

have decreased by 20% to 40%, while species like Musanga cecropioides and Eucalyptus have 

increased by 24% to 43%. Other biomass sources of energy are wastes and residues from agriculture, 

i.e. cow dung or crop residues (Tenyhwa et al., 2015) (Lederer et al., 2015; Mugo and Gathui, 2010; 

Okello et al., 2013a; Treiber et al., 2015). 

Other energy resources available in the area are solar, water, and wind, but not fossil fuels and 

geothermal energy (Kiplagat et al., 2011; Twaha et al., 2016). Solar energy is currently used in the 

SMMRB, but only on a decentralized level (Kiplagat et al., 2011; Twaha et al., 2016). This is despite 

the fact that Kenya and Uganda in general as well as the SMMRB receive a fair amount of solar 

radiation per year. Feasibility studies suggest that the Upper Malaba (Lwakhaka) and the Malakisi 

rivers have some potential for hydropower (NBI, 2011b). Furthermore, wind data shows that the 

SMMRB is, in comparison to other areas in the countries, not the most promising location for power 

production in Kenya as other parts of the country show much larger and more constant wind speeds 

(Kiplagat et al., 2011). In Uganda, however, the SMMRB is the comparatively most promising location 

(Pallabazzer and Sebbit, 1998). 

3.2.2 Energy conversion 

Biomass, i.e. firewood and charcoal are the most important energy sources, and heat for cooking is 

the most important final energy demand on domestic level. Thus, the most important form of energy 

conversion is combustion, with the intermediate step of pyrolysis in the case of charcoal production 

and utilization (Okello et al., 2013b). Anaerobic digesters (biogas plants) that convert the chemical 

energy in biomass into a gas mixture rich in CH4, have only lately been introduced in Kenya and 

Uganda. This also counts for the SMMRB, where particularly districts in Uganda with high cattle 

populations like Manafwa, are targeted, as cattle manure is the most important input into the plants 

(Kiplagat et al., 2011; Okello et al., 2013b; Walekhwa et al., 2014; Walekhwa et al., 2009). Through 

the assistance of international funded programs (i.e. SNV), however, the number has increased a lot 

in the recent years (Ghimire, 2013; Kiplagat et al., 2011). With respect to the sustainability of these 

projects, however, a number of studies have been carried out mainly on the Ugandan side and in the 

form of Master thesis works, indicating high levels of malfunctioning of the biogas plants even after a 

short time period of operation (Kariko-Buhwezi et al., 2011; Lutaaya, 2013; Mwirigi et al., 2014). 

With respect to other energy resources and conversion technologies, decentralized off-grid 

utilization of solar power for heat and mainly electricity production is common, but hitherto no 

central on-grid technologies (Twaha et al., 2016). However, a 10 MW solar power station is planned 

to be built in the Ugandan district of Tororo, being the second of its kind in Uganda (EEAS, 2016). 
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Hydropower is currently not used in the SMMRB itself, but according to (NBI, 2011a) planned to be 

introduced in the Upper Malaba (Lwakhaka) and Malakisi rivers (see Figure 11). The relatively high 

potential on the Ugandan side of the SMMRB also lead to the plan to construct the 20 MW Tororo 

Wind Power Station in the district of the same name (Alobo, 2013; ERA, 2015) .  

3.2.3 Energy consumption 

Energy consumption can be divided along institutional (domestic, commercial, industrial consumers), 

functional (energy for lighting, cooking, heating, transport) and other boundaries. 

The largest amount of domestic energy consumption is for cooking, while a smaller amount is used 

for lighting. For the Ugandan Districts in the SMMRB, namely Busia, Manafwa, and Tororo, national 

statistical data indicates that energy for lighting is mainly covered by paraffin (80%) and electricity 

(10%). Energy for cooking mainly comes from firewood (80%) and charcoal (15%) (UBoS, 2016b). On 

the Kenyan Side, energy for lighting is covered by tin lamps and lanterns (90%) and electricity (5%), 

while energy for cooking is provided by charcoal (9-13%) and firewood (84-87%) (KNBS and SID, 

2013). This energy use profile leads to a large domestic consumption of biofuels (firewood, charcoal, 

other biofuels), which has been determined by (Kituyi et al., 2001) for various Districts in Kenya 

including Bungoma and Kakamega Districts and for the East-Ugandan District of Soroti by (Egeru, 

2014), indicating average consumption rates (mean value) of between 540 and 640 kg/capita/yr for 

fuelwood and 100 kg/capita/yr for charcoal.  

Commercial consumption of firewood is dominated by small-scale industries such as brick production 

or restaurants (Mugo and Gathui, 2010; Oteng'i and Neyole, 2007). For large scale industries, the 

cement industries of Tororo is the largest energy consumer in the SMMRB, importing mainly pet 

coke. 

Energy consumption for transport is covered by gasoline and diesel, both of which are currently 

imported in Kenya and Uganda (UBoS, 2016a).  

 Improved stoves Kenya (Ochieng et al., 2013) . 

3.3 Food security 

3.3.1 Food production 

Crop production in the SMMRB is dominated by smallholder farms, producing mainly staple foods for their domestic demand 
as well as for the local markets. Cash crops for export are produced, i.e. coffee and cotton in Uganda and sugar in Kenya, but 
to a much smaller amount. The following tables (Table 4 and  

Table 5) give an overview as presented in the latest available statistical data on crop production in 

the area. 

Table 4 Crop production in the Ugandan Districts of Busia, Manafwa and Tororo in 2008/2009, according to (UBoS, 2010c) 



19 
 

  Busia - Manafwa - Tororo 

  
Area 2nd 
season 
2008 

Production 
2nd season 

2008 

Area 1st 
season 
2009 

Production 
1st season 

2009 

Average 
Area 

2008/2009 

Average 
Production
2008/2009 

Average 
Yield 

2008/2009 

Average 
Production 
2008/2009 

  ha/season t/season ha/season t/season ha t/yr t/ha/yr kg/cap/yr 
Maize 14,458 43,765 20,653 61,948 17,556 105,713 6.0 88 
Millet 4,949 9,301 9,386 18,846 7,168 28,147 3.9 24 
Sorghum 5,790 23,361 5,208 15,768 5,499 39,129 7.1 33 
Rice 1,691 21,400 1,519 5,965 1,605 27,365 17.0 23 
Beans 10,738 5,998 8,350 2,201 9,544 8,199 0.9 7 
Field peas 416 257 150 331 283 588 2.1 0 
Groundnut 2,475 4,508 4,108 6,838 3,292 11,346 3.4 9 
Plaintain 4,410 27,430 4,722 32,487 4,566 59,917 13.1 50 
Cassava 25,918 114,690 19,468 97,919 22,693 212,609 9.4 178 
S.potatoes 6,990 37,587 5,826 13,722 6,408 51,309 8.0 43 
Staple total  77,835   288,297   79,390   256,025   78,613   544,322    456  

 

Table 5 Crop production in the Kenyan Counties of Bungoma and Busia in 2013 and 2014, according to (KNBS, 2015a, b) 

  Busia - Bungoma 

  
Area 2013 Area 2014 Production 

2013 
Production 

2014 
Yield 2013 Yield 2014 Production 

2013 
Production 

2014 
  ha/yr ha/yr t/yr t/yr t/ha/yr t/ha/yr kg/cap/yr kg/cap/yr 
Maize 109,875 120,551 297,079 349,674 2.7 2.9 128.4 151.2 
F/Millet 6,975 6,278 6,773 6,665 1.0 1.1 2.9 2.9 
Sorghum 7,087 4,709 9,368 6,941 1.3 1.5 4.1 3.0 
Rice 103 435 17 253 0.2 0.6 0.0 0.1 
Wheat 32 315 75 699 2.3 2.2 0.0 0.3 
Beans 73,568 79,770 50,747 47,036 0.7 0.6 21.9 20.3 
Green grams 185 226 83 122 0.4 0.5 0.0 0.1 
S. potatoes 10,447 9,956 49,118 58,955 4.7 5.9 21.2 25.5 
Cassava 9,761 10,008 59,374 1,149,701 6.1 114.9 25.7 497.1 
Staple total  218,033   232,248   472,634   1,620,046   19   130   204   700  
Fruits 4,537 4,774 22,806 62,680 5.0 13.1 9.9 27.1 
Vegetables 16,910 23,660 149,843 231,934 8.9 9.8 64.8 100.3 
Nuts 1,117 884 644,518 829 577.0 0.9 278.6 0.4 
Tomatoes 1,945 2,207 45,635 52,070 23.5 23.6 19.7 22.5 
Cabbages 1,191 1,330 31,912 37,659 26.8 28.3 13.8 16.3 
Kales 1,927 1,905 30,595 33,023 15.9 17.3 13.2 14.3 
Carrots 62 67 923 963 14.9 14.4 0.4 0.4 
Bananas 3,775 4,447 72,337 82,549 19.2 18.6 31.3 35.7 
Mangoes 1,315 1,417 24,506 26,576 18.6 18.8 10.6 11.5 

 

Most food crops are produced for subsistence and local markets. The average annual yield per 

hectare, as well as the per capita staple food production of food crops is, according to statistics 

available, higher in the Kenyan Counties of Bungoma and Busia than in the Uganda Districts of Busia, 

Manafwa, and Tororo.  

With respect to animal-based food products, meat, dairy and poultry products are the most 

important. Additionally to the overview given in Table 6, data on milk production is published by 

national statistics. 
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Table 6 Animal holding and production in the SMMRB main districts and counties; data from (KNBS, 2015a, b) and (UBoS, 
2010a) 

 Live animals [No.] Animal (meat) products [t] 
 Busia (U) Manafwa (U) Tororo (U) Busia (K) Busia (K) Bungoma (K)  

Year 2008/2009 2008/2009 2008/2009 2013 2013 2013 
Cattle 26,790 76,600 119,590  189,862   1,857   6,768  
Goat 73,565 79,928 154,058  65,944   118   545  
Sheep 2,910 4,790 13,090  56,090   80   224  
Pig 14,200 38,910 45,360  63,047   7   1,135  
Chicken 391,310 444,270 591,550  891,971   24   -   
Total      2,086   8,672  

 

The most important physical resources for the activity of food production are the soils, the supply 

with water and nutrients, animals, labor and technologies for planting, growing, harvesting, storage, 

and transport.  

40% of the land in Bungoma and Busia Counties at the Kenyan side of the SMMRB are classified by 

(KNBS, 2015a, b) as of high agricultural potential and 25% as of medium to low agricultural potential. 

On the Ugandan side, the natural soil fertility in terms of nutrient and carbon content as well as 

cation exchange capacity is declining from medium at the slopes of Mount Elgon in Manafwa District 

to low at the shores of Lake Victoria (Aniku, 2001; Delve and Ramisch, 2006). Nitrogen and 

particularly Phosphorus contents and availability are low in these areas, but good fertilizer response 

rates have been determined in a number of experiments (Kaizzi et al., 2012; Kayuki et al., 2017; 

Okalebo et al., 2006; Ssali, 2001; Tittonell et al., 2010; Tumuhairwe et al., 2014; Waigwa et al., 2003; 

Woomer, 2007; Wortmann and Ssali, 2001). Nevertheless, the use of mineral fertilizers by 

smallholder farmers is low, particularly at the Ugandan side. The low mineral fertilizer application 

rates are not only indicated by agricultural statistics, according to which less than 7% of farmers in 

Eastern Uganda apply mineral fertilizer (UBoS, 2010b). Case studies from the Ugandan Districts of 

Busia (Lederer et al., 2015) and Tororo (Andersson, 2015) as well as from the Kenyan Counties of 

Busia and Bungoma (Okalebo et al., 2006; Waigwa et al., 2003) support these data. Statistics also 

suggest the high price of fertilizers is one of the limiting factors for their utilization (Kaizzi et al., 2017; 

UBoS, 2010b). Supporting the soil with nutrients from organic and biogenic nutrient and carbon 

sources such as animal manure, crop waste and compost application, green manure and biological 

nitrogen fixation are more common (Jama et al., 2000; Lederer et al., 2015; Tittonell et al., 2010; 

Tittonell et al., 2008; Tittonell et al., 2007; Tittonell et al., 2005; Tumuhairwe et al., 2014; UBoS, 

2010b). This indicates a good understanding of farmers on how to improve productivity of their soils 

and thus how to contribute to their own and their countries’ food security. However, investigations 

of farm management practices shows many forms of nutrient losses in practice. Nutrients in animal 
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manures are lost for crop farming during free range grazing, manure collection and storage (Rufino et 

al., 2006; Rufino et al., 2007; Snijders et al., 2009). Better manure management options as suggested 

by (Zake et al., 2010) may have a significant positive impact on the soil nutrient balance and 

productivity in crop production (Bayu et al., 2005; Mohamed Saleem, 1998; Nkonya et al., 2005; 

Wortmann and Kaizzi, 1998), and manure conversion technologies like composting or biogas, which 

have only recently been introduced in the area, may have a positive impact. However, also these are 

associated to process-linked nutrient losses (Komakech et al., 2015; Lalander et al., 2015; Sommer 

and Dahl, 1999). The example of recently established biogas systems furthermore show that not only 

their medium-term functionality, but also the utilization of the biogas slurry in agriculture, is limited 

(Okello et al., 2013b; Walekhwa et al., 2014; Walekhwa et al., 2009). Another potential nutrient 

source with low use but high potential is human urine and feces (Lederer et al., 2015; Semalulu et al., 

2011; Semalulu et al., 2012). A study by (Andersson, 2015) shows that particularly urine is used in the 

area, but to a limited extent. There are a number of explanations for that, such as labor, economic, 

cultural and knowledge constraints (Simha and Ganesapillai, 2017; Tumwebaze et al., 2011). 

Nutrient, carbon and soil biota losses through soil erosion have widely been investigated in the area, 

showing that the steep slopes towards Elgon are these heaviest affected (Mugagga et al., 2010; 

Roussel, 2012). Soil and water conservation (SWC), which is seen by many researchers as a path out 

of this dilemma, is usually linked in the area to the prevention of natural disasters such as landslides 

at the steep slopes towards Mount Elgon (Jiang et al., 2014; Mugagga et al., 2010; Mugagga et al., 

2012a, b; Oyana et al., 2015). The impact on crop productivity, particularly in the short run, however, 

is not entirely clear, and if considering that some forms of SWC like mulching of crop residues may 

compete with other uses like fodder, only long-term field test which are rear in the region, seem to 

bring out a clear picture (Giller et al., 2009). Nevertheless, all of this results in negative soil nutrient 

balances and reduced productivity for food security (Bekunda et al., 2002; Delve and Ramisch, 2006; 

Lederer et al., 2015; Nandwa and Bekunda, 1998; Nkonya, 2004). Besides soil fertility, the supply of 

water is an important factor for crop production. Most crop production in the area is rain-fed and 

thus subject to fluctuations, while irrigation is only practiced on a relatively small amount of land 

(KNBS, 2015a, b; UBoS, 2010b). Next to limiting nutrient supply, the uncertainty of water supply in 

these rain-fed crop systems is seen as an Achilles heel, much more than for instance the genotype of 

crops (Tittonell and Giller, 2013). For instance, only 1.2% of farmers in Tororo report to have any type 

of irrigation, while non such irrigation forms have been identified in the Ugandan Districts of Busia 

and Manafwa (UBoS, 2010b). Therefore, other forms of water management like wetland and in-

valley cultivation, flood recession cultivation, are practiced by farmers in Uganda (UBoS, 2010b). Also 

in the Kenyan Counties of Bungoma and Busia, only negligible acreages are under irrigation (KNBS, 
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2015a, b). The low acreages of irrigation go along with a general low mechanization of crop 

production in the area (UBoS, 2010b).  

An important role to escape from these dilemmas are higher investments in labor and non-labor 

inputs, including capacity building. An analysis of the statistical data from the Ugandan Census of 

Agriculture 2008/2009 showed that agricultural non-labor inputs like irrigation, mineral or organic 

fertilizer use are generally higher in farmer households were household members received 

agricultural extension services, underlining the relevance of capacity building among farmers in order 

to increase food security (Adong, 2014; Okoboi and Barungi, 2012; UBoS, 2010b). 

3.3.2 Food consumption 

Most of the food consumed in the area is also produced in there, mainly by smallholder farmers. 

Food consumption data is usually available from the statistics department of the Food and 

Agriculture Organization (FAO). This data, however, is only on a national basis, and food consumption 

surveys by the World Food Program (WFP) or the United States Agency for International 

Development (USAID) suggest a large variation within countries like Kenya or Uganda (Harvey et al., 

2010; McKinney, 2009). Furthermore, it is based on production, import and export statistics (FAO, 

2013). A more regionally specific food consumption survey on women in Uganda has been carried 

out (Harvey et al., 2010) and validated (Dary and Jariseta, 2012) by researchers for the USAID. Table 7 

shows a comparison of these datasets. 

Table 7 Food consumption in Uganda, based on 1) (FAO, 2013) and 2) (Harvey et al., 2010), based on kg/cap/yr 

Food consumed 
Uganda1 Kampala2 South-West-

Uganda2 
North Uganda2 

Fruits, vegetables,  plantains  184  150 248 106 
Roots  183  44 80 66 
Cereals  63  26 44 47 
Pulses, nuts, oil crops  24  47 58 69 
Milk  34  44 106 91 
Meat  12  

18 22 11 Fish  15  
Eggs  0.5  
Sweeteners  15  11 22 18 
Vegetable oils  8  

2 2 4 
Animal fats  0.4  
Total  539  341 582 412 

 

Theoretically, the staple food supplied by local production should provide enough to cover the food 

consumption in the area. The food security analysis carried out by the WFP, however, indicates that a 

large part of the population is not supplied with sufficient food (McKinney, 2009; WFP, 2016). This 
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also counts for subsistence farmers who have to purchase parts of their food consumed from outside 

their farm. 

4 Discussion 

 

4.1 Methods 

SWAT in Kenya and Uganda 

(Baker and Miller, 2013; Githui et al., 2009) 

5 Conclusions 

The draft article at hand reviews a number of peer-reviewed WEF nexus articles. Intermediate results 

suggest that there is more research need in particular world regions facing severe WEF nexus 

challenges (i.e. Africa, Near East) on lower than national and supranational levels, to be carried out 

by researchers from research institutions located in the affected countries. 
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