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Abstract 

After 20 years of war in Northern Uganda, the government and its donor partners 

embarked on a number of projects aimed at the resettling and improving of rural 

livelihood of the affected people. Northern Uganda ranks as one of the poorest regions in 

Uganda. The largest share of the population is involved in subsistence agriculture with 

women contributing the largest share of labour force to the sector.  

The pilot area for this thesis is Lukodi, Gulu, a community that suffered one the worst one 

day massacres by the LRA. Lukodi, just like other communities, is involved in 

government projects that are streamlined towards building social capital and improving 

rural livelihood. One of the channels for livelihood improvements is through improving of 

agricultural technology in the community. Irrigation provides farmers with an opportunity 

to grow high value crops which would improve on a householdôs financial capital. Three 

drip irrigation technologies were proposed: the High tech drip, the Medium tech drip and 

the Low tech drip-which was made and tested using local material. The goal for the Low 

tech drip, was to enable the rural farmer maintain the technology as well as build his 

capacity to manufacture the drip. 

An irrigation system involves a number of aspects like technological, social, economic, 

health and environmental aspects of which if not well integrated will upset the projectôs 

sustainability or even polarize the community. Multi Criteria Analysis with Compromise 

programming approach was used to evaluate these three technologies against 17 criteria to 

determine which technology would be best suited to the Lukodi community and Northern 

Uganda as a whole.  

Analysis of data from 4 respondents, with experience in rural extension and irrigation 

technologies, gave results showing that Low tech drip was overwhelmingly the best 

alternative with a 50% preference followed by High tech drip at 31%. 

Key words: Drip Irrigation, Multi Criteria Analysis, Low drip technologies, smallholder 

farmers, social capital. 
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CHAPTER 1: INTRODUCTION  

Location of Uganda 

Uganda is officially known as the Republic of Uganda and is located in the ñGreat 

lakes regionò, to the largest extent lying between latitudes 4
0
N and 2

0
S and 

longitudes 29
0
 and 35

0
E. Uganda lies on the East African Plateau and it is 

surrounded by South Sudan in the North, Kenya in the East, Democratic Republic 

of Cong (DRC) in the West, Tanzania in the south and Rwanda in the South West, 

making it a landlocked country. It spans an area of about 241,550.7 square 

kilometers (sq. km) of which about 41,743 sq. km are lakes, rivers and swamps. 

This is mostly associated to its undulated altitude varying within 620m (Albert 

Nile) to 5,111 m (Mt. Rwenzori peak) and averaging at 1,100m (UBOS, 2012).  

Uganda, although it is located along the Equator, ironically, its climate is 

categorized as a generally ómodified tropical climateô- that is divided into three 

sub climatic zones: lake region (Entebbe-1,146m) Southern highlands (Kabale-

1,871m) and Northern Savannah (Gulu-1,109m). Most parts of the Uganda 

experience average annual temperatures ranging from 16
0
-30

0
C. The disparities 

are with the North and North East region that mostly record maximum 

temperatures that are over 30
0
C whereas the South West having minimums that are 

less than 16
0
C. Annual rainfall varies from 750mm to 2,100mm from region to the 

other. The central, western and eastern regions typically record two wet seasons 

March-May and September-November. The Northern region on the other hand 

receives heavy rains mainly in April -October and records minimal precipitation in 

the period of November-March (UBOS, 2006). 

Uganda is a multi-cultural nation comprising of officially 65 tribes, more than the 

number of countries in Africa (UBOS, 2006). Since independence in 1962, 

Uganda has experienced tremendous political instability arising mostly along lines 

of ethnicity, unlike the other East Africa countries of Kenya and Tanzania. These 
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struggles greatly affected progress on political, economical and social fronts till 

1986 when the National Resistance Army (NRA) assumed power. For close to 

three decades, the NRA-later turned National Resistance Movement (NRM), has 

steered Uganda through a relatively stable environment, fostering fast economic 

growth. Although the stability was not widespread, with remnants of the 

previously toppled regimes continuing to cause instability in the Northern part of 

the country where there was continued bloodshed, misery, abuse of human rights 

and displacement of peoples during the 20 year rebellion by the Lord Resistance 

Army (LRA) (CSOPNU, 2006; JRP, 2011; World Vision, 2001). 

Uganda is a surplus producer of agricultural products, exporting within the region 

and beyond. Agriculture contributes to 22.9% of the Gross Domestic Product 

(GDP) and employs the largest percentage of the labour force (UBOS, 2012). 

Uganda has undergone unprecedented growth during the NRM 28 years of rule. 

The GDP growth was -3.3% (1986) to 11.3% (1995) in a space of ten year, and 

4.1% in 2011 (AEO, 2012). Unfortunately, the reverse is also true in the Northern 

region. Although the poverty levels in the Uganda have fallen from 56% in 1992 

to 24.5% in 2010 (IMF, 2010), the poverty levels in the North were at 46.7% in 

2009-2010 (ACCS, 2013), far below the national average. Similar statistics were 

recorded in the health and education sectors. 

Eight years since the end of civil war, a number of cases still show that peopleôs 

difficulty in adapting to the current socio-economic structures of the communities 

that they once called home (ACCS, 2013). The agricultural-economic chain has 

greatly changed due to the influx of trade at 1000% growth rate (2006-2008) 

across the Uganda-South Sudan boarder (Yoshino et al., 2011) as a result of 

relative stability across the region. This phenomenon has driven food prices high 

and consequently leading to food security in Northern Uganda. Currently, 

Northern Uganda has the highest percentage of poor household families all on 

account of the 20 year war (UBOS, 2006; ACCS, 2013). ACCS (2013) shows that 
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food insecurity coupled with imbalance in regional development, are some of the 

issues from which regional instability can easily arise.  

Most of the returned households are still trying to eke out their way to better 

livelihoods as well as dealing with other social and psychological matters. After 

the war, the Ugandan government in collaboration with the donor communities 

started a number of programs like Northern Uganda Rehabilitation Program 

(NURP), Northern Uganda Social Action Fund (NUSAF), Northern Uganda 

Agricultural Livelihood Recovery Program (ALRP), Peace Recovery and 

Development Plan (PRDP) that are all geared towards resettlement and 

improvement of livelihood through various sectors especially agriculture. The 

Ugandan government knows that failing to address these issues, heightens the 

chances of resuscitating instability in the region. 

Efforts have been made in trying to resettle and improve the rural livelihood of 

people displaced during the rebellion through agriculture under the ALRP project. 

Irrigation has been spotted out as one way of resettling and improving peopleôs 

livelihoods through the lengthening of growing seasons and growing of high value 

crops that are in most cases sensitive to dry spells which the region is susceptible. 

Two irrigation schemes, Agoro and Olweny irrigation schemes in Lamwo and Lira 

respectively were recently rehabilitated by the government with support from the 

African Development Bank (AfDB). The objectives for rehabilitation of these two 

schemes were: the improvement of food security and rural livelihood of formerly 

internally displaced persons (IDP) who were settling in their villages. The capacity 

of Agoro was to benefit about 300 smallholder farmers (Acholi Times, 2013). 

Agriculture being the largest sector in the region, the two schemes that would 

support about 700 farmers would result in a very marginal change in the 

livelihoods of about 2 million people that were displaced during the war.  

Large irrigation schemes are big investments that demand the consideration of a 

multitude of parameters or factors before they are established, if they are to have 
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any chance of sustainable use by the farmer. Ironically, rarely are most of these 

factors considered. Funders and technocrats argue that most schemes fail because 

of the lack of a good management. Some studies have on the contrary shown that, 

as much as management is a viable problem leading to failure, there are other 

underlying issues. In some cases, even schemes that have been put under the 

management of private companies have failed to meet expectations (Kay, 2001).  

Most large scale irrigation projects have been set up in Africa with the overall 

objective of improving livelihood and enhancing food security. It is quite easy to 

notice that most of these schemes have been set up in areas that support economic 

feasibility, mainly focusing on the physical environment of the scheme, in regards 

to initial capital of investment. Ironically, the most destitute of communities in dire 

need of these projects are located in areas that are distant from physical 

environment (water sources and topography)-that would lessen the cost of 

construction. In this regard, economic attributes in most cases has outweighed 

social attributes in cases where the two are at logger heads.  

Problem statement 

A number of foreign irrigation technologies that have been exported to Sub-

Saharan communities have failed because of the disparities that exist between the 

imported technologies to those that are within the farmers reach. Due to the failure 

of most large investment surface irrigation projects, attention was to some degree 

directed towards developing smallholder drip irrigation technologies that could 

easily be engineered to suit the rural smallholder farmer in terms of cost and 

acreage relative to surface irrigation methods. These technologies, even though, 

they received quite a lot of attention from some donors, they have proved not to be 

the ultimate sustainable solution. Experience has shown that a technology that is 

being introduced into a community should be one that is appropriate to the 

principal user, the farmer, and it should entirely be shaped around his/her 

resources and recognize his/her constraints. Ubels and Horst (1993) state that: 
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ñA design is not a goal in itself. Rather, it is the use that is made of a system that 

matters; for the farmer and engineer, government and donor. By making the 

design pivot on use, we would be compelled to systematically consider the social 

and economic factors that play a role in the use of irrigation systems. These are 

not easily identifiableééé.Moreover, such social and economic factors do not 

straightforwardly relate with technical choices.ò 

Therefore, there is a need during planning to make a technological choice among a 

number of alternatives which will easily interact and contribute to the farmerôs 

economic and social capital. The best method(s) is one that will have the capacity 

to integrate all the aspects of the farmerôs environment. A holistic approach 

method can aid irrigation planners in realization of a decision, Multi Criteria 

Decision Analysis (MCDA) or Multi Criteria Analysis (MCA) is one of such 

methods. MCA has been utilized in the aggregation of social, economical, 

technological, health and environmental aspects that have different systems of 

measurements, unify them, and provide the best option that will balance all aspects 

without compromise. 

Justification 

A number of smallholder farmers in Northern Uganda have been affected by 

frequent drought events that have led to low crop yields. Drought events, however 

mild they might be, can easily cause instability in a community that is transitioning 

from instability to peace due to the chain reaction that would be setup by a single 

episode (FEWSNET/USAID, 2012; ISS, 2013). Therefore provision of irrigation 

technologies that would be appropriate to the user would help stem some of these 

underlying factors that can fuel instability as well as improve agricultural 

livelihood.    

There are several of several irrigation technologies that can be introduced to aid in 

the management of agricultural water and enhancing agriculture but drip irrigation 

technology has been known for being easily scalable to small holder farmers as 
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well as accommodating technological advancement with respect to the other 

methods (Chigerwe et al., 2004). Introduction of appropriate rural drip irrigation 

technologies would serve two goals: it would transform the lives of communities 

through improvement of agricultural livelihood and it would also help narrow the 

gap between medium/advanced irrigation drip technologies. There are growing 

concerns over water scarcity in future arising from both high population growth 

and development (UNWATER, 2007; Hinrichsen et al., 2002). 

Therefore, the application of MCA in this study that focuses on the aggregation of 

several aspects including technology and social aspects would support 

stakeholders involved in the resettlement process in taking rational decisions that 

would impact positively on the lives of the people. 

Objectives 

The overall objective this study is to support the process of resettlement of the 

victims of the 20 year war and improving of their livelihood through agriculture 

appropriate irrigation technology. The specific objectives are as follows: 

1. Develop a Low technology (tech) drip line which can be manufactured using local 

materials and tools in rural community. 

2. Perform an MCA with regards to the different drip technologies including the Low 

tech drip method; integrating social, environmental, health, technological and 

economic goals, to come up with a rational choice of drip technology that would 

support the attainment of the overall goal. 

Hypothesis 

It is expected that Low tech drip solutions, which can easily be made using locally 

available materials and by the farmer (or local workshop), have higher chances of 

sustainably improving agricultural livelihood in a rural setting. It is also expected 

that this Low tech solution prepares the farmer for the reception of more advanced 

alternative technologies in future.   
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CHAPTER 2: LITERATURE REVIEW  

 

Northern Uganda 

Northern Uganda is region composed of the following main district blocks Gulu, 

Kitgum, and Lira districts from which other still budding districts like Nwoya, 

Pader and Lamwo were created. The region records heavy rainfalls during the 

months of April-October and relatively low precipitation during November-March. 

The temperatures of the region are relatively high with frequent maximum 

temperatures of 32
0
C throughout the year compared to most parts of Uganda other 

than Karamoja which records the highest temperatures in Uganda. 

Agriculture in No rthern Uganda 

Rain fed agriculture is main stream, and it is the foremost means of household 

livelihood. The key crops grown in the region comprise sorghum, millet, maize, 

rice, sesame, ground nuts, beans and cassava. Subsistence farming is the main 

farming system of the region though it is slowly shifting towards commercial 

farming due to the influx of trade with the emerging state of South Sudan as a 

result of relative peace in the region. 

Chronology of war in Northern Uganda 

Northern Uganda scores least in terms of development with respect to the rest of 

Uganda. This is owed to the fallback due to political unrest that has lingered 

through the region for generations. The genesis of unrest in the region can be 

traced back to pre-independence ear. Luo speaking zones have intermittently 

known peace since the British colonial era. During the Colonial era, the Luo were 

forcefully conscripted to fight during the world War. The impact was so vast that 

the Luo speaking people were institutionalized to service in the army/police. Then 

during Field Marshal Idi Aminôs regime (1971-1979), the Luo speakers were 
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brutalized because of their association with the previous president, Dr. Milton 

Obote - who was a Luo. During Aminôs regime, most Luo speakers took flight into 

southern Sudan. The prominent one sought asylum in Britain, Canada and other 

English speaking developed countries.  

The 20 year Civil war 

In 1986, remnants of the Obote and General Tito Okello regime took arms in the 

North in a move to try and topple the NRA who had just overthrown General 

Okello. The NRA forces diffused most of these rebel groups but they would then 

evolve into smaller other groups. The LRA put up the greatest resistance and 

evolved into a rebel force that brought a lot of destitution and mayhem to the 

region including communities like Lukodi in Gulu district (JRP, 2011). 

The 20 year civil war lead to the displacement of up to 2 million people (90% 

coming from Acholiland) and the forced conscription of 20,000 children into the 

LRA under the stewardship of Joseph Kony (Dagne, 2011). The daily lives of 

many were significantly changed as a result of the war. The progresses of social, 

political and economic facets of the region were significantly impeded relative to 

the rest of Uganda (CSOPNU, 2006). Agriculture was greatly affected in the event 

that the largest percentage of the labour force moved to Internally Displaced 

Peopleôs (IDPs) camps. This led to food insecurity, on account that the region, was 

and still is, predominately agricultural with the largest population being involved 

in subsistence farming (CSOPNU, 2006). Most of the food to IDPs was supplied 

by Non Government Organizations (NGOs) like United Nations World Food 

Program (UN-WFP). 

Resettlement Process 

Eight years since the end of the 20-year-civil war, there has been tremendous 

migration of locals from the IDP camps, which had been a home for many during 

the whole unrest, to their respective villages. Many of the people are yet to cope 
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with the resettlement and rehabilitation programs that are being spear headed by 

the Ugandan government and the donor community even amidst challenges of 

rampant corruption. Those returning are still haunted by the atrocities that they 

were witness to, so fitting in with others is still a challenge.  

A number of projects were setup to smoothen the transition of masses from IDP 

camps to their respective villages that some had not been to in a long time. The 

rehabilitation and resettlement was focused on rejuvenating a number of sectors 

like education, health, infrastructural and agriculture, which had all become non-

operational, through projects like NUSAF, PRDP and ALRP. Agricultural 

development was considered to be the sector that would bring about an 

improvement in household livelihood given that most of the labour force in the 

region was in this sector and skills pertaining to agriculture could easily be 

disseminated into the masses. 

Human settlement, Agriculture and livelihood 

Agriculture and domestication for centuries has been associated to human 

settlement. Other dynamics that led to human settlements have been credited to 

several intertwining complexities: economical, social and political aspects. Some 

theories state that the evolution of human-environmental relationship shifted 

human livelihood from fruit gathering and hunting to agriculture and 

domestication (Gupta, 2004; Goucher et al., 1998). With resettlement being a core 

goal in the several Northern Uganda projects, agriculture is one of the factors that 

would mellow well with other sectors to achieve the core objective of resettlement 

as well as fortify ing livelihood in the region.  

Climate change in Northern Uganda 

The efforts geared towards improvement of livelihood through agriculture (crop 

production) have been greatly frustrated by climate change in the region. Studies 

show that although the change does not envisage a substantial drying trend, the 

change has greatly frustrated agricultural activities of the resettlement process. 
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Most parts of Uganda have recorded temperatures of increments of up to 1.5°C 

with a warming rate of around 0.2°C per decade. The warming is likely to 

influence rainfall and drought patterns with expected detrimental effects in crop 

yield and consequently low food security (USAID and FEWSNET, 2012). The 

FEWSNET 2012 study recommends that the increasing drought patterns can be 

offset through adapting to systems aimed at improving water and agricultural 

management practices like irrigation.  

Irrigation technology in Uganda 

Currently in Uganda, there are five major government irrigation schemes: 

Kibimba, Doho, Mubuku, Olweny and Agoro. These irrigation schemes like many 

other large irrigation schemes in most parts of the world have not been able to 

realize their full  potential because a number of reasons stemming from poor 

management and no maintenance. The four schemes were recently undergoing 

rehabilitation and some are now fully functional. Drip irrigation method is mainly 

used in the production of high value crops like flowers by big private companies. 

Some of Uganda flower growing companies include: Rosebud Limited, Ugarose 

Flowers Limited, Uganda Hortec, Pearl Flowers and Victoria Flowers (U) limited. 

Irrigation Development in Sub Saharan Africa (SSA)  

Over the past decades, failures of large scale irrigation projects in meeting their 

expectations led to a shift in mindset from development of new schemes to 

improvement of existing ones (Clyma et al., 1977). Even in this light, large scale 

projects still faced immense criticism owing to the ñtop-downò approach as a 

result of government control and the need to meet targets (Kay, 2001). 

In spite of the efforts by donor communities to invest in large scale irrigation 

schemes, studies have shown that over the last 20 years there has been little 

success in establishing irrigation schemes for smallholder farmers in SSA and 

other parts of the developing world (Kay, 2001). The failure of success is mainly 
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attributed to the top-down approach that is put in place by the donor/government 

bodies, using farmers as variables that can be adjusted in meeting project goals in 

the set time frame.  

Smallholder drip irrigation Technology in the world and the SSA Region 

Over the past number of decades, it has seemingly been clear that the performance 

of large irrigation schemes (surface irrigation methods) in SSA and several parts of 

the developing world were not meeting set targets. The fall in food prices over the 

years has also made large made investment in large scale irrigation projects 

unfeasible (Kay, 2001).  

Recently, there has been a steady movement from a Technocratic (Physical) 

Design Approach towards a more Actor-Oriented Approach with elements of 

Technocratic design still present. An Actor Oriented Approach is one that involves 

the existence of different groups and individual farmers within the irrigation 

system putting into consideration their interests, goals and social life. The Actor-

Oriented Approach leans more towards a ñbottom-upò approach to irrigation 

development. This bottom-up approach has received marginal or no donor support 

vis-à-vis the up-down approaches even in light of a number of successes stories in 

India, China and Kenya (Kay,2001 and Sijali et al., 2002). 

In fostering agricultural development through irrigation, scheme designs been 

related to the physical environment -that is water, soil and terrain (topography) ï 

as the basis for scheme design. As much as this basis of scheme design is 

economically feasible, less attention has been focused on the needs of individual 

farmers. Melvyn Kay (2001) argues that designs focus more on physical 

environment in establishing scheme projects and rarely take into account 

communityôs socio-economic goals.  
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Low ï cost drip (medium) technologies 

Several technologies have been developed to suit smallholder farmers in water 

scarce areas using drip irrigation. In India, there has been an increase in the 

demand in these smallholder technologies as well as a shift towards cultivating of 

high value crops by farmers (FAO, 1996). These drip technologies have the 

fundamental attribute of low-cost of investment and they include (Kay, 2001): 

i. Chapin bucket kit: 

It was developed by Chapin Watermatics. Several thousands of these bucket kits 

have been donated towards projects in several African countries like Kenya. The 

kits are imported and distributed at subsidized prices that are much affordable to 

the farmer. It consists of 15m drip lines and a 20-liter bucket that is raised to 1m. 

ii.  Wagon wheels 

It is made up of a central water tank that has laterals radiating from its center like 

bicycle wheel spokes from the center. The laterals are of 5m length. 

iii.  Netafimôs Family Kit 

With the rise in demand for low-cost drip technologies in China, Netafim-a 

company that develops manufactures high end drip technologies- also developed a 

drip technology that can be adapted to a smallholderôs plot. The kit was an 

equivalent of a large scale drip method that has been scaled down for use on a 

smallholder plot. The Family kit is a relatively high investment relative to the 

other technologies even in the light that they would have a higher uniformity of 

emission. 

iv. Boltonôs Standard Farmer Kit 

Bolton is a company in Uganda that supplies and installs drip and sprinkler 

irrigation technologies. Recently it introduced the Standard Farmer Kit that comes 

along with a Green House and other items like fertilizers, training, protective gear, 



13 
 

vegetable seeds, installation costs, knapsack, 500 liter tank and agronomic support 

for one season that can be renewable. The Green house is installed on an area of 8-

by-15 meters. The whole package costs UG 15m (about US $ 6,000). 

v. International Development Enterprises (IDE) 

This low cost drip technology that was developed by the IDE, a non-profit 

organization that deals in small famer irrigation. The drip is mostly used in India 

and few part of Africa.  

High drip  technology 

This kind of technology is not so wide spread but eventually with rising costs of 

labor, water management awareness and further advancement in technology, it is 

expected to spread. This technology enables remote monitoring, control and 

automation of the drip network over a wireless network or internet connection.  

Rural  drip technology 

Rural drip technology is the kind that is developed from a rural setting by the 

ingenuity of a member(s) of a rural community using locally available materials. 

In most cases, the technology is developed from imitation. In Figure 1 below, the 

technology uses plastic water bottles as drips. This technology has 100% EU, 

making it more superior than even the most advanced technologies though it costs 

far much more in labor. In the case for rural settings, labor may be much cheaper 

than investing in high technology. 
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Figure 1:Low Drip Technology using water bottles 

 

Shortcomings of Low-Cost Technologies 

Most of the low-cost technologies are imported. This is a major hindrance in the 

further diffusion of the low-cost technology. The instability in most African 

governments and lack of continuity as regards to agricultural projects has led to 

corporate amnesia because the development process is always focused around the 

empowerment of the institutions that are normally unstable rather than farmer 

technical empowerment. Farmer technical empowerment would greatly reduce 

extension expenses and lead to faster diffusion of the technology within a 

community. In achieving farmer technical empowerment, the technology to be 

introduced should be one that is simple, one that the farmer can associated with, 

easily made by local materials and can realize high returns. 

Pivoting smallholder needs to technological designs 

However good a technology is, if it does not bear a holistic view of socio-

economic forces around a farmer, then it will find difficulty progressing to 

sustainability. It is impossible for all aspects to be met by a technology being 

introduced into a community and one should look to ñAxiom of choiceò (Zeleny, 
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1982) that states that alternatives that are closer to the ideal are preferred to those 

that are farther. Therefore, traits like: low initial capital, ease of use and 

reproduction can be traded off or compromised for hydraulic superiority.  

Influences of Social Capital 

In the case of Northern Uganda, resettlement and improving livelihood is vital for 

the further development of the agricultural sector of the area amidst changes in 

climate and the economic structure. Developing of social capital is one means of 

achieving further developments with societies recovering from war (Grootaert et 

al., 2001).  

In pivoting most of the factors including social and economic factors that can 

upset the advancement of a technology, project managers need to come up with a 

set of alternative technologies that suit a given area. In rural areas, it would be 

unwise introducing to the people a technology that is very advanced and expect 

them to use it for a long time and later upgrade to a more advanced one. The 

analogy would be introducing a combined harvester in a rural community that has 

been using hoes for decades. The better alternative would be to introduce an 

animal plough and in this case, the community should be one that is familiar with 

domestication, even if on a small scale. Then after a period of 5-10 years one can 

introduce a walking tractor, then tractor and 20-30 years after that, a combined 

harvester. This trend in technology should be demanded by the farmer as probably 

as a result of high production and high market demand in the absence of cheap 

labour. Even social and cultural factors affect the pace at which a technology will 

be sustainable. 

Drip Irrigation Technology 

This is the application of precise amounts of water at low flow rates (1-24 

liters/hour) directly on to a single plant or between two plants using drippers or 

emitters that have been attached or built onto small diameter plastic pipes 
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(Phocaides, 2000). Drip irrigation has the highest application and uniformity 

efficiency default values with respect to other irrigation methods. Continuous 

droplets of water are delivered to a crop at specific flow rates and application 

frequency. The flow rate and efficiency values depend on the soil type, crop water 

requirement of the crop and the salinity levels of the water.  

Typical drip technologies consist of the following units: 

i. Drippers/emitters 

ii.  Hydraulic network of laterals, sub-main and main 

iii.  Pump 

iv. Control unit for varying flow rate and irrigation frequency 

Drip irrigation is popularly used because of its low energy and labour cost, can be 

applied on any kind of soil, possibility of using water of low quality (saline) and 

high efficiency default values. On the hand, some of the shortcomings of the drip 

method are associated with its high initial cost of investment, risk of emitter 

clogging and high maintenance costs. 

Drip line Hydraulics  

A drip line consists of discharge points called drippers/emitters that are mounted 

or built within the lines under equal spacing. According to Phocaides (2000), 

drippers are subdivided in accordance with energy dissipation at the dripper: 

a) The orifice dripper with a flow area range: 0.2-0.35 mm
2
 

b) The long-path dripper with flow area range: 1-4 mm
2
 

The flow rate, iq (l/h), at every dripper varies with the head in its section: 
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Equation I  

x

ii KHq =           

  

Where: 

K - Constant value that is characteristic of the dripper flow area and its coefficient 

of discharge 

H -Pressure at the dripper entrance 

x - Constant that depends on dripper characteristics 

Equation (1) is developed from Torricelliôs velocity where 5.0=x  

Drip line hydraulics is investigated along the following parameters: 

i. Pressure-Discharge 

The pressure-discharge relationship is illustrated in equation (1) where the value of 

x  ranges from 0.4-0.7 for non-pressure compensating drippers. In the case of 

pressure compensating drip lines, which maintain equal flow rates for all drippers, 

the variable 0=x . The higher the value ofx , the less desirable is the dripper; this 

means that the dripperôs flow rate greatly varies with head. In such a situation, to 

maintain good uniformity, the drip line would have to be shortened to reduce 

pressure losses due to the length of the drip line as depicted by Darcyôs formula: 

Equation II  

L
D

Q
kY

5

2

=                      

  

Where: 

Y -Head loss along drip line 
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Q - Flow rate (discharge) of the pipe 

L - Length of the drip line 

D - Internal diameter of the drip line 

k -Roughness coefficient which depends on the drip lineôs material 

ii.  Head losses 

The head losses within the drip line are a sum of friction head losses due to the 

pipeôs length and localized head losses at the drippers. The head losses in a drip 

line are depicted by equation [3] which is developed from [1]: 

Equation III  

LF
D

Q
kY

87.4

852.1

=         

Where: 

F -Reduction factor that depends on the number of segment (between drip lines) 

and each segment has a different flow rate. This is the Hazen-Williamôs formula. 

iii.  Manufactureôs coefficient of variation (CV) 

This is a statistical value that is obtained from pressure-discharge tests carried out 

on a number of emitters that have been randomly picked. The Manufactureôs CV 

depends on non-uniformity during production of drippers along a production line. 

Unevenness along the production line will affect the cross sectional areas of the 

different orifices as well as their shapes (Wu et al., 1979). These variations will 

affect the characteristics of the emitters (k and x values, see equation [1]) hence 

affecting the flow rate. CV can be defined as the deviation of hydraulic parameters 

of a drip from those that have been theoretically simulated. Therefore, CV results 

in variation of emitter flow values and consequently the emission uniformity (EU) 

as well.  
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Multi -Criteria Analysis (MCA)  

MCA is branch of operation Research that is popularly used as a tool in decision 

making. It is a tool that is used in evaluating of several projects goals that may 

sometimes have conflicting interest. It can be used to easily compare alternatives 

that cannot be measured with monetary units with those that can easily be 

measured in monetary terms (Nijkamp, 1989). 

MCA has been applied to several fields of study including renewable energy 

(Haralambopoulos et al., 2003; Cherni et al 2007), Geographical Information 

Systems (GIS) (Carver, 1991; Joerin et al., 2001) and biological sciences 

(Kennedy et al., 2011). The tool breaks down multiple objectives into simple 

easily quantifiable units to help in attaining an optimal solution without giving up 

one objective for another. MCA can in other words be thought of as a ñdivide and 

ruleò tool. 

MCA helps in overcoming the shortcomings of Cost Benefit Analysis (CBA) that 

only uses monetary units to access alternatives. It can also be used to quickly make 

decisions in a multi-dimension environment; this is typical of lifeôs complexities 

(Zeleny, 1982). When evaluating a problem, MCA considers all stakeholders, 

therefore it can be somewhat used in participatory appraisal projects. 

Steps followed in the MCA  process  

The process of MCA is split into the following phases: 

1. Setting of objective(s) and criteria 

2. Identification of alternatives to be pursued 

3. Appraisal of the identified alternatives according to different criteria using 

indicators 

When a single decision maker is involved the subsequent steps from (3) follow: 

i. Determining the single representative decision makerôs weights. 
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ii.  Project evaluation. 

When the analysis is carried out by many decision makers, the following are the 

subsequent steps from step (3): 

i. Weights are determined for every group that is involved. 

ii.  From each group a representative single decision maker evaluates the project. 

iii.  The evaluations made by the representative single decision makers are aggregated. 

iv. Appraisal of consensus reached in the evaluation. 
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CHAPTER 3: LOW DRIP TECHNOLOGICAL SOLUTION  

Low drip technological solutions can also be referred to as rural appropriate 

technological solutions. They are of low cost and made of easily accessible 

materials that are within a rural smallholder farmerôs domain. They can also be 

easily manufactured by the farmer or local workshop. The possibility of easy 

manufacture at rural level, which is part of the production chain in the irrigation 

system, makes the technology more sustainable relative to more advanced 

technologies. 

 

Figure 2: Droplets from the low tech drip 

 This Low tech solution is an intermediate between currently existing low 

(primitive) technology (using bottles) and the popular low cost technology like the 

IDE. Rural appropriate technologies close the gap between very low or primitive 

technological solutions to more advanced solutions. Low tech drip line was made 
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from a Polyethylene (PE) pipe (see Figure 2) to make it less laborious relative to 

the existing bottle technology shown in Figure 1. 

 Designing and testing of the Low technology drip line 

During the design, the parameter that was focused on was the drip (orifice) which 

will determine the length of the drip line and the uniformity that can be attained at 

the subjected length if the pressure and discharge are kept constant. 

The Orifice Area 

The area of the orifice was made using a tool (syringe/needle), which can easily be 

obtained within a rural setting. A syringe with a needle diameter of 0.4 mm needle 

was used in the process of making the orifice. 

The Orifice, mm4.0=f  

2125.0 morifice m=W  

At a water level of about 1.5m, the orifice produces a jet of water with speed,v , 

from Torricelliôs velocity formula, smv /425.5º . This jet comes with kinetic 

energy that would easily destabilize the soil.  

Soil destabilization is an undesirable effect. With drip technologies, droplets are 

required, so the jetôs energy had to be absorbed from the exiting water to form 

droplets. A portion of 2 cm PE pipe was cut off the pipe to be used in making the 

energy dissipater which would absorb the kinetic energy of the water jet as shown 

in Figure 3. 
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Figure 3: Water jet from pipe during tests 

Since farmers would make the drips on the pipe themselves, different farmers will 

make them differently and this will in general affect several drip line parameters. 

In order to understand the variations of drip line length at a given EU, the CV of 

the drips was first determined. Experimental tests were carried out to help 

determine the average CV of the drips. 

 

Figure 4: Drip manufacture in the night to simulate rural environment 

The conditions below were followed during the manufacture of the test drips to 

imitate a rural setting:  
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The process of manufacture was carried out in the night as shown in Figure 4. Two 

syringes were used, this would somewhat affect the CV since the tools used even 

if they were quite similar it would affect the CV. It should was done so as to come 

up with the worst possible CV that can be imagined to be used in the imitation of 

the design. 

Determination of CV 

CV is a statistical parameter that depends upon the variations of orifice area, shape 

and the friction along the opening.  

Materials and methods: 

In the determination of CV, tests were carried out on 16 segment samples of the 

drip line each measuring 0.8m length. The pipe used was of PE material. The 

diameter of the pipe was 13mm; this pipe can be found within Gulu and 

surrounding regions. Using the syringe, holes were punctured into the pipe at 0.4m 

from one end.  

 

Figure 5: The some of the 16 PE segments pipes used that were used during the testing 

 The segments were mounted on a distribution manifold bi-lateral. The manifold 

used was one of short length and large diameter to help minimize friction head 
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losses due to length and cross section area. The manifold fed a group of 16 

segments at approximately the same pressures as shown in the Figure 6.  

A plastic bucket of about 50 liters with a float was used as a reservoir. The float 

maintained the level of water within the reservoir. The reservoir was raised to a 

height above the ground to attain a given head and its outlet opened to let water 

down towards the manifold.  

 

Figure 6: Manifold feeding 16 segment pipes 

Tests were carried out at two pressures (H1=2.361m and H2=1.6 m) and the 

respective volumes iv  for 8 segments collected and measured at a single dripper. 

The other 8 segments were used as dummies or controls. Three replications were 

carried out for every change in head. The volume, iv  was collected in time, t=10 

min.   

Data Analysis by National Irrigations Laboratory (NIL) (Pisa) drip irrigation 

statistical tool 

The values of, iv  that were obtained, were used to determine the manufacturerôs 

CV. The readings of volume that were obtained for all the corresponding drips 

were fed into NIL to statistically analyze the CV of the 8 drips being tested.   
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Results, Analysis and discussion 

Dripline (1) recorded the highest volumes in the duration of 10 minutes for 

pressures H1 and H2. The same result was obtained when blocking was done, by 

switching the position of the driplines that recorded the lowest volumes with those 

that recorded the highest volumes. This was done for the corresponding driplines 

as well. Blocking was done to limit the effect of physical quantities that were 

unaccounted for during the experimental design; otherwise they could have altered 

the collected volume. 

Table 1: Determined volumes at H=1.606m and H=2.361m at t=10minutes 

 

H=1.606 

 

H=2.361 

 Dripline  V1 V2 V1 V2 

1 127.50 130.00 182.50 177.50 

2 35.00 35.00 85.00 82.50 

3 42.50 45.00 62.50 65.00 

4 42.50 37.50 62.50 62.50 

5 60.00 60.00 80.00 102.50 

6 50.00 47.50 70.00 70.00 

7 50.00 49.50 70.00 72.50 

8 65.00 65.00 97.50 102.50 

 

The CV was determined at 95% confidence interval for both H1 and H2. The CVs 

were 27.6% and 23.42% for the H1 and H2 respectively. The drip CV was 

determined as the mean of the two CVs, 25.62%.  This means that the 8 

orifices/drip holes that have been made differ from the average drip shape and size 

by 25.62%. 

 Determination of EU of the dripline using Ve Pro Gs 

Ve Pro Gs is a drip line program that simulates drip hydraulics using the values of 

K-pipe, a-pipe, CV, x dripper and K dripper. The value of x is assumed as x=0.5 
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according to Torricelliôs velocity equation. The K-pipe is a parameter that is 

obtained from the Hazen ïWilliamsô equation. 

Equation IV : 
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The values of C=140, d=13mm and Q (l/h) 

Therefore, 111073.1 -³=Kpipe , x-dripper=0.5, CV=25.62% and the a-pipe=1.83 

The following values of Kpipe, x-dripper, k-dripper, CV and apipe were into Ve 

Pro Gs to simulate real-time field conditions along the single dripline at spacing of 

30cm. 
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Figure 7: Ve Pro G program showing the low technological drip 

From VeProGs, the following results of EU and intensity were obtained for the 

pipe as 67.4%  and 0.55mm/h at drip-line length of 20m. These results were 

obtained from when H=2m and length of pipe, L=20m.  Figure 6 shows the other 

results that were produced. 

Simulation of Cabbage yields (FAO CROPWAT  8.0) using the tested 

dripline  

CropWat 8.0 required climate, soil and crop data of Lukodi, the study are, to able 

to simulate the yield of cabbage. Two scenarios were considered: one under rain 

fed conditions only, low technology drip irrigation and high technological systems. 

The soil data was obtained using Harmonized Water Soil Database (HWSD). This 

is a mapping software for locating generic soil data at given areas. The coordinates 

for Lukodi were: 2
0
54
ô
55.65

ò
N, 32

0
18
ô
00.29

ò
E. When the percentages of clay, 

sand, gravel, compaction and salinity of the soil were recorded from the top soil, 

the data was translated into the Soil-Water characteristics program to analyze the 



29 
 

moisture content, the soil hydraulic conductivity, the wilting point and field 

capacity. 

Table 2: Showing the Soil Data of Lukodi by HWSD 

Topsoil Sand Fraction (%) 51 51 21 

Topsoil Silt Fraction (%) 27 26 25 

Topsoil Clay Fraction (%) 22 23 54 

Topsoil USDA Texture Classification 

sandy clay 

loam 

sandy clay 

loam 

clay 

(light) 

Topsoil Reference Bulk Density 

(kg/dm3) 1.41 1.4 1.22 

Topsoil Bulk Density (kg/dm3) 1.29 1.33 1.51 

Topsoil Gravel Content (%) 1 1 1 

Topsoil Organic  Carbon (% weight) 0.93 0.86 1.07 

Topsoil pH (H2O) 5.1 5.4 6.9 

Topsoil CEC (clay) (cmol/kg) 30 26 68 

Topsoil CEC (soil) (cmol/kg) 10 9 40 

Topsoil Base Saturation (%) 45 43 100 

Topsoil TEB (cmol/kg) 4.5 3.9 40 

Topsoil Calcium Carbonate (% 

weight) 0 0 0.4 

Topsoil Gypsum (% weight) 0 0 0.1 

Topsoil Sodicity (ESP) (%) 1 1 1 

Topsoil Salinity (ECe) (dS/m) 0 0 0.3 

 

The data in Table 2 was used in the Soil-Water Characteristic program to obtain 

the saturated hydraulic constant of the soil using the Saxton et al., 2006 method 

which was used to determine the soils water retention capacity. 

From Figure 8, the saturated hydraulic conductivity of the soil, K=10.60mm/h, 

K=254.4mm/day. The K is much higher than the irrigation intensity (0.55mm/h) of 

the drip at 2m head which makes it favorable since runoff is avoided. 
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Figure 8: Soil Characteristics parameters of Lukodi, Gulu 
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CROPWAT 2.0 for comparing yield by gained under rain fed and using the 

low technology solution. 

Climate data was obtained using CLIM WAT 2.0 for Gulu district, the major town 

in the area, which is about 17 km from the Lukodi community.  

Table 3: Climate data of Gulu district, Lukodi  

Month 

Min 

Temp 

Max 

Temp Humidity Wind Sun Rad ETo 

  °C °C % km/day hours MJ/m²/day mm/day 

January 16.5 32 53 268 4.8 15.9 5.39 

February 17.1 32.2 54 268 6.7 19.5 5.85 

March 17.6 31.2 61 268 4.6 16.6 5.12 

April  17.7 29.3 73 251 5.6 17.9 4.43 

May 17.5 28 78 233 5.7 17.3 3.93 

June 17 27.5 77 199 5.9 17.1 3.76 

July 16.6 26.5 78 199 4.9 15.8 3.49 

August 16.6 26.7 79 199 5.4 17.1 3.67 

September 16.6 28 76 216 6.4 19.3 4.21 

October 16.7 28.7 74 233 7 19.9 4.48 

November 16.5 29.6 68 233 7.6 20.2 4.81 

December 16.2 30.3 61 251 8 20.2 5.19 

                

Average 16.9 29.2 69 235 6.1 18.1 4.53 

 

Simulation of rain fed Agriculture of Sweet pepper during two subsequent 

irrigation seasons in Lukodi  

The wet (growing) and dry season for Lukodi (Northern region) was estimated 

from NewLocClim (see Figure 9). The wet season starts in April to June and then 

resumes with heavy precipitation from August to early November. The dry season 

starts from mid November to mid March.  



32 
 

 

Figure 9: Wet (growing) and Dry seasons in Lukodi 

Using dependable rain formula (FAO/AWG formula) in FAO CROPWAT, the 

effective rainfall that would be stored in the soil root zone as readily available for 

the crops was estimated. Three scenarios for growing of Sweet pepper were 

considered: two seasons under rain fed conditions (wet and dry) and the dry season 

using Low tech drip solution the dry season are illustrated:  

Season 1(01/April  to 03/ September) 

 

Figure 10: Soil moisture depletion of the root zone for sweet pepper during the season 1(wet) 

It is very feasible planting sweet pepper during Season 1. During this season, the 

soil moisture depletion curve varies along the Readily Available Moisture (RAM) 

curve throughout the season (see Figure 10); therefore, the sweet pepper would 
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rarely experience water stress. Assuming proper crop and soil management 

practices are followed, a 1.5 % reduction in yield using rain fed irrigation would 

be expected as shown in Figure 11. 

 

Figure 11: FAO CROPWAT  schedule sheet for sweet pepper during season 1 (wet) 

Season 2 (01/November-30/March) 

 
Figure 12: Soil moisture depletion for sweet pepper during season 2 (Dry) 

The soil moisture depletion curve is maintained at about 5mm during early sweet 

pepper growth and rises from day 30 at 10mm to 50mm at day 65. The depletion 

curve is maintained at about 50mm till harvest as illustrated in Figure 12. 
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Therefore, sweet pepper would experience water stress for the largest portion of its 

growth period. This water stress would affect the yield, reducing it by about 71.7% 

(see Figure 13). 

 

Figure 13: FAO CROPWAT schedule sheet during season 2 (Dry) 

 

Season 2 using low drip technologies in Lukodi, Gulu  

The simulation using the Low tech drip was carried out during the dry season 

(season 2) using CLIMWAT 2.0 and FAOCROPWAT data (see Table 3). The 

crop parameters were obtained from the FAO CROPWAT database. The 

efficiency used, that is 67%, was assumed to be equal to the value of efficiency. 

The scheduling criteria and the corresponding soil depletion curve are shown in 

Figure 14 and15 respectively. It was assumed that there was no rain fall 

throughout the dry season. 
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Figure 14: Scheduling Criteria for Sweet pepper using low tech drip 

 

Figure 15: Soil Moisture depletion for sweet pepper during Season 2 under low tech drip irrigation  

Figure 16 illustrates, that using the Low tech drip during season 2; a yield 

reduction of only 3.5% will be incurred. This shows that the low drip tech would 

be a feasible alternative as a means for applying of water during the dry season 

since it would be by far costly to depend on rainfall. 

Low drip tech would be coupled with other rural appropriate technologies like the 

EMAS (MacCarthy et al., 2013) pump for drawing of water that would have been 
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harvested during the dry season. EMAS pump can pump up to a head of 40m. 

They can also be manufactured easily using locally available materials. 

 

Figure 16: Scheduling sheet under low tech irrigation 

Low drip tech was evaluated with respect to existing drip technologies in a multi 

criteria decision analysis framework to determine which drip technology would be 

most suitable for use by smallholder farmers of Lukodi, Gulu (Uganda). 
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CHAPTER 4: DATA AND METHO DOLOGY  

This chapter describes how MCA was deployed as a decision making tool, using 

CP, in the evaluation of three drip irrigation technologies in Gulu, Northern 

Uganda. The best technology is to be suggested as the most suitable in supporting 

the resettlement process and improving of peopleôs livelihood through irrigated 

agriculture. 

Compromise Programming (CP) 

This is ranking of alternatives approach that is applied in MCA to obtain a solution 

that is close to the ideal. An ideal solution is one that is unfeasible because of the 

limitation of resources in a decision makerôs domain. The ideal solution is a score 

of the best values attained by all criteria among the feasible alternatives (Yu, 1973; 

Zeleny, 1973). 

Relativity of choice and an ideal solution 

Zeleny (1982), states that an ideal solution is ña technical artifact, a fixed point of 

reference, facilitating the choice of a compromise solutionò. In Zelenyôs ñAxiom 

of choiceò, he points out that an alternative that is closest to the ideal solution is 

preferred to that/those that are relatively far. In determining choice, a tool is 

needed to measure the closeness of several alternatives to the ideal solution. The 

closeness is based on evaluation of weights by a decision maker. 

If the numbers of alternatives are n (k = 1, 2én) and criteria are m (i =1, 2ém), 

then the distance of alternatives in space can be expressed in vector form as: 

Equation V 

}{ k

iyY=  

k

iy - Value reached by the i
th
 criterion for the k

th
 alternative. 

The ideal point is defined by the vector: 
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Equation VI  
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The non-ideal is defined by the vector: 
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Distance function for the alternatives k

iy  is defined as: 

Equation VII  
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Using the distance function (operator)k
id , all the feasible alternatives can be 

mapped in space. The ideal solution is mapped in space as a unit vector 

}1,........,1{*d depending on the number of dimensions.  

In determining the degree of ñclosenessò of each alternative, k

iy  to the ideal 

alternative, 
*y in terms of 

kd and, *d - the family of distance functions is defined 

as: 

Equation VIII  
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Where:  

l-Weights assigned to each criterion. 
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},........,{ 1 nlll= , and ä =
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p - Parameter defining the family of distance functions where: ¤¢¢p1  

),( kLp l - Helps in determining the distance between the ideal solution and the k
th
 

alternative. 

Equation IV is further simplified into the different distance family functions: 

Equation IX  
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The specific values of p, determine a manner in which the distances of every 

alternative from the ideal point is to be calculated: 

a) For p=1: it is the weighted sum of the distances of a single attribute. 

b) For p=2: it is the Euclidean distance in multidimensional space. 

c) For ¤=p : this is the maximum distance amongst the attributes. 

MCA was to be used as a tool in evaluating the various levels of drip technologies 

in the study area. The study area is still nursing the wounds of war; the best 

alternative would be used to support programs streamlined towards resettlement 

and improvement of livelihoods through agriculture.  
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Data and Application of MCA 

Area of Study 

In the wake of the 20 year war in Northern Uganda, a number of communities in 

Gulu district were left with scars that will live on for generations. The study area 

was selected in relation to historical connection to one of the gravest acts by the 

LRA contingent on small communities. Lukodi  is one of such communities that 

witnessed this brutality. 

Location 

Lukodi is located on coordinates 2
0
54
ô
55.65

ò
N, 32

0
18
ô
00.29

ò
E. It lies on a 

relatively flat area with at an altitude of about 1012 m above sea level. The small 

community lies just about 15.39 km from Gulu town (Google earth). Lukodi 

consists of the zones: Lagot Kicol, Lalweny, Laco Anga, Loyo Boo and Lukodi 

(JRP, 2011). 

Pre-war era and post war era 

During the pre-war era, the community consisted of peasants who carried out 

subsistence farming for livelihood. Families owned oxen that were used in the 

tilting of the land. In addition to food crops like maize, sesame, millet, ground 

nuts, beans, ñlapenaò (peas) and forage crops, cash crops like tobacco were also 

grown. 

When the war broke out, people lost their property and even cattle to Karamonjong 

wrestlers. They left their homes and settled in Lukodi camp. On the 19 May, 2004, 

exactly 10 years ago today (2014), the Lukodi community was the site for one of 

the bloodiest one-day-massacres by the LRA forces. Over 50-60 people: women, 

men and children were hacked to death by their own that were under the LRA 

ranks (JRP, 2011). 
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After the war, due to the change in the social structure as a consequence of the 

war, there was a rise in many child-headed families, the gender roles of women 

were drastically switched or increased. There was a rise in the number of families 

with single mothers in the community. Many women became the ultimate bread 

winners of their respective families since most of the NGO programs were focused 

on the empowerment of women (Ahikire et al., 2012). The poverty levels of the 

community and the region at large were the lowest in Uganda (CSOPNU, 2006; 

ACCS, 2013). 

Government and donor bodies have been focused towards the improvement rural 

livelihood by supporting improvement of social capital and agriculture which is 

the main source of income for most households; this support has been channeled 

through projects like NUSAF and ALRP respectively. Currently, the region is 

entirely dependent on rain fed agriculture; to improve livelihood, there is need to 

improve smallholder agriculture enterprise through irrigation. Irrigation would 

extend growing seasons of high value crops like sweet pepper and other 

vegetables, fetching in more annual revenues for households. Smallholder 

irrigation would empower women financially.  

 

Figure 17: Women in a market in Northern Uganda selling agricultural produce (Source: ACTED, 

2012) 
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NUSAF which was mainly focused in development of social capital through 

resettling people who were displaced and reuniting abductees and former rebels 

into their communities. Building of social capital especially in Lukodi has been 

quite a challenge as a consequence of the massacre (JRP, 2011). Most of the 

families that had connections with the returnees have been somewhat sidelined 

within the community, blaming them for the massacre.  

Agriculture has been used in not only improving livelihood but also building social 

capital in the region. A number of smallholder farmer associations were started as 

a means of improving agricultural production like North East Chili Producersô 

Association (NECPA). Associations bridge gaps that exist within societies and this 

can improve social cohesion and the overall livelihood of the community. When 

irrigation is introduced due to the lengthening of agricultural seasons, this would 

signify that farmers would have more time to interact and share ideas about how to 

improve on their production hence narrowing the rifts that were once brought 

about by war. Communal markets as shown in Figure 17 can also enhance the 

improvement of social capital through building interaction among community 

members and rebuilding the ties that were withered during the war. This has been 

the strategy of a number of NGOs like Agency for Technical Cooperation and 

Development (ACTED).  

Setting of Objective(s) and criteria 

The objective to be attained is resettlement and improvement of livelihoods 

through agriculture.  Four attributes were derived from the objective: economic, 

environmental, health, social and technological aspects. The attributes were 

assessed in terms of costs, risks and benefits to develop 17 criteria. The criteria 

were described in their respective attributes as follow:  
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Technology 

Diffusion rate 

Technology diffusion is the ease with which a technology is transferred/ picked up 

from one person to another. In rural settings, locals can easily identify with 

technologies that they can easily understand and do not require much technical 

knowledge to grasp. Simple technologies that require simple tools would take 

precedence in maximizing diffusion rates of information flow and sharing. 

Technological progress/chronology 

Technology is absorbed differently within different societies depending on the 

chronological level or the gap that exists between that which is being introduced 

technology and an existing one. Technologies that have a closer chronology in 

terms of advancement have high chances of being absorbed into the community 

relative to the ones with a wider chronological gap. Narrow chronological gaps 

smoothen technological upgrades and in essence guard the community against 

ñshocksò arising from very high advancements. 

Availability of spare parts 

Sustainability of a technology in a given community can very much be affected by 

the ease with which spare parts are easily accessed within the local market. 

Therefore, one should look to the alternative that is of high regard in this criteria 

and it should be maximized. 

Possibility of repair from home/local workshop 

If an equipment/technology can be easily repaired by the locally available skilled 

labor, this will improve the chances of sustainability within the community 

irrigation system. Labor is part of the production chain within an irrigation system. 

In the case that the equipment breaks down, it will be easily repaired and the 

irrigation schedule will not be affected otherwise this will affect the whole 
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production chain in the system thus producing lower yields. The technology that 

will enable this criterion should be favored. The criterion should be maximized 

with respect to the best alternative. 

Economic  

Initial Capital  

The most suitable technology would be one that has low critical capital 

requirements. At the moment, irrigation is not as rewarding a technology to attract 

high capital investment. This is owed to the low grain prices which have made 

investing in irrigation quite risky. Although more attractive revenues can be 

realized with high value crops like vegetables and fruits, smallholder farmers are 

less likely to risk engaging in high capital investments that would involve loan 

partnerships with credit institutions. An alternative with the least initial capital for 

investment would be of the highest regard since most smallholder farmers are 

afraid of takings risks to increase yields. 

Maintenance costs 

Minimization of maintenance costs would increase the willingness of smallholder 

farmer to take part in the venture as well as increasing the profit margin. 

Maintenance costs for the three alternatives could arise from: 

i. Low Technology 

Á More frequent maintenance of locally made filtration system. 

Á Unblocking of the drippers using a needle. 

 

ii.  Medium Technology 

Á Maintaining of the filtration system. 

Á The drip lines would need changing depending on the type used. 

 

iii.  High technology 
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Á Has quite similar hardware to medium technology. 

Á The network constitutes of a number sensors that need scheduled maintenance. 

Medium and high technology alternatives need highly skilled personnel to carryout 

maintenance work on the drip infrastructure and most of the materials to be needed 

for the maintenance works cannot be easily obtained from the local market. These 

factors are grounds for high costs. 

Energy costs 

Minimization of energy costs increases profits. Energy costs are evaluated from 

energy cost per unit of water stored in the root zone. Energy use is linked to the 

efficiency and management of the drip method. All factors set to be constant; a 

high technology alternative has the least energy cost per unit of water used relative 

to a low technology alternative. 

Costs for extension services 

Extension services are an essential factor in ensuring the success of an irrigation 

project although when used they do not necessarily guarantee its success. Simple 

technologies would cost much less in terms of training (for extension staff and 

consequently for the farmers) and time relative to complex technologies. Low 

technology systems are in most cases pushed further by the multiplier effect of 

members within the community (community members becoming extension 

workers) in addition to the extension workers. Training of a complex technology 

to a rural community has a number of hindrances: high cost and long periods of 

time invested in extension services and no guarantee of success. 

Appropriateness to smallholder farmerôs acreage 

Smallholder farmers have small plots of land (less than 1 hectare) especially 

women and widows. The farmer constructs his house as well as carrying out 

subsistence farming and other activities on the same plot of land. For the farmer, 

this plot is enough to help him/her meet the needs of his family members. When 
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very high investment irrigation projects are carried out on a small piece of land, 

they would take a much longer time or perhaps never realize net gains within the 

projectôs life time. For this reason, a technology that can be tailored to the farmerôs 

acreage/plot would require less capital investment which would increase the 

chances of the farmer to realize financial gains within the projectôs lifetime. 

Uniformity and system performance 

A technology that achieves unvarying application of water throughout the plotôs 

soil root zone is most suitable. Uniformity should be maximized for a technology 

to bring forth high crop yields that translate to high revenues. High and medium 

technologies have the highest performance in terms of emission uniformity. Some 

of the drip lines are fitted with pressure compensating emitters that maintain a 

constant pressure irrespective of the terrain that they are subjected to hence 

maintaining constant emitter discharge along the drip line. Pressure compensating 

drip lines can have uniformities values of up to 98.9% (VeProG). 

Management 

Good management of an irrigation network is a principle guarantor of good system 

performance regardless of efficiency values. Human management is not always 

consistent therefore less chances of attaining good system performance. High 

technology method owing to automation- guarantees high efficiency as well as 

maximum system performance. Therefore minimization of human-machine 

interaction leads to high system performance. 

Social (Social Capital) 

Since the overall goal is very much aligned with resettlement and improvement of 

livelihood which are both social issues, these weighed relatively high vis-à-vis the 

rest. 
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Social cohesion 

Social cohesion is instrumental in establishing a thriving social capital in a 

community. Social capital of a community is the benefit of association and trust 

between community members as regards to the following assets: human, social, 

physical, financial and natural, for sustainable livelihood in the community 

(Willem Heemskerk and Bertus Wennink, 2004). Therefore, an alternative that 

involves farmer participation in the construction and maintenance will boost social 

capital through diffusion and reciprocity as the farmers act as agents of diffusion 

amongst themselves. This would bring about the sharing of ideas about 

experiences within households, agricultural cooperatives or farmer associations 

and communities.    

Social cohesion is the gum that binds members of the community together. In 

these times of frequent drought due to climate change, most community members 

move/migrate to villages (near surface water sources) that can support their 

survival in terms of provision of food/water. Creating a means of crop farming - 

using precision irrigation for all - would mitigate the migration rate thereby 

creating a more unwavering and firm society.  

Livelihood in rural areas 

A sustainable irrigation projects creates means of livelihood or employment for the 

people involved in the irrigation system. The system would include several niches, 

that is, from production of drip lines, maintenance, and installation as well as in 

other aspects in the agricultural chain associated with the crops. Drip irrigation 

provides a means for the growth of high value products like vegetables that would 

significantly improve the nutrition of the community. Therefore, the alternative 

that maximizes livelihood in terms of employment creation and health would be 

most suitable. 
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Security risk 

In poverty stricken communities, high value irrigation infrastructure that can be 

pawned off are at a very high risk of longevity. Thieves will steal pipes, sensors, 

filters and other material that is of value in the black market. Metallic pipes would 

be sold off as scrap whereas plastic can be sold to plumbers at very low prices. 

Therefore high value investments are at a risk of not lasting for long relative to 

cheap low value investment. Therefore, if one is to invest in a high value 

technology, they should pay the security cost for securing the investment. 

Health Risk 

Water logging 

An irrigation project should be streamed towards minimizing the risk spread of 

disease. An example of a problem that can arise from the drip method is water 

logging as a consequence of poor design, low efficient system but mostly poor 

management. Water-logged areas are suitable harboring grounds for mosquitoes 

and spreading malaria - Africaôs number one killer disease. Water logging also 

increase the chances of pest and disease spread. Most pests, viruses and fungi, 

flourish in moist or wet environments. The alternative technology with the highest 

efficiency, uniformity and less laborious as regards to management will be most 

suitable. 

Environmental Risk 

Pollution 

Generation of waste from short term life span drip-lines is a source of pollution. 

Drip-lines that have a longer life span would be environmentally friendly since 

waste accumulated over a given time period compared to the short term 

alternative. An alternative that minimizes waste generation would yield the least 

environmental risk. 
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Soil salinity 

Poorly managed and low efficiency irrigation methods have a tendency of leaching 

soil nutrients and fertilizers/chemicals into shallow aquifers, altering ground water 

quality. If the waters are salty with no drainage infrastructure then the raising of 

the water table bringing in more salts from lower layers would increase the salt 

content of the upper layers. This would lead to the degradation of land. Soil 

salinity can cause desertification. Proper management and high efficiency are very 

vital aspects in maintaing of soil salinity and good crop yields hence higher 

returns. Although these aspects guarantee high returns, the discipline of human 

interaction with a laborious irrigation alternative-that involves following countless 

technical procedures-is less favored by the farmer. Therefore an automated 

technology with less farmer-infrastructure interaction would be most suitable.  

Identification of alternatives to be evaluated 

Three alternatives drip technological solutions were chosen. The following is a 

description of the alternatives: 

High technology drip method (H) 

This type of drip technology is very sophisticated and has a very low human-

physical-infrastructure interaction. Human interaction may only be present during 

maintenance and repair. It consists of sensors, actuators and a microcontroller that 

have been appended onto the irrigation infrastructure to provide precise amounts 

of water as demanded by the plant depending on climate conditions. Water supply 

is provided in real-time as it is demanded by the environment and hence the crop. 

The hydraulic infrastructure can be monitored and controlled remotely or it can 

run automatically. There have been several additions onto the existing algorithms 

of control like interfacing with the internet and control through a mobile device. 

Open source made an algorithm that can be run up to 45 stations through the 
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internet using one microcontroller. An example of code that can be used in this 

method using Arduino microcontroller is as depicted in Figure18. 

Troubleshooting and diagnostics can be carried out automatically including back 

filtration incase the pressure losses past the filter are below the design range. The 

Program below can be interfaced with weather forecast websites to evaluate 

irrigation doses for anticipated climatic conditions. 

 

Figure 18: Arduino code for real time irrigation  

Medium Technology drip method (M) 

This is the conventional drip technology method and is the most widely used 

technology. It has the same infrastructural design like the high tech method save 

for the sensors, actuators and microcontroller hence having a more human-

infrastructure interaction relative to the high tech drip method. It has pressure 

gauges (see Figure 19) to depict changes in pressure in the conduits. Irrigation 

schedules are planned by the farmer and the irrigation doses are executed by the 

farmer as well. 
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Low technology drip method [Appropriate Rural Drip] (L)  

This drip method has closely the same infrastructure as the medium technology 

save for monitoring devices like pressure gauges and complex hydraulic network 

for fertigation and filtration. It has lower uniformity (67%) than the technologies 

(1) and (2) and for this reason it is designed to be applied on small plots of farm 

land. It has most of the benefits of the conventional drip technology but also gains 

more on low investment cost. This technology is made to be owned and further 

developed by the farmer in accordance to his needs.  

The low tech drip can be made from locally available tools and materials. A needle 

of about 0.5mm and a plastic pipe of about 13mm are the only requirements to 

make the drip line. The philosophy of the low tech drip is ñlet the farmer be the 

developer, let him/her modify according to his/her needsò. 

 

Figure 19: Drip irrigation schematic (REICH, 2009) 

Evaluation of alternative-criterion  combinations 

An evaluation grid was then filled out using a qualitative scale of statements by all 

the decision makers (respondents). The respondent accorded the relative 

performance of the alternatives within single criterion. The preference marks were 

filled with respect to direction of maximization or minimization of the criterion by 
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an alternative. During the evaluation of a criterion that demanded maximization, 

preference was given to the alternative that brought about maximum returns. The 

reverse was done when evaluating a criterion that demanded minimization.  

The qualitative scale and the evaluation grid as filled by the respondents are shown 

in Table 4 and Table 5 respectively. 

Table 4: Qualitative scale for comparison of the alternatives-criteria combinations 

 

Table 5: Evaluation Grid by default respondent 

 

The input data in Table 5 were then transformed into numeric scale and 

normalized distances were determined as illustrated in Table 6. 

Weighting by decision makers (respondents) 

Weights were appended to each criterion in accordance to its importance in the 

respondents view in achieving the primary objective. The weighting was made on 

a scale of 1-10 as in Table 7 for the 4 respondents (SO1, SO2, SO3 and SO4). A 

category for mean weights by the 4 respondents was also deduced as SO (AVG). 

very little MP 0.2 not suitable NAP 0.2 none NPO 0.2 much troubled MPR 0.2 negligible ND 0.2

little P 0.4 hardly suitable SAP 0.4 poor SPO 0.4 troubled PR 0.4 poor SD 0.4

medium M 0.6 suitable AP 0.6 fair PO 0.6 some troubles SPR 0.6 fair D 0.6

high A 0.8 much suitable AAP 0.8 high APO 0.8 little troubled PPR 0.8 high AD 0.8

very  high MA 1.0 extremely MAP 1.0 very high MAPO 1.0 no problem NPR 1.0 very high MAD 1.0

OBJECTIVES CRITERIA DIRECTION LOW MEDIUM HIGH WEIGHTS

Technology Diffusion Rate A max A P MP 9

PRA B max MA M MP 8

Availability of spare parts C max MA M MP 8

possiblity of repair from home/localworkshop D max A M MP 8

Economic initial investment E min P A MA 9

maintenance costs F min P A MA 7

energy/water costs G min A M MP 4

Extension services H min P A MA 4

Appropriateness to smallholder farmer's acreage I max A M P 6

uniformity and system performance J max PO APO MAPO 3

management(human) K min MA M MP 3

Social social cohesion L max AD SD SD 10

livelihood M max M P MP 10

security risk N min P A MA 8

Health Risk Water logging O min M P MP 3

Environmental Risk Water logging P min M A MA 3

Salinity Q min M P MP 3

ALTERNATIVE TECHNOLOGIES
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The normalized weights and distances were then determined (see Table 8 and 9 

respectively).  

Table 6: Normalized Distance of Alternative-Criterion Combinations 

 

CRITERIADIRECTION L M H

A max 1.00 0.33 0.00

B max 1.00 0.50 0.00

C max 1.00 0.50 0.00

D max 1.00 0.67 0.00

E min 0.00 0.67 1.00

F min 0.00 0.67 1.00

G min 1.00 0.67 0.00

H min 0.00 0.67 1.00

I max 1.00 0.50 0.00

J max 0.00 0.50 1.00

K min 1.00 0.50 0.00

L max 1.00 0.00 0.00

M max 1.00 0.50 0.00

N min 0.00 0.67 1.00

O min 1.00 0.50 0.00

P min 0.00 0.50 1.00

Q min 1.00 0.50 0.00

Technological alternatives(k)
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Table 7: Weights of criteria by respondents 

 

Table 8: Normalized weights of criteria 

 

SO1 SO2 SO3 SO4 SO(AVG)

9 8 7 6 7.50

8 7 8 5 7.00

8 9 6 9 8.00

8 7 6 8 7.25

9 9 8 4 7.50

6 8 5 4 5.75

4 7 7 2 5.00

4 7 7 4 5.50

6 6 8 6 6.50

3 6 3 5 4.25

3 8 5 3 4.75

10 7 9 8 8.50

10 7 8 7 8.00

8 6 9 3 6.50

3 6 8 3 5.00

3 6 7 3 4.75

3 4 5 5 4.25

SO1 SO2 SO3 SO4 SO(AVG)

0.0857 0.0678 0.0603 0.0706 0.0708

0.0762 0.0593 0.0690 0.0588 0.0660

0.0762 0.0763 0.0517 0.1059 0.0755

0.0762 0.0593 0.0517 0.0941 0.0684

0.0857 0.0763 0.0690 0.0471 0.0708

0.0571 0.0678 0.0431 0.0471 0.0542

0.0381 0.0593 0.0603 0.0235 0.0472

0.0381 0.0593 0.0603 0.0471 0.0519

0.0571 0.0508 0.0690 0.0706 0.0613

0.0286 0.0508 0.0259 0.0588 0.0401

0.0286 0.0678 0.0431 0.0353 0.0448

0.0952 0.0593 0.0776 0.0941 0.0802

0.0952 0.0593 0.0690 0.0824 0.0755

0.0762 0.0508 0.0776 0.0353 0.0613

0.0286 0.0508 0.0690 0.0353 0.0472

0.0286 0.0508 0.0603 0.0353 0.0448

0.0286 0.0339 0.0431 0.0588 0.0401
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Table 9: Normalized distances for criterion-alternative combination 

 

The matrix of weighted distance of each alternative from the ideal solution was 

determined. Ranking of the alternatives in the order of least distances being the 

preferred alternative was performed. The procedure was repeated using different 

sets of weights that had been obtained from the other respondents. 

Assumptions 

i. Three of the decision makers used were extension workers who posse vast 

experience in extension work in remote areas with an environment close to that of 

the study area. They represented the interest of the social groups within the 

community. 

ii.  All social groups were accounted for including technocrats. The respondents also 

possessed irrigation knowledge and were aware of the different aspects that affect 

an irrigation system. 

iii.  Farmers had access to water during wet seasons at least to implement water 

harvesting practices so as to use the water during the dry season. 

CRITERIADIRECTION L M H

A max 0.000 0.667 1.000

B max 0.000 0.500 1.000

C max 0.000 0.500 1.000

D max 0.000 0.333 1.000

E min 0.000 0.667 1.000

F min 0.000 0.667 1.000

G min 1.000 0.667 0.000

H min 0.000 0.667 1.000

I max 0.000 0.500 1.000

J max 1.000 0.500 0.000

K min 1.000 0.500 0.000

L max 0.000 1.000 1.000

M max 0.000 0.500 1.000

N min 0.000 0.667 1.000

O min 1.000 0.500 0.000

P min 0.000 0.500 1.000

Q min 1.000 0.500 0.000
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CHAPTER 5: RESULTS AND DISCUSSION  

Result of initial hypothesis 

Table 10 illustrates the ranking order of alternatives when the metric, p=1 and the 

weight set used in the in the analysis was SO1. SO1 was the default respondent / 

stakeholder or the weight that was used for analysis of the initial hypothesis, which 

states, that low technological solutions (L) would rank higher than M (Medium) 

and H (High) technologies irrespective of metric variation. 

The results for the ranking for p=1 (see Table 10) were L-M-H, p=2 were H-L-M 

whereas p=N was L-M-H (see Table 11).  

Table 10: Ranking of Alternatives from hypothesis (default respondent) 

 

When p=1, there exists perfect compensation among the 17 criteria of a single 

alternative. Perfect compensation means for a constant weighted sum, an increase 

Metric(P) 1

CRITERIA L M H

A 0.00 0.05 0.07

B 0.00 0.03 0.07

C 0.00 0.04 0.08

D 0.00 0.02 0.07

E 0.00 0.05 0.07

F 0.00 0.04 0.05

G 0.05 0.03 0.00

H 0.00 0.03 0.05

I 0.00 0.03 0.06

J 0.04 0.02 0.00

K 0.04 0.02 0.00

L 0.00 0.08 0.08

M 0.00 0.04 0.08

N 0.00 0.04 0.06

O 0.05 0.02 0.00

P 0.00 0.02 0.04

Q 0.04 0.02 0.00

Distances 0.22 0.59 0.78

Rank 1.00 2.00 3.00

ALTERNATIVE TECHNOLOGY(K)
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in one criterion translates into a decrease of another or others. Therefore, at p=1, 

the more an alternative has criteria that have a low deviation from the ideal (0.0) 

the more favorable it is for the decision maker. With L having 12 criteria at the 

ideal point (0.0), itôs sum distance-weights was at 0.22 which is lower than both M 

(0.59) and H (0.78). This result shows that the hypothesis is valid for the default 

weight at the metric, p=1, vouching for the use of Low tech drip solutions in a 

rural setting. 

Table 11: Ranking of Alternatives using the metric, p=N 

 

When the metric was increased to p=2, there was a deviation from the initial 

hypothesis which ranked H as the best solution among the three alternatives in the 

order H-L-M. Increasing the value of the metric to p=N, where N is infinity, the 

results were as illustrated in Table 11. The alternative L (0.04) was the best 

feasible option with both H (0.1) and M (0.1) being possible second choice 

Metric(P) N

CRITERIA L M H

A 0.00 0.06 0.09

B 0.00 0.04 0.08

C 0.00 0.04 0.08

D 0.00 0.03 0.08

E 0.00 0.06 0.09

F 0.00 0.04 0.06

G 0.04 0.03 0.00

H 0.00 0.03 0.04

I 0.00 0.03 0.06

J 0.03 0.01 0.00

K 0.03 0.01 0.00

L 0.00 0.10 0.10

M 0.00 0.05 0.10

N 0.00 0.05 0.08

O 0.03 0.01 0.00

P 0.00 0.01 0.03

Q 0.03 0.01 0.00

Distances 0.04 0.10 0.10

Rank 1.00 2.00 2.00

ALTERNATIVE TECHNOLOGY(K)
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alternatives. Table 11 shows that the criterion with the maximum deviation from 

the ideal is G (0.04). The alternatives M and H have criteria L (0.1) and M  (0.1) 

respectively as their maxims. At infinity (N), the criterion within an alternative 

that exhibits the maximum deviation among all the other 17 criteria is considered. 

This result signified that even at p=N, the best technological option is L, thereby 

further proving the hypothesis to be valid. Even though p=2 is a better metric 

when making choices since it only allows for partial compensation among the 17 

criteria within the each alternative, p=N, all the alternatives-criteria combinations 

are independently considered; giving no room for compensation. 

Sensitivity Analysis  

When the table of matrix of distances from the ideal solution was evaluated, using 

weights (SO1, SO2, SO3, SO4 and SO (AVG)), at metrics p= 1, 2 and N, the 

following rankings were obtained as shown in Table 9: 

Table 12: Ranking of weights with respect to the different metrics 

  WEIGHTS      

METRIC  SO1 SO2 SO3 SO4 SO(AVG) 

1 LMH  LMH  LMH  LMH  LMH  

2 HLM  HLM  HLM  HLM  HLM  

N LMH  MLH  LM,LH  LMH  LM,LH  

 

Sensitivity of rankings to metrics and weights 

P=1 

The results of the ranking of the alternatives at p=1 for all the weights (SO1, SO2, 

SO3, SO4, SO (AVG)) was L-H-M as shown in Table 12. The same result was 

obtained with SO (AVG), which is the average weight for SO1, SO2, SO3 and 

SO4.  

P=2 
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When the metric was increased, the ranking order became H-L-M for all the 

weights. H was the highest ranking alternative. This result deviates from the 

hypothesis even though the alternative L is the second best solution. The metric 

p=2 leads to a much better solution with respect to p=1. p=2 allows for partial 

compensation among the 17 criteria an alternative making it well suited to real life 

situation which are multi dimensional (p>1). 

P=N 

At p=N, the dominant ranking combination among the three alternatives across the 

weights groups: SO1, SO3 and SO4, was L-M-H as shown from Table 12. SO2 

had a ranking order of M-L-H. There were also two ranking orders at SO3 that is: 

LM and LH, with both M and H tied as the second alternative. 

The results of SO(AVG) were equivalent to those at SO3. Therefore, L being the 

best technological option with all weight groups including the average except, 

group SO2 where L is the second best alternative, it can be noted that L is least 

sensitive to changes in metric and weight groups relative to the alternatives H and 

M. 

If First choice=2, Second choice=1, and Third choice=0 

Table 13: The percentage ranking for choice of technology 

Alternative  First  Second Third  Total   Percentage   

L  9 6 0 24 24 50%   

M 1 7(8) 5 9 10 19% 21% 

H 5 5(4) 8 15 14 31% 29% 

 

Further analysis yielded Table 13, which represents an alternativeôs number of 

appearances in a given ranking order as its function in percentage, this means that 

the better the rankings of a technology in several ranking orders, the higher its 

percentage. L had the highest percentage (50%) for number of appearances in the 

First and Second choice. H had 31% and 29% for the times when it was Second 
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choice 5 times or 4 times respectively. M had the lowest percentage. It can be 

noticed that the respondents had a higher affinity to alternative L (50%) followed 

by H (31% or 29%). 
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CHAPTER 7: CONCLUSION AND RECOMMENDATION  

MCA was used as a tool to support the resettlement process through improvement 

of agricultural livelihood in Lukodi using drip irrigation method. When all the 

criteria were aggregated, the most feasible irrigation technology was found to be 

the low technological drip solution.  The Low tech alternative focuses on 

developing innovation, building a communal chain for supply and maintenance of 

the irrigation infrastructure, building social capital through establishing a platform 

that will encourage farmers to share ideas and easily diffuse the technology 

throughout the community.  

Even though the low technological solution presents an inferior CV of 25.6%, far 

larger than most drip technologies systems with CV less than 4%, and low EU 

(67%), most farmers care less about the precision of an irrigation technology. It is 

always beyond technical efficiency; what farmers care about are whether the 

yields are of the right amount to support their families. More yields than what is 

necessary would mean more storage space. Low drip tech when showed using 

CROPWAT that, in a drought event for a community where farmers depend on 

rain fed agriculture, with 10-10- 4-2 irrigation interval a yield reduction of only 

3.5 % was realized relative to a 1.5% reduction during the rainy season. The Low 

tech yield reduction was by far less in comparison to a typical dry season (71.7%) 

with 207mm of rainfall. The low technology would be sufficient enough to offer 

the necessary water management that a farmer can easily maintain.  

The low technological solution helps in narrowing down the gap between less 

efficient drip technologies with more advanced ones. In taking a decision to 

restructure his irrigation method, that is, to move from one generation to a higher 

one, the farmerôs decision is influenced by mostly market prices. Demand has to 

drive supply, and if demand is so high, the farmer would look for a more efficient 

method to meet this purpose; otherwise, the farmer would be investing much labor 

and investment into a technology that would not meet their purpose. It can also be 
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noticed from the MCA results that High technology ranks as second after Low 

technologies. This can show that as much as Medium tech would logically seem to 

be the next choice, narrowing the gap may mean narrowing the gap between 

primitive technology and High technology. In time, farmers will be pushed 

towards more advanced technologies as prices of food and water rise, in most 

cases with a corresponding fall price of high technology equipment.     

MCA offers the best results when all stakeholders in a given community to which 

a project is being introduced are represented. It also gets closer to the most ideal 

solution when most of the criteria that can affect an objective are considered. The 

more criteria there are, the closer is the possibility of success in real life that 

feasible solution is. Therefore, there is need to collect more data in terms of 

criteria derived from the dimensions of social, health, economical, political and 

environmental aspects. 

More studies and analysis should carried out using other approaches that are 

employed in MCA like out ranking methods to better understand the dynamics of 

choices made and also to compare the results of the findings with the ranking 

method (CP). Using of several matrix grids for the different respondents and 

applying CP would also provide a better understanding of the best solution.  
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