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Abstract

After 20 years of war in Northern Uganda, the government and its donor partners
embarked on a number of projeciimed atthe resetthg and improving of rural
livelihood of the affe@d peopleNorthern Ugandaanks as one of the poorasgionsin
Uganda. The largest share of the population is involved in subsistgricalturewith

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

The pilot aea for this thesis isukodi, Gulu, acommunity that suffered orthe worst one

day massacres by the LRA.ukodi, just like other communities, is involved in
government projects that astreamlinedtowards bilding social capitaland improving

rural livelihood. One of the channels for livelihood improvementhrisugh improving of
agricultural technology in the community. Irrigation provides farmers with an opportunity
to grow high value cropghichwouldi mpr ov e o n fmandabcapsat Thred d 6 s
drip irrigation technologies wengroposed: théligh tech drip the Medium tech drip and

the Low tech dripwhich was made and tested using local materia¢. Jdal for the Low

tech drip,was to enable the rural farmer maintaie technologyas well as build his
capacity to manufacture the drip.

An irrigation system involves a humber of aspects like technological, social, economic,
health and environmental aspeofswhich if notwe | | integrated wil/l
sustainabity or even polarize theommunity. Multi Criteria Analysis with Compromise
programming approach was used to evaluate these three technologies against 17 criteria to
determine which technology would be best suitethéd_ukod community and Northern
Uganda as a whole.

Analysis of dita from 4 respondentsyith 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.



CHAPTER 1: INTRODUCTION

Location of Uganda

Ugandais officially known as the Republic of Uganda and is located t he @ Gr e a't
| akes ,toethpilangesd extent lying between latitudé® 4and 2S and

longitudes 28 and 38E. Uganda lies on the East African Plateand it is

surroundedy 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 countryit spansan areaof about 241,550.7 square

kilometers (g. km) of which about 41,743 sq. kare lakes, riversand swamps.

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

Nile) to 5,111 m (Mt. Rwenzori peal@nd averaging at 1,100(0BOS, 2012.

Uganda, although it is located abp the Equator, ironically, itsclimate is
categorizeda s a g endeirfaileldy torno thatcsalivided ihto threet e 6
sub climatic zones: lake region (Entebdh&46m) Southern highlands (Kabale
1,871n) and Northern Savannah (Gud,109m) Most parts of the Uganda
experience average annual temperatures ranging fré0i6. The disparities
are with the North and North Hagegion that mostly record maximum
temperatures that are over’@0whereas the South Wéstving minimums that are
less tharl6°C. Annual rainfall varies from 750mm toI0mm from regia to the
other. The central, western and eastarygionstypically record two wet seasons
March-May and Septembédovember. The Northern region on the otherchan
receives heavy rains mainly &pril-October and records minimal precipitation in
the period of Novembeviarch (UBOS, 20®).

Uganda is a mukcultural nation comprisingfafficially 65 tribes more than the
number of countries in Africa (UBOS, 2006 Since independence in 1962,
Ugandahas experienced tremendousifozal instability arising mostly along lines
of ethnicity, unlike the othelEast Africa countries of Kenya and Tanzania. These



struggles greatly affecteprogresson political, economical and social frontdl
1986 when the National Resistance Army (NRa#ssumedpower. For close to
three decades, the NRAter turned Nabnal Resistance Movement (NRM)as
steered Ugandthrough a relativelystable environmenfosteing fast economic
growth Although the stability was not widgpread, with remnants of the
previously toppled regimes continuing to cause instability in the Nor{bemtnof
the country vimeretherewas continued bloodshethisery, abuse of human rights
and displacement of peopldsring the 20year rebellion by théord Resistance
Army (LRA) (CSOPNU, 2006JRP, 2011;World Vision, 200).

Uganda is a surplus producer of agricultunalducts, exportingvithin the region

and beyondAgriculture contributes to 22.9% dhe Gross Domestic Product
(GDP) and employs the largest percentage the labour force (UBOS, 20).2
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 spaad ten year,and

4.1% in 2011 (AEQ2012) Unfortunately, be reverses also true in the Northern
region.Although thepoverty levels in thé&Jganda have fallen from 56% in 1992

to 24.5% in 2010IMF, 2010), the poverty levels ithe North were at 46.7% in
20092010 (ACCS, 2013), far below the national avera§emilar statistics were

recorded in the health ardlucation sectors.

Eight years since the end of civilar, a number otasesstill show thatpeopl® s
difficulty in adaping to thecurrentsociceconomic stictures of th&eommunities

that they once called hom@ACCS, 2013) The agricultual-economic chairhas
greatly changed due to theflux of trade at 1000% growth rate (20@608)
across the Ugandaouth Sudarboarder (Yoshinoet al, 2011) as a result of
relative stabilityacrossthe region. This phenomendnas drivenfood prices high

and consequentlyleading to food security in Northern Ugand@urrently,
Northern Uganda has the highest percentage of poor household families all on
account of the 20 yearan(UBOS, 20®; ACCS, 2013)ACCS (2013) shows that



food insecurity coupled withmbalance in regional development, are some of the
issuedrom which regional instabilitgan easily arise.

Most of the returnechouseholds are still trying to elaut their way to better
livelihoods as well asdealng with other social and psychologicalatters After

the war, the Ugandan government in dotleation with the donor communities
started a number of progranike Northern Uganda Rehabilitation Program
(NURP), Northern Ugaral Social Action Fund (NUSAF)Northern Uganda
Agricultural Livelihood Recovery Program(ALRP), Peace Recovery and
Developnent Plan (PRDP)that are all geared towards resettlement and
improvement oflivelihood through various sectorsespecially agriculture The
Ugandan gvernment knows that failing to address these issues, heightens the

chances ofesuscitatingnstability in the region

Efforts have been made in trying to resettle and improveura livelihood of
people displaced during tmebellionthroughagriculture under thALRP project

Il rrigation has been spotted out as one
livelihoods through the lengthening of growing seasons and growing of Hig va
crops that are in most cases sensitive to dry spblish 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)[he objectives for rehabilitatiorf these two
schemes werdhe improvement ofood security and rurdivelihood of formerly
internally displaced persons (IDP) who were settling in their villages. The capacity
of Agoro wasto 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 woule@sult in a very marginal change in the

livelihoods of about 2 million people thatere 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



any chance of sustainable use by the farmer. Ironicaliglyrare 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 manament is a viable problem leading falure, there areother
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 mproving 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 environmeifithe schemgan regards

to initial capital ofinvestment. 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 topograghg} would lessen the cost of
construction.In this regard, economic atiutesin most casedhas ouiveighed

socialattributesin cases where the tvaye at logger heads.

Problem statement

A number offoreign irrigation technologies that have been exported to Sub
Saharan communities have @l because of the disparities tbaist between the
importedtechnologies to those that are within the farmers rdagh.to the failure

of most large investment surface irrigation projects, attention was to some degree
directed towards developing smallholder driggation technologieghat could
easily beengineeredo suit the rural smallholder farmer in terms of cost and
acreagerelative to surface irrigation methad§hese teamologies, even though,
theyreceived quite a lot of attentiorofn some donors, they have proveat to be

the ultimate sustainablesolution Experience has shown thatechnologythat is

being introducedinto a communityshould be one that is appropriate to the
principal user, the farmer, and it should entirely be shaped around his/her

resources and recognibes/her constraints. Ubels and Horst (1993) state that:



fA 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 corgueto systematically consider the social
and economic factors that play a role in the use of irrigation systemseTdre

not easily iMoeover,istich aobidl anéd écénomic factors do not

straightforwardly relate with technical ¢

Therefore, there is a need during planrimgnake aechnologcal choice among a

number of alternatives whicwi | | easily interact and co
economic and social capitdihe best mthod(s)is one thawill have the capacity

to integra e al | the aspects of the farmeroés
method can aidirrigation plannersin realization of a decisignMulti Criteria

Decision Analysis (MCDA) or Multi Criteria Analysis (MCAs one of such

methods MCA has been utilizedn the aggregationof sogal, economical,
technological, health andnvironmental aspects that have different systems of
measurementsinify them and providehe best option that will balance all aspects

without compromise

Justification

A number ofsmallholder farmers in Northern Uganda have been affected by
frequent drought events that have led to low crefdg. Drought events, however

mild they might be, can easily cause instability in a community that is transitioning
from instability to peaceuk to the chain reaction that would be setup by a single
episode FEWSNET/USAID, 20121SS, 2013 Therefore provision of irrigation
technologies that would be appropriate to the user would help stem some of these
underlying factorsthat can fuel instabily as well as improve agricultural

livelihood.

There are severalf severalirrigation technologieghat can be introduced to ar
the management @igricultural wateand enhancing agricultuirit drip irrigation

technology has been known for beingsiy scalable to small holder farmers as



well as accommodating technological advancement with respect to the other
methods (Chigerwet al, 2004). Introduction of appropriataral drip irrigation
technologiesvould 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 dephnologies.There are growing
concerns over water scarcity future arising fromboth high poplation growth

and development (UNWATER, 200HRjnrichsenet al., 2002).

Therefore, the application of MCA in this study that focuses on the aggregation of
several aspects including technology and social aspects wouldorsupp
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 Bupport the process oésettlemenpf the
victims of the 20 yearwar and improving of theirlivelihood through agriculture

appropriate irrigation technology. The specific objectives are as follows:

. Develop aLow technologytech)drip line which can bemanufacturedising local
materials andools inrural community.

. Perform an MCAwith regards to thdifferent drip technologiemcluding the low
tech drip method integrating social, environmental, health, technological and
economic goals, to come up with a rationhbice of drip technology that would

support theattainment of the overall goal

Hypothesis

It is expectedhatLow techdrip solutions whichcan easily benade using locally
availablematerials andby the farmei(or local workshop have higher chancesf
sustainablyimproving agricultural livelihoodn a rural settinglt is also expected
that this Low teclsolution prepares the farmer fitlve reception of moradvanced

alternative technologies in fure.



CHAPTER 2: LITERATURE REVIEW

Northern Uganda

Northern Uganda is region composedtleé following main district blocks Gulu,
Kitgum, and Liradistricts from which other still budding districts like Nwoya,
Pader and Lamwo were creatélthe region records heavy rainfalls during the
months of ApritOctober and relatively low precipitationigng NovembeiMarch.

The temperatures of the region are relatively high with frequent maximum
temperatures of 32 throughout the yeaompared to most parts of Uganda other

than Kaamoja which records the higheéstnperatures in Uganda.
Agriculture in No rthern Uganda

Rain fed agricultures mainstream,and it isthe foremostmeansof household
livelihood. The key crops grown in the region comprise sargh millet, maize,
rice, sesameground nuts, beans and cassavabsistence farming is the main
farming system of the region though it is slovdkifting towards commercial
farming due to the influx of trade with the emerging state of South Suakam

result of relative peace in the region
Chronology of war in Northern Uganda

Northern Uganda scores leastterms of development with respect to the rest of
Uganda This is owed tathe fallbackdue to political unrest that halingered
through the regiorfor geneations. The genesis of unrest in the region can be
traced back topre-independence eatuo speaking zone$ave intermittently
known peacesince the British colonial er&uring the Colonial era, the Luo were
forcefully conscripted to fight during the world War. The impact was so vast that

the Luo speakingeople were institutionalizei service in the army/policdhen

during Field Mar shal-1979) the lAionspraiess were gi me



brutalized because of their association with the previous president, Dr. Milton
Obote-whowasaluooDuri ng Aminds regi me, most Luo
southern SudanThe prominent onsought asiym in Britain, Canada andther

English speaking developed countries.
The 20 year Civil war

In 1986, remnants of the Obote and General Tito Okello edgook arms in the
North in a move tdry andtopple theNRA who had just overthrowiGeneral
Okello. The NRAforces diffused most of these rebel groups but they wihad
evolve into smaller other groups. The LRA put up the greatest resistance and
evolved into a rebel force that broughtlot of destitutionand mayhemto the

regionincluding communities like Lukodi in Gulu distri¢iRP, 2011).

The 20 yearcivil war lead tothe 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 tlae. Wihe 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 tonatigrDisplaced
Peopl eds (I DPs) ¢ amp sonactdumttat theeregiowas f ood i
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 (UNWFP).

Resettlement Process

Eight years since the end of the-g&arcivil war, there has been tremendous
migration oflocals fromthe IDP campswhich had beera home for many during

the whole unresto their respective villages. Many of the people are yet to cope



with the resetdment and rehabilitatioprograms that are being spear healdgd
the Ugandan government and the donor commuengn amidst challenges of
rampantcorruption Those returning are still haunted by the atrocities that they

were witness toso fitting in with others is still a challenge.

A number of projectsvere setup to smoothen the tramsit of masses fromiDP
camps to their respectivellgiges that some had not beeninica longtime. The
rehabilitation and resettlement was focusedrgnvenating a number of sectors
like education, health, infrastructural aadriculture, whichhad all become nen
operationagl through projects likeNUSAF, PRDP and ALRR Agricultural
development was considered to be the sector that would bring about an
improvement in household livelihood givéimat most of the labour force the
region was in this sector and skills pertaining to agriculeoald easily be

disseminatedhto the masses

Human settlement, Agriculture and livelihood
Agriculture and domestication for centuries has been associated to human

settlement. Othedynamicsthat led to human settlements have bessditedto
several intertwining complexities: economical, social and political aspects. Some
theories state that ¢hevolution of humanvironmental relationship shifted
human livelihood from fruit gathering and hunting to agriculture and
domestication (Gupta, 200&oucheret al, 1998).With resettlemenbeinga core

goal in theseveral Northern Uganda projects,iagiture is one of the factors that
would mellow well with other sectors to achieve the colbgectiveof resettlement

as well adortifying livelihood in the region

Climate change in Northern Uganda

The efforts geared towards improvement of livelihood through agriculture (crop
production) have been greafiystrated by climate change in the regi&tudies
show that although the change does not envisage a substantial drying trend, the

change hsa gredly frustrated agricultural activitiesf the resttlement process



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 patterwith expecteddetrimentaleffects incrop

yield and consequently low food securify SAID and FEWSNET, 2012)The
FEWSNET 2012 studyecommendshat theincreasingdrought patterns can be
offset throughadapting to systems aimed at improving water and agricultural

management practices like irrigation.
Irrigation technology in Uganda

Currently in Uganda, there are fivenajor government irrigation schemes:
Kibimba, Doho, Mubuku, Olweny and Agordhese irrigation schemdigke many
other large irrigation schemes in most parts of the whade not been able to
realize theirfull potential because a number of reasons stemming from poor
managementand no maitenance.The four schemesvere recentlyundergoing
rehabilitation and some are now fully function@fip irrigation methodis mainly
usedin the production ohigh value crops likélowers by big private companies
Some of Uganda flower growing companies includesebud Limited Ugarose

FlowersLimited, Uganda Hortec, Pearl Flowers aridtoria 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 t@ shift n mindsetfrom development of new schemes to
improvement of existing ongd€lymaet al, 1977) Even in this light, large scale
projects still faced immense criticism owingt t h ed ofwtn@p appr oach

result ofgovernment control and the need to meet targeay,(R001).

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 smallhdateners inSSA and

other pats of the developing world (Kay, 2001). Tfalure of success is mainly
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attributed to the toplown 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 fram.

Smallholder drip irrigation Technology in the world and the SSARegion

Over the past number of decades, it has seemingly been clear that the performance
of largeirrigation schemess(irface irigation methods) in S&Sand several parts of

the developingworld were mt meeting set target3he fall in food prices over the

years has also made large made investment in large scale irrigation projects
unfeasiblgKay, 2001)

Recently, there has been a steady movement from a Technocratic (Physical)
Design Appoach towards a more Act@riented Apprach 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 consideratidheir interests, goals and social liléhe Actor
Oriented ApproachHeans more towards @& b o t-uppdm approach to
developmentThis bottomup approach has received marginal or no donor support
vis-&vis theup-down approaches even in light ohambe of successes stories in
India, China and Keny#@Kay,2001 and Sijalet al, 2002).

In fostering agricultural development through irrigation, scheme designs been
related to the physical environmetitat is water, soil and terrain (topograpliy)

as the basis for scheme desigAs much as this basis of scheme design is
economically feasible, less attention has been focused on the needs of individual
farmes. Melvyn Kay (200} arguesthat designsfocus more on physical
environment in establishing schemprojects and rarely take into account

communityp) s seconomix goals
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Low T cost drip(medium)technologies

Several techologies have been developtd suit smallholder farmers in water
scarce areas using drip irrigatiom 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 farmer@AO, 199§. These drip technologieshave the
fundamental attribute of lowwost of investment anthi¢y include(Kay, 2001)

Chapin bucket Kkit:

It was deeloped by Chapin WatermaticSeveral thousands of these bucket kits
have been donatedwards projects in several African countries like Kenya. The
kits are imported and distributed at subsidized prices that are much affordable to

the farmerlt consists of 15m drip lines and a-R@r bucketthat israised to 1m.

Wagon wheels

It is made up of a central water tank that has laterals radiating frarentsr like

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

Netafimés Family Kit

With the rise in demand for lowost drip technologies in China, Netafan
company that develops manufactures high end drip technologigs developed a
drip technology that can be adapted
equivalent of a large scale drip method that has been scaled down for use on a
smallholder plot.The Fanily kit is a relatively high investment relative to the
other technologies even in the light that they would have a higher uniformity of

emission.

Bol tonbs Standard Far mer Ki t

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,

12
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vegetable seeds, installation costs, knapsack, 500 liter tank and agronomic support
for oneseason that can be renewable. The Green house is installed on an area of 8
by-15 metersThe whole package costs UG 15m (about WB30H0).

International Development EnterpriséSE)

This low cost drip technology that was developedtbg IDE, a norprofit
organization that deals in small famer irrigation. The drip is mostly usétlia

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 managemeawareness and furthervahcement in technology, it is
expected tospread.This technology enables remote monitorirgpntrol 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 uss plastic water bottles as dripehis technology had00% EU,
making it more superior than even the most aded technologies though it costs
far much more in laboin the case for rural settings, labor may be much cheaper
than investing in high techiamy.

13



Figure 1:Low Drip Technology using water bottles

Shortcomings of LowCost Technologies

Most of the lowcost technologies are imported. This is a major faince 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 institutionthat arenormally unstablerather 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 technologieto
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 gooda technologyis, if it does not bear a holistic view of socio
economic forces around a farmer, then it will find difficulpyogressing to
sustainability.It is impossible for all aspect® be met by a technology being
introduced into a community and one should lbok A Axi om of choi

14
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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 oNorthern Uganda, resettlemeartd improving livelihood is vitaior
the further development of the agricultural sectothaf area amidst changes in
climate and the economic structu®eveloping of social capital is one means of
achieving further developmentgth societies recovering from waG(ootaertet
al., 2001).

In pivoting most of the factors including social ancbeomic factors that can
upset the advaement of a technology, project manageegd to come up with a

set of alternative technologies that suit a given dreaural areas, it would be
unwise introducing to the people a technology that is very advaartadebxpect
them to use it for a long time and later upgrade to a more advanced one. The
analogy would be introducing a combined harvesterrira community that has
been using hoes for decadéghe better alternative would be to introduce an
animal plogh and in this case, the community should be one that is familiar with
domestication, even if on a small scaléen after a period &-10 years onean
introduce a walking tractothen tractor and 280 years after that, a combined
harvesterThis trendin technology shoulthe demanded by the farmer as probably
as aresult of high production and higharketdemand 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 rate (1
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 arefficiency 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:
Drippers/emitters

Hydraulic network of laterals, stinain and main

Pump

Controlunit 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. Ohda 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 thanaunted
or built within the lines under equal spacing. According to Phocaides (2000),
drippers are subdiged in accordance with enerdissipation at the dripper:

The orifice dripper with a flow area range: @35 mnf
The longpath dripper with flonarea range:-2t mnf

The flow rate g, (I/h), at every dripper varies with the head in its section:
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Equation |
g =KH

Where:

K - Constant value that haracteristic 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 devel oerexd=06rom Torricell]i
Drip line hydraulics is investigated along the following parameters:

Pressurédischarge

The pressurglischarge relationship is illustrated in equation (1) where the value of

x ranges from 0.7 for nonpressure compensating drippers. In the case of

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

the variablex=0. The higher the value of, the les desirable is the drippehis

meang hat the dripperodos flow rate greatly
maintain good uniformity, the gir line would have to be shortend¢d reduce

pressure losses due to the length of the drip line as depiciedbycy 6 s: f or mul a

Equation Il

2
v=k2_ |

D5

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
Head losses

The head losses within the drip line are a sum of friction head losses due to the
pi pebs | engt h an étthe dripgels.iTheehdad losses th aldrips s e s
line are depicted by equation [3] which is developed from [1]:

Equation 1l
1.852

v=k _|F

487
D

Where:

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

1

and each segment has a different flow rate. This isltzerWi | | i amas f or mul

Manufactureds coefficient of variati or

This is a statistical value that is obtained frprassurelischarge tests carried out

on a number of emitters that have been randomly pickedMldhen uf act ur e 6 s
depends omon-uniformity duringproduction of dripperslong aproduction line.
Unevenness along the production line will affect the crossosml area of the

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

affect the characteristics of the emist¢k and x values, see equation [1]) hence
affecting the flow rate. CV can be defined as the deviation ofdwidrparameters

of a drip from those that have betmeoreticallysimulated. Therefore, CV results

in variation of enitter flow values and consequenthe emission uniformity (EU)

as well.
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Multi -Criteria Analysis (MCA)

MCA is branch of operatioResearch that is popularly used as a tool in decision
making. It is a tool that is used in evaluating of severajepts goals that may
sometmes have conflicting interedt can be usetb easily compare alternatives
that cannot be measured with mongtamits with those that can easibe

measured in monetary terms (Nijkp, 1989).

MCA has been applied to several fields of study including renewatdegy
(Haralambopouloset al., 2003 Cherni et al 2007), Geographical Information
Systems (GIS) Garver, 1991; Joeriret al, 2001) and biological sciences
(Kennedyet al., 2011) The tool breaks dowmultiple objectives into simple
easily quantifiable units to help in attaining an optimal solution without giving up
one objective for another. MCA cam other words be thought of afdivide and

rued t ool

MCA helps in overcominghe shortcomings of Cost Benefit Analysis (CBA) that
only uses monetary units to access alternativesn alsde used to quickly make

(@)}
()]

decisions in a mukilimensionenvironment; this s t ypi c al of i fe
(Zeleny, 1982) When evaluating a problem, MCA considers all stakehaolders

thereforat can be somewhat used in participatory appraisal projects.

Steps followed inthe MCA process
The process of MCA igddit into the following phases:

. Setting of objective(s) and criteria
. Identification of alternatives to be pursued
. Appraisal of the identified alternativeaccording to different criteria using

indicators
When a single decision maker is involved sidsequent stefiom (3) follow:

Determining the single representative dec

19



Project evaluation.

When the analysis is carried out by many decision makieesfollowing are the

subsequent steps from step: (3)

Weights are determined fewery group that is involved.
From each group a representative single decisiakerevaluates the project.
The evaluations made by the representative single decisionsaagkerggregated.

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 torwaal appropriate

techndogical solutions They are of low cost and made of easily accessible
materials that are wit damain They cam alsolbe s mal | h
easily manufactured by the farmer or local workshop. The possibility of easy
manufacture atural level, which is part of the production chain in the irrigation

system, makes the technology more sustainable relative to more advanced

techrologies.

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 appropriatetechnologies close the gap between very low or primitive
technologicalksolutions to more advanceslutions.Low techdrip line was made
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from a Polyethylene (PE) pipe (see Figuread®)nake it less labavus relative to
the existing bottléecinology shown in Figure 1.

Designing and esting of the Low technology drip line

During thedesign, the parameter thaasfocusedon wasthe drip (orifice) which
will determine the length of the drip line and the uniformity that can be attained at

the subjected lengtihthe pressure and discharge are kept constant
The Orifice Area

The area of therifice was mad using a tool (syringe/edle), which carasilybe
obtained within a rural setting. A syringe wameedle diameter &4 mm needle

was usedn the process of making the orifice.

The Orifice, f =0.4mnr

W, ... = 0.125m°

orifice

At a water level of about 1.5m, tlwgifice produces a jet of water with speed,
fromTorri cel |forduda v?®4R25mksi This jet cones with kinetic

energy that would easilyestabilize the soil.

Soil destabilization is an undesirable effect. With drip technologies, droplets are
required, so the jetbs energy had to
droplets. A portion of 2 cm PE pipe was cut off the pipe to be used in making the
energy disipaterwhich 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 variationsdoip line lengthat a given EU, th€V of

the drps was first determinedExperimental 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 tmeanufacture of the test dripgs

imitate a rural setting:
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The process of manufacture was carried othénnightas shown in Fige4. Two
syringes were used, this would somewhat affieetCV since the tools used even

if they were quite similar it wouldffect the CV. It shouldvas done sas 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 depeagdsnthe vaiations of orifice area, shape

and thdfriction along the opening.

Materials and methods:

In the determination o€V, tests were carried out on $6gment sapies of the

drip line each measuring GBlength. The pipaised was of PHEnaterial. 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°E segments pipesisedthat were used during the testing

The segments were mounted on a distribution manifeldteral. 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 afrdufp

segments at approximately the samespures 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 aboe 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 pressu(els=2.36Im andH,=1.6 n) and the

respective volumes, for 8 segmers collected and measured at a single dripper.

The other 8 segments were used as dummies or corttwke replications were

carried out for everghange in headlhe volumey, wascollected in time, t=10

min.

Data Analysis by Nationalrrigations Laboratory (NIL)(Pisa drip irrigation

statistical tool

The values ofy, that wereobtained were used to determinéhe manufac ur er 0 s

CV. The readings ofolume that were obtained for all the corresponding drips
were fed into NL to statisticallyanalyzethe CV ofthe 8drips being tested
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Results, Analysisand discussion

Dripline (1) recorded the highest volumes in the duration of 10 minutes for
pressures Hand H. 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. Blockng 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.

Tablel: Determined volumes at H=1.606md H=2.361m at t=10minutes

H=1.606 H=2.361
Dripline | V1 V2 V1 V2

127.50| 130.00| 182.50 | 177.50
35.00/ 35.00| 85.00 | 82.50
42.50| 45.00| 62.50 | 65.00
42.50 37.50| 62.50 62.50
60.00 60.00| 80.00 102.50
50.00 47.50| 70.00 70.00
50.00| 49.50| 70.00 | 72.50
65.00f 65.00| 97.50 | 102.50

| N| O O | W[ N| B

The CV was determined 86% confidence interval for both;knd H. The CVs
were 27.6%and 23.4% for the H and H respectively.The drip CV was
determined as the mean of the two C\25.626. This means that th&
orifices/dripholes that have been made differ from the avedaigeshape and size
by 25.62%.

Determination of EU of the dripline using Ve Pro Gs

Ve Pro Gs is a drip linprogram that simulatedrip hydraulicsusingthe values of

K-pipe a -pipe, CV, x dripper and K dripperh& value of x is assumed as x=0.5
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according toTor r i c el | eqiason. The K-mpe iistayparameter that is

obtained from the HazarWi | | iegquationd
Equation IV :
o 1 ~1.83
10673 & g Qe
_ ¢3600% 1000
DH = o _A87
1855 & d 8
c1000=

The term Kpipe is:

~1.83

a 1 Q
10.673 0
3600° 10002

A87

Kpipe =

Cl.853 é d o}
¢1000=

The values of C=140, d=13mm and|()
ThereforeKpipe=1.73% 10 **, x-dripper=0.5, CV=2%2% and thea -pipe=1.83

The following values of Kpipe,-®ripper, kdripper, CVand a pipe were into Ve

Pro Gs to simulate regilme field conditions alonthe single dripline aspacingof
30cm.
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CHECKING
DATAINPUT
Dripline
Lukodi

Inlet pressure 2.00 mH20
Slope 0%
Lateral lenght 20 m

Whim®

I'h meter H mean 2.00 mH20
I'h meter H max 2.01 mH20
I'h meter H min 2.00 mH20

Figure 7: Ve Pro G program showingthe low technological drip

From VeProGs, théollowing resultsof EU and intensity were obtainddr the
pipe as 67.4% and 0.55mm/hat dripline length of 20m These results were
obtained from when H=2m and length of pipe, L=20Rigure 6 sbws the other

results that were produced.

Simulation of Cabbageyields FAO CROPWAT 8.0) usingthe tested
dripline

CropWat 8.0 required climate, soil and crop daitdukodi, the study aregp able
to simulate theyield of cabbageTwo scenarios were considered: one urrdér

fed conditionsonly, 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 slgita at given areas. The coordinates
for Lukodi were: 854%5.68N, 321800.29E. 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 Sbfater characteristicgrogram toanalyzethe
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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
sandy clay sandy clay clay
Topsoil USDA Texture Classification | loam loam (light)

Topsoil Reference Bulk Density

(kg/dm3) 1.41 1.4 1.22
Topsoil Bulk Density (kg/dm3) 1.29 1.33 151
Topsoil Gravel Content (%) 1 1 1
Topsoil Organic Carbon (% weight) 0.93 0.86 1.07
Topsoil pH (H20) 5.1 54 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 $@dter Chaacteristic program to obtain
the saturated hydraulic constant of the soil using the Saettah, 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 usingl® WAT 2.0 for Gulu district, the major town

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

Table 3: Climate data of Gulu district, Lukodi

Min Max
Month Temp | 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 16.6 512
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 54 17.1 3.67
Septembel 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 pepperduring 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 Novetver to mid March.
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Figure 9: Wet (growing) and Dry seasons in Lukodi
Using dependable raifiormula (FAO/AWG formula)in FAO CROPWAT the
effective rairfiall thatwould bestored in the soil root zone esadily available for
the crops was estimatedlhree scenariosfor growing of Sweet peppemwere
consideredtwo seasons under rain fednditions (wet and drygndthe dry season

usingLow techdrip solution the dry seasa@me illustrated:

Season 1GVApril to 0¥ Septembeér

= Depletion
= RAM
=TAM

z 10 15 20 25 30 35 40 45 50 55 60 65 70 s 80 85 80 95 100 105 110 115 120
Days after planting

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

It is very feasible planting sweet pepphiring Season 1. During this seastre
soil moisture depletion curvearies along the Reldy Available Moisture (RAM)

curve thoughout the season (see Figureg; kferefore, the sweet pepper would
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rarely experience water stresdssuming proper crop and soil management
practices are followed, a 1.5 % retion in yieldusing rain fed irrigatiorwould

beexpected as shown in Figuré. 1

ETo station |GULU Crop |Sweet Peppers Planting date |01/04 Yield red.
Rain station [GULU Soil |Loam Harvest date [03/08 1.5%
Table farmat

Timing: Mo irrigation [rainfed]
* lmigation schedule s
Application: -

~ . L
Daily zoil moisture balance Fieldeff. 75 %

Date Day Stage Rain Ks Eta Depl Met Iir | Deficit Loss Gr. I Flow
mm fract. 4 4 mm mm mm mm I#s/ha
Totals
Total gross imigation 0.0 mm Total rainfall F16.7 mm
Total net imigation 0.0 mm Effective rainfall 404.7 mm
Total irigation logses 0.0 mm Total rain loss 312.0 mm
Actual water use by crop 4047 mm Muoist deficit at harvest 0.0 mm
Potential water use by crop  410.3 mm Actual irrigation requirement h6 mm
Efficiency irrigation schedule - x Efficiency rain 65 X%
Deficiency imigati bedul 1.4 P

Yield reductions

Stagelabel A B C D Season
Reductions in ETc 32 18 0.7 0.0 1.4 z

Yield response factor 1.40 0.60 1.20 0.60 1.10
Yield reduction 4.5 1.1 0.8 0.0 %
Cumulative yield reduction 4.5 hh 6.3 6.3 1.5 b 4

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

Season 2 (01/Novemb&0/March)

_| | = Depletion

3 Field dlﬂ:ﬂy

Soil vater retertion in mm

5 10 15 20 25 30 35 40 45 50 55 80 85 70 75 80 85 90 95 100 105 110 115 120
Days after planting

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

The soil moisture depletion curve is maintained at abouhSluring early sweet
peppergrowth and risesrom day 30 at @mmto 50mm at day5. The depletion

curve is maintained at about 50mm till harvess illustrated in Figurel2.
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Therefore, sweet pepper would experience water stress for the largest poitson of
growthperiod Thiswaterstresswvould affect the yield reducing itby about 71.%
(see Figure 13

ETo station |GULU Crop |Sweet Peppers Planting date |01/11 Yield red.
Rain station |GULU Soil |Loam Harvest date |05/03 FA N4
T able farmat

Timing: Mo irigation [rainfed)
&+ lmigation schedule Application: -

~ ! P
Doaily zoil moisture balance Field eff. 67 %

Date Day Stage Rain Ks Eta Depl Met Ir | Deficit Loss Gr. lr Flow
mm fract 4 % mm mm mm mm I#stha
5 Mar End oo 0.54 1] 78
Totals 15|
Total gross irrigation 0.0 mm Total rainfall 2073 mm
Total net imigation 0.0 mm Effective rainfall 164.6 mm
Total imgation logses 0.0 mm Total rain loss 427 mm
Actual water use by crop 2073 mm Moist deficit at harvest 427 mm
Potential water use by crop 5949 mm Actual irrigation requirement 4302 mm
Efficiency imigation schedule - % Efficiency rain 794 %
Defici irnigati hedul 65.1 b4
‘ield reductions
Stagelabel A B C D Season
Reductions in ETc 4.2 56.6 88.3 743 65.1 %
Yield response factor 1.40 0.60 1.20 0.60 1.10
Yield reduction 58 339 106.0 446 4
Cumulative yield reduction 58 378 103.7 1021 1.7 b4

Figure 13: FAO CROPWAT schedule sheetluring season 2 (Dry)

Season aising low drip technologies in Lukodi, Gulu

The simulation using the aw tech drip was carried out durinthe dry season
(season Rusing CLIMWAT 2.0 and FAOCROPWAT dat@ee Table 3)The
crop parameters wer@btained fromthe FAO CROPWAT databaselhe
efficiency used, that is 67%, was assdne be equal to the value of efficiency
The scheduling criteria and the corresponding soil deplaturve are shown in
Figure 14 andl5 respectively It was assumed that there was ran fall

throughout the dry season.
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Climate /ETo ] Fainfall Hon-ice crop scheduling Rice zcheduling ] Land Freparation [rice|

Scheduling criteria for non-rice crops

Irrigation timing
lingate at fixed interval per stage ﬂ
Iritial stage: 10 daps Mid geazon; 4 dayz
Developrent stage: 10 days Late seazon 2 days
Irrigation application
Refill zoil to field capacity ﬂ

Refill zoil moisture content ta 100% field capacity

Irrigation efficiency
Irrigation efficiency: 6/ %

Figure 14: Scheduling Criteria for Sweet pepper using low tech drip

_| | =Depletion
= RAN
=TAM

Soil water retention in mm

z 10 15 20 25 30 35 40 45 50 55 60 65 70 s 80 85 80 95 100 105 110 115 120
Days after planting

Figure 15: Soil Moisture depletion for sweet pepper during Season 2 under low tech driprigation
Figure 16 illustrates, that using theol 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

sinceit would be by far costly to depend on rainfall.

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

EMAS (MacCarthyet al, 2013)pump for drawing of water that would have been
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harvested during the dry seas&MAS pumpcan pump up toa headof 40m
They can also be manufactured easily using locally available materials.

ETo station |GULU Crop |Sweet Peppers Planting date |07/11 Yield red.
Rain station |GULU Soil |Loam Harvest date |05/03 35%
T able format

Timing: |Imigate at fised interval per stage
+ lmigati hedul A S .
= LLULEITED SR Apphcation:  Refill zoil to field capacity

" Daily soil moisture balance Field eff. 67 %

Date Day Stage Rain ks Eta Depl Met lir | Delicit Loss Gr. Irr Flow =
i fract. z z i i i ] l#stha
10 Dec 40 Dew oo 0.85 95 41 - 18.3 oo 0o 273 012 -
Totals
Total gross imigation 7176 mm Total rainfall 207.3 mm
Total net irrigation 4808 mm Effective rainfall 951 mm
Total ingation losses 0.0 mm Total rain loss 1122 mm
Actual water use by crop 5759 mm Moist deficit at harvest 0.0 mm
Potential water use by crop 5949 mm Actual irrigation requirement 4998 mm
Efficiency irrigation schedule 1000 X Efficiency rain 459 X
Deficiency irigation schedule 3.2 4
Yield reductions
Stagelabel A B C D Season
Reductions in ETe 1.2 10.7 0.5 0.0 3.2 %
Yield response factor 1.40 0.60 1.20 0.60 1.10
Yield reduction 1.7 6.4 0.6 0.0 F4
Cumulative pield reduction 1.7 8.0 86 86 356 4

Figure 16: Scheduling sheet under low tech irrigation

Low drip techwas evaluated with respect to existing drip technologies in a multi
criteria decision analysis framework to elehine which drip technology would be

most suitabldor use bysmallholder farmersf 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 Gulortiérn

Uganda. The best technologgyto be suggested as the most suitable in supporting

the resettlementrpocess and 1 mproving of peopl eds

agriculture.

Compromise Programming (CP)

This is rankingof alternativesapproacttihat is applied in MCAo obtaina solution

that is close to the idealn ideal solution is one that is unfdalsi because of the
limitation of resourcesni a deci si o n. Theakaésoldtien iscascor@ i n
of the best values attained by all criteria among the feasible alternatives (Yu, 1973;
Zeleny, 1973).

Relativity of choice and an ideal solution

Zeleny 982), states that an ideal solution
reference, facilitating the choice of a
of choiceo, he points out that an altern

preferr@l 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 andk = 1 ,n) aBdecriteriaaren(i=1, mg é

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

Equation V
Y ={ yik}

yX- Value reached by thé criterion for thek™ alternative.

The ideal point is defined by the vector:
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Equation VI
Y' =maxyi} ={y;}

The nonideal is defined by the vector:
Y. = n‘Lin{Yik} ={y.}

Distance function for the alternativeg is defined as:

Equation VII
k - .
d P 2} For: (y; - y,)>0
Yi = Yy

For the conditiony = y;

dk =1

Otherwise0 ¢ d* <1

Using the distance function (operatd(), all the feasible alternatives can be
mapped in space. The ideal solution is mapped in space as a unit vector

d'{i........ 1} depending on the number of dimensions.

I n determining the degree gftothieddeabseness

alternative,y’in terms ofd“and,d" - the family of distance functions is defined

as:

Equation VIiI

L0 0 =18 ()" @- &)1

i=1
Where:

/ -Weights assigned to each criterion.
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I ={/ o} and /, =1

p - Parameter defining the family of distance functions whefep ¢ o

L,(/,k) - Helps in determining the distance between the ideal solution and' the

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

p=1.L(/,k)= an /,@1-d")
i=1

p=2:L,(/,k) =[3 /2~ d¥)2]"?

p=n: L,(/,K)=ma{/,(1- d)}

The specific values op, determine a manner in which the distances of every

alternative from the ideal point is to be calculated:
Forp=1: itis the weighted sum of the distances of a single attribute.
Forp=2: it is the Euclidean distance in multidimensional space.

Forp =& : this is the maximum distance amongst the attributes.

MCA was to be used as a tool in evaluating theowarievels 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 fgenerationsThe study area
was selected in relation to historicnnection to om of the gravest acts by the
LRA contingent onsmall communies. Lukodi is one of suclcommunities that

witnessed this brutality.

Location

Lukodi is located on coordinates’s2%5.65N, 32°1800.29E. It lies on a
relatively flat area with at an altitude of abdit12m above sea level’he sm#
community lies just about 13 km from Gulu town (Google earth)ukodi
consistsof the zones: Lagot Kicol,alweny, Laco Anga, Loyo Boo anidukodi
(JRP, 2011).

Pre-war era and post war era

During the prewar era, the community consisted of peasants who carried out
subsistence farming for livelihoodramilies owned oxen that were used in the

tilting of the land.In addition b food crops like maize, sesammillet, ground

nut s, beangpeidsapeamal forage crops, cash

grown.

When the war broke out, people lost their property and even cattle to Karamonjong
wrestlers. They left their homes and settled in Lukodi cabmpthe 19 May, 2004,
exactly 10 years ago today (2014), the Lukodi community was the site for one of
the bloodiestonedaymassacreby the LRA forcesOver 50860 people: women,

men and children were hacked to death by their tvathwere underthe LRA

rarks (JRP, 2011)
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After the war, due to the change in the social strucigr@a consequence of the
war, there was a rise in many chilebaded families, the gender roles of women
were drasticallyswitched or increased’here was a rise in the number of fagsli

with single mothersn the communityMany women became the ultimate bread
winners of their respective families since most of the NGO programs were focused
on the empowerment of women (Ahikie al., 2012). The poverty levels of the
community and theegion at large were the lowest igdhda (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 likeNUSAF 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 valaeeops 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 andnreng 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 wbatesidelined

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 improvingggr i cul t ur al production |[|ike
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 therigthening 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 marketas shown in Figurd7 can also enhance eh
improvement of social capital through building interaction among community
members and rebuilding the ties that were withered during theTwar 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 isesettlement and improvement of livelihoods
through agriculture. Four attributesvere derived from the objectiveeconomic,
environmental, health, social angchnological aspectsThe attributes were
assessed in terms of costs, risks and benefits to develop 17 ciitexieriteria

were described in their respective attributes as follow:
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Technology
Diffusion rate

Technology diffusion is the ease with whickeahnology 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 singalks 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 betwdw 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 chronologpges
smoothen technological upgrades and in essence guard the community against

Ashocksodo arising from very high advanceme

Availability of spare parts

Sustainability of a technology in a given community can very much be affected by
the ease with whictspare 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 ibasepaired 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,ilit ve 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 shd@dmnaximized

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 investmentThis 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 dagg 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:

Low Technology
More frequent maintenance of locally made filtration system.

Unblocking of the drippers using a needle.
Medium Technology
Maintaining of the filtration system.

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

High technology
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A Has quite similar &rdware to medium technology.
A 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 niatribe 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 watstored 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 exterstaff 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 addion 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 small hol der far mer ¢

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 thelp 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
projectds | ife ta meechFnoal aghyi st hraeta scoann b e
acreage/plot would require less capital investment which would increase the

chances of the far mer to realize financi ¢

Uniformity and system performance

A technology h a t achieves unvarying application
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 highggerformance 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 aldmg drip line. Pressure compensating

drip lines can have unifortres values of up to 98.9% (VedG).

Management

Good management of an irrigation network is a principle guarantor of good system
performance regardless of efficiency values. Human managameot always
consistent therefore less chances of attaining good system performance. High
technology method owing to automatioguarantees high efficiency as well as
maximum system performance. Therefore minimization of humachine

interaction leadsothigh 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 higgawssthe

rest.
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Social cohesion

Social cohesionsi 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: hsotza
physical, financial and natural, fosustainable livelihood in the community
(Willem Heemskerk and Bertus Wennir#)04). 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 therispaof 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, ecoagnunity 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 alt would mitigate the migration rate thereby

creating a more unwavering and firm society.

Livelihood in rural areas

A sustainable irrigation projects ates means of livelihood or employméort the
people involved in the irrigation system. The sgst®ould 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 thenutrition of the community. Therefore, the alternative
that maximizes livelihood in terms of employment creatoid healthwould be

most suitable.
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Security risk

In poverty stricken communities, high value irrigation infrastructure that can be
pawned offare 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 &lue 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. Watdogged areas arsuitable harboring grounds for mosquitoes

and spreading malarirAf ri cads number one Kkiller di s
increase the chances of pest and disease spread. Most pests, viruses and fungi,
flourish in moist or wet environments. The alternateehnology 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 dinps is a source of pollution.
Drip-lines that have a twer 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 m@intaing 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 alternatitreat involves following countless
technical procedureis less &vored by the farmer. Therefore an automated

technology with less farmenfrastructure interaction would be most suitable.
Identification of alternatives to be evaluated

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

desciption of the alternatives
High technology drip method(H)

This type of drip technology is very sophisticated and has a very low human
physicatinfrastructure interaction. Human interaction may only be present during
maintenance and repair. It consists of sensors, actuators and a microcontroller that
have been agmded onto the irrigation infrastructure to provide precise amounts
of water as demanded by the plant depending on climate conditions. Water supply
is provided in reatime as it is demanded by the environment and hence the crop.
The hydraulic infrastructe 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 thah d¢ee 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 usingArduino microcontroller is as depicted in FiguB1

Troubleshooting and diagnostics can be carried out automatically inglbdick
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 sensorsactuators and microcontroller hence having a more human
infrastructure interaction relative to the high tech drip method. It has pressure
gauges(see Figure 1Pto depict changes in pressure in the conduits. Irrigation
schedules are planned by the farmed #éhe irrigation doses are executed by the

farmer as well.

50



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 comptealic 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 technologglfo 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 plastmpe of about 13mm are the only requirements to
make the drip | ine. The philosophy of th

devel oper, | et him/ her modify according t

Figure 19: Drip irrigation schematic (REICH, 2009)

Evaluation of alternative-criterion combinations

An evaluation grid was then filled out using a qualitative schtatement$y all
the decision makers (respondentshhe respondent accordethe relative
performance of the alternatives kit single criterion. Th@reference markaere

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

preference was given to the alternativat brought about maximum returrishe

reverse was done when evaluating tedon that demanded minimization.

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

in Table 4and Tableb respectively

Table 4: Qualitative scale for comparison of the alternativescriteria combinations

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 highl MA | 1.0 extremely MAP [ 1.0 | very high | MAPO | 1.0 no problem NPR 1.0 |very high| MAD| 1.0
Table 5: Evaluation Grid by default respondent
ALTERNATIVE TECHNOLOGIES
OBJECTIVES CRITERIA  DIRECTION | LOW MEDIUM HIGH WEIGHTS

A P MP 9

MA M MP 8

MA M MP 8

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 | 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

M P MP 3

M A MA 3

M P MP 3

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

normalizd distances were deteined 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 110 as in Table 7 for the 4 respondents (SO1, SO2, SO3 and SO4). A

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

Technological alternatives(k)

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
(@] min 1.00 0.50 0.00
P min 0.00 0.50 1.00
Q min 1.00 0.50 0.00
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Table 7: Weights of criteria by respondents

SO1  [s02 SO3  [sO4 _ [SOAVE)]
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

Table 8: Normalized weights of criteria
SO1 S02 SO3 SO4 SO(AVG)
0.0857 0.0678 0.0603 0.0706 0.0708
0.0762 0.0593 0.069( 0.0584 0.066(
0.0762 0.0763 0.0517 0.1059 0.0754
0.0762 0.0593 0.0517 0.0941 0.0684
0.0857 0.07643 0.069( 0.0471 0.0704
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 0.05084 0.069(0 0.0706 0.0613
0.0286 0.0504 0.0259 0.0584 0.0401
0.0286 0.0674 0.0431 0.0353 0.0444
0.0952 0.0593 0.0776 0.0941 0.0802
0.0952 0.0593 0.069( 0.0824 0.0755
0.0762 0.0508 0.0776 0.0353 0.0613
0.0286 0.05084 0.069(0 0.0353 0.0472
0.0286 0.0504 0.0603 0.0353 0.0444
0.0286 0.0339 0.0431 0.05849 0.0401
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Table 9: Normalized distances for criterionralternative combination

CRITERIADIRECTION L M H

A max 0.000 0.667 1.000Q
B max 0.000Q 0.500 1.000
C max 0.000 0.500 1.000
D max 0.000 0.333 1.000Q
E min 0.000Q 0.667 1.000
F min 0.000 0.667 1.000
G min 1.000 0.667 0.000
H min 0.000Q 0.667 1.000
I max 0.000 0.500 1.000Q
J max 1.000Q 0.500 0.000
K min 1.000 0.500 0.000Q
L max 0.000 1.000 1.000Q
M max 0.000Q 0.500 1.000
N min 0.000Q 0.667 1.000
O] min 1.000 0.500 0.000
P min 0.000Q 0.500 1.000
Q min 1.000 0.500 0.000Q

The matrix of weighted distace ofeach alternative from éhideal solution was
determined. Ranking of the alternatives in the order of least distances being the
preferred alternative was performékhe procedure was repeated usdifferent

sets of weightshat had been obtained fraime dher respondents.

Assumptions

Three of the decision makers used weegtension 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 thighi
community.

All social groups were accounted for including technocrats. The respondents also
possesedirrigation knowledge anevere aware othe different aspects that affect
anirrigation system.

Farmers had access to water during wet seasons sttéeanplement water

harvesting practices so as to use the water during the dry season
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CHAPTER 5: RESULTS AND DISCUSSION

Result of initial hypothesis

Table 10illustrates the ranking order of alternatives when the mettit,and the
weightsetused in the in the analysis was SO1. SO1 was the default respéndent
stakeholder or the weight thatis used for analysis dié initial hypothesis, which
states that low technological solutions (L) would rank higher than M (Medium)

and H (High) technalgies irrespective of metric variation.

The results fothe ranking fop=1 (see Table J)0vere L-M-H, p=2 were HL-M
whereagp=N was -M-H (see Table 11

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

Metric(P) [
ALTERNATIVE TECHNOLOGY
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
| 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
0] 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

Rwk 100 200 300

When p=1, there exists perfect c@ansation among the 17 criteioh a single

alternative. Perfect compensation means for a constant weighted sum, an increase
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in one criterion translates into a decrease of anathethers.Therefore, ap=1,

the more aralternative has criteria that have a low deviation from the ideal (0.0)
the more favorable it is for the decision makafith L having 12 criteria at the
idealpoint (0.0), its sum distanceveights 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 metricp=1, vouching for the use of Low tedrip solutions in a

rural setting.

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

Metric(P) [N
ALTERNATIVE TECHNOLOGY
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
[ 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
(@] 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

Rk 100 200 200

When the metric was increased g2, there was a deviation from the initial
hypothesis which ranked H as the best solution among the three alternatives in the
order HL-M. Increasing the value of the metricgeN, where N is infinity, the
results wereas illustrated in Table 11The alternativeL (0.04) was the best

feasible option with both H0.1) and M (0.1) being possible second choice
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alternatives Table 11shows that the criterion with the maximum deviation from
the ideal isG (0.04). The alternatives M and H have critdrig0.1) andM (0.1)
respectively as their maximat infinity (N), the criterion within an alternative
that exhibits the maximum deviation among all the other 17 criteria is considered.
This result signifiedhat even ap=N, the best technological option is L, thereby
further proving the hypothesis to be valid. Even thopgR is a better metric
when making choices since it only allows for partial compensation among the 17
criteria within the each alternativp=N, all the alternativesriteria combinations

are independently considered; giving no room for compensation.

Sensitivity Analysis
Whenthe table of matrix of distances from the ideal soluti@s evaluatedising
weights §01,S02, S03,S04 and SO(AVG)), at metricsp= 1, 2and N the

following rankings were obtainesks shown in Table:9

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

WEIGHTS
METRIC SO1 S02 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 resuls of the ranking of the alternativespatl for all the weights (SO1, SO2,
S03, S04, SO (AVG)) was-H-M as shown in Table 12ZThe 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 becatheMHfor all the

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

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

p=2 leads to a much better solution with respecp=td. p=2 allows for partial

compensation among the 17 criterraaterrative making it well suited to real life

situation which are multi diensional p>1).

P=N

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

weightsgroups: SO1, SO3 and SO#as L-M-H asshown fromTable 12 SO2

had a ranking order of Nl-H. There verealso 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 groupgluding the average except,

group SO2where L is the second bestaahative, it can be noted thhtis least

sensitive to changes in metric and weigtdupsrelative tothe alternativesH and

M.

If First choice=2, Second choicel, andThird choice=0

Table 13: The percentage ranking for choice ofechnology

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 analysig/ielded Table B, which representga n

appearances in a given ranking ordsrits function irpercentagethis means that

alternativeobs

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

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

First and Second choice. H h8d% 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 thathe respondents had a higher affinity to alternatiy &%) followed
by H (31% or 29%.)
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CHAPTER 7: CONCLUSION AND RECOMMENDATION

MCA wasused as a tool to suppdhie resettlemergrocesghrough improvement
of agricultural livelihood in kodi using drip irrigation methodwhen all tke
criteria were aggregatethe most €asible irrigation technology was found to be
the low tchnological dripsolution. The Low tech alternative focuses on
developing innovation, building a communal chain for supply and eraanice of
the irrigation infrastructurebuilding social capital through establishing a platform
that will encouage farmers tocshare ideas and easily diffusiee technology
throughouthe community.

Even though the low technologlcsolution presentan infefor CV of 25.6%, far
larger thanmost drip technologies systems with CV less than 4%, and low EU
(67%), most farmers care less about the precision of an irrigegmology It is
always beyond technical efficiency;hat farmers car@bout arewhether the
yields are of the right amount to support their familldsre yields than what is
necessary wouladnean more storage spadew drip techwhen showedusing
CROPWAT thatin a drought eventor a community where farmers depend o
rain fed agriculture, witl0-10- 4-2 irrigation interval a yield reduction obnly
3.5 %wasrealizedrelative to a 1.5% redtion during the rainy seasofhe Low
techyield reduction was by falessin comparison to a typicalry season (71.7%)
with 207mm of rainfall The low technology would be sufficient@gh to offer

the neessary water management that a farcaer 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 methothat is,to movefrom one generation to a Higr

one, thefarmeiGs 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 purpgsatherwise, the farmer would be investing much labor

and investment into a technology that would not meet their purdbsanalso be
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noticed from the MCA resultsthat 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, naming 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 technokgyipment.

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 affettoljective are consided. The

more criteria there are, the closer is the possibility of success in real life that
feasible solutionis. Therefore,there is need to collect more data in terms of
criteria derived from the dimensionsf social, health, economicabolitical and

environmentahspects.

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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