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Abstract 

The fl ood recess IOn agriculture around Lake Tana is an important means of living for the 

res idents in the plains of Fogera, Dembia and Alefa. Even though the recession zone has thi s 

advantage and is also a home of vari ous spec ies of birds and plants it is also beli eved that there 

will be a better use of water lead ing to hi gh productiv ity through irri gati on schemes. In order to 

do th is the Ministry of Water Reso urces plans to construct Dams around the maj or tributary 

rivers of Lake Tana. 

This study focuses on analyzing di ffe rences in farm income due to practicing fl ood receSSIOn 

agri cul ture and irrigation using linear programming model with a data co llected from 7 selected 

Kebeles of Fogera Woreda of South GondaI' zone in Amhara regional state. 

The result shows that an average household practicing irri gation gets an an nual income more than 

double that of the income fro m fl ood recess ion fa rm ing. 

However before going to implementation of the plan, it is important to look consc iously at 

various SOCIO econom ic as well as environmenta l benefits and costs of fl ood and irrigation 

fa rm ing. 

Key words: flood recess ion agriculture, irrigati on, rain-fed agriculture, mathematical linear 

programmlllg. 



1. INTRODUCTION ... 

1.1. Back ground and motivation for the study 

Water resources provide important benefits to human kind , both commodity benefits and 

env ironmental values. Demand for water is increas ing in the world especiall y in developing 

countries. Thi s growing water demand impli es that pressure on water avail abi lity will mount; 

hence a need for efficient water all ocation is a must. 

Flood recess ion zones are often seen as wastelands that have no value and are best converted by 

drainage to a llow agriculture or grazing. Such conversion may create some new benefi ts such as 

increased food production and grazing, but wi II generall y cause the loss of many other benefits. 

Thi s study was motivated by two main concerns: the flood recess ion agriculture around the Lake 

Tana basin its water use and the plan of dam construction for a better use of water and high 

productivity with irrigation schemes. These two issues defined the research problems to be 

addressed. 

1.2 . Statement of the problem 

Lake Tana is the largest fresh water body in Eth iopia (area is 3 156 km2
) accounting for 50 

percent of the total inland water and a source of the Blue N ile. The lake and its wetlands have a 

multipurpose value for the surrounding area. It is used as a home of the various plants and un ique 

endemic spec ies of fi sh, an important bird nesting and sanctuary area, home of the historic 

Orthodox Church monasteries, the largest wetland area that supports different livelihoods of 

indigenous peop le, habi tat of the Fogera cattl e breed unique in the country, water suppl y, 
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transportation, major touri st attraction, adding quality of life to Bahir Dar res idents, source of 

hydroelectri c power, waste processing and others (Dejene, 2003). 

The area of Lake Tana waters catchments vary during the rainy season and the dry Season. The 

water leve l is less sensitive to rainfall variation and changes in catchments characteri stics. But the 

outflow from the lake shows significant variation relative to the rainfall variations. The estimated 

in fl ow to the lake is between 9.38 and 12 bcm and the out flow is estimated to be 3.48 bcm 

(Kebede et ai, 2005). When the level increases in the rainy season and to some extent due to the 

regulation weir (Chara Chara dam), part of Bahir Dar Zuria, Denbia, Fogera and Libokemkem 

Woredas are affected by seasonal flooding. The ri se of the level brought about inundation of 

cropped area, grazing lands, residential area, access roads etc; consequently loss of crops, 

abandoning of homes, proliferation of incidents of malarias etc became the cyclic problems 

affecting the area. Despite these damage, farmers who live around the Lake get the opportunity to 

produce various crops (especially crops which need much water, like Rice) using either the 

outflow water from the lake or the flood from tributary rivers . After the rai ny season passes the 

flood wi ll reduce gradually and the land will have abundant water, wh ich is convenient for 

farming activiti es. Only fanners who have land in the recess ion zone have the access to crop their 

lands. 

The level of the lake water is declining day to day due to the Tis Abbay I and II hydropower 

(which decreases the lake water sometimes even below the minimum level) and Chara Chara 

weir (management problem) is creating a problem for the transportation service (an interview 

with the GM ofTana Maritime transpOtt enterpri se) which is important for the li ving of people in 

the islands. In additi on to the ex isting facts the intended Tana Beles transfer project may also 

alter the level of the Lake. If the flood water can be collected in a reservoir, it is assumed that, it 
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can increase the water leve l by decreas ing the rate of evaporation via less surface area. The 

Min istry of Water Resources, with a fund from donors such as World Bank, has a plan to 

constru ct a dam on the main tributari es of Lake Tana such as Gu mara and Rib for thi s reservation 

purpose and there will be also format ion of irrigati on canals so that farmers can practice 

irrigation. Here farmers without land in the flood zones will also be benefited fro m irrigation. 

Even though the formation of dams and irrigati on canals wi ll have this importance, there are also 

some benefits wh ich may be forgone. First, inundated areas which are homes of various birds and 

plants w ill be destroyed; farmers, with land in the recession zone, wi ll no more use these areas as 

flood farming zones. Secondly, farmers are paying nothing to practice flood retreat agricu lture 

except their labour and input cost like fert ilizer and seeds. Even though the cost of dam 

construction and irrigation canals is going to be covered by the government (fund ing agencies); 

farmers are obli ged to cover the operation and maintenance cost of irrigation canals during the 

implementation period. 

1.3. Research Questions 

To deal with the research problem the fo ll owing research questions were addressed 

• What change will bring the practice of irrigati on on resource (land and labour) use of 

farmers? 

• How much significant is the change in income of the small holder far mers due to 

switching from recession to irrigation agriculture? 

• Does the productivity of major resources, land and labour change due (0 a change 111 

farming system or cropping system? 
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104. Objective of the Study 

It is im portant to undertake ex-ante analysis on the impact of switching from receSSIOn to 

irrigation (construction of dams) agriculture on the livelihood of the community. The general 

objective of the study is to compare the income change as a result of switching from flood 

recession to irrigated agriculture using a linear programming approach. 

The specific objectives are: 

• To undertake a comparative ana lysis of the contribution of flood recess ion agriculture 

and irrigation to the income of the fanning community, using rain-fed agriculture as 

common for both systems 

• To look at the labour and land productivity in each farming system 

• To makc policy recommendation for better use of the scenario U,at yields higher income 

for farmers 

1.5. Hypothesis 

The income from irrigation is higher than the income from recession agricu lture. 

1.6. Significance of the Study 

One essential step towards achieving sustainable development is econom ically efficient use and 

management of natural resource (Mohan, 93). Changes in ecological processes, arising as a 

consequence of the change in flow regime, can have profound social and economic consequences 
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for people dependent on the natural resources and ecosystem fun cti ons of fl oodpla ins and 

wetlands to sustain thei r li ve li hoods. 

Thi s stud y wi ll be important to the policy makers and development planers as well as farm ers to 

compare which of the two options give more benefit and environmenta ll y suitable. In addition, it 

w ill serve as spring board for furth er study. 
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2 LITREATURE REVIEW 

2. 1. Flood occurrence and its impact 

Flood w hi ch is the inundation of norma ll y dry land occurs when fl ow in the river exceeds the 

capacity of the channel and water spill s onto the floodplain. But some times the channel and 

floodp la in merge seamless ly and there is no d istinct boundary where it wi ll be difficu lt to define 

a critical level above wh ich a fl ood occurs. 

Floods affect more people world-wide li ke any other natural hazard. For instan ce Acreman 

(2000) states that in 1998 in China fl ood k illed 3000 peop le, affected the well being of millions 

of others and caused $20 billion worth of damage. Likewise in Woredas around Lake Tana 

(L ibokemkem, Fogera, Dembia and Achefer) 17,4 11 households and 170 15.5 ha of land (see 

appendix 3) were affected by the fl ood during the Year 1998 (Cheri e & Belachew, 2000) . 

In contrast, floodi ng makes rivers and flood p lains amongst the most fert ile, productive and 

diverse ecosystems in th e world . Accord ing to Acreman (2000) flood plain natural resource 

systems are defined by two interre lated characteri sti cs; flood to lerance and flood dependence. 

• Flood-tolerance:-mechanisms evo lved to tolerate the environmenta l stress associated 

w ith fl ooding, such as the ph ys ica l disturbance of seeds and seed lings and the low oxygen 

content of water logged soi Is. 

• F lood dependence: - through th is adaptation, the continued function ing of these systems 

depends on regu lar seasonal flood in g. The more regular the floods, the more these 

systems can be descri bed as flood dependent, and the mo re th e communities livi ng in the 

flood plains have evo lved live lihood strategies dependent on thi s regul ar floodin g 
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communit ies living in and around regularly inundated flood plains have adapted the ir 

patterns of land use to take advantage of these natural resource systems. 

Acreman calls Recession zone, the area covered by the flood and then exposed as the floods 

recede to the main channel or lost through evaporation and/or seepage, as "the key to the 

productivity of the flood plains". It SUppOitS a ran ge of habitats and is the area that can be 

expected to be flooded during most years. 

A case study on Tana River, in Kenya shows that about 115,000 people benefited from flood 

recession farming and about 53,500 from fish ing (50,000 for subsistence and 3,500 for 

commercial use), 39,500 people benefited from fuel wood, timber & non-timber forest products 

and about 176,000 people used the flood zone for pastoralism (JICA, 1997 cited in Acreman, 

2000). 

In general, floods are neither inherently good nor bad; they are good if flood waters provide 

recession agriculture, support fisheries and improve soil feJtility. However they will be bad if 

people are displaced & die, communicable diseases are transmitted, or industrial and residential 

property and infrastructure or flood resources are damaged or destroyed. 

Accord ing to the World Bank (2005) Lake Tana development potential classification report, 

surplus producing rain- fed agri culture in the plains of Eastern & Northern P3lts of the Tana 

Bas in, shorter duration of rainfall and irregu lar with a significant period of flooding is common. 

The area includes the Fogera, Dembia, Bechign, Alefa & Achefer plains which are currently in a 

hi ghl y flood ed zo ne by the over flow of water from the major tributaries. 
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During rainy season, Gumara and Rib Rivers carry hi gh flows and spill thei r banks in th eir last 

reach before meeting Lake Tana. The situation is further aggravated when Tana leve l also goes 

up and thus a sizeable area of the command is inundated. This is because of the inadequate 

sect ion of the river as well as flat grad ient in thi s reach. This situation is also exasperated by the 

deposition of the sediment on its lowest fl at reaches. 

Recession agricu lture, which covers about 7000 ha on average, is being carried out along the 

shores of the lake in these fl ood plains using the res idue mo isture following the recess ion of the 

reservo ir water. The size of the recession farming area and people engaged varies depending on 

the out flow of water. If there is heavy rain during the season the outfl ow wi ll be hi gh and covers 

large area. Cerea ls like Maize & Finger millet and Teff are the major crops produced using the 

flood recess ion system. The system of farming is that durin g the dry season when the water 

decreases s lowly farmers will saw crops wh ich are suitable for the season and on the other time 

when the rest of the land is free of the water they wi ll do the same with another crop. The 

beneficiaries are people who own land on the flooded zones, excluding those people with land 

out side the flood zone. 

2.2. Dams and Economic Development I '.4/'1 hall 'lll'OO'l 
Il,tj' .,., a. •• 

UDO ABABA UNIVBal'I''' 
"'B RARla e I 

Proponents of dams believe that dams have many benefits, among which increased water 

availability for domesti c and industrial purposes, increased agricu ltural production, because of 

the ava il ab ility of re li able irrigation water protection from floods and droughts generati on of 

hydroe lectric power, navigation and overa ll regional deve lopment which improves the quali ty of 

life of the peop le, including women (Biswas, 2004). They argue that of course as other big 

infrastructure deve lopments dams also have benefi ts as well as costs but the overa ll benefits 
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outweigh the cost. To ju stify thi s it is good to mention the case in the Senegal River (Acerman, 

2000). 

During the construction of the Manantali dam on the Senegal River, there was a fear that the 

cessation of floods would have a devastating effect on livelihoods. However after filling the 

reservoir and testing the spill way in 1991, floods have been broadly in line with a hydrograph 

designed to flood 50,000 ha, and exceeded it in years of good rainfall, while avoiding damaging 

second peaks. An average of 58,000 ha has been cultivated by recession cropping, a marked 

increase on drought years before the dam, while irrigation has also increased Even though the 

livelihoods of trans-human herders have been damaged by reduced access to pasture and to 

water, the recession cropping has not been damaged 

The opponents in the contrary argue that dams bring distractive losses to the society, and these 

societal and environmenta l costs far out weigh the benefits they can contribute (Biswas, 2004). 

One of the major negative impacts associated with dams and reservoirs are permanent loss of 

productive lands, forests, grazing and settlement areas and displacement of people from the 

proposed reservoir area as we ll as from the command areas. 

There are also experiences which justify the opponents' vIew. (Acreman, 2000) showed that 

receSSIon farming can be considered as part of a flood management when there is good 

mechanism to treat the flood. He justified it by mentioning the case of Bangladesh. In 

Bangladesh farmers use a "flood proofing approach" which accepts flooding and takes a "flexible 

approach" to protection based on the cost and ri sk of protect ion rather than trying to protect 

every thi ng. 

10 
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A case study from Tana River in Kenya has showed that when the dam was constructed those 

Farmers who were benefiting form the flood (about 115,000 people engaged in flood recession 

farming, about 53,500 for commercial use and 176,000 pastoralists) have had to diversify in to 

activities such as casual labour, small-scale trading and charcoal burning; as well as long-term 

dependence on food aid. 

The pongolapoort dam in South Africa for example, was partly responsible for high labor 

migration out of the phongolo flood plain from the 1950 's on wards. 

The effects of the dam construction on the Atbara river sudan force 5% of the population for 

migration Ileft the areal with in 15 years after the dam construction and some villages completely 

disappeared, whilst others were severely depopulated. 

In the lowland, Awash River Basin of Ethi opia, famine was associated with recent encroachment 

of pastures by irrigation schemes and with reduced river flooding caused by construction of Koka 

dam (Helmut, 1982). In general, the impacts of dams on livelihood outcomes are evident through 

changes in income, environmental sustainability, well-being & vulnerabi li ty i.e. dams have both 

negative and positive impacts on li velihood depending on the situation. 

2.3. Economic Viability of smallholder irrigation 

Various studies have been done so far on socio-economic impact of smallholder's irrigation. In 

Zimbabwe small holders' irrigation development has ach ieved higher yield than rain-fed dry land 

yields in communal areas and are also financia ll y viab le (Rukuni , 1984; Ruigu and Rukun i, 

1990). 
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FAO's repOlt on socio-economic impact assessment of Hama Mavhaire, Hoyuyu 5 and 

Nyai tenga, irrigation schemes in Z imbabwe also justify thi s: "Farmer incomes from irrigated 

agriculture are significantly hi gher than incomes of dry land farmers". Levels of inputs in terms 

of quantity are higher in irrigation schemes than in dry land areas, suggesting that there is more 

intensive crop production in irri gation schemes than in dry land agricu lture. 

Thi s report also shows that using the income figures from the three schemes for 1996, the returns 

to labor were Z$ 117 per person per day for Hama Mavhaire, Z$ 376 for Hoyuyu 5 and Z$ 234 

for Nyaitenga. This is much higher than the average of Z$ 21 per person per day paid in the 

Zimbabwean industry for non-skilled labor. From a social point of view farmers in an irrigation 

scheme were found to be far much better off than laborers in urban industries who are faced with 

a lot of other demands such as rent, water and electricity charges 

In the same report it is further po inted out that smallholder schemes can be even more viable if 

aspects such as reduction in drought relief handouts, employment creation and reduction of rural 

to urban migration are considered in the economic analysis of these schemes. With a more 

integrated approach smallholder irrigation can be the basis for rural development and improved 

standards of living among Z imbabwe's rural communities . 

The report, however, identified a number of constraints, which are hamperi ng smallholder 

irrigation development in Zimbabwe. Some of them are: the high cost of cap ital investment in 

irrigation works for the poor farmers, poor rural infrastructure (roads, telecommunications and 

electricity) to faci litate input procurement and produce marketing, Lack of reasonably priced 

appropriate irrigation technology and lack of decentralized irrigation service companies to give 

back-up service in rural areas. 

12 
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Mupawose (1984) also assessed the economic viability of smallholder irrigat ion schemes in 

Z imbabwe. The researcher pointed out that certain smallholder schemes have fa il ed and are 

under-utilized due to poor management, lack of inputs and irrigation experience by farmers. 

SADC report in 1992 reported that most new smallholder irrigation schemes in the Southern 

Africa region will not cover the cost of development and operation and are therefore uneconomic. 

The report further suggested that these schemes have a negligible impact on the national and 

household food security. 

In Gambia, a study of irrigation scheme in the vi llage of Chakunda, Webb (1991) li sts some of 

the benefits of irrigation: 

• Increased income which spent on increased expenditure, investment, construction and 

trade. 

• Backward and forward linkages: traders were reportedly com ing to purchase irrigation 

produce (Rice) and in turn sell c loth, jewelry and other consumer items. 

• Increased material wealth both at the vi llage and househo ld level, thi s was in the form of 

construction of a large mosque built through farmers' donations and an improvement of 

the vi llage clinic and increased wealth cou ld be seen in 55 houses built in the vi ll age, 

fourteen with corrugated metal roofing. 

However, in the same report Webb pointed out that some of the irrigation schemes col lapsed 

because of frequent pump breakdowns due to poor operation and maintenance, Poor design of 

canal structures and Pest infestat ion of crops. This indicates that with the construction of 
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irrigation canals there is a need to create awareness among the soc iety on how to maintain and 

operate them. 

In India, Sing and Misra ( 1960) compared the Sarda Canal irrigation and non-irrigating villages 

and showed the benefits of irrigation in terms of improved crop productivity and employment 

creation to communal people. They al so made the following observations: 

• Gross farm output per acre is 8.6% higher in the canal-irrigated villages than outside. 

• The crop produce as distinct from the total farm output is 5.5% more with canal irrigation 

than without, mainly due to the cropping pattern under irrigation incorporating cash crops. 

The value of crop produce so ld per acre is 48% higher in the canal-irrigated area than 

outside. This was again attributed to the superior cropping pattern incorporating cash 

crops. 

• Total inputs per acre are 3.7% higher in terms of quantity in the canal-irrigated area than 

non-irrigated. 

• Payment to outside labor, including casual and permanent farm servants, is about 2 1 % 

more in irrigated areas than outside. 

Lange (2000) looks at the smallholder farmers of South Africa and points out that the cost of 

irrigation equipments as a limiting factor. The other factor for adoption of irrigation technologies 

is its manageability. If water is available and easy to apply, then fanners will use more than is 

necessary. Technology adoption is therefore promoted by effective technology, easy to apply in 

the desired amount, easy to operate and maintain with local resources and should be affordable 

(ibid) . He also points out that lack of interaction between fanners and technical advisors as a 
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factor. This is due to farmers' lack of sk ill s and experi ence and agents lack of commitment and/or 

back-up to interact. 

In general , rev iewing various literatures indicates varying and sometimes contradicting views on 

the economic viab ility and socio-econom ic impact of smallholder irrigation development. Some 

literatures have pointed out that smallholder irrigation schemes are agricu lturally, financiall y and 

economically viab le whil e other literatures argue that such projects are not viable. 

2.4. Application of Linear Programming Model in Agriculture 

Individual farmers must repeatedly make decisions about what commodities to produce, by what 

method, in wh ich seasonal time periods and in what quantities. These decisions are subject to 

constraints and uncertainties/risks. Researchers use linear programming method to work in the 

optimization problem and to look at the deci sion of farmers with the given constraints. 

Hazell and Norton defined linear programmIng (LP) as a method of determining a profit 

maxim izing combination of farm enterprises that is feas ible with respect to a set of fixed farm 

constraints . And accord ing to them, for a given farm situation the LP model requires specification 

of: 

1. The alternative farm activities, their unit of measurement, their resource requirements and any 

specific constraints on their production 

2. The fixed resource constraints of the fa rm 

3. The forecast activity returns net of variab le costs 
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Kehkha. et. al. (2005) used a MOT AD risk-programming model to look at the effects of ri sk on 

cropping pattern and farmers' income in Ramjerd and Sarpan iran di stricts in the province of Iran. 

Using 194 farmers the result shows that variabi lity of crops gross margins or outcomes has a 

sign ificant effect on cropp ing pattern, but it varies over different farmers and regions with var ious 

conditions. More over it was found that farm plans with more number of crops have a lower 

return but high degree of certainty. In other words diversification is an important tool for farmers ' 

to increase income certainty and to make trade-offs between risk and expected income. The 

study also found that government intervention and policies have enhanced the competiti ve 

position of some crops and fixing them in cropping pattern . 

As a recommendation the study puts set of appropriate policies such as crop insurance, 

agricu ltural input and output price po licies to be investigated and applied in the study region. 

Bouman et.al (1999) used linear programming to quantify the effect of degradation of naturalized 

pasture overtime and to exp lore options for restoration by sustainable legume-based pastures in 

beef production systems in the northern Atlantic Zone of Costa Rica where beef cattle's ranching 

is the main land use activity. In the area, according to the study, beef cattle production is 

characterized by low levels of external inputs, no fertilizers applied low leve ls of technology and 

consequently low production and returns per unit area. In the study, a technical coefficient 

generator ca ll ed PASTOR (pasture and Animal System Technical coeffic ient generator) was 

developed to compute input and output coefficients for a number of alternatives for each of beef 

production system components (which generate the marketable meat, pastures supplying feed and 

characterized by a so il-N ba lance and feed supplements prov iding an additional source of feed). 

The stud y used two linear programm ing models; one at a field level which used to maximize 

economic su rplus (value of meat production minus all costs of inputs and labor) of a beef 
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production system on a given piece of land , And the second a more complex model for the who le 

region REALM (regional economic and agricultural land use model) which max imizes regional 

economic su rplus (sum of a ll output values of crop and livestock minus total input and labor 

costs) by selecting croppin g, forestry and beef breeding and fattening options from a large 

number of alternatives, 

The study concluded that few farmers in the nOl1hern Atlantic zone adopt grass- legume pastures 

since they realize that naturalized pasture yields higher than the economic break-even level for 

conversion to grass-legumes , Other factors which affect adoption were pointed out as absence of 

institutional credit to cover increased costs, lack of technical knowledge and insufficient 

experIence, 

Linear programming technique was used to develop farm plans for a 470-acre model farm in 

Mason County, Illinois (Papst and Swanson 1970) , These farm plans give the highest net return 

above variable costs for each of four basic situations: no irrigation, 150 acres irrigated, 287 acres 

irrigated, and 437 acres irrigated (using both large and small systems) , The labor avail able on the 

farm is one full-time operator plus one full-time hired man for all or a part of the year [480 hours 

of labor per month except for May-August (130/week)], In the study livestock and pasture 

en terpri ses were not cons idered in order to simplify the study and also because irrigators 

indicated that deci sions regardin g irrigation do not affect li vestock choices, The results indicated 

that cucumbers and green beans had first priority for land that was irrigated, However, because of 

contract restri ctions and labor requirements for these crops, corn occupies over one-ha lf of the 

irri gated land when eq uipment is ava il able to irri gate 437 acres, The hi ghest return plans were 

fo und to be relatively insens iti ve to changes in relative prices and yields , There was a declining 

rate of return on added in vestment in irrigat ion equ ipment as the area irrigated increased; the rate 
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of return on equ ipment to irrigated the first 150 acres was 37%, while the rate of return on the 

added investment necessary to irrigate 150 add itiona l acres form a base of 287 acres was on ly 

7%. 

A study by Upcraft et.a l ( 1989) shows that the main crops irrigated in the UK are potatoes, sugar 

beet and field-grown vegetables which have a hi gh water in-take. In order to avoid the risk of low 

yields and low returns as a result of insufficient rainfall during the growing season irrigation, 

most commonly practiced using mobile hose roll-rain gun irrigators, (known as supplementary 

irrigation) is used. In the study a mixed linear programming model was used to answer when 

each field should be irrigated, how much water should be app lied and which field shou ld be 

irrigated first on a particular day and to produce opt imum irrigation schedules. The objective 

function maximizes the financia l return from irrigation over a short term (7 days) subject to 

equ ipments, labor and w~yailab~y. 

Revi sion of different literatures tells us that linear programming is used as a major instrument to 

so lve problems and to justify some ambiguous statements . How ever the use of LP is not very 

common and there are no much works using it in Ethiopia. 

2.5. Application of Linear Programming model in Ethiopian Agriculture; an 

empi rical evidence 

Ti lahun (1990) has used linear programming algorithm in a study to answer the question why 

irrigat ion projects are operat ing below the requ ired/expected econom ic efficiency and often 

lead ing to wastage of resources. The objecti ve of the study was to analyze the planni ng and 

implementation of Hidi irri gat ion project (Debre Zeit) w ith the aim of: determination of optimum 

cropping plans fo r the integrated agricu ltural system, approximation of an economically efficient 
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leve l of farm fam ilies that coul d be adequately supported by the project and invest igation the 

effects of irrigation on farmers' incomes and resource use efficiency. 

To answer the question with the above speci fic objectives, the researcher has used a linear 

programming algorithm with data that integrated the rain-fed and irrigated agriculture. 

The project area contains 1799 ha of land among which 17 10 ha (95%) is under cultivation. A 

sample of 80 individuals was taken for the study. 

Findings showed that 1030 ha irrigated area couldn ' t be fully used by the ex isting farm families. 

Accord ing to the study, even though each fam il y cou ld earn more than double net farm income 

than by the optimal so lutions of the rain-fed models, under-util izati on of irrigation resources 

makes thi s vers ion of the plans to fa il. 

In the stud y the results of the LP models indicated that 353 additional families could be allowed 

to participate together with the existing 633 fami li es lead ing to a substantial improve in resource 

utili zation and income. 

Shiferaw & Holden (1997) used linear programming model to make a farm household analysis of 

resource use and conservation decisions. The study developed a non separable farm household 

model (based on LP) to analyze resource use and conservation deci sions of smallholders and to 

model consumption and production deci sions interdependently in the Ethiopian highlands. In the 

study a socio-economic survey data conducted in 1994 in 3 peasant associations of Ada Woreda 

(East Shewa zone of Oromia region) with a sample size of 120 households was used. 

The who le farm model , with 202 activiti es and 150 constraints, was ident ified which maximized 

annual net retu rn s defined as current net return (on-farm and off- fa rm) less the present va lue of 

future income loss caused by yield losses resu lting from current so il eros ion (user costs) subject 

to various farm-level resou rce suppl y and behav ioral constraints. 
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Based on the data, peasant 's short and long- term responses to alternative scenarios that 

incorporate the user costs of soi l erosion at varying levels of average anti cipated effect s of 

conservation on production, di scount rates and planning hor izons were analyzed. The result 

shows that the strong need to introduce dual-purpose conservation technologies that conserve the 

so il whil e also enhancing crop yields in the short-term to make conservation attractive to the 

smallholder. According to the study, in the short run, when the small holder is not internali zing 

the user costs of current production, no land conservation is likely to occur unless conservation 

technology is enhancing productivity. Under various assumptions and constraints faced by 

peasant households, even in the long run, conservation fails to be a preferred option when 

average expected yields with conservation are lower or even the same as that without 

conservation. The other variable rai sed as a di scouraging factor for conservation was sufficient 

credit availability for smallholders. Without provision of suffi cient credit to smallholders, high 

fertili zer price foll owing structural adjustment programs and removal of input subsidies is likely 

to di scourage conservation. 

Kassie & Holden (2005) used a bio-economic linear programming model to look at the impact of 

forage legumes-cereals intercropping on household income and soil conservation. The research 

was done based on experimental data and a data collected from 87 farmers by the Adet 

Agricultural research centre in Bahir Dar zuria Woreda, West Gojjam zone of Amhara regional 

state. The model consisted of 3 scenarios : the existing/actual situation i.e base model without 

legumes, the model with legume (plan I) and model with legume and with add itional of crossbred 

cow in order to maximize farm income. Us ing generali zed algebraic modeling systems (GAMS), 

the following resu lts were fou nd . Legumes-cereals intercropping increased farm income wh ile 

redu cing pressure on the land resource and th is income wi ll further increase when it is combined 
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with crossbred cows for milk production. The other findin g is that the introduction of legumes in 

to the production system will decrease the margina l productivity of grazing land due to 

ava il ab ility of hay from intercropping, which reduces overgrazing. 

The stud y concluded that deve lopment interventions that consider forage legumes will achieve a 

double advantage of enhancing the live lihood of rural households and minimization of so il 

erosion/ land degradation. 
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3. METHODOLOGY 

3. 1. Description of the Study Area 

The Fogera plains li e to the east of Lake Tana, near the town of Woreta, which is the capita l of 

the Woreda, on the road from Bahir Dar to Gondar, 582 km from Addis Ababa. Fogera Woreda is 

well known for its recession zone on which fanni ng, fi shing and cattle herd ing is practiced. Thi s 

area mainl y consists of a fl at, open plain across which the Rib River flows into Lake Tana. The 

Gumera River forms the southern boundary. Both ri vers originate on the hi gh plateau to the east, 

and as they reach the plains the gradient decreases and they form meanders. During and after the 

rainy season, as the Rib River approaches the level of Lake Tana, water overflows its banks and 

floods the surrounding area. The perennial Gumera River also overflows its banks as it 

approaches the lake, but causes less flooding than the Rib. Fogera, Libokemkem and Dembia 

Woredas, border and/or share a vast plain where drainage is extremely poor are frequently 

affected by over-bank sp ill s of the Gumera and R ib rivers that expose them to serious flooding 

(DPPC, 1997). A perennial swamp has been formed around the mouths of these rivers. Lake 

Tana, which forms the western boundary of thi s area, also flood s up to 1.5 km inland during the 

ra iny season. During the dry season, the water retreats and the flooded area is used for seasonal 

grazing and retreat cultivati on. The extent of the marsh depends on the amount of rain , as no 

other surface water feeds it. I 

http://www.birdlife.org 
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3.2. Sampl ing Teclmiques 

The survey was conducted in 200 selected households with in selected Kebeles of Fogera 

Woreda. The selection was undertaken purposely based on households' participation in irrigation 

and flood recess ion farming systems. I 00 households per farming system were sampled and a 

deta il interviews were undertaken. To select the 100 households for the two systems, a multi stage 

sampling procedure was used. 

• For households engaged in flood recession agriculture: 

Samples for flood recession farming beneficiaries were selected based on number of beneficiaries 

in the kebele i.e. large numbers of respondents from Kebeles wh ich have many beneficiaries and 

less number of respondents from kebeles which have small beneficiaries. There are 25 Kebeles in 

Fogera Woreda and among wh ich only nine Kebeles are in the flood zone. Out of the nine, 4 of 

them Shega, shina2
, Wagetera and Kidist Hana are in the high flood zone with 37533 

beneficiaries. A sample of 100 respondents was taken from these 4 kebeles and from each Kebele 

farm households who practice flood farming were se lected. Based on percentage calculation the 

following number of respondents were taken from each Kebele . 

2 Even though Nabega Kebele is a highly flooded area, it was impossible to include it in the survey due to high flooding at the time of data 

collection . Instead, shina Kebele was taken into consideration. 

3 The number is based on 2004/05 data from the Woreda Bureau of Agriculture. 

24 

i 



Table I : List of selected Kebeles and their sample taken 

Kebele Number of Percentage from Sample taken 

beneficiaries sample total 

Shega 1625 43.3 43 

Wagetera 1215 32.4 32 

Kidi st Hana 596 15.9 16 

Shina 317 8.4 9 

Total 3753 100 100 

Source: Fogera Woreda agricultural office 

• For households engaged in irrigation : 

Among the remaining 16 Kebeles which are not in the flooded zone (except shina which was 

included due to better irrigation practice), 4 rural Kebeles and with high participati on in irri gation 

practices were selected. Based on the 2005/06 Woreda agricultural office data, Tihua-Abua, 

Kuhar-Micael, shina and bebeks have a better experience in irrigation practicing and get more 

benefit from irrigation. A sample of 25 househo lds engaged in irrigation has been taken from 

each of the 4 Kebeles. 
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3.3. Source and Type of Data 

Even though , the major data source is primary secondary data was also used as well. And the 

main data required for the study include: 

• Available resources such as cultivated crop land , labor, draft oxen, number of cows, pack 

ani mals 

• Crop produced with rain-fed, irr igation and flood recession farming systems and their 

resource requ irement for each period. 

• Market prices and variable costs 

• Subsistence requirements 

The primary data was collected using struclured questionnaire (the medium of communication 

was Amharic) from selected rural households of a random ly selected households in the purposely 

selected Kebeles in Fogera Woreda of south Gondar zone of the Amhara region. 7 experienced 

enumerators from Fogera Woreda Agricu ltural office, all with Dip loma and above, and 2 

supervi sors (including the researcher) worked in data co llection . A one day training was g iven for 

the enumerators about the content of the questionnaire and on how to address the questions . The 

data has been co llected fo rm 18 October up to 03 November 2006. 

3.4. The Empirical Model 

The ultimate goal of any new planned agricultural scheme is to produce the highest crop yields 

using the availab le resource effic iently. Farmers wi ll practice irrigation when they perceive that 

its benefits will outweigh its costs. According to Lagat et.al. (2003), it is the interaction of two 

oppos ite forces (incentives and di sincentives), wh ich creates tensions that motivate action 
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resulting in change, thus practicing. Here farmers make the decision of practicing based upon an 

objective of income maximization. It is postulated that the farmers practice irrigation if income 

from it is higher than income from the common rain-fed fanning system. There are numerous 

models used for farm planning. However, the selection depends on data requirements and their 

availability, budget, time and other research faciliti es allocated to the study (Ahmed et.al, 2005). 

3.4.1. The objective function 

Linear programming model (LPM) was applied with a major objective of maximizing farmers' 

income with a comparative analysis of flood recession farming and irrigation farming taking rain­

fed agricu ltural farming system as common for all. 

LP is an optimization technique wh ich is most efficiently appli ed in cases where decisions 

require a choice among large number of alternatives and where the objective function and the 

constraints (i.e. input-out put) can be approximated by linear functions of the decision variables 

(Upton (1979) cited in Tilahun, 1990, EI-Kassar ,2006). 

It is common to use linear programming techniques at farm household level to analyze the impact 

of technology adoption on household income and environmental concerns and where a single 

cropping year cross section data does not permit econometric estimation (Ahmed et.al, 2005, 

Kassie & Holden, 2005). The basic linear programming model in thi s study is drawn from that of 

Hazell and Norton (1986) with some modifications with respect to the underlying assumptions 

and setting of constraints based on the work ofKassie & Holden, 2005. 

The LP model maximizes gross margin (total revenue minus total variable costs) of individual 

households from crop and livestock production subject to various fi xed resource constra ints. 
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The main constra ints are: 

• Maximum cultivable and grazing land available 

• Maximum fam il y labor available 

• Maximum oxen labour available 

• Maximum availab le working cap ita l for agricu ltural production. 

• Min imum fam ily subsistence requ irements 

• A vai lable credit 

Based on the above constraints, the specific model has the following structure: 

mB hili D LD ED 

Max!! = LLPjkQjk ' - LLPjj XijA j + LF;X,cs + LLPp,.Qp, - LLPg,Xg,- iBOW 
j=1 ko::] i=1 ) =1 1=1 p=1 1=1 g=1 1=1 

Subject to: 

Land constraints: 

Pasture land constraints: 
A p :s; past 

4 111 4 

Human labour constraints: 
L L L sj A j + L L sl XI:::; L s 

5 = 1 j = l s= 1 

3 III 

Draft power constraints: I I W sj A j :::; 0 s 

s = I j = I 

m 
An imal feed constraints and balance: L 

j = I 1= 1 

Home consumption: 
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Crop balances: L A _ Q S > 
q)k) J -

) = 1 

Livestock balances : Y pi X I - sale pi ~ Q ;1 

Livestock replacement and culling rate: 

Capital constraint: 

Credit limit: 

Where; 

X X ellis cur I I - I > 0 

cur IX X R < 0 
I 

sur I X I - X Sllrs o 

In D 

L k) A ) + L k I X I - BOW 
) = 1 1= 1 

BOW :::; CRL 

:::; OF 

Qjk = total quantity of output k produced by crop j activity and available for sale 

Pjk = price of output type k (grain and fodder) from crop j activity 

Pji= price of input i (ferti li zer and seed) used by crop j activity 

Xij= level of input i used per hectare by crop j activity 

Aj= level of crop j activity in hectare 

PI = selling price of type I li vestock 

Xlcs= number of heads of type I livestock avai lab le for sa le (culled(c) and su rplus stock (s)) 

Ppl=selling price of type p (mi lk and butter) livestock product produced by type I li vestock 

Qpl= quantity of livestock product p from type I li vestock 

Pg1= pri ce of livestock variab le input g used by li vestock type I 
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XgI= number of heads of type I li vestock using type g livestock input 

iBOW=amount of borrowing with interest i 

L= tota l crop land ava ilab le in hectare 

Ap= total pastureland used for grazing 

Pas l=total pastureland (communal and private) available to farmers 

L'j= the number of labour man-days requ ired per ha by crop j durin g period s 

L,I= the number of human labour hours required to keep available li vestock stock during period s 

L,= total human labour hours availab le during period s 

W'j= the number of oxen pair hours required per ha by crop j during period s 

0 ,= total number of oxen pair hours available during period s 

N"j= amount of fodder type n (hay , protein, and energy) per ha produced by crop j activity 

N ps 
nj 

=Amount of fod der so ld (s) or purchased (p) 

nrl= quantity of fodder type n required per head by livestock type I 

Q C= the level of household consumption of crop j activity 
j 

Q 7'= household subsistence (minimum) requirement from crop j activity 

Cfik = per hectare yield of crop j activity 

Q ; = quantity of crop j sold (s) 

ypl = yie ld of animal product type p from type I livestock acti vi ty 

XI = number of type I livestock 

Sa lepl = sale of animal product type I li vestock activity 

Q c 
pi = type p product from type I livestock that is consumed by househo ld 

Curl = cu ll ing rate (cur) from type I li vestock 

X culs= number of cu ll ed anima l sold (cul s) from type I li vestock 
I 
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x R 
I = number of type I livestock born and reared on the farm to replace(R) culled livestock 

type I 

sur] = number of surplus stock(sur) over rep lacement from type I livestock 

X surs 
I = number of surp lus stock so ld (surs) from type I li vestock 

kj = working cap ital requ irements for crop j production 

k] = the working capital requ irements for type I livestock 

BOW = amount of borrowing 

OF = amount of own fund avai lable 

CRL = credit limit 
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Table 2: Tabular representation of the linear programming equation 

Activities 

Production Buying Selling Feed Home Borrow RHS 

Crop& Grazing Livestock, Feed Crop, fodder, cansu consumpt ing(BO 

feed product & livestock & livestock mptio IOn W) 

transfer product n 

Objective : Max. gross Birr · Cj -Cj -Cj Pj - 1 -z 
farm income 

Constraints Unit Ha Head/kg Kg Kg/liter Birr 

Cropland Ha +1 ~L 

Pasturelands Ha +1 ~Pas l 

Feed consumption(hay ) Kg +1 ~Max 

-. Human labour MD +A ::SLs 

Ox labour OD +A ~O, 

Home consumption Kg +1 :::Min 

Capital constraint Birr +A +A +A - I ~OF 

credit limit Birr +1 ~CRL 

Crop & feed balance Kg -A -A -I +l/+A + 1 +1 <->0 

Livestock balance Head -(+)N-(+) +1 ~O 
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3.4.2. Description of Act ivit ies 

In the stud y the vari able cost sect ion of the objective fu nction coeffic ients refers to include 

cropping, li vestock feed supp ly, se lling, purchasing, borrowing and consumption activiti es . The 

major activities used in the model are: 

Crop production: The production activities in the model includes 7 major crops (Rice, Maize, 

Finger millet, Teff, Barley and Chick pea) and Onion with and without fertili zer using rain-fed , 

flood recession and irrigation systems. Crop yield refers to output net of seed requirements thi s is 

done since farmers, most of the time, use their own local vari ety seed from previous production 

for the following season. 

Livestock rearing: livestock are kept on a very small sca le and has relatively little contribution 

to the farm fam il y income. Oxen, being the major means for plough, are dominant in livestock 

enterprise. On average an individual household has 2 oxen, 2 cows, and I donkey or the 

equ iva lent, 4.1 tropical livestock unit (TLU), defined as an animal of 250 kg live weight. With 

regard to farm inputs, no modern farm machinery is used except some farmers used pedal pump 

for On ion production with irrigation. Farmers do not use fertilizer as a major input in their 

production. 

Sales and purchase: refers to the selling and purchas ing act ivities undertaken for crops, 

livestock and fodder with in a household in a year base using an average price calcu lated based 

on 2004/05 and 2005/06 price data from the Woreda agricu lture office (see annex 1&2). Selling 

activity is constrained by subsistence food requirement of households i.e. households will 

engaged in sel l ing if and on ly if they have surplus product out of th eir consumption need. 
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Consumption: it includes the ann ual consumption requirement from each crop and livestock 

products for a household. 

3.4.3. Description of Constraints 

Land constraints: it includes farmers' cropping land and private and communal grazing land . 

Tota l cropped land in hectare must be less than or equal to the total land availab le for cultivation 

and total land used for grazing must be less than or equal to the total land available for grazing in 

hectare. 

On average a representative household in the study area has 1.3 ha cultivated land and 0.2 ha 

private grazing land. In total there are 7 constraints related to land in the model. 

Crop production balance: refers to the different types of crops that fa rmer's produce and their 

minimum consumption requirement and so ld amount with in a year base. The total amount 

produced for each individual crop minus the amount so ld must exceed or must be at least equal to 

the minimum consumption amount required per crop. 

Labor availability: there may be family as well as hired labor used in the production process. 

Here exchange labor should be included since farmers highly used exchange labor. In the data 

collection process farmers will be asked how much labor was used in each activity (land 

preparation, sawing, weeding, harvesting and threshing), the number of days they were working 

and how much fam il y and hired labor was used. 

Oxen labor constraint: it stands fo r the pair of oxen power used for the plough (Kassie and 

Holden, 2005). The equation is form ed in such a way that a pai r of oxen (raised or purchased) 

deli vers as much as human labo r days/hours in a month during the plough season. 
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Table 3: Resource constraints used in the model for a rep resentative household 

Resources unit Total Remark 

available 

Human labour availab le Days 209 with 7 hours/day there wi II be 1463 hours 

availab le 

Oxen days (Os) Days 104 728 hours availab le 

Crop land Ha 1.3 

Pasture land Ha 0.7 

Own fund (working Birr 2405 

capital) avail ab le 

An imal feed subsistence Kg 8942 Its is calculated based on TLU 

Minimum subsistence Kg 964 Rice, Maize and Finger millet take the lead 

annua l crop requirement in consumption with 502, 210 and 123 kg 

respectively 

Source: own data computat ion 

Credit constraint: availabi li ty of cred it is the other factor that has an impact on farmers ' 

productivity. In add ition to their own fund, farmers need credit access for the purchase of farm 

inputs such as fertilizer, improved seeds, animal fodder and the like. The maximum borrowed 

amount will be equal to the credit limit. 

Anima l feed constraints: it is calculated taking in to account the availabi lity of an imal feed 

from both communal and private grazing land and additional feeds from residuals like weed and 

crop residues (Kassie and Holden, 2005). The amount of fodder co ll ected from each crop 

production in addit ion to purchased one or less of so ld must be equal or higher than the amo unt 

of fodder required for the total livestock of an individual househo ld. Fodder requirement per 
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li vestock varies based on their function, class and age group (Kearl, 1982; MAFF, 1984; 

Nordb lom et aI. , 1992 cited in Kass ie & Holden, 2005). 

Livestock product balance: refers to the ba lance between consumption, production and 

marketing activ ities of livestock products in a year base. The assumption is th at the total li vestock 

product from each livestock less sale of the product must exceed or at least be equa l with the 

household's minimum subsistence requirement of that product. 

Livestock transfer constraint: refers to the rep lacement and disposal of culled animals through 

sale. 

Annual Subsistence Requirement: refers to the minimum subsistence requirement of an adu lt 

on a year base. The calcu lat ion has been made based on Grayseels's and Anderson's (1983) 

calcu lation where 200 kg of cerea ls, 50 kg of pul ses and 30 kg of milk are assumed as average 

annual subsistence requirements per adult equivalent (Graysee ls and Anderson, 83 cited in Kassie 

and Holden , 2005) . The assumption here is that households eat much of a crop when its 

production is higher and lesser amount if it is produced in a lesser amount. Each household has a 

fam il y size of 4 adu lt equivalents on average and need 964 kg of cereals, 120 li ter of milk and 

1034 kg of dung for fuel annua lly. 
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3.4.4 . Model Scenarios 

There are 2 scenari os in the model 

Base plan: In this plan the gross income from rain-fed farm ing plus the recess ion agriculture 

pract ice with livestock income used as a basis for comparison with irrigation agriculture 

Plan I: this plan maximizes gross farm income from irrigation & rain-fed with ex isting resources 

and with livestock rearing income. 
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4. Data Analysis and Discussion 

4.l.Socio Economic Characteristics 

The plains support a large population of an indigenous breed of cattle, Fogera, named after the 

area. Cattle-farming is still a major activity, but crop cu ltivation has become increasingly 

important. In the 1970s, an agricultural research station was estab lished at Woreta to promote 

Rice as a crop (World Bank, 2005). 

The population size of the Woreda is about 24 I ,488 based on the 2005/06 record of the Woreda 

agricultural office. Out of this population, 212,670 live in the 25 PAs and the rest 28,818 in 

Woreta town. As the Lake Tana hyd rometric data shows, many peasant associations situated on 

the shore of Lake Tana are at level lower than the maximum flood levels (Adugna & Solomon, 

2000). In the PAs there are 42764 household among which 38472 are men headed and the 

remaining being headed by women. Out of these PAs only 9 of them are in the flood zone, which 

have a population of 76,596. On average about 7500 households benefited fro m recession 

agricu ltu re annuall y. 
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Total 

Table 4: Flood inundated Kebeles in the Woreda 

Kebele Total population Land used for flood HHs engaged 111 flood 

(number) agriculture (ha) recession agriculture (number) 

1998 1997 1998 1997 1998 

Tihua-Abua 11046 120 210 

Shega 7074 920.5 965 1625 1023 

Deba sebatira 8111 120 177.75 411 838 

Nabega 10513 564 1940 1549 26 19 

Rib Gebrial 7294 85.25 240 187 870 

Shina 9383 136.25 1.5 317 399 

Bebeks 6911 0.8 9 

Kidist Hana 706 1 155.5 131.25 596 698 

Wagetera 9203 463.75 807.15 1215 3483 

76596 2566.05 4262.65 6119 9930 

Source: Fogera Woreda agricultural office 

The major crops that farmers produce in Fogera woreda are Rice, Maize, Finger millet, Teff, 

Vetch and ch ick pea. Farmers a lso produce Noug, Lentil , Barley, Emmer wheat and wheat in a 

lesser amou nt. Onion is a major cash crop produced through irrigated farming systems in the 

woreda. The so il type is mainly vert iso ls and fluvi so ls(a flood deposit/sediment soil) in areas near 

Lake Tana. 
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4.2. Descriptive analysis 

4.2.1. Land use and crop pattern 

Based on the survey result, in the Woreda, farmers use their crop land to cultivate different crops 

using the rain-fed, flood recession as well as irrigation farming systems. Among the three 

farming systems, rain-fed farming takes the lead in land use with 66.5%. And the rest 19% and 

14.5% of farm households' crop land is covered by flood recession and irrigation farming 

systems respectively. 

When we look at the crop pattern, Rice as the major crop in the Woreda covers about 33% of 

farmers' crop land followed by Maize (17%), Finger millet (1 1 %) and Teff (9%). Crop pattern in 

hectare of major produced crops in the Woreda from the sampled households is shown below in 

the pie chart. 

Figure 1 crop pattern in hectare (%) 

Source: own data computation 
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4.2.2. Land producti vity 

The Amhara region, especially Fogera Woreda is the highest Rice producing area among other 

areas in the country next to Gambelia wh ich produces 4800 kg/ha (see the annex). The survey 

result shows that production of Rice gives the hi ghest yield in selected Kebeles of the Woreda. 

The resu lt indicated that 2446 and 3298 kg of Rice per hectare can be produced using flood 

recession and rain-fed fanning systems respectively. Based on the sampled Kebeles, most of the 

production is undertaken using rain-fed fanning (83%) followed by flood recession farming 

(12%). The Sassakawa Global 2000 (SG2000)/ Ethiopia; Regional Rice Program (RRP) 2006 4th 

quarter report also justifies the above result. The RRP research resu lt shows that in Amhara 

region Rice producing areas 36000 kg/ha of Rice can be produced using rain-fed system. The 

major Rice seed varieties in the country in genera l and in the Woreda in particular are NERICA, 

Suparica and X-jigna. 

When we look at the productivity of other crops, Maize takes the lead ing position. From a hectare 

of land it is possible to produce 2210, 1726 and 1729 kg of Maize in irrigation, flood recession 

and rain-fed farming systems respectively without using fertilizer. However when fertilizer is 

used in rain-fed fanning system 2229 kg of Maize can be produced per hectare of land. This 

gives 503 kg of add itional Maize over the rain -fed production without fertilizer. The straw yield 

varies due to fertilizer use and among the farming systems (see annex I ). For instance it is 

possible to get 1349 kg and 1738 kg of Maize straw without and with fertilizer respectively using 

rain-fed farming system and the straw yield increases to 1679 kg without fertilizer using 

irrigation farming system. Productivity of each crop with fertilizer and without fertilizer is listed 

in the tab le below. 
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Table 5: crop prod uctivity wi th and without ferti li zer 

N o Crop Crop yield (kg/ha) 

Without fertili zer With fertilizer 

Irri gation Flood Rain Irrigation Flood Rain 

I Teff - 1035 796 

2 Maize 22 10 1726 1729 2292 

3 Finger millet 153 1 1669 

4 Ri ce 2446 3298 

5 Vetch 1018 866 873 

6 Chi ck pea 9 14 1686 973 

7 Barley 2061 

8 Onion 7080 

Source: own data computatIOn 

Basc plan 

Thi s plan consists of flood recession farmi ng with the common rain-fed farming system. Maize 

and Rice are the major fl ood zone crops which account for 36 and 20 percent of crop land 

respecti vely. Farm ers also produce Teff ( 17%), Chick pea (7.5%), Vetch (4%), Fin ger mill et 

(3%) and other crops (8.5%) of their crop land in the fl ood zone. Even though Maize covers the 

largest area, Rice takes the highest part in productivity per hectare. On a given unit hectare of 

land it is possible to produce 2446 kg of Rice whil e productivity of Maize from the same hectare 

of land is 1726 kg. 

Im proved plan 

Thi s plan re fers to producti on using irri gation instead of fl ood recess ion fa rmin g. The major 

crops in irrigati on farming system are Onion, Maize and Vetch which covers 50%, 16% and 7% 

42 



of househo lds' farm land respectively. In productivity Onion takes the lead 7080kg/ha fo ll owed 

by Maize 22 I 0 kg/ha. Us ing half of their land for cash crops like Onion wi ll alter the cropping as 

well as consumption pattern of farmers and they may need to purchase cereals for consumption. 

4.2.3. Labour utili zation 

In the farm ing system there are 4 periods. These periods are ploughing, weeding, harvesting and 

threshing. Each period needs a large amount of human labour. In the study labour requirement for 

each period by farming system (not by crop type) was calculated. The traditional rain-fed farming 

system needs 17, 53, 22 and 14 labour days for ploughing, weed ing, harvesting and threshing 

respectively for each hectare of land. The higher labour for weeding is due to Rice. Rice needs a 

higher amount of labour for weeding and it is also highly produced using rain-fed farming 

system . In flood farming system for the same hectare of land and for the above mentioned periods 

(in the same order) 18, 28, 24 and 16 human labour days are needed. When we come to the 

irrigation farming system the labour requirement is more than double of that required for the 

flood farming system . This implies that farmers who practice irrigation need more labour days 

than those farmers who use the traditional method of farming. The opportunity cost of labour 

may not be considered here since most of the farmers in the area do not participate in non 

farming activities. 
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4.3. Model of Data analysis 

In the data analysis a generalized algebraic model ing system (GAMS) was used to est imate the 

resu lt (see an nex 7). GAMS is a high-level modeling system for mathematical programming 

problems which consists of a language compi ler and a stab le of integrated high-performance 

solvers. GAMS is tailored for complex, large-scale modeling applications, and allows the user to 

bu ild large maintainable models that can be adapted quickly to new situations. Two separate 

models were developed for the base plan and the improved plan. 

4.4. Model Results and Discussions 

4.4. I . Generated gross income 

Base plan 

The base plan incorporated rain -fed and flood farming with other farm activities. The result 

shows that in this p lan, with the existing resources a representative household will get an annual 

gross income of 5557 Eth birr. From th is tota l income 2714 birr is generated from sa le of Rice 

and the rest from hay and livestock production which includes selling of surplus & culled 

livestock, se lling of milk and milk product. 

Tab le 6: households' gross farm income 

Base plan Improved plan 

Farm income 5557 11893 

Crop 5260 11596 

Livestock 297 297 

Source: mode l estimation 
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Improved plan 

Th is p lan cons ists of rain-fed and irri gation farming with livestock rearing. When households 

shift to thi s system their income will increase by more than double (from birr 5557 to 11 893). 

Like the base plan income generated from livestock and livestock products is also included here. 

Here the major source of income is Onion. On average a representative household will get 5978 

Eth Birr from Onion sale. 

4.4.2. Margi nal productiv ity of resource 

Table 7: marginal value productivity of resources 

Resources Base plan Improved plan 

Cu ltivated land(Birr/ha) 5499 15611 

Grazing land (Birr/ha) 507 507 

Human labour (Birr/man-day) 26 57 

Oxen labour 60 60 

Source: model estimation 

Table 7 shows that the marginal va lue productivity of land increases by more than double from 

5499 in the base plan to 156 11 in the improved one. Th is is because farmers who practice 

irrigation allocate almost half of their holdings for Onion cu ltivation which is a highl y productive 

cash crop. When we come to grazing land, an individual farmer on average can rent a hectare of 

grazing land for 507 Eth birr annuall y. The marginal value product ivity of oxen doesn't show any 

change and it is not that much higher. Th is is because rental of oxen is not common practice in 

the area. When we come labour productivity, taking a household having 3 fam il y members ab le 

. • 
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to work and 209 working days on average it is possible to get a farm income of Eth Birr 26 per 

day in the base plan and 57 in the improved plan. This indicates that taking utilization of the 

major resources land and labour in to considerat ion, the improved farm ing system gives a better 

result for farm households. 

4.3.3 Land use 

Table 8: model est imated values of land use (in hectare) 

Crop Base plan Improved plan 

Teff 0.050 0.057 

Rice 0.973 0.152 

Chickpea 0.02 0.034 

Maize 0.122 0.092 

Vetch 0.034 0.029 

Barley 0.017 0.01 7 

Finger millet 0.08 0.074 

Onion - 0.844 

Source: model estllnatIOn 

Table 8 above shows how land is allocated among crops for both the base and improved plans. In 

the base plan more land is allocated for Rice followed by Maize and Finger millet. These three 

crops are highly suitable for and productive in flood recession zones. The model result also 

shows that Rice is a major source of income for farmers engaged in flood recession farming. 

More land is allocated for Onion (a major cash crop) followed by Rice and Maize in the 

improved plan. 
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When we look at the an nual income of farm households in selected Kebeles of Fogera Woreda, it 

is much higher than other Woredas in the region and it is also higher than an average 

representative household in Ethiopia. This is due to high productivity of Rice and Onion in the 

Woreda. 

4.5.Sensitivity Analysis 

The linear programming model assumes a linear input-output relation with no variability how 

ever many of the coefficients used in the model are in reality subject to variation. Sensitivity 

analysis involves changes to model coefficients with in reasonable bounds of the original estimate 

and is often used to determine if the resu lt of representative plans will be affected. It is possible 

to assess the stability of the objective values and cropping patterns in both scenarios. Since the 

price of inputs like fertilizer and improved seeds are assigned by the government (kassie and 

Holden, 2005), change in the out put price of major crops is used as a tool for sensitivity analysis . 

Since Rice is the major crop m the Woreda its prIce change was taken to look at income 

sensitivity. A 50% reduction in the price of Rice decreases the income of the base plan by 56% 

(from birr 5557 to birr 2452). The effect of Rice price change in household 's income (by %) is 

li sted in the table below. 
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Table 9: percentage reduction in price of Rice and its impact on income of the base plan 

scenario % Price reduct ion in Rice and reduction on income 

10% 25% 30% 50% 

Base plan 5557 to 4919 5557 to 399 1 5557 to 3683 5557 to 2452 

(11.5%) (28%) (34%) (56%) 

Improved plan No effect No effect No effect No effect 

For instance a 25% price reduction will bring 28% reduction in annua l income of the household 

in the base plan rather the same price reduction will bring no change in the annual income of the 

same household practicing irrigation. Th is is because Rice is not an irrigation crop rather Onion 

is a major irrigation crop. But it was not possible to take Onion price to measure the sensitivity 

analys is for both scenarios since it is not produced using flood recession zone. Therefore Rice, 

which is highl y produced with rain , which is common for both plans, is taken as an alternative. 

If we take Onion price reduction to look at its effect on income of the improved plan we wi ll get 

the following results 

. Table 10: Percentage reduction in Onion price and its im pact on income of the improved plan 

Scenario % Price reduction in Onion and % reduction on income 

10% 25% 30% 50% 

Base plan No effect No effect No effect No effect 

Improved I 1893 to 10428 11893 to 8235 11893 to 7506 I 1893 to 4588 

plan ( 12.3%) (3 1%) (37%) (6 1%) 

Tab le 10 shows that a price reduction in Onion has a significant effect on the income of a 

household engaged in irri gation practicing. For instance a 10% price reduction brings a 12.3% 

. • 
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(1465 Eth Birr) reduction in the income of the household. And the reduction in income gets hi gh 

when the price decreases more (there will be a reduction of 61 % on income with a 50% reduction 

on Onion price). 

In general the same percentage price change will bring significant change in the income of the 

improved plan than that of the base. This may be because the improved plan is mainly focus on 

cash crops while the base plan focus on consumption crops and sell is available if there is excess 

production from consumption. However price sens itivity of Onion may affect the living condition 

of households. Therefore farmers should form cooperatives which find market for their product, 

gather information market conditions and create a link with other cooperatives for information 

exchange. 
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5. SUMMARY, CONCLUSION AND POLICY RECOMMENDATIONS 

5.1. SUMMARY AND CONCLUSION 

The water level of Lake Tana is characteri zed by seasonal fluctuations attributed to the increase 

in inflows during rainy season and reduction during dry season respectively. When the level 

increases in the rainy season and to some extent due to the regulat ion weir (Chara Chara dam), 

part of Bahir Dar Zuria, Denbia, Fogera and Libokemkem Woredas are affected by seasonal 

flood ing. The rise of the level brought about inundation of cropped area, grazing lands, 

res idential area, access roads etc; consequently loss of crops, abandoning of homes, proliferation 

of incidents of malarias etc became the cycl ic problems affecting the area. Despite these damage, 

fanners who li ve around the Lake get the opportunity to produce various crops (especial ly crops 

which need much water, li ke Rice) us ing either the outflow water from the lake or the flood from 

tributary rivers. After the rainy season passes the flood will reduce gradually and the land will 

have abundant water, which is convenient for farm ing actives. 

The main focus of the study was on assessing the benefit/income contribution of irrigation 

farming in comparison with fl ood recession farm ing in Fogera Woreda of South Gondar Zone. 

Various literatures also revised to look at country experi ences in flood as well as irrigation 

fa nning practice. 

Us ing a household data from selected kebeles of the Woreda, a linear programming analysis was 

undertaken using GAMS software. The result shows that the benefit from irri gat ion outweighs 

the benefi t from that of fl ood recess ion farming Rice and Onion being the major income 

generating crops for flood and irrigation fa rming systems respectively. Even though irrigat ion 

gives the higher income for fa rmers, it needs more labour, water ava ilab ility and improved in puts 
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than the fl ood and rain-fed fanning systems. High water use for irrigation may have a negative 

impact on streams, lakes and rivers which are mainly used in the community as a drinkin g water 

for both people and livestock. 

In general, an intervention to wards irrigation practic ing which takes water, labour, land and 

improved inputs availability in to consideration will result in improving living condition of the 

community in add ition to avoiding fl ood disaster in the woreda. 

51 



5.2. POLICY RECOMMENDATIONS 

The flood zone has many advantages such as it is a home of the various flora-fauna and unique 

endemic species of fish, an important bird nesting and sanctuary area, it supports different 

livelihoods of indigenous people. Papyrus about 4 m tall and an essential for making the local 

reed boats called 'tankwas' and used for matting, fencing and roofing, is found in the shorelines 

of lake Tana. Currently the marshes are decrease in extent due to drainage and the recent 

expansion of seasonal cultivation and irrigation practicing. 

Therefore the researcher believes that before going to the implementation of irrigation farming 

via dam construct ion, it is recommended: 

• To undertake a conscious overall socio economic study in the area which wi ll help to 

avoid unnecessary complains from the community who are supposed to be beneficiaries 

of the system during the time of implementation. For instance there were complains 

during 1998 flooding from peasant associations around Lake Tana which were safe before 

the construction of Chara Chara dam (weir). Mismanagement of the Chara Chara flow 

regulation weir gates was one reason for the overflow. These gates were not fully opened 

in 1996 while the problem was severe. Therefore people working in the operation should 

be familiar with reservo ir operation and should have information access on changes of the 

water level. 

• The study shows that irrigation farming needs more labour time (more than double of that 

of rain-fed and flood recession farming), improved inputs like seed, fertilizer and 

pesticides and technical ski ll s. Therefore to make irrigation more effective, easi ly 

availability of these resources is a condition. 

52 



• To have the updated environmental condition such as current status of river flows, the 

annual mean rainfall and temperature which is necessary to calculate the rivers inflow 

and outflow condition before planning for further use. 

• To assess the existing activities around the supposed to be irrigated areas which will 

help to compare benefits and costs of the existing and planned activities 

• To form fanners' cooperatives which can work on market assessment and which can 

create a link with other cooperatives and gather information in market conditions. In 

addition these cooperatives also work with agricultural bureaus on what to do for better 

productivity and on how to disseminate agricultural inputs. 
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Annexes 

Annex I 

Average Crop and fertili zer price 

no Product type Price per quintal A verage price 

2004/05 2005/06 

I Teff 234 276 255 

2 Barley 155 163 159 

3 Chickpea 190 210 200 

4 Maize 131 126 129 

5 Rice 203 233 218 

60 F inger mill et 156 171 164 

8 Vetch 152 159 156 

7 Onion 210 246 228 

8 Fertilizer: urea 330 330 330 

Oap 389 389 389 

Source: Fogera Woreda agriculture office 
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Annex 2 

Average livestock price used in the model 

Livestock Selling! purchase Price for the A verage price 

year 

2004/05 2005106 

Ox 900 100 950 

culled ox 600 600 600 

Bu ll 800 800 800 

Cow: improved 200 2500 2250 

Local 
11 00 1200 1150 

Culled cow 600 600 600 

Heifer: improved 1000 1000 1000 

Loca l 
500 600 550 

Donkey 250 300 275 

Hen 10 12 I I 

Cock 13 15 14 

Chicken 9 10 9.50 

Butter 20 28 24 

Source: Fogera Woreda agri cul ture office 
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Annex 3 

Grain and straw yield kglha 

N Crop Crop yield (kg/ha) straw yield (kg/ha) 

0 Without fertilizer With fertilizer without fertilizer With fertilizer 

Irrigation flood ram Irrigation Flood Rain irrigation Flood Rain irrigation flood rain 

I Teff 945 1073 796 NA NA NA 851 1066 717 NA NA NA 

2 Maize 2210 1726 1729 2292 1679 1492 1349 NA NA 1738 

Finger 

3 millet NA NA 1531 NA NA 1669 NA NA 4179 NA NA 4556 

4 Rice 2446 3298 3308 446 1 NA NA NA 

5 Vetch 1018 866 873 NA NA NA 777 906 NA NA NA 

chick 

6 pea 914 1686 973 NA NA NA 813 866 NA NA NA 

7 Barley NA NA 2061 NA NA NA NA NA 3908 NA NA NA 

8 Onion 7080 

Source: own data computation 
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Annex 4 

Rice producing regions in Eth iopia and product ivity per hectare in 2006 

No. Region Size (ha) Production Productivity No. of 

(tons) (tons/ha) farmers 

I Amhara 15392 554, 11 2 3.6 46228 

2 Oromia 886 23,922 2.7 3504 

3 Somali 28 1,456 5.2 150 

4 SouthlSNNP 2423.5 46,046 1.9 4863 

5 Gambe ll a 80 3,840 4.8 160 

6 Total 18781.5 629,376 3.4 54830 

In Source: Sassakawa Global 2000 4 quarter report, 2006 
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Annex 5: 

Woredas affected by flood in 1998 

woreda Affected people Flooded agricu ltural 

Family heads Family Total land (ha) 

Fogera 6618 27370 33988 4934 

Libokemkem 5261 4377 

Denbia 5057 22472 27529 7433 

Achefer 80 320 400 47 

Total 1701 6 50 162 61917 1679 1 

Source: Adugna Belachew and Solomon Chene (2000) 
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Annex 6 

A questionnaire prepared to under take a study on Flood Recession Agriculture and 

Irrigation practicing in selected Kebeles of Fogera Woreda in South Gonder Zone 

Amhara regional State 

This is an academ ic paper from Addis Ababa University School of Graduate Studies Department 

of Economics for the Partial fulfillment of MSc in Economics. The purpose of the questionnaire 

is used to look at the income effect of irrigation practicing in comparison with flood recession 

agriculture and the traditional rain-fed farming. 

Your responses are confidential (won ' t be passed to third parties) and wilinot be associated with 

your name. Thank you in advance for your cooperation. 

1. Enumerator's name _______ _ 

2. Date of data coliection ______ _ 
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I. Background Information 

I. Household head's name(don't force she/he to mention) _____ _ 

2. Respondent' s name(different from fam il y head) _______ _ 

3. Household address 

Woreda Kebele vill age 

4. Househo ld 's religion 

5. Own cultivated land( use local units) , ________ ,(check with table one) 

6. Rent in cu ltivated land(use local units) _______ (check with table one) 

7. How many own plots do you have? 

8. How many rented in plots do you have? 

9. Own grazing land holding(use local un its) 
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Part one: Agriculture 

Chapter one: agricultural land use 

Tab le I: Input-output tab le for the last harvesting season 

Plot Plot Plot status Plot Soi l Type of Crop Seed use (kg) Fertilizer Other input Mnaure Total Amount Product 

no location l.owned size(ha) type farming type use(kg) use (pesticide, (kg) produced Paid for net of rent 

"- name 2. rented in 1. rain-fed Impro local urea dap herbicide) ( gt) rent (gt) (gl) 

3 .rented Qut 2. recession ved (ETB) 

3. irrigation 

"-
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Chapter two: Labour Utilization 

T his part will be used for each plot and crop produced in the last cropping season on activity bas is. The plot number and name should 

be in the order of tab le one. Labour utilization will be measured on man labour days worked for each individual. 

Table 2 

Plot Plot Crop Ploughing Weeding Harvesting Threshing 

no locatio type Own Other Total Own Other Total Own Other Total Own Other Total 

n name fami ly familiy family fami liy family family family fam iliy 

labour labour labour labour labour labour labour labour 

no d no d no d no d no d no d no day no day no d no d no d no 

a a a a a a a a a 

y y y y y y y y y 
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Chapter 3: crop production and use 

Table 3: crop produced in the last cropping season (2005/06) and amount used (for each co lu mn) 

w ill be li sted in thi s tab le 

Crop types Amount Amount Amount reta ined Average annual consumption 

produced so ld for seed (qu intal) (quintal) for the last 5 years 

(quintal) ) (qui ntal) 

Rice 

Teff 

Wheat 

Chickpea 

On ion 

Maize 

Finger mill et 

Vetch 

tomato 

nOll g 
/ I, 

lent il ~ ~~ .... 
Emmer w heat ~~ ''?M 1<?~ 

~~? 
pepper " ~:: i'if .. ~q(,~ • ~./):~ ~>, 
Barley ~~~~./ 
Others spec i fy " / 
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Chapter 4: Crop Residue 

Table 4: Crop residues households got wi ll be listed in this table 

Benefit Type Unit Amount Remark 

fuel dun g 

Animal feed Grass 

Straw: Teff 

Rice 

Finger millet 

Barley 

Vetch 

Maize 

Chick pea 

Others spec ify 

Soi l fertility manure 

Others 
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Chapter 5: Annual consumption expenditure 

I. How sustainable is production in your loca lity 

a. Al ways enough only for subsistence 

b. There is always extra for sale 

c. Sometimes the family purchased additional food for consumption 

d. Sometimes there is extra for sale 

e. others/ please specify 

2. If your answer for I is 3 fill the table below 

Table 5: Food purchase expenditure 

Type Last years own produced Purchased for consumption 

consumption 

amount unit amount unit Total 

expense(birr) 

Rice 

Teff 

Wheat 

Chickpea 

Onion 

Maize 

Finger mill et 

Vetch 

tomato 

69 



nOll g 

lent il 

Emmer wheat 

pepper 

Barley 

Wheat 

Mi lk 

Butter 

Meat 

Egg 

Tella 

Soft drinks 

Coffee& tea 

Sugar 

Salt 

Food oil 

Pepper& sp ices 

Others specify 
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Chapter 6: Fuel consumption and other miscellaneous expenses 

Does the fami ly pu rchase the fo llowing househo ld consumption items last year? 

Table 6 

Items unit amount Total expenditure 

(in Birr) 

Fuel Charcoal 

consumption Fuel wood 

items Dung 

Kerosene 

Others 

Lightening Match 

Dry cell battery 

Candle 

Lantern 

Others/specify 

Detergents powder soaps (Omo, Arial) 

Soap 

Others/ specify 

An ima l feed Noug cake 

Grass 

Straw 

Others/specify 
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Part two: household wealth, agricultural and non-agricultural income 

Chapter 1: family list and family code 

List family members in the table wi th the following order &code 

A. household head B. wife 

C. chi ldren D. other individuals who live with the fami ly 

Table 7 

no Fami ly code Main responsibi liti es Sex 

I. Male 

2. Female 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

72 

Age 



Chapter two: Livestock holding for' the last two years 

Table 8 

No Type of animal Number Owned 

2004/05 2005/06 

I Oxen 

Steers 

2 Cow: 

2.I.lmproved 

2.2.Local 

3 He ifer: 

3. I.lmproved 

3.2.Local 

4 Donkey 

5 Horse 

6 Mule 

7 Goat 

7.1. doe 

7.2. Ram 

8 Sheep 

8.1. Ewe 

8.2. Ram 

8.3. Lamp 
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9 Hen 

Cock 

Chickens 

10 Beehives: 

9.I.Modern 

9.2. Local 

I 1 Other specify 

Chapter 3: credit 

Do you have taken credit for the last production season? 

A. yes B. no 

If the answer is yes, fill the following table 

Table 9 

Source of credit Credit amount 

In birr In kind 
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Purpose of credit 

1. product expansion 

2. animal rearing 

3. purchase of additional food 

4. purchase of animal food 



C hapter 4 : non farm income 

Does the fam il y have had non farm income in the last production season? 

A. yes B. no 

If yes mention the amount got (in Birr) ______ _ 

Thank you 
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Questionnaire for Kebele Leaders and Development Agents (DAs) 

Amount of households in the Kebele ____ _ 

I. Amount of wage rent(i n Birr) in the Kebele ____ _ 

2. Livestock price( in Birr) for the years 2004/05 and 2005/06 

No Type of an imal Price in Birr Remarks 

2004/05 2005/06 

I Oxen 

Old oxen 

Steers 

2 Cow: 

2. 1.lmproved 

2.2.Local 

2.3 . o ld cow 

3 Heifer: 

3. l.lmproved 

3.2.Loca l 

4 Donkey 

5 Horse 

6 Mu le 

7 Goat 

7.1. doe 

7.2. Ram 
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8 Sheep 

8.1. Ewe 

8.2. Ram 

8.3 . Lamp 

9 Hen 

Cock 

Chicken 

10 Beehives: 

10.I .Modern 

10.2. Local 

II Mil k/litre 

Butter/kg 

Honey/kg 

Egg/number 

12 Other speci fy 
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3 . crop price per qu inta l fo r the years 2004/05 and 2005/06 

no Product type Price per quintal Remark 

2004/05 2005/06 

I Teff 

2 wheat 

3 Barley 

4 peas 

5 bean 

6 lentil 

7 Chickpea 

8 Maize 

9 R ice 

10 Finger millet 

II Emmer wheat 

12 noug 

13 Onion 

14 Vetch 

15 pepper 

16 potato 
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Annex 7 

$Title household level income maximazation model 
* Model crop production using Rain and Irrigation 
* life sapn of cow 15 years & o x 8 years 

SET I CONSTRAINTS 

V ACTIVITIES 

R 

R 

/CLAND 
CPASTLAND 
LABI 
LAB2 
LAB3 
LAB4 
LABS 
LAB6 
OXDI 
OXD2 
OXD3 
CREDIT 
WCAP 

/TEFRWO 
TEFSB 
TEFC 
TEFS 
MAIZIWO 
MAIZRWO 
MAIZRW 
MAIZSB 
MAIZC 
MAIZS 
MAIZSD 
VEIWO 
VERWO 
VESB 
VEC 
VES 
RIRWO 
RISB 
RIC 
RIS 
BARLRWO 
BARLSB 
BARLC 
BARLS 
FMRWO 
FMRW 

FMSB 
FMC 
FMS 
CPIWO 

CPRWO 
CPSB 
CPC 
CPS 
ONIWO 
ONSB 
ONC 
ONS 
ONSD 
DMP 
DMINTAKE 

CROP LAND 
COMMUNAL PASTURE LAND 
LABOUR PLOUGH ONE 
LABOUR PLOUGH TWO 
LABOUR PLOUGH THREE 
LABOUR WEEDING 
LABOUR HARVESTIN 
LABOUR THRESHING 
LABOUR OXEN ONE 
LABOUR OXEN TWO 
LABOUR OXEN THREE 
CREDIT 
WORKING CAPITAL/ 

TEFF PRODUCTION RAIN NO FERTILI ZER 
TEFF SUBSISTENCE 
TEFF CONSUMPTION 
TEFF SALE 
MAIZE PRODUCTION IRRIGATION NO FERTILIZER 
MAIZE PRODUCTION RAIN NO FERTILIZER 
MAIZE PRODUCTION RAIN WITH FERTILIZER 
MAIZE SUBSISTENCE 
MAIZE CONSUMPTION 
MAIZE SALE 
MAIZE SEED 
VETCH PRODUCTION IRRIGATION NO FERTILiZER 
VETCH PRODUCTION RAIN NO FERTILIZER 
VETCH SUBSISTENCE 
VETCH CONSUMPTION 
VETCH SALE 
RICE PRODUCTION RAIN NO FERTILIZER 
RICE SUBSISTENCE 
RICE CONSUMPTION 
RICE SALE 
BARLEY PRODUCTION RAIN NO FERTILIZER 
BARLEY SUBSISTENCE 
BARLEY CONSUMPTION 
BARLEY SALE 
FINGER MILLET PRODUCTION RAIN NO FERTILIZER 
FINGER MILLET PRODUCTION RAIN WITH FERTILIZE" 

FINGER MILLET SUBSISTENCE 
FINGER MILLET CONSUMPTION 
FINGER MILLET SALE 
CHICK PEA PRODUCTION IRRIGATION NO FERTILIZE" 

CHICK PEA PRODUCTION RAIN NO FERTILIZER 
CHICK PEA SUBSISTENCE 
CHICK PEA CONSUMPTION 
CHICK PEA SALE 
ONION PRODUCTION IRRIGATION NO FERTILIZER 
ONION SUBSISTENCE 
ONION CONSUMPTION 
ONION SALE 
ONION SEED 
DRY MATTER PRODUCTION 
DRY MATTER INTAKE 



DMSB 
DMS 
CGPASTP 
DUNP 
DUNSB 
DUNC 
DUNS 
LCOWMP 
LCOW 
LBUTP 
MILKS B 
MILKC 
BUTS 
LOX 
DONNK 
LHEFR 
LHEFS 
LCOWR 
LCOWS 
LCUCOWS 
LBULLR 
LBULLS 
LOXR 
LOXS 
CUOXS 
BOWR 

DRY MATTER SU BSISTENCE 
DRY MATTER SALE 
COMI~UNAL GRAZING PASTURE PRODUCTION 
DU NG PRODUCTION 
DUNG SUBSISTENCE 
DUNG CONSUMPTION 
DUNG SALE 
LOCAL COW MILK PRODUCTION 
LOCAL COW CALF KEEPING 
LOCAL COW BUTTER PRODUCTION 
MILK SUBSISTENCE 
MILK CONSUMPTION 
BUTTER SALE 
LOCALL OX KEEPING 
PAC K ANIMAL KEEPING 
LOCAL HEIFER REPLACEMENT 
LOCAL HEIFER SALE 
LOCAL COW REPLACEMENT 
LOCAL COW SALE 
LOCAL CULLED COW SALE 
LOCAL BULL REPLACEMENT 
LOCAL BULL SALE 
LOCAL OX REPLACEMENT 
LOCAL OX SALE 
CULLED OXEN SALE 
BORROWING / 

Cl(V) CROPS /TEFRWO , MAIZIWO,MAIZRWO,MAIZ RW, 
RIRWO , CPIWO,CPRWO,BARLRWO, 
VEIWO , VERWO,FMRWO,FMRW,ONIWO/ 

C2 (V) COMMUNAL GRAZING PASTURE PRODUCTION /CGPASTP/ 
C3 (V) LOCAL COW CALF KEEPING /LCOW/ 
C4 (V) PACK ANIMAL KEEPING /DONNK/ 
C5 (V) LOCAL OX KEEPING /LQX/ 
C6 (V) MILK CONSUMPTION /~ILKC/ 

C7 (V) TEFF CONSUMPTION /TEFC/ 
C8 (V) BARLEY CONSUMPTION /BARLC/ 
C9 (V) MAIZE CONSUMPTION /MAIZC/ 
C10(V) VETCH CONSUMPTION /VEC/ 

C11 (V) RICE CONSUMPTION /RIC/ 
Cl2 (V) CHIECK PEAS CONSUMPTION /CPC/ 
C13 (V) FINGER MILLET CONSUMPTION /FMC/ 
C14 (V) DUNG CONSUMPTION /DUNC/ 
Cl5 (V) DRY MATTER INTAKE /DMnTAKE/ ; 

ALIAS (I , IP); ALIAS (V , VP) 

SCALARS 

CLAND TOTAL CROP LANDAREA /1 . 3/ 
CPLAND COMMUNAL PASTURE /0 . 7/ 
TEFSB TEF SUBSISTENCE /54/ 
BARLSB BARLEY SUBSISTENCE /36/ 
MAIZSB MAIZE SUBSISTENCE /210/ 
CPS B CHICEKC PEAS SUBSISTENCE /33/ 
VESB VETCH SUBSISTENCE /30/ 
RISB RICE SUBSISTENCE /502/ 
FMSB FINGER MILLET SUBSISTENCE /123/ 
MILKSB MILK SUBSISTENCE /152 . 1/ 
DUNC DUNG CONSUMPTION /1034/ 



DMSB DRY MATTER SUBSISTENCE 
DONKNO PACK ANIMAL NUMBER 
LCOWNO LOCAL COW NUMBER 
LOX NO LOCAL OX NUMBER 

PARAMETERS 

B1 (I) RESOURCE SUPPLY 

/ LAB1 588 
LAB2 777 
LAB3 819 
LAB4 798 
LABS 693 
LAB6 714 
OXD1 196 
OXD2 259 
OXD3 273 
WCAP 2405/ 

B2(V) TEFF PRODUCTION KG PER HA 

/ TEFRWO 796 
TEFS -1/ 

B3 (V) ONION YIELD (KG PER HA) 
/ ONIWO 7080 

ONSD + 1 
ONS -1 / 

/894 2 / 

B4(V) MIAZE GRAIN YIELD (KG PER HA) 
/ MAIZIWO 2210 

MAl ZRWO 1729 
MAIZRW 2292 
MAIZSD +1 
MAIZS -1 / 

B5(V) BARLEY GRAIN YIELD (KG PER HA) 
/ BARLRWO 2061 

BARLS -1 / 

B6(V) VETCH GRAIN YIELD (KG PER HA) 
/ VEIWO 1018 

VERWO 873 
VES - 1 / 

B7(V) RICE GRAIN YIELD(KG PER HA) 
/ RIRWO 3298 

RIS -1 / 

B9(V) CHECK PEA GRAIN YIELD(KG PER HA ) 
/ CPI WO 914 

CPRWO 973 
CPS -1/ 

Il/ 
/2/ 
/2/ ; 

B10(V) FINGER MILLET GRAIN YIELD (KG PER HA) 
/ FMRWO 15 31 

FMRW 
FMS 

1669 
-1/ 



B11 (V) DRY MATTER PRODUCTI ON AND I NTAKE IN KG PER HA 
I TEFRWO 717 

CPIWO 813 
CPRWO 866 
MAIZIWO 1679 
MAIZRWO 1349 
MAIZRW 1738 
FMRWO 4179 
FMRW 4556 
BARLRWO 5569 
VEIWO 777 
VERWO 906 
RIIWO 514 6 
RIRWO 4461 
CGPASTP 1014 
DMS -1 
DMP +1 I 

B12(V) AVIABLE MILK PRODUCTION (LITTER) 

I LCOW 225 
LBUTP -1 I 

B13(V) LOCAL COW BUTTER PRODUCTION(KG PER LITTER) 

ILBUTP 0 . 04 
BUTS -1 1 

B14(V) DUNG PRODUCTION (KG PER ANIMALS) 

1 LCOW 440 
LOX 429 
DONNK 369 
DUNS - 1 
DUNP +11 

B15(V) LOCAL COW REPLACEMENT 

ILCOW 
LHE FR 

-0 . 067 
1 1 

B16(V) LOCAL HIEFER BALANCE (FEMALE OFFSPRING FOR REPLACMENT) 
1 LCOW 0 . 067 

LHEFR 
B17 (V) 
1 LCOW 

LHEFS 

-1 1 
AVILABLE LOCAL 

0 . 1205 
-1 1 

HIEFER SURPLUS FOR SALE 

B18(V) AVILABLE LOCAL COW CULLED SALE 
1 LCOW 0 . 067 

LCUCOWS -1 1 
B19(V) LOCAL OX REPLACEMENT 
1 LCOWR 0 . 125 

LBU LLR - 11 
B20(V) LOCAL BULL BALANCE (MALE OFFSPRING FOR REPLACMENT) 

ILCOW - 0 . 125 
LBULLR 1 I 

B21(V) AVILABLE 
ILCOW 

LBULLS 
B22 (V) AVILABLE 
1 LOX 0.125 

CUOX S -11 

SURPLUS LOCAL BULL SALE 
0 . 0625 
- 11 
CULLED OXEN SALE 

D(V) ENTERPRIS E COS T AND RETURN 

1 MAIZRW - 530 , MAIZSD -170 , FMRW -413 , 
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TEFS 2 . 55 , VES 1.55,CPS 2 . 00, BARLS 1.60,RIS 2.20, 
FMS 1 . 65 , MAIZS 1 . 30,BUTS 24 , CUOXS 600, 
LBULLS 800 , LHEFS 600 ,LCUCOWS 600 , BOWR -1.53 , 
LCOW - 5 ,LOX - 15 , OMS 0.50 , OMP - 0 . 40/ ; 

PARAMETER 

BUT IV) BUTTER CONVERSION ; 

BUT IV) B12 IV) *B13 IV) ; 

TABLE E II , V) RESOURCE USE 

TEFRWO BARLRWO VERWO VEIWO 
LAB1 56 14 70 63 
LAB2 28 3 . 5 14 14 
LAB3 21 3 . 5 7 7 
LAB4 2 6 35 42 35 
LABS 15 28 15 17 
LAB6 64 21 56 16 
OXD1 21 14 7 4 
OXD2 35 25 0 0 
OXD3 30 28 3 4 
WCAP 0 0 0 0 

+ MAIZIWO MAIZRWO MAIZRW RIRWO BOWR 
LAB1 120 72 68 79 
LAB2 25 10 30 39 
LAB3 27 26 38 40 
LAB4 187 287 460 782 
LABS 123 117 184 228 
LAB6 124 116 123 114 
OXD1 25 20 20 25 
OXD2 14 10 10 15 
OXD3 7 4 4 10 
WCAP 0 0 521 0 -1 
CREDIT +1 

+ FMRWO FMRW CPIWO CPRWO ONIWO 
LAB1 11 108 32 46 193 
LAB2 5 55 15 2 3 90 
LAB3 5 50 16 20 100 
LAB4 63 175 14 1 4 431 
LABS 35 182 9 91 479 
LAB6 35 23 49 42 0 
OX01 11 54 16 23 100 
OX02 5 7 11 0 
OX03 5 25 8 7 50 
WCAP 0 413 0 0 0 

VARIABLES 

XIV) FARM ACTIVITIES 

Z TOTAL INCOME IN BIRR; 

POSITIVE VARIABLE X; 
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EQUATIONS 

INCOME DEFINE OBJECTIVE FUNCTION 

SUPPLY(I) 
QCLAND 
QCPASTL 
QLCOWNO 
QLOXNO 
QDONKNO 
QTEFP 
QMAIZP 
QBARLP 
QVEP 
QRIP 
QFMP 
QCPP 
QONP 
QDMP 
QLCOWMP 
QLBUTP 
QDUNP 
QTEFC 
QFMC 
QMAIZC 
QBARLC 
QVEC 
QCPC 
QRIC 
QMILKC 
QDMC 
QDUNC 
QLHEFR 
QLHEFS 
QLCOWR 
QLCUCOWS 
QLBULLR 
QLBULLS 
QLOXR 
QCUOX 

OBSERVE RESTRICTION ON INPUTS 
OBSERVE RESTRICTION ON CROP LAND 
OBSERVE RESTRICTION ON COMMUNAL PASTURE LAND 
OBSERVE RESTRICTION ON LOCAL COW NUMBER 
OBSERVE RESTRICTION ON LOCAL OXEN NUMBER 
OBSREVE RESTRICTION ON PACK ANIMALS 
OBSERVE RESTRICTION ON TEFF PRODUCTION 
OBSERVE RESTRICTION ON MAIZE PRODUCTION 
OBSERVE RESTRICTION ON BARLEY PRODUCTION 
OBSERVE RESTRICTION ON VETCH PRODUCTION 
OBSERVE RESTRICTION ON RICE PRODUCTION 
OBSERVE RESTRICTION ON FINGER MILLET PRODUCTION 
OBSERVE RESTRICTION ON CHICEK PEA PRODUCTION 
OBSERVE RESTRICTION ON ONION PRODUCTION 
OBSERVE RESTRICTION ON DRY MATTER PRODUCTION 
OBSERVE RESTRICTION ON LOCAL COW MILK PRODUCTION 
OBSERVE RESTRICTION ON LOCAL COW BUTTER PRODUCTION 
OBSERVE RESTRICTION ON DUNG PRODUCTION 
OBSERVE RESTRICTION ON TEF CONSUMPTION 
OBSERVE RESTRICTION ON FINGER MILLET CONSUMPTION 
OBSERVE RESTRICTION ON MAIZE CONSUMPTION 
OBSERVE RESTRICTION ON BARLEY CONSUMPTION 
OBSERVE RESTRICTION ON VETCH CONSUMPTION 
OBSERVE RESTRICTION ON CHICEK PEAS CONSUMPTION 
OBSERVE RESTRICTION ON RICE CONSUMPTION 
OBSERVE RESTRICTION ON MILK CONSUMPTION 
OBSERVE RESTRICTION ON DRY MATTER CONSUMPTION 
OBSERVE RESTRTCTION ON DUNG CONSUMPTION 
OBSERVE RESTRICTION ON LOCAL HEIFER REPLACEMENT 
OBSERVE RESTRICTION ON LOCAL HEIFER SALE 
OBSERVE RESTRICTION ON LOCAL COW REPLACEMENT 
OBSERVE RESTRICTION ON CULLED COW SALE 
OBSERVE RESTRICTION ON LOCAL BULL REPLACEMENT 
OBSERVE RESTRICTION ON LOCAL BULL SALE 
OBSERVE RESTRICTION ON LOCAL OXEN REPLACEMENT 
OBSERVE RESTRICTION ON CULLED OXEN 

INCOME .. SUM ((V) , D(V)* X(V)) ~E~Z ; 

SUPPLY (I) . . SUM (V, E (I, V) *X (V) ) ~L~Bl (I) ; 

QCLAND .. SUM (V$Cl(V), X( V)) ~L~ CLAND ; 
QCPASTL .. sUM (V$C2(V) , X(V))~L~CPLAND; 

QLCOWNO .. SUM (V$C3(V), XIV)) ~E~LCOWNO 

QDONKNO .. SUM (V$C4(V) , XIV)) ~E~DONKNO; 

QLOXNO .. SUM (V$C5(V), XIV)) ~E~LOXNO; 

QMILKC .. SUM (V$C6(V), XIV)) ~G~ 0 ; 
QTEFC .. SUM (V$C7(V) , XIV) ) ~G~ 0; 
QBARLC . . SUM IV$C8(V) , XIV)) ~G~ 0 ; 
QMAIZC .. SUM (V$C9(V), XIV)) ~G~ 0 ; 
QVEC . . SUM (V$C10(V), XIV )) ~G~ 0 ; 
QRIC .. SUM (V$Cll(V), XIV)) ~G~ 0 ; 
QCPC .. SUM (V$C12(V) , XIV)) ~G~ 0; 
QFMC .. SUM (V$C13(V) , XIV)) ~G~ 0; 
QDUNC . . SUM (V$C14(V), X(V)) ~G~ 0 ; 
QDMC .. SUM(V$C1S(V) , XIV )) ~G~ 0; 
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QTEFP .. SUM (V , B2(V)*X(V)) ~G~ TEFSB ; 
QONP . . SUM(V, B3 (V)*X(V)) ~G~ ONSB ; 
QMAIZP .. SUM(V, B4 (V)*X(V)) ~G~ MAIZSB ; 
QBARL P . . SUM (V, B5 (V ) *X( V)) ~G~ BARLSB; 
QVEP .. SUM (V , B6(V)*X(V)) ~G~ VESB; 
QRIP . . SUM (V , B7(V)*X(V)) ~ G~ RISB ; 
QCPP . . SUM (V,B9(V)*X(V)) ~G~ CPSB; 
QFMP . . SUM (V,BIO(V)*X(V)) ~G~ FMSB; 
QDMP .. SUM (V , Bll(V)*X(V)) ~G~DMSB ; 

QLCOWMP .. SUM (V , B12(V) *X(V))~G~ MILKSB ; 
QIBUTP .. SUM (V, B13(V)*X(V)) ~G~ 0 ; 
QDUNP . . SUM (V, B14(V)*X(V)) ~G~ DUNC; 
QLCOWR .. SUM (V , B15(V)*X(V)) ~G~O ; 

QLHEFR . . SUM (V , B16(V)*X(V)) ~G~ 0 ; 
QLHEFS .. SUM (V, B17(V)*X(V)) ~G~O; 

QLCUCOWS . . SUM (V, B18(V)*X(V)) ~G~O ; 

QLOXR .. SUM (V , B19(V)* X(V)) ~G~O ; 

QCUOX .. SUM (V, B22(V)*X(V)) ~G~O ; 

QLBULLR . . SUM (V, B20(V)*X(V)) ~G~ O ; 

QLBULLS .. SUM (V , B21(V)*X(V)) ~G~O ; 

MODEL cropping IALL/ ; 

SOLVE cropping USING LP MAXIMIZING Z; 

DISPLAY X. L, X. M; 
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