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Abstract

Although the achievements of irrigation in ensuring food security and improving rural
welfare have been impressive, the practice had encountered a number of problems and
failures of irrigated agriculture in relation to its high water consumption and other
environmental concerns. This study has investigated the impacts of alternative water
policy scenarios on sustainability of irrigation developmentby applying a PMP simulation
model in two modern irrigation schemes of Lake Tana Basin, Ethiopia. According to the
simulation model, implementation of each alternative water policy scenario may result in
reduction of total cultivated land in both irrigation schemes. In general, implementation
of alternative water policy scenarios may lead to deterioration of the economic (i.e.
reduction of private income) and social (i.e. reduction of rural labor demand) roles of
irrigated agriculture in the study area, while, at the same time, it will improve the
environmental sustainability of irrigated agriculture (a reduction of negative externalities
such as consumption of irrigation water and release of agrochemicals such as fertilizers
and pesticides).Although measuring the overall impacts of alternative policies requires
composite indicators of sustainability, the results of this study suggested that, in general,
relatively lower water price levels are conducive to meet the environmental requirements
with less economic and social impacts, and will result in a more sustainable irrigation
development if they are complementarily applied with restricted water supply levels.
Furthermore, the results suggested that water policies should be designed in such a way
that they are able to address a specific objective(s) of water resource management. The
results of this study can be useful as they will enable policy makers to reflect on the
design and implementation of policies that affect the sustainability of irrigated
agriculture. The results of this analysis may also be relevant in improving the existing
water policy at national level
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1. Introduction

Although the achievements of irrigation in ensurifogpd security and
improving rural welfare have been impressive, pagierience indicates
problems and failures of irrigated agriculture lat®n to its high water
consumption andother environmental concerns(Kast@hs 2010, Ward,
2007). The marked reduction in annual dischargsomhe of the major
rivers has been attributed, in part, to the largeewdepletion caused by
irrigated agriculture. In some basins, excessiverdion of river water for
irrigation has brought environmental and ecologicdisasters to
downstream areas (@hial., 2001). Furthermore, many of the water
quality problems have also been attributed to estees use of
agrochemicals in irrigated agriculture.

There is no question that the demand for wateruresowill increase
significantly in the years to come mainly due topplation growth,

economic growth and climate change and hence, wsaggcity is expected
to be a major concern worldwide as we progress tihé 21st century
(Zugravu and Turek, 2010; ADB/ADF, 2000). The grogiscarcity and
competition for water, in quantity, quality and #&bon threatens the
sustainability of economic development in many dgwag countries and

thus, poverty will remain persistent problem inlsgountries.

The agricultural sector in Ethiopia is highly degent on unreliable and
erratic distribution of rainfall which has persistly affected agricultural
production and economic growth. The country is, &osv, endowed with
comparatively huge water resource potential hatidgnajor river basins
with an annual runoff volume of 122 billion®rof water and an estimated
2.6 billion nfof ground water potential (Awulachetal., 2010 and World



3Fikremariam, Jemma, Mengistu and Belaineh

Bank, 2006).The country has an estimated 3.6 millia of irrigable land
out of which very small proportion is developed (MED, 2006).As a
result, irrigation development has been identifeesl one of the core
strategies aimed to de-link economic performanemfthe existing nature

of erratic rainfall and bring sustainable developime

Owing to its huge water resource potential fogation development, Lake
Tana Basin is identified as a region of agricultwl@avelopment toenhance
commercialization and diversification of agriculilirproduction (Heide,

2012). However, an important challenge in water agg@ment is to satisfy
growing human demands for water while protecting dlquatic ecosystems
upon which economies and life depend.

Despite, its huge economic, social and environnhéntportance with a
rich biodiversity, the lake and its surroundingaaege facing very serious
threats of environmental and social crises as altres irrigation and
hydropower developments around the lake area. fidreased demand for
water resource resulted in huge impacts on the figes, water quality,
fish populations, livelihoods in the downstreamaareand aquatic plant

communities.

Effective water resources development is widelyogeized as crucial for
sustainable economic growth and poverty reductiodeiveloping countries
(World Bank, 2004). Maintaining current irrigatignactices will, therefore,
put Lake Tana basin and the Lake itself at tremasdsk. Environmental
problems associated with irrigation development @eeping with slow-
onset, low-grade, but cumulative (Glantz, 1999) @nwill take longer to

reverse the changes if not impossible. Therefore,pttesent status of poor



JAD 4(2) 2014 Impacts of Alternative WaRalicy4

water resource management in LTB is in need of nirgelution which

relies on theprovision of appropriate water poligjis in turn requires a
better understanding of the possible impacts ddriaéditive water policy
scenarios on the sustainability of irrigated adtume.However, there is lack
of research in Ethiopia and many other developiogntries onthis issue.
This study is,therefore, aimed at investigating tmpacts of alternative
water policy scenarios on sustainability of irrigat development in Lake
Tana Basin, Ethiopia.

2. Methodology
2.1. Study Area

The study was conducted in Lake Tana Basin irrtjaagriculture in

Northwestern part of Ethiopia. The basin is gephieally located between
10°58'-12°47 N latitudes and 36°45°-38°14 E lordfst The climate of
Lake Tana basin is ‘tropical highland monsoon’ witlean annual rainfall
of the catchmentarea is about 1280 mm of which &B0% to 90% occurs
in the rainy season from June to September (Settagn2008).

The total area of the basin is 15,319 square kiterag of which 3150
(about 20%) is the lake area (Conway, 2000). &ke Is fed nearly by 60
water sources and only four major perennial riveesnelyGilgelAbay,

Gumara, Rib, and Megech contribute 93% of the wmflbout 51.3%, of

the Lake Tana Basin is used for agriculture, 29%agsopastoral area
(Seteget al., 2008).

This basin is of critical national significance owgito the huge water
resource potentials for irrigation, hydroelectrmagr, high value crops and

livestock production, ecotourism and others. Ther@n increasing demand
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for irrigation In Lake Tana Basin to cope with thecurrent drought and
increasing food demand of an increasing populaicrordingly,the basin
is selected as a region for agricultural developgmanthe country and
hence,irrigation developments become the focus aitew resource
management (Awulachesval., 2009).

2.2. Data

The data used in this study were collected from tamdern irrigation
schemes of Lake Tana Basismely Koga large scale and Guanta-Lomidur
small scale irrigation schemaesth total command area of 7,000 ha, and 133
ha, respectively. Both primary data and secondary data were usethi®
study. Secondary data concerning irrigation aeisjtnumber of irrigation
user households, yield data, input use, variabktscof crop production
and local crop prices were obtained from offici@cards of local
agricultural offices. A household level survey weeried out in May,
2013 in order to verify the validity of the secongdata and support the
results.Time series climate data were collectednftocal meteorology
stations to calculate the location based crop-watguirement data based
on FAO (2009) using CROPWATS8.0 Software.

2.3. Water Policy Impact Assessment on Sustainability of Irrigated
Agriculture: PMP Modd

The link between farm and policies is becoming easingly important in
the general framework of model-based policy im@awlysis. That is why
farm-level mathematical programming models whigbresent the farmers’
behaviour towards changes in policy have becomiengnrtant and widely
used tool for analyses in agricultural economicsti@oani andSeverini,
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2010). The basic motivation for using programmingdels in agricultural
economic analysis is that these models are basetaciassical economic
theory which perceives economic agents as optigmiZ8uysset al.,

2007).Mathematical programming provides a tool valg@ate simultaneous

policy interventions (Kampasal., 2010).

Among mathematical programming models, Positive hdatatical
Programming (PMP), developed by Howitt (1995), Hasen widely
accepted by many economists as a way of analyhmgxtante impacts of
potential scenarios and policy instruments thatafthe agricultural sector
(Gallego-Ayala and Gomez-Limon, 2011). PMP is ahudtto calibrate
mathematical programming models to observed bebewiaduring a
reference period by using the information provitigdhe dual variables of
the calibration constraints (Howitt, 1995).The PNiethodology provides
the recovery of additional information from obsehagtivity levels in order

to specify a non-linear objective function (Cortagm andSeverini, 2010).

The term "positive" that qualifies this method imegl that, like in
econometrics, the parameters of the non-linear ctibge function are
derived from an economic behaviour assumed to tiened given all the
observed and non-observed conditions that genetiagesbserved activity
levels. The main difference with econometrics &t tAMP does not require
a series of observations to reveal the economiawetr (Henry de Frahan,
2005).

In recent years, PMP has been increasingly usddrin-level economic
analyses. The main advantages of this programmppgoach compared
with its counterparts (such as linear programmiregge an exact

representation of the base situation, lower dajairements and a smoother
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model response to continuous changes in exogeramasnpters when the
model is used for impact analysis (Cortignani aade®ini, 2011).

One of the main shortcomings of positive mathemtigsrogramming
(PMP) is its limited capability to simulate acties non-observed in the
base situation but that could be adopted if thécpacenario changes. To
overcome this difficulty many developments havenbeade in recent years
as an extension of the standard PMP model(e.g. yHeéarFrahan, 2005;
Rohm and Dabbert, 2003,Heckelei and Britz, 2005ti@wani and Severini,
2011). However, these extensions of PMP model requbre information
beyond estimates of prices, yields, input level$ eariable costs and hence,

are more valid in the context of agriculture in adeed countries.

In this study, we applied the standard PMP modebw(it, 1995) to
investigate water policy impactson sustainabilifyiragated agriculture in
Lake Tana Basin, since it is suitable for use wite baseline dataset we
already have for the study area. On the top thatimggation technologies
are less expected in response to implementatiowabtér policies in the
study area due to high cost of installations. Tih@PPmodel represents
irrigators decision processes and evaluates hoy thact to alternative
water policy scenarios. This standard PMP modedtilsin use by many

scholars (e.g., Dagnino and Ward, 2012).

The analysis begins by building mathematical prognéng model that
maximize net farm income by allocating land angyation water across the
different crops in both Koga and Guanta-Lomiduigation schemes. The
model was specified taking into account relevarta dhatinclude: (i) the

objective function describing the farmers’ behawdsra maximization of net
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irrigation farm income; and (ii) the set of explidonstraints related to

resource availability (land and water) and non-tigfg constraints.

This mathematical modeling technique can be estaddi by either a non-
linear revenue or non-linear cost function thatroepce the same crop-
mix distribution as that observed in the real woBdth are equally valid
as means of calibrating mathematical models (Gadkegala andGomez-
Limon, 2011). Due to its simplicity and convenience for dataset, we
used non-linear revenue function for calibratinge timathematical
programming model.In this way, maximization of adrtatic farm income
function is considered, and the parameters of aedsmg yield function
are used in the non-linear terms of the total raeerfiunction and
reproduce exactly the reference or observed sitmafihis method is also

very useful in assessing policies as it providéalske outputs.

The central insight of PMP is that observed landcations are the result
of optimizing behavior by farmers. The approachihedy assuming that
crop water production is a linear function of lamdth observed land and
water allocations as constraints. Water and lapdtgare assumed to be
used in fixed proportions in the production funosofor all crops. The
resulting shadow prices on these constraints anme tised to parameterize
production and cost functions that will reprodutserved production and
input levels, even without land and water allogaticonstraints given
objective function is income maximization. The PM®deling approach

as applied in this study is outlined as follows.
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|. Calibration

Our application of PMP model uses information onditions required for
maximization of farm income to identify parametes a non-linear
function for which unconstrained optimization refuces observed data.
One important source of non-linearity in the fartsmgmroduction function
is heterogeneity in land quality, resulting in deiclg yields as the total
amount of land increases for a given crop plant2dg@ino and Ward,
2012). The declining land quality at the level wigation scheme with an
expanded scale of production for any given cropp$ifras the many
sources of declining yields and captures much ef fdom behavioral

response.

The crop production function applied in this studgsumes that each
crop’s yield is falling as more land is plantedtbat crop due to the fact
that each crop’s best lands are used first, theldyifall off as less-suitable
land enters into production. The declining yieleshdtion with expanded
scale of production is modeled following the metblodical framework
applied by Dagnino and Ward (2012).

The PMP approach used here begins by assumingyitidtis a linear
function of land and then total crop productiorecial to the product of
yield and area of land used in the production.
yield = B, + B,Land

(1.1)
Where B, is the crop vyield for the first unit of land brduginto
production, andB; is the marginal impact of additional unit of land
yield.For any given crop, the water use rate pérland is assumed to be

constant and the functional relationship canbeesged as:
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water

Land =

w
(1.2)
Where B,, is crop-water requirement per unit of land in protibn, and

substituting Equation (1.2) into Equation (1.1)egwield as a function of
total water applied.

Yield = B, +[%j* water

(1.3)

Based on this yield function, total profitabilityrfction is expressed as:
m=(P*Yiedd-C) *land - P, * water

(1.4)
Where P is crop price,P,, is the price of water an€ is non-water
production cost per unit land. Yield multiplied and planted to the crop
is the crop production function. Then, total farrofgability over all water
applied in the irrigation scheme for each crop lsaexpressed as:

*
{P*(Bo +BlBV\merJ—C}*water

w

T= - B, * watrer

B

(1.5)
Equation (1.5) expresses total profitability faigation schemes in terms
of water required for all farms and all variablee abservable except the

termsB, andB;.

Maximizing total irrigation farm profitability foany crop in the irrigation
area requires expanding water and associated lseadau each crop as
long as additional crop values exceed additionatscoVhere there is a

fixed water requirement per unit land for any ciopa given irrigation
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area, actions that maximize farm profits can becalisred by
differentiating the farm profitability in Equatio(l.5) with respect to
additional water used or additional unit of langnoduction.

o _2(P* B, *water)+(B,* B,* P—(BW*C)_P “o
owater B v

(1.6)

Note that Equation (1.6) presents a classic refsath microeconomic
theory. That is, for a given irrigation schemapfancome maximization
requires that irrigation water use be expandedhéopbint where the price
of water equals the value of the marginal proddahe additional water
used. This condition thus, predicts irrigators’ &abr that will be

observed in reality and hence, a higher water miceater scarcity may
result in water conservation.Equation (1.6) cansbésed first for the

coefficientB; as:

B, *P, —P*Yield +C _ - Average Income per unit of Land
P* water P* Land

(1.7)

The term B in this equation is the reduction in crop yield feach

B, =

additional unit of land brought into production. 8te marginal yield
reduction on new lands is twice the size @f Bhen, crop yield for the first
unit of land brought into productioB,, can be immediately solved by
B, =VYield - B, * Land

(1.8)
Now, using information on both ;Band B, a range of yields can be

calculated for each crop under the whole irrigailacome optimizations

that would occur under future policy scenarios.Wlies two estimated
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parameters Band B are substituted back into the yield function, emuma

(1.1), the net income defined by equation (1.4)obees a quadratic
function. Using that quadratic function, a simplenconstrained

maximization of the income objective produces beéjral results that

could match the observed net revenue, crop yield,land in production

by crop, cost, etc. Thus, the crop yield functi@veloped in such a way
reproduces observed behavior for each crop in @agation scheme in

the baseline situation.

This model is based on combining observed facth \ait underlying
theory that could have generated them. It is impleted first by
estimating the parameters Bo ang &d then solves the unconstrained
optimization of the model using these parameterzréauce the observed
data. Once the PMP model is calibrated, it alldhes productive pattern
behavior of farmers to be simulated when they faesv economic

conditions such as water policies that affect atégl agriculture.

The farm income optimization model described alie\applied to explain
the amount of total water required for crop produciand the associated
total land use in the two modern irrigation scheroktake Tana Basin.
For both irrigation schemes, data regarding pradocactivity levels,
input use per activity, variable costs per actiatd crop prices and yields
were obtained from district level agricultural o#fs and were also
validated using primary data collected from housdhsurvey. An
important concern wasto find valid data, particiylan the key variables
such as irrigation water requirement (water useinpg@ation unit for each
crop). To overcome this problem, for each cropoakeulated the water
requirement based on time series climate and mtatata for the study
area using CROPWATS8.0 software (FAO, 2009). Thispliaption
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software is developed by FAO for water resourceseld@ment and
management services.
II. Modeling

Irrigators in LTB produce for both household congtion and market. As
a result, irrigation water users in Lake Tana Basam be modeled as
income-maximizing producers where agricultural peitbn is described
using a production function and output is a funttad basic factor input
level. The irrigation user is then assumed to opemwith the goal of

income maximization subject to input constraints.

Although each irrigation areas may consist of marependent private
farms, each of the two irrigation schemes is tekas a single profit-
maximizing entity for the purpose of this analystensequently, net farm
income is maximized in both irrigation schemes g@sinon-linear

programming with baseline land and water allocaias constraints.The

objective function and constraints are given below.
Maxy” X, (RYield, -VC; ~t,WR, )
i

St

2 X <X

i i

AW
Where X isthe optimal level of land area allocated to crap irrigation
schemg under each water policy scenarid(i? is the observed land area

allocated to crop in irrigation schemg, Yield; is the crop production

function for cropi in irrigation schemeg, P; is price of cropi per 100kg

VCiis the sum of all variable costs of production éoop i, in irrigation
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schemd, tyis volumetric irrigation water tariff to be appligebr 1000

of water W is total water required to crogoer ha in irrigation schere
under each scenarwijois the water requirement of cropper ha under

normal condition based on ET assuming irrigatidicieihcy is uniformly

equal to 0.5 in Lake Tana Basin irrigation.

The decision variables considered for buildingghmeulation models were
the areas devoted to each of the predominant enoghe study areaxy;).
Thus, there are a total of 10 decision variablessimulation of water
policy effects in the two modern irrigation schemd@®tal farm net
income, an endogenous variable that is to be opéidyiis income per unit
land multiplied by the land in production summeckiowll crops. Total
level of water applications and land used are camsd to base levels.
After calibration, the base model optimization warces observed values

without constraints.
[11. Simulation of Water Policy Scenarios

Effectiveness of water policies depend on the nethfovater pricing that

is to be applied in irrigation schemes. There aeesal water pricing
methods that can be applied in irrigated agriceltdthe most commonly
used are area pricing, crop based area pricinfpramivolumetric pricing,
two part volumetric pricing, increasing block rgbeicing and market
pricing (Johanssoret al., 2002). Each of these methods has specific
characteristics and selection of each for use sed@n the purpose of the

water policy that is to be implemented.

In Ethiopia, currently irrigators have no incensvi® conserve water as

they pay no charges for the amount of water didetdetheir plot for crop
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production. Part of operation and maintenance castsall other major
costs including investment and capital depreciatiosts are met by the
government budget as a form of hidden subsidy rigation users. In
addition to these financial costs, irrigated adtime produces
environmental costs to the society as a whole wbftdn is not taken into
account by both irrigators. The total economic ajdstrigated agriculture
takes into account all these costs.

The existing situation of free irrigation service mot in line with the
country’s existing water resource management pdkRE, 2004). This
policy underscored that water is recognized as eralile and scarce
natural resource on which water tariffs should tmplemented so as to
ensure equity, efficiency and sustainability. Thiie pricing method that
should be applied to meet environmental requirenoérwater policy is
probably volumetric water pricing. For this reasae, selected volumetric
pricing method to be simulated using PMP modehtestigate its impact
on sustainability of irrigated agriculture in LTBOne of the requirements
for implementing volumetric water pricing is theadability of modern
irrigation infrastructures for calibrating water lume and this is partly
fulfilled in Koga large scale modern scheme.

An important application of the theoretical model &ctual policy
decisions lies in applying the calculated yieldgmaeters to multiple crops
under different future water policy scenarios. Thtire water policy is
investigated based on six scenarios where thedirstrepresents the base
(business as usual) scenario. This scenario repsesbe situation of
irrigation crop production in 2012/2013 in the timagation areas of LTB.
The remaining five scenarios represent the altermatcenarios. Apart
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from the baseline scenario, each scenario refecesxpected water policy
change to be implemented in the near future. Ta&blendicates the
description of water policy scenarios to be implated in Lake Tana
Basin irrigated agriculture (Table 1).

Table 1. Definition of water policy scenarios

Water policies Situationsto be
simulated

Scenario no. Water price Reduction in total
(ETB/1000ni/year) water supply from
base situation (%)

Scenario 1 0 0 Business as usual

Scenario 2 200 0 lower water price
level only

Scenario 3 400 0 Higher water price
level only

Scenario 4 0 25 Reduced water
supply only

Scenario 5 200 25 Lower water price

Scenario 6

400

25

and reduced supply
Higher water price
and reduced supply

Scenario 1 reflects the current situation or bass gituation (2012/2013).
This scenario serves as a reference for investigidtie effects of other
policy scenarios on sustainability of irrigatediegiture. Scenario 2 refers
to the situation where a relatively lower water iftar of
200ETB/1000rYyear is introduced to investigate its impact ore th
sustainability of irrigated agriculture. Scenarias3similar to scenario 2
except in this case water tariff is becoming dodbl€his scenario is
intended to evaluate the effect of water policysastainability of irrigated
agriculture when water price becomes doubled gwater supply level of
the reference period (2012/2013) (Table 1).
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Scenario4 refers to the situation where total watgaply level is reduced
by 25% while price level is set at zero level. Téggnario allows assessing
the impacts of water supply policy on sustainapibt irrigated agriculture
under no water tariff at all. Scenario 5 and scenérare proposed to
investigate the combined impacts water pricing amder supply policy
scenarios. In these scenarios, a reduction of vedéér supply by 25% is
integrated with two different water tariff levelise{, 200ETB/1000rhand
400ETB/1000rrespectively) in order to investigate the joint mofs of

water supply policy at different water price levels

To assess the impacts of the future water polignacos, the base
situation is retained and the new policies aretéaas alternative policy
scenarios for comparison of results. With the oping model used here,
one can predict the water users’ best responselt¢onative policy
scenarios. The results of each scenario may coigribp the decision
making process as they highlight the potential tp@siand negative
economic, social and environmental implications pbposed policy

changes based on indicators of sustainability.
Sustainability indicator s of water policy impacts

The use of agri-environmental indicators is the mmmsmmon method of
integrating agricultural practices with environmentoncerns in economic
analysis. Irrigated agriculture has economic, doaiad environmental
implications (Gomez-Limon and Sanchez-FernandeA,0R0Increasingly
many similar studies have applied a common setditators for analyzing
the impacts that water policies will have on irtegh agriculture (Gallego-
Ayala et al., 2011; Gallego-Ayala and GOmez-Limoén, 2011; Maigteset

al., 2009). These indicators in combination refer tst@wmability indicators
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that would enable us to indicate the impacts froalmange in water policy.
These indicators will enable policy makers quantifye sustainable

performance of the irrigated farms.

The empirical application to be performed in thigdy therefore needs to
guantify the impacts of water policy scenarios josgd for the study area,
through a range of indicators that covers them.sThe select a set of
indicators that would make it possible to quantifiye sustainable
performance of the irrigated farms when faced w#ternal shocks such as
water pricing and water supply policies. These datiirs would allow
information to be collected about the performandetle three basic
sustainability dimensions: economic, social and iremmental under
different future policy scenarios (Table 2).Anahgi the overall
sustainability of irrigated agriculture is oftenffdiult as it requires the
consideration of changes in economic social andre@mwental parameters
(Gomez-Limon and Sanchez-Fernandez, 2010). Basdideoature review
and the context of the study area, this paper basidered 7 indicators of

sustainability performance of irrigated agricultaseshown in Table 2.

Table 2.Selected sustainability indicators of wapedicy impacts on

irrigated agriculture

No. Sustainability dimensions Indicators (%)

1 Economic Impact Total private income
Net social income

2 Social Impact Rural Employment

3 Environmental Impact Water conservation

Pesticide risk
Chemical fertilizer
Soil cover
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Each scenario has been proposed to understandhtbe &aspects of
sustainability performance of irrigated agriculture terms of basic
indicators described in Table 4.The PMP simulatioodel has been built
based on the GAMS modeling language and solved)UsAMS software

(Brookeet al., 1998)

Basic information for PMP model ssmulation

The observed data shows that a total of 5127 haigéted land in Koga
large scale irrigation scheme was covered withedgffit crops including
wheat (38%), barley (22%), maize (10%), potato (R&¥d vegetables
(4%), and a total of 133ha of irrigated land wagered with maize (37%)
and vegetables (84%) in Guanta-Lomidur small saaigation scheme
during 2012/2013 irrigation season. The observed gdainted out that a
larger proportion of irrigated land was coveredhwigss profitable crops
such as barley and wheat in Koga irrigation schehable 3 shows basic
information of irrigated agriculture in the studyea for PMP model

simulation.

Table 3.Basic information on observed cropping gratt crop water
requirement, and crop production data by location.

Location Crop Area(ha) Crop water Total cost ol Observed Value of
requirement prodn (ETB/ yield production
(ET) ha) (qt/ha)  (ETBIqt)
Koga Wheat 1967 3.5 11197 23 850
Barley 1126 3.0 7140 13 600
Maize 511 4.9 11380 55 480
Potato 1318 4.8 17510 200 350
Vegetables 205 4.9 16540 168 360
Guanta- Maize 49 4.6 6595 40 480
Lomidur ~ Vegetables 84 4.2 13276 182 360

Source: own analysis from survey data
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The crop water requirement (ET*) in this study istetmined using
climate and location data for the study area base8AO (2009). Here,
we used secondary data which include time seriefearsogical data
such as maximum and minimum temperatures, pretgitarelative

humidity, sunshine hours, and wind speed of the suwdy sites to
calculate the reference crop water requirementsther two irrigation

areas. In addition, information on geographicalatemn, altitudes, soil
type and planting dates were also used to analijiee ctop water
requirement for each irrigated crop in each iri@atscheme assuming
water use efficiency of furrow irrigation systemofdinant irrigation

technique in the study area) equal to 0.5.

3. Empirical results

3.1. PMP model results of cropping pattern

The effects of implementation of hypothetical watpolicies (i.e.

introduction of water prices and reduction in aalié water supply) on
cropping pattern have been studied in six scenasodiscussed in Table
4. The table provides summary results of PMP sitrariamodel on the
total area of irrigated land and cropping pattendar each alternative

water policy scenario.
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Table 4. Impacts of water policy scenarios on pnog patterns in two irrigation

schemes of LTB

Irrigsch  Crop Scenarios
eme S1 S2 S3 S4 S5 S6
Koga Ha % ha % ha % ha % ha % ha %
Whea 1 1 1 16 16 16
9 8 3 6 58 3 58 3 37 3
6 0 3
7 2 1 7 3 9
Barley 1 2 0 0 0 0 0
1
2 9
6 0 0 0 0 0
Maize 5 0 4 4 44 44 44
1 9. 7 4 8 8 4
1 9 7 4 7
Potato 1 2 1 1 12 12 12
3 5. 2 2 2 73 2 73 2 69
1 7 9 7 4.
8 4 2 0
Veget 2 3. 2 1 19 19 19
able 0 0 9 6 6 3 5
5 0 9 5 8 8 8
All 5 3 3 35 35 35
crops 1 7 7 5 75 6 75 6 45 6
2 7 3. 4 6 9. 9. 9.
7 3 6 6 9 7 7 1
Guanta Maize 4 4 3 4 3 25 1 25 1 25 1
- 9 5. 4. 1. 1. .6 9. .6 9. .6 9.
Lomid 8 4 1 8 4 2 2 2
ur
Veget 8 6 8 6 8 75 5 75 5 75 5
ble 4 3. 2. 2. 1. 6 A1 6. A1 6. 1 6.
1 6 1 2 1 4 4 4
All 1 1 1 9 1 9 10 7 10 7 10 7
crops 3 0 2 6. 2 2. 0. 5. 0. 5. 0. 5.
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3 0 8 2 3 4 7 7 7 7 7 7

Source: own analysis (2012/2013)

As expected, the PMP model results indicated #oad kllocation to each
crop in the base scenario exactly fits the obsesiegtion in both Koga
and Guanta-Lomidur irrigation areas. Under the lr@secenario the land
allocated to wheat, barley, maize, potato and \addes in Koga large
scale irrigation scheme are 1967ha (38.3%), 11288%), 511ha (10%)
and 205ha (4%), respectively. The PMP model sinardbr the base line
scenario also resulted in the same cropping patembserved in Guanta-
Lomidur where maize and vegetables cover 49ha @§.8nd 84ha (63.8

%) of total irrigated area, respectively.

As explained earlier, scenarios S1, S2, and S3 reféne situations where
irrigation water prices equal to 0, 200 and 400 EPpBr 1000
respectively, given that the total water availatdmains the same as the
base year. These three scenarios were designedthathntention of
measuring the effects of water pricing scenariosrogated agriculture
under normal water supply condition. The simulati@sults of PMP
model shows that compared to the baseline scentdmoarea of land
allocated to each crop will drop subsequently aghdr water prices are
introduced in both irrigation areas (Table 4). Tisidecause introducing
higher water prices will surge the production castd therefore, farmers
will reduce size of their irrigation land followinghe classical
microeconomic theory. However, for a given wateliqgyoscenario, the
rate of reduction in size of irrigation land isfdient for different crops

depending on the shadow price of water that wilalb@cated to each crop.

Consequently, the cultivation of barley in Kogalwdiop substantially to

zero as the shadow price of the observed allocatiovater to barley will
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enter into negative value immediately after theodtiction of lower water
price. This implies irrigators will find it not pfitable to grow barley even
at very low level of water price. Table 4 also cated that implementation
of S2 and S3 will result in no substantial decreiaséhe cultivation of
potato and vegetables in Koga Large scale irrigatsetheme and
vegetables in Guanta-lomidur small scale irriga@srthe shadow price of
water allocated to such crops is relatively higher.

Table 4had indicated that irrigators in Koga lasgmle irrigation are
relatively more responsive to water pricing polggenarios than irrigators
in Guanta-Lomidur small scale irrigation schemeerms of reduction in
total area of irrigation land. This is because shadow price of water is
relatively higher in Guanta-Lomidur and, as a resuéy will show less
response to the introduction of water prices. bg&large scale irrigation
scheme, implementation of scenarios S2 and S3le@t to reduction of
total cultivation by about 26% and 21%, respectivélom the baseline
scenario. However, implementation of these two ages will result in

reduction of total cultivation by only 4% and 6%spectively, in Guanta-

Lomidur irrigation scheme.

The fourth water policy scenario (S4) is desigreedheasure the impact of
water supply policy when total water available esluced by 25%, while
water tariff is set at zero. This scenario is pggabto measure irrigators’
response when they are facing with reduced irogatvater supply. As
indicated in Table 4, implementation of this scenagsulted to reductions
in cultivation of all crops in both Koga and Guahtamidur irrigation

schemes as compared to the baseline scenarioculthation of barley in

Koga large scale irrigation will be totally elimiea as in the previous two
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alternative water pricing scenarios. This scenailbalso result in modest
reduction of wheat and maize cultivations in Kogarde scale, and
vegetables and maize cultivations in Guanta-Lomidumall scale
irrigation. Since water will become more scarceuese in both irrigation
areas due to the implementation of this hypothkti@er supply policy,

irrigators will prefer to grow higher value crops.

For the last two scenarios (i.e. S5 and S6) toskwsupply remains as it
was in S4 (i.e., 25 % of reduction from that of theese year), but water
tariff levels of 200 ETB and 400 ETB per 1000mere introduced
respectively. The results of PMP simulation modaund that
implementation of these two scenarios will haveurther effects beyond
that of S4 on cropping patterns for all crops. Tikigin interesting result
implying the importance of implementing water pngiand water supply
policies complementarilyfor achieving desirable utess on water
conservation with no further impacts on total avéarigated land. But as
water prices increases progressively, the cultiwatif crops will drop step
by step depending on their profitability. For sxste, production of lower
profitable crops such as wheat will fall when wapeices are set a bit
more than 400ETB per 1008nand the impact is expected to be more

evident as water price level increases.
3.2. Sustainability of irrigated agriculture under water policy scenarios

This section discusses the impacts of water polsgenarios on
sustainability of irrigated agriculture as measureterms of sustainability
indicators. Table 5 shows the results PMP modellsiton onex ante
impact analyses of hypothetical water policy scesaon sustainability of
irrigated agriculture. The different impacts of wapolicy scenarios are
first grouped into the three dimensions of sustalitg (i.e. economic,
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social and environmental) and then each sustaityaldimension is
discussed based on one or more indicators as fallow
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Table 5.Impacts of water policy scenarios basedustainability indicators

Scenarios
Irr area Indicators S1 §2  S3 S4 S5  S6
base % % % % %

level

Economic indicators
Total private income(million) ~ 102.31 - - - - -

net social income (million) 102.31 - - - - -

Social indicator
Employment (1000mandays) 534.31 - - - - -

7 0 5 5 0
K oga Environmental indicators
40194. - - - - -
Water consumption (100Gn 6 21.  25. 25. 25.  25.
1 5 0 0 5
4.406 - - - - -
Pesticide risk (1000liter) 17. 21. 20. 20. 21.
1 4 9 9 4
21194 - - - - -
Chemical Fertilizer (ton) 4 17. 21. 21. 21. 21.
3 9 3 3 9
5127 - - - - -
Soil cover (ha) 26. 30. 30. 31. 31.
4 8 7 1 5
Economic indicators
Total private income (million)  5.0081 - -8.8 - - -
4.5 3.7 7.2 10.
7
Net social income (million) 5.0081 - -0.9 - - -
0.3 3.7 5.2 5.2
Social indicator
Employment (1000 mandays) 20.79 - -5.3 - - -
2.6 17 17. 17
3 3 3
Guanta- Environmental in_dicators
Lomidur Water consumption (100G 1156.4 - -7.6 - - -
3.8 25 25. 25
0 0 0
Pesticide risk (1000 liter) 1.058 - -3.2 - - -
1.6 10 10. 10
5 5 5
Chemical Fertilizer (ton) 16.436 - - - - -
5.1 10. 34. 34. 34.
3 0 0 0
Soil cover (ha) 133 - -7.5 - - -
3.7 27 27. 28
8 8 2

Source: own analysis (2012/2013)
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3.2.1. Economic impact

The economic impact of hypothetical water policersarios is measured
using two indicators. The first indicator refersti®e percentage change
between the total private income that will be resdifrom implementation
of alternative water policy scenarios and thathef baseline scenario. The
second indicator of income impact (i.e. net soe@nomic impact) can be
measured in a similar way where the net socialmeeas equal to total

private income less total public revenue colledteth irrigation fees.

Based on the first income indicator of sustainapilall alternative water
policies result in a reduction in total private ante though the impacts
vary among the different scenarios as expectedekample, introduction
of 200ETB perl000fwater price scenario (S2) resulted in reduction of
6.3% and 4.5% in total private income in Koga anda@a-Lomidur
irrigation schemes respectively. Whereas; intrtidacof 400ETB per
1000nTscenario (S3) resulted in more substantial negatiyEct on total
private income in Koga irrigation scheme (53.7%)s @mpared to
Guanta-Lomidur (8.8%). This implies that water pricpolicy scenarios
may result in considerable differences in termghefr impacts on private

income between the two irrigation schemes.

Simulation results of scenario 4 (i.e. 25% reductd the baseline water
supply) indicated very low level of impact (i.e..6%) on total private
income in Koga irrigation scheme. But its impactomparatively greater
(i.e., 5.2%) in Guanta-Lomidur irrigation schemevéh a 25% reduction
in baseline total water supply, implementation @hwvater tariff levels of

200ETB and 400ETB per 1008mvill result in similar economic impacts
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as with the baseline water supply level. This resilparticularly more

evident in Koga large scale irrigation scheme.

The results in general indicated that the impacatawfh hypothetical water
policy scenario on net social income is less setlese as its impact on
total private income. This is because part of thtaltprivate income loss

will go to the public as a transfer of income viater fee.
3.2.2. Social impact

The other dimension of sustainability measure erimpacts water policy
scenarios on irrigated agriculture is the socigdant. The social impact is
measured as a percent change between the demamnuaoiabor that will

be resulted from implementation of a given watdicycscenario and that
of baseline scenario. Overall, implementation ¢éralative water policy
scenarios will negatively affect the demand fomatuabor and hence, will
affect sustainability of irrigated agriculture. Thecial impact is expected
to be more severe in Koga large scale irrigatidnis Ts due to the fact that
water policy scenarios have greater contractioacefbn crop production
plan in Koga irrigation scheme as compared to Guaomidur. The

results also indicated that, given a 25% reduciiorbase year water
supply, each water pricing level of OETB, 200ETRI @&@0ETB will result

in similar social impacts.
3.2.3. Environmental impacts

The third component of sustainability measure ofew@olicy impacts is
environmental impact. The basic motive for impletaéon of volumetric
water pricing and water supply policy instrumergsfor environmental

reason. This is because, as discussed in the peewections, irrigated
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agriculture poses significant pressure on the logatl downstream
environment by releasing harmful chemicals and upatits and
obstructing river flows. Though the off-farm impsctof irrigated
agriculture are more severe and difficult to coltieigated agriculture
can also cause on-farm environmental problems aschkater logging and
salinization. The present study didn't take intocamt the latter

environmental problems.

The environmental impact of water policy scenarios irrigated
agriculture is measured in terms of four differemdicators: total water
consumption, total pesticide application, total rofml fertilizer
application and soil cover. Table 5had shown thadukation of water
policy scenarios resulted in positive impacts owiremmental aspects
sustainability in the two modern irrigation schenoéd_ake Tana Basin.
This is because alternative water policy scenaai@s expected to have
negative effects on total level of water consummptiand application of
pesticides and organic fertilizers which would teso conservation of
water resources, reduction in nitrate pollutionater resources and lower
emissions of toxins into the air and the surrougdienvironment.
However, the extent of these positive environmemgbacts will be
different between the two modern irrigation schemg®videnced in this
study (Table 5).

i. Water consumption

The simulation result of water consumption leveke&sured in 1000m3
per ha) is the variable that policy makers wishctmtrol via different
policy options. Indicator of water conservationiseasured by the

percentage reduction in demand for irrigation watex to implementation
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of a certain policy. Based on the results waterseoration indicator will
be significantly and almost uniformly improved feaich policy scenario in

Koga irrigation scheme.

However, scenarios S2 and S3 will result in lowarels of impacts on
water conservation in Guanta-Lomidur irrigation estie (i.e., 3.8% and
7.6% respectively) as compared with Koga irrigatscheme (i.e., 21.1 %
and 25.5%). This implies that these two water pgcpolicy scenarios
may result in relatively higher impact on water sexrvation when they are
implemented in Koga irrigation area than Guanta-idam Alternatively

stated, demand for irrigation water is more elastickoga irrigation

schemes than in Guanta-Lomidur for lower water eptevels. Given a
25% reduction in baseline total water supply inhbistigation schemes,
implementation of OETB, 200ETB and 400ETB will le@dsimilar levels

of water conservation.
ii. Reduction in Chemical fertilizer Application

Irrigated agriculture affects water quality in sealeways. This is
associated with its higher chemical consumptionesratincluding
accelerated pollutant transport with drainage flowgroundwater
degradation due to increased deep percolation, gmedter instream
pollutant concentrations due to water flow reduwdio Table 5 also
indicated that total amount of chemical fertilizgplication is expected to
reduce in both irrigation areas in response toirtifdementation of those
water policy scenarios. The impacts of water pgcipolicies under
scenarios S2 and S3 show remarkable differencesebat irrigation
schemes in terms of their impacts on total fesilizapplication.

Implementation of scenarios S2 and S3 imply a redién total chemical
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application by 17.3% and 21.4%, respectively, irg&avhile, the effects
of these policy scenarios in Guanta-Lomidur willddy 5 % and 10.3%,
respectively. That is farmers in Koga irrigationearare also more
responsive to the implementation of water pricirgigies in terms of
reduction in chemical fertilizer use. This is relhtto the contraction
effects of these policies on area of total irrigat¥op land. However,
irrigators in Guanta-Lomidur are more responsivéhdy are faced with
reduced supply of irrigation water for environmérftaw requirements.
When water pricing alternatives are jointly implerezl with a 25%
reduction in total available water, total amounemical fertilizer use will
reduce by 25% and 34% in Koga and Guanta-Lomicespectively,

regardless of the level of water prices considerdtis study.
iii. Reduction in total pesticide use

Alternative water policy scenarios are also expedteresult in positive
environmental impacts in terms of a reduction italtgpesticide use.
However, irrigators from the two irrigation schemesl show different
responses to alternative scenarios. In Koga iingascheme, the percent
reduction in total pesticide use under each pdumnario nearly coincides
with percent reduction in total chemical fertilizese for each scenario
considered. This implies that the two inputs arderof applied
complementarily in Koga irrigation scheme. But,stlg not the case in
Guanta-Lomidur where the percent reduction in tqiesticide use is
considerably lower than the percent reduction baltohemical fertilizer

use under each alternative water policy scenario.

In particular, total pesticide will reduce at vesynall proportion when

water policy scenarios S2 and S3 are implement&lignta-Lomidur and
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hence, will result in low level of positive envinmental impacts. But, the
environmental impacts will become considerably iovyed when total
water available is reduced by 25% despite the lefelwater prices
considered. In Koga irrigation area, the proportidra reduction in total
pesticide use remains fairly constant under eatgdrrative water policy
scenario. In general farmers in Koga irrigation esne are more
responsive to implementation of water policy scmsarin terms of
pesticide use. This is due to the contraction &fet water policies on

total irrigated land.
iv. Reduction in soil Cover

In contrast to the negative environmental consecggnof irrigation

development discussed here, irrigation developmestits in positive

externality in terms of reduced soil erosion, natigg climate change,
improved microclimates, biodiversity, etc. In magmgvious studies water
policy analysis, soil cover is considered as anartgnt environmental

indicator of water policy impacts on irrigated agitture. Soils covered by
crops, grass or tree plants are less exposedlterssion. Beyond this, soil
cover contributes positive externalities towardsigating climate change
and thereby providing a sink for G@mission. Furthermore, soil cover
produces positive externalities in terms of impJvandscape scene,

microclimates, and biodiversity.

As indicated in Table 5, the hypothetical policyersarios considered in
this study will leave a substantial proportion ofigable land out of
cultivation during the dry season, in particulaucls impacts will have
indirect negative impacts on the benefits of pesitexternalities that

would have been ensured from irrigation developnmehtke Tana Basin.
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A reduction in area of irrigated land due to impiosi of water policy
scenarios means reduction in supply of these pestxternalities.

This study indicated that soil cover will almoshesdstently decline due to
the implementation of the prospective water pobcgnarios, which will
then affect the supply of these positive exteriealit The effect will be
more serious as water pricing policies are implaenointly with
reduced supply of irrigation water. Comparativedgjl cover will reduce
at a relatively faster rate in Koga irrigation sciee This is due to the fact
that irrigated agriculture is more sensitive toi@plchanges in Koga
irrigation scheme as the shadow price of watereigtively lower.In
general, the results of environmental impacts akewpolicies underlined
that if the prime objective of water policy is toeet environmental
objectives, water supply policies are found to lmrareffective than water

pricing policies.
3.3. Irrigation water demand

The demand for irrigation water comes from the raarlemand of
agricultural products (Zamaniein al., 2013). Total irrigation water
demand at irrigation scheme level can be definetas amount of water
that will be required by all irrigators at eachdéwf water charges. Thus,
irrigation water demand in the two irrigation sclemrhave been derived
by simulating the effects that would be resultedtatal water demand
when water charges are progressively increasetingtdrom zero. The
total water demand at zero level of water chargeesponds to the
baseline crop water requirement. Thus, irrigatioater demand would
enable us to calculate the total amount of watat will be conserved at

each level water charge.
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Figure 4 shows the demand curves of total wateswmption in Koga and
Guanta-Lomidur irrigation areas. In line with ttlassical microeconomic
theory, both demand curves are negatively slopedl @me relatively
inelastic at lower levels of irrigation water prid&hen the level of water
price in each irrigation area reaches at certamel)e the water demand
curves will become more elastic. This implies thailability of limited
scope for reducing farm water consumption at loeeels of water prices.
That is if water prices are to be implemented foe purpose of water
conservation, water prices should be set at hilgivets.
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Figure 1. Irrigation water demands for Koga (rigat)d Guanta-Lomidur
(left) irrigation
Source: own construction from survey data
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3.4. Economic productivity of water (EPW) in Lake Tana Basin
irrigated agriculture

Economic Productivity Water has also been analyiredhis study to
investigate the economic efficiency of water use LB irrigated
agriculture. Economic Productivity Water (EPW) efided as the ratio of
net farm return to total amount irrigation wateedisTable 6 shows the
PMP model simulation results of EPW for alternatiwater policy
scenarios from both producers’ and society’s poinviews. The results
indicate substantial variations in EPW from botbdurcers’ and society’s
point of views among each water policy scenari@ batween irrigation

schemes considered in this study.

Results of the PMP simulation model indicated tinet performance of
irrigated agriculture in terms of EPW is better @uanta-Lomidur
irrigation scheme as compared to Koga irrigationeste under all water
policy scenarios from producers’ and the sociepont of views. This
result implies that there is better capability efiding more income from
irrigated agriculture in Guanta-Lomidur than in Kofgpr the same volume
of water supplied. Table 6 also indicated that nudsthe water policy
scenarios considered in this study will result mi@provement in EPW.
And all water policy scenarios are expected toltasipositive effects on

EPW in Guanta-Lomidur from society’s point of view,particular.

However, water policy scenarios may result in deeeffects on EPW
between the two irrigation areas from the produgeesnt of view. For
instance, S3 and S6 will generate negative impactE PW in Koga from

both producers’ and society’s point of views. Hoewew3 and S2 will
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result in negative effect on EPW in Guanta-Lomidden it is measured

from producers’ point of view.

Table 6 points out those significant positive effewill be observed on
EPW in both irrigation areas for water policy sa#vs& S4 and S5. The
results also indicated that water policy scenaoafd S6 will result in
contrasting effects on economic productivity ofgation water between
Koga and Guanta-Lomidurfrom producers’ point ofwi&Vhile EPW wiill

be increased by 19% in Koga due to introduction200ETB/1000r

water charges, very slight negative impact will dizserved on EPW in

Guanta-Lomidur under this scenario.

Simulation results also denoted that substantiaitipe effect will be
observed on EPW from both producers’ and socigigiat of views when
25% total water supply reduction is jointly implemed with zero and
200ETB per 1000thin both irrigation areas. However, substantial
negative effect (38%) will be observed in Koga gation area, in
particular, from both producer’'s and society’s pahviews if 25% water
supply reduction is implemented complementarily hwd4OOETB per
1000n? water charges. The same policy scenario will tesulpositive
effects in EPW from both producers’ and society@np of views in

Guanta-Lomidur.

The other important result here is that implemeomabf water policy
scenarios S4, S5 and S6 in Guanta-Lomidur will ltegblmost similar
effects on EPW. This implies that water pricingli@o scenarios in
Guanta-Lomidur may not have considerable impac&BW given total

available water is reduced by 25% which is notdase in Koga irrigation
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area. In short, water pricing policy scenarios doehdifferent effects on

EPW between the two irrigation areas.

Table 6. Economic productivity of water under waielicy scenarios

Irrig.Sch Economic productivity of irrigation water
Scenario - - - - .
eme From producer point of view From the society point of view
ETB/100 variation from ETB/100 variation from
Om3 observed value ¢ Om?® observed value %
Scenario 1 2538 0 2545 0
Scenario 2 3024 19.1 3223 26.6
Scenario 3 1581 -37.7 1982 -22.1
Koga ]
Scenario 4 3384 33.3 3372 32.4
Scenario5 3171 25.0 3373 325
Scenario 6 1581 -37.7 1982 -22.4
Scenario 1 4331 0 4331 0
Scenario 2 4299 -0.7 4486 3.5
Guanta-
. Scenario 3 4272 -1.3 4644 7.2
Lomi
dur Scenario4 5556 28.2 5474 26.3
Scenario5 5356 23.6 5469 26.2
Scenario6 5156 19 5469 26.2

Source: own calculation from survey data

4. Conclusion

This study deals with the investigation of the itgaof alternative water

policy scenarios on sustainability of irrigatiorvé®pment in two modern

irrigation schemes of Lake Tana Basin, Ethiopia dpplying a PMP

simulation model. The PMP model results indicatext thnd allocations to

each crop willdrop subsequently as a result of emmntation of

alternative water pricing scenarios (water priciaugd/or water supply

scenarios). The rate of reduction in area of iteddand is different for
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different crops depending on the shadow price ofewahat will be

allocated to each crop.

Analysis of the impacts of alternative water polenenarios also indicated
how each scenario would have specific economic,iaso@and
environmental impacts on sustainability of irrigatidevelopment in the
study area. In general, this study found that immgetation of
eachalternative water policy scenario maylead toe@uction in total
private income and rural labor demand and hencey aféect the
economic and social aspects of irrigation develagmegatively. On the
contrary, the simulation resultsindicated that empéntation of water
policy scenarioswill result in a positive environme impact by
reducingthe quantitative pressures posed by iragatevelopment on the
environment such as reduction of water abstracdod agrochemical
useHowever, this study has indicated that implemeotatf alternative
water policy scenarios mayresult in a substantrapprtion of irrigable
land out of cultivation during the dry season. Timsturn may lead to
negative impacts on the provision of positive exadities such as reduced
soil erosion, mitigation of climate change, imprdJecal microclimates,

etc. that would otherwise have been resulted fragation development.

A larger proportion of irrigated land in the studsea is covered with less
profitable cereal crops such as barley, wheat amdeduring the base line
situation.The implementation of alternative wateliqy indicated that this

situation can be improved in favor of more profiealtrops such as
vegetables and potatoesif appropriate water pmckveater supply levels
are introduced complementarily.The findings of tetadyalso indicated

animprovementin water use efficiency (WUE) as a ultesof

implementation of alternative water policy scengrio



39Fikremariam, Jemma, Mengistu and Belaineh

Although measuring the overall impacts of altemn®&tpolicies requires
composite indicators of sustainability, relativébyver water price levels
are conducive to meet the environmental requiresneith less economic
and social impacts in Lake Tana basin. Water pdichould be designed
in such a way that they are able to address afgpebjective(s) of water
resource management.For instance, if water pol@fesplanned to meet
only the environmental objectives reduction of #wailable water could
play more significant role than other water pricimgtions. In sum, these
results of this study can be useful because thédyemable policy makers
to reflect the design and implementation of poficithat affect the
sustainability of irrigated agriculture. The resutif this analysis are also

relevant for improving the existing water policyrattional level.
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