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Abstract One of the primary requirements during the initial stages of sustainable development of a new irrigation scheme
is the environmental and social impact assessment (ESIA) study. This should take place as early as in the project development
stage and at the latest during the feasibility study where the main feature of the project has not firmed up yet. The principal
objective of this study is to develop a simple technique to assess and analyze the environmental and social impact of a typical
small-scale irrigation scheme. The technique has been developed and applied to analyze the environmental impacts under
different temporal and spatial conditions dominant during the life cycle of Mekabo small-scale irrigation scheme currently
under development in Tigray region in Ethiopia. The adopted technique includes a two dimensional matrix inspired by
Leopold approach. Fourteen key impact factors have been singled out from a wider list of less significant potential factors.
The magnitude and significance of each impact factor has been graded separately using expert judgment and the indices
developed for this purpose. The scores were then compared against acceptable and rejecting thresholds for final conclusion.
Accordingly, some mitigation measures were also recommended to reduce the negative environmental impact of the
proposed scheme. This paper will discuss the processes that led to the development of a simplified environmental impact
assessment approach for Mekabo small-scale irrigation scheme in Ethiopia.

Keywords Small-scale irrigation schemes, Environmental and social impact assessment, Leopold matrix approach,
Mitigation measures

tackle, abate, or mitigate the negative and reversible

1. Introduction

Sustainable development of small-scale irrigation (SSI)
schemes has been the foundation of food security programs
supported by the government of Ethiopia and some external
donors since the 1980s. One of the primary requirements
during the initial stages of development of a new irrigation
scheme is the environmental and social impact assessment
(ESIA). This should take place as early as in the project
development stage, and at the latest during the feasibility
study where the main feature of the project has not firmed up
yet. However, in many circumstances an ESIA is often
undertaken in the later stages of a project and regarded as a
process, which would produce evidence as why the project
should be allowed [1]. The ESIA is a tool designed to
identify and predict the impact of a project on
bio-geophysical environment and to provide solutions to
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consequences that are always much more expensive to
correct after their occurrence. Therefore, when the project
design is complete the final version of ESIA should be
produced and submitted [2].

Various techniques have been employed by researchers
and practitioners to assess the environmental and social
impacts of irrigation schemes. Dougherty et al. [3] have
discussed the problems and the appropriate mitigations for
environmental impact of irrigation systems. Ulsido et al. [4]
have carried out a research in the Rift Valley Lakes Basin in
Ethiopia to compare the relative environmental impact of
some local irrigation schemes. They employed ad-hock
technique to assess the impact at the community level;
however, the checklists, matrices, and rule-based analysis
have been used in the rest of their study. FAO [2] has
supported the use of Leopold matrix to assess the
environmental impact of pulp and paper industry. Josimovic
et al. [5] have used the Leopold matrix to assess the
environmental impact of wind farms in Serbia.

The principal objective of this study is to develop a simple
technique based on the lessons learned from the literature in



22 Jalal Jebelli et al.:

A Simplified Matrix Approach to Perform Environmental Impact Assessment of

Small-scale Irrigation Schemes: An Application to Mekabo Scheme in Tigray, Ethiopia

order to assess the environmental impact of a typical SSI
scheme. Accordingly, a simplified approach was adopted
using the Leopold matrix method. This approach was then
used to assess and weigh the impact of various
environmental factors under different temporal and spatial
conditions dominant in the entire life cycle of Mekabo SSI
scheme currently under development in the Tigray region of
Ethiopia. The background information for the assessment
was collected from field observations and technical
interactions with the local experts. According to the results
of assessment, some mitigation measures were also
recommended. This paper will discuss the processes that led
to the development of a simplified matrix approach for the
environmental and social impact assessment of Mekabo SSI
scheme.

2. Materials and Methods

2.1. Interface between Small-Scale Irrigation Schemes
and the Environmental

There is relatively good consensus in the literature among
researchers and practitioners that the environmental impact
assessment should mainly focus on the key components of
the environment such as physical, natural, economic, social,
cultural, political, urban, rural, industry, and tourism [2, 3, 6,
7]. However, among the above-mentioned environmental
elements the first four items is believed to be the most
significant ones. Implementation of a SSI scheme, as
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demonstrated in Figure 1 would trigger explicit interactions
with the major components of the environment as discussed
in the follow section.

2.2. Project Context

The Mekabo SSI scheme is located about 50 km north of
the city of Mekelle in Tigray region in Ethiopia. The main
feature of the scheme includes a weir constructed across the
Augla River to divert irrigation water to downstream
command area. Figure 2 demonstrates the general view of
the weir, which was funded, studied, designed, and
constructed by the REST NGO in March 2016.

Figure 3 shows the aerial view of main canal and the 60 ha
irrigation command area, which accommodates 144
smallholder farmers. The target command area is presently
under rain-fed agriculture and is supposed to be transformed
to irrigated agriculture immediately after the completion of
1.3 km long conveyance canal currently under construction
by the same local NGO (REST) responsible for the
construction of weir (Figure 4). With the fund donated by the
local Orthodox Church and some additional contribution
from the local community, farmers will construct the gravity
distribution system shortly after the completion of
conveyance canal. The present ESIA study is, in fact, a not
binding independent investigation conducted by the experts
of Tigray SMIS (Small-scale and Micro Irrigation Support)
project apart from of any other study efforts made by the
local institutions.
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Figure 1. A typical interface between a SSI scheme and the key elements of environment
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Figure 4. Mekabo scheme conveyance canal presently under construction
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2.3. Elaboration of Environmental Impact

The impact of a SSI scheme on the environment may take
place at various stages of the life cycle of project mainly
during construction phase, operation period, and
decommissioning. Each of the major elements of the
environment such as physical, natural, economic, and
socio-cultural environment will be subject to interaction with
SSI schemes as described in the following section. Figure 5
demonstrates the trend of temporal environmental impact of
a typical SSI scheme including the Mekabo scheme at
different stages of its life cycle. According to Figure 5, the
environmental impact (positive and negative) would be
initiated during construction phase (Line A). The impacts
would then increasingly build up and continue during the
operation period. The maximum impact, the highest point on
line "B", may be observed after construction phase when the
scheme reaches to its full operational capacity and remains
almost constant throughout the rest of its operation period
(Line C).

At the end of the life cycle of the scheme, as different
components of the scheme is decommissioned, some of its
impacts (positive and negative) would diminish and
eventually reach to an inevitable and irreversible level where
no known mitigation measure can compensate (Lower end of
line D). The detailed impact of Mekabo SSI scheme on
physical, natural, economic, and socio-cultural environment
would be discussed as follows.

2.3.1. Physical Environment

The primary negative impact of Mekabo SSI scheme on
the components of physical environment such as land, river,
and air initiates during the construction of access roads to the
quarry sites and project area. The other likely negative
impacts, as indicated in Table 1, may take place during the

other stages of the life cycle of project mainly during
operation of weir, irrigation canals, structures as well as their
decommissioning. The major positive impacts of the scheme
constitute improvement in the state of land and water
resources development.

The remaining key negative impacts may mainly include
disturbance of landscape, surface water, and air pollution,
change in the hydraulics and hydrological pattern of river,
change in the pattern of land use, and the likelihood of spread
of Malaria as a result of accumulation of water in borrow
pits.

2.3.2. Natural Environment

Very similar to physical environment, the likely impact of
Mekabo SSI scheme on various components of natural
environment could happen during various stages of life cycle
of the scheme. As indicated in Table 2, the long-term impact
on the natural environment mainly include change in the
existing pattern of aquatic life and fisheries in the river,
disturbance of existing ecological balance in the project area,
interruption in natural habitats and the free movement of
animals, and stress on biodiversity (flora, fauna).

2.3.3. Economic Environment

The economic environment would bear the minimum
negative impact from the implementation of Mekabo SSI
scheme since the core objective of the project is to contribute
to food production and to boost the local economic
conditions. Therefore, most of the direct economic impacts
presented in Table 3 are positive in nature and help to
improve the income of farmers and promote further job
opportunities. However, the major negative impacts
(depicted in Table 1), would include the likelihood of loss of
some permanent jobs after decommissioning of the project.
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Figure 5. Demonstration of temporal environmental impact of SSI schemes
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Table 1. Major positive and negative environmental impact of Mekabo SSI scheme

Positive Impact Factor Negative Impact Factor
Description
Const. . . Decomm. . . . . Decomm.
q Operation Period q Construction Period Operation Period q
Period Period Period
e Disturbance of landscape Ch: B H ® Likelihood of
¢ the hydraulics and (
due to excavation at quarry | pogrongs I Y ; water pollution
sites and cgnstruction of %&01031081 pattémn of river and soli)l
access roads : F.
. . o Change in the land use contamination due
. o Temporary increase in the | ¢ oot dizing the rights of to leachate from
: e No o Improvement in the state | ® No rate of water, air, and noise d t t
Physical L ° L pollution as well'as soil gwnstream water users remnants of
. significant of land and water resources | significant ination di o Increase in the rate of surface hanical and
Environment | - ; contaminafion duc to water pollution due to runoff | Lloo amcd, and
impact development impact 1mgroper disposal of waste | g0t b e farms structural debris
and function of contractors (@ rocﬁemicalq o Creating ugly
machineries N Eikelihoo d oAt)s read of view due to spread
e Likelihood of spread of . Malaria due to ac%umulalion of | of abandoned
Malaria due to accumulation water in borrow pits mechanical and
of water in borrow pits p structural debris
. ‘g o Change in the existin;
¢ Change in the existing attem%f aquatic life a%d
atﬁem ofatuatl_c life and %sh_eries in the river _ o Interruption in
ISDETICs 1n the river | o Disturbance in existing natural habitats
* Disturbance in existing ecological balance and the free
Natural * No * No e.c?l(t)glcal t_balance tural e Interruption in natural movement of
significant e No significant impact significant nterruption in natura habitats and the free movement | animals due to the
Environment | : habitats and the free of animals due to operation of | remnants of
impact Impact movement of animals due to | aecess roads, canals, drains canals, drains, and
land stripping, excavation at | and structures as physical structures as
quarry sites, construction of barriers physical barriers
acgests m{ads, can%IS, drains, | o Stress on biodiversity (flora
and structures as barriers and fauna)
e Increase in | ® Contribution to food
the rate of production and elimination
temporary job | of food in-security
opportunities | e Increase in the rate of |
o Increase in | permanent job opportunity
the rate o e Direct increase in the rate -
Economic | demand for of farmers’ income ¢ No - . - . © Likelihood of
N fuel and e Increase in the rate of significant | ® No significant impact  No significant impact loss of permanent
Environment | energy demand for fuel and energy | ; - iob:
consumption | consumption K pac Jobs
e Increase in | e Changes in the price of
the demand properties around the
for . project area
construction e Increase in the rate of tax
materials collection
: o Likelihood of some
Social and | e Bringing the ;Olcrﬂ‘plr%‘éelg??g}nfg&cr S, lcagggfiicctisalz}iglqo:r%d non- ot :
comm%ni% o Contribution to the social | ® No beneficiaries in the e Likelihood of some conflicts | o Ng sienificant
Cultural closer y stability and Bgcvc_n_tmg significant || oomunit among beneficiaries and non- | g
. migration to big cities impact munity beneficiaries in the community | impact
Environment | together e Bringing the communit o Likelihood of damage to
losanging e Y archeological sites an
8 artifacts
Table 2. Major short-term and long-term environmental impact of Mekabo SSI scheme
Short-term Impact Factor Long-term Impact Factor
Description
12 q q Operation | Decomm. q q . 5 Decomm.
Construction Period [“p = ' Period | Construction Period Operation Period Period
e Improvement in the state of
}iand land water resources
. it . .
o Disturbance of landscape | $ Cn el ;i o Likelihood of
. . due to excavation at quarry ;n((:ih}?ngreoig til}:eaPygtr&\l{H(i)sf water pollution
e Temporary increase in the sites and construction of river How g p and soil |
pafiition as well w0 G roads tothe proect o Change in the patiern of | £ORATIARD e
contamination due to the N e Increase in the rate of anc use . : the remnants of
Physical operation of contractors ° N *No water pollution and soil e Jeopardizing the rights of | mechanical and
Environment | heavy machineries o significant isllr%n;tc'ltcant contamination due to (.iolwnstream ‘;V};‘“e" l,lserfs structural debris
Incréasing the risk of spread | impact P operation of contractor’s | 2 REFEASE i (06 fate of o o Creating an ugly
of Malaria due to heavy machineries surface water pollution due to | ey due o the
accumulation of water in o Increasing the risk of run_offl?nd lsTepgge from remnants of
borrow pits in quarry sites spread of Malaria due to ?g';g‘éhgéf“i o é‘l‘g‘) S decaying
accumulation of water in F ing the risk of d mechanical and
borrow pits at quarry sites ;frl{/?;?grsile? ltlectc;’ls otspread | stryctural debris
accumulation of water in
borrow pits at quarry sites
i isti e Change in the existing e Change in the existing
'gt}é"rlﬁgoeflan {lha?i(elelisftelg%d ?attem of aquatic life and attern of aquatic life and
isheries in the river isheries in the river isheries in the river o Interruption in
; - it e Disturbance in existing | ® Disturbance in existing PO
e Disturbance in existing : natural habitats
ecological balance due o land ecological balance due 16 | ecological balance during O | 716 Free
stri] il% excavation at qua * No land striping, excavation at | & M period movement of
Natural sitelg a%d s quarry | e Not significant quaéry sites and access K lI)nterrupt‘ior}l] mfnatural animals due to the
5 > roee licabl 2 roads o abitats and the free
Environment ﬁ;gfg}rsuggé’?h‘enf?géural applicable impact e Interruption in natural movement of animals due to rczréﬁzngrgms and
movement of the animals due habitats and the free, the existence of canals, drains | gictires as
to contractor’s operation movement of the animals | and structures as physical physical barriers
around canals, drains and due to construction of barriers Lo .
structures 4 canals, drains and  Stress on biodiversity (flora
> structures and fauna)
e Contribution to food |
roduction and elimination of
ood in-security .
e Increase in the rate of gljlngggrslielilerlsthe rate of job
E ic [temporary jobs during e No . < Bireet increasg in the rate of | e Likelihood of
COnomicC | construction * Not ioni e Not applicabl >
A e Increase in the demand for | applicable significant ot applicable farmers income loss of permanent
Environment construction materials in the PP impact e Increase in the rate of jobs
market demand for fuel and energy
e Changes in the price of
properties around project area
e Increase in the rate of tax
collection
o . e Bringing the community
b Llfl](,el:hood of some closer together under oné
Social and Peneficiaries aad non- objective ;
Cultural  Bringing the community e Not .»qu ¢ [ beneficiaries in the ;0 %r&\ﬁg‘%ﬂgﬂﬁgc level of |4 No significant
ultural closer fogether applicable | Signiican community 2 :
i impact ikeli community impact
Environment p e Likelihood of damage to

archeological sites ani
artifacts

e Contributing to the social
stability and preventing
migration to big cities
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2.3.4. Socio-Cultural Environment

The social and cultural environment may mostly endure
the positive impact during the various stages of the life cycle
of Mekabo SSI scheme. These have been summarized in
Tables 1 and 4, which mainly include improvement in the
social welfare of the farmers, contribution to the social
stability of the region, and preventing migration to the big
cities. However, on the other hand, implementation of a SSI
scheme including the Mekabo scheme may trigger some
conflicts between beneficiaries and non-beneficiaries, which
have to be mitigated. The other likely negative social and
cultural impact might include the likelihood of damage to
archeological sites and valuable artifacts.

2.4. Assessment

The major environmental impact assessment methods can
be divided into five categories based on the way the
assessment is conducted [8]:

1. Ad hoc

2. Overlays
3. Checklists
4. Matrices
5. Networks

Leopold et al. [9] were the first to suggest the use of
matrix method for environmental impact assessment.

Matrices are particularly useful as they reflect the impacts
from series of interactions among the activities and the
environmental elements [10]. Although, the Leopold matrix
is believed to largely depend on the subjective evaluation of
experts that allows the judgments be converted into
empirical numbers, but it is still a valid and widely used
approach for the assessment of environmental impact [11].
The initial classical Leopold matrix has 100 rows by 88
columns (8800 cells) and somewhat cumbersome to handle.
In small-scale irrigation schemes, many of the impacts have
trivial or no significant value. Therefore, in practice,
attention should generally turn upon only a small subset of
issues of overwhelming importance [6].

A simplified two-dimensional matrix inspired by Leopold
matrix has been adopted for the environmental and social
impact assessment of Mekabo SSI scheme. Fourteen key
impact factors have been singled out from a wider list of less
significant potential factors. Each impact factor has been
evaluated separately for its magnitude and significance using
the indices presented in Tables 5 and 6. The assessment
results have been presented in Table 7 where each cell is
diagonally split in two parts. In the upper left-hand side of
each box, a number from -1 to -10 has been included, which
reflects the magnitude of impact, whereas number -10, as
indicated in Table 5, represents the greatest magnitude and
number -1 the least.

Table 3. Major direct and indirect environmental impact of Mekabo SSI scheme

Direct Impact Factor Indirect Impact Factor
Description
q q q q Decomm. Construction q q Decomm
Construction Period Operation Period . . Operation Period N
Period Period Period
. . o Improvement in the state of |® Likelihood of
3 ubance inandscape | Fndid et resources | vafer polluton
sites and access roads 9eé’ﬁla?1prgfgtthe hydraulics contamination due
e Temporary increase in the and h grological pattern of to leachate from o
rate of water, air, and noise the remnants of Likelihood of T .
. ollution as well as soil frver Low. mechanical and o LIXCITHO0C b1, o Likelihood of spread | ¢
Physical 'c)ontamination due to ® Change in the land use structural debris spread of Malaria due | of Malaria due to sienificant
i i ) dizing the rights of p ; ’ lati f accumulation of water | $18
Environment | operation of heavy a Jeopardizing the rig o Creating an ugly [ t0 accumulation of nb it impact
?achin?ri?‘s and imp[{o er .(}‘:;Zt;:g%?}?ete:agirfs view due To _the water in borrow pits | I DOITOW pits
o h(zlsr';i eoin“;lalzt?l a(rilrauleicgls surface water pollution due to ;%I:r?gggseg f
and h §ro]ogical gattem of |runoffand seepage from decaying
river flow agr 1cull§ura.1 l’alqu mechanical and
(agrochemicals) structural debris
: it o Change in the existing
e zfn}é%l%efg‘ Lhaetigxllisftelg%d ;tgatlern of aquatic life and
isheries in the river -lSDhiesrtlgerlari‘Lceeirrlléiristing o Interruption in
< Dprbance nexiting - |Scolontl ince g o | atal bt
; erio
stripping) p N movement of o Lo i e No _
Natural o Interruption in natural l:allj?{gtr{";l%%ot’gelnﬁg%tural animals due to iong\lgcstlgmﬁcant e No significant impact | significant
Environment| habitats and the free > INAEOCT abandoned canals, P impact
movement of animals due to | Ovement of animals due to | Graing "and
land stripping, excavation at | the,existence of canals, drains | girycpires as
quarry si e%, r%(’)nst{uc(tiion of agﬂisetglctures as physical physical barriers
access roads, cana's, drains, | o gireqg on biodiversity (flora
and structures as barriers and fauna)
o Changes in the price
* Contribution to food Bforj?é ?;rtézeg around the
o Increase inghe rate of roguction an(ti elimination of Likelihood of . Incr?lase in the rate of N
jc | temporary job opportunities |food in-security . e Likelihood o foi tax collection e No
Ec'onomlc e Increase 1n the demand for |e Increase in the rate of job loss of some ¢ No sggmﬁcant o Increase in the rate of | significant
Environment construction materials in the opgprtun_mes . permanent jobs impac public transportation impact
market ® Direct increase in the rate e Increase in the rate of
of farmers’ income demand for fuel,
transportation, and
energy
 Bringing the
community closer o
to c_elt(h?_rh dof  Bringing thie
: o Improvement in the state of ¢ LIKelnood of some | community ¢.0ser
Social and  omi : social welfare of farmers * No significant ggggflicctisaﬁr:sogr%d non- :)obgggt)ie\fcunder one *No
Cultural || No significant impact e Improvement in social and |. g beneficiari it significant
cultural behavior of the local | 1mpact cneniclaries » Contributing to the i t
Environment| communit In the community social stability and Impac
Y o Likelihood of greve_mmg migration to
amage to, . 1g cities
archeological sites
and artifacts
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Table 4. Major reversible and irreversible environmental impact of Mekabo SSI scheme

Irreversible Impact Factor

Reversible Impact Factor

stability and preventing migration
to big Cities

Description D o i D
. . . o ecomm. . . peration ecomm.
Construction Period Operation Period . Construction Period : q
P Period Period Period
i i o Creating ugl
o Improvement in the state of land by ;fem ora:ry increase in the view due%o ﬁlg
o Disturbance in and water resources development rate ol water, air, noise spread of
landscape due to o Change in the hydraulics and pollution as well as soil o Likelihood agandoned
excavation at quarry hydrological pattérn of river flow contamination due to of slprgad of | mechanical and
Physical | Sites and construction of | e'Change in the land use e No operation of heavy Malaria due | structural debris
. access roads e Jeopardizing the rights of significant machineries and improper to K e Likelihood of
Environment || ¢ Change in the downstream water users impact disposal of waste and debris accumulation waterjiyollutlon
hydraufics and o Increase in the rate of surface during construction period | of waterin | and soil
hydrotl]oglcal pattern of | water pogutlon due 110 ru?(l)ff émd o Likelihood of spread of borrow pits z:l(>nt'<1hmtll‘l)aalon
rver tow seepage from agricultural lands Malaria due to accumulation cacnate) Cie
v
(agrochemicals of water in borrow pits aoeégiﬂ’;_,f%%%ﬁg
o Change in the existin
pattern%f aquatic life ¢ o Change in the existing pattern of Int i
and fisheries in the river | aquatic life and fisheries in the o aption
o Disturbance in existing | river . D bt and
ecological balance (Lan% o Disturbance in existing o fres &
stripping) ccologlcal balance during O & M | hove e 4 of
Natural | » Inferruption in natural | perio L : animals due o : *.No o No significant
. habitats and the free o Interruption in natural habitats  f¢ " porqoncq || @ No significant impact significant imy actg
Environment | movement of animals and the free movement of animals |2 1a1s impact P
due to land stripping, due to the existence of canals, drains and
excavation at quarry drains and structures as physical structures as
sites, construction of barriers o hysical
access roads, canals, e Stress on biodiversity (flora and Ealyriers
drains, and structures as | fauna)
barriers
o Contribution to food production
and elimination of food in-security .
e Direct increase in the rate of o Increase in the rate of
farmers’ income temporary job
;Olctﬂlplrgv\éelgreent in the farmers’ opportunities
. . . .
Economic || ® Changes in the price of | e Increase in the rate of permanent | e No ra”tl;eom é);;rznglcﬂr;afs:ein the e No o No sienificant
" properties around the job opportunities significant ; b d significant im, actg
Environment | project area  Increase in the rate of demand for | impact fransportation, an impact P
guel_, tr%ls l\o/[nathnaand energy en;rgy . in th
uring erio o Temporary increase in the
o Changes in the price of properties demand for construction
around the project area X materials in the market
B Inﬁrcasc in the rate tax collection
y the government
 Bringing the community closer
Social and o . together under one objective o Likelihood of some
o Likelihood of damage | ¢ Improvement in the level of ® Loss of conflicts among * No o No sienificant
Cultural [ to archeological sites social welfare of the farmers permanent || beneficiaries and non- significant * INo signitican
Environment and artifacts o Contributing to the social Jobs beneficiaries in the impact mpact

community

Table 5. Ranking the magnitude of environmental impact

Index for negative

impact Impact
-10 Extremely high (Devastation)
-9 Very high
-8 Relatively high
-7 High
-6 Above average
-5 Average
-4 Low
-3 Very low
-2 Extremely low
-1 Not significant (No observable impact)

The score for significance of each impact factor is placed

Table 6. Ranking the significance of environmental impact

Index for negative

(Latin numbers)

impact

Significance
(Impact is felt at)

-X Global level (Massive impact)
-ix Country level
-viii Regional level
-vii Zonal level
-vi Woreda* level
-v Tabia** level
-iv Scheme level
-1ii Farm level
-ii Individual level
-1 Not significant (No observable impact)
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in the lower right-hand side of each box, which according to
Table 6 ranges from "-i" to "-x" (Latin numbers), with the
same principle applied (The higher the value, the higher the
significance). In addition to assigning the numerical values, a
minus "-" sign has also been used to show that the
assessment is for adverse direct, long-term, negative, and
irreversible impacts. Under these conditions, the impact of
Mekabo SSI scheme on physical, natural, economic, and
socio-cultural environment has been assessed and presented
in Table 7.

* Woreda: Town; ** Tabia: Village

To perform the assessment for Mekabo SSI scheme,
fourteen-impact factors were listed in horizontal axis (j) and
four assessment conditions in vertical axis ({). This two
dimensional matrix, as could be viewed in Table 7, provides
56 cells, which accommodates all major environmental
interactions for this scheme. The magnitude and significance
of each impact factor has been weighed utilizing the
information from field observation and expert judgment
based on the indices presented in Tables 5 and 6. The last two
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columns in Table 7 present the sum of scores for magnitude
(M) and significance (S) of each impact factor. The bottom
row in Table 7 sums up the overall scores for both the
magnitude and the significance.

2.5. Analysis

2.5.1. Magnitude of Impact

The magnitude of each impact factor, as indicated before
the last column in Table 7, could be obtained using the
following equation:

Where:
"X" represents the magnitude of impact factor;
"i" is the counter for assessment condition (direct,
long-term, negative, and reversible).

"n" is the maximum number for assessment condition
counter.

Sum of the magnitude of each impact factor for condition

is calculated using eq. 2, where n=4.

Sy, @
i=1

n-n

The overall sum of magnitude for impact factor ";/" on

condition "i" could be expressed as follows:
Jj=m i=n
M= DX, = m 3)
Jj=1 i=l
Where:

n-n

'/" is the counter for number of impact factors, which in
the case of Mekabo SSI scheme is 14. Substituting for m
(m=14) in eq. 3, the overall magnitude of environmental and
social impact of Mekabo SSI scheme has been estimated
using the following expression:

j=14i

M = X )

j=1 i=1

II°
kS

2.5.2. Significance of Impact

H s

The significance of each impact factor for condition
(direct, long-term, negative, and reversible), as indicated in
the last column in Table 7, could be defined using the
following equation:

i=n
Z Y
i=l
Where:
"Y" represents the significance of environmental impact.

Table 7 shows the sum of the significance of each impact
factor for condition "i" using eq. 6 (n=4):

i=4
QY ©
i=1

The overall sum of significance of impact factor "j" for

condition "i" has been determined using equations 7 and 8
after substltutlng for "j" (m=14):

S= Y, ™
S = Y, ®)

3. Discussion

The sheer assessment of environmental impact does not
provide adequate evidence to decide the fate of a SSI scheme.
Therefore, some threshold values will be required to be able
to evaluate the magnitude and significance of the impact.
Using the expert judgment the acceptable and rejecting
thresholds for both magnitude (M,, M,) and significance (S,,
S,) of environmental impact of Mekabo SSI scheme have
been defined and presented at the bottom row of Tables 8 and
9. Under an ideal condition, the lowest acceptable threshold
for the magnitude of environmental impact of Mekabo
scheme (M,), as presented in Table 8, would be as follows:

j=14 i=4

=22 X, 2

Jj=1 i=l

-105 )

However, the Mekabo SSI scheme could be rejected if
under a worse scenario the magnitude of its impact (M,)
indicated in the last row in Table 9, increases beyond -479 as
expressed in eq. 10:

j=14 j=4
YR 35 35 RS

j=1 i=l
With the two above thresholds (M, M,), the sheer

magnitude of environmental impact of Mekabo SSI scheme
presented in Table 7 (M), could now be compared against
these two thresholds as depicted in eq. 11:

(11

the following

M,2M =M,
Substituting eq. 9 and 10 into eq. 11,
equation would emerge:
j=14 j=14 i=4

;zm?MZZE

i=1 i=1

(12)

Likewise, in order for significance of environmental
impact of Mekabo SSI scheme be acceptable, its score could
be equal or above the Latin number "-cxxxii" (Table 8) as
indicated in the following expression:
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j=14 i=4 input to be used in eq. 15 to be able to evaluate the
S.= Z ZYCI[ 2 — cxoxxii (13) significance of environmental impact of Mekabo SSI
j=1 =l scheme.
Nevertheless, the implementation of Mekabo SSI scheme S, 29 2 S. (15)
may be rejected if its significance score crosses beyond
"_ccelii" score (Table 9) as presented in eq. 14: Substituting eq. 13 and 14 into eq. 15, the following

_14 i equation will emerge:

—ccclii (14) 214 i=4 =14 i=4
o = ;Yr Z; leyrl_ Z Z (16)
J i j=1 i=l

Again, the two above thresholds would provide adequate

Table 7. Assessing the magnitude and significance of environmental impact of Mekabo SSI scheme

Assessment condition (i) Magnitude (M) Significance (S)
Sum Sum
£ =
. L. Impact Factor - £ 4 =
j Description g 2 =] 4 j=n =n
(X or Yy £ 3 s s : !
Sl PR RS >
RN X, Y,
i=1 i=1
-10 -10 -10 -10 .
1 Landscape . . . . -40 -xvi
-iv -iv -iv -iv
. . -10 -10 -10 -10 .
2 Hydraulics of river B . B -40 -XXiX
-vii -vii -vii -viii
. -10 -10 -10 -10 ..
3 Water pollution -40 -XXX1i
-viii -viii -viii -viii
i -7 -1 -4 -1
4 Physical Air and noise pollution , , . . 13 xii
Environment -iv -iv -1l -ii
-8 -10 -7 -10
5 Change of land use . . . . -35 -XVi
-iv -iv -iv -iv
Downstream water -7 -7 -10 -10
6 . . . .. -34 -XXviil
users -vii -vii -vii -vii
. -2 -4 -4 -2 ..
7 Spread of Malaria . -12 -Xvii
-v -V -v -ii
ic li -8 -10 -10 -5
3 Aquatic ll'fe and . . . . 3 xxii
fisheries -vi -vi -vi -iv
. -8 -10 -10 -10
9 Natural habitats . . . . -38 -XX
Natural -iv -iv -vi -vi
Environment -10 -10 -10 -10
10 Ecological balance . . . B -40 -Xxviii
-vii -vii -vii -vii
o -10 -10 -10 -10
11 Stress on biodiversity . . . . -40 -XXV
-iv -vii -vii -vii
i -3 -10 -3 -10
12 Ec9nomlc Value of properties . -26 -X
Environment -1i1 -1il -1 -111
-6 -5 -7 -3
13 Likelihood of conflicts . . =21 -Xiv
Social & cultural v -1 v -1
Environment : ; 2 -10 .10 -10
14 Archeologlcal sites & ' . ' . 20 xiv
artifacts -vi -vi -vi -vi
j=14 i=4 j=14 i=4
MRS H Y
Overall sum of magnitude and significance of environmental impact of Mekabo SSI scheme e e 1
=-444 =-ccxciil
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Table 8. Defining the acceptable threshold for environmental impact of Mekabo SSI scheme

Assessment condition (i) Acceptable threshold of | Acceptable threshold
Magnitude (M,) of Significance (S,)
. . L. Impact Factor ° SUM SUM
j Description (Xa; or Yay) - E @ = '7 -
S 8 £ z i=n i=n
S H | x| 3
_ g z 2 a; Ya i
=~ = i=1 i=1
1 Landscape 5 . 1 ] ! | ! . -4 -iv
-i -i -i -i
2 Hydraulics of river 1 i -1 i 1 S 1 i -4 -iv
3 Water pollution -1 . -1 . 1 . 1 . -4 -iv
-1 -1 -i -1
4 Physical Air and noise -4 -4 -4 -4 16 i
Environment pollution -iv -iv -iv -iv
5 Change of land use -l . -l . 1 . -1 . -4 -XXiV
-vi -vi -vi -vi
Downstream water || -4 -2 -1 -1 .
6 . . . . -8 -XX1V
users -vi -vi -vi -vi
7 Spread of Malaria -3 . 4 . n . y . -15 -Xvi
-iv -iv -iv -iv
3 Aquatic lllfe and -1 ‘ -1 ‘ -1 4 -4 ‘ 7 v
fisheries -i -i -1 -i
9 Natural habitats Ao s 4 -iv
Natural -1 -1 -1 -1
Environment -1 1 -1 -1
10 Ecological balance g g i g -4 -vi
1 Stress on AN ANd 4 v
biodiversity -i -i -i -i
12 Ecgnomlc Value of properties -3 . -3 . -3 . 1 . -10 xiv
Environment -iv -1v -iv -ii
13 ) Likelihood of -5 -4 -6 -2 17 iv
Social & conflicts - - - -
Cultural - -
14 Environment Archeological sites | -1 -1 -1 -1 4 v
and artifacts -1 -1 -1 -1
j=14 i=4 j=14 i=4
Acceptable limits of magnitude and significance of environmental impact of Mekabo SSI M= Z Z X a i Sa= Z Z Y a i
scheme j=1 i=1 j=1 i=1
=-105 =-cxXxXXil

4. Conclusions

According to Table 7, the overall sum of magnitude score
for environmental and social impact of Mekabo SSI scheme
(M) is equal to "-444". It could be viewed in eq. 17 that this
value lies between the two estimated acceptable (-105) and

rejecting thresholds (-479) emerged from Tables 8 and 9.
479> m > -105
(7
or —4792>-444 >-105

Similarly, the overall sum of significance score for

environmental and social impact of Mekabo SSI scheme (S)
presented in Table 7, is equal to "-cexciii". Equation 18
illustrates the fact that this estimated figure also lies between
the two acceptable and rejecting thresholds obtained from
Tables 8 and 9.
—ccclii 2 S 2—cxxxii
. g (18)
or ccclii >—ccxciii > —cxxxii
Therefore, as summarized in Table 10, since the
magnitude and significance scores for environmental and
social impact of Mekabo SSI scheme lies between the two
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extreme thresholds and does not cross beyond the rejecting
threshold, it may be concluded that the irrigation scheme can
be implemented provided that the mitigation measures

suggested in the next section addressing the adverse negative
impacts be properly implemented.

Table 9. Defining the rejecting threshold for environmental impact of Mekabo SSI scheme

. . Rejecting threshold of Rejecting threshold of
Assessment condition (i Magnitude (M,) Significance (S,)
. L. Impact Factor ) SUM SUM
j Description (Xr; or Yry) < g 2 = . i
P hrd = o
SRR AR AN >
a1 £ 2| & Xr, Yr
- - i=1 i=1
-10 -10 -10 -10 .
1 Landscape . -40 -XX1V
-vi -vi -vi -vi
. . -10 -10 -10 -10
2 Hydraulics of river . . . . -40 -XXviii
-vii -vii -vii -vii
. -10 -10 -10 -6
3 Water pollution B . . . -36 -XXViil
-vii -vii -vii -vii
i i i -8 -8 -7 -5
4 Pl.lyswal Air and noise . . . . 28 xvi
Environment pollution -iv -iv -iv -iv
-8 -10 -7 -10 .
5 Change of land use . -35 -XXiV
-vi -vi -vi -vi
Downstream water | -7 -7 -10 -10
6 . . . . -34 -xxviii
users -vii -vii -vii -vii
. -6 -5 -5 -5 .
7 Spread of Malaria . . . 221 -XXiv
-vi -vi -vi -vi
ic li -10 -10 -10 -5
3 Aquatic ll.fe and g s g s 35 xxviii
fisheries -vii -vii -vii -vii
. -10 -10 -10 -10
9 Natural habitats . . . . -40 -XXviii
Natural -vii -vii -vii -vii
Environment -10 -10 -10 -10
10 Ecological balance B . . . -40 -XXviil
-vii -vii -vii -vii
-10 -10 -10 -10
1" Strf:ss on 40 -XXXil
biodiversity -viii -viii -viii -viii
i -5 -10 -5 -10
12 EcF)nomlc Value of properties -30 -XX
Environment -V -V -v -V
Likelihood of -6 -5 -7 2
13 Social & conflicts -v -v -v -v 20 o
cultural - -
14 | Environment | Archeological sites -10 . -10 . -10 4 -10 4 40 <xiv
& artifacts -vi -vi -vi -vi
j=14i=4 j=14i=4
Rejecting thresholds for magnitude and significance of environmental impact of M= X Si= Y
Mekabo SSI scheme j=1 i=1 Jj=1 i=1
=-479 =-ccclii
Table 10. Summary of analysis for Mekabo SSI
. Assessment Threshold .
Subject Recommendation
Impact Acceptable Rejecting
Magnitude -444 -105 -479 Lies within the defined thresholds
Significance -cexciii -CXxXii -ceclii Lies within the defined thresholds
Overall i i ) The pl‘O_]eCi.: coul'd. be }mplemented
with mitigations
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5. Mitigation Measures

Implementation of any SSI scheme including Mekabo
scheme may leave behind some negative and irreversible
impacts that could not be mitigated with any known
mitigation measures. Therefore, during environmental
impact assessment, the environmentalists should interact
with the study and design teams in order to introduce and
discuss any environmentally viable alternatives. These
alternatives may include among others the alternative sites
and alternative project components as well as different
products, materials, and technologies [12]. Even the “No
Project” alternative, which implies maintaining the existing
land and water resources status quo, is often promoted by
some strict environmentalists. However, in case of Mekabo
SSI scheme, the "No Project" alternative proves to be in
contradiction with the food security strategy of government
of Ethiopia. In reality, the positive economic and social
impact of Mekabo SSI scheme could partially offset some of
its negative impacts since the scheme promotes increased

household income, increased employment opportunities,
improved food security, contribution to social stability, and
prevention of migration of farmers to the big cities.
Substantiating the above-mention argument, many
developers and policy makers consider the ‘No Alternative’
as an unrealistic alternative [12].

The measures summarized and presented in Table 11
covers the range of mitigations intended to reduce the
negative and reversible impacts of Mekabo SSI scheme at
study, construction phase, operation period, and
decommissioning. If the mitigations were being applied after
all components of the project have already been constructed,
the maximum adverse impact would occur during operation
period (Upper end of line B in Figure 6) and it would be
much more difficult and more costly to apply the mitigation
measures at this stage (Line F). However, if the authorities
initiate early application of mitigation measures (Line E), the
negative and reversible impacts could better be managed at
the earlier stage of operation period.

Table 11. Summary of major mitigation measures to reduce the negative environmental impact

Description Study and Construction Period Operation Period Decommissioning Period
Impact Factor Mitigation Impact Factor Mitigation Impact Factor Mitigation
. - . e Likelihood of water
e Disturbance of landscape e Re-landscape the e Change in the e There is no sienificant ||Pollution and soil ® Remove the
due to excavation at quarr; disturbed areas b; hydraulics and o e : contamination due to decaying debris
P At q Y : Y Y f mitigation for this at this G ying
sites and construction of planting more trees, [hydrological pattern of stage ° leachate from remnants |and provide
access roads terraces, gabions etc. (river flow = qfrqechanlcal ?{nd gravity drainage
structural debris
e Temporary increase in the « Oblige th
rate of water, air, and noise 1ge the s s e Creating ugly view e Remove the
pollution as well as soil gﬁ?ﬁr?ﬁéor to comply Change in the land ;rle:\;egl[;rglite ;:ai?beﬁ?tmve due to spread of debris and
contamination due to improper environmental use study and a%oid‘themy abandoned mechanical [provide more
disposal of waste and function protection rules and structural debris plantation
of contractors’ machineries
Physical —
Envirynnment e Provide interceptor e Perform a water balance
and gravit?/ drains as and \fvasler.allo(i:at;oryl
e Likelihood of spread of well'as collaborate | e Jeopardizing the :}e‘;’;’ﬁgﬁ‘t‘t‘galdurz“:
Malaria due to accumulation |with the health rights of downstream promote ¥l1e scheme only - -
of water in borrow pits authorities to water users if there is enough water
el_lllmmate any likely for downstream water
threat users
Sf‘?ﬁﬁ?;i‘éé \l;}alt};: rate e Include in the feasibility
surt - |study and then in the
ollution due to runoff |SHU¢ f
- - ?rom agricultural project operation the best - -
farms agricultural management
(agrochemicals) practices including IPM
e Investigate durin
f&iaslblll'hy séudy and
) L. plan in the design ’ i . L
e Change in the existing adequate water to be ;x(i:gilr?ge aut]tg—lg of e There is no Slﬁ_nlflcan_t
pattern of aquatic life and released for . aqﬂa[icgl{,fe and mitigation for this at this
fisheries in the river ﬁ?:’:r?ér;?—?v?geu?i‘;ﬁ fisheries in the river stage
path on weir for
downstream fisheries
;e:::’glsl?t%a:gu?]ur:;% e There is no significant |, Disturbance in natural
» Disturbance in ecological avoid ecolo icgll ¢ Disturbance in mitigation for tl%is at this habitats and the free e Remove the
bal: g Y 1 1 bal g movement of animals t
Natural alance sensitive arcas ceological batance stage due to the remnants of dCbr"fi e
Environment during design canals, drains, and provide more
 Disturbance in natural  Disturbance in structures as physical plantation
habitats m’l|d 1trhe _freel a l.nggsr;:iu'fltssed(}j“\l'?;eg ?alural habltatf ar;_d the barriers
movement of animals due to a ree movement o is sienifics
land stripping, excavation at feasibiﬁty study and [lanimals due_to ° 'l;herle 1s ‘}0 bt‘l%-r{‘!‘:'?}?[,
quarry sites, construction of avoid ecologically operation of access mitigation for this at this
ac((.‘ie§s r&{ads,‘c'al‘lalﬁ, Qr?lfs, sensitive areas 'ru%ds, canals, drains, stage
an ;!rl:l(,ture: as physica during design and structures a§
barriers physical barriers
® Stress on e There is no significant
- - biodiversity (flora and [mitigation for this at this
fauna) stage
Economic « No signifi ti ¢ _ * No significant - e Loss of permanent e No applicable
Environment © significant impac impact jobs mitigation
* Mediate and
e Likelihood of some conflicts |Sneourage . .
2 ficiaries 3 consultation with the P * Mediate and encourage
Social and  |[amor, beneficiaries and non- community members ||® Likelihood of some | consultation with the
Social an beneficiaries in the negotiate ang conflicts among community members in
Cultural community resolve the likel beneficiaries and non- Y f e No significant impact -
ve t y b foiaries order to negotiate and
Envi conflicts eneficiaries in the 3
e e Avoid sensitive ommunity resot!l\_/etthe teely
P N sens conflicts
l-l_]_,tlke_llh(_)tud ot&idmgfge[to areas during study
istoric sites and artifacts and construction
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Figure 6. Demonstration of timely application of mitigation measures in SSI schemes

6. Conclusions

a.

A simplified environmental and social impact
assessment approach was developed using a two
dimensional matrix and expert judgment inspired by
Leopold matrix.

The developed approach was applied to assess the
impact of Mekabo SSI scheme on four major elements
of environment including physical, natural, economic,
and socio-cultural environment.

Fourteen factors for Mekabo small-scale irrigation
scheme were identified as the major susceptible
elements for which the environmental impact during
construction  phase, operation period, and
decommissioning were assessed.

The acceptable and rejecting thresholds were defined
to produce a platform for comparison of magnitude
and significance of the impacts.

The analysis of the result of assessment shows that the
scores of Mekabo SSI scheme lie between the two
acceptable and rejecting thresholds; thus, could be
implemented with some mitigations.

Some mitigation measures were also suggested to
reduce the major negative and reversible
environmental impact of the scheme.
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