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Abstract

Irrigation is certainly a means for farmers to adapt to climate variability and change. Howev-
er, the impact of climate change on irrigated agriculture and possible options to deal with it
still deserves more research. We therefore assessed farmer’s perception on climate change
and its impact on current and future water management in the Koga irrigation scheme in Lake
Tana sub-basin, source of upper Blue Nile River. Farmers in Koga who used to entirely rely
on rain fed agriculture stated that the major benefits of the scheme are multiple cropping, in-
creased productions and profits, savings, children’s school enrollment and in general better
livelihoods. Despite these observed benefits more than half of the respondents expressed dis-
satisfaction with the current water allocation. Farmers are concerned that climate variability
and change might exasperate the current water allocation issues. For example, hail strom was
cited as one of the major climate stress in the region by 60% of respondent. Seven out of ten
respondents felt a change in rainfall pattern (onset and variability) in the past 20 years.
Slightly less than half of the farmers believe that temperature has increased over the past two
decades. More than half of the farmers anticipate future water shortages due to climate
change and sedimentation. Almost all of the respondents do not use other water sources dur-
ing times of water shortage. The main reasons for not using additional source of water are
long distance from river water, and long distance between existing hand dug groundwater
wells and cultivated lands. About 38%, 12% and 12% of the respondents suggest respectively
digging groundwater wells, rainwater harvesting and improved governance as better strate-
gies to deal with future water shortage. Measures that will solve existing water allocation
problems and enable farmers to better deal with the anticipated future water shortages will

increase the resilience of the scheme.
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1. Introduction

1.1 Background

There is undeniable scientific evidence about the increasing concentration of greenhouse
gases in the atmosphere and its visible impact on the global climate system (IPCC, 2013).
Over the period 1880 to 2012, the globally averaged combined land and ocean surface tem-
perature data showed a warming of 0.85 °C (IPCC, 2013). However, the observed climate
change and its associated impacts differed greatly across countries and regions. For instance,
mean temperature over Ethiopia has increased by 1.3°C between 1960 and 2006 at a rate of
0.28°C per decade (McSweeney, 2010). The corresponding precipitation trend during the last
3-6 decades was not very clear, although its change is often implicated as a source of
droughts and floods in eastern Africa countries including Ethiopia (Niang, 2014). The pro-
jected changes in average precipitation and temperature could also vary across regions. The
IPCC Fifth Assessment Report (ARS), for instance, states that GCM projections of annual
precipitation in the Upper Blue Nile basin (UBN) do not agree on the direction of precipita-
tion change (Niang et al., 2014) while the average temperature is projected to increase by 2 to
5°C by the end of this century (Elshamy et al., 2009). Such changes in r temperature are,
therefore, expected to affect potential evapotranspiration (Elshamy et al., 2009), crop water
requirement (McKenney et al., 1993) and socio-economic development (Fischer et al., 2007)

in the region.

In order to adapt to the observed and projected climate variability and changes, farmers in
UBN have been taking various measures including water harvesting, trees planting, early and
late crop planting, terracing, crop diversification and others (Deressa et al., 2009; Salvatore et
al., 2012; Tessema et al., 2013). To support such local initiatives, the government of Ethiopia
is also responding to the changing climate in the region. For instance, the five large scale ir-
rigation schemes', which are commissioned or under construction in the Lake Tana
sub-basin, are among those bold government initiatives that are aiming at improving food

security while reducing the vulnerability of local communities in the region to climate varia-

ISSN: 222-07643 2



Berhanu B. et.al/ EJWST 01(2018) 46-64

bility. Koga irrigation scheme is the first large scale irrigation project to be operational in the
Lake Tana sub-basin. Its construction has been completed and become operational since

2009.

The Ethiopian government strategy to expand small and large scale irrigation schemes can be
justified as an adaptation option as it increases farmer’s resilience to climate change impacts
(World Bank, 2006; Falkenmark and David, 2008; Misra, 2014). This is because irrigation
helps to increase agricultural productivity by withstanding rainwater shortages (Kuruku-
lasuriya and Rosenthal, 2003). Many researchers have also suggested that irrigation is one of
the best possible means for farmers to adapt to climate variability and climate change
(Cooper et al, 2008; Deressa et al, 2009; Mengistu, 2011; Haile et al, 2013). To this end, var-
ious African countries including Ethiopia are expanding irrigation to feed their ever growing
population (Maddisson, 2006). However, most of such initiatives did not fully consider the
impact of climate change on both demand and supply sides of the irrigation schemes. For in-
stance, the current water demand and supply sides of the Koga irrigation scheme were esti-
mated under the assumption of a stationary climate by undermining projected increased tem-
perature and reduced stream flow for Lake Tana sub-basin (Abdo et al, 2009; Setegn et al,
2011;). Recent study by Berhanu and Haile (2015) also predicted a likely increase in future
water requirement of Koga irrigation scheme under all representative concentration pathway
scenarios (RCPs) to question the reliability of future irrigation water demand and delivery of

this scheme.

In addition to the impact of climate change on the supply and demand sides of irrigation,
farmers’ perception about the impact of climate change on irrigated agriculture and possible
options to deal with such impacts are important to ensure the sustainability of irrigation
schemes (Koontanakulvong et al, 2014). This is because perception plays a great role in
farmers’ level of response to climatic change, choice of adaptation measures and how they
will be affected by such changes. Therefore, there is a strong need to understand how farmers

engaged in agriculture perceive and adapt to climate change. Such information is necessary
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for the process of adapting agriculture to climate change (Deressa et al, 2011), designing ef-
fective policies to support successful adaptation and enhancing our understanding of what

factors shape their adaptive behavior (Abid et al, 2015; Mertz et al, 2009; Weber, 2010).

This study is focused on the case of Koga as an operational irrigation scheme to assess the
perception of the benefiting farmers' about the impact of climate variability and change on
irrigated agriculture (water demand and supply). The objectives are to: (i) understand farm-
ers’ perception about the existing water allocation in the irrigation scheme, (ii) evaluate
farmer’s perception about climate change and its impact on irrigation water demand and sup-
ply, and (iii) assess possible water management and adaptation options for irrigated agricul-
ture. The findings from the study will serve as inputs to inform future water management as
well as other adaptive initiatives in and around the Koga irrigation scheme. Since irrigated
agriculture will continue to expand to feed the growing population in Ethiopia, the study will
also generate valuable information on farmers’ perception to make the upcoming irrigation

projects more resilient to climate change.

1.2 Study Area

1.2.1  General characteristics of the study area

The Koga Dam is built on the Koga River at 11° 24" 31" North and 37° 9’ 39" East
coordinates with an elevation stretching from 1800 m above sea level (downstream area) to
3000 m above sea level (upstream area). It is situated in the Amhara regional state of Ethiopia
at a distance of about 35 km south of Bahir Dar. Mean daily temperature of Koga watershed
was 19 degrees Celsius from 1960-2003 and it received 1560 mm of precipitation annually on
average during that same period. High rates of erosion are stimulated by high river flows that
occur during the rainy period as a result of high precipitation and runoff (Reynolds, 2013).
Almost 87% of the area consists of silty clay soils which are suitable for irrigation (Eriksson,
2013). The major land use/land cover features of the watershed before the start of the irriga-

tion project were cultivated land, settlement, scrub-wetland, bush land, few remnants of nat-
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ural forest trees and also some planted Eucalyptus trees around settlements (Gebrehiwot,

2010).
1.2.2 Koga irrigation project

Koga irrigation scheme is the first of the six large scale reservoirs1 that the Ethiopian gov-
ernment planned to construct in Lake Tana sub-basin with an aim of ensuring food security in
the region and beyond. Figure 1 provides the location irrigation schemes in the Lake Tana
basin. The construction work of Koga irrigation project was started in November 2004 and
completed in May 2011. Parts of the scheme were operational since the dry season of
2009/2010 though the construction of some tertiary or quaternary canals was not fully com-
pleted. The Koga reservoir covers 1750 ha surface area with a storage capacity of 83.1 mil-
lion cubic meters. The target irrigated area in the design report is 7004 ha with possible addi-
tion of 196 ha if water saving technologies are applied. However, the actual irrigated area

during the dry season of 2013/2014 was 5830 ha covering 10,356 farm households.
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Figure 1. Irrigation schemes in the Lake Tana basin including location of the Koga scheme

The main canal of Koga irrigation scheme stretches 19.7 km. Its 11.95 km stretch follows the
contour and the remaining 7.75 km stretch follows a ridge. Its irrigated land is divided into
twelve irrigation units that are supplied by twelve secondary canals (they add up to a total
length of 42 km). A number of tertiary canals with total length of 117 km divert water from
secondary canals (tertiary canal head regulators) and deliver water to each tertiary blocks.
Primary, secondary and part of the tertiary canals are built with a protective concrete lining.
On the contrary, 783 km stretch of quaternary canals are unlined cut and fill canals, which are
each designed to serve 8 to 16 hectares of land. Earth field canals off-take from quaternary
canals and are designed to serve an area of 2 hectares per 12 hours irrigation time at a dis-
charge rate of 30 1/s. The 12 hours period night storages capacities of the irrigation units are

given in Table 1.

1.2.3. Crop production and /socioeconomic regime

The main crops cultivated within the scheme are wheat, maize, barley, potato and onion.
During the dry season of 2013/2014, 70% of the irrigated area was covered with wheat which
is the preferred crop by farmers as it requires long irrigation interval. The region’s hybrid
seeds enterprise that works with the Koga project farmers has cashed 22 million Ethiopian
Birr (around 1 million US$) in the 2013/14 season. The rest of the irrigated area is mostly
covered with vegetables such as onion, potato, cabbage and tomato which are destined to the
local market. Rhodes grass is also being cultivated on the edges/borders of the primary, sec-

ondary the tertiary canals, water storage structures and periphery of the dam.

Table 1. Koga irrigation scheme night storages capacity

Irrigation Unit Night storage Irrigation Unit Night storage
capacity(m’) Capacity (m’)
Kudmi 20,006 Lasi 25,195
Chihona 35,593 Bered 24,728
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Ambomesk 40,176 Anidenet 40,695
Adibera 30,986 Amarit a

Tagel wodefit 37,727 Teleta 41,887
Inguti 19,200 Tekle Dib 44,614

a. The only block that does not have night storage

2. Methods

2.1. Key informant interviews

Ten key informant interviews (KII) were conducted during the first week of October, 2014.
Prior to the field work, KII guide was prepared to facilitate the interview. The guide covered
main issues relevant to the study, such as the benefits of the irrigation scheme, general opera-
tion of the scheme, water allocation and shortage problems, coping strategies to water short-
age, perception on climate change and its impact on water resources and possible adaptation
options to water shortage. The key informants included the Koga irrigation project manage-
ment, the technical personnel (canal operators and agronomists), beneficiary farmers and
representatives of the water users association. In order to acquire a wide range of information,

the informants were selected as much as possible from the 12 different irrigation units.

2.2 Structured interview

Quantitative and qualitative data were collected using structured questionnaires. The ques-
tionnaire consists of 86 open and closed questions grouped in to six main sections: (i) irri-
gated farming; (i1) farmers’ satisfaction; (ii1) exposure and sensitivity to climate change im-
pacts; (iv) current coping mechanisms; (v) anticipated exposure and adaptive capacity to cli-
mate change and (vi) assessing potential adaptation options. The survey lasted for about 30 to
40 minutes for each respondent. The questionnaire was prepared in English language but later
translated in to the local language (i.e., Amharic). The accuracy of the Ambharic translation

was assessed by a local expert who did not participate in the preparation of the questionnaire.
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In order to assess the level of understanding and difficulties associated with the interpretation
of the questionnaires, the research team has trained three enumerators and helped them to
conduct a pre-test survey. Once they were qualified to conduct an independent interview, a
total of 93 randomly sampled farmers were surveyed from the 12 irrigation units of the Koga
irrigation scheme. The number of surveyed households was limited to 93 since this was found
sufficient to perform simple statistic estimation. The research team assessed the quality of the
collected data on a daily basis and provided continuous feedbacks to the enumerators. A
minimum of 7 farmers were interviewed per irrigation unit regardless of inaccessibility prob-
lem by vehicle (e.g., in the Lasi and Adeberra irrigation units). Both canal head and tail
farmers of each unit were included in the survey. Overall, we can say that the respondents are
representative of the entire irrigation scheme but still farmers’ selection within the same irri-

gation unit was sometimes influenced by accessibility of their plots.

2.3 Statistical analysis

The quantitative data collected through the structured questionnaire were first checked for
consistency and then digitized. The data were then analyzed using the Statistical Package for
Social Sciences (SPSS). Descriptive statistics (min., max., mean, percentage and standard

deviation) was used to analyze the collected data.

3. Results

3.1 Socio-economic profile of the respondents

Farmers benefiting from the Koga irrigation scheme have an average age of 40 years (Table
2(a)). Crop cultivation is the major livelihood strategy and source of income to these farmers.
However, about 87% of the respondents are also involved in more than one income generat-
ing activities mainly in livestock rearing. Average land holding is 1.2 ha with a maximum of
4 ha. Most farmers with a large landholding stated that they cultivate only part of their land in
each production season due to lack of labor and limited financial capacity to purchase agri-

cultural inputs. Irrigation farming is a new activity in the area and almost all the surveyed
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farmers did not have any irrigation experience before the start of the Koga irrigation scheme
in 2009. Tables 2(a) and 2(b) show the profile of the respondents, their irrigation experi-

ence,income information and landholding size.

Table 2(a). Respondents profile and irrigation experience

Sex Age Irrigation farming experi-
ence before the Koga project

Female (%) | Male (%) | Min | Max | Mean St. Yes (%) No (%)
Dev.

25 75 22 |70 40.75 11 3 97

Table 2(b). Respondents income information and land holding

Source of income Number of activities Landholding
generating incomes

Crop cul- | Livestock | Petty | Oth | One Two | Three | Min | Max | Mean | St.Dev.
tivation (%) trade | er (%) (%) (%)

(%) (%) | (%)

100 87 5 3 13 80 7 025 | 4 1.18 | 0.77

3.2. Farmer’s perception about the existing water allocation

Farmers stated that the irrigation scheme has brought multiple benefits to them. While they
used to cultivate only once a year by relying on the rainy season, they are now cultivating at
least twice a year (after the commissioning of the scheme). As a result of multiple cropping,
farmers are able to improve their crop yield, income and livelihood (e.g. improved food diets,
better houses and improved living standards). The improvement of income from their irrigat-
ed agricultural activities has helped them to save some money in a bank, which was not
common in the area before the start of the project. As a result, children school enrollment has
drastically increased since farmers are able to incur the cost of sending their kids to school.
This has caused labor shortage in some households as kids were the once who helped them in

farm activities.
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Despite the multiple benefits of the irrigation scheme, about 57% of the respondents are not
satisfied with the current water allocation. Their dissatisfaction is mainly related to the irriga-
tion water amount and interval. The amount of the allocated water for >60% of the respond-
ents is less than their actual water demand (Figure 2) as the allocation did not take into ac-
count the type and stage of crop. The current discharging rate at the Koga irrigation scheme is
based on fixed flow (30 1/s for 12 hours to irrigate 2ha), which is levied during the design
phase of the project. The discrepancy between water demand and supply has induced impact
on the performance of their crops. According to the respondents, water shortage is causing

decline in crop yield and increase in pest infestations in the area.

Equivalent to demand {27007

Exceed demand -

0 20 40 60 80 100
Percentage of respondents
Figure 2. Farmer’s perception about amount of allocated water compared to the irrigation

demand

About 70% of the farmers stated that the current irrigation interval is too long to timely satis-
fy the water demand of existing crops (Figure 3). The average irrigation interval is 11 days
but depending on the location of the irrigation unit it can go as short as 5 days and as long as
30 days. As a result, farmers are forced to make adjustments on their crop selection. They
opted to less water demanding crops (such as cereals) rather than planting more profitable

crops with frequent water demand (e.g. vegetables). Despite their dissatisfaction on the irri-
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gation interval, majority of the respondents (~85%) consider the current water rotation as re-
liable as they received water on due date. However, farmers’ complained that they are not
benefiting from this irrigation scheme during the rainy season for instance in times of early
rainfall offsets or extended dry spells although the reservoir was designed and build to store

sufficient water for both seasons.

Short compared to the demand %

Medium compared to the demand W

Long compared to the demand 7’

0 20 40 60 80 100

Percentage of respondents

Figure 3. The actual irrigation interval compared to the required irrigation interval

3.3. Farmer’s perception on historical climate variability and change

We assessed farmers’ perception on historical climate variability and change with the as-
sumption that farmers’ perception towards these changes could affect their responses and
provides useful inputs to understand the existing adaptive capacity. With regard to historical
rainfall patterns, 70% of the respondents recognized changes in rainfall pattern over the past
20 years (Figure 4). Of these, almost 80% of them stated that the current onset of rainfall is
earlier than before and offset. Appreciable percentage of the respondents (30.5%) had also
noticed increased rainfall variability over the years. The number of respondents who reported
a decrement in rainfall amount is greater than those who reported an increment. Most of the
respondents generally said that rainfall has become less predictable and posed difficulties to

schedule their agricultural activities based on their existing indigenous knowledge.
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Figure 4. Farmers’ perception of changes in rainfall in the last 20 years (% respondents)
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Slightly less than half of the farmers believe that temperature has increased over the past 20

years (Figure 5). A rise in temperature is explained by an increase in crop water requirement,

an increase in crop diseases and pest proliferation. However, about 13% of the respondents

observed a decrease in temperature over the past 20 years while 14% did not recognize any

change.
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Figure 5. Farmer’s perception of changes in temperature in the last 20 years

Farmers’ perception about the major climate stresses in the last 20 years was also evaluated
and 60% of the respondents considered hail storm as one of the major climate stresses in the
study area (Figure 6). The unexpected hail occurrence may, sometimes, destroy the standing
crops and left farmers with empty hands. For example, in 2014, most of the maize farms in
Ambo Mesk irrigation unit were destroyed by hail (at maturity stage) and greatly affected
farmers’ capacity to purchase agriculture inputs in the coming irrigation season. According to
the respondents, flood is the next major climate stress followed by frost. Only less than 10%

of the respondents consider drought as the major climate stress.

e —
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Figure 6. Farmers’ perception of the major climate stresses in the last 20 years (% respond-

ents

3.4. Farmers’ perception on future climate change and associated impacts

Fifty eight percent of the respondents anticipate that irrigation water shortage in the future
will affect their agricultural activities. However, most of them (54%) do not anticipate water
shortage in the near future (within 5 years). Among those farmers who anticipate shortage,
58% and 35% of them fear that water shortage will occur in the meduim (5-10 years) and
long term (>10 years) respectively (Figure 7). The rationale behind their perception is that the
future irrigation water shortage will probably occur due to reservoir sedimentation and an in-
crease of irrigation water use than changes in climate variables (Figure 8). Farmer’s fear of
increased water use in the future may be linked to increased awareness of the benefit of irri-
gated farming which may lead to very intensive irrigated agriculture activities. On the ques-
tion “who will be more affected by future water shortage”, nine out of ten respondents identi-
fied farmers at the tail reach of the scheme to be more vulnerable to climate change. They
believe that these farmers are more prone to water shortage because they are located far away
from the main reservoir and are susceptible to increased water loss along the canal. They also

believed that poor water management does aggravate this situation. Therefore we can say that
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the serious problem right now could be unfair distribution of water and it will remain a major

problem if not addressed (more than the impact climate change).

No I @ Short term

O Middle term

M Long term

Yes flam

0 20 40 60 80 100
Percentage of respondents

Figure 7. Percentage of respondents who anticipate irrigation water shortage in the future
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Figure 8. Farmers’ perception on the possible reasons for future water shortage

Climatic factors do not seem to be farmers’ biggest fears in Koga as they stated that temper-
ature and rainfall variation will have limited impact in terms of water shortage. This is mainly
due to their belief that they cannot do much with regard to climatic variables as it depends

only on the “will of God” and they preferred to concentrate on factors that can only be man-
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aged by them. Comparatively, farmers are more concerned about the effect of decreased

rainfall on future water shortage (19%) than increased temperature (4%).
3.5 Possible water management and adaptation options

About 97% of the respondents stated that they do not try to use additional sources of water
other than the reservoir water during times of water shortage. This is an overwhelming large
number particularly since many farmers were complaining about inadequate and infrequent
water allocation. The main reasons for not using additional source of water are poor access to
river water as determined by distance (28% of the respondents), and long distance between
existing hand dug groundwater wells and cultivated lands (68%). Our key informants stated
that they are shifting to less water demanding crops to deal with water shortages. Indeed,
their major crop is wheat (70% of the cultivated area was covered with wheat during dry
season 2013/2014), a cereal crop that does not require frequent irrigation and large amount of
water. The cultivation of wheat is done in spite of vegetable crops which are much more

profitable than cereals but demand short irrigation intervals.

Asked about the possible adaptation options for anticipated future water shortage, 38% of the
respondents suggested that digging groundwater wells within their cultivated land can be a
solution as long as they can use motor pumps to irrigate their land. Currently, 56% of the
households have groundwater wells but they only use it for domestic water use, for livestock
and to irrigate their backyard vegetables. For 12% of the respondents’ rain water harvesting is
preferred option to deal with water shortage. Another 12% of the respondents affirm the need
for the government assistance in order to deal with future water shortage. Although few in
number, some of them mentioned improving water use efficiency, reduction of reservoir
sedimentation rate through soil and water conservation and reduction of the irrigated area in

times of water shortage as possible adaptation options for Koga scheme.
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4. Discussion and conclusion

Several irrigation infrastructures are under-construction in the Lake Tana sub-basin, which is
considered as the growth corridor by the Ethiopian government. These irrigation infrastruc-
tures are expected to increase farmers’ resilience to climate change by reducing their de-
pendence on rain fed agriculture. However, the predicted climate change in UBN may have
direct impacts on the irrigation water requirements, reservoir evaporation and inflow. Ac-
cording to Setegn et al. (2011) and Abdo et al (2009) , UBN region will experience an in-
creased temperature and reduced stream flow to Lake Tana sub-basin that in turn challenge

the sustainability of future irrigation schemes in the basin.

As farmers are the direct beneficiaries of the Koga irrigation scheme, it is important to con-
sider their perceptions about the existing water allocation and water shortage phenomena.
This study found that most beneficiaries are not totally satisfied by the existing allocation of
the irrigation water and are concerned about the amount and interval of the supplied irrigation
water. Currently, farmers are not able to plant profitable crops (like vegetables) as their water
demand is larger or more frequent than the amount and frequency of water delivered by the
scheme. The initial fixed flow rate of 30 1/s for a period of 12 hours on about a weekly basis
is basically planned to irrigate 2 ha without considering the crop type or stage of crop devel-
opment. Hence, the existing water allocation practice should be revised so that farmers’ can

shift from cereal cultivation to profitable crops like vegetables.

Farmers perceive hail as the major climate stress in Koga scheme. Hail frequently destroys
standing crops. However, hail has not been given due attention in previous studies (Deressa et
al, 2009; Deressa et al, 2011). They consider flooding as the second major climate stress.
Heavy rainfall is the major cause of flooding in the area while the problem is exacerbated by
poor drainage system of the irrigation scheme. Therefore, the concerned bodies need to thor-
oughly consider this climate stress and work to build viable shielding measures such as estab-

lishment of better drainage systems.
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Climate change is happening and its impact is being felt by farmers within the Koga irriga-
tion scheme. An increased variability of rainfall is making it hard for them to predict crop
planting date using indigenous knowledge. Early rainfall offsets and rainy season with ex-
tended dry spells in Koga area had also contributed to significant decline in crop yield as it
was the case in the 2015 rainy season. The success of the rainy season production in the area
is crucial since the financial profit of the production in this season is used to purchase inputs
for dry season. However, lack of irrigation water supply during the rainy season has been
significantly affecting crop production although the irrigation scheme was designed and con-
structed to supply water in both seasons. Therefore, the possibility of using the irrigation wa-
ter as supplemental irrigation should be considered to increase farmers’ ability to better deal

with climate shocks in the rainy season.

Farmers’ perception on climate change may agree with climatic trends that were detected in
meteorological records (e.g. Gbetibouo, 2009; Kasulo, 2012; Bryan, 2013). However, its re-
liability is often questioned as it is influenced by a number of social, economic and environ-
mental factors (Nhemachena & Hassan, 2007; Deressa et al., 2009; Nhemachena, 2009; Der-
essa et al., 2010). In this study, more than half of the respondents noticed a rise in tempera-
ture in/around their area. Surprisingly, the majority of the respondents believe that changes in
climatic variables (such as temperature and rainfall) will have less impact on the volume of
water stored in the reservoir. Rather, sedimentation is their number one reason responsible for
a significantly reduction in the actual amount of water stored in the reservoir. This findings is
also in contrary to McKenney and Rosenberg (1993) and Fisher et al. (2007) findings who
reported consequential effects of climate variables on the volume of water in the reservoir,
crop water requirements, reservoir evaporation, crop disease and pest proliferation. Apart
from sedimentation, farmers in Koga irrigation scheme linked future water shortage to an in-
creased water use and bad water management that warrant improvement on the existing water

management system to avoid/reduce probable cause of water loss.
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With regard to Koga farmers’ current coping mechanisms, in times of reservoir water short-
age they are not using an extra source of water. Their current coping mechanism is only
linked with the continuation of the cultivation of the crop that is known (even under rain fed
condition) instead of experimenting with something with new possibly high yielding crops
that are not indeed the most profitable crops. Therefore by shifting from vegetables to cereals
crops their income decreases and this implies that their adaptation option incurs a cost. Ad-
aptation measure often incur extra costs but some investments like the purchase of a water
pump may become profitable in the case where the owner earns money by renting it out to

other farmers (Kusters and Wangdi, 2013).

One of the objectives of this study was to identify viable adaptation options for anticipated
future water shortage. Digging groundwater wells, rain water harvesting and assistance of the
government are the major suggested strategies by Koga farmers. We believe that in order to
be successful, future projects that will try to improve the resilience of Koga farmers to water

shortage need to take farmers’ suggestion into consideration.

The Koga irrigation scheme is a well-functioning irrigation system with some existing and
forthcoming challenges with regard to its water allocation and its vulnerability to climate
change. However, for better crop harvest, the fixed flow rate and long irrigation interval
should be adjusted in accordance to the crop-water requirement demand. The irrigation pro-
ject management should consider releasing reservoir water as supplemental irrigation in the
rainy season particularly during early rainfall offsets and extended dry spell. This is needed to
maximize the benefit from this big investment. Farmers in Koga should consider alternative
water sources in times of irrigation water shortage (e.g., digging groundwater wells and use
of motor pumps, rain water harvesting, etc) to increase the resilience of the irrigation scheme.
Overall, measures that will improve farmer’s capacity to better deal with water shortage
should be implemented in Koga irrigation and other similar irrigation projects that are under
construction or at design stages in the UBN basin. We particularly advocate improved water

governance for better water allocation and suggest that future research needs to explore the
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implications of promoting rain water harvesting and groundwater abstraction to deal with ir-

rigation water shortage.
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