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Abstract

Climate-induced floods are increasing in Africa. The need to evolve framework for adapta-
tion to climate change impact (CCI) among flood-prone fish farmers necessitated this study.
Based on availability, 60 farming active flood-experienced fish farmers were purposively
selected from flood-prone (Gulu and Kibuku) regions in climate hotspot Uganda. These
were assessed for CCI adaptation tendencies in their socioeconomics and farming opera-
tion/techniques (FOI) indices, CCI awareness, CCI adaptation strategies, and perceived
required interventions (RIs) using structured questionnaire. Data were analyzed through
descriptive and multivariate regression tools. Respondents were mostly male, adults, edu-
cated, Christian, married, medium-sized family, social group members, 1-5 years’ expe-
rience, medium-sized farms, and government trained. Income was 1.0-6.0 million Ugx/
year. In FOI, semi-intensive culture system, use of rainwater plus groundwater, small-sized
(<0.5 ha) ponds, ponds possession of inlets and outlets, seasonal farming and mixed cul-
ture/farming dominated. Most respondents were aware of CCI, while erratic rainfall with
floods and prolonged drought mostly impacted farming. AS-Adaptation Strategy were
changed stocking time and livelihood diversification. Communication technology and
social group’s membership enhanced adaptation, while inadequate awareness constrains
adaptation. Respondents’ RI(s) were tree planting, irrigation and pond perimeter trenching.
Gender, government training, farm size, water sources and presence of inlet and outlets in
ponds (FOI) predicted adaptation (R=0.802, R*=0.64, P<0.05). Some socioeconomic,
technical and awareness indices could assist CCI flexibility. However, the statistically sig-
nificant predictors of adaptation, identified adaptive strategies, constraints to adaptation
and required interventions could be integrated into a framework for effective CCI adapta-
tion for sustainable fish farming in flood-prone scenarios.
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1 Introduction
1.1 Climate change and fish production sector

Global warming is currently impacting rural communities. It has multi-sectoral dimen-
sions, threatening social, political, and economic development of humans (Serdeczny
et al. 2016). Africa is among the most vulnerable continents to climate change (New
2016), which takes multiple dimensions of disaster and food security (Freeman 2017,
Ipinjolu et al. 2014; IPCC2012). Climate change impacts severely on natural systems,
such as agriculture. This food production sector faces the daunting challenge of provid-
ing adequate food and other necessities to a growing world population. For now, the
human population is projected to increase to nine billion by 2050 (Clements et al. 2011).
Climate change contributes to poor and unpredictable yields, making farmers more vul-
nerable (UNFCCC 2007). Meanwhile, agriculture plays an essential role in many devel-
oping countries, which mostly run agro-based economies (World Bank 2008).

Fish production is an essential component of agriculture and global food security
(Olaifa 2015). Billions of people around the world depend on fisheries and aquaculture
for food, essential nutrients, and livelihoods (FAO 2016a). However, the global trend
reflects that fish production from capture fisheries no longer meets demand (Gabriel
et al. 2007). Fish stocks in African waters have been declining (Adebo and Ayelari
2011). The capture fishery subsector is being threatened by increasing climate change
impact vulnerability (Boko et al. 2007; Allison et al. 2005). This climate scenario is
expected to worsen in the future (Rhodes et al. 2014).

On the other hand, the aquaculture subsector of fish production continues to grow.
Aquaculture is being noted as indispensable to meet the fish supply deficit, driving eco-
nomic and social growth (FAO 2010). Aquaculture can serve as adaptation strategies
to climate change impacts on fisheries (Coulibaly et al. 2007). It has great potential
in ensuring food and nutrition security, especially in Africa (Olaifa 2015). Hence, it is
gradually becoming the hope for fish production in the face of dwindling capture fisher-
ies. Although many developing countries are increasingly adopting aquaculture in this
regard, the subsector is also vulnerable to the impacts of climate change.

1.2 Climate-induced flood in Africa: vulnerability of the fish farming subsector

One of the main climate-induced threats to fish farming in Africa is flooding. There is
increasing disasters of floods and drought in Africa (Gemeda and Sima 2015). Flood-
ing is the most prevalent disaster in North Africa, the second most common in East,
South, and Central Africa, and the third most common in West Africa (AWDR 2006).
Floods generally impact livelihood across sectors but agriculture; especially, fish farm-
ing is being greatly impacted. Fish farming is likely to be more prone to flooding among
agriculture subsectors. This is because flood-prone marshy/wastelands in agrarian com-
munities are often converted to fish ponds. Meanwhile, the topography of marshy land
is naturally vulnerable to flooding, with a probability of more flood intensity in the face
of climate change influences. The impact could however vary based on nuances of the
climate-induced floods, dimensions of topography, technical, and socioeconomic adap-
tive capabilities of fish farmers.
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Flood-prone communities would be more vulnerable to climate-induced flooding.
The probability of vulnerability and impact would be relatively high among fish farm-
ers. Meanwhile, challenges of this climate risk could inflict long-term negative influence
on food security, human nutrition, livelihood, and economic condition, especially in the
flood-prone agrarian communities. There is a need to plan for climate impact resilience
among vulnerable groups such as the flood-prone fish farming communities in Africa.

1.3 Sustainable fish farming in the face of climate-induced flood in Africa

Sustainable fish farming requires both socioeconomic and technical capabilities, espe-
cially in the face of climate risks such as flooding. The socioeconomic status could facili-
tate response to climate risks because capital resources would be better channeled toward
adaptation. Further to this, fish farming requires technical strength for sustainable success
(Adelodun 2015; Nandi et al. 2014; Sarker et al. 2011). Technical skills support adaptation
to climate risks in farming systems and can appreciably increase societal capacity to cope
with floods, thereby decreasing overall impact (Alfieri et al. 2016; Adeleke and Omoboyeje
2016). Indigenous technological knowledge (ITK) is a key rescuer of people dwelling in
flood-prone areas (Bordoloi and Muzaddadi 2014).

Socioeconomic and technical capabilities could be leveraged upon in climate impact
resilience building for the fish production sector, particularly, for flood-prone fish farm-
ing communities. This would ensure sustainable fish farming despite flood risks. Some
technical tools in this regard have been provided (Oyebola et al. 2018). These tools could
be up taken for resilience. However, scientific knowledge on specific aspects of fish farm-
ing operations that determine the vulnerability of fish farming to climate change would be
important to advocate for awareness creation and adoption of the techniques for improved
resilience. It would be necessary to also highlight vulnerability indices among the socio-
economic profile of the fish farming communities to have holistic advocacy.

1.4 Flood-prone zones and fish farming in climate hotspot Uganda

Uganda is a climate hotspot country (Oratungye et al. 2016; Kahare 2014; Hepworth 2010).
It ranks 15th on vulnerability and 147th on readiness for resilience to climate change and
related events (Mer 2015). Ugandan economy and populations’ wellbeing are tightly bound
to climate (Hepworth and Goulden 2008). It has experienced the incidence of floods, deser-
tification, distribution, and prevalence of pests and diseases (Environmental Alert 2010).
UNWFP/UNICEF/MOH (2007) reported that northern and eastern Uganda with high
farmers’ population is mostly affected by the flood, and there is the need for in-depth
assessment of situations in the flood-prone areas. Muwaga et al. (2007) reported floods in
the Teso region, eastern Uganda, while heavy rain and flooding occurs around the Gulu
district in Northern Uganda (Davies 2017). These zones are among the base of agriculture
in Uganda (Mwongera et al. 2014). Also, a majority of fish farmers in the country have not
yet fully understood the fundamental principles of fish farming (Nelly et al. 2009). Hence,
the technical capability of the fish farmers could be limited. Although awareness of fish
farming is increasing in Uganda, the menace of climate change impact (CCI), especially
climate-induced flooding, could frustrate the development of the fish farming subsector in
Uganda. There is a need to build climate impact resilience, especially for fish farmers in
the flood-prone zones of Uganda. This could be achieved through a boost in their adaptive
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capacity. However, such an effort requires knowledge of the potential adaptive capacity and
the improvement needs for future survival.

The extent to which adjustments are possible in response to the actual or expected
change in a system infers adaptability, and adaptive capacity plays a vital role in evaluating
resilience. Appropriate climate impact adaptation strategies have been widely considered
as a wealth of information that exists on climate change adaptation. However, much of such
information is very broad and of limited use at the finer spatial scales, whereas adapta-
tion strategies could vary by scales and sectors. The key considerations in adaptation could
include issues on socioeconomic and environmental sectors; the main impacts of climate
change in the future; climate-vulnerable regions; the array of adaptive options, key impli-
cations of climate change on related sectors and other environmental trends; the uncertain-
ties and unknowns; policy and research implications (Parry 2000).

The impact of climate change would survive in future years and the actions toward
adaptation would impair future impacts. The flood-experienced fish farmers in regions of
climate hotspots such as Uganda are vulnerable and are facing uncertainties and unknowns.
However, those who continued farming despite the hazard would have intrinsic adaptive
options that have strengthened them to continue farming. A review of the way society has
responded to climate change in the past suggests that society has tended to muddle through
the challenges of its impact (Glantz 1988; Glantz and Kelman 2013). There is a possibility
that vulnerable but surviving communities could have muddled through the climate and
flooding threats. This could be based on their intrinsic socioeconomic and technical capaci-
ties, level of awareness, and adaptive innovations. However, improved future response to
the hazard would require actions aimed at resolving the complications confronting the cur-
rent adaptation strategies, and provision of assistance to cater for their observed mediation
needs.

Therefore, the current study aims to investigate the adaptive tendencies of the socio-
economic and the technical profiles of the flood-prone fish farmers in the climate hotspot
Uganda. It also examined their awareness of CCI manifestations; as well as adaptive strate-
gies, constraints to adaptation, and required interventions. This was to evolve a framework
for improved resilience for the fish farmers in similar scenarios. It is believed that such
action would be beneficial to sustainable fish production in the face of climate change and
climate-induced flooding, especially in Africa.

2 Materials and methods
2.1 Study location

Respondents for this study were obtained from the Kibuku and Gulu districts in the respec-
tive Teso and Acholi regions of the Eastern and Northern Uganda (Fig. 1). Teso region
experienced heavy rainfall resulting in massive floods and destruction of homes and
crops in 2006-07. Meanwhile, the frequency of climate change-induced floods is pro-
jected to increase on account of climate change, leading to considerable discomfort, loss
of property, injury, and even loss of life in the northeastern parts of Uganda (The State of
Uganda Population Report 2009). Teso region is one of the poorest in Uganda, suffering
from cyclical floods, drought, famine, conflicts, and cattle raiding (Uganda humanitarian
profile 2012). The unreliable weather, low agricultural productivity, and vulnerability to
drought, floods, and waterlogging induced fragility on the food security situation of the
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Fig.1 Map of Uganda showing the studied locations

region. Kibuku is a district under the Teso subregion. It is located on latitude 1.016182
and longitude 33.86255, at 12meters above sea level. According to the Uganda Bureau of
Statistics (2017), the district consists of Kibuku and Kabweri constituencies with a popu-
lation of 202,033 people and 35,446 households. 93.7% of households engaged in crop
growing, 68.1% in livestock, and 95.2% combined crop and livestock farming. Other liveli-
hood includes off-farm activities like “Bodoboda” cycling, blacksmiths, fishing, charcoal
and local brewing “Ajono” trade, brick making, stone, and sand quarrying among oth-
ers. Kibuku district is prone to climate-induced flooding (Flood map 2020). Heavy rains
pounded some parts of the eastern region in mid-March 2017 washing away bridges on
the Mbale-Tirinyi road at Sala in Kibuku District, Nasanga located between Budaka and
Kibuku districts, and Nandusi in Budaka District cutting off the Mbale—Tirinyi road (Koly-
angha 2017). The Acholi region has a generally flat topography, with predominantly sandy
loam soils. The Uganda IPC (2017) reported that change in weather pattern/dry spell, late
arrival, poorly distributed; inconsistent and insufficient rainfall negatively affects good
crop production in Acholi. Gulu is among the eight districts in the Acholi region. It is on
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latitude 2.77165, longitude 32.29776, at 18 meters above sea level. Severe effects of floods
have displaced up to 300,000 people in Uganda, while heavy rains are expected to continue
in the Northern and Eastern parts of Uganda; including the districts of Mbale, Manafwa,
Bukeda, Budadu, Kumi, Soroti, Katakwi, Amuria, Lira, Pader, Kitgum, Nebbi, Gulu and
scattered areas of central Uganda (IFRC 2007). Gulu consists of the Gulu municipality and
Aswa county constituencies with a total population of 275,613 and 55,44 1total households.
64.4% of households engaged in crop production, 54.0% livestock, and 72.0% combined
livestock and crop (Uganda Bureau of Statistics 2017). There is no significant change in
livelihoods except for the prolonged dry spell that affected the provision of agricultural
casual labor (Uganda IPC 2017).

2.1.1 Geography and climate of studied locations

Uganda lies within a relatively humid equatorial climate zone. The topography, prevail-
ing winds, lakes, and rivers cause large differences in rainfall patterns across the country.
Changes in sea surface temperatures in the distant tropical Pacific, Indian, and, to a lesser
extent, Atlantic Oceans strongly influence annual rainfall amounts and timing. Climate var-
iation pattern over a 60-year historical record for Uganda indicates climate change (Uganda
climate change vulnerability assessment report 2013).

A comprehensive report on the climate of Uganda was presented by Mer (2015). Tem-
perature varies with altitude and changes little from season to season. There are two main
seasons in southern and eastern Uganda (March to May and September to November),
while April to October constitutes the main season in the north. According to weather-
spark.com, in the Soroti axis including Teso, summers are short, hot, dry, and overcast. The
hot season lasts for about three months, from mid-December to mid-March, while the cool
season lasts from late April to early September.

Year to year variation in annual rainfall occurs. Generally, the onset of seasons can shift
by 15-30 days. There is a modest decrease in annual rainfall in the northern region consist-
ing of the Gulu-Acholi area, Kitgum, Kotido, and Kasese. The mean annual temperature
of about 23 ‘C occurs in Gulu and 24.6 ‘C for Kitgum (Mwongera et al. 2014). Teso has
savannah vegetation type and has suffered from various disaster-related challenges; floods
becoming almost annual events during wet seasons (The Teso-Bukedea District Hazard,
Risk and Vulnerability Profile 2014). It experiences a bimodal type of rainfall of about 1
000-1 200 mm per annum with two cropping seasons. The first rainy season comes in late
March to June, while the second rainy season is from late July to October. However, this
pattern has been erratic with uneven distribution across the region in recent years (Uganda
IPC 2017).

2.2 Research design

A purposive descriptive survey method was adopted for this study. Kibuku and Gulu
districts were purposively surveyed which consist mainly of agrarian people whose
flooding sources are more of nature than those of metropolitan in which high population
density and industrial activities contribute to flooding in addition to climate-induced sit-
uation. Flood-experienced respondent fish farmers were purposively selected from the
flood-prone Kibuku and Gulu areas in respective Teso and Acholi regions of Uganda for
the study. 30 respondent fish farming households were selected across each of the Gulu
and Kibuku areas based on availability to have a pool of 60 respondents. Interaction
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with stakeholders during the pre-survey period showed these sets of farmers were avail-
able at Gulu and Kibuku; hence, these locations were purposively surveyed for these
sets of farmers. The pooled 60 respondents represent the study population who were
the flood-prone, and flood-experienced but still farming despite flooding individuals.
These were selected from the agrarian communities (Gulu and Kibuku) based on avail-
ability for questioning. The respondents were obtained through farmers associations,
while fisheries extension officers were utilized as identifiers and enumerators. This sur-
vey method was adopted because the estimated population size of the fish farmers in
the study area was not feasible, as fish farmers and livestock farmers were referred to
as livestock farmers, no separation. Fish farmers’ names were therefore identified from
general farmers list based on the extension agent’s ability to identify them as members
of farmers association that were operating fish farm. The questionnaire was then admin-
istered to the identified farmers, based on his/her availability and accessibility to the
extension agents for questioning. Responses were revalidated during farm visits to a
subsample of the respondents at each of the selected flood-prone locations.

2.3 Data Collection Framework

Secondary data were obtained from the literature, while primary data were collected
from the study survey. During the survey, information was extracted from respondent
fish farmers on socioeconomics, farming operation, awareness on the manifestation of
climate impact, and extreme climate events that mainly impacted fish farming, adapta-
tion strategies, and constraints to adaptation, as included in the structured questionnaire.

The design and administration of the questionnaire followed Dubey et al. (2017).
The questionnaire was designed with open- and close-ended questions. Attempts were
made to make the language of the questionnaire unambiguous, brief, polite, and non-
technical. The questionnaire was prepared in English language and interpreted to local
dialect wherever necessary, to facilitate enhanced understanding by respondents, and to
increase the effectiveness of survey results.

The questionnaire was pretested with selected key informants including academ-
ics, farmers, and fisheries extension officers at the two flood-prone communities in two
different meetings. This was carried out to identify ambiguous questions, upon which,
adjustments were made. Enumerators were selected, trained on the details of the ques-
tionnaire, and engaged for the survey. The obtained data were analyzed and the results
were utilized to suggest a framework for adapting to climate change among flood-
prone fish farmers for sustainable fish farming in the face of climate-induced flood-
ing. The study survey and data collection were carried out following stringent ethical
considerations.

2.4 Statistical analysis

Data on profiles of socioeconomics, fish farming operation, awareness on climate change
indices, adaptive strategies, constraints to adaptation, and required interventions were
presented using descriptive statistics. A significant predictor of adaptive capacity was
extracted through multivariate regression of response on adaptation strategies with socio-
economic and farming operation indices on SPSS version 20.0.
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3 Results
3.1 Socioeconomic and technical profiles of the fish farmers
3.1.1 Socioeconomics

The socioeconomic indices (SEI) (Table 1) showed 83.3% male, 68.3% adult; 80.0% liter-
ate (primary to tertiary school), 91.3% Christian (sum of Catholic, Anglican, and Born
again sects); 91.7% married and 48.3% (majority) medium household sized (5-8 mem-
bers, mean=2.02+0.73). Total annual income ranged from 1.0 to >5.0 million Ugx/
year; equivalent to 264.32 to 1321.62 USD, with mean at 1171.03+491.67USD/year.
All respondents (100.0%) engaged in other livelihood activities with a mean income of
3.70+1.03 million Ugx/yr. Respondents also engaged in fishing (16.7%), crop farming
(100.0%) animal husbandry (23.3%), public service (33.3%) and trading (21.7%). Majority
(60.0%respondents) had medium-size farms (0.5-1.0 ha), with 100.0% having 1-5 years’
fish farming experience. Most respondents (65.0%) were members of social groups (63.3%
belonging to fish farmers group), 81.7% had knowledge of fish farming through govern-
ment training, while 98.3% utilized communication technologies, especially mobile phones
(91.7% respondents).

3.1.2 Technical/farming operation

As presented in Table 2, all (100.0%) respondents utilized freshwater, 38.3% rainwa-
ter only, and 61.7% rainwater plus groundwater. About 16.7% operate the extensive
farming system, while 83.3% operate semi-intensive systems. Total pond area ranged
between < 0.5 ha (56.7% respondents) and >0.5—1.0 ha (43.3% respondents). 100.0% of
ponds were seasonal, and 61.7% had inlet and outlet in all ponds. 58.3% of respondents
practiced monoculture of African catfish (Clarias gariepinus), 3.3% monoculture of Nile
tilapia (Oreochromis niloticus), and 38.4% practiced polyculture of the African catfish and
Nile tilapia, while 100% practiced mixed farming/integrated aquaculture. Most respondents
(96.7%) preferred African catfish culture, while15.0% do fish smoking for value addition.

3.2 Awareness on manifestations of climate change impacts

Respective 83.3% and 100.0% of respondents were aware of changes in climatic con-
ditions and the presence of dry and wet seasons in a year (Table 3). Most respond-
ents (80.0%) were aware of rises in temperature and hotter dry seasons. Meanwhile,
60.0% were aware of irregularities in seasons, shortening of the wet season, drought,
decrease in river water volume concerning rain and 45.0% of respondents were aware of
erratic rainfall patterns and flood. The majority were aware of low rainfall (83.3%), late
onset of rainfall (80.0%), shortening of rainy seasons (71.7%), and heavy land erosion
(71.7%); minority on heavy rainfall at the onset of the season (18.3%), the late offset of
the rainy season (41.7%), early offset of the rainy season (8.3%), increased frequency of
violent storms (18.3%) and increased frequency of heavy downpour of rain with storms
(18.3%). Meanwhile, the identified most important extreme climate manifestations that
have negatively impacted on fish farming operations were prolonged drought (83.3%)
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Table 1 Socioeconomic indices of respondents

Socioeconomic characteristics Category Frequency  Percent
respond-
ent

Gender Male 50 83.3

Female 10 16.7

Age Youth (<35 yrs) 19 31.7

Adult (>35 yrs) 41 68.3
Education None 12 20.0
Primary 16 26.7
Secondary 17 28.3
Tertiary 15 25.0
Religion Catholic 19 31.7
Anglican 28 46.7
Moslem 5 8.3
Born again 133
Marital status Not married 5 8.3
Married 55 91.7
Household size <4 members 15 25.0
Mean=2.02+0.73 (small)
5-8 members 29 48.3
(medium)
> 8 members 16 26.7
(large)
Membership to social groups Yes 39 65.0
Fish farmers’ groups 38 63.3
Religious 1 1.7
No membership 21 35.0
Use of communication technologies Yes 59 98.3
Mobile phone 55 91.7
Radio 32 61.7
Television 1 1.7

Other livelihood activities Fishing 10 16.7

(Mean annual income =3.70+1.03)

Crop farming 60 100.0
Animal husbandry 14 23.3
Formal employment 20 333
(public service)

Trading 13 21.7

Farm size <0.5ha 22 36.7

(small)
0.5-1.0 ha 36 60.0
(medium)
1.0-3.0 ha 2 33
(large)
Fish farming experience 1-5yr 60 100.0
Knowledge sources Government training 49 81.7
NGO training 47 78.3
Other farmers 21 35.0
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Table 1 (continued)

Socioeconomic characteristics Category Frequency Percent
respond-
ent

Mass media 0 0.0

Total average annual income (Ugx/yr.)  1.0-2million (264.32-528.65USD) 14 233

(Mean=4.43+1.86)

> 2-3millions (528.65-792.97USD) 5.0
> 3-4millions (792.97-1057.30USD) 5.0
> 4-5millions (1057.30-1321.62USD 33
> Smillions (> 1321.62USD) 21 35.0
Invalid 17 28.4

Table 2 Technical/operational fish farming indices of respondents

Farm operation indices Category Frequency Percent respondent
Water types used Fresh water 60 100.0
Water sources Rainwater only 23 38.3
Rain and groundwater
37 61.7
Type of farming system Extensive 10 16.7
Semi-intensive 50 83.3
Total pond area <0.5 ha 34 56.7
>0.5-1.0 ha 26 433
All ponds seasonal Yes 60 100.0
Presence of inlet Inlet and outlets in all ponds 37 61.7
and outlets in ponds
Inlet and outlets absent in 10 16.7
all ponds
Inlet and outlets present in 13 21.6
some ponds
Types of culture systems Monoculture of African catfish 35 58.3
Monoculture of Nile tilapia 2 33
Polyculture of both 23 38.4
Preferred culture species Mixed/integrated aquaculture 60 100.0
Nile tilapia 2 33
African catfish 58 96.7
Value addition to fish Smoking 9 15.0

and floods (16.7%) in Table 4. According to Table 5, 65.0% of the respondents observed
an increased number of years with drought over time, 65.0% observed a decreased num-
ber of flooding, while 16.7% were undecided.
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Table 3 Awareness on manifestations of climate change impacts among respondents

Parameter Frequency Percent
respond-
ent

Changes in climate condition 50 83.3

Presence of dry and wet seasons in a year 60 100.0

Rises in temperature and hotter dry seasons 48 80.0

Irregularities in seasons 36 60.0

Shortening of wet season 36 60.0

Drought 36 60.0

Decrease in river water volume in relation to rain 36 60.0

Erratic rainfall pattern 27 45.0

Floods 27 45.0

Low rainfall 50 83.3

Late onset of rainfall 48 80.0

Heavy rainfall in onset 11 18.3

Late offset of rainy season 25 41.7

Early offset of rainy season 5 8.3

Shortening of rainy season 43 71.7

Heavy land erosion 43 71.7

Increased frequency of violent storms 11 18.3

Increased frequency of heavy downpour during storms 11 18.3

Ta.ble 4 _ReSpondems’ declared Extreme climate events Frequency Percent

climate-induced extreme events respond-

that mostly negatively impacted ent

fish farming

Prolonged drought 50 83.3
Floods 10 16.7

Table.S Respondents . Trend of event Perception Frequency Percent

experiences on extreme climate-

. . . respond-

induced events in fish farming ent

over the years
Has the number of Decreased 11 18.3
years with drought
increased or
decreased?
Increased 39 65.0
No response 10 16.7
Has the number of years Decreased 39 65.0
with floods increased
or decreased?
Increased 0 00.0
Don’t know 11 18.3
No response 10 16.7
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Table 6 Respondents’ listed adaptation strategies and factors that could enhance adaptation

Parameters Response Frequency Percent
respond-
ents

Adaptive strategies

Diversification to either crops or livestock Yes 60 100
Diversification to other business/trading Yes 30 50.0
Changed time of first stocking/breeding Yes 38 63.3
Changed duration/number of stocking/breeding/unit/yr Yes 0 00.0
Factors that have enhanced adaptation

Use of communication technologies Yes 38 63.3
Membership of social groups Yes 12 20.0
No response 10 16.7

Table 7 Respondents’ listed factors that constrained adaptation to climate change impact

Factor Frequency Percent
respond-
ents

Presence of constraints to adaptation 60 100.0

Limited credit 17 28.3

Inadequate awareness 37 61.7

Inadequate access to land 13 21.7

Inappropriate stocking period 10 16.7

Inadequate supply of improved fish for stocking 20 333

Inadequate supply of fish farming inputs 5 8.3

Lack of affordable farming equipments 5 8.3

Little food for fish (inadequate feeding) 18 30.0

3.3 Adaptation strategies, constraints to adaptation, and required interventions

Identified adaptive strategies to climate change include diversification to crops or live-
stock (100.0%), business/trade (50.0%), and changed the time of first stocking/breed-
ing (63.3%). None (00.0%) identified changed duration/number of stocking/breeding/
unit/yr. (Table 6). Respondents observed that communications technology (63.3%) and
membership of social groups (20.0%) enhances adaptation. As presented in Table 7,
all (100.0%) respondents agreed that there were constraints to climate change adapta-
tion. This includes inadequate awareness (61.7%), inadequate supply of fish for stock-
ing (33.3%), little food for fish/or inadequate feeding (30.0%). limited credit facility
(28.3%), inadequate access to land (21.7%), inappropriate stocking period (16.7), inad-
equate supply of fish farming inputs (8.3%), and lack of affordable farming equipment
(8.3%). The required interventions for improved resilience (Table 8) were tree plant-
ing and irrigation (63.3%) and digging of underground water channels around ponds

(20.0%).
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Table 8 Respondents’ listed

Lo ; Required intervention Frequency Percent
required interventions for respond-
improved resilience to climate ent
change impacts

Digging water channels around 12 20.0
ponds

Tree planting 38 63.3

Irrigation 38 63.3

3.4 Significant predictors of climate impact adaptability
among the socioeconomics and the farming operation indices of the fish
farmers

Tables 9, 10, and 11 show the results on estimators for adaptability in the socioeco-

nomic and farming operation indices of the studied flood-prone fish farmers. In Table 9,

Table 9 Estimators for adaptation to climate change impact among the socioeconomics and farming opera-
tion indices of flood-prone fish farmers in Uganda

Model Unstandardized coefficients Standardized coefficients Sig
B Std. Error Beta t

(Constant) 75.16 49.04 1.53 0.13
Age —-5.09 4.30 -0.22 - 1.18 0.24
Religion -3.20 1.83 -0.32 - 1.74 0.09
Education 1.07 1.52 0.11 0.70 0.49
Gender 16.88 6.54 0.55 2.58 0.02
Marital status 11.12 7.15 0.30 1.55 0.13
Household status 4.02 3.44 0.29 1.17 0.25
Membership in social group - 18.09 17.64 -0.83 - 1.02 0.31
Membership to social groups (farmers association) — 12.94 11.78 —0.64 - 1.09 0.28
Communication technologies (phone) —-4.74 5.89 -0.12 —0.80 0.42
Communication technologies (radio) —-20.13 11.03 -0.92 —-1.82 0.08
Communication technologies (television) 0.56 17.22 0.01 0.03 0.97
Average annual income - 1.66 1.28 -0.29 -1.29 0.20
Knowledge source (government training) —103.15 35.62 -3.95 —-2.89 0.01
Knowledge source (NGO training) —8.36 11.46 —-0.33 -0.72 0.47
Knowledge source (other farmers) 6.36 3.68 0.35 1.72 0.09
Number of activities mentioned as income source 491 4.44 0.36 1.10 0.28
Farm size 34.48 14.52 1.79 2.37 0.03
Water sources 12.83 6.10 1.82 2.10 0.04
Type of farming system practiced 8.40 7.44 0.37 1.12 0.27
Type of cultivation practiced —-29.53 16.66 - 141 - 1.77 0.09
Presence of inlet and outlets in ponds of farmers —28.69 11.95 - 1.72 - 240 0.02

Dependent variable: adaptation strategy;
“Significant indices (p <0.05) were in bold
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Table 10 Model summary for regression of climate impact adaptation, socioeconomics and farming opera-
tion indices of flood-prone fish farmers in Uganda

Model R R square Adjusted R square Std. Error of the estimate

1 0.802* 0.643 0.330 8.56769

*Predictors: (Constant), presence of inlet and outlets in ponds of farmers, communication technologies (tel-
evision), marital status, type of farming system practiced, education, age, average annual income, religion,
communication technologies (phone), knowledge source (other farmers), gender, number of activities men-
tioned as income source, communication technologies (radio), knowledge source (NGO training), house-
hold status, farm size, membership to social groups, water sources, type of cultivation practiced, member-
ship in social group (farmers’ association), knowledge source (government training)

Table 11 ANOVA for the

. . . Model Sum of squares df =~ Mean square F Sig
regression of climate impact
adaptation, socioeconomics Regression  3169.296 21 150919 2056 045
and farming operation indices ]
of flood-prone fish farmers in Residual 1761.726 24 73.405
Uganda Total 4931.022 45

*Predictors: (Constant), presence of inlet and outlets in ponds of farm-
ers, communication technologies (television), marital status, type of
farming system practiced, education, age, average annual income, reli-
gion, communication technologies (phone), knowledge source (other
farmers), gender, number of activities mentioned as income source,
communication technologies (radio), knowledge source (NGO train-
ing), household status, farm size, membership to social groups, water
sources, type of cultivation practiced, membership in social group
(farmers association), knowledge source (government training)

gender (StdBeta r=2.58), government training (StdBeta r=— 2.89), and farm size
(StdBeta t=2.37) were the significant predictor among the SEI, while water sources
(StdBeta r=2.10) and presence of inlet and outlets in ponds (StdBeta t=— 2.40) were
the significant predictors among the FOI at beta constant 75.16, p < 0.05 (Table 9). The
models’ summary (Table 10) and ANOVA result (Table 11p) showed that the indices
regressed at R=0.802, R?>=0.64, and =0.045.

4 Discussion

The assessed respondents were those who continued fish farming in the face of flood
hazards in climate change impacted environment. This indicates that the respondents
were vulnerable to climate-induced flooding but were adapting. It also follows that the
respondents would likely be consistent in utilizing their current survival strategies to
cope with future hazards. There is a need to discuss the results of the current survey
highlighting the weaknesses and strengths in their adaptation potentials for improve-
ment. This action would assist in projecting a framework for improved resilience which
would be useful not only to the community but to communities in a similar scenario.
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4.1 Socioeconomic profile of the fish farmers

Climate adaptation strategies are risk management approaches. Understanding the socio-
economic situation is as important as knowledge of the likely future climate as vulnerable
elements of society (Kerr and McLeod 2001). Society’s capacity to adapt could be depend-
ent on the prevailing socioeconomic situation through time. Discussions on the socioec-
onomic situation of the respondents and the needed inputs for adaptation framework are
presented.

4.1.1 Age, gender, education, and religion

Gender influences the dynamics of climate impacts vulnerability (CARE Poverty, Environ-
ment and Climate Change Network, PECCN 2011). Each gender responds differently to
climate risks, men having more adaptation opportunities than women (Takota et al. 2011).
Since most of the F FF (83.3%) were male (Sect. 3.1), it could be deduced that capacity
building for enhanced efficient utilization of current male potential would assist adapta-
tion. An effort aimed at increased exploration of the unique potentials of the female gender
would also contribute to enhanced adaptability. Women play a significant role in process-
ing, selling, and marketing (Gonzalez and Belemvire 2011). Females, especially women
could engage in fish production; processing, value addition, and subsequent marketing of
farmed fish in cases of premature fish harvest emanating from climate-mediated hazards,
such as flood and drought. Women are innovative in the use of local knowledge in climate
change adaptation (Abeka et al. 2012). Climate change and the associated flood/drought
hazards impact the livelihood of affected fish farmers. The highlighted unique adaptive
potentials of the female gender could be utilized for enhanced adaptation to this impact.
Delivering information, resources, and technologies to women about appropriate practices
on climate-smart strategy is important (FAO 2014). Framework involving disseminating
climate-smart information, resources, and technologies to women, just as for men, in the
vulnerable communities would be required in building their resilience through improved
adaptation potentials. The majority of the vulnerable, but still farming respondents were
adult, literate, and Christian. Ideally, maturity, knowledge, and faith could strengthen per-
sistence in the face of hazards. This could indicate that age, education, and religion would
have influenced response to hazards in the studied population. Support to encourage the
farmers to continue farming to gain more experience in fish farming despite the confront-
ing challenges would be helpful. Furthermore, the promotion of education and religious
activities aimed at sharing knowledge on climate-smart techniques in flood-prone scenar-
ios would likely be useful. This would assist in ensuring that vulnerable farmers continue
farming despite the impacts of climate change and or flood hazards.

4.1.2 Marital status, household size, income, and farm size

Nearly all the respondents (91.7%) were married. The mean family size was small
(2.02+£0.73), but the majority (48.3%) of the family were medium sized with 5-8 mem-
bers. Being married and having a family size of 5-8 members may be beneficial in cop-
ing through collective effort to innovate for on-farm approaches in preventing flooding. It
would also assist in providing support for the household head in the recovery of flooded
fishes during the post-flood period. However, the dependence of a large number of people
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on the disaster/flood-prone farming activities would be injurious to socioeconomic capac-
ity to adapt to hazards. More so, the majority of these respondents were relatively young
in fish farming, had medium-size farms (0.5-1.0 ha), and were in low-income status (going
by the standards of the World Bank Data Team 2018). Small ponds/farms are easier to
manage; they are especially useful when there is a need to quickly circumvent climate-
induced hazards such as flood, drought, and high pond water losses. However, maintenance
of the 0.5 to 1.0 ha farm size alongside a family of 5-8 members would connote potential
socioeconomic stressors in the low-income scenario. More so, these respondents are also
vulnerable to flooding and its associated socioeconomic challenges. It could be deduced
that the respondents’ adaptive response to multiple hazards. Meanwhile, flooding would be
low in this case. Such fish farmers would be easily destabilized in cases of climate-induced
hazards. They could find it difficult to acquire adequate facilities to protect the whole
0.5-10 ha farm from flood while responding to other livelihood challenges. This scenario
indicates potential stress on the socioeconomic condition of the low-income earner flood-
prone fish farmers.

The adaptation framework for this set of farmers should include strict adherence to small
family size, other than medium or large-sized families. Diversification of the family mem-
bers into other income sources that are not or less prone to flood and CCI could improve
their adaptability. The fact that about half of the respondents were diversifying to other
livelihood sources that are less prone to climate change and flooding (trading and public
service) is positive in this direction. However, increase awareness creation on the adop-
tion of this strategy should receive further boost among flood-prone fish farmers (FpFF).
Training and provisions on family planning strategies could assist to reduce family size.
It would be necessary to educate the F,FF on the need to reduce farm size in situations
of low income to adequately cope with CCI and flood in the future. It has been clamored
that developing countries must upgrade smallholder agriculture to achieve full potential
by removing transactional barriers for enhanced productivity (IFAD 2012; Sjauw-Koen-Fa
et al. 2016; London et al. 2010; Wiggins et al. 2010; Hazell et al. 2010). Improved adapta-
tion potential would also include motivation for small-sized fish farm holding. There is also
the need to facilitate policies liable to remove/reduce transactional barriers to encourage
smallholders FpFF. Such action would contribute to increased CCI adaptive capacity and
sustainable fish/food production.

4.1.3 Association, communication, and training

Most respondents were members of social groups, especially the fish farmers group, and
they utilized communication technologies, especially mobile phones (91.7% of respond-
ents). This implies a strong potential for resistance, resilience, and response to hazards,
indicative of adaptation. Membership of association facilitates collective effort toward
adaptation. Information communication through mobile phones would facilitate support in
case of emergency response to hazards. Both indicators would contribute to improved resil-
ience. Membership of social groups and improved communication facilities are necessities
as a component for an adaptive framework for climate risk-prone fish farmers and other
communities in similar scenarios. It is important to note that some respondents reported
the use of more than one communication facility. This is evident in the over one hundred
percent total observed frequency of respondents in the communication facilities category in
Table 1. The use of more than one communication channel indicates that respondents have
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alternatives and a certain degree of freedom to obtain and disseminate information. This
implies adaptive tendencies for flexibility in communication channels by the respondents.

Knowledge is power. The majority of the F,FF obtained knowledge of fish farming
from government training (Sect. 3.1). Increased dependence on government training would
likely enhance adaptability. However, this would have to be carefully done as a continuous
dependence on government intervention for acquiring knowledge is not sustainable. In this
regard, there is a need for caution, especially in low-income countries such as Uganda. The
framework for adaptation should strengthen non-formal and non-governmental strategies
alongside government intervention in imparting CCI adaptation and mitigation strategies.
Indigenous knowledge and practices have helped local communities to adapt to climate
change risks (MoSTE 2015). Hence, the exchange of local knowledge on climate impact
adaptation among the FpFF could be helpful. This would be the least-cost but sustainable
knowledge sharing approach. In the meantime, membership of social and religious groups
can be leveraged upon in the dissemination of knowledge on CCI adaptation of the fish
farmers.

4.2 Technical/farming operation profile of the fish farmers

Technologies can be utilized to enable adaptation to CCI and increase resilience to cli-
mate stresses and shocks in communities. Technicalities involving the utilization of natu-
ral resources that communities already have in a more resilient and productive way could
deepen adaptive tendency in fish farming. This is especially important in the face of natural
disasters. Hard technologies have a critical role in helping societies reduce the risk from
CClI, so are the soft technologies. The soft technologies include improved management
practices, education, capacity building, governance, and cultural practices (ADB 2014).
There is the general need to evolve accessible and affordable technologies for CCI adapta-
tion at scales, especially among the small scale, poor, and risk-averse farming families in
developing countries (Henderson 2018). In this regard, an array of hard technologies for
fish farming in the face of climate-induced flooding have been presented (Oyebola et al.
2018), the socioeconomic adaptive tendencies of the flood-prone fish farmers in Uganda
have been discussed in Sect. 4.1. Meanwhile, the adaptive tendencies in the fish farming
management strategies of the FpFF are discussed here. Interestingly, the farming profile of
the respondent FpFF revealed some potential adaptation tendencies but with some cautions.
Water sources, farming systems, pond rearing facilities, culture systems, and value-addi-
tion strategies of the respondents are highlighted alongside suggestions for inclusion into
the framework for improved adaptation to CCI and associated flooding hazards.

4.2.1 Water sourcing for fish farming

Climate influences the dynamics of the availability of natural water (Bates et al. 2008; Cha-
lecki and Gleick 1999) and hydrological conditions (AIACC 2006). It also induces vari-
ability in the availability of natural water (Esqueda et al. 2011). All respondents utilized
freshwater as expected in most landlocked communities. However, it is alarming that the
respondents relied on natural water sources for fish farming. About 38.3% of respondents
utilized rainwater only, while 61.7% combined rain with groundwater. High dependence on
natural water sources would predispose any farming system to CCIL. The water-use behav-
ior of the respondents could emanate from the confidence that being flood prone is indica-
tive of an abundance of natural water, whereas water regime in climate-prone communities
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would be vulnerable to fluctuations. This would negatively impact on sustainability and
predictability of agricultural production. This water sourcing strategy indicates a potential
weakness for CCI adaptation. Holistic adaptation framework for F,FF would require edu-
cation/training and awareness creation aimed at highlighting the risks of high dependence
on natural water sources for fish farming in the face of exposure to flood and CCI. Inter-
ventions on trending climate-smart technologies for water management would be needed
for improved CCI resilience of the respondents. Some of the existing soft and hard tech-
nologies for minimizing CCI adaptation highlighted by ADB (2014) could be useful in this
regard.

4.2.2 Farming systems and pond area

Innovation in agriculture is an important response for effective and equitable adaptation
and mitigation (Zilberman et al. 2018). Technology innovations are viable strategies for
climate impact adaptation in agriculture (Asayehegn et al. 2017; Smithers and Blay-Palmer
2001). Meanwhile, farming techniques and farming facilities are important in this regard.
All the respondents operate either extensive or semi-intensive fish farming systems, the
majority (83.3%) on semi-intensive. A majority had small-size pond areas (<0.5 ha), a
minority were medium-sized (>0.5-1.0 ha), and the ponds were mainly seasonal. It is
advantageous that the FpFF had more small-sized total pond areas and were mainly operat-
ing a semi-extensive farming system. Conventionally, the semi-intensive fish farming sys-
tem combines free range with little feed input supply. Conventional feed accounts for over
70 percent of production cost in fish farming; therefore, the practiced extensive and semi-
intensive farming system would be ideal for the poor hazard-prone farmers as production
cost would be relatively small. Adoption of these low-cost fish farming techniques would
reduce economic stress on the farmers. This alongside the use of small and medium-sized
pond areas is potential adaptive strategies in managing low income in fish farming.

Advantages of the adopted farming system could be leveraged upon for adaptive frame-
work for fish farming in flood and CCI-prone low-income communities. However, season-
ality of the ponds could indicate the gross impact of respondents’ dependence on natural
water. This would have resulted in seasonal farming, and possibly a dwindling and sea-
son-based income from fish farming. This pattern of income would negatively impact their
socioeconomic potential for adapting to CCI, as income would be skewed to the wet/rainy
season. Meanwhile, the wet season is most prone to flooding. An appropriate framework
would have to look into actions geared toward diversifying into income-generating activi-
ties that would not be season dependent.

4.2.3 Presence of inlet and outlets in ponds

Property owners and farmers in vulnerable regions will increasingly look at technologies
that can help them adapt to potential floods. Adaptation technologies could involve crafting
barriers around rivers, and using seeds and crops that are more resistant to floods (Talanoa
2010). Adaptation strategies in water resources and hydrology could include “hardware,”
use of ponds, wells, reservoirs, and rainwater harvesting; “software,” increase water use
efficiency and recycling; and “orgware,” such as water user associations, and water pricing
strategies (Markandya and Galarraga 2011).

The results showed that the respondents mostly utilized pond system for fish farming.
This “hard” technology (ponds) is ancient to fish farming and has been the most used
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among fish farmers in low-income countries. This is probably due to its ease of construc-
tion, low cost of construction, and management. The use of pond systems by the respond-
ents followed the usual trend in low-income countries, and it would be difficult to discour-
age its use. However, the technique is generally prone to flooding due to site selection
issues (Oyebola et al. 2018). The need for continued use of the system despite its weakness
has led to innovations on the installation of inlet and outlet pipes and the pipes’ screen-
ing with netting materials. These features are especially important in the case of FFF to
reduce the impact of flood hazards. Such action facilitates continued farming despite the
threats from floods. Installation of inlet and outlets in the pond is a technical innovation for
manipulation of water level, easy pond water inflow, and drainage. Ideally, all ponds should
have inlet and outlet, as this technical approach assists in the fast management of water-
related hazards. Screened inlet and outlets prevent pond invasion by aquatic pests in transit
during the flood. Water can be easily drawn into the pond from other sources through inlets
in times of drying pond water. Also, pond water could be removed through the outlet pipes
in cases of flood-mobilized poor water quality, and changed water chemistry emanating
from CCI. However, results in Sect. 3.2 indicated that only 61.7% of respondents had inlet
and outlet present in all ponds.

The adaptive frame for these sets of farmers should emphasize enlightenment on the
dangers of this technical flaw in the face of the impact of climate change and flooding.
The farmers being 1-5 yrs old in fish farming would need technical assistance, educating
them on standard pond features and other technical demands for fish farming. This action
is critical especially in the face of climate-mediated hazards, such as flooding. The F FF
will need more training on the highlighted. Knowledge of the manipulation of other “hard
technologies” such as pond dykes and slopes, as specified by Christiansen et al. (2011) will
also be required. Interestingly, some such adaptive hard technologies for fish farming in the
flood-prone situation have been published (Oyebola et al. 2018). Increase awareness and
training on these technologies would facilitate better water management, reduction in fish
loss/escape, and pond invasion by alien plant and animal species during the flood.

4.2.4 Culture systems and value addition

Culture species and culture systems could indicate potential adaptive potential or vulner-
ability to hazards in fish farming. FAO/SPADA (2008) reported that most aquaculture in
Africa has been practiced in small and hand-dug earthen farm ponds, typically stocked with
tilapias and/or catfish. Mono, poly, and integrated culture of the catfish and tilapia species
are popular among fish farmers in Africa. In agreement with this, 58.3% of respondents
practiced monoculture of African catfish (Clarias gariepinus), 3.3% monoculture of Nile
tilapia (Oreochromis niloticus), 38.4% practiced polyculture of African catfish and Nile
tilapia in ponds. 100% practiced mixed/integrated aquaculture with either livestock or crop
on farms; however, the respondents (96.7%) preferred African catfish culture.

Catfish have been confirmed to be the most popular species for aquaculture in Uganda,
contributing about 60 percent of aquaculture production (FAO 2019). The adoption of the spe-
cies in case of flood and CClI-prone situation sound better when compared to tilapia. Com-
pared to Tilapia, the species is highly versatile (De Moor and Bruton 1988), air breathing, and
bottom dwelling. It would not be easily washed off by flood being bottom dwelling. In case of
displacement from pond water during a flood, the most cultured Catfish, Clarias gariepinus
could travel long distances on land using its pectoral spine and air-breathing facilities. These
versatile and hardy natures could have mobilized its popularity in mono, poly, and integrated/
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mixed farming culture systems. The species would be likable potential in adapting to flood
and inclement CCI. Polyculture of the African catfish with tilapia in earthen pond increased
yield and economic benefits (Limbu et al. 2017); the same trend was observed in its integrated
aquaculture with agriculture (Jahan et al. 2013; Jah et al. 2018). It is laudable that the respond-
ents were involved in the polyculture of these species, and all were practicing mixed/integrated
fish and crop/livestock farming. These systems of stocking multiple fish and other agriculture
species with probably differential resilience to CCI would be advantageous to product diver-
sification. This would have a positive contribution to the adaptive potentials of the F,FF. A
sustainable framework for adaptive farming by F,FF would need to strengthen the adoption of
this system.

Value addition plays a vital role in improving economic returns in agriculture enterprises.
It could be useful in adapting to flooding and other CCI. Small holder’s value addition is a net-
work of food-related businesses through which products move from production to consump-
tion while gaining incremental value in the marketplace (Stevenson and Pirog 2013). Invest-
ments in value-adding supply chains could simultaneously provide opportunities, access to
local markets, and advanced local economic growth (Kapstein et al. 2012). However, value
addition is not popular among the respondents, as only 15.0% do fish smoking for value addi-
tion. It implies that most of the respondent fish farmers were not involved in any fish value
addition; only a few farmers carry out fish smoking as value addition.

Apart from increasing the income of farmers, value addition such as fish smoking could
serve as means of fish preservation from spoilage in cases of emergency fish harvest from
hazards, when the market is not available. Smoking and any other value addition techniques
would be an advantage for adapting in situations of occurrence of climate risks (drought and
flood), which often force fish farmers to premature fish harvesting. Most of the time, prema-
ture fish stocks are small sized and may not be acceptable to some buyers of fresh fish. How-
ever, smoked or value-added small-sized fishes have diverse local utility for livelihood instead
of being wasted. Canned small-sized fish can enjoy the international market. The low number
of respondents practicing value addition indicates the need for inclusion of increased aware-
ness on value addition or product diversification opportunities in catfish and tilapia farming in
the management framework for the FpFF.

The structure of the farming operation of the FyFF observed in the current study is similar
to the general trend of a fish farming operation in Uganda, presented in the national aqua-
culture sector overview for Uganda (FAO 2019). The respondents may have been utilizing
adaptive potentials of fish farming to cope with their situation; however, they would need to
evolve unique strategies to increase adaptive tendencies for their peculiar situation. The earlier
suggested instruments for inclusion in the framework for sustainable fish farming among the
FpFF would not only be useful for the focused respondents but probably for the entire fish
farming communities in Uganda. The framework would need to highlight the need for sustain-
able actions geared toward the promotion of integration of economic activities and livelihood
diversifications. Such actions would include value addition; human capacity building based on
research-based community-relevant technologies, information sharing, and technology trans-
fer. These would be instrumental in sustainable aquaculture development in the face of CCI
and flooding in Uganda.
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4.3 Awareness on climate change impacts, adaptation strategies, and required
interventions

4.3.1 Awareness

Awareness of CCI is imperative to achieve sustainability in developing countries (Shahid
and Piracha 2016). Farmers must adapt farming practices to become more resilient to CCI
(Fitzgerald 2016). It is desired that fish farmers are aware of diverse manifestations of CCI
and that they would utilize relevant adaptive tools. Results in Sect. 3.3 indicated only 60.0
to 83.3 percent F,FF were aware that CCI manifests in rises in temperature and hotter dry
seasons, irregularities in seasons, shortening of the wet season, drought, decrease in river
water volume concerning the rain, low rainfall, late onset of rainfall, shortening of rainy
seasons and heavy land erosion. Meanwhile, 8.3 to 45.0 percent were aware of CCI indices
such as erratic rainfall pattern, increased flood, the late offset of the rainy season, heavy
rainfall at the onset of the season, early offset of the rainy season, and increased frequency
of violent storms and increased frequency of heavy downpour of rain with storms.

A 60-80 percent of respondents’ awareness on a CCI route could be considered popular,
while awareness of <50 percent could be rated unpopular. In this regard, CCI manifesta-
tions relating to rainfall patterns and floods seem relatively unpopular among the FpFF.
Ignorance would impair uptake of valuable climate mitigation/adaptation approaches (Sha-
hid and Piracha 2016). The unpopular nature of flooding and fluctuating rainfall patterns is
an important CCI vulnerability issue in this regard. The result implies that although some
of the farmers were exposed, yet they could not link their experiences to CCI. Climate
impact resilience planning should incorporate meaningful community engagement (The
Council on Climate Preparedness and Resilience 2016). It would be beneficial to engage
the FpFF community for education on the various manifestations and adaptation strategies
on CCI; especially concerning rainfall and flood. Such action would also enable enhanced
uptake of technical innovations on fish farming in the face of CCIL.

Warm temperatures can cause more evaporation of water, while changes in rainfall pat-
terns can lead to more intense individual downpours, resulting in flood and drought (Tren-
berth 2011; Dai 2013). Floods and droughts are the main climatic extremes for proper
management in Agriculture sectors (Watanabe et al 2018; OECD 2017). In agreement with
this, the FpFF identified flood and drought as the most challenging to them. Flood and
drought impact on the economy of regions (Piratheeparajah and Rajendram 2014). They
would reduce production and profitability, thus threatening the livelihood and food security
of farmers. However, increased awareness on dimensions of these hazards, and strategies
for adapting to the events is important in improving the respondents’ adaptation potentials.

The majority (83.3%) and minority (33.3%) respondents, respectively, identified drought
and flood as most impacting to fish farming. However, drought seems more popular than
flood among the respondents. It is interesting that though the respondents were flood prone,
drought seems to be more threatening to them than a flood. This indicates that the impact
of the drought could have been more deeply felt compared to flood. The assessed FpFF was
not only prone to flood; they were also suffering from drought hazard at a higher intensity.
The higher intensity of drought agrees with FAO (2016b, 2003) who observed that on a
global scale, drought risks seem much greater than floods. However, each of the events
would contribute quota impact on respondents with an effect on productivity; livelihood,
and food security. Relative intervention on drought would need higher priority but, strate-
gizing to adapt to both events would be necessary. Prioritizing drought management is
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further supported by the relatively higher proportion of respondents who observed increas-
ing drought events compared to flood.

Respondents linked the climate hazards to experiences of low water levels in ponds and
harvesting of premature fish. Experiencing these manifestations confirms that the respond-
ents were exposed and vulnerable. Awareness of approaches aimed at circumventing lim-
ited water supply would have to be created for their improved adaptation. Innovations
capable of utilizing the prematurely harvested fish resulting from drought, and flooding,
in cases when the displaced fish are finally harvested/captured in a weak form, would be
necessary. These farmers will need training on value addition options liable for utiliza-
tion of the displaced and prematurely harvested fish, to reduce economic losses from the
hazards. This would reduce the impact of the hazards on the livelihood of the farmers. The
need for this has been discussed in the earlier section. There is the need to investigate and
educate farmers on adaptable fish value addition options in climate-induced fish farm haz-
ard scenarios.

4.3.2 Adaptation strategies

Communities exposed to hazards would normally adapt to survive. Meanwhile, adaptation
could involve anticipating adverse effects, taking relevant actions to prevent and reduce
potential damage, and exploring opportunities that may arise. Adaptation strategies could
include processes by which strategies to moderate, cope with, and take advantage of the
consequences of events are enhanced, developed, and implemented (UNDP 2005). In the
meantime, adaptation strategy may vary across populations of locations; and adaptation
strategies could be anticipatory, reactive, private, public, autonomous, and planned (IPCC
TAR 2001).

In the current study, more of the respondents were adapting to prevailing conditions
through diversification to either crops or livestock, diversifying to other business/trade,
and changed the time of first stocking/breeding rather than through changed duration/num-
ber of stocking/breeding/unit/yr. The listed adaptive strategies could be classified as reac-
tive—taking place after the impacts were felt, private—being initiated and implemented
by individuals or households in the actor’s rational self-interest, and autonomous—being
triggered by changes in the natural, market, or welfare systems of the respondents. How-
ever, the inability of the respondents to highlight anticipatory, public, and planned adaptive
strategies indicates that the actions of the respondents could be seen as more self-motivated
and unstructured, being non-institutionalized. The individualistic adaptation approach
would contribute to a heterogeneous CCI response structure. Mobilization for proactive
public adaptation strategies using policy and management tools, and promoting sustainable
communal-based adaptation strategies would be necessary.

The majority of the respondents (63.3%) were adapting by changing the time of first
stocking/breeding rather than changing their number of stockings per year. This indicates
that the respondents did not want to reduce production per year, as this would negatively
impact on their annual income and livelihood. Diversification into other livelihood sources
could be indicative of positive innovations toward CCI among fish farmers (Dubey et al.
2017). The livelihood diversification strategy of half of the respondents (50.0%) in which
they engage in other trade is commendable; implying positive innovativeness for survival.
New (2016) reported that sectors in agriculture in Africa are highly vulnerable to climate
vulnerability because of their dependence on natural water supply sources. Diversification
to either crops or livestock by all the respondents (100.0%) is not CCI adaptation friendly.
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This is presumed to be non-CCI adaptation friendly because all the means of diversifi-
cation are within the agriculture subsectors—also known to be appreciably vulnerable to
CCI. A climate-smart approach through livelihood diversification to less water-dependent
activities by more respondents would have to be supported for improved CCI adaptation by
the community.

The discussed adaptation issues would be useful for end users such as the fish farm-
er’s communities, policymakers, developmental partners, and extension officers in policy
and management strides for reducing vulnerability to CCI. The opportunity of the social
group’s membership and the use of communication strategy (mobile phone) by the major-
ity of the respondents can be utilized for creating awareness. They can also be utilized
in the dissemination of valuable information to the fish farmers in this regard. However,
respondents’ highlighted constraints to CCI adaptation to include; limited credit facility,
inadequate awareness on CCI, inadequate access to land, inadequate supply of improved
fish for stocking, inadequate supply of fish farming inputs, inappropriate stocking period,
and inadequate fish feeding. Logically, the highlighted could impair adaptation. Therefore,
efforts aimed at circumvention of these socioeconomic and technical bottlenecks would be
needed for improved adaptation. Framework for adaptation should be attractive to develop-
mental partners in assisting the farmers in overcoming these challenges.

4.3.3 Required interventions

The grass-root opinion on specific needs could be the key to the provision of relevant assis-
tance. Excluding the very people that adaptation resources must benefit in management
strategies is risky, if such action would be effective (Poverty, Environment and Climate
Change Network, PECCN 2011). In the current study, few respondents requested interven-
tion on digging underground water channels around ponds; the majority opined that tree
planting and installation of irrigation facilities are required. These respondents-identified
intervention needs are important, as they could indicate the felt needs of the respondents.
However, it is interesting that few respondents required the more flood-related adaptive
approach of digging an underground channel around ponds. Some of the respondents pro-
vided responses indicating the need for more than one intervention. This reflected in over
100 percent of total respondents’ frequency in this result category in the result (Table 8).
Highlight of multiple choices by the respondents implies that combinations of these inter-
ventions could also assist adaptation. The highlighted intervention needs could have ema-
nated from the farmers’ experiences and knowledge about CCI adaptation and fish farming.
It is therefore important to take cognizance of these highlighted factors in planning for
their CCI adaptation. Government and development partners would need to improve inter-
est in planning for and provision of these public adaptive incentives for enhanced adapta-
tion of the F,FF. More so, adaptation technologies are often less capital intensive, more
likely to be suitable for small-scale interventions, but have to be well adapted to the local
context (UNFCCC 2006).

4.4 Significant predictors of climate impact adaptability
among the socioeconomics and the farming operation indices of the fish
farmers

Knowledge of significant estimators of adaptability in the respondent’s socioeconomics and
farming operation indices would enhance precision in planning for future climate events for
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the fish farmers. In the current study, some socioeconomic and farming operation indices
were identified as significant estimators of the adaptive tendencies of the respondents. The
highlighted significant parameters would be the most sensitive areas for prioritizing actions
for interventions. The prediction models’ summary (R=0.802, R2=0.64 and p=0.045),
indicate that the model is reliable at least above average. The significant parameters were
extracted from both the socioeconomics and the farming operation indices of the fish farm-
ers. This confirms the necessity of taking adequate cognizance of these two adaptation
sources in climate impact management for flood-prone fish farmers.

Gender, farm size, and water sources regressed positively with adaptation, while gov-
ernment training and presence of inlet and outlets in ponds regressed negatively. The result
implies that improvement in the current status of gender, farm size, and water sources will
positively improve adaptation to climate change among the respondent fish farmers. How-
ever, the continued trend of the government training and presence of inlet and outlets in
ponds will reduce the adaptation capacity of the farmers. Therefore, the trend of gender,
training, and farm size could significantly facilitate better socioeconomic strength for adap-
tation among flood-prone fish farmers. The presence of inlet and outlets in ponds and water
sources would enhance their technical strength.

5 Recommendations on framework for improved adaptive capacity

Development of products that provide necessary tools to assess opportunities for climate
impact adaptation could be underpinned by overviewing and identifying responses to past
events (McKenzie Hedger et al. 2000). The trend of results in the current study provides
useful opportunities for understanding the respondents’ current potentials for adaptation
to hazards. It also provides a tracking facility for their future response to CCI and flood
associated risks. It is recommended that climate risk management for the flood-prone fish
farmers be integrated into the planning process for the aquaculture sector in Uganda. Cli-
mate risk management strategies must be integrated into farming, business planning, and
investments in the flood-prone communities. Such a strategy would need to make room for
enabling environment for management of climate risk alongside social-economic develop-
ment. Efforts aimed at continual monitor and dissemination of climate adaptations infor-
mation across fish farmers are necessary. There is a need to develop robust infrastructure
for the weather forecast to prepare for extremes, especially in locations that are at risk of
flooding. Mobilization for exploration of the research-based adaptive potential of each vul-
nerable community would also be relevant in this regard. The highlighted information will
be useful for the development of management frameworks for the focal groups. Develop-
ment of community-based stakeholder groups for strategic oversight would assist lobby for
adaptation policies and decision making in specified vulnerable communities. However,
such stakeholders would have to be subjected to periodic training, awareness creation, and
information dissemination on trending adaptation strategies of use in peculiar situations.

6 Conclusions
The study highlighted that the flood-prone fish farmers in the studied locations of climate

hotspot Uganda have muddled through the combined impacts of flood and other climate
change-related hazards. There is a high tendency that the flood-prone fish farmers would
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face further uncertainties and unknowns concerning climate-induced flood in the future. In
the meantime, they possessed some intrinsic adaptive socioeconomic and technical poten-
tial to cope with climate-induced hazards to some extent. However, future CCI adapta-
tion/vulnerability of the fish farmers would be influenced by their disposition of gender,
farm size, water sources, government training, and presence of inlet and outlets in ponds.
Improved adaptation of the FpFF would require actions aimed at improved recognition and
inclusion of the highlighted statistically identified significant predictors of their adaptive
capacity, the farmers’ identified intervention needs, and the discussed recommendations
on a framework for improved adaptive capacity into the local and national framework for
CCI management. Such actions would be beneficial to sustainable fish production for food
security in the face of climate change impact in the region.

7 Limitations of the study

There is inadequate information specifying Kibuku and Gulu on some of the subjects of
the current study. The literature tends to concentrate most on the regions other than specific
locations within the regions. Statistics on agriculture in the selected location did not spe-
cifically cover the number of fish farmers in the districts. Fish farmers and other livestock
producers were referred to as livestock producers without separation to fish subsection. It
was difficult getting the actual record of the flood as it affects fish farmers in the study area.
Most literature on flood events did not capture fish farming in these locations. This study
was restricted to utilize the extension agents in identifying the fish farmers from the record
and to administer the questionnaire due to lumped up record of fish farmers association
with other livestock farmers.
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