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Plate 4. 8: General climate-induced hazard situation in Keta 

Source: Fieldwork, January-May, 2021 

 

4.5.2.1 Floods situation in Keta township 

Keta is the most affected by floods, this is closely followed by Vui and Dzelukorpe. These lagoon 

communities are mostly affected by flooding from the overflow of the lagoon during high tides, 

heavy rains, or overflow from other tributaries. Gobamodzi and Abutiakorpe are the least affected 

by floods event in the township.  
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4.5.2.2 Erosion situation in Keta township 

 

Erosion is the second major climate-induced challenge in the Keta township. Erosion situation 

analysis of Keta in Plate 4.8 shows that almost all the study communities are affected by coastal 

and inland erosion. The Keta community is the most affected. Erosion activities are also significant 

in Vui, Dzelukorpe, Xekpa, and Gobamodzi. Tetekorpe and Abutiakorpe experienced fewer 

erosion impacts as compared to the other communities.  

4.5.2.3 High tides situation in Keta township 

 

The impacts of high tides in Keta over the years have reduced in most of the communities. 

However, Tetekorpe, Gobamodzi, Abutiakorpe, and Keta were still experiencing some impacts of 

high tides. These were very minimal most times. The impacts of high tides were most significant 

in Abutiakorpe. High tides in the municipality cause an increase in the lagoon. According to most 

of the respondents, seawater from high tides also flooded the lagoon underground. 

4.5.2.4 Stormwater situation in Keta township 

 

Stormwater impacts and occurrence were less significant across the Keta communities. The 

impacts of stormwater occurred mostly within the lagoon communities (Vui and Dzelukorpe) after 

an overflow of the lagoon.  
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4.6 Institutional stakeholders’ perception of nature-based solutions 

 

The final section of chapter four explores institutional stakeholders’ perceptions about the concept 

of nature-based solutions in reducing climate risk and vulnerability in the Keta municipality. The 

Keta lagoon complex was assessed as a nature-based solution for communities in Anloga, Woe, 

Tegbi, and Keta.  

From the key institutional stakeholders’ interviews, a total of 13 ecosystem benefits derived from 

the Keta lagoon were identified and reported by the various institution as providing food (protein) 

(19), transportation (10), cultural value (3), recreation (6), holding water (1), firewood (13), 

employment (12), aesthetic value (5), habitat for wildlife (4), landing sites for migratory birds (4), 

tourist attraction (11), scientific purpose (3), and salt mining (9). Eight of these services were 

provision services, four were cultural services, and one was a supporting service. There were no 

regulating services identified from the lagoon (Figure 4.31).  

 

 

 

 

 

 

 

 

 

Source: Fieldwork, January-May, 2021 

19

10

3

6

13

12

5

4

4

11

3

9

1

0 2 4 6 8 10 12 14 16 18 20

Protein

Transportation

Cultural value

Recreation Purpose

Firewood

Source of Employment

Aesthetic value

Habitat for wildlife

Landing site for birds

Tourist attraction

Scientific purpose

Salt mining

Holding water

Number of stakeholders

E
co

sy
sy

e
m

 B
en

ef
it

s

Figure 4. 31: Ecosystem benefits of the Keta lagoon complex 
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Over half, (55%) of the responses from institutional stakeholders suggest the regulation and 

improvement of fishing practices of the locals would improve the long-term benefits derived from 

the lagoon. Also, over 44% of the responses suggested frequent dredging of the lagoon as a key 

measure to explore the full ecosystem benefits of the Lagoon wetland. According to one of the 

stakeholders in a group discussion, “The capacity of the lagoon is underexploited. This is a billion-

dollar natural asset. Investments could be made to harvest a variety of fish. We can explore a 

variety of other livelihoods in the community, develop a mechanism to link the lagoon directly to 

the sea to improve the animal species of the lagoon, protect the mangroves in and around the 

lagoon, and treat it as a natural asset. It could even serve as a study purpose. Products from 

mangroves could be improved for other economic purposes aside from firewood (Keta Municipal 

Assembly NHIS Office, Participant from group discussion).  

4.6.1 Institutional stakeholders understanding of nature-based solutions 

There were varied responses of how institutional stakeholders perceived the concept of NbS and 

actions they considered as nature-based solutions for disaster risk reduction in their communities. 

The assessment of stakeholders’ understanding of the concept was done through the identification 

of keywords and phrases of NbS found in their responses. The criteria used were from the 

definitional phrases of NbS: use of natural or modified ecosystems to protect, sustainably manage, 

restore, meet the societal challenge, using nature, inspiration from nature, and support from nature. 

According to some stakeholders, “In my opinion, NbS can be described as we planting trees to 

protect ourselves and future generations to come including the environment. When we build a 

house, we pave the entire house thereby eliminating drainages in the house, water needs to sink 

when it rains but this is not the case which causes flooding in other areas. I mostly engage in tree 
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planting because almost every house has a coconut tree” (Keta Municipal Assembly NHIS 

Officers group discussion).  

“We need to do more tree planting around where erosion takes place and encourage the coast to 

have woodlocks. I have planted trees which is a very common activity here. It is believed that trees 

were mostly planted in honour of the dead. Collaboration between stakeholders should be 

improved and strengthened” (Ghana education service director of Keta Municipal assembly).  

4.6.2 Barriers to implementing NbS 

 

Figure 4.32 shows 12 institutional stakeholders’ responses from the local government 

administration when they were asked to identify major reasons for the hindrance of NbS 

implementation in their districts. The barriers to implementation NbS were rated on a scale of 1-

5; with 1 being the weakest and 5 being the strongest. The study revealed that the majority of 

stakeholders believed the lack of finance n=4 and lack of expertise n=4 were the major barriers to 

implementing any form of nbs in Keta. Political influence was the second major barrier to 

implementing nature-based solution in the districts.  
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Figure 4. 32: Barriers to the implementation of NbS in Keta 

Source: Fieldwork, January-May, 2021 

 

4.6.3 Implementation of nature-based solutions in the Keta Municipality 

The study assessed seven forms of nature-based solutions implementation in the study area. These 

NbS included pervious pavement, green roofs, green swales, ponds, constructed wetlands, tree 

planting, and rainwater harvesting. Key institutional stakeholders from the local government 

administrations of Anloga and Keta were asked to identify nature-based solutions that were or are 

being implemented in their communities. Twelve institutions were assessed in total, seven from 

Anloga and five from Keta.  

Results show that (Figure 4.33) constructed wetlands and tree planting were carried out in the 

Keta and Anloga environments. According to institutional stakeholders’ report, more ponds (n=7), 

constructed wetlands (n=7), tree planting (n=7), and rainwater harvesting (n=7) were done 

frequently in Anloga than Keta. The concept of green roofs is not common in both Anloga and 

Keta. 
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Figure 4. 33:  Implemented nature-based solutions in Keta and Anloga districts 

Source: Fieldwork, January-May, 2021 
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CHAPTER FIVE (5) 

DISCUSSION 

5.0 Introduction 

This chapter discusses the findings from various interactions with key institutional stakeholders 

and communities’ households. Issues under discussion in this chapter include the types, trends and 

impacts of climate change-induced hazards on households, existing local-level adaptation and 

mitigation options and evidence of nature-based solutions therein, and the Landuse/Land cover 

changes that has occurred in the Keta township.  The study communities were purposively selected 

because of their geographical position in proximity to either the sea, lagoon, or both. They were 

selected to establish an understanding of the impacts of flood, erosion, high tides, and stormwater 

at different parts of the study area. In this study, the boundaries for the GIS mappings were not 

accurately drawn to scale or a true representation of the district data but were drawn in relation to 

the number of households selected from the specific communities or locations.  

A systematic random sampling methodology was used in conducting the household interviews 

because the process was easy to construct, execute, compare, and understand. The social survey 

showed that a lot more females (54%) took part in the study than their male (46%) counterparts 

because at the time of the household interviews, the males were not available for various reasons. 

Out of the 90 households sampled, about 70% have stayed in the Keta township for over seven 

years. Over half (56%) of the study respondents lived in family homes.  

5.1 Trends and impacts of climate change-induced hazards on households 

For this study, the most common climate-induced coastal hazards were assessed. Trends and 

impacts of four hazards were reported in the Keta township by the respondents. These hazards 

include floods, erosion, high tides, and stormwater. Overall, flood is the most common hazard in 
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almost all the seven study communities.  Events of flooding were experienced frequently in Vui, 

Dzelukorpe, Keta, Tetekorpe, and Xekpa. Erosion was reported as the next common phenomenon 

in almost all the study communities as several respondents from Keta, Dzelukorpe, Vui, and 

Gobamodzi confirmed its frequency of occurrence (Table 4.1). The literature on coastal hazards 

shows that flooding, high winds and waves, coastal erosion, storm surges, and human growth and 

activities near the shores contribute to coastal risks (Thior et al., 2019). The West African coastline 

area is complicated, as it is subjected to a variety of waves coming from various directions. As a 

result of the intensification of extreme climatic variables, several portions of West Africa’s 

coastline areas are currently experiencing accelerated degradation related to coastal erosion and 

inundation (Thior et al., 2019; Angnuureng et al., 2020). Coastal erosion processes, particularly 

on sandy and muddy shores (Dada et al., 2020), is one of the most significant contributors to coastal 

degradation.  Many coastal settlements have been endangered by rising sea levels and other 

climate-induced hazards in recent decades (Jonah et al., 2015). Climate change, particularly 

accelerated sea-level rise, is predicted to increase erosion issues (IPCC, 2014) in many vulnerable 

coastal nations.  

The probability values calculation for the most common climate-induced coastal hazards in the 

Keta township shows that the likelihood ratio of floods (0.853) and erosion (0.750) occurring in 

the township is higher compared to high tides (0.597) and stormwater (0.144). This implies that 

flood and erosion activities are more likely to occur in the Keta township as a result of climate 

change. 

The extent of these hazards was assessed from the experiences of respondents from the township. 

Results show that (Figure 4.7-Figure 4.10) the majority of respondents from Xekpa were not sure 

of the extent of high tides (41%) and stormwater (18%) in the community. Over half of the study 
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respondents from the community are however certain that the extent of floods has remained 

unchanged whilst erosion has increased. Xekpa shares boundaries with neither the lagoon nor the 

sea and is found on a much higher ground than the rest of the communities in the study area.  The 

community has fewer drainage systems, floodwater ways, and storage systems. This is as a result 

of the lack of available space to construct such facilities. There is a high probability of flooding 

and erosion in the community.  

The extent of floods and erosion were also reported as unchanged and increased over the past five 

years by (17%) and (25%) of respondents from Tetekorpe respectively. 12% of respondents from 

the community reported the extent of high tide has decreased over the period. In a similar case as 

Xekpa, the majority of participants from the community were uncertain about the extent of 

stormwater. Aside from these climate-induced coastal hazards, the respondents of Tetekorpe 

lamented about the menace of sand winning which they attributed to the cause of many deaths 

within the community. Large pits which collect water have been created from sand-winning 

activities. The community has fewer constructed drains. However, it has many natural waterways 

which collected excess rainwater. Some of its vegetation is in good condition while coconut and 

some palm trees have been planted along the beach. If carefully managed, the community is likely 

to experience fewer impacts from climate-induced hazards. 

Respondents from Gobamodzi reported the extent of floods (15%), erosion (14%), and stormwater 

(18%) as unchanged in their community. The majority of respondents (16%) also reported high 

tide events have decreased over the past five years. The study observed that a large number of the 

respondents from Gobamodzi have knowledge of the extent of floods, erosion, and high tides in 

their community. The community shares boundaries with the sea and has several smaller ponds 
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and waterways. It also occupies many marsh areas that stored excess water whenever it rained. 

The respondents also reported sanding winning as a major coastal challenge in the community.  

Flood, erosion, and high tides were reported as occurring frequently and in moderation respectively 

within the Abutiakorpe community. The community has a fish landing site and was also identified 

as a major hotspot area for sand winning.  It has many shallow and deep creeks along the coast. It 

is also known to have marsh areas that collected excess water whenever it rained. The study 

observed that about half of the study respondents have adequate knowledge about the extent of 

floods, erosion, and high tides in the community.  

Flood, high tides, and erosion were also identified by respondents in the Keta community. These 

hazards occurred in moderation and less frequently within the community respectively. Keta shares 

direct boundaries with the lagoon and sea. The community is the most populated in the district and 

accommodates some important facilities and infrastructure. This makes it highly vulnerable to the 

impacts of climate-induced hazards if human activities are not carefully managed. The community 

is interspersed with smaller ponds, lagoons, creeks, and marshy areas. Many of these natural 

features have been developed while many have also been contaminated by human activities. Most 

infrastructure along the coast has been destroyed by high tides and abundant by their occupants.  

Flood, erosion, and stormwater were identified by respondents in Vui and Dzelukorpe as occurring 

more frequently and in moderation. The majority of respondents from the two communities believe 

the occurrence of high tides has a direct impact on the lagoon and its ecosystem benefits which are 

connected to their livelihoods. Both communities share direct boundaries with the lagoon. Due to 

the location of these communities, they inhabit many marshy areas and plant species. Most of the 

wetlands have been developed for residential purposes. Due to the occasional drying of the lagoon, 

new islands have emerged. According to many of the respondents, especially fishermen and 
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farmers, the township has experienced fewer rains over a long period. The two communities are 

inhabited mainly by fishermen, farmers, fish traders, and vegetable farmers.  

Climate change, particularly accelerated sea-level rise, is expected to exacerbate climate and other 

human-induced coastal hazards (IPCC, 2014), requiring effective management strategies in 

dealing with the risks arising. 

The probability values for the extent of these hazards varied by a very small margin. Thus, the 

likelihood ratios calculated show that the extent of climate-induced coastal hazards in the township 

will follow similar trends and impacts for flood (0.212), erosion (0.270), high tide (0.270), and 

stormwater (0.216).  

5.2 Impacts of climate-induced hazards on households and properties 

The natural and artificial driving factors have an impact on a variety of often antagonistic human 

socioeconomic activities that take place in coastal environments. The natural stress on coastal 

resources caused by wave and tidal climates is often exacerbated by human-induced factors. 

Coastal life and property are constantly at risk as a result of these developments. According to 

Boateng (2012), coastal erosion has resulted in the loss of a significant number of homes in the 

past, and the tendency is continuing in some regions along the coast of Ghana. According to 

Appeaning Addo et al. (2011) also, by 2025, roughly 85 houses in three neighborhoods of Accra's 

western suburbs will be lost to erosion, displacing about 2000 people. Many of Ghana’s most 

densely inhabited coastal communities are located in low-lying coastal plains prone to coastal 

flooding, with key businesses, significant residential settlements, tourism and conservation areas, 

heritage and historical monuments all within 200 meters of the coast.  
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According to literature, the study district is a low-lying coastal plain while the Keta Municipality 

to a high degree is the most urbanized district in the Volta region.  

Community study revealed that both households and properties in the Keta township are likely 

vulnerable to floods, erosion, and high tides (Table 4.4- Table 4.5). The impacts of high tides are 

minimal within some communities in the township while other communities are still experiencing 

severe impacts from high tides. The Keta Lagoon is occasionally flooded by rising tides. 

According to reports, the occurrence of floods (38%), erosion (18%), high tide (30%), and 

stormwater (14%) has caused many of the residents in Keta township to relocate from their 

previous residence.  

Adaptation methods used by the local residents have contributed to their resilience to these hazards 

over the years. The Keta Sea defense has also contributed to the temporary protection from sea 

waves and coastal erosion in the township. Whereas this initiative has decreased coastal erosion 

along the Keta and Kedzi coastline, it has resulted in a 50% increase in coastal erosion in nearby 

villages on the down-drift coast near the Ghana-Togo border (WACA, 2007). This adds to the 

growing body of evidence that shore-hardening measures are not always appropriate for decreasing 

coastal risks (Angnuureng et al., 2013).  Short-term occurrences pose a considerably larger threat 

to infrastructure than medium-to-long-term trends when it comes to sustainable coastal 

management. While natural marine processes produce a cyclic occurrence, if human actions are 

not well controlled, they generally produce a long-term influence (Appeaning Addo, 2013). The 

shoreline’s rapid landward movement leads to the destruction of lives and property. 

The likelihood ratio calculations of climate-induced hazards impact on the displacement of 

households in the township show that there is a high number of uncertainties about the 

displacement of households in the township. Also, the likelihood ratio of properties being 
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destroyed by climate-induced coastal hazards in the township was lower compared to properties 

not being destroyed. However, major differences occur when making a case for individual hazards 

and communities. 

5.3 Impacts of flood and erosion in keta township 

For this study, flood-driven climate-induced impacts were reported across the study communities. 

Overall, the majority of reports were from Keta (35%), followed by Dzelukorpe (17%), Vui (13%), 

and Tetekorpe (17%) for flood-driven causes of death in the township (Figure 4.11). The Xekpa 

community reported no death as a result of flood activity in the community. Tetekorpe, Keta, Vui, 

and Dzelukorpe reported the highest number of flood impacts in relation to the displacement of 

people and the destruction of farmlands. Gobamodzi has over the years not experienced many 

significant impacts of flood or erosion. The two lagoon communities, Vui and Dzelukorpe 

experience the impacts of floods in certain months of the year when the rains are much. These 

communities prefer flooding of the lagoon because according to the respondents, anytime the 

lagoon flooded, it provided many benefits for them. Death has however not occurred as a result of 

flooding due to heavy rains in the Vui, Dzelukorpe, and Abutiakorpe communities. The Keta and 

Abutiakorpe communities have experienced impacts of flooding as a result of displacing 

households and destroying properties. Properties that have been damaged by floods and erosion in 

these communities include both private and public-owned properties. Properties that were mostly 

destroyed were farms, homes, public toilets, schools, roads, and the only former female prison that 

stood in the Keta community 

Literature on the erosion status in Keta reveals that sea erosion is still a serious problem for most 

households and towns in and around the Keta Lagoon complex (Boafo, 2018), including the study 

communities. The Keta lagoon erosion problem was discovered in 1907 (Akyeampong, 2001). 
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Over the last decade, Kporkporgbor, Fuveme, Dzita, Havedzi, and Xorvi have been among the 

villages most endangered by rising tidal waves that have destroyed physical infrastructure 

(Boateng, 2009; Boafo, 2018). Annual erosion has also had a severe impact on fishing and farming 

livelihood systems in villages and the Keta Municipality as a whole (Boafo, 2018). 

The p-value calculations for the likelihood ratios of floods and erosion impacts show that there is 

a high probability of floods destroying farmlands, displacing residents, and causing death in the 

Keta township (Table 4.8). Also, erosion is more likely to destroy buildings, roads, and reduce 

soil quality in the township (Table 4.12).  

5.4 Climate-induced hazards impact on biodiversity 

There are different forms of plants and animal species existing across the Keta municipality. Many 

fish and other sea-dependent species feed on the mangroves and wetlands of the Keta Lagoon 

Complex Ramsar site. The Keta Lagoon has long been known for its diverse coastal and marine 

wildlife (Ntiamoa-Baidu and Gordon, 1991). The stretch of coastline from Fuveme to Anloga is 

one of Ghana’s most important sea turtle nesting areas. The beaches are favored nesting sites for 

the leatherback (Dermochelys coriacea), green, and olive Ridley Sea turtle species (Lepidochelys 

olivacea). According to local sources, the mating season lasts from November to March, when sea 

turtles come ashore to lay their eggs in the medium grain-sized sand. The marsh had formerly been 

home to a variety of terns and waders. The Great White Heron (Ardea alba) and Pied Kingfisher 

(Ceryle rudis) are two of the most common bird species found in the wetlands today.  

This study examined changes in plants and animals’ species existence and their timing within the 

study communities of the Keta township.  
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According to a respondent from Xekpa, “In the past, whenever fishermen from either the lagoon 

or the sea return from their fishing activities, they brought back many types of fish in very large 

quantity. However, unlike before, the fish catch in our community has reduced which has affected 

our fish trading in the district in many ways” (A fish trader from Xekpa). The price of certain fruit 

crops such as pawpaw is costly as some of the respondents are unable to easily purchase them or 

have to travel long distances to get them for their family dietary needs. 

When respondents of Tetekorpe were asked to describe some of the observed changes they have 

noticed in their community, varied responses were provided. A fish trader from the Tetekorpe fish 

landing site narrated; “As you can see for yourself, this is the only fish I was able to get from the 

fishermen here today. However, today is a major fishing day where in the past, these fishermen 

returned with enough fish that we could buy and even take the excess on credit. Nowadays, they 

are returning with smaller fish and just one kind” (A fish trader from Tetekorpe).  

A group of fishermen was also interviewed about the changes they have observed in the existence 

and timing of certain plants and animal species in their community. According to them, 

“Sometimes, we fish longer period than we did before but we end up coming back to shore with 

very small fingerlings. Things have changed a lot, especially with our business, the species of fish 

we are getting are not enough even after we have sailed long distances to find them. In the past, 

we caught bigger salmon, crabs, and even sea turtles. Today is a major fishing time but my 

colleagues and I have decided not to go fish because we will end up coming home with empty 

canoes. The premix fuel has also become expensive. For the plant species in Tetekorpe here, what 

we have noticed is that, the sea weeds we used to see around commonly are no more. The 

mangroves species too are not many on this side of Keta unless you visit the lagoon area. Even 
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there, the people living there are harvesting the mangroves for firewood and fishing” (Fishermen 

from the Tetekorpe fish landing site). 

A respondent from Gobamodzi who has stayed in the community for over twenty years described 

how the natural water bodies which provided their community many benefits were almost at the 

point of being destroyed. “My grandfather owned this property I am currently on. He also owned 

a recreational facility like a beach bar which he named Goba beach. The community attained its 

name from that facility. The community has many creeks and other wetlands. When my husband 

and I started building this house, we used to see many reptiles. Snakes were around a lot and at 

times if you are up very early, you could see snakes or their trails in the sand. The water very close 

by used to produce different freshwater fish. However, a road was constructed through the water 

to link Goba beach to the main community, a lot changed. The community members have also 

turned the water into a refuse site. You would hardly find fish in that water anymore because it 

has become stagnant and even smells at night.” (Respondent of Gobamodzi) 

The Abutiakorpe community has a fish landing site. Sand winning was also a common activity in 

the community as other communities along the beach. According to the respondents, sea turtles at 

some time of the year in the past were commonly found on the beach. In those seasons, they came 

to lay their eggs and mate. Over the years, some of the residents and young men who engaged in 

sand winning harvested these sea turtles for food. In recent times, the residents do not easily come 

across these beach animals. 

The Keta community is a fast-developing community with many land-use activities taking place 

daily. Wetlands that accommodate important plants and animal species are being developed. 

According to some of the respondents, in the past the Agama lizards and certain snake species 

University of Ghana http://ugspace.ug.edu.gh 



128 
 

especially the water-snakes were common in the community. However, these reptiles were not 

easily seen in the community as before. 

The majority of respondents from the lagoon communities revealed there has been a significant 

reduction in the number of mangroves species of the lagoon. Most of the respondents attributed 

this reduction of mangroves to the decrease in fish caught from the lagoon. The mangrove plants 

are mostly used for firewood by most of the residents living around the lagoon. Fishermen on the 

lagoon used these mangrove plants for fishing. They create fishing traps using a local fishing 

method called ‘blocking’ with mangrove plants. A significant reduction in worldwide mangrove 

coastlines has been recorded, according to a Food and Agriculture Organization (FAO) estimate, 

from 198,000 km in 1980 to 146,530 km in 2000. 

As narrated by a respondent from Keta; “After the construction of the dam, the floods resided and 

starved the lagoon of water and fish. This has dwindled the fish stocks in the lagoon causing major 

food security problem for most people in Keta. The grasscutter and rat species are not easily seen 

in the community.” 

The p-values data for the impacts of climate-induced hazards on biodiversity in the township 

(Table 4.10 and 4.11) show that there has been a significant change in plants and animal species 

existence with a likelihood probability value of (0.464) for the township. There has also been a 

significant change in the timing of these plants and animal species with an LRPV of (0.659) in the 

township.   

5.5 Local level adaptations and mitigations options and evidence of nature-based solution. 

Coastal adaptation is more than just a technical problem (Gopalakrishnan, Landry, and Smith 

2018). It is also an economic concern regarding a society’s readiness to utilize precious resources 
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for adapting and enhancing coastal protection at its core. Decisions about which adaptation 

measures to apply and how much to implement need costly trade-offs (Johnston, Makriyannis, and 

Whelchel 2018). Several opportunities exist in leveraging on traditional knowledge of using the 

natural environment to reduce a society’s vulnerability to climate change.  

The Keta Lagoon is the first point of adaptation for many of the community members in dealing 

with several challenges including flooding in the Keta township. The majority of respondents 

believe that dredging of the lagoon will reduce flooding and improve other ecosystem benefits 

provided by the lagoon resource such as food, water, shelter, fresh air, and so on. The lagoons are 

the primary drainage basins for the township. The Keta, Angaw, Agbatsivi, Logui, Nuyi, and 

Klomi are among the major lagoons in the municipality. However, according to the majority of 

respondents, the level of water in these lagoons has decreased drastically in recent years, resulting 

in the formation of numerous islands in the Keta, Angaw, and Agbatsivi lagoons. Seva and Dudu, 

the largest of the islands, are partially populated.  There exist no single evidence of mainstreaming 

or upscaling these natural water basins as adaptations and nature-based solution options into the 

district policy and plans in managing coastal hazards for the township. Secondly, the options of 

building reservoirs to collect and store floodwaters are increasingly limited for the township 

because of the lack of available lands. Therefore, the protection of these natural forms of water 

storage is environmentally sustainable to reduce climate-induced hazards in Keta. 

The study assessed three types of adaptation options for reducing erosion; planting trees and grass, 

planting mangroves, and building seawall (Figure 4.16).  The result showed that the respondents 

also proposed the filling of their compounds with sea sand (22%) in reducing erosion within the 

communities. Tree planting is a common activity in the Keta township as over half of households 

preferred the planting of trees and grass in place of pavement to reduce the impacts of erosion. 
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Respondents around the lagoon believe that the planting of mangroves will improve other benefits 

of the lagoon such as increasing fish stock and other aquatic life, providing shade for fishermen, 

and reducing the rate of evaporation of the lagoon.  These methods by the local community are 

opportunities to encourage the use of the natural environment to reduce erosion. 

Several instances of tree planting exist within the township, especially in all the study 

communities. Field observations showed that over 90% of the households studied have at least a 

tree on their compound. Other households had either a garden or grass or both on their facilities. 

These plant-based adaptation methods reduced erosion in many ways. Most of the residents along 

the lagoon, especially some vegetable farmers have trees on their farmlands. These tree plants hold 

the soil together and improve soil moisture which supports plants growth for most of these farmers. 

The palm, coconut, and mango trees were mostly found in the lagoon communities. Coconut and 

some mango trees were found mostly along the coast. 

The communities that share direct boundaries with the sea; Tetekorpe, Gobamodzi, Abutiakorpe, 

and Keta have adopted different means to adapt to the impacts of high tide in their communities. 

According to the majority of respondents, adaptation to certain coastal hazards such as high tides 

is expensive and more technical. However, many residents have found different means to survive 

the impacts of high tides in their communities. In the past, whenever tides were high the residents 

would move inland to other communities farther away from the beach. Many of these residents 

have also constructed some of their apartments with inexpensive materials and non-permanent 

structures. These techniques were found mainly in Tetekorpe, Gobamodzi, and Abutiakorpe 

communities.  

The Keta municipality as a whole is one of the driest on Ghana’s coast. The rainy season lasts from 

March to July, with September and November often having the lowest rainfall in the area. With a 
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hot environment and high evapo-transportation, the average daily temperature is generally about 

30° Celsius. Stormwater runoff is mostly caused by heavy rainfall that runs over land or 

impermeable surfaces, such as paved roadways, parking lots, and building rooftops, rather than 

soaking into the earth. Respondents from the study communities were assessed on the methods of 

reducing stormwater impacts through the reduction of paved surfaces, construction of bigger 

drains, and stormwater storage facilities (Figure 4.18). The filling of compound with sea sand is 

again a method the locals have relied on and preferred over the years to address the issue of 

stormwater in the communities. Some communities also proposed dredging of the Keta lagoon to 

accommodate more rainwater and floodwater in the district. In most of the study communities, the 

availability of land to undergo certain projects is a challenge. Hence, only a few smaller drainage 

systems were found in the Keta community itself. However, the methods used by the local 

community to reduce stormwater impact over the years could be redesigned and upscale for use 

by most residents in the district. 

Respondents from the lagoon communities reported the adoption of reducing paved areas, 

construction of bigger drains, dredging of the lagoon, filling compound with sea sand and 

stormwater storage facilities to reduce the impact of stormwater in their communities. Results 

about the types of hazards experienced by the entire township and the challenges in managing 

them showed very little impact from stormwater as a result of heavy rainfall. This is due to the 

reduction of rainfall in the district over the years.  

In light of the various respondents’ preferences to managing coastal hazards in their communities, 

the study further sought to assess what households would consider as key when choosing 

adaptation measures (Figure 4.19). In recent years, the private sector has worked with households 

to plant along the Keta and other lagoon banks to decrease evaporation and siltation of the resource. 
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To deal with the consequences of high tides, communities are increasingly establishing coconut 

groves and planting trees along the coast. Some youth organizations for example have been 

involved in tree-planting efforts in the Keta township. In several localities, woodlots with 

indigenous trees are being developed.  There is an opportunity for the local government to take up 

and improve collaboration with households in designing and implementing adaptations and NbS 

options.  

5.6 Factors affecting households’ reliance on NbS and existing adaptation strategies 

There is widespread agreement that adaptation to the effects of climate change is unavoidable and 

that preparatory effort should begin immediately. However, if it becomes obvious that a major 

rethink of current coastal policy is required, the question of which activities are most suited for 

dealing with the long-term effects of climate change arises. The study assessed four factors that 

respondents would consider when choosing an adaptation or coping mechanism. The study sought 

to understand how cost, availability of space, availability of material, and severity of the climate-

induced hazards affected respondents’ choice of adaptation (Figure 4.19). Several challenges were 

reported by respondents and key institutional stakeholders as affecting the adoption of nature-

based solutions for addressing the impacts of climate-induced hazards in the Keta township.  

Firstly, at the household level, the study revealed that the cost of adopting and managing various 

nature-based solutions was a major challenge for about (84%) of households in the Keta township. 

The respondents reported that materials and infrastructure needed to manage climate-induced 

hazards such as floods were expensive. The cost of raising an existing building level was also 

expensive as this required a redesign of their entire properties. Key institutional stakeholders also 

attributed the lack of implementing NbS to inadequate finance to carry out these projects. 
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According to the literature (Somarakis et al., 2019), technically feasible solutions that can be used 

to solve a variety of problems are minimal, underdeveloped, and, in many cases, costly. 

Secondly, respondents of the township reported the availability of space as a major challenge to 

support the implementation of NbS in the Keta township. Lands needed to strategically site NbS 

for the communities were not easily accessible due to several reasons according to the key 

institutional study. Families that own large tracks of land are not ready to give such lands for NbS. 

Due to the scarcity of lands in the township, natural habitats such as marsh areas, swamps, 

waterways, and many mangroves island on the Keta lagoon are being developed for settlement 

purposes. According to (Davis et al., 2015), certain kinds of NbS necessitate a large amount of 

land for implementation, which can be expensive and difficult for planners and local governments 

to consider, particularly in urban areas. This makes choosing NbS over conventional engineered 

approaches all the more unlikely, particularly if the broader environmental and social benefits 

aren’t factored into decision-making.  

The availability of material or resources was reported as the third major challenge to adopting NbS 

and adaptation strategies in the Keta township.  According to the institutional stakeholders’ study, 

the human and material resources needed to design, implement, and manage NbS for the district 

were available. According to literature (Somarakis et al., 2019), decision-makers and practitioners 

should have the knowledge and skills needed to effectively overcome potential trade-offs and make 

the best use of available technological solutions which the municipality as a whole was lacking to 

a large extent. Also, the lack of ready-to-use technology, as well as ready-to-apply research 

findings and principles to reduce the impacts of climate-induced hazards were not available for the 

study area. However, at the community level, households relied on the natural environment and 
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their traditional beliefs such as filling their compounds with sea sand, planting trees in honour of 

the dead, and so on to reduce their vulnerability to coastal hazards.  

Fourthly, there was a lack of collaboration between households and the institutional stakeholders 

in charge of planning and implementing environmental projects for the township. This lack of 

collaboration among respondents constitutes a major challenge for the implementation of NbS in 

the township. Many other challenges of adopting NbS can be traced to lack of collaboration 

according to (Somarakis et al., 2019). The study also revealed that there were limited 

collaborations even amongst the key institutional stakeholders in the township. This greatly 

hinders the adoption of approaches such as the bottom-to-up approach of environmental 

management for the township. 

5.7 Community perception of nature-based solutions in keta township 

There is a strong agreement amongst the majority of respondents that when they put in place 

measures and approaches that rely on, work with, and enhance the natural environment to reduce 

their societal challenges to climate-induced hazards of the coast, can be classified as nature-based 

solution. The study further questioned respondents on the benefits they derived from the Keta 

lagoon and whether they considered the Keta lagoon resource as the most important source of 

nature-based solution (Figure 4.20). The majority of respondents confirmed seven ecosystem 

services provided by the keta lagoon complex. According to reports, the lagoon provided 

respondents with protein, water for construction, leisure, while protecting them from floods, 

improving air quality, cooling of the communities, and water quality regulation. However, the 

level and number of participations from households in the design, planning, implementation, and 

management of nature-based solutions in the township are very minimal. According to most of the 

study respondents, households were not engaged by the municipal assembly in the design and 
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implementation of most environmental projects concerning them. Most projects involving local 

community members were initiated by either NGOs or some private organizations. 

In assessing respondents’ understanding of the co-benefits of investing in NbS, four types of 

nature-based solutions were investigated with eleven benefits presented in the survey (Figure 

4.25- Figure 4.28). Households’ motivations for planting trees were more for the provision of 

shades and to reduce erosion in almost all the study communities. In addition, wetlands in the 

township were protected primarily for the benefit of providing protein and protection from floods. 

Thirdly, the majority of the respondents were motivated in protecting the Keta lagoon primarily 

for the provision of food and for the purpose of recreation and tourism. Finally, the mangroves 

ecosystem was managed for the provision of firewood and regulation of floods in the township.  

The local community is well aware of the benefits of managing the natural environment. However, 

in the absence of regulations and monitoring of these natural ecosystems, they stand at risk of 

being overexploited and mismanaged.  

5.8 Land use/ landcover change trends in keta and options for adapting nature-based 

solutions 

Results from the Landuse and Landcover Change assessment of the municipality reveal that at 

least one climate-induced hazard was identified in each study community. Overall, the hazard 

situations are almost synonymous with all the study communities irrespective of the diverse natural 

habitats in the study area (Plate 4.8). High tides were experienced in all the communities that share 

direct boundaries with the sea at different magnitudes. Over the years, the most impacts of high 

tide have occurred in Abutiakorpe and Keta communities resulting in occasional flooding of the 

lagoon. Several properties have been damaged and many households have relocated as a result. 
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Erosion and its impacts occurred in all the study communities with Keta community being the 

most affected. There are still instances of coastal erosion as a result of high waves and heavy 

rainfall in the township. Floods can also be associated with all the study communities with Keta 

again having the highest impacts. The lagoon communities are also flooded due to several factors; 

heavy and prolonged rainfall and flooding from other tributaries. Stormwater impact was almost 

not occurring in the district as many of the study communities were not experiencing stormwater. 

Over the years, according to the majority of the respondents, rainfall patterns and intensity have 

changed. The township was experiencing lesser rainfall even in the rainy seasons.  

5.9 Landuse/cover change assessment in keta  

Results from Landuse/ Landcover Change of 2010 and 2020 show that (Table 4.14) there was 

rapid loss of settlement cover in the study area. This may be explained by an array of interwoven 

factors, which includes the loss of residential cover to hazards such as floods and high tides, and 

the conversion of residential cover into farmlands. The seemingly insignificant increase in the size 

of waterbody still represents a major increase in water cover because a large proportion of the 

district is covered by waterbodies such as lagoons, ponds, and the Keta Lagoon. This increase in 

water cover occurred mainly around the lagoon leading to the loss of residential cover 

(displacement of households) and farmlands. A major decrease in waterbodies occurred around 

the coastline, overtaken by more residential and bareland cover. A study of the classified 

landcover/use map in Figure 4.29 indicates rapid development of settlements in the Keta 

community. Significant conversion of bareland to settlements and farmlands occurred in the 

community. This phenomenon has increased the community vulnerability to climate-induced 

hazards such as flooding, erosion, and occasional hightide. Vegetation cover is seen to have 
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increased generally across the entire Keta township. The reasons could be as a result of the increase 

in cultivable lands and the township beliefs and habits of commonly planting trees.  

An unusual pattern shown in this study is the increased conversion of settlement cover into 

farmlands and other landuse such as cemetery, and so on. Bare lands along the coast have also 

been converted to pockets of settlements and more farmlands. The increased rate at which this 

conversion is occurring requires an urgent plan of action to protect the biological diversity of the 

coasts. The observed pattern of landcover change has several environmental, economic, and social 

implications for the study area’s adaptation against climate-induced coastal hazards.  

 

5.10 Assessment of institutional stakeholders’ perception of NbS 

Key institutional stakeholders’ interviews were conducted to assess their perception of the Keta 

lagoon complex as a nature-based solution to reduce the impacts of climate-induced challenges 

they were struggling to manage. In addition, the study identified challenges and barriers in 

planning and implementing NbS. There is high awareness about the types of ecosystem benefits 

provided by the Keta lagoon among key stakeholders ranging from provisioning, supporting, and 

cultural services. According to key stakeholders, the majority believe that putting in place 

regulations, improving fishing practices, and frequent dredging of the lagoon would improve the 

benefits derived from the lagoon. The impacts of erosion, floods, and high tides were hazards that 

all the institutional stakeholders were struggling to manage in the districts especially the municipal 

assembly. In terms of their understanding of NbS and how they perceived the concept of hazard 

reduction in their communities, varied responses were obtained. The study also revealed that the 

majority of key stakeholders believe when the natural or modified ecosystem (pond, mangroves, 

lagoon, planting trees and grass, and marshes) is used to protect themselves and the environment, 
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the idea was understood as NbS. However, a few of the stakeholders thought these natural or 

modified habitats should be sustainably managed and restored to meet societal challenges.  

In addition, the study revealed barriers and challenges of implementing NbS in the districts (Figure 

4.32). The majority of stakeholders from the municipal administration believe inadequate finance 

and lack of expertise were the major barriers to implementing any form of NbS projects in the 

district. It can also be confirmed that the lack of collaboration between the key stakeholders and 

local community households posed major challenges to successfully implementing NbS.  

In terms of what had been achieved or implemented in the form of NbS (Figure 4.33), a 

comparison between Anloga and Keta districts revealed that the concepts of green swales, ponds 

management, constructed wetlands, tree planting, and rainwater harvesting were being done more 

in Anloga and its environments than Keta. The institutions of Anloga were regularly seeing to the 

management of human interference of wetlands in their district. Green-roofs and pervious 

pavement were not common phenomena in the two districts. However, almost all the key 

stakeholders interviewed have carried out a form of NbS on their own by either planting trees or 

grass at their workplace or home. 
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CHAPTER SIX (6) 

CONCLUSIONS AND RECOMMENDATIONS 

6.0 Introduction 

This chapter of the study focuses on summaries of key findings, conclusions, and 

recommendations. The first part summarizes major findings of the study with regard to the types 

and trends of climate-induced coastal hazards, local-level adaptation and perceptions of nature-

based solutions, and landuse/landcover Change situations of the study area. The second section 

discusses the conclusions derived from the study whilst the final section presents the study 

recommendations.  

6.1 Summary of key findings and conclusions 

 

During the period between January and May, 2021, a series of studies of key institutional 

stakeholders’ interviews and household surveys were conducted in Keta and its township to assess 

the trends and impacts of climate change-induced coastal hazards with existing and possible 

adaptation options. The study uncovered the following findings: 

6.1.1 Types and trends of climate-induced coastal hazard 

• Results from the entire study reveal that for objective one, the trends in floods (51%), 

erosion (28%), and high tides (18%) were reported as the major climate-induced coastal 

hazards the Keta township was struggling to manage. These hazards over the period have 

differed in frequency and intensity. The most affected is the Keta community with the 

highest impacts of floods (24%) and erosion (28%).  

• Over the past five years, according to the household survey, the frequencies and intensities 

of these hazards have either increased, decreased, remained unchanged, or respondents 

were unsure of the hazards. Many of the study respondents are of the opinion that rainfall 
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patterns in the township are changing which is having fewer impacts from stormwater 

occurrence in the township. Although coastal erosion in the Keta township has been 

minimal over the years due to the Keta Sea defense structure, it has increased coastal 

erosion and flooding in surrounding communities. Inland flooding and erosion are still 

major problems for many residents in the township because of limited drainage systems, 

the development of wetlands, waterways, sand winning activities, and so on.  

• The identified hazards have had several impacts on the environment and community 

livelihoods sources. According to the study’s socioeconomic demography, fishing, crop 

farming, and trading are the three most common occupations of the district. This reveals 

that a large proportion of the population relies on natural environments such as lagoons, 

ponds, sea, soil, and so on for their daily needs. These natural habitats are impacted by 

climate-induced coastal hazards in many ways. The study revealed that the impacts of 

floods (38%) and high tides (30%) have displaced many residents. Coastal erosion in Keta 

has had very minimal impacts on households (18%) over the years due to the presence of 

the Keta Sea defense. Community observations and household’s surveys also revealed that 

many properties both private and public have been destroyed by floods (44%), erosion 

(32%), and high tide (46%) in the township over the years. Floods have destroyed and 

disrupted many crop farms along the lagoon communities. The impacts of floods and 

erosion were due to the absence of constructed drainage system and the development of 

waterways and marshlands in the township. The occurrence of erosion has destroyed many 

roads in the study communities and reduced soil quality for most farmers. The impacts on 

biodiversity over the years have been significant. Many plants and animal species that 
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provided for a large number of the residents have become scarce. This has affected the cost 

of living for many and also reduced the nutritional needs of many families.  

6.1.2 Existing Local adaptation and mitigation options 

• Results for objective two for this study show that communities and households have 

adopted several practices over the years to reduce their vulnerability to coastal hazards 

both natural and human-induced. The most common practice that has been in existence 

and employed by the majority of respondents to reduce flooding and erosion in Xekpa 

(26%), Tetekorpe (16%), Gobamodzi (21%), and Keta (21%) has been the filling of 

their compounds with sea sand collected from the beach. This has been the normal 

practice in the township for many years. This can be likened to traditional knowledge 

for coastal hazards reduction. In light of very little effort from local government 

institutions in managing these hazards, the residents rely on this method to address 

several issues in their environment. Tree planting is the second most commonly used 

method by households to reduce not only erosion but for shades, foods, and protection 

of their properties in many ways. A large number of the respondents have planted trees 

on their properties and their communities (Figure 4.14). The third local adaptation 

measure employed by most of the study respondents to reduce floods is the creation of 

holes in their walls and buildings. Some of the residents along the coast have put up 

buildings with non-permanent materials to reduce the impacts from high tides. During 

several cases of high tides in the past, affected residents moved away from the impacted 

communities onto higher grounds.  Many of these activities of the local communities 

in reducing their vulnerabilities to coastal hazards are embedded in the concept of using 

the natural environment to solve societal challenges.  
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• For preferred adaptation measures against hazards such as flooding in the Keta 

township (Figure 4.15-Figure 4.18), floodwater transfer (37%) and floodproofing of 

buildings (26%) were preferred more. In addition to these measures, the majority of 

respondents equally suggested dredging the lagoon and filling their compounds with 

sea sand. The planting of trees and building seawalls were also preferred for reducing 

erosion. A large number of the respondents also selected filling of compounds with sea 

sand to reduce erosion. The construction of small dikes and flood gates were preferred 

most to reduce high tides. For stormwater reduction, the majority of respondents chose 

to reduce paved areas by equally filling their compounds with sea sand. Construction 

of bigger drains was given equal attention in reducing stormwater. It was revealed that 

either cost, severity of hazards, availability of space, or availability of materials were 

the key considerations that influenced respondents’ choice of adaptation measure. The 

cost of adaptation, the severity of hazards, availability of materials, and space were all 

factors the affected choices of adaptation measures. These concerns are evident in the 

literature on adaptation and mitigation to climate hazards.  

6.1.3 Perceptions and challenges of Nature base solutions 

• As their obligation, very little has been done by the local government with the 

engagement of the local community in the design of NbS to reduce climate-induced 

coastal hazards in the districts. In addition to this, there were several challenges raised 

by key institutional stakeholders in planning, implementing, and managing the Keta 

lagoon, ponds, mangroves, and other wetlands as nature-based solutions to reduce the 

impacts of climate hazards. The lack of finance to implement NbS and expertise to 
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design and manage NbS projects in the districts are the major hindrances to adopting 

NbS.  

• As the biggest users of the natural environment, community households pointed out 

several reasons as motivations for implementing NbS in the township. The study 

revealed that; the planting of trees was done to provide shade and reduce erosion, 

protection of wetlands was for the benefits of providing protein and protection from 

floods, and managing of mangroves was done primarily to obtain firewood and flood 

regulations. The provision of food, recreation and tourism, and community cooling 

were major reasons for protecting the Keta lagoon as a nature-based solution in the 

district. This study concludes that the limitless co-benefits of investing and 

implementing NbS are not well known to both key institutional stakeholders and the 

local communities.  

6.1.4 Trends and magnitude of Landuse and Landcover Change  

• The landuse/landcover change assessment of the Keta municipality conducted for the 

years of 2010 and 2020 reveals that an increase in landcover occurred in waterbody, 

vegetation, and farmlands between 2010 and 2020 within the study area. An unusual 

decrease in settlement cover and bareland occurred between the same periods. 

However, massive settlement is identified to have taken place in the Keta community 

which used to be dominated by barelands. Vegetation has improved significantly across 

the study area. Waterbody appears to be the biggest landcover for the districts and 

therefore any small change in waterbody will have significant implications on other 

landcover. Visual representation from the classified satellite images shows that the 

lagoon communities are the most affected. It is worth noting that a lot of 
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misclassifications might have occurred between the settlement, bare land, and farmland 

cover types. This could be attributed to the similar reflectance values that exist between 

the three classes which are sometimes difficult to distinguish.  

• The current climate-induced hazard situation of the study area reveals that the most 

common climate-induced coastal hazards in the study area were flooding and 

sometimes erosion. At least one climate-induced hazard was found in each of the study 

communities. Flood impacts and frequencies have remained unchanged in about five 

of the study communities while it has seen an increase in Vui and Dzelukorpe. About 

half of the study communities have seen an increase in erosion while the other half have 

seen no change in erosion impacts and frequencies. The event of high tides has 

decreased in almost all the study communities. Finally, the majority of study 

communities are not sure of the impacts and frequencies of stormwater in the district. 

This could either be a result of a lack of knowledge of the hazard or a misinterpretation 

of the term.  

6.1.5 Key institutional stakeholders’ perceptions of Nature-based solutions 

• Key institutional stakeholders’ study revealed a series of challenges among stakeholders 

with the management of climate-induced coastal hazards in the districts. In addition, their 

knowledge and actions towards the protection and use of the natural environment 

confirmed a series of literature about the concept of NbS. The key stakeholders identified 

floods, erosion, and high tides as major hazards their institutions were struggling to 

manage. Most of these hazards were attributed to climate change and human-landuse 

activities. Across all the institutions, adequate knowledge of the ecosystem benefits 

provided by natural resources such as lagoon, ponds, mangroves, and so on was identified. 
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Thirteen ecosystem benefits in total were listed by stakeholders with a majority of these 

being provisioning and cultural services. There is still a lack of knowledge among 

majority of the stakeholders about regulating and supporting services of many natural 

ecosystems of the district.  

• Barriers to implementing nature-based solutions in the district revealed that there is little 

to no engagement amongst the various stakeholder groups when designing and 

implementing NbS projects in the district. Most times, the local community members 

were left out of projects planning and design. In addition, very little has been done by the 

local government authorities to implement NbS in their various communities. Apart from 

the lack of collaborations, the stakeholders attributed these challenges mainly to a lack of 

finance and inadequate expertise for such projects. As to what NbS were implemented in 

the districts, a comparison between Keta and Anloga revealed that more NbS were being 

implemented in the Anloga district compared to the Keta Municipality.  

6.2 Study recommendations 

Recommendations for this study have been made under the following headings and subheadings. 

6.2.1: Stakeholders and community engagement 

• Involvement of all stakeholders and the local community in all stages of coastal hazards 

management.  

This study revealed that there is little to no engagement between the local government institutions, 

local communities, and other institutional stakeholders in managing coastal hazards in the district. 

The local communities and other non-government institutions’ concerns about the participation of 

coastal hazards management are essential to the sustainable management of hazards and increase 
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resilience in the district. Local resentment towards community projects which may result from not 

being part of the planning processes can have adverse impacts on its outcome and benefits to the 

communities. Local residents should be involved in all stages of the planning and decision-making 

process about hazards they were experiencing and struggling to manage. Techniques and measures 

should also be put in place for communities to benefit directly from hazard management strategies 

and citing. The successful implementation of community engagement will conversely ensure that 

local residents are given the responsibility to implement, manage and protect management projects 

in the township.  

An example of some community engagement in local-level planning and management of hazards 

is the Tasman region of Mapua and Ruby Bay, which have a variety of planning and natural hazard 

challenges. They were vulnerable to coastal inundation and erosion, as well as freshwater flooding 

as a result of climate change. The size of the hazard area, future urban growth, risk management 

for existing properties, upkeep of current public protection systems, and service provision all 

required decisions. The Tasman District Council (TDC), the Mapua and Districts Community 

Association, landowners, residents, and other community stakeholders concerned about issues 

such as coastal access and archaeological site protection were among the partners involved, as 

were planning consultants and a joint CRI (GNS Science, NIWA, AGResearch) project that 

conducted a survey and provided good background information on Mapua/Ruby Bay communities 

(e.g. climate change attitudes, trusted sources of information, expectations of local government, 

acceptable costs for remedial activity). A workshop was organized with Councillors to present 

current natural hazard risk forecasts, expenses involved with maintaining public protection works, 

and alternatives for the Council’s response in the worst-case situation. The public engagement 

process began with discussion documents that gauged public opinion on the problems. TDC 
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employees attended Community Association meetings monthly. Open days were held for people 

who chose to speak with staff one-on-one about their concerns. TDC’s own risk analysis and work 

on several solutions were merged into a draft structure plan, along with substantial feedback. The 

structure plan's ideas were refined and incorporated into a draft plan change later. To date, the 

project has raised awareness and created a vision for managing growth and natural hazard risk in 

the area. The project revealed that people had varying levels of comprehension of the natural 

hazard risk, as well as often erroneous assumptions about how easy it would be to provide 

mitigation (Stewart et al., 2010). 

There should also be an increase in governance infrastructure and resources for the management 

of climate-related coastal hazards. The increased infrastructure resource should be accompanied 

by trained staff and community representatives to oversee issues of disaster and hazards 

management.  

 

6.2.2 Coastal hazards and Nature-based solutions 

• Management of climate-induced hazards in the district. 

The study revealed that different climate-induced hazards are occurring within communities of the 

township. It also revealed that both climate and human challenges are contributing to these 

occurrences while very little is being done by stakeholders and local communities to address the 

situation. Most of the existing approaches by the local communities are short-lived and 

unsustainable. Coastal sand winning is causing other challenges apart from increasing coastal 

erosion in the district. Mangroves harvesting along the coast and lagoon is reducing the 

biodiversity benefits provided by the resource. In addition, increased farming activities within the 
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district are increasing the size of bare lands which can increase erosion impacts in the district. 

Development of wetlands and marsh areas are on the increase posing greater risks for flooding 

activities. In some years to come, the Keta Sea defense would outlive its purpose as climate change 

persists. This study is therefore proposing the following measure to address the above-mentioned 

challenges.  

The citizens’ financial situation is linked to their reliance on community-level structural protection 

mechanisms, with these communities being primarily financially impoverished. Despite their 

willingness to do so, a lack of financial means has hampered their ability to better prepare, such as 

moving out of extremely dangerous locations and making their homes safe. If the communities are 

to be better prepared, they must improve their financial situation. As a result, financial incentives 

might be identified as a useful approach for enabling preparedness. On a more fundamental level, 

this emphasizes the significance of financially empowering vulnerable populations through 

programs such as vocational training, self-employment, and microbusiness chances, among other 

things. 

During the stakeholder’s interview, some community leaders discussed the shortcomings of 

current measures and, more significantly, how they may be improved. It is also worth noting that 

several steps were discovered to be in place to lessen catastrophe susceptibility in the township, 

including structural and other measures. In interactions with local policymakers, initiatives that 

address or seek to address community issues were discussed. Local policymakers recognized the 

need for new initiatives as they were identified.  

In addition, the participatory technique can be used to gather measures that community members 

believe could reduce the risk of climate-related disasters. Using the cards technique, community 

members should write practical risk-reduction strategies on huge multi-colored paper cards of 

University of Ghana http://ugspace.ug.edu.gh 



149 
 

various shapes and sizes that can be viewed by the entire group. Community members who are 

unable to write should be assisted by others in the community, but facilitators should exercise 

caution to avoid undue influence. Following the presentation of cards, community members should 

be encouraged to engage in conversations for explanations, which will lead to the identification of 

new measures. 

The construction of the Akosombo Dam, which is located upstream on the Volta River, has been 

blamed for several recent biological changes in the wetlands, including silting and blocking of the 

channels that interconnect the many lagoons. This is said to have changed the normal drainage 

pattern, causing significant portions of the lagoon and marshlands to dry up in the dry season and 

severe flooding in the wet. About 90% of the study respondents including key institutional 

stakeholders have called for seasonal dredging of the lagoon to improve the ecosystem benefits to 

the district and communities.  

Priority should be given to the allocation of fundings concerning environmental projects aimed at 

reducing climate-induced coastal hazards in the township. Study observations revealed that well-

drafted plans are carried out annually within the local government institutions about targets on 

environmental and hazards management in the township, however, funds allocation to these 

projects do not come in on time or are hardly available. This was very common at the Keta 

municipal assembly.  

• Proposed nature-based solutions to managing coastal hazards in the district 

Natural coastal habitats serve a critical role in protecting coastal areas from storm surge to floods 

and so on. However, many of these ecosystems have been lost or degraded, diminishing their 

potential to serve as natural flood defenses. Natural ecosystems can be devastated by storm events 
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and other factors once they have been degraded, posing an additional hazard to these systems. 

Mangroves, tree and grass ecosystems, sand dune and associated sandy beach systems, salt 

marshes, and coral reefs (non-biogenic reefs) are all proposed for this study.  

Salt marshes are wetlands along the coast that are filled and drained by tide-driven saltwater. 

Because the soil may be made up of deep muck and peat, they are marshy. Peat is squishy, soggy, 

and root-infested. Salt marshes can be found throughout the world, but they are more common in 

the medium to upper latitudes. They are a common habitat in estuaries, where they thrive along 

protected shorelines. Salt marshes can be found on every coast in the United States. The Gulf Coast 

is home to over half of the country's salt marshes. More than 75 percent of fishery species, 

including shrimp, blue crab, and numerous finfish, rely on them for food, refuge, or nursery habitat. 

By buffering wave action and retaining sediments, salt marshes also protect shorelines from 

erosion. They maintain water quality by filtering runoff and metabolizing excess nutrients, and 

they minimize flooding by delaying and absorbing rains (NOAA, n.d). 

Coral reefs were first discovered in Ghana’s waters in 2012 and located on the western coast near 

the border with Côte d’Ivoire. It is revealed to be about 400 metres deep in deep waters. It is also 

said to be about 1.4 kilometers long and 70 meters high (Africafeeds.com). As the major source of 

livelihoods related activities of the township, fishing activities are faced with numerous challenges 

related to both climate and human activities. The citing of coral reefs structures has the potential 

to address many challenges relating to foods security and hazards reduction.  The structure of coral 

reefs protects shorelines from waves, storms, and floods, reducing the risk of death, property 

damage, and erosion. When reefs are damaged or destroyed, the lack of a natural barrier to protect 

coastal settlements from normal wave action and heavy storms can compound the damage. Coastal 

development and polluted runoff from coastal areas, on the other hand, have the potential to harm 
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coral reefs in the long run. As a result, coral reef health is dependent on long-term coastal 

development methods that safeguard delicate coral habitats and the species that live there. (NOAA, 

n.d). 

Mangrove forests were once thought to be muddy wasteland. Planners, biologists, and coastal 

residents have all come to appreciate them for what they are: incredibly diverse and vital 

ecosystems. Mangroves, seagrass beds, and coral reefs all work together to maintain the health of 

coastal zones. Thousands of species rely on mangroves for their survival. They also safeguard the 

land and the people who live there from waves and storms by stabilizing shorelines and preventing 

erosion. In addition to the seasonal dredging of the lagoon ecosystem as proposed by a majority of 

the study respondents, the citing of mangroves ecosystems and protection of existing mangroves 

along the lagoon can reduce the impacts of extreme occasional floods and drought in the district. 

Managing of exiting mangroves along the lagoon and coastline has the potential to provide many 

other benefits. The mangrove ecosystem supports a diverse range of fauna, including numerous 

fish, crab and shrimp species, mollusks, and mammals such as sea turtles. A variety of nesting, 

breeding, and migratory birds use the trees as homes. When mangrove trees are cut down, 

significant habitat is lost, putting the survival of a variety of species and societal livelihoods at 

jeopardy. “If there are no mangrove forests, then the sea will have no meaning. It is like having a 

tree with no roots, for the mangroves are the roots of the sea.” (Fisherman, Trang Province, 

southern Thailand) 

Climate change implications in the Keta district necessitate a rethinking of long-term infrastructure 

solutions. Coastal nature-based solutions, according to studies, can alleviate flood, erosion, and 

storm damage more effectively and are more resilient than gray infrastructure alone. As a result, 
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the study proposes the following nature-based remedies and map in Plate 6.1 for reducing the 

impacts of climate-related coastal risks in the Keta township.  

Within Keta, Abutiakorpe, and Gobamodzi, the restoration of wetlands, mangroves, and marshes, 

as well as the installation of living shorelines (plants and natural components designed to maintain 

and protect coasts), can help to lessen wave impacts and coastal erosion during storms. Along the 

lagoon communities, mangroves, wetlands, and marshes can help decrease overflowing during the 

rainy season and catastrophic dryness during the dry season.  

The planting of trees and grass along major roads in the district can reduce the impact of erosion 

from heavy rains. This solution will be the most appropriate because of the lack of available lands 

to site adequate drainage systems Pervious pavement should be encouraged in place of only grey 

infrastructure within most of the public institutions such as the hospitals, schools, and the 

assembles. Small-holder farmers along the lagoon and coast should incorporate agroforestry as 

part of their farming practices to help reduce the impact of soil erosion, improve soil quality, and 

reduce deforestation from farming activities in the township. An agroforestry system will also 

improve soil moisture and water quality. This will help reduce the devastating effects of increased 

farming activities.   

Rainwater harvesting is still in its infancy within most parts of the township. The practice was 

found in a few households within Xekpa and Keta. This practice should be redesigned and 

encouraged in almost all parts of the districts. As population and infrastructure demand increases 

within the district, the rely on grey infrastructure solutions for water security will not be the most 

sustainable. Harvested rainwater could be used for domestic and farming purposes.  
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Plate 6. 1:NbS map for reducing coastal climate induced hazard 

Source: Fieldwork, January-May, 2021 

 

6.2.3 Recommendation for further study 

Ghana’s economic growth over the last decade has come at a cost, especially to the country’s 

coastline. In addition to coastal agriculture and fishing, around 80% of its industrial activities, such 

as oil and gas production, port operations, and the generation of thermal and hydroelectric energy, 
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are focused along the shore. According to Appeaning Addo, K. (2014), unregulated human 

activities have greatly accelerated the problem of coastal erosion, a natural ongoing process by 

which coastlines adapt to varying sea levels, the energy levels of the tides and currents, sediment 

supply, and the existing topography over hundreds of years. The study’s focus was on climate-

induced coastal hazards along a coastal district in the eastern coastline. Although other factors 

contributing to coastal hazards were identified in the township, this study is recommending a 

complete analysis of the human causes of coastal hazards such as floods, erosion, stormwater, and 

high tides in the study area. Further study should be conducted on the degradation of the natural 

ecosystem by human activities and how this degradation can reduce coastal resilience.  

Secondly, further study about the complete ecosystem valuation should be carried out to quantify 

the loss of biodiversity in the district as a result of climate-induced coastal hazards. Further 

research should also be conducted about the quantitative value of nature-based solution benefits to 

reducing the understudied hazards in the township. More study should be done to reveal the 

benefits and limitations of the Keta Sea defense project to both the Keta township and neighboring 

communities. The impacts of these hazards should be assessed in neighboring communities such 

as Salakorpe, Adina, Blekusu, and so on. These future studies would contribute to the foundational 

literature of using the natural environment to reduce coastal vulnerability to climate change.  
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APPENDIX 1: QUESTIONNAIRES 

LOCAL COMMUNITY SURVEY 

CENTRE FOR CLIMATE CHANGE AND SUSTAINABILITY STUDIES 

UNIVERSITY OF GHANA, LEGON 

MPHIL CLIMATE CHANGE AND SUSTAINABLE DEVELOPMENT 

QUESTIONNAIRE SURVEY 

This is neither a government survey nor a profit-oriented project. Information will be aggregated 

with those from similar interviews with other people and will be used for academic purposes in 

Mr. Gontorwon Saye Lah master’s thesis at the University of Ghana, Legon. This is in partial 

fulfillment of the award of a Master of Philosophy degree in Climate Change and Sustainable 

Development with the thesis topic “Trends and impacts of climate change-induced coastal 

hazards in Keta, and existing adaptation options with nature-based solutions therein”. The 

following objectives are to be investigated in this part of the study 

1. Assess the trends and impacts of climate change-induced hazards on households within 

coastal communities. 

2. Identify existing local-level adaptation and mitigation options for climate change-induced 

hazards and examine evidence of nature-based solutions therein.   

3. Conduct a spatio-temporal assessment of nature-based solutions for climate change-

induced coastal hazards in the Keta Municipal. 

All the information collected during this interview is confidential and no direct references will be 

made to individual respondents. Your support and contribution would be very much appreciated 

Background Information  

Name of Community: ……………………… 

1. Gender 

a. Male [  ]                 b. Female [  ] 

Age: ………………………………………… 

2. Occupation 

a. Fishing [   ]       b. Crop farming [  ]       c. Artisan  [  ]       d. Salt mining [  ]      e. Formal [   ] 

e. Other (specify)……………………………………………………………………… 
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3. How long have you lived in this community (in years)? 

a. less than 1       b. 1 – 3        c. 4 – 6        d. 7 – 9 

e. 10 and above 

4. What is the status of your house/residence? 

a. Tenant [  ]      b. House/Land Owner [  ]        c. Family Occupation  [   ] 

Section A: Impacts of climate change-induced hazards on households within coastal 

communities. 

5. Which of the following do you consider to be the most frequent climate-induced hazard in your 

community? 

(a) Flood 

(b) Erosion 

(c) High tides 

(d) Stormwater 

 

6. What is your opinion about the extent of flood in your community in the past 5 years? 

I Have increased 

II Have decreased 

III Unchanged 

IV Unsure 

 

7. What is your opinion about the extent of erosion in your community in the past 5 years? 

I Have increased 

II Have decreased 

III Unchanged 

IV Unsure 

 

8. What is your opinion about the extent of high tide in your community in the past 5 years? 

I Have increased 

II Have decreased 

III Unchanged 

IV Unsure 

 

9. Have you and your family become homeless and relocated because of the effect of the following 

hazards? 

(a) Flood            Yes  [   ]               NO  [   ] 

(b) Erosion         Yes  [   ]               NO  [   ] 

(c) High tides      Yes  [   ]               NO  [   ] 

(d) Stormwater   Yes  [   ]                NO  [   ] 
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10. Have you had any of your properties been damaged by the following hazards? 

 a)  Flood            Yes  [   ]               NO  [   ] 

 If Yes, name any………………………….. 

 

 b) Erosion          Yes  [   ]               NO  [   ] 

 If Yes, name any………………………….. 

  

c) High tides        Yes  [   ]               NO  [   ] 

 If Yes, name any………………………….. 

  

d) Stormwater      Yes  [   ]               NO  [   ] 

 If Yes, name any………………………….. 

 

11. Can you say that the occurrence of floods in your community has caused the following? 

a) Destroyed farmlands       Yes  [   ]               NO  [   ] 

b) Displaced residents        Yes  [   ]               NO  [   ] 

c) Caused death                  Yes  [   ]               NO  [   ] 

 

12. Can you say that the occurrence of erosions in your community has caused the following? 

a) Destroyed building    Yes  [   ]               NO  [   ] 

b) Destroyed roads         Yes  [   ]               NO  [   ] 

c) Reduced soil quality   Yes  [   ]               NO  [   ] 

 

13. Can you describe some major impacts of high tides in your community? 

……………………………………………………………………………. 

……………………………………………………………………………. 

…………………………………………………………………………… 

……………………………………………………………………………. 

 

14. How have the following hazards impacted your livelihood systems? 

Livelihood 

system 

Severity of impacts 

1=Insignificant 2= minor 3=moderate 4=major 5=catastrophic 

 

 Flood  Erosion  Hightide  Storm 

water 

 

Fish catch 

 

     

Fish 

trading  

 

     

Small-scale 

farming 
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Tourism 

services 

     

Salt mining      

 

15.a)  Have you noticed any changes in plant or animal species’ existence in your community? 

      Yes  [   ]               NO  [   ] 

b) Can you describe any of the observed changes? 

………………………………………………………………………………… 

………………………………………………………………………………… 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

c) How has this observed change impacted you? 

………………………………………………………………………………… 

…………………………………………………………………………………. 

………………………………………………………………………………… 

…………………………………………………………………………………. 

 

16) Have you noticed any changes in the timings of certain crops or animal species in your 

community? 

Yes  [   ]               NO  [   ] 

b) Can you describe the change you have observed? 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

 

Section C: Local level adaptation and mitigation options for climate change-induced hazards 

(examine evidence of nbs therein) 

 

17. Have your local community put in place any measures to reduce the impacts of the following 

hazards? 

(a) Flood               Yes  [   ]             NO  [   ]                  Unsure   [   ] 

 

(b) Erosion          Yes  [   ]             NO  [   ]                  Unsure   [   ] 

 

(c) High tides        Yes  [   ]             NO  [   ]                  Unsure   [   ] 

 

(d) Stormwater    Yes  [   ]             NO  [   ]                  Unsure   [   ]  

 

18. If Yes, please explain the measures which have been put in place to reduce the impacts of the 

following hazards over the years? 
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(a) Flood  …………………………………………………….. 

  ……………………………………………………………………      

 

(b) Erosion   ………………………………………………….. 

…………………………………………………………………….. 

 

(c) High tides  ……………………………………………….. 

……………………………………………………………………. 

 

(d) Stormwater  …………………………………………….. 

…………………………………………………………………… 

 

19. What specific adaptation/coping measures have you been using to address the following 

hazards (answer as applicable) 

 

Hazards  Adaptation measures 

Flood   

Erosion  

Storm surge  

High tides   

  

  

 

 

20. Which of the following adaptation/coping measures would you prefer most for reducing flood? 

a) Flood water transfer 

b) Floodproofing of buildings 

c) Floodwater storage 

d) Other (specify)………………… 

 

21.  Which of the following adaptation/coping measures would you prefer most for reducing 

erosion? 

a) Planting of trees 

b) Planting of mangroves 

c) Building seawall 

d) Other (specify)…………………. 

 

22. Which of the following adaptation/coping measures would you prefer most for reducing high 

tide? 

a) Raising the housing level 

b) Building small dikes 

c) Flood gates 

d) Other (specify)………………… 

 

23. Which of the following adaptation/coping measures would you prefer most for reducing 

stormwater? 
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a) Reducing paved areas 

b) Stormwater storage facilities 

c) Constructing bigger drains 

d) Other (specify)………………. 

 

24.  Do you think that modification in the coastline here has added to the risk of coastal hazards? 

    

   Yes  [   ] 

   NO  [   ] 

   Unsure   [   ] 

 

If yes, please explain:……………….. 

 

25. Do you think that modification in the coastline here has reduced the risk of coastal hazards? 

   Yes  [   ] 

   NO  [   ] 

   Unsure   [   ] 

 

If yes, please explain:……………….. 

 

26. What are some of your key considerations when choosing a coping/adaptation measure? 

a) For flood 

 

b) For erosion 

 

c) For high tide 

 

d) For storm  

 

Section D: Nature-based solutions to reduce climate change-induced coastal hazards in the 

Keta Municipal 

27. When we put in place measures and approaches that rely on, work with, and enhances the 

natural environment to reduce our societal challenges to climate-induced hazards of the coast. 

1=strongly disagree, 2=disagree, 3=agree, 4=strongly agree 

 

28. What benefits do you get from the Keta lagoon? 

……………………………………………………………………… 

………………………………………………………………………. 

………………………………………………………………………. 

29. Do you believe the Keta lagoon provides you the following services? 

a) Protein      Yes  [   ]     NO  [   ]     Unsure   [   ] 
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b) Water        Yes  [   ]     NO  [   ]     Unsure   [   ] 

c) Protection from flood       Yes  [   ]     NO  [   ]     Unsure   [   ] 

d) Leisure     Yes  [   ]     NO  [   ]     Unsure   [   ] 

e) Improve air quality       Yes  [   ]     NO  [   ]     Unsure   [   ] 

f) Community Cooling     Yes  [   ]     NO  [   ]     Unsure   [   ] 

g) Water quality regulation   Yes  [   ]     NO  [   ]     Unsure   [   ] 

30. Do you agree that the Keta lagoon is the most important nature based solution of your 

community? 

1=strongly disagree, 2=disagree, 3=agree, 4=strongly agree 

31. Please indicate your level of participation in managing the following hazards in your 

community as either  [High], [Low], or  [None] 

a) Flood     [High]  [Low]   [None] 

b) Erosion  [High]  [Low]   [None] 

c) High tide  [High]  [Low]   [None]  

d) Storm water   [High]  [Low]   [None] 

32. Please indicate your level of participation in the designing, planning, and implementation of 

NBS to reducing the following coastal hazards in your communities? 

a) Flood     [High]  [Low]   [None] 

b) Erosion  [High]  [Low]   [None] 

c) High tide  [High]  [Low]   [None]  

d) Storm water   [High]  [Low]   [None] 

 

33. Which of the following natural solutions best qualifies as a flood reduction mechanism for 

your community? 

a) Construction of wetland  

b) Mangroves 

c) Planting grass in place of pavement 

34. Which of the following natural solutions best qualifies as an erosion reduction mechanism 

for your community. 

a) Forest restoration 

b) Mangroves 
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c)  Planting grass in place of pavement 

35. Which of the following natural solutions do you believe when implemented would reduce 

your risk of high tide? 

a) Reef planting 

b) Mangroves 

c)  Construction of wetlands 

36. Which of the following natural solutions best qualifies as a stormwater regulation in your 

community?  

a) Planting grass and trees 

b) Ponds 

c) lagoon 

Section E: Co-benefits of investing in nature-based solutions 

37. What will be your primary motivation for planting trees in your community? 

a) Reduce erosion 

b) Provide shade 

c) Improve air quality 

d) Improve groundwater 

 

38. What will be your primary motivation for protecting coastal wetlands? 

a) Provide protein       

b) Water quality regulation        

c) Protection from flood  

d) Carbon sequestration  

 

39. What will be your primary reason for protecting the Keta lagoon of your community? 

a)  Recreation and tourism 

b) Improve air quality        

c) Community Cooling      

d) Water quality regulation  

  

40. What will be your primary motivation for managing mangrove ecosystems in your community? 

a) Carbon sequestration 

b) habitat provision 

c) Firewood provision 

d) flood regulation 

 

 Spatio-temporal assessment of coastal hazards 

 

41. Can you identify some communities suffering from any of the following climate-induced 

coastal hazards? 
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a) Flood        [communities:                                         

Frequency     [1, 2, 3, 4] 

 

b) Erosion     [communities:                                         

Frequency     [1, 2, 3, 4] 

 

c) High tides   [communities:                                         

Frequency       [1, 2, 3, 4] 

 

d) Stormwater   [communities:                                           

Frequency         [1, 2, 3, 4] 

 

Participant observation checklist 

a) Participant resides close to:  

coast/beach 

pond  

lagoon  

mangroves  

marshes 

 

b) Household has trees:  

(Yes   No)  

Number of trees (     ) 

 

c) Household contain greenspace: (Yes   No) 

 

d) Household has some form of mitigation option: (Yes   No) 

 

e) Household has some form of adaptation option: (Yes   No) 

 

f) Community has evidence of flooding (Yes  No) 

 

g) Community has evidence of erosion (Yes  No) 

 

h) Community has evidence of displacement (Yes  No) 
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KEY INSTITUTIONAL STAKEHOLDERS’ INTERVIEWS 

 

Regional government/administration (District office, Municipal office, Chiefs) 

INTERVIEW GUIDE 

Location/Community: ……………………… 

Affiliation: ……………………….................. 

Role/Position: ………………………………. 

Section A: Benefits of Keta Lagoon Complex 

How would you describe the Keta Lagoon Complex? 

What benefits would you say the Keta Lagoon complex provides to meeting the existing human 

and coastal challenges in Keta?  

What would you suggest as measures to explore the full benefits of the Keta Lagoon Complex? 

What would you say are the major factors deteriorating the ecosystem benefits of the Lagoon 

complex? 

Section B: Climate-induced hazards  

My municipality/district/community suffers from managing the following  

Hazard  Yes No 

Flood   

Erosion   

High tides   

Stormwater   

Which of these hazards would you say are the major coastal challenges/hazards within the Keta 

Municipal? 

How would you describe the magnitude and frequencies of these challenges/hazards? 

   Hazards                           Frequency and Magnitude 
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a) Flood               Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5]    

b) Erosion            Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

c) High tides        Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

d) Stormwater      Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

What would you say are the causes of these coastal hazards? 

What impacts would you say these hazards have had on the affected communities? 

Section C: Nature-based Solutions 

As a stakeholder, what is your understanding of nature-based solutions? 

What would you consider or describe as a nature-based solution? 

What role are you likely to play in contributing to a successful NbS concept? 

Which other sectors are you collaborating with to promote NBS? 

The Keta Lagoon Complex is the most important NbS. 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

Co-creation project is effective as compared to a traditional retro-fitted plan concerning NBS 

implementation? 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

Which of the following NbS IS/ARE been implemented in your municipality/district/community? 

NbS Yes  No 

Pervious pavement   

Green roof   

Green swales   

Ponds   

Constructed wetlands   

Tree planting    

Rainwater harvesting    

Does your municipality/ district/ community have plans to implement NbS? 

• Yes [    ] 
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• No [   ] 

• Not sure [    ] 

What is the main reason for the lack of NbS implementation in your area? (scale of 1-5; 1 being 

the weakest and 5 being the strongest)  

(a) Finances   [1, 2, 3, 4, 5] 

(b) Expertise  [1, 2, 3, 4, 5] 

(c) Politics     [1, 2, 3, 4, 5] 

(d) Lack of policy [1, 2, 3, 4, 5] 

What do you consider to be the most important knowledge gap in terms of monitoring and 

assessing the effectiveness of Keta Lagoon Complex as an NBS? 

What do you consider to be the most important knowledge gap in terms of designing, 

implementing, and maintaining of Keta Lagoon Complex as an NBS? 

What do you consider to be the most important knowledge gap in terms of quantifying (including 

economic valuation) the benefits and co-benefits of ecosystem services provided by Keta 

Lagoon Complex? 

Local authorities (Schools and Hospitals) 

INTERVIEW GUIDE 

Location/Community: ……………………… 

Affiliation: ……………………….................. 

Role/Position: ………………………………. 

Section D: Benefits of Keta Lagoon Complex 

The existence of the Keta Lagoon Complex has a direct impact on our lives and wellbeing. 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

What benefits would you say the Keta Lagoon complex provides to reduce human and coastal 

challenges in Keta? 

How can we explore the full benefits of the Keta Lagoon Complex?   

What are the major factors deteriorating the ecosystem benefits of the Lagoon complex? 

Section E: Climate-induced hazards  

My municipality/district/community suffers from managing the following. 
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Hazard  Yes No 

Flood   

Erosion   

High tides   

Stormwater   

 

How would you describe the magnitude and frequencies of these challenges/hazards? 

    Hazards                       Frequency and Magnitude 

a) Flood            Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5]    

b) Erosion         Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

c) High tides     Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

d) Stormwater   Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

Section F: Nature-based Solutions 

How would you describe your background in the awareness of Nature-Based Solutions? 

Have you heard of the following Nature-based Initiatives? 

NbS Yes  No 

Pervious pavement   

Green roof   

Green swales   

Ponds   

Constructed wetlands   

Tree planting    

Rainwater harvesting    

 

What would you say are the significant gaps in research which are hindering NBS propagation? 

What will be your motivations for implementing NbS? 

What Nature-Based Solutions have you implemented in your institution? 
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Which of the following NbS do you think could be implemented in your municipality/area/ 

NbS Yes  No 

Pervious payment   

Green roof   

Green swales   

Ponds   

Constructed wetlands   

Tree planting    

Rainwater harvesting    

 

Co-creation project is effective as compared to a traditional retro-fitted plan concerning NBS 

implementation? 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

The Keta Lagoon Complex is the most important NbS. 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

Are there any other sectors you would want to collaborate with to promote NBS? 

What role are you likely to play in contributing to a successful NbS concept? 

(Churches, NGOs) 

INTERVIEW GUIDE 

Location/Community: ……………………… 

Affiliation: ……………………….................. 

Role/Position: ………………………………. 

 

Section G: Benefits of Keta Lagoon Complex 

The existence of the Keta Lagoon Complex has a direct impact on our lives and wellbeing. 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

What benefits would you say the Keta Lagoon complex provides to reduce human and coastal 

challenges in Keta? 

How can we explore the full benefits of the Keta Lagoon Complex?   
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What are the major factors deteriorating the ecosystem benefits of the Lagoon complex? 

Section H: Climate-induced hazards  

My municipality/district/community suffers from managing the following 

Hazard  Yes No 

Flood   

Erosion   

High tides   

Stormwater   

 

How would you describe the magnitude and frequencies of these challenges/hazards? 

   Hazards                       Frequency and Magnitude 

a) Flood              Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5]    

b) Erosion           Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

c) High tides       Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

d) Stormwater    Frequency [1, 2, 3, 4, 5]   Magnitude [1, 2, 3, 4, 5] 

Section I: Nature-based Solutions 

The Keta Lagoon Complex is the most important NbS. 

1) Strongly disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; (5) Strongly agree. 

Have you heard of the following Nature-based Initiatives? 

NbS Yes  No 

Pervious pavement   

Green roof   

Green swales   

Ponds   

Constructed wetlands   

Tree planting    

Rainwater harvesting    
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What will be your motivations for implementing NbS? 

What Nature-Based Solutions have you implemented in your institution/area? 

Which of the following NbS do you think could be implemented in your municipality/area? 

NbS Yes  No 

Pervious pavement   

Green roof   

Green swales   

Ponds   

Constructed wetlands   

Tree planting    

Rainwater harvesting    

 

What role are you likely to play in contributing to a successful NbS concept? 

Which other sectors would you want to collaborate with to promote NBS? 

 

The Nature-based Solutions 

Pervious pavement           YES                                NO 

 

Green roof               YES                               NO 
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Green swales                YES                              NO 

 

Ponds                YES                                    NO 
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Constructed wetlands              YES                                NO 
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Tree planting          YES                             NO 

 

Rainwater harvesting      YES                           NO 
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