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Abstract  

The challenges associated with managing systems of shallow coastal lagoons along a 

rapidly evolving coastline are illustrated in a case study of small lagoon systems in 

Ghana where these important structures are relied on by a range of different 

stakeholders for a variety of different purposes including fishing, tourism and salt 

production. Results of some water quality measurements are presented, showing that 

these lagoons have poor ecological status where they experience either a lack of 

flushing by the tide, or large amounts of anthropogenic inputs, or both. A vulnerability 

assessment is applied to the lagoons in question and this reveals a varying degree of 

threat from climate change to the operation and use of the lagoons. Our understanding 

of these systems suggests that a set of 1D hydrodynamic models, underpinned by an 

understanding of the local coastal sediment transport in each case, is appropriate, and 

could then be used to inform stakeholders and management in decision making. 

Integrated, broad-ranging management strategies must adapt to the realities of climate 

change in order to allow the sustainable use of these lagoons in providing economic 

benefits, ecosystem services, and elements of coastline protection for the benefit of the 

local and regional population and its economy.  
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1.0 Introduction  

Many coastal regions of the world contain lagoon-like structures where shallow water 

bodies are protected by barriers consisting of beach material. These lagoons have 

generally formed due to the influx of fresh water from the land, which can either escape 

seawards or become trapped in the lagoon, depending on the magnitude of the flow, the 

tidal state, and the width and cill level of the barrier. The barrier is itself controlled by the 

magnitude of the fresh water flow and by the nature of the coastal processes, 

particularly wave action, causing longshore drift or some other means of transport of 

beach material, which then restricts the flow of water between the sea and the lagoon, 

or can stop it altogether. 

Many authors have contributed to our mechanistic understanding of coastal lagoon 

processes in general terms (e.g., Conesa & Jiménez-Cárceles, 2007; Kjerfve, 1994). 

Worldwide, lagoons are important for fisheries, protection from storms, washing/bathing, 

amenity, tourism, as well as other industries and ecosystem services. Local industries in 

particular may benefit from a water body that is at least partly sheltered from winds and 

storm events, thus providing a source of income for local people. Understanding the 

factors that control the level of different kinds of pollution that arise is therefore of 

enormous benefit to all stakeholders (Roselli et al., 2013). 

Coastal lagoons are under continual threat due to climate change because they are low-

lying, exposed, and generally subject to continual erosion and deposition; in most 

cases, however, it is not clear to what extent any of the processes associated with 

climate change could affect the operation of the lagoon in question for those who most 

wish to make use of it (Chapman 2012, Gaertner-Mazouni & de Wit, 2012, Brito et al, 

2012). Where the lagoon is being used as a nature reserve, for example (Mitchell et al, 

2008), it may well be that any local sea level rise simply adds to the availability of 

sediment, which then gives rise to the establishment of new salt marsh areas, of benefit 

to a range of species. On the other hand, it is clear that issues of climate change can 

only be addressed provided that consistent and tested governance strategies are 

applied in consultation with stakeholders (La Jeunesse et al, 2015). Several authors 

have made some mention of the importance of using reliable and tested numerical 

models to predict likely outcomes in years to come. 

A large body of literature from around the world is a testament to the appeal of research 

work that seeks to understand the hydrodynamics and response of such systems to 

coastal processes and anthropogenic change.  Broadly, recent studies can be 

categorised into three main areas. First, a number of authors have addressed the role of 

morphodynamics on the changes to the hydraulic regime. This is perhaps most relevant 

to the present study. Of key interest are the tidal range, fresh water input, and the 

supply of sediment. It is this balance of processes (Moreno et al, 2010;  Duck & 

Figueiredo da Silva, 2012; Ozturk & Sezli, 2015) that generally determines the 

fundamental tendency of the lagoon to be flushed by the tide. In this vein, the well-

known categorisation of Kjerfve (1986) has helped to forge a better understanding of the 



different types of lagoons and how these respond over different time scales to different 

hydrological and geomorphological processes. Second, of interest to many researchers 

are the fundamental processes connected with the hydrodynamics and related water 

quality within the lagoon (Jewell et al., 2012; Dussaillant et al., 2009; Serrano et al., 

2013). In deeper lagoons vertical density stratification can also be a consideration in the 

trapping or release of chemical species in deeper waters (Albarakati & Ahmad, 2012). 

Third, many researchers relate the importance of groundwater or through-barrier flow 

and the effect this has on the chemistry and water quality of the lagoon (Chikita et al, 

2012; Stieglitz et al., 2013; Austin et al., 2013). Table 1 shows the geographical 

distribution of a selection of recently published studies that have informed previous 

debates about the local management of lagoon systems, and have helped our 

understanding of lagoon management generally. This list is not exhaustive but it 

nevertheless provides a sense of the recent diversity of interest in lagoons; the literature 

perhaps above all illustrates the diversity of different lagoon types, uses, threats, and 

opportunities. 

The management of coastal lagoons is often governed by a multitude of considerations 

related to morphodynamics, hydrodynamics, water quality and ecology, all of which 

requires a multidisciplinary approach to a complex and rapidly changing problem. Few 

studies to date have considered the interaction between the physical processes that 

control their shape and depth, for example, and the chemical and biological interactions 

that control the usefulness and the economic and social value of the lagoon, for 

example. This is important because it is those who rely on the lagoon who most feel the 

effects of any change that takes place, and they themselves may or may not have a 

good understanding of the causes and mechanisms involved in the change. As in all 

such cases it is only by making management decisions based on real scientific 

understanding of specific systems that long term sustainable decisions can be made. 

The practicalities and expense of undertaking fieldwork means that some coastal 

lagoon systems have received more attention than others; West African lagoons, for 

example, are relatively poorly understood in terms of their morphology and general 

ecological status. The aim of this article is to report the levels of pollution in some small 

coastal lagoons using case studies of lagoons in Ghana, West Africa, in relation to their 

state in terms of water exchanges and the degree of protection or closure from the sea. 

We also undertake an assessment of the present threats via a vulnerability analysis, 

and consider what sort of model might be best suited to the lagoons in question, with a 

view to making comments about the likely system response to global climate change, in 

terms of rising sea levels or increased severity and incidence of storms.  

 

 

 

 



2.0 Coastal Lagoons in Ghana 

 

2.1 Background 

Despite the wide body of literature on coastal lagoons, relatively little of it relates to 
developing economies where subsistence-type farming or fishing may be important. 
Furthermore, the lack of consistent development or coordinated construction activities 
away from the main urban centres has precluded the detailed investigation of the coast 
of West Africa as a whole, or its response to the main processes that affect all coasts. 
Ghana’s population was estimated at 27.9 million in 2015, up from the 24 million 
recorded in the 2010 National Population and Housing Census (Ghana Statistical 
Services, 2015). The country covers a total land area of 238,533 km2 and has 540 km of 
coastline. The coastal zone of Ghana, defined as the area below the 30 m contour, 
represents about 7% of the land area (Boateng, 2009) and has about 50 coastal 
lagoons interspersed along the shoreline. Very little is known about many of these 
lagoons, though the few that have been studied (Entsua-Mensa, 2002; Entsua-Mensah 
et al, 2000) suggest that they provide valuable ecosystem services that support not only 
the wildlife and fauna, but also the subsistence economy of the rural coastal dwellers 
and the entire economy of Ghana. 
 
Lagoons in Ghana provide valuable resources such as fish and crabs for sale and local 
consumption by fishermen. Reeds and other plants are cut for thatch and for weaving 
mats for sale at markets both near the lagoons and further afield. In some areas, 
vegetables are grown in sandy garden beds irrigated with water drawn by hand from 
wells along the edges of the lagoons and mangrove swamps of Ghana’s coastline. Salt 
evaporation ponds are created along the banks of some salty lagoons (e.g., Nyanya 
Lagoon; Figure 1 and Table 2) for the commercial production of salt by local people. In 
fact, lagoons are among Ghana’s most valuable ecosystems because they are closely 
tied to salt marshes, mangrove swamps, and tidal flats, all of which constitute significant 
features of Ghana’s coastline providing critical habitats for many fish and wildlife 
resources supporting the economy. 
 

However, these coastal lagoons are highly fragile and vulnerable to both natural 

processes and anthropogenic activities. Urbanisation and land-based pollution mostly 

have significant impacts on the water quality, hydrodynamics, geomorphology and the 

biodiversity of coastal lagoons and these significantly affect the natural processes and 

ecosystem services provided by lagoons. Similarly, coastal lagoons in Ghana suffer 

from land-based pollution (domestic, industrial and agriculture), which weaken not only 

their ability to produce the natural services, but their resilience and their capacities to 

mitigate and adapt to Climate Change (IPCC, 2014). 

  

 

 

 



2.2 Impacts of Climate Change 

 

The effects of Climate Change (particularly increased temperatures, sea level rise, 

increase intensity of storms and high precipitation) could cause changes to the 

geomorphology, hydrodynamics and sediment flows into coastal lagoons. The effect of 

sea level rise is of particular concern as identified by Carrasco et al (2015), who pointed 

to a pressing need for further research on this issue. These factors as a whole could 

disrupt the productivity of the ecosystem services of the lagoons and potentially 

jeopardise the livelihoods of coastal communities that subsist on the lagoon resources. 

The extent and intensity to which the impacts of Climate Change affect coastal lagoons 

depend on local and regional climatic and environmental conditions as well as on the 

anthropogenic stressors, mitigation and adaptation policies in place. There is a need to 

conduct investigations into the impacts of Climate Change on coastal lagoons at a local 

scale. As part of a pilot study, this paper contains a report of preliminary attempts to 

investigate Ghana’s coastal lagoons to ascertain general impacts and identify key 

driving forces to enable the development of adaptation and mitigation strategies 

 
2.3 Lagoon Types 
 
There are two main types of coastal lagoons in Ghana (Boateng, 2009), namely ‘open’ 
and ‘closed’ (Figure 2). Open lagoons are permanently open to the sea and are 
normally fed by rivers that flow all year round. They occur mostly on the central and 
western parts of the coastline of Ghana where higher rainfall results in a more 
continuous flow of fresh water in the rivers and streams. Closed lagoons on the other 
hand are separated from the sea by sand barriers. They are more common on the 
eastern segments of the coastline where rainfall is low and highly seasonal. Some 
closed lagoons are open to the sea during the rainy season when floodwaters from the 
hinterland break the sand barrier. Storm surges may also erode sand barriers and open 
up closed lagoons to the sea. Under certain circumstances, the sandbar may be 
manually breached during the rainy season to allow flushing of the lagoon water to 
reduce the risk of flooding to adjacent settlements where this may be considered a 
threat.  
 
This typology of lagoons can be related to the Kjerfve (1986) geomorphic classification 
of choked, restricted and leaky. Choked lagoons are open lagoons, with a narrow 
channel due to deposition occurring on one or both sides of the inlet.  Restricted 
lagoons are closed lagoons as a result of barriers that restrict or limit tidal exchange. 
There are a few closed lagoons in Ghana which become leaky seasonally as a result of 
increased freshwater or higher tidal currents creating several openings across the 
elongated shore-parallel sandy barrier that confines the lagoon water. In most cases, 
the leaky channels do not last long because of strong west-to-east longshore drift. 
Constructive wave conditions close the leaks a few months after the barrier breaching 
forces (freshwater discharge/high tidal condition) have subsided. 
 
 



 

2.4 Description of study area 

This study focuses on eight (8) selected coastal lagoons located between Tema (east of 

Accra) and Winneba (west of Accra) (see Figure 1). All the sampled lagoons were 

representative of the different types of lagoons in Ghana and are listed in Table 2 

following a numerical order from east to west. 

Compared with many other systems in different parts of the world the tidal range in 
Ghana is low and varies little between spring and neap tides (Table 3). Tidal currents 
are generally low and have relatively little influence on coastal processes except within 
tidal inlets. The coast of West Africa, including Ghana, experiences an increase in water 
levels of up to about 10 m due to upwelling and storm surge associated with the 
onshore movement of the Southwest monsoon winds, which occur between May and 
October (Wellens-Mensah et al, 2002). Another factor attributed to the upwelling along 
the coast of Ghana is the influence of the Guinea Current. Henin et al (1986) identified 
that the Guinea Current flows eastwards at approximately 3ºN along the western coast 
of Africa. It has at least two sources: the North Equatorial counter current and Canary 
Current. According to Bakun (1978) the Guinea Current, like other eastern ocean 
boundary currents, is characterised by areas of upwelling. The effects of climate change 
are expected to increase the intensity and impact of upwelling along the coast of 
Ghana. 

Although data are somewhat scarce there is some limited information available on the 

magnitudes of fresh water flow for some catchments in Ghana (Water Resources 

Commission, 2009), and also on the associated sediment transport into the coastal 

zone (Akrasi, 2011). Fresh water flow is generally zero or near-zero in the dry season 

although during the rainy season large amounts of fresh water can reach the coastal 

zone over a range of different time scales. Different lagoons therefore tend to respond 

more or less rapidly in terms of their chemical and physical processes to the arrival of 

the rainy season. A typical lagoon of interest to this study is shallow, well mixed, and 

extends up to a distance of several km inland. Key controls on tidal and fluvial flushing 

include the lagoon area and depth, the magnitude of the fresh water flow, the tidal 

height and range relative to the cill level, and the width of the breach section. Beach 

sediment material is highly mobile on the exposed coast meaning that some lagoons 

can open and close regularly, while others are maintained as open structures because 

the sediment that arrives at the breach from longshore drift cannot become established 

and consolidated for sufficiently long to close the lagoon; in other words, the breach is 

self-scouring. 

 

 

 

 



3.0 Study Sites and Methodology 

 

3.1 Case study site selection 

An initial assessment and identification of the case study area was carried out in order 

to develop a general understanding of the characteristics of the coastal lagoons in 

Ghana. This involved a review of all relevant literature together with satellite images and 

historical maps of Ghana’s coast. Through this assessment it was possible to identify a 

total of about fifty (50) coastal lagoons along the 540 km coastline. 

Coastal lagoons between Tema and Winneba (Figure 1) were selected as case study 

areas because this area contains both open and closed, urban and rural lagoons and 

thus presented us with an opportunity to assess the impacts of both anthropogenic 

activities and climate change. Following the identification of the case study area, 

individual lagoons within the area were assessed and eight (8) of them were selected 

for sampling. This selection was based upon identifying a representative sample to 

cover open, closed as well as rural and urban lagoons.    

Two field campaigns were conducted on the selected lagoons on 14-18 September 

2015 (end of the rainy season) and 25-27 January 2016 (dry season) to allow 

observation of the seasonal variations in flow, pollution levels, and inlet 

morphodynamics. The sampling was undertaken extensively on all eight selected 

lagoons during the first field campaign in September 2015, but in January 2016 the 

campaign instead focused intensively on three lagoons in particular (Lagoons 2, 5, 7 in 

Table 2). All sampling took place in lagoons at around low water. The extensive 

(September 2015) sampling was an attempt to study the geomorphology and the 

climate change vulnerability, and to identify the general patterns of water quality as well 

as the levels of pollution in the eight selected lagoons.  

The three intensively sampled (January 2016) lagoons were selected based on the 

outcome of the preliminary field work. The more intensive sampling also allowed these 

three lagoons to be sampled from the coastal zone to points that were further upstream 

than in the September campaign, in order to identify the distribution of pollution along 

the length of the lagoon channel. 

 

3.2 Measurements 

Water parameters, temperature, salinity, pH, turbidity and dissolved oxygen, were 

measured in situ using a YSI Pro DSS multiparameter sonde. Salinity was measured 

using the practical salinity scale, and is hereafter quoted without units. Once in place 

the sonde logged data every 2 seconds for 30 seconds and the data were averaged 



over that time period. 500 ml water samples were also taken and 100ml was filtered on 

site then stored in a cool box for subsequent nutrient analysis (maximum storage time 8 

hours). The remaining 400 ml was stored in the cool box unfiltered and used for 

microbial analysis on the evening of the same day. Nitrate, nitrite, ammonia and soluble 

reactive phosphorus were determined colourimetrically using Palintest photometer 

tablet reagents and the Palintest 7500 photometer. Tablet reagents were; Nitrate 

(NitratestTM) 0-20 mg/L N, Nitrite (Nitricol®) 0-0.5mg/L N, Ammonia 0-1mg/L N, 

Phosphate LR 0-4mg/L PO4. Nitrite data are not shown individually but are used in the 

calculation of dissolved inorganic nitrogen (nitrate+nitrite+ammonia). Total and faecal 

coliform counts were determined using membrane filtration and incubation on a 

membrane lauryl sulphate broth saturated pad at 36°C and 44°C respectively using the 

ELE Paqualab 50, a portable field kit designed for water quality testing. The ELE 

Paqualab 50 is comprised of a filtration unit which can be sterilised in the field and two 

incubation chambers set to the required temperatures. Total coliform counts are not 

shown here because they were above the threshold for counting in nearly all cases. 

 

3.3 Vulnerability Assessment 

 

The vulnerability of a lagoon system can be defined by three key components. These 

are exposure, sensitivity, and adaptive capacity. A vulnerability assessment should 

therefore start by defining its objective and choosing the scope and methods 

accordingly (Ramieri et al, 2011). The objective and scope of this assessment was to 

identify the vulnerability of the case study lagoons and associated settlements to the 

impacts of climate change and associated sea level rise. Several methodologies used 

for the assessment of coastal vulnerability have been identified in the literature. The 

three most commonly used method are: Indicators (Ramieri et al, 2011), Coastal 

Vulnerability Index (CVI) (Gorntiz and White, 1992), and GIS or computer-based models 

(Ramieri et al, 2011). 

  

The indicator-based approach was applied in this study because data gathered from the 

field present the required evidence/indicators. In addition, this approach allows the 

evaluation of different aspects related to coastal vulnerability within a consistent 

assessment context (Ramieri et al, 2011). The approach expresses vulnerability of the 

coast by a set of independent elements or indicators that characterise key coastal 

issues (exposure, vulnerability and adaptive capacity) such as coastal lagoon or river 

inlets, development pressures at the backshore, state of the beach (stable or erosion), 

impacts of the coastal processes (waves, tides, storm, and longshore transport), 

previous responses, exposure, sensitivity, risk, and damage cause by continuous or 

episodic coastal events. These indicators were appraised for each lagoon inlet and the 

adjoining areas at the backshore up to 1 km inland. The assessment ranks the lagoons 

inlet as high, moderate or low vulnerability depending on their exposure to the impacts 

of climate change and potential risk to life and properties at the backshore. The 



outcomes have been combined into the final summary vulnerability assessment in Table 

4. 

 

 

4.0 Results 

 

4.1 Overview of sampling 

A complete set of results reflecting the water quality measured in the lagoons is shown 

in Figures 3-4 and Table 5. These results are all point measurements and do not take 

account of any variations occurring during the tidal cycle, though these would have 

been small, given the tidal range. The letters ‘S’ and ‘J’ in all figures refer to the 

September and January campaigns, respectively. Lagoon numbering from L1 to L8 

follows that set out in Table 2, and the letters A to E denote a direction of travel from the 

sea landwards in all cases. 

To allow comparison of these results with international standards, the equivalent levels 

relating to the European Union (EU) water framework directive for the UK (WFD UK 

TAG, 2008), the European nitrates directive (Council Directive 91/676/EEC), and 

European bathing water standards pre 2012 (Council Directive 76/160/EEC) have all 

been provided with each figure in order to show how the concentrations of nutrients, 

dissolved oxygen and faecal coliforms in these Ghanaian lagoons compare to standards 

commonly used in Europe. Direct comparison is difficult because of issues that arise 

when using transitional and coastal water quality data from the UK to consider 

standards for lagoons in Ghana given that the ambient temperature of the water is 

generally higher, and different environmental organisms provide different services to 

those that apply in the EU case. Ghana relies on WHO water quality guidance (2011) 

for drinking water quality. There are no local water quality standards or WHO standards 

for lagoons or coastal waters. This highlights the need for a comprehensive set of 

parameters that can be applied to waters along the coast of Ghana, given the number of 

people affected by coastal development.  

It must also be noted that these results are spot samples obtained once in the rainy 

season (September 2015) and once in the dry season (January 2016), and are 

therefore not a comprehensive picture representing the full annual cycle. They can, 

however, provide a starting point for assessing the water quality if the data are 

considered using a multivariate perspective. For example, it is difficult to test any 

hypotheses using just two measurements of ammonia concentration, but when these 

are combined with dissolved oxygen and faecal coliform counts we can start to build a 

picture of the issues that may be affecting these lagoons, such as poor sanitation 

measures cause by raw or partially treated sewage entering these water bodies. 

 



4.2 Water Chemistry 

Figures 3a and 3b show nitrate and ammonia concentrations set against common EU 

standards used in rivers, which are conventionally deemed to have greater 

concentrations than transitional and coastal waters due to dilution by sea water. Most of 

the lagoons’ nitrate concentrations would be considered to be of some concern in the 

rainy season while the results obtained from the sites when we revisited them in the dry 

season showed a decrease below this level. Site data collected over an annual cycle 

and averaged as suggested in the WFD methodology may well show that the nitrate 

concentrations obtained are of no serious concern in these lagoons. The total ammonia 

concentrations are a source of concern, however. Of the eight lagoons sampled in the 

dry season, five fall into the ‘bad’ water quality category with all but one of those 

remaining in that category even if the standards were twice as high. In high 

concentrations ammonia has a toxic impact on fish and macro-invertebrates, with 

sewage effluent being a major source of ammonia in rivers, although agricultural 

sources can also contribute. The concentrations of total ammonia detected in most of 

the lagoons sampled are likely to have a deleterious influence on their ecology and local 

fishing industry in particular (found in and around Lagoons 5-7), where the effects of this 

anthropogenic impact must be felt most keenly. 

Another major implication of large nutrient inputs into water bodies is the increased 

likelihood of eutrophication. In coastal areas this is often measured as dissolved 

inorganic nitrogen (nitrate + nitrite + total ammonia, known as DIN) and soluble reactive 

phosphorus (SRP). The EU guidelines for DIN in transitional waters and coastal bodies 

are lower than the nitrate or ammonia standards that apply in rivers due to the expected 

dilution factor. Figure 3(c) shows that in all cases the lagoons fell into the ‘bad’ water 

quality category for DIN but this is a result of the very high total ammonia 

concentrations. This large concentration of DIN indicates that these sites are at risk of 

eutrophication. While we did not analyse for chlorophyll-a when filtering water samples 

for nutrient analysis, evidence for eutrophication in clogged, green filters was in fact only 

seen at Lagoons 1-3. This apparent discrepancy may be a result of the relatively low 

concentrations of SRP (Figure 3(d)) in Lagoons 4-8 in comparison with the high DIN 

and it is possible that phosphorus is a limiting factor for phytoplankton growth at these 

sites. Anecdotally the clogged green filters were only seen at Lagoons 1-3 where the 

SRP was 10-100 times greater than that observed further west. Although SRP 

concentrations are generally in the good-to-moderate range compared to EU rivers 

(Figure 3(d)), it might be considered prudent to bring in legislation to maintain these 

levels now rather than see them increase and bring with them the many problems 

associated with eutrophication of coastal waters. 

Dissolved oxygen concentrations are shown in Figure 4(a) and in most cases range 

between good and high (EU) status despite temperatures being higher in Ghanaian 

waters (Table 5) than in waters in northern Europe, which would have the effect of 

reducing the solubility of the oxygen. A notable exception to this is Lagoon 2 where 



concentrations are very low and heading towards anoxia. The low oxygen and high DIN 

and SRP concentrations here strongly suggest that eutrophication is occurring. It can be 

expected that virtually no fish or aquatic macro-invertebrates would be able to survive in 

these waters for long and if the oxygen concentrations do fall the site could be affected 

by poor odour due to a shift to anaerobic conditions. This would certainly have an 

impact on the local users of the water, including cattle farmers and small business 

owners who may wish to purchase land adjacent to lagoons to build beach resorts, for 

example. 

 

4.3 Bacteria 

No faecal coliform data were collected during the initial sampling in September 2015 but 

these data were collected in January 2016 (Figure 4(b)). Faecal coliform counts in 

warmer waters should be treated with caution because they tend to be indicative of the 

presence of bacteria rather than being DNA-specific, but they nevertheless provide a 

comparative tool for assessing the Lagoons. Lagoon 2 shows a much greater 

concentration than Lagoons 5 or 7. The number of colonies in just 1 ml of water in 

Lagoon 2 was too great to count on a single filter so we can only infer that per 100 ml 

there would have been in excess of 20,000 counts. This figure is somewhat lower in the 

sea water outside Lagoon 2 once the water has been diluted by the ocean (Figure 4(b), 

L2 J A), but within the lagoon these high concentrations together with the high nutrient 

concentrations and the low dissolved oxygen suggest a particular problem related to 

(perhaps untreated) sewage discharge in this area.  

Samples taken for faecal coliforms from Lagoons 5 and 7 are generally below the 

threshold that would have been a failure of the bathing waters directive pre 2012 in the 

EU. These lagoons also have a lower DIN and SRP concentration. These differences 

may be due the greater flushing they receive from seawater or because they receive 

less sewage than Lagoon 2, or it may be a result of the combination of these 2 factors.  

 

4.4 Salinity and Turbidity 

Perhaps unsurprisingly the results shown in Table 5 show a range of values in terms of 

salinity and turbidity, though the results for temperature and pH are more predictable 

and less variable. Lagoon 2 shows a lower salinity in the January deployment than in 

September, reflecting the dynamic nature of the inlet allowing different degrees of 

flushing to take place; the inlet was also in a different position in January compared with 

September. Lagoon 7 is characterised by a higher salinity in January, due to the lower 

freshwater flow. Results for turbidity in Lagoon 5 and 7 show large differences which 

may be a result of the activities of fishermen immediately prior to the visit. 

 



 

5.0 Discussion  

 

5.1 Understanding the systems and their vulnerability 

We now consider the results described above and comment on what they signify for our 

understanding of the management of lagoons in particular, and what that then implies 

for the management of lagoons in developing countries where coordinated coastal 

development and environmental management may be secondary considerations in 

comparison with local economic needs. Our results show Ghana lagoons in varying 

states in terms of water quality. In general, the lagoon water quality is better further to 

the west, away from the main urban centres, and further away from the capital Accra in 

particular.  Although all our measured data relate to two one-week periods and do not 

cover an annual cycle, it is still possible to use the collected data to draw some 

conclusions about the threats to the sustainability of the lagoons, and make some 

recommendations about their effective long-term management. In many remote coastal 

communities around the world, the problems of data collection and in particular ‘ground-

truthing’ are clear: many sites are remote and poorly served by infrastructure. 

Nevertheless we believe that these two periods illustrate some of the features that 

characterise the use, form, and functioning of lagoons in this part of the world, which 

can inform the management strategies used, as outlined below.   

The outcome of the vulnerability assessment in Table 4 clearly show that factors such 

as sea level rise, tidal range and wave height were relatively less variable in the case 

study area and therefore were not the main determinants of the vulnerability of 

individual lagoons. However, physical variables (elevation, geology, geomorphology and 

especially erosion and development or economic activity at the backshore) played a 

major role in the determination of the relative vulnerability. It is key therefore to avoid 

human intervention and development that have a negative impact on the physical 

conditions, and it is important to enhance the natural resilience for sustainable adaption 

of the lagoons and associated ecosystems. It is imperative that vulnerable lands 

around/near coastal lagoons are not developed in a way that will warrant artificial 

protection some time in the future (Norcross-Nu’u et al, 2008). The permanently and 

temporarily closed lagoon inlets (Lagoons 2, 6) hinder both flood and ebb tidal 

exchange. This implies that coastal settlements at the sides of these inlets are at risk of 

flooding from fresh water from the lagoon catchment resulting from high rainfall in the 

catchment as well as from flooding resulting from tidal and storm surge, which cannot 

then easily escape. This makes defending the coastal frontage of towns adjacent to 

lagoons against rising sea levels both economically expensive and technically 

challenging.  

 



5.2 Lagoon Modelling strategies 

In light of the importance both of climate change and other anthropogenic changes 

related to coastal developments of one sort or another, we now turn to the question of 

what modelling strategy should be used to inform management strategies to address 

the whole issue of risk and vulnerability. Modelling allows us to test scenarios, and it is 

only by doing this that we can answer questions posed by policy makers. Clearly the 

choice of model depends on the question being asked, but such models are likely to 

range from the zero-dimensional, where we consider the lagoon as a level pool of water 

with any hydrological inputs being translated into a uniform lagoon-wide increase in 

water level depending on plan area, to the fully three-dimensional hydrodynamic. At the 

same time we must take into account the changes in beach morphology given that 

these dictate the degree of closure of the breach through which the sea water must 

pass each tide. It is therefore important to consider the rate of longshore drift, and any 

other local factors such as the presence of headlands, before undertaking any form of 

hydrodynamic modelling. Modelling lagoons of this type must therefore be seen as a 

two stage process, in which we first assess the long term geomorphology before turning 

to the hydrodynamics. Put simply, however, the recommendation must be that in view of 

their generally long, thin plan shape and shallow bathymetry, a 1D hydrodynamic model 

seems the most appropriate. The balance between fresh water flow and sea water 

inputs causes a longitudinal salinity gradient, which together with the along-channel 

variations in velocity over the tidal cycle mean that validating and calibrating such a 

model is a relatively straightforward affair. The higher degree of complexity afforded by 

2- and 3-D modelling of these structures implies the need for far more field data, which 

would be expensive to collect and may not yield much return in terms of a better 

understanding of the processes involved. 

 

5.3 Policy formulations 

Based on what we know from these lagoons, it is important to consider the threats and 

how can we address these in the light of the need for a comprehensive and inclusive 

management strategy, referring to existing literature. Different adaptation policy options 

(Nicholls et al, 2007) could be considered for the management of coastal lagoons in 

Ghana. However, it is important to avoid placing an additional burden of responsibility 

on future generations by unnecessary pollution of coastal lagoons and development on 

vulnerable coastal lagoon areas, thereby increasing the number of areas to be artificially 

protected in the long term (DEFRA, 2001). Present settlements and developments that 

are located in areas at risk of flooding, coastal erosion and potential submergence might 

consider accommodation policies or perhaps retreat, depending on the level of risk 

involved (Walsh et al, 2004).  In order to reduce the potential risk of sea level rise to 

lagoons and integrate an appropriate adaptive response to the most vulnerable areas, 

there is a need for Ghana to develop a holistic management plan for the coastline 

similar to UK Shoreline Management Plans (DEFRA, 2006) Ghana could pursue an 



adaptive coastal management plan that seeks to achieve the following key policies 

outlined after Boatman et al (2008), DEFRA (2006), and Walsh et al. (2004): 

 Manage the risks affecting life and properties in vulnerable lagoon areas. 

 Protect existing developments that are vulnerable using a baseline analysis of 

long-term sustainability and the impacts of the physical environment.  

 Ensure that adaptation plans and policies comply with the national and 

international legislations with minimum compromises in respect of the natural 

environment, navigation, human rights and cultural heritage. 

 Implement management policies that allow for future flexibility in response to 

changes in physical conditions and in socio-economic circumstances at the 

frontages of vulnerable areas 

 Ensure that management plans for any lagoon inlet consider potential impacts 

on adjoining coastline to reduce any knock on effect 

 Encourage continuous monitoring of water quality, and other climatic and 

physical process that impact on the lagoons. 

 

Furthermore, it is important to highlight the need to educate coastal communities about 

coastal vulnerability, land use planning and the possible implications of settling in 

coastal areas subject to flood and erosion risk. Settlements in vulnerable areas should 

be educated about the potential impacts climate change could have on their lives, 

properties and local economy. They should be involved in the decision-making 

processes regarding the planning, development, and implementation of adaptation 

policies. Accommodation and realignment measures can help to manage risks in the 

short-to-medium term and such measures should be implemented immediately to 

reduce any activities that heighten the risks. 

 

Just as in many parts of the world, the importance of managing the shoreline to allow 

lagoons to flush is of paramount importance. This must include an understanding of 

longshore drift and coastal defence, and possibly also the contribution from sources 

further upstream, though in our cases this consideration seems relatively minor. In the 

case of Lagoon 2, various coastal defence works have caused sediment build up to 

continue, encouraged by other considerations at the expense of the ‘heath’ of the 

lagoon. In Lagoons 5 and 7, the breach is likely to be self-sustaining because the 

presence of natural headlands and the establishment of a vibrant fishing industry means 

that there is no way for the beach to build up for sufficiently long to block the channel 

feeding the lagoon from the sea.  

 

 

 



5.4 Future Challenges  

For the future, sea level rise and increased storminess will doubtless affect the flushing 

of these systems. This may be a cause for some optimism, because if the level of 

flushing increases the anthropogenic pollutants may be diluted, improving the water 

quality. Conversely if there is a change in the sediment dynamics along the shoreline as 

a consequence of hydrological change, leading to higher and wider barriers and 

reduced exchange with the sea, will the ‘cleaner’ fishing lagoons become more like 

Lagoon 2 with its potential for eutrophication and accompanying reduction in ecological 

status? 

This study highlights the need for an integrated water quality strategy including 

standards and enforcement, particularly if the aim is to increase tourism and other 

revenues and to maintain the fishing revenues that are currently so important in coastal 

areas whilst allowing the necessary adaption to climate change to take place. There is a 

further related need to ensure that any discharge consenting process for the outlets 

from sewage treatment works, for example, takes better account of the local coastal 

flushing characteristics of the lagoons. 

It is fully recognised that our initial synthesis presented here represents something of a 

‘snapshot’ in time and space, and any future research should aim to undertake longer 

term monitoring, particularly related to the response to the systems following storm 

events, and their subsequent recovery. A further related avenue of enquiry relates to the 

impact of coastal defences or coastal development, and the questions this raises about 

what shoreline or coastal management plans are appropriate, if any, in such dynamic 

regions. While it is clear that this section of the West African coast has received a 

fraction of the research attention it deserves in terms of the potential for economic 

growth and general development, we remain optimistic that the outcomes of this and 

other similar work can form the basis of drives to maximise its potential benefits to local 

communities and visitors. 

 

6.0 Conclusions  

Analysis of data obtained relating to a number of coastal lagoons in Ghana has 

revealed a mixed picture in terms of the condition of the lagoons and in terms of their 

vulnerability to climate change. While continued careful monitoring and management is 

recommended it is suggested that the following points are relevant in view of the long 

term viability of these structures. 

1. Large numbers of small shallow coastal lagoons in various states of pollution are 

widely used by many different stakeholders and are under threat from climate change. A 

vulnerability assessment is proposed revealing the need for careful monitoring, 

management and planning 



2. The health of a lagoon and its continued sustainability for its current users seems 

related to the amount of flushing that takes place each tide, which in turn depends on a 

range of coastal sediment transport processes. It is only by understanding the totality of 

these processes that the appropriate management strategies can be properly identified 

and implemented. 

3. The use of an appropriate modelling strategy is important in understanding how to 

best manage the lagoons over the coming decades in light of sea level rise and other 

factors. A 1-D numerical model for each lagoon, accompanied by the proper 

understanding of longshore and cross-shore sediment modelling, would seem to offer 

the most useful balance in terms of the capacity for model validation and calibration. 

4. Further long-term data are needed to better understand the development of the 

lagoons under a variety of pressures in comparison with results from other systems 

from around the world.  

It is only through continued refinement to our understanding of such systems that a truly 

integrated and broad-based approach can be considered that encompasses the effect 

of different coastal management strategies on local environments and livelihoods. The 

required approach requires co-operation and active collaboration between the different 

stakeholders, but the work involved in understanding the necessary strategies will lead 

to benefits for local people and the regional economy in the long run.  
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Figures 

Figure 1 Map showing study area 

Figure 2. Lagoon examples showing typical ‘open’ and ‘closed’ lagoons 

Figure 3 Lagoon concentrations of (a) dissolved total ammonia (mg/L N) in September 

(light grey, S) and January (dark grey, J) shown with the WFD (UK) standards for rivers: 

high (0.3), good (0.6), moderate (1.1) and poor (2.5). Concentrations need to be below 

that threshold to achieve that quality status and anything above ‘poor’ is defined as ‘bad’ 

in quality; (b) dissolved nitrate (mg/L N) with the UK nitrates directive standards for 

rivers: polluted (50) and of concern (25); (c) dissolved inorganic nitrogen (mg/L N) with 

the WFD standards for coastal and transitional waters: high (0.28), good (0.42), 

moderate (0.63) and poor (0.95); (d) soluble reactive phosphorus (mg/L P) with the 

WFD standards for coastal and transitional waters: high (0.05), good (0.12), moderate 

(0.25) and poor (1.0). 

Figure 4 Lagoon concentrations of (a) dissolved oxygen (mg/L) in September (light grey, 

S) and January (dark grey, J) with the WFD (UK) standards for coastal and transitional 



waters: high (0.05), good (0.12), moderate (0.25) and poor (1.0). Note these standards 

are reversed from the nutrient standards in that concentrations need to be above that 

threshold to achieve that quality status and anything below ‘poor’ is defined as ‘bad’ in 

quality; (b) counts for faecal coliforms per 100ml with the pre-2012 UK bathing water 

standards fail (>2000) and higher (<100). There are no data available for the lagoons in 

September and L2 J B-E gave counts above 20,000 per 100ml. 

Figure 5 Arial photographs of Lagoons 1-8. Position of the entrance is as shown in each 

case 

 

Tables 

Table 1. Recent literature related to understanding and management of lagoon systems 

worldwide 

Table 2. List of lagoons sampled with locations 

Table 3. Tidal characteristics of ports in Ghana. After Wellens-Mensah et al, (2002) and 

Allersma and Tilmans (1993) 

Table 4. Vulnerability assessment undertaken for all lagoons studied 

Table 5. Salinity, pH and turbidity, sites refer to lagoon numbers (see Figure 1), with the 

letters A-E from the sea to the landward end 
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Authors Location Main process of interest Date 

Chikita et al Japan groundwater 2012 

Albarakati & Ahmad Saudi Arabia Water quality 2012 

Moreno et al Spain morphodynamics 2010 

Jewell et al Australia Tidal asymmetry 2012 

Stieglitz et al France groundwater 2013 

Dussaillant et al Chile Water level changes 2009 

Serrano et al USA Tidal hydraulics 2013 

Duck & Figueiredo da Silva Portugal Geomorphology 2012 

Pasquini et al Brazil ENSO signatures 2013 

Austin et al UK groundwater 2013 

Webster Australia hydrodynamics 2010 

Carlin et al USA Sediment resuspension 2016 

Haghani & Leroy Iran geomorphology 2016 

Ozturk & Sesli Turkey geomorphology 2015 

Tenorio-Fernandez et al Mexico Tidal dynamics 2016 

Chapman Various Climate change 2010 

 

Table 1 

 

 

 



Number Name Catchment (km2) Type Latitude Longitude 

1 Sakumono 

Lagoon 

77 Artificially 

restricted 
5.616667 -.033333 

2 Mokwe Lagoon 13 closed 5.616667 -.05 

3 Kpeshie Lagoon 37 Open 5.566667 -.133333 

4 Sakumo Lagoon 2, 550 open 5.516667 -.316667 

5 Nyanya Lagoon 25 open 5.466667 -.4 

6 Kako Lagoon 30 closed 5.416667 -.466667 

7 Oyibi Lagoon 1,700 open 5.35 -.583333 

8 Muni Lagoon 10 open 5.333333 -.633333 

 

Table 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Location Neap Mean Spring Phase 

Takoradi 0.58 m 0.90 m 1.22 m 107° 

Accra 0.62 m 0.94 m 1.26 m 107° 

Tema 0.64 m 0.96 m 1.28 m 107° 

Lome 0.68 m 1.00m 1.32m 108° 
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