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An extensive narrative review approach is adopted to present existing

information on the consumptive and non-consumptive uses and their related

issues, such as floods and droughts, climate and the environment in Ghana.

Total annual rainfall in the country ranges between 800mm/y (south-east coat)

and 2,000 mm/y (south-west coast) with a bimodal and mono-modal patterns

in the south and north, respectively. Annual total runo� from the 3 river systems

(the Volta river system, the South-western river system and the Coastal river

system) in Ghana is estimated at 40 billionm3 out of about 53 billion renewable

freshwater resources. Groundwater yields ranges from 6 m3/h in the Volta

basin sedimentary formations to 180 m3/h in the limestone formations. It is

estimated that the total water withdrawal as a percentage of total renewable

water resources is about 2%. At an average per capita consumption of water of

50 l/p/d, estimated daily water demand for the 2021 population of 31 million

people stands at about 566 million m3/y. Current water supply systems are

overstretched and it is further estimated that about US $ 240 million is required

per year as capital expenditure in urban and rural water supply. Moreover,

climate change is projected to increase the scarcity of water in future.

Wastewater generated through domestic and industrial uses including storm

water in urban Ghana is estimated at about 760millionm3/y. Ghana’s irrigation

potential to reduce climate change impact on agriculture is put at between

0.36 and 2.9 million ha, accounting for about 66.4% of the consumptive water

withdrawal. Estimated water demand for cattle, sheep and goats in 2010 was

put at about 22 million m3/y. Other services obtained from surface water

are the provision of fish (the Volta Lake is estimated to contributes to 16%

of total catch in Ghana); hydropower generation accounting for about 40%

of total power installed capacity (Akosombo = 1,020 MW, Kpong = 160 MW,

and Bui = 404 MW); water transportation (notably on the Volta Lake); tourist

attractions [are 550 km Ghana’s shoreline that has about 90 lagoons, the Volta

Lake, the lower Volta (e.g., Sogakope, Ada) and some other inland waters like

Lake Bosumtwi] and wetlands (recognized by RAMSAR convention of 1971) In

the legal context, water governance issues are handled by various institutions

created by Acts of Parliament.

KEYWORDS

water, rainfall, runo�, groundwater, consumptive/non-consumptive use, climate
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1. Introduction

Ghana is located in West Africa, bordered on the north

by Burkina Faso, on the east by Togo, on the west by

Cote D’Ivoire and on the south by the Gulf of Guinea.

It has a land area of ∼240,000 km2. Ghana used to have

10 administrative regions but on 27 December 2018, the

map of the country changed to 16 administrative regions

following a referendum on the creation of six additional regions.

Water is a cross-cutting issue in the developmental agenda

of Ghana and relevant to enhancing livelihood, growth, and

good health. Water deficit areas (northern Ghana) face more

severe development challenges than southern Ghana which is

comparatively wetter. In Ghana, water as an economic good

has been considered in all the United Nations (UN) water-

related programmes such as the Water and Sanitation Decade,

Millennium Development Goals (MDGs), New Partnership

for African Development (NEPAD), and now the Sustainable

Development Goals (SDGs) in addition to national programmes

such as the Ghana Poverty Reduction Strategy (GPRS) (Ministry

of Water Resources, Works and Housing, Ghana (MWRWH),

2007). The objective of this paper is to review the trends of

water use and availability in Ghana in the context of climate

change impact on water resources and the implication for

sustainable development.

2. Method

An extensive narrative review approach is adopted to present

existing information, using the web search engine, snowballing

and other reports, on the water resources availability and

uses in relation to the direct and indirect impacts of climate

change. The topical issues reviewed are the hydrometeorology,

river systems, groundwater, reservoirs, wetlands, water quality,

wastewater, sedimentology and water-induced erosion, water

supply, irrigation animal watering, hydropower generation,

inland water transport, inland fisheries, water-related tourism,

the water sector in a changing climate (floods, droughts) and

water legislation and water sector institutions. Literature on

the Volta, Pra, and Densu basins were of interest because

of their roles and coverage in the three river systems

of Ghana.

The remaining part of the study is grouped under six

sections. Section 3 focuses on climate of Ghana (water

year, rainfall, evapotranspiration, and humidity); section 4 is

on Water resources in Ghana (River systems, Groundwater,

Reservoirs, Wetlands); section 5 on Climate change and impacts

on water resources (Quantity and Water quality); section 6 on

Water uses (Consumptive and non-consumptive water uses, and

wastewater); section 7 on Existing water legislation and water

sector institutions and section 8 on the Implication of this study

and way forward.

3. Climate of Ghana

The water year in Ghana starts on the first day of March

each year and ends on the last of February the following year.

Officially, the wet season begins on the first day of March while

the dry season ends on the last day of February. However, there

are some spatial variations in the hydrological calendar.

3.1. Rainfall

Total rainfall in the country decreases spatially from 1,800

mm/y on the south-west coast through 1,250 mm/y in the mid

belt to about 1,000 mm/y in the north, averaging at about

1,200mm for the period 1981–2010 (Bessah et al., 2021a). The

least total rainfall is recorded in the south-east at about 750–850

mm/y (Bessah et al., 2021a).

Rainfall is bimodal in the south and mono-modal in the

north and the northern parts have higher water deficits due

to the high excesses of evapotranspiration over rainfall (Bessah

et al., 2021a). The average annual rainfall about 1,200mm

should be sufficient to grow most of the staples in Ghana

(Incoom et al., 2022). The coastal savannah belt of Ghana which

records the least rainfall has average annual rainfall of about 800

mm/y. Except in cases of occasional extreme climatic conditions

that lead to the destruction of crops, rainfall amounts can be

described as adequate for most crops, but the distribution has

been uneven both geographically and seasonally. Crop water

requirements for tomato and onions were projected to increase

by about 50 mm/growth period under climate change in the

twenty-first century over a base period records in the range

of 500–580 mm/growth period in the Guinea Savannah zone

of Ghana (Incoom et al., 2022). Water surplus of rainfall over

potential evapotranspiration is higher in the south than the

north for the wet months. At the same time, water deficits

of rainfall over potential evapotranspiration are smaller in the

south than the north for the dry months. This explains why even

though the north has good amounts of rainfall, the much higher

potential evapotranspiration rates results in huge water deficits

for plant growth. Hence the need for irrigation in especially the

north of Ghana (Agodzo et al., 2014).

Hydrometeorology refers to the water-related climate

parameters. It includes all forms of precipitation,

evapotranspiration and the humidity of the air. Table 1

presents the average data for rainfall, evapotranspiration and

relative humidity at representative gauging stations in Ghana.

3.2. Evapotranspiration

Evapotranspiration determination in Ghana is usually

through empirical estimation. Acheampong (1986) compared

three methods for the estimation of ET and concluded that
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TABLE 1 Rainfall, potential evapotranspiration and relative humidity for Accra, Kumasi, and Tamale.

Month Accra Kumasi Tamale

P (mm) ETo (mm) RH (%) P (mm) ETo (mm) RH (%) P (mm) ETo (mm) RH (%)

Jan 10.9 130.2 77 15.1 7.8 65 8.1 155.0 28

Feb 21,8 128.8 78 66.3 121.4 67 8.6 165.2 32

Mar 57.1 145.7 79 137.0 139.5 73 50.4 186.0 46

Apr 96.8 141.0 80 129.3 132.0 76 82.5 171.0 61

May 131.2 133.3 82 174.4 127.1 79 115.2 161.2 70

Jun 221.8 105.0 86 214.3 105.0 83 91.5 132.0 78

Jul 66.0 105.4 85 175.5 105.4 83 158.1 120.9 81

Aug 28.2 111.0 84 89.9 99.2 84 203.6 114.7 82

Sep 67.8 117.0 83 165.2 93.0 83 231.4 108.0 82

Oct 62.4 130.2 83 153.3 103.5 81 75.7 136.4 75

Nov 27.7 129.0 81 74.3 111.0 77 11.5 135.0 59

Dec 18.1 124.0 79 25.8 99.2 74 2.8 139.5 41

Annual 810 1,504 81 1,420 1,357 77 1,033 1,720 61

Computed from GMet 1961–1990; Agodzo et al. (2003); P, precipitation; ETo , potential evapotranspiration; RH, relative humidity.

the Penman method works best for Ghana. Salifu et al. (2011)

successfully employed the Surface Energy Balance Algorithm

for Land (SEBAL) model to estimate actual evapotranspiration

(ETa) for different land use/cover types for the Atankwidi and

Afram catchments in the Volta Basin of Ghana, with values

ranging between 1.4 and 7.30 mm/d across the catchments.

3.3. Relative humidity (RH)

There are hardly any relative humidity studies in Ghana. In

Table 1, relative humidity (RH) reduced from Accra (81%) on

the southern coast through Kumasi (77%) in the middle belt

to Tamale (61%) in the northern belt, implying air moisture

depletion from the south to the north. Frimpong et al. (2014) in a

study in Bawku East reported a rising trend of relative humidity

at Garu, while trends in Manga and Binduri did not show

clear patterns in rise or fall for the period 1961–2012. Recent

study based on the reference period of 1976–2018 showed that

RH increases spatially from the coast (60–85%) through the

forest (30–80%) to the savannah (30–70%) agro-ecological zones

(Bessah et al., 2022).

4. Water resources in Ghana

4.1. The river systems

Ghana has a land area of ∼240,000 km2. The country is

endowed with 3 river systems: the Volta river system, the South-

western river system and the Coastal river system (Figure 1).

The catchment area of the Volta basin extends into six riparian

countries (Ghana, Burkina Faso, Cote d’Ivoire, Mali, Togo,

Benin) covering a little over 400,000 km2. The main tributaries

of the Volta river are the Black Volta, White Volta Red Volta,

and the Oti rivers. About 85% of the catchment area of the

Volta basin is shared between Ghana and Burkina Faso and

15% shared between the other four countries. The Volta Basin

Authority (VBA) was established by the riparian countries to

manage the basin as an international resource and by 2010,

five riparian countries except Cote d’Ivoire signed the VBA

agreement bringing the convention into effect. Cote d’Ivoire

later joined.

The Volta river system drains about 70% of Ghana of

the total land area of about 240,000 km2 and the other 2

river systems drain the remaining 30% in the proportion of

22% (South-west river system) and 8% (Coastal river system).

Estimated total annual mean runoff for Ghana is about 53.2–

54.4 billion m3 of water, of which nearly 40 billion m3, or 68.6%,

is generated within Ghana’s borders (Water Research Institute

(WRI), 2010; Agodzo et al., 2014). The remaining 31.4%, or 15

billion m3, is generated outside Ghana’s borders. Some estimates

put the annual runoff proportion at 65, 29, and 6%, respectively,

for the Volta, South-western, and the Coastal river systems

[Ministry of Water Resources, Works and Housing, Ghana

(MWRWH), 2007;Water Research Institute (WRI), 2010; Aidoo

et al., 2021]. The largest basin in the South-western river system

is the Pra basin supplying four regional capitals and leading

producer of tuber crops in the country (Obuobie et al., 2012b;

Bessah et al., 2020a). The Densu basin in the coastal river system

is of key importance to water supply in Accra, the capital of
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FIGURE 1

Basin demarcation for the 3 river systems in Ghana.
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Ghana. The Bia river is shared with Cote d’Ivoire, while the

lower reaches of the Tano river also form part of the boundary

with Cote d’Ivoire (Figure 1). The upper reaches of the Tordzie

river in the Coastal system shares boundary with Togo (Ministry

of Water Resources, Works and Housing, Ghana (MWRWH),

2007; Nyatuame et al., 2020).

4.2. Groundwater

Ghana is underlain by three main geological formations,

namely the basement complex comprising crystalline igneous

and metamorphic rocks; the consolidated sedimentary

formations underlying the Volta basin (including the limestone

horizon) and the Mesozoic and Xenozoic sedimentary rocks.

These formations represent 54, 45, and 1% of the country,

respectively [(Ministry of Water Resources, Works and

Housing, Ghana (MWRWH), 2007; Water Research Institute

(WRI), 2010; Water Resources Commission (WRC), 2012a,b)].

The depth of aquifers in the basement complex and the Volta

basin is normally between 10 and 60m with yields rarely

exceeding 6 m3/h. The aquifer depths in the Mesozoic and

Xenozoic formations are usually between 6 and 120m with

average yields of about 184 m3/h particularly in the limestone

aquifer. Groundwater occurrences in limestone formations,

which also exist, are much deeper located, typically in the range

of 120–300m. The average yield in the limestone formation is

180 m3/h.

Recharge is usually in the form of direct infiltration

of precipitation through fracture and fault zones along the

highland fronts and also through the sandy portions of the

weathered zone. Some recharge also occurs indirectly as seepage

from ephemeral stream channels and pools of accumulated

runoff in the rainy seasons. Estimated recharge values are

generally low, varying from 1.5 to 19% of annual rainfall,

and there is high spatial and temporal variability. Additional

recharge occurs through seepage from ephemeral stream

channels during the rainy season. There are saline intrusions

in shallow aquifers along the coastal zone, while borehole yields

in the Northern, Upper East, Upper West, and parts of Brong-

Ahafo regions are often in-sufficient with some occurrence of

“dry boreholes.” There are also problems of high iron and

fluoride contents in parts of the country including the Western,

Northern, and Upper East regions (UPgro African Groundwater

Country Study, 2020).

Groundwater recharge studies are few. For example,

recharge estimates by Obuobie et al. (2012a) in the White Volta

River basin of Ghana (∼46,000 km2) for the 2006 and 2007

water years showed high seasonal and spatial variability in the

water level, with a range of 1.24–5.00m in 2006, and 1.60–6.80m

in 2007. Water level rise occurred only in the rainfall season

and recharge to groundwater estimated to vary between 2.5 and

16.5% of the mean annual rainfall. In another study, Obuobie

et al. (2013) assessed the groundwater resource potential for

dry-season vegetable irrigation in two areas of north-eastern

Ghana. By using geophysical surveying, recharge estimation, and

water quality analysis, they found that groundwater abstractions

for all purposes are small compared to recharge. Establishing

that groundwater was generally suitable for irrigation, they

concluded that the use of groundwater for dry-season irrigation

could be expanded 14–18-fold in the study areas.

Ghana shares in two main transboundary aquifers, both

of which are coastal: The Tano aquifer system, located in the

extreme southwest of Ghana and shared between Ghana and

Cote d’Ivoire. It covers an area of 806 km2 in Ghana and

includes three aquifer units (Quaternary, continental terminal

and Maastrichtian); and the Keta aquifer system, found in the

extreme southeast of Ghana and shared among Ghana, Togo,

Benin, and Nigeria. It is a layered system covering an area of

2,721 km2 (UPgro African Groundwater Country Study, 2020).

4.3. Reservoirs

Lake Bosumtwi, about 30 km south-east of Kumasi in

Ashanti (Figure 1), is a natural lake formed from a meteorite

impact. From an areal view, it looks almost circular, where the

rim of the crater has a diameter of about 10.5 km. The water

surface area which is below the rim of the crater is said to have a

diameter of 8 km (Koeberl et al., 2007), working out to a surface

area of about 50 km2 and a maximum depth of 78m (Ministry

of Water Resources, Works and Housing, Ghana (MWRWH),

2007). There are 30 settlements dotted around the lake. Lake

Volta, as shown in Table 2, is a man-made lake and one of the

most studied lakes in Ghana (Van de Giesen et al., 2010; Codjoe

et al., 2020; Nyadzi et al., 2021). It is the largest impoundment

with a capacity estimated between 148 and 153 km3 when the

Akosombo dam was constructed for hydropower generation in

1964 (NASA, 2018).

Other notable man-made reservoirs in Ghana (Table 2)

include the Bui reservoir (12.57 km3), Tono (3.76 km3),

Vea (0.82 km3), and Kpong (0.23 km3) [Ministry of Water

Resources, Works and Housing, Ghana (MWRWH), 2007;

WRC, 2005; Yeleliere et al., 2018] and either used for water

supply, irrigation or hydropower generation. The total inland

water area, which includes the Volta Lake, Lake Bosomtwi, and

others, is about 11,800 km2 (United Nations Convention to

Combat Desertification, 2015). For an average annual rainfall

over Ghana between 1,170 and 1,200mm, the total direct

precipitation on the inland water surfaces works out to ∼14

billion m3 (14 km3) per annum.

There are smaller impoundments scattered across the

country, especially in northern Ghana. Ghansah et al. (2018)

studied the small impoundments in the White Volta basin

based on remote sensing techniques and ground truthing. They

estimated that there are ∼254 small reservoirs of surface areas
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TABLE 2 Characteristics of some major reservoirs or impoundments in Ghana and their estimated annual generation rate or irrigation surface or

abstraction rate.

Location River Main Basin Capacity (106m3) Annual energy
generated/irrigation area/rate
of abstraction

Akosombo Volta Volta 148,000.00 912 MWh

Abesim Tano Tano 7.33 2,443,353 m3/y

Barekese Offin Pra 89.59 29,862,840 m3/y

Bolgatanga Yaragatanga Volta 8.10 2,700,000 m3/y and 450 ha irrigation

Bui Volta Volta 12,570.00 400 MWh

Daboase Pra Pra 29.88 9,960,120 m3/y

Hohoe Dayi Volta 2.37 788,400 m3/y

Inchaban Anankwari Pra 19.97 6,657,700 m3/y

Kwanyako Ayensu Coastal 14.93 4,977 m3/y

Kpong Volta Volta 160 MWh and 4,000 ha irrigation

Kpong water works Volta Volta 232.59 77,530,000 m3/y

Koforidua Densu Densu 4.97 1,655,640 m3/y

Weija Densu Densu 190.00

Winneba Ayensu Coastal 2.49 829,572 m3/y

Tamale Nawusi Volta 21.41 7,135,721 m3/y

Tono Tono Volta 3,760.27 2,500 ha irrigation

Vea Vea Volta 816.00 2,400,000 m3/y and 1,000 ha irrigation

Owabi Offin Pra 15.33 5,109,971 m3/y

Modified by authors from Ministry of Water Resources, Works and Housing, Ghana (MWRWH) (2007), WRC (2005), and Yeleliere et al. (2018).

between 1 and 53 ha in the sub-basin. The combined surface area

and volume of the small reservoirs were estimated to be 1585.265

ha and 21.154 million m3, respectively.

4.4. Wetlands

The discussion here does not include large and small

natural and man-made impoundments but limited to the coastal

lagoons, mangroves and the flood plains. Wetlands which were

originally considered as “wastelands,” have been recognized in

Ghana in the context of the RAMSAR convention of 1971 as

important for providing habitat for wildlife, maintenance of the

water table, mitigation of flood conditions, water purification,

fishing, hunting, food production, and generation of other

economic activities. Public awareness was created on the benefits

and functions of wetlands in a coastal Wetlands Management

Project undertaken from 1996 to 1999 The notable lagoons

(Sakumono, Songor, Keta, Muni-Pomadze) were designated as

RAMSAR sites in 1992 [Ministry of Lands and Forestry (MLF),

1999].

Important RAMSAR sites are: Sakumono Lagoon, near

Tema in the Greater Accra Region covering 13.64 km2;

Songor Lagoon outside Ada and on the west of Lower Volta

River estuary in the Greater Accra Region, covering 28.7

km2; Keta Lagoon, on the east coast of Ghana, extending

about 126 km inland, covering about 1,200 km2; and Muni-

Pomadze Lagoon, west of the coastal town of Winneba,∼55 km

west of Accra, covering about 9.5 km2 [Akyeampong, 2001;

Willoughby et al., 2001; Environmental Protection Agency

(EPA), 2004; RAMSAR, 2007; Okyere et al., 2012; Adu Kumi

and Apraku, 2015; Ramsar Sites Information Service (RSIS),

2022]. The Keta Lagoon is the largest of the 90 lagoons

on the 550 km coastal stretch of Ghana. The roles these

wetlands play in the natural ecosystem functioning include but

not limited to flood attenuation and control, maintenance of

underground and surface water supplies, sediment trapping,

erosion control, pollution abatement, and provision of habitats

of rich biodiversity. In Ghana, they have provided such

economic functions as fishing, salt harvesting, water transport,

tourism, and water supply (freshwater lakes).

Corcoron et al. (2007) put the total mangrove area in Ghana

at 137 km2. Mangroves are found in nearshore lagoons and

estuarine environments. The notable ones are found in the

Volta and Densu deltas and the western coastline between

Cote d’Ivoire and Cape Three Points on the Western coast of
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Ghana. Anthropogenic activities have resulted in the harvesting

of mangrove wood for fish traps and firewood and have resulted

in drastic reduction in fish stock.

Almost flat and featureless, the flood plains tend to be

swampy in the rainy season and stretch from the lowlands of the

coastal west to the coastal east and to the foot of the Akwapim-

Togo ranges. The Keta-Avu plain into which the Tordzie-Aka

river discharges is one of the notable flood pains in Ghana,

with the heavy clays and serves as an important agricultural

area. Logah et al. (2017) did hydrodynamic study impacts of

dam water releases from the Akosombo and Kpong hydropower

facilities on downstream communities along the Lower Volta

River. Combined with some sediment studies, they concluded

through simulations that large areas downstream of the dam

including its flood plains would be inundated if dam releases

came close to or exceeded 2,300 m3/s, recommending relocation

of communities along the banks and in the flood plains of the

Lower Volta River.

5. Climate change and impacts on
water resources

5.1. Climate change and rainfall,
evapotranspiration and RH dynamics

A number of studies on rainfall in Ghana have been in

relation to the air masses that affect the wet and the dry seasons

in West Africa. The dynamics of the West African Monsoon

(moisture-laden south-west air mass) and the Harmattan (dry

and dusty north-east air mass) do determine the seasons in

Ghana and onset, cessation, and length of rainfall season (LRS).

The main conclusions of such studies were that the length

of the rainfall season has been changing with delayed onset

and early cessation of the rains. This is affecting agricultural

production a great deal. This has led to mitigation measures

as the breeding of short-duration and drought-resistant crop

varieties, in order to cope with the changes in the length of the

rainfall season (e.g., Omotosho et al., 2000; Amekudzi et al.,

2015; Kumi and Abiodun, 2018). Some of the rainfall-related

studies were about rainfed agriculture, with reference to rainfall

onset, cessation and length of rain days. For example, Bessah

et al. (2020a) reported possible increase in LRS from two models

and decrease in LRS from threemodels for the period 2020–2049

in the Pra river basin of Ghana. Kwawuvi et al. (2022) studied

the rainfall onset, cessation and the length of rain days in the

Oti river basin reporting possible future increasing variability

in onset and cessation of rainfall that could exacerbate the

vulnerability of rainfed agricultural production, recommending

drought-resistant varieties as mitigating measures for farmers in

the basin.

Logah et al. (2017) surveyed 77 meteorological stations in

Ghana and showed that there had been a general decline in the

distribution of rainfall in the entire country. This trend, they

attributed to such anthropogenic activities as deforestation, poor

farming practices, overgrazing, harvesting wood for energy, and

bushfires. Some other studies (e.g., Ampadu, 2008; Ampadu

et al., 2019) were localized and mostly came up with similar

conclusions on rainfall, even though some showed some

increasing trends. Asante and Amuakwa-Mensah (2015) also

projected low rainfall occurrence in 2020, 2050, and 2080,

corroborating similar studies. Bessah et al. (2021a) projected

rainfall amount to generally increase in the range of 10–40%

and 8–38% under RCP4.5 and RCP8.5 emission scenarios over

Ghana in the twenty-first century.

Evapotranspiration as a major component of the

hydrological cycle was projected to increase by 6.3% from

the baseline by 2050 in the Tordzie basin (Nyatuame et al.,

2020). The potential crop evapotranspiration for rice, tomato

and pepper were estimated as 697, 533, and 427 mm/season,

respectively (Sadick et al., 2014). Aidoo et al. (2021) also

argued that climate change is having an adverse effect on the

environment especially in sub-Sahara Africa, where capacity

for natural resource management such as water is very low.

They considered water loss from the environment in the

form of evapotranspiration (ET) as a major component in the

hydrological cycle. Understanding its spatial dimensions is

critical in evaluating the effects it has on regional land use, thus

employing METRIC method to create evapotranspiration map

for land use in Kintampo North Municipal area for Ghana.

The found November and February ET in the range of about

38–87% and 29–52%, respectively.

On RH, Dwamena et al. (2022) didmultiple linear regression

analyses, relating maize, cassava and yam yield to climatic

parameters in the Ashanti region of Ghana, and concluded,

among other things, that a unit increase in RH resulted in a yield

decrease of maize by 0.001 t/ha; a unit increase in RH resulted

in a yield increase of cassava by 1.219 t/ha; a unit decrease of RH

resulted in a yield increase of yam by 0.385 t/ha. Climate change

could exacerbate these dynamics in Ghana.

5.2. Surface water quality

Water quality studies are many but there is hardly any long-

term water quality data (Karikari and Ansa-Asare, 2006; Leslie,

2010; Bessah et al., 2021b). Most water quality studies have

reported on the testing of occasional samples taken from surface

sources. The non-regular water quality tests have mostly been

blamed on financial constraints but the difficulty of such data is

that it does not tell the full story of the changes occurring in the

water quality for informed management decisions to be made.

The most authentic studies based on regular rather than

occasional water sampling were observations of weekly bacterial

counts throughout the water column of the Volta Lake at

Ajena (a lake shore settlement) from August 1964 to December
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1965. The results showed that during the rainy season bacterial

populations increased; the contrary being true in the dry months

(Biswas, 1967). Goski (1999), Karikari and Ansa-Asare (2006),

Asamoah-Boateng (2009), Leslie (2010), and Cobbina et al.

(2010), reported on biological quality of dugout and river water

sources indicating high bacterial contamination in some cases

and recommending treatment for such waters if they were to be

used for domestic purposes.

Mining activities in the south-western river system (Pra,

Tano, Birim, Offin, Bia, Ankobra) of Ghana have also attracted a

lot of attention, where mining-related chemical contamination

of such surface and groundwater sources have become major

concerns. A few of such studies will be reported here. Asamoah-

Boateng (2009) indicated that arsenic (As), iron (Fe), and

lead (Pb) were the most predominant mining-related metallic

pollutants found in most water bodies. Asante (2012) reported

mining-related contaminants detected in water samples as:

As (<0.001–0.002 mg/), Cu (0.002–0.04 mg/l), Mn (0.10–

0.72 mg/l), and Fe (0.32–3.04 mg/l). Kusimi (2014), in his

study on sediment yield and bank erosion assessment of

Pra river basin asserted that “the Pra River Basin has been

engulfed by certain anthropogenic activities particularly illegal

small-scale mining (popularly called galamsey) and serious

concerns have been raised by stakeholders within the basin

of the level of pollution due to the release of chemicals and

sediments into the water bodies.” Bessah et al. (2021b) also

did some studies on the Pra, Birim, and Offin river basins on

mining-related contamination and reported the following levels

of contaminants: As (0.002–294.429 µg/l); Cd (0.001–1.366

µg/l); Cu (0.036–403.787 µg/l); Fe (0.125–429.145) mg/l); Hg

(0.005–7.566 µg/l); Pb (0.018–68.451 µg/l). Examples of some

studies on other chemical contaminants, such as total dissolved

solids (TDS), total hardness and Biological oxygen demand

(BOD) were done on the Densu and Ayensu river systems by

Goski (1999), Karikari and Ansa-Asare (2006), Ansa-Asare and

Gordon (2012), and Asante (2012), cited by Yeleliere et al.

(2018). The physical parameters studied were mainly turbidity,

color, and total suspended solids and the obvious conclusions

have been that quality indicators are either above or below

national or WHO levels (e.g., Goski, 1999; Asamoah-Boateng,

2009; Leslie, 2010; Ansa-Asare and Gordon, 2012; Saana et al.,

2016).

5.3. Groundwater quality

Nkansah et al. (2010), Affum et al. (2015), and Saana et al.

(2016), based on occasional water sample tests, reported on

biological water quality of some groundwater sources, indicating

absence of and excesses of bacterial contamination depending

on the sources of water. Contamination levels, attributable

to human activities, were compared with national and WHO

standards. Groundwater abstracted from boreholes in Ghana

is generally of good chemical and microbiological quality and

thus suitable for domestic (including drinking), agricultural and

industrial uses. However, in the forest zones of southern Ghana,

groundwater has low pH (3.5–6.0). High concentrations of iron

are found in many places throughout the country. High natural

concentrations of manganese and fluoride are found mostly in

the northern regions. High levels of mineralisation, with total

dissolved solids (TDS) in the range of 2,000 up to more than

14,000 mg/l are found in some coastal aquifers, largely due to

high salt (sodium chloride) from sea water intrusion (UPgro

African Groundwater Country Study, 2020).

Possible point source pollution sources include refuse

dumps and latrines. For example, Anim-Gyampo et al. (2018), in

a study of the Atankwidi catchment (191.27 km2) of the White

Volta Basin, found that 20, 48.8, and 33.2% of the basin showed

low, moderate and high risks, respectively, of groundwater

contamination, attributing the level of vulnerability to the depth

to the groundwater table. The least thickness of the vadose zones

showed high risks, while the greatest thickness of the vadoses

zone showed low risks of contamination, with about 80% of

the entire Atankwidi catchment showing moderate to high risk

of groundwater pollution. Intensive use of agro-chemicals (e.g.,

fertilizers, weedicides, pesticides etc.) in dry season irrigation

farming could be blamed for pollution risks. The intense use

of agro-chemicals is climate change adaptation strategy (Bessah

et al., 2021c).

5.4. Climate change and floods

Flood is an uncertainty and historical response to

responding to such uncertainty has included improving

knowledge about the uncertainty and the construction of

engineering structures to contain the flood (Galloway, 2011;

Hirsch, 2011). To further improve knowledge about floods,

mathematical models have been developed to manage the

occurrence and extent of the events (Milly et al., 2008; Brown,

2010). Yet still, there is the climate change dimension, leading

to increased frequency of extreme climatic events, requiring

new approaches to dealing with the situation, such as, the

interpretation of weather information available (Rayner

et al., 2005; Ziervogel et al., 2010; Kiparsky et al., 2012). The

maximum daily rainfall over Accra (244mm) and Kumasi

(168mm) for the period 1960–2017 saw increasing trend of

same over the period in Accra and a decreasing trend in Kumasi

(Ansah et al., 2020). These daily maximum rainfall events

were the flood-related events. Most of the rainfall studies in

Ghana are flood-related (e.g., Amoako and Inkoom, 2018;

Owusu-Ansah et al., 2018; Frick-Trzebitzky and Bruns, 2019;

Ansah et al., 2020; Mensah and Ahadzie, 2020). Between 2000

and 2020, there were 17 recorded flood events (Table 3) in

Accra alone (Mensah and Ahadzie, 2020). Seventeen (17)

annual events in a period of 20 years could well be described
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TABLE 3 Some major floods in Ghana (Mensah and Ahadzie, 2020).

Year of reported major
flooding

Region (city)

2000 Central (Cape Coast)

1968, 1997, 1986, 1999, 2001, 2002,

2003, 2004, 2005, 2007, 2008, 2009,

2010, 2011, 2013, 2014, 2015, 2016,

2017, 2018, 2019

Greater Accra (Accra)

2010 Volta (Keta)

2010 Eastern (Kwahu)

2002, 2012 Central (Kasoa, Swedru)

2018 Northern (Buipe)

1971, 2002 Western

(Sekondi-Takoradi)

2004, 2018 Ashanti (Kumasi)

2005 Central (Saltpond)

2007 Upper East (Bolgatanga)

as nearly yearly flood events (Asumadu-Sarkodie et al., 2015).

Mensah and Ahadzie (2020) attributed the floods to poor urban

planning and development, poor and inadequate drainage

infrastructure, poor environmental attitude of the citizenry and

extreme rainfall events. These floods led to physical, economic,

social, and ecological costs. Displaced people depended on

government, friends and family support and construction

of new drains and desilting and cleaning of drains were

remedial measures.

It is common knowledge that hydraulic structures are

designed based on peak flood estimates. However, such

hydraulic structures sometimes burst their seams in extreme

rainfall conditions. In urbanization, hard surfaces have increased

in the form of pavements, thereby increasing surface runoff

into the drains. Urban drains in Ghana have been overwhelmed

by the poor environmental practices of the citizenry of Ghana.

However, flood events have increased in magnitude, frequency,

duration, and severity in Ghana due to climate change (IPCC,

2012; World Bank, 2011), thus flood risk management (FRM)

regimes and sustainable adaptation approaches are urgently

needed. Rain et al. (2011) and Appeaning-Addo et al. (2011)

have attributed flooding occurrences to climate variability and

change. The authors further related changes in rainfall and

temperature patterns and coastal inundation and erosion to

climate change. The changes in climatic conditions coupled with

rapid urbanization modify the natural hydrology of the country

resulting in heavy precipitation and increasing peak run-off

discharge (Nyarko, 2002; Adank et al., 2011) leading to flush

floods. The probabilistic risk profile of Ghana indicates that

the country loses 200 million dollars every year due to floods

and droughts. In technical terms, under the current climate and

considering the frequency of floods, this average annual loss,

could well be more than 200 million dollars per annum. The

United Nations Office for Disaster Risk Reduction (UNISDR)

Regional Office for Africa, projecting into 2050, predicted a 5-

fold increase in floods. This will adversely affect the potential

GDP growth of the country [United Nations Office for Disaster

Risk Reduction (UNISDR) Regional Office for Africa, 2018].

5.5. Climate change and drought

Drought connotes absence of water and is defined

specifically by the nature of the hazard it causes and its variation

in frequency from region to region. Wilhite et al. (2007), cited

by Nasirudeen et al. (2021), identified four main types of

drought as meteorological, agricultural, hydrological and socio-

economic. Meteorological drought is based on the degree of

dryness or rainfall deficit and the length of the dry period.

It is region-specific. Agricultural drought refers to conditions

(reduced soil moisture) that result in adverse plant responses,

which can range from reduced crop and forage yields to total

crop or forage failure. Hydrological drought is based on the

impact of rainfall deficits on the water supply such as stream

flow, reservoir and lake levels, and ground water table decline.

Socioeconomic droughts relate to the demand and supply of

some economic goods with elements of other drought types and

depends on the time and space processes of supply and demand.

Meteorological drought occurred country-wide in the 1983,

1992, and 2001 when average annual precipitation generally

fell below 900mm (United Nations Convention to Combat

Desertification, 2015). These negatively impacted agriculture

nation-wide due to soil moisture deficits (agricultural drought)

resulting in general crop failure. These also negatively impacted

the economy of the nation, thereby affecting the supply

and demand of economic goods (socioeconomic drought).

Hydrological droughts occurred in Ghana in 2001, 2007, and

2013–2014, causing inflows into the Volta lake to reduce

significantly resulting in low level of water in the Akosombo,

Kpong, and Bui reservoirs. This consequently resulted in

reduced hydropower generation (United Nations Convention to

Combat Desertification, 2015).

Few studies sought to analyze drought patterns within

specific basins in Ghana and most of the hydrological studies

are centered around the black and white Volta basins (e.g., Kasei

et al., 2010; Ndehedehe et al., 2017). According to Nasirudeen

et al. (2021), these studies however do not analyze the drought

profile within these basins. Nasirudeen et al. (2021), on the

analysis of drought patterns in the Tano River Basin (TRB)

of Ghana, suggested possible impact of climate change that

could have negative implications on agricultural production

and drinking water supply within the basin, since the basin

solely relies on surface water for crop production and drinking

water supply. Addi et al. (2021) studied meteorological drought

conditions for six coastal synoptic stations (Axim, Takoradi,
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Saltpond, Accra, Tema, Ada) in Ghana for dry season periods of

November–January, December–February, and January–March,

for the period 1980–2014. They found moderate to severe

drought during the dry seasons, with drought conditions

becoming weaker, suggesting that the catchment areas were

becoming wetter. Nyatuame and Agodzo (2017) also analyzed

extreme rainfall events (drought and flood) over Tordzie

watershed in the Volta Region of Ghana, which is in the coastal

river basin. Tordzie is a trans-boundary basin shared between

Ghana (1,865 km2) and Togo (363 km2). Drought analysis

based on 3, 6, 9, and 12—month time scales showed that

drought intensity was inversely proportional to its duration,

meaning that as drought frequency increased its corresponding

duration decreased.

5.6. Sedimentology and water-induced
soil erosion

Sedimentology refers to the hydrological science of sediment

erosion, flow and deposition in river channels and lakes. River

channel and lake siltation have resulted in reduced channel

and lake capacities to carry and hold water and may lead to

floods. Sediment yield data is important in many respects, for

example, in the design of hydro-turbines. Kusimi (2014) stated

that “fluvial sediment yield data is an essential requirement for

informed decision making on water resources development and

management. However, information on the sediment load of

most rivers is very rare due to the lack of financial resources

to regularly undertake sediment yield studies.” Sediment studies

in Ghana are few (e.g., Akrasi and Amisigo, 1993 and Akrasi,

2005; Akrasi and Ansa-Asare, 2008) and undertaken mainly

by the Water Research Institute (WRI) of Ghana, covering

the Volta lake, the Pra river, and some other selected rivers.

Through field data collection and spatial modeling on the Pra

river basin, Kusimi (2014) ascertained stakeholder’s perceptions

on fluvial erosion and suggested remedial measures to the

problem. Braimah and Agodzo (2014), in the study of the

Bontanga irrigation reservoir in northern Ghana, reported

sediment deposition rates of 66.0 and 63.5 mm/y at the right and

left bank intake structures, respectively, arguing that in 4 years

from the time of the study, the entry to the intake structures

could be blocked if remedial action was not taken.

Remedial actions for improving stream flow involve

dredging of sand from the river channel and shorelines to

deepen the original river channel and prevent the proliferation

of both submerged and floating aquatic weeds. The benefit

of harvesting of aquatic weeds and converting the harvested

weeds into commercially useable forms such as organic fertilizer,

animal feed, gas for domestic use or power generation, cannot

be over-emphasized. Dredging of the lower Volta especially at

its estuary had taken place in piecemeal approach in the past but

the Volta River Authority (VRA), since 2015, has made plans

to dredge the lower Volta from Akuse to its estuary at Anyanui

(Volta Region) and Ada (Greater Accra Region). This again was

stalled in 2020 due to the COVID pandemic.

Water-induced soil erosion is pervasive in Ghana and has

threatened agricultural production due to loss of agricultural

soils and soil fertility, the most affected parts being the savannah

zones in northern Ghana. Lowering agricultural production

through water-induced erosion could lead to socioeconomic

decline (Kusimi, 2014; Tesfahunegn et al., 2021). For instance,

in the savannah zone of Ghana land area of 35,172 km2 is

affected by slight-to-moderate sheet erosion and 27,306 km2 by

moderate-to-very severe sheet and gully erosion (Tesfahunegn

et al., 2021). The water-induced erosion has been exacerbated

due to climate change factors like rampant removal of

vegetation cover through bushfires, deforestation, overgrazing,

harvesting of firewood, and non-compliance of citizens with the

environmental regulations. For example, riverine areas are to

be protected through the establishment of a 50m buffer zone

on either bank of streams and rivers but removal of vegetation

cover right to the edge of streams and rivers for agricultural

and other purposes is very common. Adama (2003) and Peprah

et al. (2016), cited by Tesfahunegn et al. (2021), stated that

“despite the severe impact of soil degradation on ecology and

human welfare and development, investments in sustainable soil

and land management are low in countries such as Ghana.”

The establishment of vegetation cover as a water conservation

measure is just not appreciated.

6. Water uses

6.1. Consumptive water uses (water
supply, irrigation, and livestock watering)

It is estimated that the total water withdrawal as a percentage

of total renewable water resources is about 2%. Water uses in

Ghana are categorized as consumptive and non-consumptive

uses. The consumptive uses include water supply, irrigation and

livestock watering. The non-consumptive uses include inland

fisheries, water transport, hydropower generation, tourism,

and environmental uses. The estimated share of consumptive

water uses is 37% for water supply, 48% for irrigation and

livestock watering and 15% for industrial use (Ministry of Water

Resources, Works and Housing, Ghana (MWRWH), 2007).

Estimated consumptive use of water in Ghana for 2020 was

about 5 billion m3, working out to some 10% of the total surface

water resources of 53.2 billion m3 (Table 4). There are deficits

in water supply coverage and the 2004 estimates for urban

and rural coverage were 55 and 51.6%, respectively. Estimated

area actually under irrigation in 2020 was 100,000 ha (Ministry

of Water Resources, Works and Housing, Ghana (MWRWH),

2007) but other estimates put this figure higher. For at least two
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TABLE 4 Estimated consumptive and non-consumption use of freshwater resources from 2000 to 2020.

Sector Year 2020 % withdrawals

2000 (106 m3) 2010 (106 m3) 2020 (106 m3)

Water supply

Renewable freshwater resources 53,200 53,200 53,200

Water demand

Rural water supply 166.6 231.9 321.0 0.60

Urban water supply 320.6 523.6 616.0 1.16

Hydro-energy 37,843 37,843 37,843 71.13

Irrigated agriculture 617.45 2,132.42 4,114.42 7.73

Livestock 31.9 49.1 74.8 0.14

Total withdrawal for rural and urban water 487.2 755.5 937.0 1.76

Total withdrawal for water supply, irrigation and livestock 1,136.55 2,937.02 5,126.22 9.63

Cumulative demand 38,979.59 40,779.79 42,969.22 80.76

Modified by authors from Ministry of Works and Housing (MWH) (1998), WRC (2005), and Yeleliere et al. (2018).

cropping seasons in the year, irrigation demand could be 1,000

mm/y. This works out to about 1 billion m3 of water withdrawn

for irrigated agriculture in the year, amounting to about 20%

of the total water demand for water supply, irrigation and

livestock. In 2020, about 2% of the total water withdrawn went

into urban and rural water supply and about 8% into irrigation

and animal watering. Irrigation water withdrawal accounted for

about 54% in 2000 about 80% in 2020 of the total withdrawals

for consumptive purposes.

Per capita water resources in Ghana decreased from 2,890

m3 in 2000 to 1,760 m3 in 2020, working out averagely to about

56.5 m3/y over the period, even though this may not be a linear

decrease. At an assumed average per capita consumption of

water of 50 l/p/d, estimated daily water demand for the 2021

population of 31 million people stands at about 566 million

m3/y, amounting to about 1% of the renewable freshwater

resources. As the capita freshwater consumption increases, the

demand will correspondingly increase in the face of population

growth. Current water supply systems are overstretched and it is

further estimated that about US $ 240 million is required per

year as capital expenditure in urban and rural water supply.

According to UPgro African Groundwater Country Study

(2020), “over 95% of groundwater use in Ghana is for domestic

water supply, mostly in rural areas and small towns. Overall,

around 41% of households in Ghana depend on groundwater for

their water supply—this is generally much higher in rural areas

(59%) than urban areas (16%). However, there are some urban

areas, in the Upper East and Upper West regions, where 80% of

the urban population depend on groundwater for their primary

water supply. Less than 5% of groundwater in Ghana is used

for irrigation and watering of livestock and poultry. Industrial

use of groundwater in Ghana accounts for <1% of the total

groundwater use. This includes large-scale commercial bottled

water companies in the south of the country.”

Irrigation from a policy perspective in Ghana is classified as

formal, informal, and commercial but its potential and structure

are not well-understood. Formal irrigation is developed

and managed by government through the Ghana Irrigation

Development Authority (GIDA). Informal irrigation in Ghana

involves the individual and private-initiated schemes. The

commercial schemes include export-led schemes that use the

high-end irrigation systems to produce fruits, vegetables, and the

ornamentals for export. Ghana’s irrigation potential, including

valley bottoms and floodplains, is put at between 0.36 and

2.9 million ha (Agodzo and Bobobee, 1994) but as mentioned

earlier, Ministry of Water Resources, Works and Housing,

Ghana (MWRWH) (2007) put actual area under all forms of

irrigation at about 100,000 ha. This is said to account for

an estimated 66.4% of the total water withdrawal for water

supply, irrigation, and animal watering. The formal schemes

constitute between 22 and 50 projects dotted around the

country and they include the bilateral and multilateral project

funded schemes.

For Ghana, nearly 9.44 million animals (cattle, sheep and

goats) in 2010 would have consumed up to 22 million m3 of

water. This should be equivalent to the maximum safe storage

of the Bontanga reservoir in the Northern Region of Ghana.

Animal production requires provision of adequate water at

vantage locations for the animals and this is necessary for a good

performance of the animal industry in Ghana and elsewhere.

Quite often, when it comes to the construction of dams,

consideration of such facilities for animals comes as after—

thoughts. Direct interventions for animal watering facilities in

Ghana are few and incomprehensive. The huge potentials of the
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animal industry cannot be achieved without adequate provision

of water, where dams provide some options (Agodzo et al., 2014).

6.2. Non-consumptive uses

6.2.1. Inland fisheries

The Volta lake offers the most important inland fishing

source and one could count as many as 32 landing sites

which often also serve as marketing centers. Among these are

Kwamekrom, Tepa Abotoase, Dzemeni, Dambai, Akateng, and

Kpando Torkor. It is estimated that fish from the Volta Lake

contributes to 16% of total catch in Ghana. The coastal lagoons

and the several surface waters, in addition to fish farming, also

offer additional sources of fish. Denyoh (1971), cited by Freeman

(1974), reported that when Volta Lake started to form in 1964,

it changed the inland fishing landscape, arguing that before the

construction of the Volta Dam at Akosombo and its subsequent

formation of the lake, there were not more than 2,000 fishermen

operating in the Volta basin and they were mainly nomadic

fishermen. The post lake formation fishing activities increased

and fishing village surveys conducted in 1968 and 1969 revealed

at least 10,000 fishing villages with 20,000 fishermen scattered

along the lake shore. The estimated number of fishing canoes

was between 11,000 and 14,000 and estimated fish catch in

1969 as between 50,000 and 70,000 MT/y, compared with about

10,000 MT/y from the previous riverine fishery. The 2014–

2017 Sector Medium Term Development Plan (SMTDP) of the

Ministry of Fisheries and Aquaculture Development (MOFAD)

targeted fish catch of 100,000 MT/y by 2017 (MOFAD/Fisheries

Commission, 2014) but such a projection is well below the actual

fish catch.

6.2.2. Inland water transport

Water transport is common in places inaccessible by road,

using small canoes but the notable inland water transport

facilities are run by the Volta Lake Transport Company

(VTLC) which was officially incorporated in 1970 to operate

river transportation for passengers, bulk haulage of petroleum

products and cross-lake ferry services along the Volta Lake. It

conveys passengers and bulk goods between Akosombo (Eastern

Region), in the south and Buipe (Savannah Region) in the north,

additional to other landing sites in the Brong Ahafo, Volta and

Oti Regions.

According to Solomon et al. (2021), operations of VLTC

involve the use of flat-bottom river ferries. Goods transported

from the north to Akosombo are further transported by

road to Accra and Tema and distributed to other business

centers. Also, passenger ferries and water-buses are used to

transport human traffic and automobiles from one town to

the next across the Volta river and this is referred to as

“ferry-crossing.” The company’s current operational stations

are Yeji, Dambai, Kete Krachi, Adawso, and Akosombo. VLTC

has a ferry fleet of nineteen (19) made up of passenger

vessels/water buses, cargo ferries and barges and carries the

average of 647,000 passengers and 57,000 cars per year, on

all its ferries (NASA, 2018; Solomon et al., 2021). According

to Inros Lackner AG (ILAG, 2014), cited by Solomon et al.

(2021), there are 500 informal boats operating on the Volta

Lake. These are wooden boats powered by motors. They also

carry passengers, fishes, farm produce, and charcoal amounting

to 112,000 MT annually. The estimated cargo carried every

year on the lake is 255,000 MT. The larger part is carried by

VLTC and is composed mostly of oil products and cement

(131,000 MT); other merchandise includes yam (6,000 MT) and

general cargo (6,000 MT). Inland waterway transport is largely

recognized as the safest, cleanest and most energy efficient

among all land-based modes of transport, yet the Volta lake

has recorded its fair share of accidents in the past due to poor

safely measures.

6.2.3. Hydropower generation

Hydropower accounts for about 40% of total power installed

capacity from 3 hydropower stations: Akosombo (1,020 MW),

Kpong (160 MW), and Bui (404 MW). The Akosombo dam,

completed in 1964, created a man-made lake with a surface area

of about 8,300 km2. About 71% of the renewable surface water

resources go into hydropower generation (Ministry of Water

Resources Works and Housing (MWRWH), 2012).

6.2.4. Tourism

Tourist attractions are offered by the 550 km Ghana’s

shoreline that has about 90 lagoons, additional to estuaries

and associated floodplains (Yankson and Obodai, 1999; Okyere

et al., 2012) offering some exquisite hotels and opportunities

for water sports and bird watching, despite the fact that part

of the shoreline is threatened by sea erosion. The Volta Lake,

the lower Volta river at Sogakope and Ada, and some other

inland waters (e.g., Lake Bosumtwi) offer spectacular views

and opportunities for boat cruises and water sports. Waterfalls

in Ghana serve as tourist attraction sites. There are more

than 10 of them, the majority of which are located in the

Eastern and Volta Regions of Ghana. The landforms in these

two regions provide mountain ranges (Mampong—Akwapim—

Togo ranges) that are suitable for such waterfalls. The notable

water falls are the Boti (Eastern Region), Tagbo (Volta Region),

Fuller (Bono East Region), Kintampo (Bono East Region), and

Wli (Volta Region) waterfalls. The Wli waterfall is the highest

in Ghana and West Africa, cascading through a height of about

80 m.
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6.3. Wastewater

At the turn of the twenty-first century, data on commercial

and industrial wastewater production were virtually non-

existent. Knowledge on safe wastewater use in agriculture

was also virtually non-existent and funding for research into

low-cost treatment of wastewater was unavailable. Wastewater

treatment, especially, low-cost technologies were lacking in

Ghana. Also, at the time, wastewater studies in Ghana were

few (e.g., Anku et al., 1998; International Food Policy Research

Institute, 1998; Cornish et al., 1999; Armar-Klemansu and

Maxwell, 2000; Agodzo et al., 2003) and concentrated on

the economic activities wastewater irrigation generated in

urban and peri-urban Ghana. As time went on concerns

began to grow on the risks associated with the use of such

contaminated waters for the growth of vegetable crops in

the urban and peri-urban areas of Ghana. The International

Water Management Institute (IWMI), largely led the research

component on wastewater use for urban and peri-urban

agriculture in Ghana with notable research works as Obuobie

et al. (2006), Murray and Drechsel (2011), and Drechsel and

Keraita (2014). About 38% of the population dispose of liquid

waste by throwing them in the streets or outside their houses,

21% dispose of liquid waste directly into gutters, 35% in the

compound, and about 1% in other places (Obuobie et al.,

2006). Agodzo et al. (2003) did a study on wastewater use

for agriculture and made some projections. They estimated

2020 wastewater generation as about 760 million m3 per

annum, including stormwater. They stated that if only 10% of

the wastewater generated was used for agriculture, this could

irrigate about 12,700 ha of urban Ghana per annum, generating

employment for about 25,440 farmers and farm income of

US $17.8 million per annum. Available epidemiological studies

on urban and peri-urban agriculture focused on the health

risks and the safe use of wastewater, some of which are

subsequently discussed.

Kwabla (2017) assessed the willingness to grow crops

with treated wastewater and consume same and found that

between 92.6 and 95% of people in Ashaiman and students

in the University of Ghana, respectively, were willing to

do so. The physico-chemical and microbiological qualities of

wastewater studied were deemed to be within the acceptable

WHO standards. Adu-Ofori (2019) evaluated the performance

of domestic sewage ponds in Accra sewage treatment plant

at Legon, in order to determine the suitability of the final

effluent for irrigation and the quality of sludge for manure.

He found that even though removal efficiency of E. coli

was high, it could not meet the Ghana EPA acceptable

standard but recommended the sludge as manure for soil

fertility improvement. Awuah et al. (2014) assessed wastewater

treatment system with flow rates of 720 and 870 m3/d. They

concluded that even though the feacal coliform and heavy

metal levels were low in the wastewater, they could still be

harmful from the point of view their use for irrigation of

vegetable crops and discharge into the natural water bodies.

Pesewu et al. (2017) evaluated the bacteriological water quality

of the wastewater used for irrigation in the vegetable farms

at Korle-Bu Teaching Hospital (KBTH), Accra Metropolis,

Ghana and concluded that mean total bacterial colony count far

exceeded WHO recommended levels for unrestricted irrigation

of crops likely to be eaten raw. Six predominant bacteria

were isolated in the study, recommending that crop growers

should use treated wastewater for farming while processors

and consumers should minimize contamination risks before

consumption. Abass et al. (2016) and Silverman et al. (2013)

also did similar studies with similar health risk conclusions.

Agyemang et al. (2013) designed a sequential batch reactor

wastewater treatment plant that had removal efficiencies of key

parameters such as conductivity, BOD, COD, and ammonia of

between 50 and 100%; though performance for total coliforms,

TSS and turbidity were unsatisfactory. They recommended the

introduction of a slow sand filter to improve the removal

efficiency and disinfection before final effluent discharge into the

Atonsu stream.

Murray and Drechsel (2011) studied the reasons for the

failure of liquid waste management facilities, reporting that

with about 70 decentralized systems throughout Ghana, <10

(14%) are operating effectively. Comparing the successful and

the unsuccessful facilities, the research revealed important

differences in the operation and maintenance (O&M) strategies,

financing schemes and incentive structures in the successful

vs. unsuccessful facilities. They agreed that this may not be

unique to Ghana and recommended effective planning and

funding to improve sanitation services that can positively

impact on environmental and public health. Biodigester

wastewater treatment systems are now available commercially

with the increasing housing estates being developed in

the cities.

7. Existing water legislation and
climate policy

7.1. Water legislation and water sector
institutions

In the legal context, water governance issues are handled by

various institutions created by Acts of Parliament as detailed in

Table 5. Their water-related mandates, objects and/or functions

are also shown. Under customary law, water is considered

a common good and vested in stools, communities, and

families and this does not create private ownership over such a

resource (Ofori Boateng, 1977). Rules evolved under customary

law, governing domestic uses, animal watering, and fishing.

This leads to certain management choices, an example of

which is determining whether an upstream or downstream
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part of a river could be used for drinking, washing, and

animal watering. Fishing days are also determined and some

riverine forest are also protected from encroachment. The

sacredness of water and its customary use are also shrouded in

religious beliefs.

The Water Resources Commission (WRC) is the umbrella

institution mandated to regulate all water issues, particularly

water withdrawal issues, since all water is considered vested

in the state. Some of the institutions include the Ghana

Meteorological Services (GMet), Ghana Water Company

Limited (GWCL), Ghana Irrigation Development Authority

(GIDA), Environmental Protection Agency (EPA), Community

Water and Sanitation Agency (CWSA), Volta Lake Transport

Company (VLTC), Volta River Authority, Bui Power Authority,

Public Utilities Regulatory Commission (PURC). The Ghana

Standards Authority (GSA) ensures high quality of goods

imported and exported and promotes standardization in

industry and commerce, including the water industry. The

Food and Drugs Authority (FDA) operates in the context of

public health and enforces standards for the sale of food,

herbal medicinal products, cosmetics, drugs, medical devices,

and household chemical substances. Food here implies food,

beverages and drinking water. According to Ministry of

Water Resources, Works and Housing, Ghana (MWRWH)

(2007), the Hydrological Services Department (HSD) of the

Ministry of Water Resources, Works and Housing, the Water

Research Institute (WRI) of the Council for Scientific and

Industrial Research (CSIR), and the Ghana Meteorological

Agency (GMet) constitute what is referred to as the Water

Resources Information Services (WRIS) institutions. They

provide data and other water resources related information

and services to support planning and decision making. The

universities also provide training and undertake water research.

The work of the Forestry Commission (1999, Act 571)

and Minerals Commission (1993, Act 450) have a lot of

bearing on the conservation and utilization of water resources

in Ghana. The interdependence of water and forestry in

terms of water conservation is well-known, requiring the

maintenance of tree cover, particularly at the sources of streams

and rivers.

7.2. Climate-related policy issues on
water

Ghana’s climate-related policy issues on water works on the

principle of recognizing water as a common good; ensuring

adequate mitigating strategies be put in place in support of

vulnerable groups; and minimizing effects of climate variability

and change in the context of adequate land use planning and

enforcement in respect of waterways and flood-prone areas.

Details on the principles, challenges, policy objectives, and

actions are reproduced in Box 1.

8. Implication of study and way
forward

The significant impact of climate change affecting

hydrometeorological parameters directly or indirectly threatens

the services provided by water resources and water sector in

Ghana (IPCC, 2012). According to Obuobie et al. (2012b),

the White Volta basin will be water scarce (50% reduction in

estimated water resource from reference) between 2036 and

2065 and the Pra river basin will be at absolute water scarcity in

same period (46% reduction) without climate change impact.

Amisigo et al. (2015) projected catchment runoff between

2011 and 2050 to reduce by 8.95 and 25.9% in the Volta and

Pra river basins, respectively, under the Ghana dry climate

scenario and increase by 2.28 and 60.9% in same basins under

the Ghana Wet climate scenario, respectively. Bessah et al.

(2020b) also projected 35% reduction in seasonal water yield

from ensemble of five climate models in the Pra river basin

for the period 2020–2049. Densu river basin is projected to

reduce water resources by 58.3% between 2051 and 2080 under

climate change (Oti et al., 2020). These projections could affect

groundwater recharge negatively thereby reducing groundwater

resources. Mean basin runoff across 28 basins under Ghana dry

climate scenario is projected to reduce by 17.14% and under

the Ghana wet climate scenario to increase by 34.25% in the

period 2011–2050 (Amisigo et al., 2015). Atiah et al. (2020)

reported decreasing trend of wet extreme indices over the Volta

basin while Oguntunde et al. (2020) projected an increasing

magnitude and frequency of severe drought over the Volta

Basin under four (4) global warming scenarios.

Some implications are as follows:

a) Rainfall studies in Ghana have not been conclusive

on trends. Some reported increasing trends and others

decreasing trends over the years. More frequent extreme

events have been reported suggesting that human behavior

is exacerbating these events globally. Accra, for example,

has been flooded almost every year in the past 20 years

or more and that trend seems to be continuing. The

Accra floods have not only been attributed to extreme

rainfall events but also poor city planning, increased

paved surfaces, removal of natural vegetation, inadequate

drainage systems, and negative human behavior. Forest

cover loss and artisanal mining activities in some of

the river basins, particularly in the Eastern and Western

Regions of Ghana, have not only led to the drying up of

some of the streams but also caused excessive erosion and

siltation and pollution of the river systems. The political

will appears not be there to tackle these issues head-on.

Frontiers inWater 14 frontiersin.org

https://doi.org/10.3389/frwa.2022.973825
https://www.frontiersin.org/journals/water
https://www.frontiersin.org


Agodzo et al. 10.3389/frwa.2022.973825

TABLE 5 Water sector institutions, their legislative frameworks and water-related mandate, object, and/or functions.

Water sector
institution

Legislative
framework

Water-related mandate, object, and/or functions

Water Resources Commission 1996, Act 522

2001, LI 1692

(a) Propose integrated water resources management plans to guide the utilization, conservation,

development and improvement of water resources; (b) initiate, control and co-ordinate activities

connected with the development and utilization of water resources; (c) grant water rights; (d) Collect,

collate, © store and disseminate data or information on water resources; (f) engage water sector agencies to

undertake scientific investigations, experiments or research into water resources (g) monitor and evaluate

programmes for the operation and maintenance of water resources; (h) advise the Government on any

matter likely to have adverse effect on the water resources; (i) advise pollution control agencies in Ghana

on matters concerning the management and control of pollution of water resources; and (j) perform such

other functions as are incidental to the foregoing.

Volta River Authority 1961, Act 46

1962, Act 95

(a) Generation of electrical power for general industrial, commercial and domestic uses, by the means

determined by the Authority, and in particular in the first instance, by the construction and operation of a

dam and hydro-electric generating station in the vicinity of Akosombo; (b) supply of electrical power

generated by the Authority to distribution companies, bulk customers, the township of Akosombo and

Kpong, and any other consumer in Ghana or elsewhere under an arrangement agreed upon between the

Government and the Authority; (c) the provision, when and so far as practical, of facilities and assistance

for the development of the lake as a source of fish, and as a route for the transportation of goods and

passengers, and in any other manner, and (d) the development of the lakeside area for the health and

wellbeing of the inhabitants, and people living adjacent to that area.

Volta Lake Transport 1961, Act 46

1974, LI 862

Provision of lake transport services for both passengers and bulk goods for the North/South operations

and cross lake ferry operations.

Public Utilities Regulatory

Commission

1997, Act 538

2010, Act 800

Regulation of the standard of water services including the quality of drinking water provided by the Ghana

Water Company Limited and also the tariff set by the company for urban water supply.

Hydrological Services

Department

No legal framework Programming and co-ordination of coastal protection works, construction and maintenance of storm

drains countrywide and the monitoring and evaluation of surface water bodies in respect of floods.

Ghana Water and Sewerage

Corporation

Ghana Water

Company Limited

1965, Act 310

1993, Act 461

1999, LI 1648

(a) Abstraction, treatment and supply of potable water to urban communities; (b) planning and

development of water supply systems in urban communities in Ghana; (c) conduct research and

engineering surveys relative to water and related subjects; (d) contracting out the design, construction,

rehabilitation and expansion of existing as well as new water supply infrastructure; (e) provision of quality

service delivery to consumers in respect of quantity and quality of water supplied; (f) periodic submission

of proposals to the Public Utility Regulatory Commission for tariff review.

Ghana Meteorological Agency 2004, Act 682 2019,

Act 1002

Provide meteorological services in the country and ensure the operation and maintenance of international

standards and practices in meteorology in the country.

Ghana Irrigation

Development Authority

1977, SMCD 85 (a) Formulate plans for the development of irrigation; (b) develop the water resources of the country for

irrigated farming, livestock improvement and fish culture; (c) execute comprehensive programmes for the

effective use of irrigated lands in co-operation with any other agencies involved in providing extension

services to farmers; (d) carry out land-use planning in areas earmarked for development in order to

conserve the soil and water resources in those areas; (e) lay out the environs of each project area for

housing purposes and for the provision of any other social amenities; (f) co-operate with any other

agencies for safeguarding the health and safety of the population living within and around irrigation

project areas; (g) undertake any other activities that are incidental or conductive to the performance of its

functions under this Act.

Environmental Protection

Council

Environmental

Protection Agency

1974, NRCD 23a

1976 SMCD 58

1994, Act 490

(a) Advise the minister on the formulation of polities on all aspects of the environment and in particular to

make recommendations for the protection of the environment; (b) coordinate activities of bodies

concerned with the technical and practical aspects of the environment and to serve as a channel of

communication between such bodies and the ministry; (c) coordinate activities of such bodies as it

considers appropriate for controlling the generation, treatment, storage, transportation and disposal of

waste.

Community Water and

Sanitation Agency

1998, Act 564 Facilitate the provision of safe water and related sanitation services to rural communities and small towns.

Water Research Institute of

the Council for Scientific and

Industrial Research

1996, Act 521 Undertake research into all aspects of water resources (both living and non-living) of Ghana in order to

provide scientific and technical information and services needed for sustainable development, utilization

and management of the resources for socioeconomic advancement of the country.

Bui Power Authority 2007, Act 740

2020, Act 1046

(a) Generate electrical power for general industrial and domestic use, and the operation of the dam and the

hydroelectric generating station in the vicinity of Bui; (b) Construct a transmission system for the

evacuation of the electrical power generated at the dam to the national electricity grid; (c) Supply the

electrical power generated at the dam to a public utility licensed under the Energy Commission Act, 1997

(Act 541) responsible for the transmission or distribution of electrical power to the public, the township of

Bui and its environs, and any other consumer in Ghana or elsewhere under an arrangement agreed on

between the Government, the Authority, a consumer and the Electricity Company of Ghana or any other

public utility licensed under the Energy Commission Act 997 (Act 541); (d) Provide facilities and

assistance for the use of the lake so created by the construction of the dam for multipurpose uses.

(Continued)

Frontiers inWater 15 frontiersin.org

https://doi.org/10.3389/frwa.2022.973825
https://www.frontiersin.org/journals/water
https://www.frontiersin.org


Agodzo et al. 10.3389/frwa.2022.973825

TABLE 5 (Continued)

Water sector
institution

Legislative
framework

Water-related mandate, object, and/or functions

Ghana Standards Authority 1973, NRCD 173 (a) Establish and promulgate standards with the object of ensuring high quality of goods, produced in

Ghana, whether for local consumption or for export; (b)Promote standardization in industry and

commerce;

Food and Drugs Authority 1992, PNDCL 305b

2012, Act 851

Provide and enforce standards for the sale of food, herbal medicinal products, cosmetics, drugs, medical

devices and household chemical substances.

Compiled by Authors from the gazetted laws on the establishment of the institutions.

BOX 1 | Climate—related policy issues on water in Ghana (Ministry of Water Resources, Works and Housing, Ghana (MWRWH), 2007).

“Principles

(i) Recognize water as a finite and vulnerable resource, given its multiple uses;

(ii) Coordinate water resources planning with land use planning; and

(iii) Adopt the river basin (or sub-basin) as a planning unit;

Challenges

(i) Ensure adequate response strategies are in place; and

(ii) Ensure adequate support to vulnerable people for implementing their own coping strategies.

Policy objectives

(i) Minimize the effects of climate variability and change; and

(ii) Institute measures to mitigate the effects of, and prevent damage caused by extreme hydrological occurrences (floods and droughts).

Policy measures and/or actions

(i) Construct flood protection structures at appropriate locations;

(ii) Apply appropriate technologies to provide the necessary information for detection and early warning systems for floods and drought;

(iii) Establish and enforce appropriate buffer zones along river banks including measures to compensate for loss of lands;

(iv) Ensure that land-use planning/building regulations are adequate and enforced in respect of waterways and flood-prone areas;

(v) Provide water conservation structures of adequate capacity after carrying out environmental assessments consideringmultiple uses (e.g., fisheries

and tourism) and removing conflicts (e.g., fencing of intakes in dams to allow for restricted fishing);

(vi) Ensure rainwater harvesting techniques are incorporated into the building code and enforced; and

(vii) Ensure implementation of mitigation strategies in consultation with affected communities.”

b) Drought studies are limited but the least rainfall recorded

in Ghana in recent history was in 1983. Evapotranspiration

studies are almost non-existent but changing climate

suggests higher water deficits across the country due to

higher evaporative demand. The cropping calendar has

been changing and agricultural activity has been impacted

in different ways at different locations across the country.

c) Sediment studies in the lower Volta suggested that

settlements on the banks of the river should consider

relocating on higher ground due to possible future floods

exacerbated by the siltation of the river channel.

d) Per capita water resources in Ghana decreased from

2,890 m3 in 2000 to 1,760 m3 in 2020, working out

averagely to about 56.5 m3/y over the period, even though

this may not be a linear decrease. As the population

increases, this will continue to decrease. However, demand

for water for agriculture, domestic and industrial uses

have increased. This means that one cannot continue

with business as usual in water resources management.

Ghana’s climate-related policy issues on water works on

the principle of recognizing water as a common good;

ensuring adequate mitigating strategies be put in place in

support of vulnerable groups; and minimizing effects of

climate variability and change in the context of adequate

land use planning and enforcement in respect of waterways

and flood-prone areas. On paper, it looks very good

but, in implementation, it does not since such regulating

agency as the WRC is not even well-equipped to carry out

its mandate.

e) Hydropower generation has been affected in the past due

to decline in reservoir water levels attributed partly to

declining rainfall. Rural water supply comes mainly from

groundwater sources, but the full picture is not clear

regarding groundwater availability. Drying up of wells are

widely reported at local levels, probably due partly to low

recharge and high evaporative demand.

Due to climate change, the implementation of integrated

water resources management (WRM) should be considered

more seriously. This should include strict enforcement of

water conservation laws, especially along buffer zones. In

view of better land use planning, urban greening instead

of pavement construction should be encouraged in order to

increase infiltration capacity and curtail runoff volume which

would eventually reduce flooding. The IWRM intervention

should also consider increased financial resource allocation to

awareness creation and education, and relief services for the

vulnerable during climate change disasters.
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9. Conclusion

An extensive narrative review approach is adopted to present

existing information on the consumptive and non-consumptive

uses of water in Ghana and their related issues, such as floods

and droughts, climate and the environment. Several water issues

have been put in one volume, enabling the reader to appreciate

the full picture of water related issues.
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