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Abstract: 
Using data from the most recent Ghana Statistical Service Annual Household Income and Expenditure Survey (AHIES), this descriptive study examines the sources of drinking water, rankings, and correlations in Ghanaian household for 41,510 respondents. Sachet water, protected wells, pumped borehole wells, rivers or streams, and pipes that are carried outside of homes but come from public stand pipes are Ghana's top five sources of drinking water. The first three primary sources of household drinking water, which together make up 68.4% of Ghana's total primary sources of household drinking water as of 2023, did not show any positive correlation, using the Spearman rank correlation model, and the estimates are all significant at the five percent level of statistical significance. Since 78 percent of urban household sampled use sachet water and the Ghana Water Company Limited is unable to meet its production target in these areas, the government of Ghana, water management authorities, policymakers, and other pertinent stakeholders must intensify their monitoring and assessment strategies on sachet water production.
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[bookmark: _Hlk212231261]1. Introduction  
[bookmark: _Hlk212306865][bookmark: _Hlk212306923]The provision of domestic water to ensure domestic water security has been restructured and reformed since Ghana gained its independence in 1957. Access to clean water is a fundamental human right (United Nations, 2018). It has an impact on all social processes and the environment in addition to people. Because it maintains the earth's living elements and alters its non-living ones, water plays a crucial role in the global ecosystem (Eludoyin & Olanrewaju, 2021). One of the main sources of hydration is water, which also contains minerals like calcium, iron, fluoride, sodium, and potassium. Water is a basic human necessity that is closely related to every facet of the expansion and advancement of society. One of the main forces behind inclusive, sustainable economic growth is water. All facets of the global economy, including industry, mining, energy, transportation, health, and agriculture, benefit from its growth and development. Water, then, offers a reliable means of lifting underprivileged societies out of poverty (Quansah et al., 2019). 
Nature has abundantly supplied fresh water to meet the world's present and future water needs (Cosgrove & Loucks 2015; Falkenmark & Lindh, 2019; Alba & Kanesu,2024).  Nevertheless, its distribution and accessibility are not uniform (Cosgrove & Loucks 20,015; Gomez et al. 2019). Despite making up roughly 71% of the earth's surface resources, only 0.3 percent of it is suitable for human consumption as freshwater (Dos Santos et al. Khatri &Tyagi, 2015). Chemical and fecal contamination further reduces the small amount of fresh water that is suitable for human consumption (Dongzagla et al. 2021). Low water infrastructure investment, (Achore et al. 2020; Venkataramanan and associates. 2020), inadequate water infrastructure management (Khatri & Tyagi, 2015), and deficient aquifers brought on by growing aridity (MacDonald et al. 2009) prevails in many sub-Saharan African countries. 
Although stakeholders have made great progress in addressing the global water insecurity issue, approximately 21.1 billion people, or 27% of the population, do not have access to safely managed water, and 844 million people experience acute shortages or lack of basic drinking water services globally (WHO and UNICEF, 2021). Also, water quality suffers as a result of localized pollution events brought on by illicit mining in Ghana (Yeleliere et al. 2018). As a result, most of urban and rural areas do not have access to pipe networks, so households must source for alternate water supply for their use and ensuring their domestic water security. However, there is evidence that the availability of primary drinking water sources in Ghana and other parts of Africa is influenced by the geographic location of households (Agodzo et al., 2023, Amoah, 2020; Apia-Effah et al., 2021; Frimpong at al., 2021; Kumi et. al., 2018).
 Accessing safe drinking water or domestic water security, is a major problem for developing nations, particularly those in sub-Saharan Africa where it is predicted that by 2030, demand for water will likely outstrip supply (Negoianu & Goldfarb, 2008). In any social setting, the lack of clean water leads to numerous health problems, (García-Ávila et al. 2023; Hutton & Chase , 2016). Also water quality suffers as a result of localized pollution events brought on by illicit mining in Ghana (Yeleliere et al. 2018). As a result, most of urban and rural areas do not have access to pipe networks, so households must source for alternate water supply for their use. However, there is evidence that the availability of primary drinking water sources in Ghana and other parts of Africa is influenced by the geographic location of households (Agodzo et al., 2023, Amoah, 2020; Apia-Effah et al., 2021; Frimpong at al., 2021; Kumi et. al., 2018). 
Therefore, it is essential to conduct a study that includes an empirical analysis of the primary source of drinking water that Ghanaian households have access to, used interchangeably for domestic water security in the study. It is worthwhile to conduct an empirical investigation into this study because rising household expenditures and dependence on the primary source of drinking water tend to make it the most traded household product on the open market. This study aims to empirically close the gap by examining the various alternative sources of domestic water supply that have been added to meet household domestic water needs, but have not been thoroughly documented and examined in Ghana as of 2023. 
The following is the outline and structure of the study. An explanation of the introduction, selected empirical model, and study expectations is given in Section 1. The methodology and data source are provided in Section 2. The results and discussion are shown in Section 3, the penultimate section. Section 4 finally contains the study’s conclusion and recommendations.

1.1 Empirical model 
Data accessibility affected the study's empirical model's design. As of 2023, Ghana’s households drinking water sources characteristics are categorized using a general model that includes some highly specific features. The following is the expression for the empirical Ghana’s household main sources of drinking water model.
DRnKwtrSrCei = f(pbidi + pbidoCi+pbPSi +bPWelli + PWelli+ RWSi + PSSi+ BWSi+ SWSi+ TSVPi + UWSi+ USSi + RSSsi + DPLDCi + dewi)                                                                 (1)

i = 1…..41,510.

Table 1 describes the variables used in the empirical model.
Table 1. Description of the empirical model variables.
	Empirical model variable
	Description

	[bookmark: _Hlk202728307]DRnKwtrSrCe
	Sources of households drinking water as of 2023

	[bookmark: _Hlk202728235]pbid
	[bookmark: _Hlk202728451]Pipe-borne water  at dwelling

	pbidoC
	Pipe-borne water  out of dwelling but on compound

	pbPS
	[bookmark: _Hlk202785612]Pipe-borne  water outside dwelling  place                   

	PStsP
	public standpipe water

	[bookmark: _Hlk202732300][bookmark: _Hlk202785448]bPWell
	Pumped borehole well

	PWell
	Protected well sources

	RWS
	Rain water sources

	PSS
	Protected spring sources

	BWS
	Bottled water sources

	SWS
	Sachet water sources

	TSVP
	Tanker supply and Vendor provided sources

	UWS
	Unprotected well sources

	USS
	Unprotected spring sources

	RSSs
	[bookmark: _Hlk202785505]River or Stream

	DPLDC
	Dugout, Pond, Lake, Dam, Canal sources

	dewW
	Dew sources of water 

	AVGSWS
	   

	AVGbPWell
	DRnKwtrSrCe  

	AVGPStsP
	DRnKwtrSrCe 



1.2 Study expectations
As of 2023, the study anticipates that pipe-borne water at dwelling will continue to be the primary source of drinking water in some Ghanaian homes, and that   > 0, ceteris, paribus. As of 2023, it is anticipated that some households in Ghana will continue to use pipe-borne water outside of their dwellings but on their compound as their primary source of drinking water, and that  > 0, ceteris, paribus. Once more, it is anticipated that by 2023, some households in Ghana will continue to use pipe-borne water outside of their dwellings as their primary source of drinking water and that, ceteris, paribus,  > 0. The study expects that, ceteris, paribus,  > 0, and that, by 2023, some households in Ghana will continue to use pipe-borne outside of their homes but from public standpipes as their primary source of drinking water. The study expects that as of 2023, pumped borehole well is continuously used by some households as the main drinking water source in Ghana and that,  > 0, ceteris, paribus. The study anticipates that, ceteris, paribus,  > 0, and that, by 2023, some households in Ghana will continue to use protected well sources as their primary source of drinking water. The study anticipates that, ceteris, paribus,  > 0, and that, by 2023, some households in Ghana will continue to rely on rainwater as their primary source of drinking water. The study anticipates that, ceteris, paribus,   > 0, and that, by 2023, protected spring sources will continue to be the primary source of drinking water for some households in Ghana. Once more, the study anticipates that, ceteris, paribus,   > 0, and that, by 2023, bottled water sources will continue to be the primary source of drinking water for some households in Ghana. The study anticipates that, ceteris paribus, ∂SWS/∂DRnKwtrSrCe > 0, and that, by 2023, some households in Ghana will continue to use sachet water sources as their primary source of drinking water. 
The study anticipates that, ceteris, paribus, ∂TSVP/∂DRnKwtrSrCe > 0, and that, as of 2023, tanker supply and vendor-provided sources will continue to be the primary source of drinking water for some households in Ghana. The study expects that as of 2023, unprotected well sources are used as the main drinking water source by some households in Ghana and that, ∂UWS/∂DRnKwtrSrCe > 0, ceteris, paribus. The study anticipates that, ceteris, paribus, ∂USS/∂DRnKwtrSrCe > 0, and that, as of 2023, unprotected spring sources will continue to be the primary source of drinking water for some households in Ghana. The study anticipates that, ceteris paribus, ∂RSSs/∂DRnKwtrSrCe > 0 and that, by 2023, some households in Ghana will continue to rely on rivers or streams as their primary source of drinking water. The study anticipates that, ceteris, paribus, ∂DPLDC/∂DRnKwtrSrCe > 0 and that, as of 2023, some households in Ghana will continue to rely on dugout, pond, lake, dam, and canal sources as their primary source of drinking water. The study expects that, ceteris paribus, ∂dewW/∂DRnKwtrSrCe > 0 and that, as of 2023, dew water will be the primary source of drinking water for some households in Ghana.

2. Methodology
Estimates of the household sources of drinking water are made for the first, second, and third rankings, respectively. The correlations between them are determined using the Spearman correlation model at a statistical level of significance of 5 percent. When there are numerous ties in the rankings, the Spearman correlation model, a non-parametric test that is independent of the assumption of normality, may not function well. The Spearman command is used to model and estimate the Spearman correlation model estimates using Stata statistical software.
2.1 Data source
A thorough dataset on household demographics, income, employment, and other pertinent factors is provided by the Ghana 2023 Annual Household Income and Expenditure Survey (AHIES). 10,800 households in 600 enumerated areas participated in the Ghana Statistical Service's nationally representative high-frequency household survey. Of these, 304 enumerated areas, representing 50.67 percent, were in urban areas and 296 enumerated areas, representing 49.33 percent, were in rural areas. To generate regionally representative GDP expenditures, a random sampling technique was used to choose selected enumerated areas across all regions. The AHIES population data sample used in this study is restricted to 41,510 household respondents and is used with permission.

3.  Results and discussion
Table 2 reports the model variables observations and rankings of Ghana households primary sources of drinking water as of 2023.

Table 2. 2023 Household primary Drinking Water Sources Rankings in Ghana
	 variable
	
	observation
	percentage
	cum
	rank

	pbid
	
	1,822
	4.39
	4.39
	7th

	pbidoC
	
	1,939
	4.67
	9.06
	6th

	pbPS
	
	2,234
	5.38
	14.44
	5th

	PStsP
	
	6,908
	16.64
	31.08
	3rd 

	bPWell
	
	9,899
	23.85
	54.93
	2nd

	PWell
	
	927
	2.23
	57.16
	10th

	RWS
	
	230
	0.55
	57.72
	12th

	PSS
	
	14
	0.03
	57.75
	16th

	BWS
	
	192
	0.46
	58.21
	13th

	SWS
	
	11,570
	27.87
	86.09
	1st

	TSVP
	
	480
	1.16
	87.24
	11th

	UWS
	
	970
	2.34
	89.58
	9th

	USS
	
	113
	0.27
	89.85
	14th

	RSSs
	
	2,980
	7.18
	97.03
	4th

	DPLDC
	
	1,209
	2.91
	99.94
	8th

	dewW
	
	23
	0.06
	100.00
	15th


[bookmark: _Hlk202784763]Source: Ghana Statistical Service 2023 AHIES data, based on Author’s analysis.
The 16 main sources of drinking water that are accessible to Ghanaian households are listed and ranked in Table 2. According to the data, the five most common sources of drinking water in Ghana as of 2023 are sachet water, protected wells, pumped borehole wells, rivers or streams, and pipes carried outside of homes but from public stand pipes. These sources account for 80.92 percent of all households drinking water sources in Ghana.
On average, and ceteris paribus, pipe-borne water at dwelling is the primary source of drinking water for 1,822 out of 41,500 people in Ghana as of 2023. As of 2023, pipe-borne water outside of dwelling place but on compound provides the primary source of drinking water for 1,939 households respondents out of 41, 500 people, ceteris paribus. As of 2023, pipe-borne water outside of dwelling place provides the primary source of drinking water for 2,234 households respondents  out of 41, 500 people, ceteris paribus. In Ghana, as of 2023, public standpipe water provides drinking water for 6,908 out of 41,500 people, on average and ceteris paribus. Again, in Ghana, as of 2023, pumped borehole wells provides  drinking water for 9,899 out of 41,500 people, on average and ceteris paribus. On average, and ceteris paribus, protected spring sources is the primary source of drinking water for 927 out of 41,500 people in Ghana as of 2023. As of 2023, rain water provides the primary source of drinking water for 230 households respondents  out of 41, 500 people, ceteris paribus. And as of 2023, protected spring sources provides the primary source of drinking water for 14 households respondents  out of 41, 500 people, ceteris paribus. And as of 2023, sachet water provides the primary source of drinking water for 11,570 households respondents  out of 41, 500 people, ceteris paribus. As of 2023, tanker supply and vendor provided sources provides the primary source of drinking water for 480 households respondents  out of 41, 500 people, ceteris paribus. As of 2023, unprotected well sources provides the primary source of drinking water for 970 households respondents  out of 41, 500 people, ceteris paribus. And as of 2023, unprotected spring sources provides the primary source of drinking water for 113 households respondents  out of 41, 500 people, ceteris paribus. As of 2023, river or stream provides the primary source of drinking water for 2,980households respondents  out of 41, 500 people, ceteris paribus.  And as of 2023, dugout, pond, lake, dam or canal sources provides the primary source of drinking water for 1,209 households respondents  out of 41, 500 people, ceteris paribus. As of 2023, dew provides the primary source of drinking water 23 households respondents out of 41, 500 people, ceteris paribus.

3.1 Households locations and quarterly sachet water usage as of 2023
In Table 3, the locations of the households respondents and the quarterly sachet water usage as of 2023 are analysed. Table 3.
Table 3. Ghanaian household respondents locations and quarterly sachet water usage as of 2023.
	Sachet water
	Quarter 1
	Quarter 2
	
	Quarter 3
	Quarter 4
	Total
	Percentage

	Sachet water
	Urban: 2,375      
Rural:       917
	Urban: 1,974
Rural:      846
	
	Urban: 1,993      
Rural:       764  
	[bookmark: _Hlk202789347]Urban:  1,969           
Rural:       732    
	Urban:  8,311           
Rural:    3,259     
	72%

28%

	Total
	              3,292
	              2,820
	
	              2,757      
	              2,701      
	[bookmark: _Hlk202790281]            11,570
	100


Source: Ghana Statistical Service 2023 AHIES data, based on Author’s analysis.
As of 2023, sachet water accounts for 27.87 percent of the 16 other sources of household drinking water in Ghana, and it is the primary source of drinking water for 11,570 of the 41,510 household respondents in the sample. The largest quarterly consumption of sachet water in 2023 was recorded in the first quarter of 2023, when urban households in Ghana used 28.6 percent of all sachet water as their primary source of drinking water. With 1,969 household respondents reporting that they use sachet water as their primary source of drinking water, the fourth quarter is the least popular for sachet water consumption as the primary source of drinking water in Ghanaian urban households. In Ghana, the first quarter of 2023 also saw an increase in the use of sachet water, which is the primary source of drinking water for households in rural areas. Given that the first quarter of 2023 is still characterized by Ghana's harmattan season, when naturally occurring sources of drinking water have become scarce and water bodies have dried up, it is conceivable that the country's households consumed more sachet water as their primary source of drinking water. Due to factors like urbanization, population growth, and worries about the quality of tap water, sachet water production and consumption have increased dramatically in Ghana in recent years. Sachet water, sometimes referred to as "pure water," is the term for inexpensive, single-use plastic sachets that are sold in both urban and rural areas and contain treated water (Debrah et al. 2021).
Table 3 shows that in 2023, urban households that used household sachet water as their primary source of drinking water accounted for 72 percent of all sachet water consumption, while rural households only accounted for 28 percent. According to Ghanaian law, the Ghana Water Company Limited (GWCL), a state-owned limited liability company, is in charge of providing drinkable water to urban dwellers. The public centralised networked system of urban water supply systems in Ghana is officially and legally owned and maintained by the GWCL. To what degree the GWCL is fulfilling its legal obligations is up for debate. It is unclear how many people are regularly supplied by GWCL, but some estimates place it between 30 and 50 percent of Accra and Kumasi's urban population (Jambadu et al. 2023). River water used for treatment and purification, which the GWCL could sell to the public in a day, is highly contaminated. Additionally, encroachment on their lands, the high cost of production due to the pollution of their water sources, frequent power outages, and the breakdown of deteriorating infrastructure have all hindered the production of GWCL. Inner-city neighborhoods make up the majority of GWCL's infrastructure, and supply is frequently erratic and unreliable, particularly in low-income informal areas (Tutu & Stoler, 2016; Uitermark & Tieleman, 2021). 
Additionally, network expansion is slow or lagging, and peri-urban areas are mainly unserved (Bartels et al. 2018). The GWCL depends on private, occasionally community-led projects to maintain and repair the network and supply water to cities (Alba & Bruns, 2022). These include locals who sell water to their neighbors again, tanker trucks, or producers who package water, which is referred to as ‘sachet water’ in the area (Alba et al. 2022). Although it is recognized, Ghanaian water policies do not formally regulate the supply of water outside of the water company and the network it oversees (Alba et al. 2019). This does not imply that they are uncontrolled or that they do not feel accountable for the distribution of water (Alba & Kanesu, 2024).
3.2 Summary statistics of the model variables estimated in the study
Table 4 presents the summary statistics of the model variables estimated in the study
Table 4. Summary statistics of the model variables analysed
	Variables 
	Mean 
	Std. Dev. 
	Min

	Max

	Obs


	DRnKwtrSrCe
	7.054999
	3.860256
	1
	16
	41,510

	pbid
	0.043893
	0.2048596
	0
	1
	41,510

	pbidoC
	0.0467116
	0.2110231
	0
	1
	41,510

	pbPS
	0.0538184
	0.2256616
	0
	1
	41,510

	PStsP
	0.1664177
	0.3724597
	0
	1
	41,510

	bPWell
	0.022332
	0.4261547
	0
	1
	41,510

	PWell
	0.022332
	0.1477626
	0
	1
	41,510

	RWS
	0.0055408
	0.0742312
	0
	1
	41,510

	PSS
	0.0003373
	0.018362
	0
	1
	41,510

	BWS
	0.0046254
	0.0678536
	0
	1
	41,510

	SWS
	0.278728
	0.4483788
	0
	1
	41,510

	TSVP
	0.0115635
	0.1069114
	0
	1
	41,510

	UWS
	0.0233679
	0.1510707
	0
	1
	41,510

	USS
	0.0027222
	0.0521046
	0
	1
	41,510

	RSSs
	0.0717899
	0.2581429
	0
	1
	41,510

	DPLDC
	0.0291255
	0.1681603
	0
	1
	41,510

	dewW
	0.0005541
	0.0235327
	0
	1
	41,510

	AVGSWS
	0.0077689
	0.0124976
	0
	0.0278728
	41,510

	AVGbPWell
	0.0099215
	0.0222054
	0
	0.0596182
	41,510

	AVGPStsP
	0.0010651
	0.0019034
	0
	0.0044664
	41,510


Source: Ghana Statistical Service 2023 AHIES data, based on Author’s analysis.
3. 3 Correlation analysis of Ghana's first three primary household drinking water sources as of 2023.
To ascertain the association between the first three main sources of drinking water for households, the study looks at their correlations. Table 5 displays the findings of the Spearman Correlation Analysis, which is used to estimate the significance of this association.
Table 5. Spearman correlation estimates among the first three main sources of households respondents drinking water in Ghana as of 2023
                      
                                 AVGSWS          AVGbPWell        AVGPStsP

AVGSWS                 1.0000 
                                  41510           
   AVGbPWell         -0.2778*                 1.0000 
                                  41510                    41510
                                  0.0000 
     
    AVGPStsP            -0.3479*              -0.2500*               1.0000 
                                    41510                   41510                  41510            
                                    0.0000                  0.0000
[bookmark: _Hlk203674154]Source:  Ghana Statistical Service 2023 AHIES data, based on Author’s analysis.
*Significant at 0.05 percent.

Using the Spearman rank correlation model, the study found no positive correlation between the first three primary sources of household drinking water, which together account for 68.4% of Ghana's total primary sources of household drinking water as of 2023. Each of the three primary sources is independent of the others, and the estimates are all significant at the 5 percent level of statistical significance.

4. Conclusion and recommendations
This study focused on the primary sources of drinking water for Ghanaian households or domestic water insecurity that responded, representing a range of socioeconomic and geographic contexts. It examined the various sources of drinking water for the domestic households that responded and discovered that, in Ghana, sachet water was the leading primary source of households drinking water source. The study broadens our current knowledge of the management of Ghana's water resources.  This study provides stakeholders with the information they need to promote social participation, which is beneficial for sustainable growth, by evaluating household drinking water sources (Theodoridou et al. 2025). 
Initiatives to give all Ghanaians more equitable and sustainable access to safe and clean drinking water can be guided by the study's ranking of sachet water alternatives as household drinking water sources (Abraham et al. al. Ballantine et al., 2020, Cherunya et al. al., 2015). More than two-thirds of the earth's surface is covered by water, yet the majority of it is salty and unfit for human consumption, highlighting the significance of universal access to clean drinking water, (WHO and UNICEF, 2021). 
It is crucial that Ghana's government take action to ensure that everyone has access to affordable, clean water. The government of Ghana must ensure that everyone has access to clean, affordable water by providing and increasing other sources of drinking water in addition to the dominant household reliance on sachet water as household drinking water source (Achore, et al, 2020). The government of Ghana should establish effective management strategies, repair old infrastructure, and implement new technologies for water purification and distribution. For example, dew collection is a source of water that is sustainable and renewable, because it uses the natural water cycle. Gathering dew depends on the natural condensation process, which enables us to access this plentiful resource, in contrast to other sources that might need a lot of energy for extraction and purification (Appiah-Effah et al, 2021; Dos Santos et al., 2017; Alba, & Kanesu, 2024). 
Preventing waterborne illnesses and preserving public health depend on having access to clean drinking water (Eludoyin et al., 2021; Kayoed et. al., 2020; Kumasi, 2018; Lutz et. al., 2014; Morinville, 2017; Parag et. al., 2023). Although water is essential for maintaining life, it is frequently abused and ignored in developing countries (Appiah–Effah et al., 2021; Brown et al. 2020). Since 78 percent of urban households rely on sachet water and the GWCL is unable to meet its production target in these areas, the government, water management authorities, policymakers, and other pertinent stakeholders have to increase their monitoring and assessment strategies. This ensures that sachet water quality standards are strictly regulated and enforced, and it helps sachet water companies identify areas that require improvement so that they can improve the quality of their products in Ghana. The study acknowledges its shortcomings, including the use of cross-sectional data and its reliance on self-reported data that may be distorted by recall bias or social desirability (Addai, 2022).
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