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Introduction: Safe and easily accessible drinking water service generates substantial benefits for public health and the economy. Approximately 10% of the global burden of disease worldwide could be prevented with improved access to drinking water. The death of ~ 30% of children younger than 5 years in developing countries is attributable to inadequate access to improved drinking water. Despite the presence of abundant water sources in Ethiopia, uneven distribution and waste pollution coupled with unprecedented population growth, rapid urbanization, and climate change are hindering the country's ability to maintain the balance between the demand and supply of accessible and improved drinking water services. The importance of up-to-date evidence for actions regarding the distribution of access to improved drinking water services is indicated by the Ethiopian Ministry of Water and Energy. Therefore, this study aimed to explore the spatial distribution and determinants of limited access to improved drinking water service among households in Ethiopia.

Methods: This study used the 2019 Ethiopian Mini Demographic and Health Survey (EMDHS). The data were weighted using sampling weight to restore the representativeness and to obtain valid statistical estimates. After excluding ineligible households, a total weighted sample of 5,760 households was included in the final analysis. The analysis was performed using STATA version 14.2, ArcGIS Pro, and SaTScan version 10.1 software. To find significant determinants with limited access to improved drinking water service, we used a multilevel logistic regression model. A P-value of <0.05 was used to declare statistical significance.

Results: This study found that in Ethiopia, 16.1% (95% CI: 15.2, 17.1) of households have limited access to improved drinking water services. The spatial distribution of households with limited access was identified to be clustered across a few regions of the country (Moran's I = 0.17, p-value < 0.01). The most likely significant primary clusters with highly limited access were seen in the Somali region (RR = 4.16, LLR = 162.8), the border between Amhara and Afar region (RR = 4.74, LLR = 41.6), the border between Oromia and Afar region (RR = 5.21, LLR = 13.23), and the northeastern Tigray region (RR = 2.52, LLR = 9.87). The wealth index, the age of household head, residence, and region were significantly associated with limited access to improved drinking water service. A high rate of limited access to improved drinking water service is predicted in the southwestern part of Gambella, the northeastern part of Oromia, the southwestern part of South Nation Nationalities and Peoples' region, and part of the Oromia region that surrounds Addis Ababa.

Conclusion: Limited access to improved drinking water service in Ethiopia varies across regions, and inequality in the service provision exists in the country. Prioritization and extra level of efforts should be made by concerned government and non-government organizations as well as other stakeholders for those underprivileged areas and groups of the population as they are found in the study.
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Introduction

Safe and easily accessible drinking water service generates substantial benefits for public health, the economy, and the environment. The United Nations General Assembly acknowledged access to clean drinking water is even further essential to the realization of all human rights as well (United Nations Department of Economic Social Affairs, 2010). Limited access to improved drinking water service (LAIDWS) is defined as drinking water where the estimated collection time is more than 30 min for a round trip. According to the World Health Organization, improved water sources include piped water, boreholes or tube wells, protected dug wells, protected springs, and packaged or delivered water (WHO/UNICEF, 2021).

In 2020, ~ 282 million people worldwide had limited access to improved drinking water services (LAIDWS). In the same year, this problem contributed to 829,000 deaths among children younger than 5 years, which accounts for 60% of total diarrheal deaths. The deaths of 35.8% of those children could have been avoided if access to improved drinking water was facilitated (World Health Organization United Nations Children's Fund, 2020, 2021). Similarly, ~ 10% of the global burden of disease worldwide could be prevented with improved access to drinking water, sanitation, and hygiene. The burden of water-related diseases is extremely higher among developing countries and particularly among children younger than 5 years, with ~ 30% of deaths of these children attributable to inadequate access to improved drinking water (Patrick et al., 2023).

Distance is an important determinant of the quantity of water brought to the household, which, in turn, has an impact on infectious diseases and other health problems associated with water carriage (Muluken Azage and Nigatu, 2020). People living in rural Africa must walk an average of 6 km to collect drinking water. A systematic review and meta-analysis revealed that people living far away from an improved water source have a significant increase in illness risk, such as diarrheal diseases (Wang and Hunter, 2010), musculoskeletal disorders, perinatal and mental health problems, and violence against vulnerable people (Patrick et al., 2023). The public health benefit of easily accessible drinking water not only is linked with a reduction in the incidence of various diseases and health-related problems (Andualem et al., 2021) but also has extensive economic benefits that essentially stem from the time gained by not having to walk long distances to fetch water or queue at the source (Abraha et al., 2022).

The Sustainable Development Goal (SDG) 6.1 calls for universal and equitable access to safe and affordable drinking water. This target is tracked with the indicator of “safely managed drinking water services,” i.e., drinking water from an improved water source located on-premises, available when needed, and free from fecal and chemical contamination (World Health Organization United Nations Children's Fund, 2020). Despite the presence of abundant water resources in Ethiopia, improved drinking water service is not accessible to all people equitably. Although there are undeniable signs of progress in the provision of the service, the country still is nowhere closer to achieving SDG number 6.1. There still is room for more advancements in overcoming the problem (World Health Organization United Nations Children's Fund, 2020). One existing reason for this problem is the fact that water resources in the country are either unevenly distributed or are being polluted by industrial, agricultural, and domestic wastes (Falk et al., 2022). On the other hand, a study conducted in 2022 reported that the most important emerging reason is unprecedented population growth and rapid urbanization along with climate change in the country. According to the report, these combinations are hindering the country's ability to keep the balance between the demand and supply of accessible and improved drinking water services (Abraha et al., 2022).

The 2023 report of the Ethiopian Ministry of Water and Energy stated that the current efforts to provide accessible drinking water service among regions in Ethiopia require up-to-date evidence about the distribution of drinking water services in the country. According to the report, the ministry would use this information to operate fair allocation of water resources among cities and regions, to address the existing gaps, and to facilitate the provision of accessible and sustainable water supply (Federal Democratic Republic of Ethiopia, 2023). As a result, identifying a cluster of households with limited access to drinking water service and their determinants can inform such governmental and non-governmental organizations as well as relevant health actors that are working on this area where to give the most emphasis. Therefore, this study aimed to assess the spatial distribution and determinants of limited access to improved drinking water service among households in Ethiopia.



Methodology


Study area

The study was conducted in Ethiopia. Ethiopia is strategically located in the Horn of Africa, 3′ and 14.8″ latitude 33′ and 48′ longitude bordering Somalia, Sudan, Djibouti, Kenya, and Eritrea with a total border length of 5,311 km. It is the 10th largest country in Africa and the second most populous country in Africa with a population of over 115 million. Currently, Ethiopia has 10 regional states which are subdivided into zonal administration and two city administrations (Embassy of Ethiopia in Washington, 2022).



Study design, data sources, and sampling

A secondary analysis of the 2019 EMDHS was conducted in this study. The data collection of the 2019 EMDHS was carried out from 21 March 2019 28 to June 2019. During that time, there were nine regions and two administrative cities. The survey sample was intended to reveal an estimate of key indicators for rural and urban areas of the whole country. The sampling frame of the EMDHS was taken from the 2019 Ethiopia Population and Housing Census (EPHC) that was conducted by the Central Statistical Agency (CSA) of the country. The EPHC created and used a complete list of the 149,093 EAs where, on average, one EA contains 131 households (Ethiopian Public Health Institute, 2021).

The overall sampling procedure of the 2019 EMDHS was a two-stage stratified sampling technique. In the first stage, each of the nine regions including the two city administrations was stratified into urban and rural areas. This revealed a total of 21 sampling strata. In the second stage, samples of EAs were selected from each stratum in two stages. In the first stage of selecting EAs, 305 EAs were selected with the probability sampling technique from a total of 149,093 EAs. Of those EAs, 93 were from urban strata while 212 were from rural strata. Then, the list of households in all selected EAs was recorded. Household listing in large EAs (more than 300 households) was carried out after segmenting the EA and selecting only one segment for the survey so that the task of listing will be minimized. This makes the cluster in the 2019 EMDHS to be either an EA (where the EA is not too large) or a segment of EA (where the EA is larger than 300 households). In the second stage of selecting EAs, 30 households from each cluster were selected with systematic random sampling techniques. Here, the list of households recorded in each selected EA or segment of EA was used as a sampling frame to select the pre-fixed number of 30 households. The interview was conducted among all women who are either permanent residents or visitors who spend at least a night in the selected household and were aged between 15 and 49 years (Croft et al., 2018; Ethiopian Public Health Institute, 2021).

In the 2019 EMDHS, a total of 8,663 households were studied. However, eligible households for this study were those with improved drinking water sources and those who reported the roundtrip time that it takes them to collect the water from that improved source. In this regard, we have excluded 2,892 households that do not have an improved drinking water source and 11 households with an improved water source but did not report the roundtrip time that it takes to fetch the water. As a result, a total weighted sample of 5,760 households was included in the final analysis.



Study variables

The household questionnaire was one of the five questionnaires used for the 2019 EMDHS which we used for the current study. It was based on the DHS program's standard questionnaire and was adapted to reflect the population and households of Ethiopia. It had questions about the list of all the usual members and visitors of the selected households with basic demographic information including age, sex, education, and relationship with the head of the household. It was also designed to collect information on characteristics of the household's dwelling unit, such as the source of water, roundtrip water collection time, type of toilet facilities, materials used for the floor of the dwelling unit, and ownership of various durable goods. The outcome variable of the study was limited access to improved drinking water services. It was coded as a dichotomous variable with possible values of “1” if the household has limited access to improved drinking water service and “0” if the household has basic access to improved drinking water service.

The possible predictor variables were further classified as individual-level and cluster-level variables. Age, sex, wealth index, media exposure, educational status, and source of water were individual-level independent variables included in this study, while the region and place of residence were cluster variables included in the study. Media exposure status was created from the frequency of watching TV and listening to the radio, and if a woman has at least one yes, she was considered to have media exposure. The wealth index was calculated by the “DHS program” using the Gini coefficient, and we only regrouped the original categories into three as follows: poorest and poorer as poor, middle as middle and richest, and richer as rich.



Operational definitions

Limited Access to Improved Drinking Water Service (LAIDWS) is defined as drinking water from an improved source, where the estimated collection time is more than 30 min for a round trip, including queuing (WHO/UNICEF, 2021).

Basic access to improved drinking water service is drinking water from an improved source, provided collection time is <30 min for a round trip, including queuing (WHO/UNICEF, 2021).

Improved drinking water sources are defined as those that are likely to be protected from outside contamination and fecal matter in particular. It includes household connections/premises, public standpipes, boreholes, protected dug wells, protected springs, and rainwater collection (World Health Organization United Nations Children's Fund, 2020).



Data source and extraction

After permission was obtained through a formal online request, the data were retrieved from the DHS program's official website and database (https://www.dhsprogram.com/data). The data of the 2019 EMDHS are open to all DHS-registered researchers. After downloading the data, we extracted the response variable (limited access to improved drinking water service) and potential predictor variables.



Data management and analysis

Before any statistical analysis was conducted, data cleaning, recoding, and weighting were undertaken. Data were weighted, and the survey was declared using the sample weight, primary sampling unit (PSU), and sampling strata to make the survey representative and to identify the survey design characteristics. A detailed explanation of the sample weighting procedure is presented in the 2019 EMDHS final report (Ethiopian Public Health Institute, 2021). Descriptive and summary statistics such as frequency tables and cross-tabulations were generated using STATA version 14.2 (Stata Corp. Statistical Software). ArcGIS Pro and SaTScan version 10.1 were used for the spatial analysis.



Spatial autocorrelation analysis

The distribution of limited access to improved drinking water service among households in Ethiopia was examined using spatial autocorrelation (Global Moran's I) statistics to identify whether it is clustered, dispersed, or random. Moran's I is a statistic that produces a single output number between −1 and +1. A Global Moran's I-value approaching +1 suggests that LAIDWS is spatially clustered. A Global Moran's I-value approaching −1 indicates a dispersed spatial distribution of LAIDWS, while a Global Moran's I-value of 0 indicates a dispersed spatial distribution of LAIDWS. The presence of a significant spatial autocorrelation (p-value < 0.05) is confirmed by a statistically significant Global Moran's' I-test.



Hotspot Analysis of limited access to improved drinking water service

The spatial variability of the limited access to improved drinking water service among households in Ethiopia was calculated using Getis-Ord Gi* statistics in a hot spot analysis. The statistical significance of clustering was confirmed using the Z-score with a 95% confidence interval and a p-value of < 0.05. Statistical output with a high Gi* shows LAIDWS hotspots, while a low Gi* indicates basic drinking water cold spots. The proportion of LAIDWS among households in each cluster was taken as input for this hot spot analysis.



Spatial scan statistical analysis

Purely spatial scan statistics were employed to test the occurrence of statistically significant spatial clusters of areas with low and high limited access to improved drinking water service distribution using a Bernoulli -based model by SaTScan version 10.1 software. SaTScan uses a scanning window that moves across the study area to identify statistically significant clustering of areas with the same LAIDWS coverage. We used the default maximum spatial cluster size of 50% of the population as an upper limit, which allowed both small and large clusters to be detected and ignored clusters that contained more than the maximum limit with the circular shape of a window. For this Bernoulli model, households with LAIDWS were taken as cases and those households with basic drinking water service were taken as controls. Most likely clusters were identified using high log-likelihood ratio tests and significant p-value based on Monte Carlo replication.



Spatial interpolation

The percentage of limited access to improved drinking water service for unsampled areas in the country was predicted based on sampled EAs using the spatial interpolation technique. The ordinal kriging method of Gaussian distribution was used to make the prediction.



Factors associated with limited access to improved drinking water service

Multilevel logistic regression models were used to identify significant predictor variables of limited access to improved drinking water service by considering the hierarchical nature of the DHS data. Variance inflation factor (VIF) was used to test multicollinearity and rule out the presence of a significant correlation between variables. All variables have VIF < 5 and a tolerance >0.01, indicating that there was no multicollinearity. Variation between clusters was measured by computing the intra-cluster correlation coefficient (ICC) and likelihood ratio (LR) tests. The ICC quantifies the proportion of the total observed variation in LAIDWS coverage attributed to between-cluster variation. The median odds ratio (MOR) was also used to estimate the measure of variation or random effects. MOR is defined as the median value of the odds ratio of LAIDWS between the area at the highest risk and the area at the lowest risk when two clusters are randomly picked. MOR = e0.95√VA where VA is the area level variance (Merlo et al., 2005).

For multivariable multilevel logistic regression analysis, four models were constructed using the STATA command melogit. The first model (a multilevel random intercept-only logistic regression model without covariates) was used as a null model to examine the extent of cluster variation in limited access to drinking water services. Individual-level factors were used to adjust the second model (a multilevel model with level one independent variables). The third model (a multilevel model with level two variables) was adjusted for community-level variables. Finally, the fourth model was fitted with individual and community-level variables simultaneously. Then, the models were compared using the log-likelihood ratio (LLR) and deviance. Consequently, the model with the highest LLR and lowest deviance value was selected as the best-fitted model. Adjusted odds ratio (AOR) with 95% CI and p-value of < 0.05 were utilized to declare significantly associated factors with limited access to drinking water service.



Ethics approval and consent to participate

Ethical clearance and permission were obtained from the DHS program through a formal online request to their official website and database accessed through (https://www.dhsprogram.com/data). The data used in this study are publicly available, and aggregated secondary data that do not have any personal identifying information can be linked to study households. The confidentiality of data was maintained anonymously.




Results

A total of 5,760 households were included in the final analysis. The largest percentage of households was taken from the three relatively largest regions, namely, Amhara 634 (11%), Oromia 654 (11.3%), and SNNP 678 (11.7%). In contrast, the smallest number of households was taken from the Somali region 213 (3.7%) and Afar region 302 (5.2%). Approximately 3,612 (62.7%) households were sampled from rural residences. A total of 35% of household heads were in the age group between 15 and 30 years while 840 (14.5%) were between the age group of 61 and 95 years. The percentage of households with a woman being the head of the household was 1,630 (28.3%) and 2,487 (43.1%), and household heads were not educated at all. Above half the percentage of household heads, 3,098 (53%) did not have any media exposure and 1,698 (29.4%) of the households belonged to a poor wealth index category (Table 1).


TABLE 1 Background characteristics of study populations and limited access to improved drinking water service coverage by various background characteristics among households in Ethiopia, the 2019 EMDHS.

[image: Table 1]


Limited access to improved drinking water service in Ethiopia

The prevalence of limited access to improved drinking water services in Ethiopia was 16.1% (95% CI: 15.2, 17.1). At the regional level, the highest prevalence of limited access to improved drinking water was found in the Somali region (57.3%) and Afar (28.1%). Limited access to improved drinking water service varied highly according to the wealth index, ranging from 26.6% among households with a poor wealth index to 9.3% in households with a rich wealth index. People living in rural residents that have LAIDWS were ~ 21.7% while for those who reside in urban areas, it was only 6.7% (Table 1).



Spatial autocorrelation of the limited access to improved drinking water service

The spatial distribution of limited access to drinking water service in Ethiopia was clustered (Moran's I = 0.17, p-value < 0.01). The result shows that the observed Moran's Index value (0.17) was greater than the expected index (−0.0062), and the p-value was <0.01, which is statistically significant. Given the Z-score of 4.796359, there is a <1% likelihood that this clustered pattern could be the result of random chance (Figure 1).


[image: Figure 1]
FIGURE 1
 Spatial autocorrelation of limited access to improved drinking water service among households in regions of Ethiopia, 2019 EMDHS.




Incremental spatial autocorrelation by distance

To determine spatial clustering for limited access to improved drinking water service, global spatial statistics were estimated using Moran's I-value. As shown in Figure 2, statistically significant Z-scores indicate at 111 km distances where spatial processes promoting clustering are most pronounced. The incremental spatial autocorrelation indicates that a total of 10 distance bands were detected with a beginning distance of 30,000 m. The spatial distribution of LAIDWS among households in Ethiopia was found to be non-random with a Global Moran's I of 0.17 and a p-value of 0.0001. With a Z-score of 4.79, there is a <1% likelihood that this high-clustered pattern could be the result of random chance (Figure 2).


[image: Figure 2]
FIGURE 2
 Incremental spatial autocorrelation by the distance of limited access to improved drinking water service among households in regions of Ethiopia, the 2019 EMDHS.




Hotspot analysis of the limited access to improved drinking water service

The Getis-Ord GI* statistical analysis was performed to identify the hotspot and cold spot areas of the limited access to improved drinking water service. The dark and light green color points indicate the significant cold spot areas of clusters with low coverage of LAIDWS that are observed in central Gambella, southwest and central Amhara region, and Western Oromia region. On the contrary, Northern and Western Somali, Southeast Amhara region (where the region borders with the Afar region), central and southwest Afar (where the region borders with the Amhara region), southeast Oromia region, and northeast part of the South Nation Nationalities and Peoples' region are indicated to have significant hotspot locations. This group is denoted by light and dark red color points and is clustered with high frequencies of LAIDWS (Figure 3).


[image: Figure 3]
FIGURE 3
 Spatial patterns of hot spots and cold spots of drinking water service across regions in Ethiopia, 2019 EMDHS.




Spatial scan statistical analysis

A total of 11 most likely significant clusters with limited access to improved drinking water service were detected in the spatial scan statistical analysis, which means that the proportion of LAIDWS is higher among households inside the spatial scan circular window than in households outside the circular window. Of these, nine clusters of areas were the primary most likely significant clusters and were found in the Somali region centered at 6.639662 N, 44.465850 E with 390 km radius (RR = 4.16, LLR = 162.8, with p-value < 0.01). The northeastern Tigray region centered at 14.379220 N, 39.606690 E with a 52.05 km radius (RR = 2.52, LLR = 9.87, with p-value < 0.01); the border between Afar and Oromia regions centered at 9.391181 N, 40.923110 E with 75.86 km radius (RR = 5.21, LLR = 13.23, with p-value < 0.01); and the border between Amhara and Afar regions centered at 10.886150 N, 40.296920 E with 54.09 km radius (RR = 4.74, LLR = 41.6, with p-value < 0.01; Table 2 and Figure 4).


TABLE 2 SaTScan analysis of limited access to improved drinking water service among households in Ethiopia, the 2019 EMDHS.
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FIGURE 4
 Significant primary and secondary windows of limited access to improved drinking water service among households in Ethiopia, the 2019 EMDHS.


Moreover, the two most likely significant secondary clusters were observed in the SNNP region centered at 6.583480 N, 38.656880 E with 201.10 km radius (RR = 2.02, LLR = 42.27, with a p-value of < 0.01) and Oromia region centered at 5.658143 N, 39.474260 E with 294.35 km radius (RR = 2.11, LLR = 47.50, with a p-value of < 0.01; Table 2 and Figure 4).



Spatial interpolation

The output of kriging interpolation prediction for unsampled areas ranged from light white color, which indicates low-risk areas, to dark brown color, which indicates high-risk areas. The rate of high-risk areas of LAIDWS was predicted, and the rate ranges from 19.5 to 29.2 and located in the southwestern part of Gambella, the northeastern part of Oromia, the southwestern part of the South Nation Nationalities and Peoples' region, as well as part of the Oromia region that surrounds Addis Ababa. Whereas, the lower rate predicted areas were seen in Tigray, Afar, and Amhara regions and ranged from 0.84 to 5.51 (Figure 5).


[image: Figure 5]
FIGURE 5
 Kriging interpolation of limited access to improved drinking water service among households in Ethiopia, the 2019 EMDHS.




Random effect analyses and model comparison

The random effect analyses showed significant clustering of limited access to improved drinking water service among households (OR of variance = 3.18, 95% CI: 2.31 to 4.36). As shown in Table 3, the ICC value in model I (the null model) indicated that cluster/EA variability accounted for 59.4% of the overall LAIDWS distribution variability, while individual differences accounted for the remaining 40.6% of the variability. The variation in limited access to improved drinking water distribution remained significant after accounting for individual- and community-level factors. Across the communities, 49.1% of the chances of variations in limited access to improved drinking water service coverage were detected in the full model. Deviance and Log-likelihood were used to assess model fitness. Finally, the model with the lowest deviance and the highest Log-likelihood (model four) was chosen as the best-fitted model (Table 3).


TABLE 3 Model comparison and random effect analysis for multilevel regression analysis.
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Factors associated with limited access to improved drinking water service

Individual-level and community-level variables were included in the multivariable multilevel logistic regression analyses. Age (one category) and wealth index were the individual-level factors that were significantly associated with limited access to improved drinking water service, while residence and region (one category) were the significantly associated community-level variable.

According to our secondary analysis, when the age of the household head is between 46 and 60 years, the odds of having limited access to improved drinking water service was 1.37 [AOR = 1.37, 95% CI:1.01, 1.81] than the age group of 15–30 years. Households with poor wealth index category were 63% more likely to have LAIDWS while those with middle wealth index category were 35% more likely to have LAIDWS than households with rich wealth index [AOR = 1.63, 95% 365 CI:1.23, 2.17] and [AOR = 1.35, 95% CI:1.03, 1.76] respectively.

Among community-level factors, households in rural areas were 4.8 times more likely to have LAIDWS than households in urban areas [AOR = 1.80, 95% CI:2.17, 10.59]. Furthermore, households in the Somali region were 55.8 times more likely to have LAIDWS than households in the Dire Dawa region (AOR = 55.8, 95% CI: 6.91, 441.9; Table 4).


TABLE 4 Multilevel analysis of factors associated with limited access to improved drinking water service among households in Ethiopia, the 2019 EMDHS.
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Discussion

This study reveals that 16.1% of households in Ethiopia have limited access to improved drinking water service, including 6.7% of urban households and 21.7% of rural households. The finding shows that households with a high percentage of LAIDWS are highly clustered in the Somali region 57.3%, Afar region 28.1%, and Southern Nation Nationalities and Peoples' region 22%.

It is proven that people with LAIDWS have a significantly increased risk of various communicable diseases and other health-related problems such as musculoskeletal disorders, perinatal and mental health problems, and violence against vulnerable people. With that being known, Ethiopia is still struggling to achieve and maintain a sustainable provision of improved and accessible drinking water service. The proportion of limited access to improved drinking water service in this study (16.1%) was in line with studies conducted in low- and middle-income countries (Gomez et al., 2019; Hasan and Alam, 2020) but less than a study conducted in Ghana (Tetteh et al., 2022). The possible explanation for the observed discrepancy might be due to the diverseness of countries regarding population growth and distribution, the socioeconomic status of the countries, and geographical variation (Adams, 2018; Falk et al., 2022).

To assess the spatial distribution of limited access to improved drinking water service, analysis techniques such as spatial autocorrelation, hot spot, kriging interpolation, and spatial scan analysis were executed. The spatial autocorrelation statistics confirmed that the distribution of LAIDWS was clustered in a few geographical areas (Moran's I = 0.17, p-value of < 0.01). The hot spot analysis identified areas with a low and high distribution of LAIDWS. Kriging interpolation predicted the rate of high-risk areas of LAIDWS among unsampled areas, whereas the spatial scan statistical analysis identified the most likely significant clusters, which had high LAIDWS coverage.

The SaTScan analysis identified nine primary and two secondary most likely significant clusters across the study area, implying that the proportion of limited access to improved drinking water service is higher among households inside the spatial scan circular window than in households outside the circular window. The most likely significant primary clusters with a high proportion of LAIDWS were found in the rural zones of the Somali region, the border between Afar and Oromia regions, the border between Amhara and Afar regions, as well as the northeastern Tigray region. The second most significant clusters were observed in the Oromia region and South Nation Nationalities and Peoples' region. This clustering of LAIDWS in these locations could first be because areas like this are populated by nomadic pastoral populations who essentially do not have a permanent living area, which makes the construction of basic drinking water services ineffective. The second reason, however, might be related to the negligence of the organizations and private contractors who won the rural water projects that were tendered and opened for bidding by the federal government in Ethiopia. Even if those private contractors are paid in stages and receive up to 90% of payment only after the completion of the project, they usually do not emphasize the quality of the work. Instead, they rush to finish the project as fast as possible and move on. On the other hand, the concerned government organizations also do not usually appoint engineers who play the crucial role in determining the water source location and type of water source that best fits the location in that particular rural community. They are also expected to collaborate with community leaders to create a sense of ownership and rapport. Any form of failure to do this puts the sustainability of the water service in question and might even initiate careless and misuse of the service which prevents other non-government organizations from commencing their project in such areas (Zablon Adane and Yohannes, 2021).

In the multilevel analysis, the age of the household head, household wealth index, region, and residence were significantly associated with household LAIDWS. Households with poor and middle wealth index categories had higher odds of having LAIDWS than households with rich wealth index. This finding concurs well with studies conducted in Ethiopia (Andualem et al., 2021), Kenya (Koskei et al., 2013), Nigeria (Lukman et al., 2016; Abubakar, 2019), and Malaysia (Kong et al., 2020). The first compelling justification for this consistency might be that people with low financial ability and stability have so many other pressing issues to invest their money on than installing a private water pipeline for their family. They are also more likely to reside in towns and villages found in the country-sides where the living expenditure is relatively lower, and hence, essential infrastructures such as water, sanitary, and road facilities are not well-built or not built at all (Afifah et al., 2018; Gomez et al., 2019).

A statistically significant association was seen between the place of residence and limited access to improved drinking water service. This was in line with studies conducted in low- and middle-income countries (Gomez et al., 2019; Falk et al., 2022), Ethiopia (Andualem et al., 2021), Nepal (He et al., 2018), and Uganda (Hirai et al., 2016), which revealed that households found in rural areas have greater odds of having LAIDWS than households found in urban areas. This association was also seen among regions within the country. Households found in the Somali region were more likely to have LAIDWS than households in Dire Dawa. The alternative explanation for this regional inequality could be a completely different living style that people in these regions follow. People who live in the Somali region, particularly in the east and southeast, are pastoral and semi-pastoral. Pastoral communities often live an entirely nomadic or semi-nomadic life, and they are often rudimentary and easily movable. Thus, it is difficult for the concerned actors to provide a single permanent drinking water facility within the recommended distance. On the other hand, people who live in bigger cities such as Dire Dawa and Addis Ababa have a well-settled life and convenient provision of sustainable access to an improved drinking water service (Desta, 2010; Hasan and Alam, 2020). Furthermore, there exists unequal commitment and effectiveness of governmental and non-governmental organizations that work toward the provision of basic water supplementation (Falk et al., 2022).

The first notable strength of this study is that it was conducted based on the latest up-to-date national and sub-national representative DHS data. A multilevel analysis was used, and the data were weighted to obtain a reliable estimate and standard error by considering the hierarchical nature of the DHS data. In contrast, one of the major limitations of this study was that a few important variables such as marital status and the person who fetches the water were not included in this study because no data were collected for those variables in the 2019 EMDHS. In addition, since it was a cross-sectional study, it also shares the limitations of cross-sectional studies.



Conclusion

Limited access to drinking water service in Ethiopia has improved in the 3 years but still varies across regions, and there exists within-country inequality in the service. The spatial analysis confirmed a total of 11 most likely significant clusters and the highest number of limited access were found among rural households of Somali, Tigray, border between Amhara and Afar, SNNP, and the border between Oromia and Afar regions. Wealth index, age of household head, residence, and region were the significantly associated factors. Accordingly, this study recommends:

• Both government and non-government bodies should set out objectives for joint action and be able to efficiently address the underprivileged communities with poor economic status and rural residents as they are found in the study.

• The concerned government bodies should put an extra level of effort and dedication into monitoring the progress and sustainability of water projects in difficult-to-reach rural areas.

• Researchers should conduct further and continuous studies with the latest EDHS dataset as it grasps the potential to inform concerned actors to evaluate the impact of their actions on the progress of household access to improved drinking water service.
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