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Abstract

We study differences in child health outcomes, depending on the distance of their household
from the infrastructure of a solid waste management initiative (i.e. waste transfer stations) in
Addis Ababa, Ethiopia. This initiative was implemented by the government to address illegal
refuse dumping and includes three modalities of collecting waste from household locations:
open dumping transfer stations; permanent or temporary containers; and permanent waste
collection stations. The latter is a more efficient modality because these stations are cleaner
and more organised, with fenced facilities where waste is temporarily stored under hygienic
conditions, segregated, and efficiently transported to the main disposal sites. Our quantitative
methodology assesses the association between proximity to waste transfer sites and child
health by exploiting variation in households’ distance to the nearest waste transfer site and
children'’s birth cohorts. We find that the implementation of this initiative is associated with a
reduced likelihood of a child experiencing diarrhoea, being underweight, or requiring hospital
care, particularly in areas where permanent waste collection stations have been constructed.
These results are supported by evidence from qualitative interviews with government officials,
community health workers, officials from the Addis Ababa City Administration Health Bureau,
and households. Qualitative evidence suggests that permanent waste collection stations are
perceived to be associated with cleaner neighbourhood environments and lower perceived
exposure to pathogens.

Keywords: Child Health; Environment; Ethiopia; Pollution; Solid Waste Management; Urban
Health
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1 Introduction

The interest in environmental protection in the Global South has grown over the past two
decades. This trend is reflected in the rising number of conflicts related to the unequal
distribution of environmental burdens, which signal increasing pressures and contestation
around environmental protection. Of the 3,561 environmental justice-related conflicts
recorded globally as of 2025, 71% occurred in the Global South, particularly in the 20
countries with the highest number of such conflicts (Global Atlas of Environmental Justice,
2025). This focus is likely to intensify because solid waste—one of the main contributors to
environmental stress—is projected to grow from 2.1 billion tonnes in 2023 to 3.8 billion
tonnes by 2050 (UNEP, 2024). This projected growth is largely driven by rapid urbanisation,
which is occurring at higher rates in developing countries (Chen et al., 2014). This global
surge in waste generation has magnified attention to environmental protection in Africa,
where the challenge is acute. Projection data show that Africa’s waste volume is expected
to rise from 174 million metric tonnes in 2016 to 516 million metric tonnes per year by 2050,
a staggering threefold increase (JICA, 2019). Critically, more than 90% of this waste is
disposed of in uncontrolled dumpsites and landfills, with sub-Saharan Africa hosting about
40% of the world’s largest dumpsites (Kaza et al., 2018; Tomita et al., 2018).

In contexts like Ethiopia, particularly in Addis Ababa, its capital city, the crisis is starkly
visible. Solid waste — most of which is generated by households (Gelan, 2021) - remains a
ubiquitous problem, polluting streets, rivers, roadsides, ditches, and sewerage systems. This
solid waste is responsible for causing significant social and environmental challenges within
the city (Desta, 2022). Inefficient solid waste management has led to urban contamination,
with direct implications for public health (Bjerkli, 2015).

To address the environmental burden from urban waste, policymakers are introducing
different innovative initiatives to effectively collect and dispose of it. For example, in Addis
Ababa the government has constructed permanent waste collection stations across
woredas (the city’s third administrative level). This initiative aims to discourage the illegal
dumping of waste by residents and ensure that households’ solid waste is collected by
micro and small enterprises and taken to transfer stations.

In this paper, we seek to answer the central question of whether, and to what extent, an
effective waste management approach can be linked to better health outcomes among the
most vulnerable group - children. To do this, the paper examines the association between
proximity to different waste collection types and child health outcomes. Unlike open transfer
sites (temporary containers introduced by the Addis Ababa City Administration), permanent
waste collection stations are cleaner and more organised transfer sites. They are fenced
facilities with concrete flooring, drainage systems, and properly constructed access roads.
Waste at these sites is temporarily stored under hygienic conditions, segregated, and
efficiently transported to the main waste recycling plants or to the Repi landfill located in the
southeastern part of the city.

© Data & Evidence to End Extreme Poverty 1
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Residing closer to a permanent station could be positively associated with child health for
several reasons. First, because waste is collected more frequently and is less exposed to air,
soil, food, and water contamination, residents served by this initiative may face lower
exposure to pathogenic microorganisms and disease vectors associated with poor health
outcomes (Siddiqua et al., 2022). Second, the more organised nature of waste collection and
disposal may be associated with fewer conditions that facilitate the spread of disease. As
shown in the literature, poorly managed solid waste provides a breeding ground for
pathogenic microorganisms and disease vectors, contaminates soil, water, and air (Siddiqua
et al., 2022), and thereby exposes the most vulnerable populations (particularly children)
through ingestion (Blackburn and Green, 2021), dermal contact (Shrader-Frechette and
Biondo, 2020) and inhalation (Wallbanks et al., 2024). Third, contamination from leakages is
common in open transfer and temporary or permanent storage containers, and can spread
through local food markets (Zahir et al., 2025) or food production sources (Lovo and
Rawlings, 2026). Children are particularly vulnerable because they spend more time close to
the ground, engage in hand-to-mouth activities, and have a higher pollutant intake per unit of
body weight than adults (Osborne et al., 2021; European Environment Agency, 2023).

In this paper, we combine administrative data from the Addis Ababa City Administration
Cleansing Management Agency (AACMA) — which provide spatial variation across locations
in Addis Ababa — with information on the timing and type of the waste management
intervention, whether temporary containers or permanent waste collection stations, together
with data from multiple rounds of the Demographic and Health Survey and hospital-level
data from the Addis Ababa City Administration Health Bureau (AACAHB). We assess
whether these initiatives are associated with complementary health indicators from the
available data sources, with a particular focus on establishing the linkage between
sustainable solid waste management (i.e. waste transfer stations (WTSs)) initiatives and
health outcomes among vulnerable populations in low-income settings.

We measure the distance between each initiative and the residence of the sampled child,
hypothesising that, depending on the type of initiative, children residing farther from the
intervention are likely to experience poorer health outcomes. While our hypothesis mirrors
Lovo and Rawlings (2026), who examine child health impacts from the disposal of electronic
waste (e-waste) in Nigeria and Ghana, our study focuses on a different mechanism. We
posit that proximity to permanent WTSs is expected to be associated with easier access to
waste disposal, while greater distance may be associated with more limited access and may
increase the likelihood of improper disposal and subsequent health risks for children.

We find a positive association between a household’s proximity to a WTS arrangement and
key child health outcomes. Specifically, a one percent increase in proximity to a waste
collection station is associated with a reduced likelihood of a child experiencing diarrhoea,
being underweight, or requiring hospital visits, particularly in areas where permanent waste
collection stations were constructed. Although similar associations are observed for other
health indicators, such as under-five mortality, stunting, stillbirth, and low birth weight, the
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coefficients are not statistically significant at the conventional 1% or 5% levels. These
positive associations with child health indicators are consistent with the body of literature
that have established linkages between pollution control and child physiological and
psychological well-being (see Mochungong et al., 2011; Imelda, 2020; Lahmann et al., 2023;
Zong, 2025).

To complement and validate these quantitative findings, qualitative data were collected
through key informant interviews and focus group discussions with officers from the
Environmental Protection Authority (EPA), AACMA, community health workers and officials
from AACAHB, and households. Across these stakeholder groups, there was broad
consensus that permanent waste collection stations were perceived to be associated with
cleaner neighbourhood environments. Health workers consistently reported a perceived
decline in diarrhoeal and respiratory illnesses among children living closer to these stations,
while households described improved sanitation and reduced waste accumulation. Waste
agency officials further confirmed that improved waste handling and collection frequency is
associated with better environmental hygiene around residential areas, particularly those
closer to the permanent waste collection stations. This is mostly because of the
improvement in operational efficiency in the collection and disposal of waste, alongside the
decline in environmental pollution due to leakages, as it is in the open transfer stations and
containers. Taken together, this qualitative evidence reinforces the quantitative evidence of
a positive association between WTS arrangements, particularly the permanent waste
transfer initiative.

In addition to reducing exposure to environmental pathogens, improved waste management
may influence child health indirectly through pathways related to maternal empowerment.
Cleaner environments and more efficient waste collection can reduce the time women
devote to household waste disposal (UNEP, 2019; Taye et al., 2024) and facilitate
engagement in income-generating activities outside of the household (Bhojani et al., 2024).
These improvements may, in turn, strengthen women's bargaining power within the
household, enabling greater control over resources, nutrition, and health-related decisions.
While these mechanisms are credible pathways, we do not find evidence from our data to
support this association in this context, as our regression results show no statistically
significant association between WTS, including permanent waste collection sites, and the
indicators of maternal labour market engagement and intra-household decision-making
capacity.

Our work contributes to the growing literature on the health-related implications of solid
waste management and pollution control (Mochungong et al., 2011; Lohmann et al., 2023;
Zong, 2025). We extend this literature by examining not only waste management initiatives
more broadly, but also the relative performance of different disposal practices and how they
are associated with child health outcomes in a low-income country context. Our study
design parallels recent work by Lovo and Rawlings (2026), who combined household-level
data with information on e-waste dump sites in Ghana and Nigeria to examine how neonatal
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and infant mortality varied with proximity to these sites, comparing children born nearer to
and farther from them before and after their establishment.

Our study also speaks to the broader literature on the environmental determinants of health,
particularly in low-income and urbanising contexts. Several studies have documented how
exposure to environmental pollutants (Deb et al., 2018), such as those originating from solid
waste and dump sites, affects child health, mortality, and long-term outcomes (Mochungong
et al., 2011; Imelda, 2020; Lohmann et al., 2023; Lovo and Rawlings, 2026; Zong, 2025). We
extend this literature by showing that health-related outcomes, particularly those concerning
the most vulnerable, such as children, may not always arise in contexts involving waste
collection sites, especially when collection and disposal are well organised to curtail
exposure to pollutants.

The remainder of the paper is organised as follows. Section 2 describes the study context
and Section 3 discusses the channels linking waste management to child health outcomes.
Section 4 discusses the study methods and Section 5 presents the empirical strategy, while
Section 6 reports the results and Section 7 concludes the study.

© Data & Evidence to End Extreme Poverty 4
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2 WTSs in Addis Ababa

Addis Ababa City Administration has introduced three types of WTSs. The first is temporary
WTSs with permanent or movable containers: individuals who are organised into micro and
small enterprises collect residential waste in movable containers that are periodically picked
up by local authorities for disposal once they are full. The second is open WTSs: waste
collectors dispose of waste at designated open sites, from which local authorities transport
waste to final destinations. The third type is permanent WTSs: unlike the first two transfer
stations, these have purpose-built facilities and infrastructures that are used for the
segregation and efficient transportation of waste.

These collection stations are the only legally designated waste disposal points within the
city. However, due to the increasing volume of waste generation, on one hand, and the
limited WTSs, on the other hand, coupled with limited awareness, a proportion of residents
in the city without access to waste collectors still dispose of waste illegally in open spaces
(JICA, 2024; Gebrekidan et al., 2024; Diriba and Meng, 2021).

While each of aforementioned types of WTSs are aimed at improving waste collection and
disposal, anecdotal evidence shows that they have some challenges. For example, with the
open dumping and temporary container initiatives, there are reports of bad odours,
contamination, and disease-carrying animals (such as flies and rodents) infesting the
stations (see Figure 1 and Figure 2). Permanent WTSs have advantages because they are
purpose-built facilities for the segregation and efficient collection and disposal of waste.
The permanent WTS initiative marks a shift towards a modernised system featuring fenced
facilities with concrete flooring, drainage infrastructure, and access roads, which creates
cleaner and safer transfer points where waste can be temporarily stored under hygienic
conditions before being efficiently transported for final disposal or recycling (Sisay et al.,
2024). Hence, the challenges associated with the first two initiatives are either reduced or
non-existent with the permanent WTSs (see Figure 3) (Eshete et al., 2024; Ziraba et al.,
2016).

The policy rationale for establishing permanent WTSs is to modernise the city’s solid waste
management in line with its rapid urbanisation and the goals of Addis Ababa’s 2015-2025
Solid Waste Management Strategy and Ethiopia’s Climate-Resilient Green Economy (CRGE)
framework. The initiative aims to reduce pollution from leachate, odour, and airborne
contaminants, to improve public health, and to support waste segregation and recycling. A
2017 directive from the Addis Ababa City Administration formally launched the permanent
WTS programme (Addis Ababa Environmental Protection and Green Development
Commission, 2021; GIZ, 2023). This initiative aims to address the city's growing waste
generation, which was estimated at around 750,000 tonnes/year in 2020, with the average
household waste per capita being 0.45 kg/day (GIZ, 2023).

The permanent WTS initiative is described as offering operational advantages by
centralising and organising waste disposal. Its engineering features, such as fencing,
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concrete floors, and effective drainage infrastructure, help prevent leachate infiltration, open
dumping, and scavenging, while scheduled waste removal reduces accumulation of refuse
and odour. By providing accessible and cleaner disposal points, the initiative may have
encouraged behavioural change among households, improved working conditions for waste
collectors, and integrated waste transfer with recycling and recovery programmes.
Collectively, these features are expected to be associated with lower environmental and
health risks, which are prevalent under the temporary or open dumping systems (Busha,
2022).

Figure 1: Temporary container WTS

-

Figure 3: Permanent WTS

Source: AACMA.
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3 Channels linking WTSs and health outcomes

The permanent WTS initiative may affect child health through several potential pathways,
which may interact with each other in complex ways. The primary goal of WTSs is to
efficiently collect, sort, and temporarily store waste before transporting it to disposal sites.
Improved efficiency in collecting and managing such waste can reduce environmental
contamination around WTS locations and lower the prevalence of communicable diseases,
such as diarrhoea and respiratory infections, which are both leading causes of under-five
mortality in low-income contexts (Kemajou, 2022; Perin et al., 2022). Consistent with
broader environmental health literature, studies have shown that improved sanitation
infrastructure has measurable impacts on child health outcomes (Galiani et al., 2005; Fink et
al., 2011; Wolf et al., 2022; Mudadu-Silva et al., 2023). Improved sanitation may influence
child health inputs and outcomes by improving the overall epidemiological environment
through reductions in the exposure and transmission of faecal pathogens, as well as a
decline in microbial contamination that would otherwise be prevalent in the absence of
sanitation.

A separate but related pathway through which the WTS initiative may influence child health
is through reductions in environmental exposure to air, soil, and water contamination. Poorly
managed solid waste can create breeding grounds for pathogenic microorganisms and
disease vectors, while also contaminating soil, water, and air (Siddiqua et al., 2022). These
conditions may expose children through ingestion (Blackburn and Green, 2021), dermal
contact (Shrader-Frechette and Biondo, 2020) and especially inhalation (Wallbanks et al.,
2024). Contamination may also spread through local food markets (Zahir et al., 2025) or
food production sources (Lovo and Rawlings, 2026). Children are particularly vulnerable to
such exposures because they spend more time close to the ground, frequently engage in
hand-to-mouth activities, and have a higher pollutant intake per unit of body weight than
adults (Osborne et al., 2021; European Environment Agency, 2023). Evidence from studies of
waste landfilling and open dumping further shows that exposure to pollutants from
improperly disposed of waste, particularly e-waste, poses significant risks to children’s
health (Lovo and Rawlings, 2026). Similarly, studies examining pre-natal exposure to waste
contamination find that women residing near waste sites often have higher levels of
chemical pollutants in cord blood (Grant et al., 2013).

Better waste management can also affect child health through changes in household time
and labour allocation. In many contexts, women are primarily responsible for household
waste disposal (UNEP, 2019), as well as caregiving activities (UN Women, 2024), and many
spend substantial time managing waste in unsafe or labour-intensive ways (Eskezia et al.,
2016). Moreover, the health burden associated with poor sanitation conditions may also
affect caregivers’ ability to engage in childcare activities (Cameron et al., 2021). Improved
WTS may reduce these time and health burdens by allowing waste to be managed and
disposed of more efficiently. This may enable mothers to reallocate time towards income-
generating activities or caregiving responsibilities (Bhojani et al., 2024). These shifts in time
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allocation may have competing effects on child health,1 making the theoretical impact of
this channel a priori ambiguous. Nevertheless, evidence suggests that women with greater
agency are more likely to invest in child health and nutrition than men (Nyqvist and
Jayachandran, 2017; Armand et al., 2020).

Error! Reference source not found. presents the conceptual framework linking improved
WTSs to child health outcomes. Building on the mechanisms discussed above, the
framework highlights three hypothesised pathways. First, improved WTSs may enhance the
local environmental and epidemiological conditions by reducing the accumulation of
unmanaged waste and limiting vector breeding at waste sites. Second, lower levels of
pollution may reduce children’s exposure to pathogens and harmful substances through
inhalation, ingestion, and dermal contact. Third, improved waste infrastructure may
influence household behaviour by reducing the time and health burdens associated with
waste disposal, particularly for women, who often manage both household waste and
childcare. Through these environmental, exposure, and behavioural pathways,
improvements in waste management systems may be associated with more favourable
child health outcomes.

Figure 4: Framework linking WTSs to child health

Waste transfer systems Local environmental conditions

P-WTS —

AT , Environmental . Enyironmental transmission
ﬁa (—" pollution § g « Food contamination + Diarrhoea
[ . 5 & * Zoonotic transmission + Respiratory
Waste W ol E % + Environmental contamination | Infoeﬂ:un:md
collected »  TC-WTS pocumsation § S Direct human exposure communicable
O™ from HH | Diseasevector | £ . inhalation diseases
to... > breeding » |+ Dermal contact
§ S+ Ingestion
fe & . 3
3R]
M':' N owrs — £ % Household behavioural responses
, Householdwaste 3 2+ Lower caregiver time allocation
burden % «+ Lower maternal agency/childcare

Note: The black lines imply a positive linkage (i.e. reduced pollution), while the red lines denote a negative linkage
(i.e. increased pollution). The framework illustrates that under permanent WTSs (P-WTS), waste accumulation is
reduced, leading to a decline in environmental pollution, disease vector breeding, and the household burden of
waste disposal, and, consequently, lower exposure. Overall, we expect positive public health effects and
improvements in child health outcomes. The opposite is expected for temporary containers (TC-WTS) and open
dumping (O-WTS).

T The time or income that mothers save by having better waste management or sanitation might be used in ways
that have both positive implications (income earned used to access nutritious food, medicine, etc.) and negative
implications (less time for direct childcare due to increased labour engagement) for child health.
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4  Study methods

4.1 Quantitative data

We use data from multiple sources for this study. The first are the data from the 2011 to
20192 waves of the Ethiopia Demographic and Health Survey (EDHS). The EDHS is a
nationally representative survey of women of reproductive age in Ethiopia and their children
within the age bracket of 0 to 59 months and is a segment of the different modules of the
EDHS survey and a subset of the worldwide Demographic and Health Surveys (DHS). Our
main analysis from this dataset is limited to children under the age of five (0—59 months)
born to the women surveyed because of the focus of the study, and because this cohort are
in their critical development stage and are more vulnerable to early life exposures to
pollution (Khezri et al., 2025).

We use the child sample from the EDHS. The child sample includes all births to women in
the survey, regardless of the survival status of the child, provided the birth occurred within
the five years preceding the survey. Because our analysis focuses specifically on Addis
Ababa, the available sample from our main data source is relatively small. To increase the
statistical power of the analysis, we include all reported births of children under the age of
five years, including those younger than 12 months, since the outcome measures examined
in this study are observed for cohorts under the age of five years. Restricting the sample to
children aged 12-59 months would reduce the sample size by approximately 22%,
representing a substantial loss of observations given the already limited sample for Addis
Ababa. Including children aged 0—59 months therefore allows us to retain the largest
possible sample of children potentially exposed to the intervention3 implemented in Addis
Ababa.

With this sample, we examine the association between WTSs and different indicators of
child health outcomes, including under-five mortality (under-five mortality, 1 if age at death
<60 months), diarrhoea (diarrhoea, 1 if the child had diarrhoea recently), and anthropometric
outcomes. Anthropometric outcomes are derived from height-for-age and weight-for-age z-
scores. We construct binary indicators for stunting and underweight, defined respectively as
height-for-age is <2 standard deviations (stunted) and weight-for-age is <2 standard
deviations (underweight). This approach reflects best practice in child nutrition research and
aligns with standard definitions used in the EDHS (Ethiopian Statistical Service and ICF,
2025).

From this data source, we also gathered additional characteristics of the mothers and
households, including the age and education attainment of the woman/mother of the child
(1 if highest completion is primary education or secondary education), age and gender of the

2 The 2019 DHS was an interim survey but contains the indicators that were used for our analysis.

3 Refers to the permanent WTS
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head of the household (i.e. age of head and gender of head), number of household
members, a binary indicator if the dwelling of the household is connected to a safe water
(water pipe, if water is piped into dwelling or piped to yard/plot) and has a modern toilet
facilities (modern toilet, if dwelling has flush to piped sewer system, flush to septic tank,
ventilated improved pit latrine, pit latrine with slab, or composting toilet).

The second data source is a dataset from the AACAHB, recorded through the Health
Management Information System (HMIS). This is a facility-based panel dataset collected
from a health facility in Addis Ababa annually, covering the period 2014 to 2025. The data
cover all public health centres and public hospitals across sub-cities in Addis Ababa. A
measure of health indicators used as a measure of the child's health outcome. Still births is
measured as the number of fatal records at or after 28 weeks of gestation documented at
each health facility on a yearly basis at the time of delivery. Newborn <2,500gm is measured
as newborns weighing less than 2,500 grams (<2,500 g) by aggregating all live-born infants
below this critical threshold, classified as low birth weight according to World Health
Organization (WHO) standards, to identify the risk of low birth outcomes. Finally, the number
of outpatient visits (hospital visits) is the total number of children under age five (number of
outpatient visits < 5 years) who visited and/or consulted hospitals and health centres. We
measured outpatient visits by counting the number of times a child (boy or girl) under age
five has made visits to a health facility to get services at the outpatient department. We
standardised these indicators for our analysis and relied on them as complementary to the
initial measures of child health outcomes from the EDHS.

Table 1 presents the summary statistics for the selected set of variables from each data
source. In the full EDHS sample, the average under-five mortality rate is 3%, equivalent to 30
deaths per 1,000 live births. This average is similar to the DHS calculation of 39 deaths per
1,000 live births in the 2016 EDHS survey round. About 9% of the children below the age of
five have had incidence of diarrhoea, and 12% are stunted, while about 8% are underweight.
On average, the health facilities in Addis Ababa recorded 685 stillbirths for the period of the
data, 51 newborns weighing below <2,500 grams, and over 10,000 hospital visits.
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Table 1: Summary statistics from EDHS and AACAHB

A. EDHS [full sample] B. AACAHB

Alelleatiy Mean (SD) N Mean (SD)
outcomes
Under-five 0.030
mortality (0.169) 1152
. 0.085
Diarrhoea (0.279) 815
0.120
Stunted (0.325) 974
Underweight (8233) 974
T 684.983
Still births (1534.023) 1,190
New born 51.210 1181
<2,500gm (176.238) '
. . . 10324.67
Hospital visits (11632.09) 1,192
Empowerment
indicators
1.4
Working (1 083) 2,561
1.087
Autonomy (1 327) 2,561
Covariates
29.186
Mother’s age (5.394) 1,152
.514
Primary education (8 200) 1,152
Secondary 0.264 1152
education (0.441) '
38.397
Age of head (12.732) 1,152
0.286
fh 1,152
Gender of head (0.452) 15
Household 5.043
members (2.117) 1152
.681
Water pipe (g 46126) 1,152
Modern toilet (8471421:) 1,152
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For the secondary outcome variable — specifically, women’s empowerment outcome
indicators from the DHS — we considered specific indicators of women'’s labour market
engagement and autonomy in decision-making within the household. Specifically, we
constructed a standardised index (working) based on the likelihood of the woman working,
working all year and not seasonally, earning cash from the work, and the work is for
someone else and not for family or self-employed. These indicators are relevant for
measuring a woman's outside option for working outside home (Heath and Tan, 2020). For
the measure of a woman’s autonomy within the household, we also use standardised
measure of the woman involved (alone or with spouse) in decisions regarding the use of
contraceptives, how to spend her earnings, her healthcare, large household purchases, visits
to family or relatives, and what to do with money earned by her spouse.

Table 1 shows the summary statistics of these indicators, indicating that, on average, most
women in the sample meet at least one of the criteria used to define this variable, but
relatively few meet all four conditions associated with this measure. Similarly, for the
measure of women’s autonomy, on average, the women in the sample are involved in
approximately one of the six decisions listed. In terms of percentages, about 30% of the
women participated in at least one of the six decisions, which is similar to the findings in
UNICEF (2016).

4.2 Data for WTSs

The data on specific locations and types of WTSs come from AACMA. The data collect the
georeferenced information on the different collection stations, as well as information about
their operational status, and the year the stations started operation. For this study, we only
focus on those collection stations that are already in operation. The temporary WTSs and
open temporary WTSs have been operating since 2008 (this is the period for which there are
government data, see Figure 5), while the first permanent WTSs began operation in 2017.
Since 2017, 27 permanent WTSs have been constructed and have commenced operations
(see Figure 5).
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Figure 5: Trends in the number of WTSs
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4.3 Matching data sources

We used the geolocations of households from the 2011, 2016, and 2019 waves of the EDHS
and spatially matched them with the location of WTSs. All spatial data were projected in the
World Geodetic System 1984 (WGS84) coordinate reference system. The distances between
household location and WTSs were calculated using the great-circle distance, which
measures the shortest path between two points on the earth’s surface.

For each WTS, we recorded the year it commenced operation. We then calculated the
distance between each household cluster and the nearest WTS that had been operational
within the five years preceding each EDHS survey round, up to the 2019 wave. In cases
where multiple WTSs were located at similar distances, the minimum distance to the
nearest operational WTS was used for our analysis.

We acknowledge the EDHS sampling design, under which cluster coordinates are randomly
displaced to protect respondent confidentiality (up to 2 km in urban areas and up to 5 km in
rural areas, with a small proportion displaced up to 10 km). Following standard practice in
analyses using DHS georeferenced data (Lohela et al., 2012; Burgert et al., 2013), we
therefore rely on distance-based exposure measures rather than precise point locations.
Likewise, by modelling distance as a continuous variable rather than categorising it into
bands, our approach is less sensitive to positional error introduced by the random
displacement of cluster coordinates. Simulation evidence further suggests that using the
distance to the nearest facility is appropriate when the spatial density of resources is
relatively low, as positional displacement is unlikely to alter the identity of the nearest
resource (Warren et al., 2016). Because WTSs are relatively sparse in our study context, this
approach provides a reasonable approximation of spatial exposure.
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Similarly, for the health facility data obtained from AACAHB for the period 2014-2025, we
computed the distance between each health facility and the nearest WTS that was
operational in the same year as the facility’s data record. These distance measures were
then used in the regression analysis to capture spatial variation in exposure to WTS
initiatives.

4.4 Qualitative data

The qualitative component of this study examines how different types of WTS relate to child
health outcomes in Addis Ababa. In total, we interviewed 57 participants. These comprised
30 household respondents and 27 institutional participants drawn from the Environmental
Protection Authority, AACMA, and AACAHB. Among the institutional participants, we
conducted three key informant interviews (one with a senior official from each institution),
and three focus group discussions (one in each institution), with eight officers per
discussion and gender-balanced participation. For the household component, we
interviewed 30 women across the three WTS categories to capture perceived differences
across lived experiences and by the different waste transfer types.

The qualitative sampling strategy combined purposive and random elements. First, study
locations and relevant institutional participants were identified in consultation with local
government representatives, think tanks, and other stakeholders familiar with waste
management in Addis Ababa. This helped ensure that the selected sites and agencies were
substantively relevant to the study questions. After identifying eligible sites and institutions,
we compiled two sampling frames: one for households and one for agency officers. Within
these two lists, research assistants randomly selected participants to be approached for
interview.

For the household sample, interviews were distributed evenly across the three WTS types,
with 10 households selected from each category. This equal distribution of households
across WTS locations was intended to ensure that each WTS was comparably represented
in the qualitative analysis, rather than weighting the sample towards any single site type.
Households were drawn from neighbourhoods surrounding the selected facilities, broadly
within their vicinity and generally within about 10 kilometres, so that respondents were likely
to have regular and direct exposure to the environmental and service conditions associated
with the relevant WTS type. Although exact distances were not systematically calculated for
the qualitative sample, the selection was guided by proximity to the facility in order to
complement the quantitative analysis.

Household eligibility criteria were designed to ensure comparability with the quantitative
sample and to capture respondents with sufficiently long-term knowledge of local
conditions. Eligible respondents had to be women aged 18 or above, have given birth
between 2011 and 2019, and have resided in the selected location continuously since 2011.
These criteria were important for three reasons: they aligned the qualitative recall period
with the quantitative reference period; they ensured that respondents had lived through the
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relevant changes in local waste management practices; and they increased the likelihood
that participants could speak meaningfully about changes in child health, household
sanitation, and women's daily burdens over time. Women were prioritised because they are
typically the main actors in household waste disposal and are often the primary caregivers
most able to observe these outcomes. In practice, interviewers requested to speak with the
female household head or main female decision maker where possible.

For institutional participants, eligibility required that officers had worked in the study area or
their agency for at least five years. This criterion was intended to ensure that participants
had adequate experience to reflect on operational changes, environmental exposure
pathways, and public health implications associated with the different WTS types. The
number of institutional and household interviews was guided by three considerations: the
need to capture perspectives across the three WTS categories and relevant agencies, the
expectation of reaching thematic saturation on recurrent issues, and practical resource
constraints. Given the resource constraints, the household sample was capped at 10
interviews per WTS types, while the institutional sample was designed to include both senior
decision makers and frontline officers.

Data were collected using semi-structured, focus group, and open-ended interview guides,
which were co-conceptualised and developed jointly among the study investigators. For the
households, the questions broadly covered the implications of the commencement of the
waste management initiative in their community, as well as potential effects on their
children and empowerment. Although the questions posed for the discussions were not
explicit, such details emerged from questions such as the following:

1. ‘How has the introduction of the initiative (i.e. temporary container WTS, open WTS, or
permanent WTS) affected your household and daily activities?’

2. ‘What changes, if any, have you noticed in your children’s health or the general
cleanliness of your surroundings since the initiative began (i.e. temporary container WTS,
open WTS, or permanent WTS)?’

3. ‘How often Perhaps: is waste collected from your household or your neighbour’s
household and what is your experience with this disposal process?

4. ‘Since this initiative began (i.e. temporary container WTS, open WTS, or permanent WTS),
how would you gauge your economic engagement — have you had more time to work
outside your home, get a job, or earn more money?’

5. ‘Do you think this initiative (i.e. temporary container WTS, open WTS, or permanent WTS)
has created any new opportunities or burdens, particularly for women, and how?’

For the interview with AACAHB, the questions focused on the individuals’ observation of the

public health consequences of pollution across the different waste management initiatives,

with an emphasis on health surveillance and vulnerability. Specifically, we asked:

1. Are there differences in health risks (for both children and women) depending on the
proximity of their residence to the WTS? If so, what are they?
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2. Based on your data and observations, what are the most specific and common health
issues for children under five that you can directly link to living near an open dump and
temporary containers compared to a managed waste facility (permanent building)?

For the interview with AACMA officers, we ask questions related to disparity in waste
management service delivery/quality, and its linkage with public health and community well-
being. Specifically, the questions asked were:

1. Are there operational and community-related problems associated with open dumping
and temporary container WTSs compared to WTSs with permanent buildings?

2. What is the link between the type of WTS (open dump vs. temporary vs. permanent) and
the health of nearby residents? What specific health issues have you heard about or
observed?

3. Are there challenges (if any) in the management of waste sites, particularly open dump or
containers, and what are they?

4. Have there been experiences of community complaints about open dumping and
temporary container WTSs compared to WTSs with permanent buildings, and which have
been linked to more complaints?

Finally, the interview with officers from the Environmental Protection Authority featured
questions related to environmental health and exposure pathways — specifically, how waste
management practices affect community health and well-being, particularly for women and
children. They included the following questions:

1. Is there (air, water, or soil) pollution that is uniquely associated with the different waste
transfer initiatives? To what extent?

2. What key environmental parameters (e.g. leachate, PM2.5, vector density) show the
clearest difference between an open dump/temporary container and a permanent WTS?

3. Are there specific environmental nuisances from an open dump (e.g. odour, flies, litter) or
permanent/temporary container WTS relative to a permanent building?

Prior to data collection, a team of research assistants was trained on effective interview styles
and the need for a follow-up on each of the points of discussion. The questions were piloted
and modified to refine the wording, while the study investigators led the data collection
process. Data were collected over a period of one week in a private setting, with the interviews
led by a person of the same gender as those who were being interviewed. The average time
spent on each interview was about 37 minutes. A separate team of experienced Amharic
translators completed transcription and translation from Amharic to English, which was
conducted concurrently throughout data collection to immediately explore themes and
assess whether data were reaching saturation. A 20% random sample of transcripts were
compared to audio recordings and checked for quality assurance.
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Ethical clearance was obtained from a relevant institutional review board. Trained research
assistants read aloud the consent forms in Amharic, and written informed consent was
obtained from all participants before each interview was conducted.
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5 Empirical strategy

We employ two empirical strategies: one for quantitative data analysis and another for
qualitative data.

5.1 Quantitative data analysis

For the quantitative strategy based on the EDHS data, we assess the relationship between
exposure to waste management initiatives and child health outcomes using a cohort-based
analysis. Specifically, we construct a cohort indicator equal to one for children who were
between the ages of zero and five in the year of, or after, the commencement of the
initiative, and zero otherwise. This design allows us to identify children who were potentially
exposed to the initiative during their early developmental years. We then compare health
outcomes across these cohorts, while exploiting variation in exposure, measured by the
distance (in kilometres) between each household of the child and the closest WTS.

Specifically, we estimate equation (1) using data from the DHS:
Yitu = aCohort; + fDistance; + §Cohort X Distancey; + Xjpy + 1 + Ty + ¢ (1)

Where the primary outcome of interest, the indicators of child health outcome is identified
as y;:;, while the cohort and distance indicators are represented as Cohort;; and Distance;.
The association between waste management initiative and child health outcome is
identified as Cohort x Distance;;;. Other explanatory variables are represented as X;;;, while
the location (i.e. woreda and sub-city) and time (i.e. survey year) fixed effects are [; and Ty.
The standard errors are clustered at the DHS-cluster level.

For the analysis with AACAHB, we compare aggregate child health indicators for hospitals
before and after the commencement of the operation of WTSs relative to the distance of the
hospital to the nearest transfer station. We estimate the following equation for this analysis:

Ynet = BDistance; + aPosty, + 6Distance X Postpy + 1 +Tr + ¢ (2)

For this analysis, y,¢;, denotes the indicators of child health outcome across hospitals,
Posty; represent the time periods after the commencement of operation of the WTSs.
Distance; is measured in kilometres between the exact location of the hospital location and
the closest WTS. As in equation (1), we use the logged value of this variable for our analysis
and include fixed effects at the woreda, sub-city, and year levels — equivalent to the years in
which the data points were collected. Finally, we include time trends in the two equations,
using the birth year trend and the date-of-commencement trend of the WTSs, which capture
underlying temporal changes in child health outcomes and in the exposure to the initiative
over time.

Although the specifications in equations (1) and (2) use difference in differences- (DID-)
style variation in cohort timing, post-commencement timing, and spatial proximity, the
design is best interpreted as associational rather than causal. The estimates should
therefore be read as evidence on how child health outcomes vary with proximity to WTSs
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across cohorts and over time, rather than as direct causal effects of the commencement of
WTS operations. In equation (1), the interaction term captures whether the distance gradient
in child health differs between children whose birth year coincides with, or follows, the start
of WTS operations and those earlier birth cohorts. A statistically significant interaction term
should therefore not be interpreted as evidence of a uniform improvement in outcomes.
Instead, it indicates that the relationship between proximity and child health varies across
cohorts. The same logic applies to equation (2), where Distance x Post captures whether the
association between hospital outcomes and distance to the nearest WTS differs between
the pre- and post-commencement periods.

In equations (1) and (2), we measure distance as a continuous variable rather than using
pre-specified or discrete cut-off points, as in other recent studies such as Akresh et al.
(2022), who examined exposure to conflict, and Fenske et al. (2023), who studied exposure
to infrastructure. We prefer this approach for several practical reasons. First, due to data
limitations and the relatively small sample available for Addis Ababa, modelling distance as
a continuous variable allows us to exploit the full variation in exposure rather than grouping
observations into discrete categories. Categorising distance would split the sample across
multiple bins and reduce variation in the explanatory variable(s), thereby weakening the
precision of the estimates. Second, this specification captures the gradual variation in
exposure intensity to the WTS, which is unlikely to change abruptly at arbitrary distance
thresholds. Third, it avoids imposing subjective distance bands that can bias estimates or
reduce comparability across specifications (Zandbergen and Chakraborty, 2006; Yigin and
Saygili, 2023). Finally, using a continuous measure allows a straightforward interpretation of
the interaction terms Cohort x Distance or Distance x Post, which represent how the
association between the intervention and health outcomes changes as distance from the
WTS increases.

While the empirical strategy attempts to mitigate confounding factors and reduce biases
through the continuous distance measurement of exposure and the fixed effects included in
equation (1) and (2), some potential biases may remain. Prominent among these is the
potential for the parallel trend assumption not to fully hold if children or hospitals that are
near the WTS followed a distinct pre-existing trend. This concern may be less severe in the
Addis Ababa context, given the city’s historically poor and fragmented waste management
environment prior to the roll-out of WTSs (Desta, 2022). However, this contextual
background does not by itself establish parallel trends, and the possibility of differential pre-
existing trends cannot be fully ruled out.

Data constraints make it impossible to formally test this assumption.4 It is plausible to
conclude that both groups likely shared the burden of widespread, low-quality waste
management and the associated health risks. Accordingly, we interpret the roll-out as an

4 The data limitation also constrains our ability to address the complications associated with multiple time period
‘treatment’ designs, as discussed in Goodman-Bacon (2021).
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important change in the city’s waste management environment, while recognising that the
available data do not permit a definitive causal assessment. A stronger causal interpretation
would require richer pre-commencement outcome data, more precise information on the
timing and sequencing of site roll-out, and ideally panel data following the same households
or facilities over time. More credible causal identification would also benefit from plausibly
exogenous variation in the placement or timing of WTSs.

The second potential source of bias arises from the endogenous placement of waste
management facilities across Addis Ababa. In particular, the locations of the WTSs may
have been selected based on pre-existing socioeconomic or infrastructural characteristics
that also influence child health outcomes. To assess this concern, we conducted a
falsification test by generating random (false) distances and years of operation for each
household and re-estimated the specifications in equations (1) and (2). The expectation is
that if the results obtained from these falsified variables are not consistent with the main
estimates, this would suggest that the observed associations are unlikely to be driven by
endogenous siting or by other unobserved location- or time-specific factors correlated with
the placement of the initiative that could also explain child health outcomes.

Irrespective of the contextual argument that we put forward in justifying our design or the
specific robustness analysis, we remain cautious in interpreting any results as causal
explanations. At best, and as earlier noted, we characterise our results as correlational
evidence on the association between the implementation of the waste transfer initiative in
Addis Ababa and child health outcomes, as well as other associated outcomes of interest.

For the heterogeneous analysis, we explore associations across different types of WTSs,
such as permanent building, container, or open dumping WTSs. The aim of this additional
analysis is to explore associations in the indicators of child health outcome. Finally, Figure 6
in the appendix assesses whether selected pre-2011 locational characteristics are
systematically associated with distance to the nearest WTS. We find no statistically
significant association between distance to WTS and population size, rural status,
household educational attainment, sanitation-related indicators proxied by the number of
mosquito nets, or the average distance from the household to the nearest water source.
Although this exercise is not a formal test of parallel trends, it provides suggestive evidence
that locations nearer to and farther from future WTS sites do not differ systematically along
these observable pre-intervention characteristics.

5.2 Analysis of qualitative data

In addition to the EDHS and AACAHB data, we analysed the qualitative data to support the
results from the first design and to uncover potential mechanisms. All interviews and focus
group discussions were digitally recorded, and enumerators took detailed field notes while
engaging extensively with participants and the data to ensure credibility and accurate
reflection of participants’ perspectives on each discussion point (Hammarberg et al., 2016).
To ensure reliability of the data the research team conducted periodic data audits
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throughout data collection, analysis, and interpretation processes (Braun and Clarke, 2006).
All recordings were transcribed into English, and terms or concepts that were difficult to
translate were clarified in consultation with subject-matter experts and independent
mediators familiar with the respective communities or institutions. The translated
transcripts were then cross-checked against the original audio files to verify that the
vocabulary and concepts accurately represented participants’ expressions.

The data were analysed in accordance with the principles of deductive and inductive
thematic analysis (Braun and Clarke, 2006). The deductive component was guided by the
study’s research objectives and the quantitative findings, which highlighted associations
between proximity to different types of WTSs and child health outcomes. Accordingly, the
initial coding framework included themes such as the health implications of waste transfer
management initiatives, variation in experiences across WTS types, and implications for
women’s empowerment. The inductive component, on the other hand, allowed new themes
to emerge directly from participants’ accounts. Together, related codes were then combined
and grouped into sub-themes that were used for the data analysis.
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6 Waste transfer and child health outcomes

6.1 Main results from EDHS data

Our main results using the EDHS data are presented in Table 2, which reports the
association between exposure to WTS arrangements in Addis Ababa and four indicators of
child health. Overall, the signs of the estimates are consistent with our hypothesis: children
whose birth year coincides with the commencement of WTS operations and who live nearer
to WTSs tend to display more favourable child health indicators.

The estimates suggest that diarrhoea and underweight are the only outcomes for which the
interaction term is statistically significant at the 1% level. The positive interaction term
indicates that the relative health advantage associated with being born after the
commencement of the WTS arrangements weakens as distance from the site increases.
Because distance is entered in logarithmic form, the coefficient is best interpreted using
proportional changes in distance, rather than a one-unit increase in metres or kilometres. For
example, in column (4), doubling the household’s distance from a WTS, such as moving
from 500 metres to 1 kilometre, is associated with an approximately 26.1 percentage-point
higher probability of diarrhoea (0.376 x In(2)5). This is consistent with the estimates in
column (8), such that doubling the distance with the same proportion is associated with an
approximately 21.9 percentage-point higher probability of being underweight

(0.316 x In(2)).

Given that the main associations of Cohort and Distance (log) variables are not statistically
significant in these specifications, the estimates are better understood as reflecting
changes in the gradient of outcomes rather than a direct average effect of the initiative. Put
differently, the results do not suggest that being born after the intervention, or distance from
a waste collection facility on its own, is uniformly associated with better health outcomes
across Addis Ababa. Rather, they suggest that the relationship between distance to a WTS
arrangement and child health differs across cohorts. Therefore, the interaction term is most
appropriately interpreted as capturing a differential distance gradient following the
commencement of WTS operations.

It is important to also note, however, that the EDHS sample used for this analysis is relatively
small for Addis Ababa, ranging from about 718 to 861 observations, depending on the
outcome. As a result, many combinations of the interaction term (Cohort x Distance)
contain few or no observations. This limits our ability to assess the consistency of the
estimates using a full staggered event-study approach, such as that proposed by Callaway
and Sant’Anna(2021). Despite this limitation, the main takeaway from Table 2 is that the

5 Because distance enters the model in logarithmic form, the estimated association is interpreted in terms of
proportional changes in distance. Doubling distance, for example from 500 metres to 1 kilometre, changes the
log-distance variable by In(2). The corresponding implied change in the outcome is therefore the coefficient
multiplied by In(2).
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estimates point to a positive association between child health and urban waste
management initiatives, particularly for children living closer to the WTSs.

Table 2: Association between exposure to WTS and child health outcomes®

Under-5 Mortality Diarrhoea Stunted Underweight

(1) (2) (3) (4) (5) (6) (7) (8)
-0.044* -0.044* -0.051 -0.054 0028 0037 0019  0.029
(0.026) (0.025) (0.049) (0.049) (0.062) (0.064) (0.043) (0.044)

0381 0332 -0.165 -0.183 -0.151 0.244 -0.047 0.173
(0.531) (0.501) (0.512) (0.533) (1.003) (0.831) (0.811) (0.729)

Cohort

Distance (log)

Interaction 0.229 0.304 0.338*** (.376*** -0.011 0.292  0.253*** (0.316***
term (0.674) (0.682) (0.068) (0.042) (0.036) (0.963) (0.048) (0.054)
Covariates No Yes No Yes No Yes No Yes
Observations 861 861 815 815 718 718 718 718
R-squared 0.035 0.049 0.047 0.052 0.049 0.112 0.063 0.088

Note: All models include the following fixed effects: woreda, sub-city, and survey year. For the estimation with
covariates, we include the following: mother’s characteristics (i.e. age, primary education, secondary education),
age and gender of the household head, number of household members, and household dwelling characteristics
(i.e. water pipe connection and modern toilet). We do not include DHS clusters and year of birth fixed effects
because of the size of our sample, as their inclusion would lead to the loss of important estimates. Instead,
standard errors are clustered at the DHS-cluster level. Standard errors are reported in parentheses. *** p<0.01, **
p<0.05, * p<0.10. It is also important to note that these results hold even when we subject them to the placebo
checks in Table 6 in the appendix.

The associations reported in columns (4) and (8) do not distinguish by the type of WTSs. We
therefore examine heterogeneity separately to assess whether the relationship differs by
waste transfer facility type, namely temporary container WTS, open temporary WTS, and
permanent WTS. We examine these heterogeneous associations in Table 3. Panel A focuses
on permanent WTSs. Our expectation is that children living closer to permanent sites would
be expected to display more favourable health outcomes because waste is more likely to be
collected frequently and in an organised manner for transfer, processing, or disposal. As
discussed earlier, this type of infrastructure is expected to be associated with less waste
accumulation and uncontrolled exposure around households, thereby lowering health risks
for children living nearby.

The estimates in Panel A are broadly consistent with this expectation. Among children living
closer to permanent sites, the associations with diarrhoea and underweight are stronger.
Because distance is log-transformed, the results are again best interpreted using
proportional changes in distance. For instance, moving from 1 kilometre to 500 metres from
a permanent WTS is associated with an approximately 10.7 percentage-point lower
probability of diarrhoea (0.155 x [n(2)) and an approximately 12.2 percentage-point lower
probability of being underweight (0.176 x In(2)).

6 As a robustness check, we re-estimated our main specifications using Conley's spatially corrected standard
errors, through acreg in STATA, which allows for high-dimensional fixed effects and a 5 km distance cut-off. We
repeated this for all child health outcomes considered in the paper, including under-five mortality, diarrhoea,
stunting, and underweight. The results are qualitatively unchanged from the estimates in Table 2 (see Table 8 in
the appendix).
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Panels B and C consider temporary container sites and open transfer sites, respectively.
Unlike permanent sites, we expected that children living closer to these facilities might
experience worse health outcomes because of leakages, exposure, and the less organised
nature of waste handling around such sites. However, Table 3 provides no statistical
evidence of an association between these two categories of waste disposal and child health
outcomes. Taken together, these results suggest that urban waste management
interventions may be associated with better child health indicators, but the benefits appear
to depend on how waste disposal is organised. In particular, the evidence points to more
favourable health indicators in contexts where waste is managed through permanent and
more structured collection infrastructure.

We further assess this claim using administrative data from AACAHB, estimating
associations across hospitals according to their proximity to permanent waste collection
sites. Because the central policy shift in Addis Ababa has been towards permanent waste
transfer buildings, with the first beginning operation in 2017, we focus this part of the
analysis on that form of infrastructure. We match hospital-level records to the locations of
permanent sites and examine health-related outcomes before and after their
commencement of operation. Unlike the EDHS analysis, which uses a cohort-based
approach, this part of the analysis relies on the year in which the permanent sites began
operation relative to hospital-level outcomes.

Although data are available for temporary containers and open temporary WTSs, we do not
pursue further heterogeneous analysis using the hospital-level data because there is
insufficient variation for meaningful comparison. About 85% of the hospital-level
observations fall in periods when the permanent waste transfer facility was already in
operation. This means that comparisons involving temporary container WTSs or open WTSs
are effectively benchmarked against the newer and more organised permanent system.
Moreover, the EDHS analysis shows no statistical association between temporary container
WTSs or open WTSs and child health outcomes. For these reasons, the additional hospital-
level analysis focuses only on distance to the permanent waste transfer infrastructure in
Addis Ababa.
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Table 3: Exposure to WTSs — heterogeneous analysis

Ur:gft::;it‘;e Diarrhoea Stunted Underweight
(1) (2) 3) (4)
A. 1if WTS is a permanent building
Interaction term 0.743 0.155** 0.083 0.176**
(1.426) (0.067) (0.109) (0.084)
R-squared 0.052 0.069 0.124 0.097
B. 1if WTS is a temporal container
Interaction term -0.676 0.143 -0.017 0.061
(0.629) (0.952) (0.513) (0.590)
R-squared 0.051 0.054 0.114 0.090
C. 1if WTSis an open transfer site
[y — 0.726 0.170 0.488 -0.589
(0.949) (0.967) (5.660) (3.110)
R-squared 0.053 0.065 0.126 0.095
Covariates Yes Yes Yes Yes
Observations 861 815 718 718

Note: We only report the interaction term between cohort, distance, and different indicators of the type of waste
transfer facility. The preferred estimates that account for the covariates are the only ones included in the table.
All models include the following fixed effects: woreda, sub-city, and survey year. Standard errors are reported in
parentheses. *** p<0.01, ** p<0.05, * p<0.10. Other notes are similar to those in Table 2.

6.2 Results from hospital-level data

To complement the household-level evidence from the DHS, we next examine administrative
hospital data. While the DHS allows us to assess child health outcomes at the household
level, including mortality, diarrhoea, stunting, and underweight, the hospital-level data
provide an additional source of evidence that is useful for triangulation. This data source
captures more severe health-related events and healthcare utilisation through indicators
such as stillbirths, low birthweight, and hospital visits among children under the age of five.
Specifically, this dataset provides complementary indicators of child health, including the
number of stillbirths, the number of children with birthweight below 2,500 grams (based on
the WHO threshold for low birthweight), and the total number of hospital visits for children
under age five. We standardise these outcomes because the data are reported as aggregate
hospital-level counts and the indicators differ in scale across facilities.

As noted above, the analysis here focuses on permanent waste transfer buildings. Most of
the interaction estimates in the hospital data specifications are not statistically significant,
with the clearest evidence appearing for hospital visits. For this outcome, hospitals located
nearer to permanent WTSs tend to report fewer child-related visits. Based on the interaction
coefficient in Table 4, doubling the distance from a permanent site — for example from 500
metres to 1 kilometre - is associated with an increase of approximately 0.073 standard
deviations in hospital visits (0.106 x [n(2)). This result is robust to placebo checks reported
in Table 7 and Table 8 in the appendix.
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Table 4: WTSs and health outcomes, using AACAHB data

Stillbirth Low birthweight Hospital visits
(1) (2) ©)

Treat -0.206* 0.070%** -0.227

(0.117) (0.004) (0.141)
Distance (log) 0.008 -0.024 -0.009

(0.032) (0.042) (0.048)
Interaction term 0.051 0.060 0.106%**

(0.103) (0.086) (0.014)
Observations 1,183 1,174 1,185
R-squared 0.542 0.534 0.272

Note: Treat is the time variable post the period when the permanent building for the waste collection began
operation. Distance is the distance of the hospital facility to the closest waste collection permanent building. The
interaction term is between treat and distance. All models include the following fixed effects: city and sub-city, with
the standard errors that are reported in parentheses clustered by the hospital. *** p<0.01, ** p<0.05, * p<0.10. We
also included a linear time trend at the hospital level to capture systematic changes in outcomes over time.

6.3 Maternal outcomes

In this next analysis, we estimate the associations between the initiatives and the measures
of a woman'’s options for working outside the home and autonomy, which serve as our
measures of empowerment. As shown in Error! Reference source not found., this indirect
pathway represents one hypothesised pathway through which WTS arrangements may be
associated with child health outcomes. As documented in the literature, women are
primarily responsible for household waste disposal (UNEP, 2019), and they often spend
significant time managing waste in unsafe or labour-intensive ways. Contextual statistics
show that women are about eight times more likely than men to seek safe and proper ways
to dispose of their waste (Taye et al., 2024). This finding implies that, in situations where
there is no nearby waste disposal infrastructure, women would spend more time seeking
better channels to dispose of their waste. This additional burden, coupled with the higher
exposure of women to poor sanitation within their living environments, may affect their
agency within the household (Cameron et al., 2021). Such effects may include a decline in
their ability to reallocate time towards other income-generating activities or caregiving
responsibilities (Bhojani et al., 2024), as well as a reduction in women’s autonomy within the
household.

We formally test this channel in the regression analysis that is presented in
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Table 5. The results show no statistically significant association between WTSs and the
indicators of working and maternal autonomy. These results are consistent even when we
disaggregate the indicators of WTSs (although this disaggregation is not reported).
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Table 5: WTSs and maternal empowerment, using EDHS data

Working Autonomy
) (2)
-0.153 0.039
Cohort (0.143) (0.124)
. -2.214 3.547
Distance (log) (3.929) (2.556)
. -2.379 -1.732
Interaction term (5.058) (5.103)
Covariates Yes Yes
Observations 861 861
R-squared 0.132 0.203

Note: Cohort is considered a binary indicator if the woman gave birth after the WTS commenced operation.
Distance is the distance of the household to the closest waste collection permanent building. The interaction
term is between cohort and distance. All models account for the covariates. All models include the following
fixed effects: woreda, sub-city, and survey year. Standard errors are reported in parentheses. Other notes are
similar to those in Table 2.

6.4 Discussion

Following the analysis using the EDHS and AACAHB data, the recurring pattern is that the
indicators of child health outcomes tend to show a more favourable association with a more
favourable pattern to WTS arrangements, particularly the permanent stations. We further
investigate this result, and associated mechanisms, with the qualitative data from focus
group discussions and interviews with 57 respondents from the Environmental Protection
Authority, AACMA, AACAHB, and households.

To interpret these quantitative findings, our qualitative data show that the WTS
arrangements, particularly the establishment of permanent stations, were perceived to be
associated with better child health. Our interviews with households residing closer to open
dumping sites and temporary containers reveal contrasting perspectives compared to those
residing near the permanent stations, whose views align more closely with the positive
health narrative.

Those residing closer to the open dumping sites complained about air pollution,
contamination, and leakages in their surroundings resulting from this initiative. As one
female participant (aged 46) explained: ‘since the open dumping is close to our household, it
creates a bad odour...since the dry and wet [e.g. decomposable and non-decomposable] are
not separated the odour becomes very offensive.... Another participant (female, aged 42)
further noted “...since we do not clean the area by ourselves after the dumped contents are
removed, the area stays to be dirty..some households dump waste on days which are not
expected from the schedule and this creates discomfort among the
neighbourhood...restaurants..dump...waste in the same area and this will further worsen the
mix of the waste, which increases the volume and makes the cleanliness of the area worse.’

Yet another participant (female, aged 43) spoke about the impact on households and
children, noting ‘... the dump is open, the wind brings the filth right to us...especially ... for
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those of us who live closest to it ... .We stop the children from ...going near it..they might go
occasionally...and that's why we have to watch and keep them always.’ One participant
described the disease transmission mechanisms of open dumping (female, aged 46),
recounting that "...The smell enters the house, and so do the gnats, flies, and rats. The rats
come straight out of the dump and right into our home. It's bothering us terribly ... The gnats
come up from the trash and sit on us when we try to relax in the sun. We can’t even go
outside to sit in the sun anymore. This seriously affects our household and our work. We
take sick children to the hospital, and they get sick and miss school. The gnats land on the
trash and then come sit on our food when we eat. The rats multiply there and then infest our
homes. It's a serious problem...". These accounts illustrate the frustration of households
residing near open dumping sites, who face persistent odour and sanitation challenges due
to the logistical and procedural shortcomings of this waste management approach. The
absence of clear guidelines on waste separation, disposal schedules, and post-collection
sanitation has turned what was intended as a positive waste management initiative into a
source of nuisance, particularly in less organised areas, where waste transfer is delayed. As
another interviewee (female, aged 42) summarised: ‘Waste is dumped in an open space and
later taken away by trucks. It is not covered or enclosed, so anyone can throw waste there.
Because of that, the smell spreads easily, especially when the waste stays too long before
being collected.’

Our data also show that the temporary container WTSs also come with similar challenges,
particularly unregulated dumping and the pollution caused as a result. One of the
interviewees (female, aged 44) noted: “...People throw away ... whatever they find, and ... even
dump wastewater here ... The smell is terrible ... When we go out with the children and come
back, the smell becomes unbearable ... from time to time we get coughs and flu because of
it. We even have nasal infections....Yes, the odour causes a lot of discomfort both for us and
our children; it exposes us to various diseases.’

Taken together, these qualitative accounts help explain why our quantitative analysis does
not detect a significant association between proximity to open dumping sites or temporary
containers and child health outcomes. Households living near these facilities report
persistent challenges — such as strong odours, infestations of disease-transmitting insects
and animals, unregulated dumping, delayed collection and post-collection cleaning — that
closely resemble conditions in areas without any structured waste management intervention
(Desta, 2022). One participant from AACMA (female, aged 39) corroborated this claim,
noting: ‘the open transfer stations cause serious health problems, especially for people
living nearby. Most of these are inside the city (inner city), close to houses. To reduce the
bad appearance, the cleansing agency has made good efforts by covering the sites with long
sheets, which makes them look better from the outside. But the smell and poor drainage
remains...". Another interviewee from the Environmental Protection Authority noted: ‘I have
personally supervised two such sites, and one of the main problems was that the waste
wasn’t removed quickly. The organic waste coming from households stays there for too
long, which causes the release of volatile gases. These gases spread into the surrounding
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environment and bring serious health impacts over time...". In other words, these persistent
challenges mean that open dumping sites and temporary containers do not provide a
meaningful improvement over having no formal waste management initiative at all.

In contrast, respondents across agencies, health facilities, and households expressed
broadly consistent positive views about the relative performance of the WTSs. The most
commonly recurring theme was the role of the physical enclosure and automated waste
disposal mechanism (i.e. compactor) in reducing exposure to waste, odours, and
contamination. Permanent waste collection stations prevent scattering by wind, protect
waste from rain, and limit bacteria growth and leakages to the community. As one AACMA
participant explained: ‘...permanent construction can be [a] long-term solution... It hides the
waste from view, prevents rain from making it damp, and reduces the growth of bacteria that
cause leakage and bad smells...". EPA participants similarly stressed the reduction in
pollutants and disease pathways, noting that ‘... permanent buildings... protect and contain
the waste more effectively...'. and help prevent the release of volatile gases that spread
contamination. Another household interviewee (female, aged 41) recounted the past
experience with open dumping that is now addressed with the permanent WTSs: ‘...the
difference is massive... Before, we'd constantly get that awful smell drifting into our homes.
It was so bad, | remember the dogs would drag bones right out of the piles and bring them
back to the house...".

Another factor that may help explain the more favourable views of the permanent waste
transfer facilities is their stronger operational performance. With the waste transfer
facilities, waste is now collected more frequently — often within 24 hours — and the use of a
compactor enables faster transfer to the waste disposal location. As one household
interviewee noted (female, aged 39): ‘the best part is it doesn't sit there for long... They load
it up within 24 hours and haul it straight out to the landfill.” AACMA officials added that these
improvements stem from better management practices, not only infrastructure: ‘This
success isn't just because a structure was built, but because of the hard work put into
making it functional...These facilities now have green surroundings, which is a major
advantage for respiratory and overall health.’

Another theme from the qualitative data regarding the permanent WTSs is that households
and health workers reported more favourable health conditions, especially for children.
Respondents consistently described a reduction in iliness and reported fewer hospital visits,
alongside lower exposure to disease-transmitting insects and animals, and contamination.
One parent (female, aged 43) stated: ‘the sickness has calmed down... We just aren’t seeing
the severe disease outbreaks in the kids anymore.” Another parent (female, aged 47)
recalled: ‘...before this new permanent waste management system... children got sick
constantly. Flies would land on the trash, carry that contamination, and then land on the
children and even on their food. Children were exposed to all kinds of diseases during that
time.’
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Regarding associations between solid waste management and women’s empowerment,
which was discussed as an indirect mechanism, although it was not found to be statistically
significant in our regression, evidence from the qualitative data shows a universal
acknowledgement by participants that effective waste management matters in this regard.
They acknowledged that the fact that women and children spend most of their time at home,
increases their exposure to waste. One interviewee from AACAHB noted: ‘...women and
children spend most of their time at home. In our country, most of the time, it's women and
children who stay at home, this increases their exposure to waste. Collecting and disposing
of household waste is also usually their [a woman's] responsibility.’

Based on the findings presented in this paper, including both the quantitative and qualitative
evidence, one policy implication is that the government and policymakers should continue to
prioritise permanent WTSs. As shown in the discussion above, this type of facility appears
better positioned to address the challenges associated with open dumping and with
permanent or temporary container collection points, particularly the pollution and disease
risks, to which children are especially vulnerable. Nonetheless, the extent to which this can
be realised will depend on implementation constraints, including fiscal capacity to finance
construction of WTSs, the availability of suitable land to host WTSs, and the administrative
capacity required to ensure effective operation over time.
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7 Conclusion

In 2020, the estimated waste generated in Addis Ababa was around 750,000 tonnes per
year, with average household waste generation of 0.45 kg per capita per day (GIZ, 2023).
This underscores the importance of understanding how waste management systems (in this
context, WTSs) are associated not only with environmental conditions but also with health
outcomes, particularly for vulnerable groups, such as children. In this paper, we examined
the association between waste transfer arrangements and child health outcomes in Addis
Ababa. The results indicate more favourable child health patterns for selected outcomes,
especially diarrhoea, underweight, and hospital visits, in areas nearer to permanent WTSs.

Overall, the findings are consistent with the view that permanent WTSs are associated with
more favourable child health indicators than open transfer sites or container-based
arrangements. While the study cannot isolate a single mechanism or make strong causal
claims, the qualitative evidence suggests that these associations may reflect broader
improvements in waste handling, containment, and operational organisation within the
permanent system.

Data limitations, particularly the absence of detailed panel data, limit our ability to causally
test specific mechanisms. Nonetheless, the evidence from the qualitative data supports the
urgent need to continue the campaign to expand permanent waste transfer facilities across
the city. This initiative has obvious advantages over open WTSs or the temporary container
WTSs, due to the modernised structure of the facilities, which facilitates a reduction in
pollution, infestation of disease-carrying insects and animals, spillages, and leakages. In
conclusion, rather than attributing the observed associations between waste collection and
child heath to any single mechanism, the improvements in child health outcomes are likely
driven by a broader set of improved logistical and operational practices embedded in the
permanent waste management system.
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Appendix A

Table 6: Exposure to WTSs and child health outcomes using EDHS

Under-five

. Diarrhoea Stunted Underweight
mortality

) (2) 3 (4)

A: False distance computation, where we randomly assigned different
distances to replace the accurate distance of the household to the WTS.

Cohort -0.054 0.052 0.101 0.101*
(0.035) (0.048) (0.065) (0.055)
Distance (log) 0.001 0.025 0.051 0.053
(0.027) (0.032) (0.046) (0.037)
[y — 0.015 -0.026 -0.058 -0.048
(0.029) (0.049) (0.066) (0.052)
Covariates Yes Yes Yes Yes
Observations 861 815 718 718
B: False year of birth assigned to each child in the survey.
Cohort -0.011 0.012 0.011 0.062*
(0.021) (0.029) (0.049) (0.036)
Distance (log) 0.001 0.649 0.791 0.628
(0.440) (1.007) (1.813) (0.657)
[ — 0.552 0.674 -0.569 -0.795
(0.617) (1.095) (2.139) (0.773)
Covariates Yes Yes Yes Yes
Observations 861 815 718 718

Note: All models include the following fixed effects: woreda, sub-city, and survey year. The standard errors in
parentheses are clustered at the DHS-cluster level. * p<0.10

Table 7: Falsification check: exposure to WTSs and child health outcomes using AACAHB data
Stillbirth Low birthweight Hospital visits

(1) (2) 3)

A: False distance computation, where we randomly assigned different
distances to replace the accurate distance of the household to the WTS.

Distance (log) Ol 0.035* -0.001
(0.025) (0.020) (0.029)
Interaction term -0.078 -0.0M1 -0.001
(0.072) (0.034) (0.063)
Observations 1,190 1,181 1,192
B: False year of birth assigned to each child in the survey.
Cohort -0.161 -0.151* -0.162
(0.098) (0.078) (0.108)
Distance (log) *0.030 -0.046 -0.081*
(0.023) (0.032) (0.044)
Interaction term 0.108 0.086 0.192
(0.104) (0.079) (0.101)
Observations 1,183 1,174 1,185
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Note: All models include the following fixed effects: woreda and sub-city. The standard errors in parentheses are
clustered at facility level. * p<0.10

Table 8: Estimations using Conley’s spatially corrected standard errors

Using EDHS
Umngftzlfiit‘;e Diarrhoea Stunted Underweight

Cohort -0.024 -0.055 0.032 0.055%***

(0.018) (0.026) (0.065) (0.021)
Distance (log) 0.190 -0.068 0.760 0.355

(0.194) (0.652) (0.778) (0.493)
Interaction term 0. 052 0.398*** 0.815 0.540%**

(0.316) (0.085) (2.016) (0.206)
Covariates Yes Yes Yes Yes
Observations 1152 815 974 974

Using AACAHB data

Stillbirth Low birthweight Hospital visits

Treat -0.240 0,755 -0.081*
(0.160) (0.067) (0.046)
Distance (log) 0.031 -0.003 -0.110
(0.068) (0.044) (0.129)
Interaction term 0.028 0.053 Do
(0.119) (0.127) (0.008)
Observations 1183 1174 1185

Note: The estimates in this table re-estimate the specifications in Table 2 and Table 4 using Conley (1999)
spatial standard errors. Unlike the previous tables, which include woreda, sub-city, and survey year fixed effects,
this specification is limited to two absorbed fixed effects. We therefore include fixed effects only for woreda and
sub-city. *** p<0.01, ** p<0.05, * p<0.10

Figure 6: Correlation between locational indicators and distance to WTS
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Note: Figure 6 presents correlational estimates based on the 2005 EDHS data. The population indicator is
measured as the total population of the enumeration area. Rural is a binary indicator for whether the
enumeration area is rural. Education is measured as the average educational attainment of households in the
enumeration area, ranging from no education (0) to higher education (3). The number of mosquito nets is used
as a proxy for sanitation conditions in the enumeration area, while distance to water is measured as the average
time, in minutes, that households in the enumeration area take to reach the nearest water source. This last
variable serves as an indicator of infrastructural development in the enumeration area.
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