CEEPA Discussion Paper No. 45
CEEPA Discussion Paper Series ISBN 1-920160-01-09
Discussion Paper ISBN 1-920160-45-0, March 2010

HOUSEHOLD ENVIRONMENTAL CONDITIONS AND DISEASE
PREVALENCE IN UGANDA: THE IMPACT OF ACCESS TO SAPWATER
AND IMPROVED SANITATION ON DIARRHEA

Ibrahim Kasirye
Economic Policy Research Centre, Uganda



THE MISSION OF CEEPA
CEEPA PUBLICATIONS

Aims and Scope

CEEPA publishes peer-reviewed work in environmeetainomics in its Discussion
Paper Series and other publications. The godleptiblications is to promote the
exchange of ideas among environmental economisiducbing both quantitative and
qualitative analysis for both analytical and apglpolicy design in the public and
private sectors in Africa. CEEPA also publishesesech materials intended as useful
resources for researchers, policy makers and stsideenvironmental economics and

policy.

Co-Editors: Prof Margaret Chitiga, University of Pretoria
Dr Eric Dada Mungatana, CEEPA

Associate Editors.  Dr Tim Lynam, Tropical Resources and Ecology Policy
Studies (TREPS), University of Zimbabwe
Prof Mohamud Jama, Institute for Development Stidie
University of Nairobi
Dr Ayalneh Bogale, Dept of Agricultural Economigdemaya
University

Assistant Editor: Daléne du Plessis, CEEPA

Correct citation: Kasirye, Ibrahim, 2010. Household environmentaiditions and
disease prevalence in Uganda: the impact of adeesafe water and improved
sanitation on diarrhea. CEEPA Discussion PapedBdloCentre for Environmental
Economics and Policy in Africa, University of Preto

Core funding for CEEPA comes from the University of Pretoria. CEEPA reeg
supplementary funding from various donors includithg Swedish International
Development Cooperation Agency (SIDA), IDRC CandslaF, NRF South Africa.

Additional information on CEEPA activities is available at http://www.pa&o.za
Department of Agricultural Economics, Faculty oftttal and Agricultural Sciences
University of Pretoria; PRETORIA 0002, RepublicSuth Africa

ISBN 1-920160-45-0
First published 2010
Series ISBN 1-920160-01-9

Printed and bound in South Africa by UniversityRyetoria
© 2010, Centre for Environmental Economics anddyah Africa (CEEPA)



Table of content

ADSTIACT ...ttt e e e e e e e e e a e e e e e e aaaeeeaaarane ivv

o3 (0] 017/ 1 T PP Y

1. Introduction/BackgrOUNd ...............ooii e eeee e e et e 1

2. The Ugandan CONteXL..........ccceiiiiiiiiceeeeeeeeeeiiiiiiessseeeeeeeeeeeseeeeesssssnnnnnnnsennnn 3

3. LITErature REVIEW.........uuuuueiiiiiiie sttt s e e e e e aaaae e e e e e aeeeas 5

4. Method Of @NalYSIS......cceeviiiiiiiic e eeeeee e ——————— 8
R 1 0 T3 B T - PP UUPPTRRPPTR 8
4.2 Econometric APProach ...........veveeiiieece e 9
4.3  Variables Included in the ANalySis ... 11

5. ReSearch fiNdINGS........cooviiiuiiieeees o e s e s e e e e e e e e e e eeeeeeeaeseaannn e seeneessseeeeeas 16
5.1 Descriptive RESUILS .....ccceiiiiiiiiii e 16
5.2  Specification TeSt RESUILS............c e e oo e e e e ee e 20
5.3 Regression RESUILS ......uuuiii e 22
5.4  Cost effectiveness of water interventions............c.uuvveveeeiiiiieieeeeeeennnnnnns 25

6. Conclusions and IMPlICALIONS .......coii i e 28

R T EINICES ...ttt ettt e e e e e e e e e e e e e e e e e e e e e a e 30

List of tables
Table 1: Uganda, projected expenditures under tB&2\2000-2015), US$ Millions2

Table 2: Means of the variables used (%)... . .14

Table 3: Uganda household characteristics for wa&mtatlon and dlarrhea (2005/06)
.................................................................................................................... 17

Table 4: Strength of the instruments and testh@giclusion restriction and
eX0geneity Of INCOME .........ocveeieiiiiree e e e e e e e e e e e e e eeeee e 21

Table 5: Instrumental variables SPeCIfiCAION wwevveeeereeeiiiiiiieee e eeeeeeeeeeiieees 24

Table 6: Cost effectiveness of water interventiosa hypothetical urban poor town
TR Lo =T g o F= ) SRR PRRRPPPP 27



Abstract

Although governments in sub-Saharan Africa have increasingly devoted more resources to water and
sanitation interventions, many households in the sub-region still do not have access to safe water and
improved sanitation. We utilize data from the 2005/06 Uganda National Household Survey to
investigate the impacts of inadequate access to safe water and improved sanitation. In addition, we
examine the cost effectiveness of the provision of piped water by either a household connection or
community standpipes, for a hypothetical poor urban town in Uganda. We find that only piped water
within the household and access to private covered pit latrines significantly impact diarrhea
prevalence. In addition, we examine the cost effectiveness of the provision of piped water by either a
household connection or community standpipes, for a hypothetical poor urban town in Uganda. We
find that providing community standpipes results in the largest reduction in the burden of disease.
Overall, our results present a targeting dilemma because although water in Uganda is publicly
provided, the construction of sanitation facilities is considered a private matter. Nonetheless, either
health information campaigns, conducted to persuade households to construct personal latrines, or
local government ordinances making toilet construction mandatory could go a long way toward
reducing the burden of disease due to diarrhea in Uganda.
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1 Introduction/Background
During the implementation of reforms under the RPov&eduction Strategy Papers

(PRSPs) framework, governments in sub-Saharan a&Af(i8SA) have devoted
increasing resources to water and sanitation iatérons. However, many households
in the sub-region still do not have access to shfeking water and improved
sanitation. According to the 2006 Human DevelopmBetport, only 55 % of
households in SSA have access to safe water, abel F&he households have access
to improved sanitation (UNDP, 2006). Policy makansl researchers are increasingly
concerned with the effects of such poor househaldirenmental conditions,
particularly those on human development outcome$ s health, education, and
poverty. On the health front, the lack of accesssa&fe water and sanitation is
associated with increasing incidences of water-baliseases—particularly diarrhea.
According to the World Health Organization (WHOiamhea accounts for about 4 %
of the total global burden of disease, and, worskk $he burden is unevenly
distributed—the annual Disability Adjusted Life Y¥YegDALYS) lost due to diarrhea
is five times higher in children aged 5 years aetbly compared to the rest of the
population (WHO, 2006).

In tandem with the focus in the developing worldlanrman development outcomes,
under the auspices of the Millennium Developmenal&dMDGs), and with the
support of multilateral agencies, the GovernmentUghnda (GoU) has earmarked
significant resources to the water sector sinced260r example, the annual budget
for the water sector increased from US$ 20.6 mmllio 2000/2001 to US$ 69.3
million in 2006/7—a sizable change from 1.3 to 33of the national budget (GoU,
2007b). Notwithstanding the enlargement of put#sources available for water, the
sector remains grossly underfunded in comparisoother social sectors such as
education, which had a budget of US$ 412 millior2@96/7. Nonetheless, under the
current Water Sector Investment Plan (WSIP), iexpected that at least US$ 950
million will be earmarked for interventions withthe sector over the period 2000-
2015 (Table 1). Even then, the above commitmenlis staort of the resource
requirements for Uganda to attain water-related MB@rojected at US$ 1,430
million (Okidi, et al. 2002).



Table 1: Uganda, projected expenditures under the WSI P (2000-2015), US$
Millions

Major Program Financial Years Total
2001/2005 2005/2009 2009/2015

(a) Water Supply 150.1 190.1 4474 7876

(b) Sanitation 10.4 214 70.1 101.9

(c ) Environment Assessment, Mitigation, - 6.5 14.6 211
and Monitoring 0

(d) Capacity building for Local Governments 151 10.3 23.7 49.1

(e) Institutional Support and Capacity Building 3.1 32 4.9 10.3
for Central Government

Total (US$ Millions) 178.7 239.6 560.7 978.9

Source: Revised WSIP (2000-2015) and ADB (2005)
Although household access to safe water and impreaeitation has improved over
time, especially after the 1990s, overall coveragis remain inequitable. For
example, although the proportion of households &itbhess to safe water increased
from 51 % in 1999/00 to 58 % by 2005/06, the cogereates favored households at
the top end of the welfare distribution. The inéigsi are more pronounced when
access to improved sanitation is considered. Famgke, in 1999/2000, the
proportion of the bottom quintile with access toiamproved sanitation source was
only 47 %, while that of the top quintile was abbwice that at 85 % (GoU, 2007a).
Overall, the official projection is that the countemains on course to meet the WSIP
target of providing at least 77 % of the populaacess to safe water by 2015 (GoU,
2006b; World Water Assessment Program, 2006). Ragtanding the increase in
water sector investments in Uganda, there is litttermation on how the various
water and sanitation technologies impact the peswad of water-borne diseases in
Uganda, due to paucity of the data. This is padiplained by the limited
incorporation of monitoring and evaluation compdserinto the design of
interventions and is also due to the multiplicityiastitutions handling water and
sanitation issues in Uganda. For example, the benef improved sanitation are
mainly reflected in the improved health status e population, whose evaluation
mandate falls under the Ministry of Health (MoH)damot under the parent Ministry
of Water and Environment (MWE).

This study examines the impact of access to imptowater and sanitation on
diarrhea prevalence and the potential gains froaketaking various interventions.
First, we estimate instrumental variables (IV) promodels for determinants of
diarrhea morbidity and include various water anditaion sources as independent



variables. We find that access to the followinglitees reduces diarrhea prevalence:
having piped water within the dwelling, and haviaccess to a private covered pit
latrine. In addition, we examine the cost effeatiess of the provision of piped water
by either a household connection or community gigoes, for a hypothetical poor
urban town in Uganda. We find that providing comitystandpipes results in the

largest payoff (in terms of the least cost per DAaverted).

A unique characteristic of the present study, imparison to previous studies
analyzing the impacts of water related investmentfealth in Uganda (e.g. Daés
al., 2001 and Tumwinet al., 2002), is the availability of a nationally repeasative
household survey that captures information on dalth as well as on associated
treatment expenditures over a 30-day recall periw@. use the 2005/06 Uganda
National Household Survey (UNHS). In terms of sizee have individual and
household information on 8,882 children aged be®mwears. The UNHS survey
collected information on household demographics lasuksehold access to safe water
and sanitation. The survey also captures uniquernmdtion that deals with the
household’s environmental situation, such as theséleold’s distance from a water
source, its travel and waiting time at the watarrse, and whether it has a separate

room for the kitchen.

The paper is structured as follows. The next sectlescribes the economic and
political context in Uganda. Section 3 reviews literature pertaining to the impacts
of water and sanitation infrastructure on the Heaittcomes of children in developing
countries. The dataset, econometric approach, ahohation issues addressed are
discussed in Section 4. Section 5 provides the mesults of the study, and Section 6

presents the conclusions and implications of thdyst

2. The Ugandan Context
Uganda is located in East Africa, bordering Kenyahie east, Tanzania to the south,

and the Democratic Republic of Congo and Rwandahe west. In 2007, the
country’s estimated population was 28.2 million plep with 85 % of the population
residing in rural areas (GoU, 2007b). Furthermdsganda is one of the poorest
countries in the SSA, with an annual per capitagomestic product (GDP) of US$



360 in 2007 (GoU, 2008). Nonetheless, the counay tnade significant progress in
reducing income poverty, especially during the enpéntation of economic reforms.
The national headcount poverty index reduced fr@®® in 1992/93 to 31 % by

2005/06; it was only during the period 1999/00 @®2/03 that the country witnessed

a reversal in poverty reduction (UBoS, 2007).

Apart from income poverty, the country has madeewotthy improvements in
human capital outcomes, especially in education.eample, the primary school net
enrollment rate increased from 52 to 85 % betwé¥2/B3 and 1999/2000 as a result
of the implementation of the Universal Primary Eahimn (UPE) program. With
regard to health outcomes, performance has beeadmiXhile the country managed
to reduce the HIV/AIDS prevalence from 30 % at leginning of the 1990s to 6 %
by 2005 (GoU, 2006a), other indicators, particyldniose relating to child mortality,
have stagnated. For example, the infant mortalitie ronly marginally changed
between 1995 and 2005—from 85 to 75 births per 1@@irths (UB0oS, and Macro
International, 2007).

In Uganda, water services are provided at a diffemeed cost depending on the
location of the user. In urban areas, all pipedewaiccessed either directly from the
dwelling or through public standpipes, is providgd cost. On the other hand, access
to other water schemes in urban areas such asdbesedind protected springs is free
of charge. In the rural areas, although all of waer services are free, communities
make voluntary contributions for the maintenance toé water infrastructure.
Furthermore, most of the water infrastructure irarareas is provided under a public-
private arrangement. The government provides eachl lgovernment (LG) with a
“District Water and Sanitation Conditional Grantwhich finances either the
establishment of boreholes, gravity flow schemesatime stances. The LGs have
the freedom to decide what type of technology tplesnand where to place the water
points. Communities meet the cost of sourcing acguiaing the land where the
service is to be located through the water usensinittees. In addition, communities
must recruit and recommend for training local aris who can serve as repair
mechanics for the water source. For minor repdhie, community utilizing the
monthly contribution for water usage meets theso$the repairs. On the other hand,

LGs undertake all the other major repairs, e.g,régular overhauling of boreholes.



Whereas the public provision of water serviceseisggaphically well distributed, the
provision of latrine stances is restricted to puldreas such as schools, hospitals,

markets, and community centers.

Of Uganda’s four geographical regions, Northern miga faces considerable
challenges in accessing social services, and thesivertently impact its human
development outcomes. Since 1986, the region has éegulfed in a climate of civil
war, and the war has in turn defined the availgbdnd type of social services that
can be provided in the region. Apart from the aclioss of lives, one of the other key
consequences of the war has been the displacermkmge populations into what are
known as internally displaced persons (IDP) campsrt from the IDPs, the region
is also home to nomadic pastoralists in Keamoja sub-region who also practice
cattle rustling. Consequently, due to the abovdliobrenvironment, households in
Northern Uganda have the worst human developmeintators, including indicators

regarding access to water and sanitation services.

In summary, although expenditures on water relatgztventions have increased
since 2000, challenges remain. First, the earmdiksk are not adequate; as a result,
interventions relating to the sanitation sub-sedtave received minimal attention.
Furthermore, interventions by other parties sucm@s governmental organization
(NGOs) are not only few and thinly spread, but aleo undertaken in an ad hoc
manner. Second, providing services to a large @ojounl of displaced and nomadic
people in Northern Uganda will for some time deteenthe national water and
sanitation indicators. Third, limited attentionplsiced on preventing diarrhea diseases
compared to the treatment of diarrhea. In the segtion, we review the literature on
the relationships between water and sanitationceswsind diarrhea prevalence as well

as overall childhood health status.

3. Literature Review
A number of studies have examined the effects aémeand sanitation investments in

developing countries on health status, poverty, atiter human development
outcomes. Examples of empirical studies in themnepast include Leet al. (1997);
Newmanet al. (2002); Smith and Hanson (2003); Jalan and Rawa{R003); Abou-



Ali (2003); Galiani et al. (2005); Kremet al. (2006); Fuentest al. (2006a, 2006b);
and Gamper-Rabindraet al. (2009). Other studies such as Fewtetllal. (2005)
provide a recent review of the effects of environtaé conditions on specific
illnesses, notably diarrhéalhe main focus for most of the above studies ishen
effect of access to water on three health outconiisease prevalence, child
mortality, and malnutrition. Evidence from develdpeountries, particularly the
United States (US), shows major health benefitmfrmproved water and sanitation
infrastructure. Cutler and Miller (2005), usingtbiscal data to study the adoption of
water treatment by US cities, find that the pramisof clean water was key to the

observed declines in child mortality.

Although a few studies find no impact of water aaahitation investments on health
outcomes, the majority find strong and significaffects. The study by Leet al.
(1997), based on survey data from Bangladesh ailighfthes, is among the few that
find no effect of water on child survival and ntitm. On the contrary, Jalan and
Ravallion (2003), based on data from India andgisivo measures of health status—
diarrhea prevalence and length of reported ilinefgsdthat having piped water in the
household is associated with a 21.3 % reducticihenprevalence of diarrhea among
rural households. Furthermore, the authors find pif@ed water is associated with a
29.4 % reduction in the length of illness. Galiainal. (2005) also finds strong effects
of water for Argentina; here, having a water conioecis associated with a 6.7 %
reduction in child mortality. On the other hand,ngeer-Rabindraret al. (2009),
using panel data and a quantile regression apprfoadrazil, find that the impact of
piped water on infant mortality differ by socioeconic status; expanding piped water

benefits most children residing in areas with vgigh rates of child mortality.

Apart from water and sanitation infrastructure,iubal hygiene behavior, point-of-
use water treatment, and child care have beenifi@éenas important for reducing
diarrhea prevalence. Individuals’ hygiene behawspecially frequent hand washing,
which disrupts pathogen transmission, has also Is&emvn to have a significant
influence on reduction in diarrhea prevalence bfLet al. 2004). Point-of-use water
treatment is another behavioral strategy considemgartant for diarrhea reduction.

! The various environmental interventions considénetiide: hygiene, sanitation, water supply, water
quality and a combination of any of the four statgdrventions.



For example, in a study on Zambia, Quigkal. (1999) find a significant effect of
point-of-use water treatment on diarrhea incidemgth reductions ranging between
20-30 %.

Due to the problems of establishing causal treatre#ects, experimental studies that
control for unobserved heterogeneity have been tessetlidy the impact of water and
sanitation infrastructure on diarrhea incidencee(&. g., Kremeat al., 2006; Azizet

al. 1990; Clasemt al. 2004; and Newmaat al. 2002.) For example, Newmanal.
(2002) evaluate the impact of water supply investisi@s part of the Bolivian Social
Insurance Fund in two rural areas of the countsinty a matched comparison design
of beneficiaries and non-beneficiaries of waterjgnts and applying the difference-
in-difference method, the authors find that watgy@y investments were associated
with a 42 % drop in child mortality rates. Althouglindomized experiments have a
superior sample selection strategy (by effectivelgntrolling for unobserved
determinants of access to water sources), thegxgensive to undertake, due to the
requirement of surveying the same households mbam tonce. Apart from
experimental designs and matching methods, othéhads such as contingent
valuation methods have been used to investigatentpact of access to water on
child health. Examples of the latter approach idelthe study by Abou-Ali (2003),
which examines the impact of access to water dd chortality in Egypt.

Due to SSA’s large water-borne disease burdennebeuof studies have investigated
the impact of water and sanitation infrastructumeestment on children’s health in the
subregion (See, e.g., Kremeral., 2006; Ashrafet al., 2008; Quicket al., 2002;
Fuenteset al., 2006a, 2006b).In a study investigating the effects of water seur
protection in Kenya, Kremeat al. (2006) find mixed results. In particular, although
the water-spring protection is associated with mprovement in household water
guality, it has no significant impact on diarrheavyalence among children. On the
other hand, Fuentes al. (2006a), using the Demographic and Health Su(ixyS)

database, find that that water and sanitation strisature have significant impacts on

2 A number of studies have examined the impactsaiémsources on diarrhea prevalence in Uganda;
however, they have mainly done so in a cross-cylsditing (see, e.g., Esreyal. 1985; Sharmat al.
1996; Whittingtoret al. 2001; and Tumwinet al. 2002).



child health. Specifically, having an improved $ation source, especially a flush

toilet, is associated with a 30 % reduction indmiortality.

Notwithstanding the wealth of studies on water saitation on child health in SSA,
we examine related issues, though we do so inferelift way. We focus on diarrhea
illness among young children in UgantiBuenteset al. (2006b) is the work most
closely related to this study, but we incorporataumber of improvements. First,
unlike the above study, we investigate whether itgo determinants of child health
such as income are endogenous. The study by Fustrale2006b) only estimates a
logistic regression for the determinants of diaaripeevalence without examining the
suitability of the variables used. Indeed, studigsh as Haddaet al. (2003) show
that income is endogenous in child health regressid/e test for the endogeneity of
income and estimate IV probit regression to accéomthe potential bias of income.
Second, we account for the distance to water fesliin our estimation. As we
explain later, distances and associated travelstioa@ affect the quality and volume
of the water collected. Finally, we examine theigoimplications of our findings

through the analysis of the cost effectivenesfieftivo water interventions.

4. Method of analysis

41  TheData

As mentioned earlier, we use the 2005/2006 Ugandaohal Household Survey
dataset collected by the Uganda Bureau of Statistibis survey, modeled along the
lines of the World Bank’s Living Standards Measuestn Surveys (LSMS), was
intended to track changes in the welfare statudgsfndans. The survey is nationally
representative, covering 7,426 households with 41 y2gular household members.
Furthermore, the survey is based on a two-stagplsirmndom sampling design. In
the first stage, the Enumeration Area (EA) is thegypal sampling unit, and at the
second stage, 10 households are randomly selectadebich EA.

In addition to the socioeconomic module, the 2065&urveys also contain a

community as well as an agricultural module. Theiaonomic module captures

% We focus exclusively on children under five yeaid; since this age category suffers a
disproportionate share of the burden due to diatrAecording to the WHO, children less than 5 years
old account for 90 % of the 2.2 million annual dsadue to diarrhea (WHO, 2006).



information on household demographics (i.e., ag®, snarital status, and position
within the household), socioeconomic charactessti@ducational attainment,
household consumption, and access to communictmiities such as bicycles and
mobile phones). Also, this particular section o€ thurvey inquires whether an
individual suffered illness or injury during the ntb prior to the survey interview.
Furthermore, for individuals reporting illness asedeking health care, the survey
collects cost information relating to expendituogstreatment or transportation to the
health facility. The survey also captures data oausing conditions, especially those
relating to the tenure status of the householdstheture of wall, floor, and roof; the
source of drinking water, distance to the waters®was well as the amount of time
spent waiting at the water point; the type of toifacility used; the method of
waste/garbage disposal; and whether a household leeparate room/facility for
cooking. On the other hand, the community modulgtwas the availability of and
access to social services in the locality. In thalgsis, we match the individual child
characteristics to the characteristics of the hioolseand community in which the
child resides. The data for the cost-effectivenassalysis and the sources are
described in section 5.4. In the next sub-sub-Gective describe the empirical
strategy adopted, while section 4.3 provides thiéquéar survey variables we use and

the justification for their selection.

4.2  Econometric Approach
We use the probit model in order to estimate thatioen between the prevalence of

child diarrhea and the access to improved watersandation, including background

variables such as household consumption, educadioth,location variables. Some
variables in such a relationship may not be exogenBor example, piped water may
only be available in affluent areas, and indicatfriousehold welfare status may be
endogenous to the diarrhea regression. Relatkile the lack of an improved water

or sanitation source may lead to diarrhea illngss,also conceivable that exposure to
diarrhea may force households to adopt particul@vgntive measures such as
investing in either improved water or sanitatiorurees, leading to concerns of

simultaneity bias.



Given the possibility of such an environment, conmgathe effect of access to water
and access to sanitation facilities on diarrheaifficult because any observed
differences could be due to the access to partidatlities or to factors that affect
the child’s household location. If the factors tthafluence a child’s household
characteristics also directly affect the child’salle, then any observed differences in
diarrhea prevalence between households with watkisanitation facilities and those
without may be partly explained by unobserved défices between children rather
than the access to improved water and sanitatiis;nay thus bias results. In order
to deal with this potential bias, we adopt the Ipp@ach as mentioned earlier. In

particular, we estimate the following model:

D, =X,B+Ya+¢g, (1)

where D; is the prevalence of diarrhea by childrom householdj , X are

exogenous factors determining diarrhea prevalenciyding household access to a
particular water or sanitation facility, are other explanatory variables that may be

endogenous, such as household consumptiongamslthe error term. To account for

the possibility that theXs may be simultaneously determined with the dependent
variable (D), we adopt the instrumental variables approacipahticular, we estimate
the following model:

Y =X B+ Zyp+ A, (2)

where Z represents instrumental variables that are caecthaith the incomdy) but

uncorrelated with the diarrhea prevalerf&e ).

In the literature examining the determinants oficchiealth, wages and household
assets are usually used to measure income (Attaetsi., 2004; Haddact al.,
2003). Although the survey captures informationhonsehold wages, only one third
of households have at least one member with waigeniation; consequently, this
particular variable is not used as an instrumerdse on the assumption that
household assets are acquired over a sufficientlg lduration and as such can be
reasonably assumed not to be correlated with diaritness, we adopt the value of

household assets as our preferred instrument. iticpar, we use the value of

10



household land holdings and non-land assets asirmtrument for household
income/consumption. In the literature for landusehold land holdings, measured in
acres or hectares, are used as the preferrednmeattuHowever, our analysis revealed
that this particular indicator was poorly correthtgith income. This is because land
values depend heavily with the location of the laa&l such, the volume of land is a
poor proxy of its value. For example, 10 acres faral area may not be worth half an
acre in an urban area. Consequently, we use hddskimal value as the instrument
instead of land volum&.

We also use non-land asset holdings, includingstoek, furniture, household
appliances, electronic equipment, jewelry and wedchmobile phones and
transportation equipment (i.e., bicycles, motorleycor cars). In particular, we use
the per capita value of household non-land asdeirys as our second instrumént.
Since our dependent variable is binary, we estirtteganstrumental variables probit
regression using the IVPROBIT routine in STATA 18®.addition to the IVPROBIT
models, we also undertake marginal IVPROBIT estiomato aid in the interpretation
of the impacts of covariates on diarrhea prevalehcparticular, the marginal effects
measure the impact of change in the regressoeah#an on diarrhea prevalence. The
tests undertaken to establish the validity of th&ruments are described in section
5.2, while other estimation issues we deal withexqglained in section 4 4.

4.3 VariablesIncluded in the Analysis
Diarrhea Prevalence. As mentioned earlier, the survey inquires aboatdyymptoms

of illness for household members who report illn@gsr the past 30 days prior to the
survey. Diarrhea is one of the listed symptoms, aeduse its incidence among

children aged 5 years and below as our indicataliathea prevalence.

* For each parcel of land owned by the househotdstitvey gathers the value of the land, including
the investments on the land, and this is usedrieng¢e an indicator of the total value of household
land holdings.

® This differs from the first instrument given theet that about 25% of the households do not have
land-based assets (mainly those who rent their Bpared as such have zero land ownership. However,
all households have non-land-based assets.

®We do not claim to account for all potential enelogity in our sample. For example, it is possible
that every child who contracts diarrhea contribtitethe contamination of the community in which he
or she resides, further increasing the chancedtier children will contract the same disease. This
particular example would present a public good mrirenmental externality aspect to the health of
children. Nonetheless, due to data limitations aneeunable to pursue this line of inquiry further.

11



Demographics. In order to capture household demographic contiposi the
following household characteristics were considesex, age in years, the gender of
the household head, and the proportion of fematesng adults in the househdid.
The age of a child can account for the extent efuinerability of a child’'s immune
system, given that children’s susceptibility tondss reduces with age. Finally, the
gender variables not only account for possibleraisnation against the female child
with regard to access to health care but also captie availability of mature female
caretakers in the household—as caregiving for ofrilcand the sick is predominantly

undertaken by women.

Socioeconomic characteristics. In line with other studies analyzing socio-behaaio
outcomes in developing countries, consumption edipere is used as the household
welfare measure. Although the survey captures botdome and consumption,
consumption expenditures were preferred due togbemore stable than income,
which fluctuates from year to year. In additiontiwiJganda being a predominantly
agricultural country, the likelihood of understatinncome was high. Thus,
consumption expenditures adjusted for intra-househwequalities (household age
and composition effects) using adult equivalen@escare our measure of household
socioeconomic status. Other socioeconomic charsitsrused relate to the highest
female education of the household. Apart from regmnéing the accumulated human
capital of the household, the education variablag aiso signal a household’s ability

to receive and process health-related information.

Household environmental conditions: In order to capture the atmosphere faced by the
child, we considered a number of variables relatethe housing conditions of the
child. These included whether the household hagparate room/facility for the
kitchen. Apart from partially signaling the welfastatus of the household, most of the
above variables indicate the level of cleanliness should expect in a dwelling. With
regard to access to drinking water, the followingrses were considered: piped water,

boreholes, protected springs, unprotected spriagd,open water sources (streams,

" We also experimented with the age and maritalistat the household head as well as the number of
children within the household, but we found these particular variables to be highly correlatedhwit
other household level indicators; consequentlyy theenot feature in our estimations.
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rivers, and lakes). For the toilet facility usede wonsidered flush toilets, private
covered Ventilated Improved Pit (VIP) latrines, itk covered VIP latrings,
uncovered pit latrinésand the use of the bush. Due to data limitatiarspnly focus
on household access to particular water and smmtédcilities and not on the quality

of services provided by the identified facilities.

Community/Village level variables: We account for the community access to key
infrastructure utilizing the following variablesating a primary school in the locality,
and having either a general consumer goods or ptodarket in the village. Table 2
provides the means of the variables used in thdystar children suffering from

diarrhea and children who are not.

8 Sharing of a pit latrine refers to a householeagsi latrine in conjunction with one or more other
households.
° In the surveys, an uncovered pit latrine refera toakeshift latrine structure that lacks a wak@oof.
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Table2: Meansof thevariables used (%)

Children

Combined suffering from

Sample diarrhoea Other children
Variable
Demographic
Age of the child (months) 34.4 28.6 38.5
Child is female 0.506 0.502 0.506
Household Head is female 0.195 0.198 0.195
Share of female adults in the household 0.306 0.302 0.307
Household
Highest female Educaion (years) 4.5 4.7 5.6
Incidence of Poverty (PO) % 0.332 0.439 0.324
Consumption per adult equivalent (Ushs) 35,421 29,206 35,86
Household has a kictchen for cooking 0.568 0.540 0.571
Value of household land owned ( Ushs) 2,684,383 1,203,281 ,7902494
Value of household non-land assets (Ushs) 5,813,303 3pB3,1 5,998,468
Community
Community with a primary school 0.473 0.403 0.478
Community with a consumption goods market 0.573 0.513 70.5
Community with a product goods market 0.207 0.137 0.212
Location
Urban area 0.135 0.104 0.137
Rural area 0.865 0.896 0.863
Central Uganda 0.278 0.133 0.288
Eastern Uganda 0.268 0.359 0.262
Northern Uganda 0.213 0.342 0.204
Western Uganda 0.241 0.166 0.246
Water and Sanitation
Household has access to an improved water source 0.556 0.602 553 0
Household has access to an improved sanitation source 2 0.47 0.370 0.479
Household uses piped water for drinking 0.125 0.068 0.129
Household uses water from bore holes for drinking 0.272 58.3 0.266
Household uses water from protected springs 0.179 0.170 0.179
Household uses water from unprotected spring 0.145 0.122 70.14
Household uses a covered pit latrine 0.445 0.342 0.453
Household uses a shared covered pit latrine 0.291 0.344 0.287
Household uses an uncovered pit latrine 0.131 0.135 0.131
Household uses the bush as the toilet 0.100 0.141 0.097
Household uses a flush toilet 0.006 0.001 0.006
Number of observatiol 8,82( 592 8,29(

Source: Author's calculations from the 2005/06 UN#d8/eys

4.4 Other Estimation | ssues

Previous studies investigating the impact of wated sanitation intervention on

diarrhea prevalence (e.g., Krengtral. 2006; Jalan and Ravallion, 2003) point to a

number of problems in the regression estimatiorthef determinants of diarrhea

morbidity. These include: omitted variable biasmgitaneity bias, and sample

selection bias. Below, we discuss how we addressedabove problems during

estimation.
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Omitted variable bias arises from the fact thas ibot possible to capture all of the
factors that affect diarrhea prevalence utilizihg regular household surveys. For
example, the frequency of hand washing, a key Imygibehavior, is rarely captured
in multipurpose surveys. If such omitted variable® correlated with observed
independent variables, then the estimated coetfficieould be biased upwards or
downwards depending on the sign of the correlatiodne possible solution to
minimize omitted variable bias is to include as gneausehold environment variables
as possible. In this study, we include a numberaoiables relating to the structure of
the home and demographic variables that may irglicingestion within the
household. However, the use of more household-leagable can bring about the
problem of multicollinearity. We test for the prase of multicollinearity using the
variance inflation factor (VIF) method and dropiaaies such as the household roof
and wall structure and availability of secondarfiau in the community—these are
highly correlated with water and sanitation sourc€sirthermore, we have a
sufficiently large sample (8,882 children), whiamits the extent ofnulticollinearity

as a problem in our estimations.

At the same time, non-random placement or sampéetgan bias is highly unlikely
to occur in the present case, given the naturdefurvey design. In particular, the
principal sampling unit (PSU) is the enumeratiomaafEA) and not the household or
the individual. According to UBo0S, all of the selet EAs were enumerated and as
such there is no attrition at the level of PSU (8B&007). Furthermore, each of the
10 randomly selected households in each EA isedsdt least twice (in order to
complete the consumption module); this minimizes-response at the household
level. Also, all the estimated models are weightsithg the sampling weights to take
into account the survey sampling design. Finallg, arder to control for

heteroskedasticity, our regressions are estimagied) nobust consistent stand errors.
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5. Resear ch findings

5.1  Descriptive Results

As a precursor to our regression analysis, we ptessscriptive results relating to the
type of water and sanitation facilities used by deholds in Uganda as well as the

prevalence of diarrhea.

Types of water sources used. Panel A of Table 3 shows the main sources of drqmk
water for households; boreholes emerge as the predominant source. At least 30
% of households in 2005/06 indicate boreholes asrhin source of drinking water;
these are predominantly in rural areas. On therdthied, piped water is mainly used
in urban areas, with at least 56 % of urban houdshasing tap water. Furthermore,
at the regional level, the use of tap water is ésghin central Uganda (24 %),
followed by Western Uganda (15 %). Also worth ngtie that fact that at least 6 %
of households in rural Uganda have tap water. deeai unsafe water sources, i.e.,
unprotected springs/wells and opens water souste=aMms, rivers, lakes etc), is most
common in Western and Central Uganda (42 % and 3@$8pectively). The variation
in the use of such unsafe sources may be partliaiega by the diverse topography
of Uganda’s regions. Indeed, in mountainous aradsageas close to rivers and lakes,
households close to such sources may ultimatelyhese regardless of the quality of

water.
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Table 3: Uganda household characteristicsfor water, sanitation, and diarrhea

(2005/06)
All households L ocation Region

Rural  Urban Central Eastern Northern Western
(A) Source of household water (%)
Tap water 151 6.4 56.2 247 8.8 7.0 15.0
Bore Hole 30.0 338 12.2 16.5 50.0 51.2 12.0
Protected well/spring 21.3 22.0 17.6 214 21.0 16.1 254
Unprotected well/spring 19.0 22.0 4.7 175 12.0 19.8 26.6
Rivers,steams, lakes,and ponds 9.8 11.6 1.7 12.0 5.1 4457 1
Other sources* 4.9 4.2 7.8 7.9 3.0 15 5.3
Total 100 100 100 100 100 100 100
(B) Average distance to water source (kilometers)
Tap water 1.12 1.90 0.70 0.63 0.93 1.12 2.23
Bore Hole 3.22 3.33 1.85 4.20 3.33 2.45 3.68
Protected well/spring 341 3.60 2.27 3.05 3.08 3.05 4.23
Unprotected well/spring 4.04 4.10 2.86 4.69 3.64 2.94 4.32
Rivers,steams, lakes,and ponds 3.95 3.99 2.54 3.72 3.91.09 3 4.37
Other sources* 2.53 2.79 1.86 1.86 1.89 2.93 4.03
Average distance for all categories 3.14 3.52 1.34 129 3.09 2.58 3.90

©)

Average queueing time at the water source (minutes)

Tap water 12.7 20.6 8.5 5.7 10.6 35.2 20.1
Bore Hole 49.4 49.7 46.8 32.7 425 71.0 331
Protected well/spring 24.4 24.0 26.6 20.9 18.7 42.8 23.4
Unprotected well/spring 11.3 10.7 25.2 6.8 13.0 23.8 7.1
Rivers,steams, lakes,and ponds 4.7 4.6 8.3 3.0 2.4 7.6 6.4
Other sources* 12.3 13.9 8.1 5.0 11.3 56.9 16.5
Average time for all categories 25.2 26.9 17.1 13.2 228. 51.6 16.7

(D) Sources of household sanitation (%)

Covered pit latrine private 40.8 443 24.0 39.2 37.8 205614
Coverd pit latrine shared 33.2 27.6 59.5 35.9 241 490 625
Uncovered pit latrine 11.9 13.9 2.6 14.2 19.6 6.1 6.5
Bush 9.7 114 1.8 35 151 20.7 4.0
Other sources** 4.4 2.8 12.0 7.2 3.4 3.7 2.5
Total 100 100 100 100 100 100 100

(E) Occurrence of diarrhea among children aged belgeaBs (%)

All 6.7 3.2 8.9 10.7 4.6
Rural 6.9 31 8.8 11.2 4.7
Urban 51 3.4 10.5 7.6 2.9
Number of households 7,426 5,727 1,699 2,100 1,932 1,624 1,770

Source: Authors's calculations from 2005/06 UNHS
Notes: *Other sources contain: vendor/tanker trgcyity flow schemes and rain water
Other sources** contain: VIP latrines (both privated shared) and Flush toilets (both private amdest)

Distance to and waiting time at water source. Panel B of Table 3 shows the average
distance in kilometers (km) by water source, andkiindicated that on average
Ugandan households are 3.1 km away from their nsaurce of drinking water.
Unprotected springs/wells and open sources armt® distant sources (about 4 km).
This fact combined with previous results suggdsés tor households that use these
unsafe water sources, they may in fact be the splyrces available. A picture
different from what was previously observed emenghen distances by regions are

considered. Households in western Uganda travelgtieatest distance to collect
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drinking water. Indeed, the average distances ane itihan 4 km for four out of the
six water sources considered in the region. Amoogséholds utilizing boreholes,
those in northern Uganda exhibit the shortest diss (2.4 km). However, as we
show later, the above scenario may not confer fstgmit advantages in terms of
either cost/time savings in water collection or Itheébenefits as compared to

households in other regions.

Even when a water source is within a reasonabtardis, households may face other
costs in terms of longer durations spent waitingdtiect water, depending on the
population in the area and the type of water teldgyo Panel C considers the average
waiting time by water source (these particular dars do not include travel times to
and from the source). On average, households rgpertding 25 minutes waiting to
collect water (27 minutes in rural areas and 17uteis in urban areas). Based on the
water source, the highest average waiting time e@ggnated for households using
boreholes—about 49 minutes. More importantly, theme no significant differences
in waiting time at boreholes between rural and norlaz@eas; this suggests that
boreholes are heavily congested places regardiiespatial location. Also worth
noting is the fact that waiting times are lowestopen water sources, on average
amounting to only about 5 minutes. The above remutthe relatively higher waiting
time at other water sources implies that open wsterces may be the preferred

choice, particularly in areas where they co-exish wther alternative water sources.

Although households in Northern Uganda are closendst water sources, especially
boreholes, they face the longest queues at the wabets. In particular, the average
time spent at a borehole in the region is over @ur,hwhile it takes 43 minutes on

average to wait for water from a protected sprimfmEven when the source is a
public standpipe, the waiting times in northern kidg are considerably much higher
compared to the rest country—36 minutes, whicmis @and half times the average for
western Uganda, three times the average for easiganda and 6 times the average
for central Uganda. The above results may beypaxplained by the residence of a
large population in northern Uganda at internaigpthced person (IDP) camps as a
result of the civil war (Ssewanyaegal., 2006).
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Types of sanitation infrastructure used. Panel D examines the main source of
sanitation facility used by the househdld:he majority of households use covered pit
latrines that are private (41 %), followed by cacepit latrines that are shared (33 %).
The phenomenon of sharing latrines is most commanban areas where at least 65
% of households share sanitation facilities witheothouseholds compared to only 29
% in rural households. This may be partly explaibgdhe household tenure status of
most urban households—at least 60 % of urban hold®lare tenants compared to
less than 10 % for rural households. Also worthnapis the fact that about 10 % of

households in Uganda use the bush as the methdidpafsing human excrement. The
highest rate of using this particular method isnfbdor northern Uganda and, to a
lesser extent, in Eastern Uganda. Overall, the reaveit latrine remains the most

prominent sanitation facility in Uganda.

Incidence of diarrhea among children. Childhood diarrhea is concentrated in the
poorest regions of Uganda. Panel E of Table 3 shihwats eastern and northern
Uganda have the highest diarrhea prevalence ratesgchildren—8.9 % and 10.7
%, respectively. A number of reasons can be advateexplain the dire situation
observed in northern and eastern Uganda with regardiarrhea. First, the two
regions are the poorest in the country. In 2005#06 head count indices for poverty
in northern and eastern Uganda were 61 % and 3&e%pectively while the
corresponding rates for central and western Ugawdae 16 % and 21 %,
respectively! As noted earlier, specific to northern Uganda,aheve results may be
explained by the prolonged civil war and the assted displacement into IDP camps.
IDP camps are congested places and are conseqaefetyile ground for breeding

and transmitting diseases (Ssewanygirgh., 2006).

1% Similar to the consideration for access to watirses, the question regarding the type of toilet
facility used in the surveys does not take intaoact the actual ownership of the structure.

' The incidence of diarrhea in Uganda has been erirttrease, and the poorest households are the
most afflicted by the disease. For example, batv&99/2000, and 2005/06, the diarrhea prevalence
among children aged 5 years and below increased #d % to 6.7 %. The increase may be partly
explained by the increase in cholera outbreaksrabddn Uganda; cholera is one of the main diseases
associated with diarrhea. Indeed, according toMhmistry of Health Annual Health Performance
Report (2006), Uganda experienced severe cholaétaeaks in 2005. Other reports such as Griffith

al. (2006) also show that parts of northern Ugandhveestern Uganda, especially those bordering the
Democratic Republic of Congo, have witnessed a Fighjuency of cholera outbreaks over the 1995-
2000 period.
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52  Specification Test Results
We tested to establish whether our choice of insémts was valid and whether it also

passed the overidentification tests (Table 4). iRseuments were highly predictive
of household income (e.g., thé-statistic of 359.6 in the first stage). These
instruments also passed the test of overidentificain all models (i.e., the null
hypothesis using chi-square tests were rejecteeaich case). Furthermore, the
explanatory power of the first-stage regression high, (adjusted?2 of 0.39) but
was not reported in the table. A Wu-Hausman tegthefexogeneity of household
consumption in the first-part model showed that dedwld consumption was
endogenous to children contracting diarrhea. Adogiy, we report instrumental

variable results for all models.
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Table 4: Strength of theinstruments and tests of the exclusion restriction and exogeneity of income

Dependent variable Strength of the Test of exclusion Wu-Hausman F- ereifg
instruments restriction test--regression form
Household having access to piped water F(17,88649)685*  X22=2.257(p-value=0.133)  F(1,8864)=7.52***
Household having access to Bore Hole F(17,8864)8330 X22=2.296(p-value=0.129)  F(1,8864)=8.51***
Household having access to a protected spring FR{64)8327.25**  X22=2.308(p-value=0.129) F(1,8864)=8&

Household having access to an improved water sourceF(17,8864)=327.38** X22=2.257(p-value=0.133) F(1,8B6493***
Household having access to covered private pinatr ~ F(17,8864)=326.36***  X22=1.751(p-value=0.186) B864)=6.36**
Household having access to covered shared piéatri  F(17,8864)=333.43**  X22=1.595(p-value=0.207) Fgh8)=6.91***
Household having access to VIP pit latrine F(17,88830.44** X22=2.109(p-value=0.147)  F(1,8864)=7.64***
Household having access to an improved sanitatbarce F(17,8864)=344.43**  X22=2.297(p-value=0.129) 1/B8864)=8.11**

Notes: *Significant at the 10 percent level. **Siigant at the 5 percent level. **Significant dte 1 percent level and X22 is the respective Chagg statistic.
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53 Regression Results
The upper panel of Table 5 reports the results friloenlV regressions. Results from

the piped water regression are in column 1, wiitesé¢ from the interaction of piped
water with travel time are in column 2. The othelummns show regression results for
boreholes, protected spring, and access to an waegravater source. All regressions
include controls for the child (age, age squared,gender) and household (gender of
the head, the share of female adults in the holdetiee highest female education
attained in the household, having a separate ltébrecooking and location variable).
In the following discussion, we focus exclusively @ither water or sanitation
variables, the main interest of this study. Thenntetation of the coefficients is as
follows: the coefficient of either access to watersanitation captures the impact of
household environmental conditions on diarrhea gesce through the reduced risk
of morbidity from diarrhea.

The coefficient for piped water alone (column 1l)insignificant; however, in the
presence of the interaction with travel and quetimg, the piped water coefficient is
significant at the 5 % level (column P)In particular, the increased access to piped
water within the dwelling reduces diarrhea prevederby about nine percentage
points®® Nonetheless, the table shows that none of therotfater sources (i.e.,
boreholes, protected springs, and improved watag &ny significant impact on
diarrhea prevalence in infants, even in the presaficinteractions with travel and
queuing time. Furthermore, the diarrhea prevaleatefor children with access to an

improved water source is not significantly differéom zero**

12\We include interaction terms based on the assomptiat the duration that households spend
traveling and lining up for water is a good prory the amount of water they can collect. For instan

if it takes an individual two hours for each trip water collection, then the total amount of water
collected and used will be considerably less thdmerwthe travel and waiting time takes, e.g., 20
minutes.

13 Apart from the reduced travel and waiting timecess to piped water within the dwelling may
reduce the possibility of contamination during ttemsportation of water.

“\We feel that improved water is an important inggatin the child health relationship, but we have
situation where we are unable to capture key comigarities with the combined water sources
variables. Previous research shows that the healtiefits of water facilities are only achieved with
proper use (Carr and Strauss, 2001). For exanfplee were able to capture variables relating to the
method of storage and preservation of water (bgjling water before drinking), we feel that our
results above would be different. Also, we are Umab control for the possibility of ground water
contamination in the case of the pit latrine, apotimportant issue. On a related note, without
information on behavioral information such as harabhing with soap after toilet use, we believe that
our improved water source variable is not captutirgginformation that makes us interested in it.
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It is somewhat surprising that key water facilit®sch as boreholes and protected
springs have no appreciable impact on diarrheahildren. These particular results
may be explained by the issue of water qualitydesisuch as Kremet al. (2006)
show that community-based water facilities (e.gotgcted springs) do not have
significant health impacts due to poor maintenaaoé, as a consequence, poor water
quality. Even when the community water points a&agufarly maintained and as such
can be assumed to produce good-quality water, anotbsue regarding the
recontamination of water during transportation egisindeed, interventions such as
point-of-use water treatment are based on thezedan that water can be re-

contaminated during transportation (Ashegél., 2008).

Similar to water sources, Panel B of table 5 reptire results for IVprobit regressions
for sanitation sources. In this case, only haviiigee a private covered pit latrine or a
flush toilet significantly reduces diarrhea amonfants at the 10% level. Specifically,
having a private pit latrine reduces diarrhea genae by 20%, while having a flush
toilet reduces prevalence by 5%. The lower mageitfdfiush toilets (considered the
most technologically advanced and consequently riest hygienic sanitation
infrastructure) may be partly explained by the fdwt only a small proportion of
households and consequently children have accefisisispecific type of facility
(Table 2). Also, we find evidence that having ampiaved water source as well as an
improved sanitation source significantly reducesrtiiea. In particular, children from
households with both sources improved have on geee 13% lower diarrhea

prevalence rate than children with only improveuditsgion (Panel B column 6.

5 A number of previous studies also find that imgsanitation alone does not lead to improved
health (Kremeet al., 2006; Lubyet al., 2006).
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Table5: Instrumental variables specification

Dependent Variable: 1 if a infant suffered fromrdiaea in the past one month; 0 if no diarrhoeeds

(1) (2) (3) (4) (5) (6) (7) (8)
Panel A: Water Sources
Household uses piped water for drinking -0.003 -0.089
[1.03] [-2.03]*
Interaction: [Piped water]X[Travel and queining éirat water source] -0.179
[1.63]
Household uses water fom bore holes for drinking -0.117 -0.156
[1.15] [0.72]
Interaction: [Bore Hole]X[Travel and queining tiraéwater source] 0.035
[0.70]
Household uses water from protected springs -0.156 -0.354
[0.29] [1.39]
Interaction: [Protected Spring]X[Travel and quemiime at water source] 0.089
[1.37]
Household has access to an improved water source -0.12 -0.06
[0.27] [1.75]*
Interaction: [Improved Water Source]X[Travel anceining time at source] 0.16
[0.46]
Individual Controls [Yes] [Yes] [Yes] [Yes] [Yes] [Yes] [Yes] [Yes]
Household Controls [Yes] [Yes] [Yes] [Yes] [Yes] [Yes] [Yes] [Yes]
Observations 8,882 8,882 8,882 8,882 8,882 8,882 8,882 8,882
R2 0.408 0.412 0.388 0.388 0.386 0.385 0.385 0.391
Panel B: Sanitation Sour ces
Household uses a private covered pit latrine -0.207
[1.97]*
Household uses a shared covered pit latrine 0.098
[1.54]
Household uses an uncovered pit latrine 0.23
[0.62]
Household uses a flush toilet -0.052
[1.82]*
Household has access to an improved sanitatioesour -0.085 -0.095
[1.48] [1.18]
Interaction: [Improved Water]&[Improved Sanitation] -0.128
[2.39]*
Individual Controls [Yes] [Yes] [Yes] [Yes] [Yes] [Yes]
Household Controls [Yes] [Yes] [Yes] [Yes] [Yes] [Yes]
Observations 8,882 8,882 8,882 8,882 8,882 8,882
R2 0.38¢ 0.38¢ 0.40:2 0.38¢ 0.39¢ 0.38¢

Notes: Individidaul controls included are: gendage, and age squared. Household controls inclugediausehold consumption, gender of the housdiedd; share of
female adults in the household, highest femalea&titn in the household, community indicators faggence of primary school, consumption and prochackets, and

location variables for urban, central, eastern,western Uganda
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54  Cost effectiveness of water interventions
In order to place our results in a policy contewe, consider a hypothetical poor urban

town in Uganda with a population of 50,000. Basedhe demographic profile in the
UNHS dataset, such a town would have at least 1 #e population aged 5 years
and below. The policy objective is to provide imyped water as means of reducing
diarrhea prevalence among young children. For saitypland due to the fact that
piped water returned significant results in ouinegtions, we assume that this town
can be provided with piped water, either by dirbotisehold connections or by
community standpipes. Faced with such a situatoopk et al. (2008) suggest
estimating the water-borne disease burden usingbility-adjusted life years
(DALYs). We employ their approach in choosing thest cost-effective piped water
intervention'® DALYs is measure of the shortfall in good healthiadividual suffers
due to illness. It is computed as sum of Yearsité Lost (YLL) due to premature
mortality and Years of Life due to Disability (YLD)DALYs is widely used measure
of overall disease burden (World Bank, 1993; Mumay Lopez, 1996).

In summary, we calculate the reduction in diarrbe@ses among young children as a
result of having either a household connectionamess to a community standpipe.
These are converted into DALYs avoided for anyh#f two interventiond’ In the
estimations, we consider a number of costs. Rirstconsider the private and public
cost of iliness based on averages for Africa in tiifigton et al. (2008). Next, we
consider the fixed cost of providing piped watefrastructuré® and the operational
costs of providing water services.For households that access water through
community standpipes, we estimate the travel ¢3s#ll costs are converted into

2006 US dollars and are discounted for the duratibrihe intervention using a

® The authors thank Joseph Cook for sharing the effsttiveness model and suggestions for this
procedure.

In the analysis, we only consider one type of fiereeduction in childhood diarrhea as it is the
focus of the study. Indeed, the provision of wétas other benefits e.g. reduction in dysentery gmon
adults and other life threatening water borne dissaConsequently, our cost effectiveness analysis
should be interpreted with the above limitationriimd.

8 \We use the median construction cost of water sufgglilities for Africa by WHO/UNICEF 2000
quoted in Cairncross and Valdmanis (2006)—secontiidBdof the Disease Control Priorities in
Developing Countries (DCP) project report.

9 From the Whittingtoret al. (2008) for low-income countries.

“ This is based on the mean hourly wage for Ugassitagithe UNHS 2005/06 dataset.
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uniform discount rate of &' The other information considered include the case
fatality rate for diarrheg, the life expectancy of Ugandahsthe hospitalization rate
due to diarrhea illness, the length of illfésthe duration of piped water intervention
and the DALY weight. The estimated parameters dones of the above indicators are
provided in upper part of Table 6. Having estal@dithe costs and DALYs with and
without the interventions, we estimate the incretalecost effectiveness ratios based
on the following equation:

(Intervention — costs) — (Costs — averted)
DALYs - averted '

ICER =

3)

We simulated the two interventions in the modeldorall towns, assuming that for
both cases, the water system would last on averagears without additional capital
costs. The simulations are for the following caseswater intervention, household
connection, and standpipe access. Table 6 showththastimated program cost for a
household connection would amount to US$816,000pemed to US$367,000 for a
community standpipe (however, the average costlofusehold connection is more
than three times that of a standpipe). The bottarn @f the table shows that the cost
per DALY averted for a household connection is $l0fhile that of a standpipe is
US$650. This suggests that standpipes are the mumst effective of the two

interventions.

21 This based on World Health Organization’s Globaftd&n of Disease Studies, National Burden of
Disease Studies: A Practical Guide, v2.0, p.1@&line at www.who.int

2 Based on Fischet al. (2005), | assume a case fatality rate of 3.71,060.

2 Source:  WHO, Life  Tables for Uganda in  2006. Oalin at
http://apps.who.int/whosis/database/life_tabless/liibles.cfm

4 This is median length of illness for diarrhea a#dted from the UNHS 2005/06
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Table 6: Cost effectiveness of water interventions (for a hypothetical urban poor
town in Uganda)

Population 50,000
Demographic characteristics: 15 % children agedvo& years

Baseline disease burden (no water intervention)

Expected cases per year 72

Expected deaths per year 0.70

Expected DALYs per year (Discounted, age weigl 24.00

Expected hospitalizations per year 16.00

Publicly borne cost of illness per year $5863

Privately borne cost of illness per year $14,658

Typesof interventions considered House connection Stand pipes
Program Outcomes

Diarrhea cases avoided over duration 139 93
Diarrhoea deaths avoided over duration 0.11 0.3
Hospitalizations avoided over duration 4 2.6
Cases avoided per 1000 receiving water 5.79 8.68
Deaths avoided per 1000 receiving piped water 0.02 010
YLL avoided over duration 33 103
YLD avoided over duration 3 5
DALYs avoided over duration 38 106
Public cost of illness avoided over duration $646,8 $65,643
Private cost of illness avoided over duration $98,2 $164,107
Total program costs $816,024 $367,661
Average cost per person receiving water $103 $33
Total travel/time costs $0 $24,832
Cost effectiveness ratios

Cost per DALY averted $1,090 $654

Noies: YLLS, YLDs, and DALYS calculated using umfoage-weights and discounted at 3%. All curre
values are in 2006 US$. It is assumed that thel@mlreceive the water in the same environmenteasest of
other household members

However, the above results should be interpretembimext. First, the DALYs averted
by either intervention are relatively small in nuenbThis is partly explained by the
water-is-life hypothesis (Whittington et al., 2008yen in the absence of the above or
other water interventions, households are stik @ablaccess water facilities regardless
of the water quality. As such, the cost per DAL¥eded is considerably high, at least
compared to the per capita income of Uganda (US$36D07)? The high cost is
due to the relatively higher fixed costs of infrasture interventions and the

% According to Podewilst al. (2005), health-related interventions are not wered cost effective if
they exceed the per capita GDP of the country.
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associated duration of service compared to othdenientions e.g., child
vaccinations® Second, as pointed out by earlier studies e.gesSteet al. (2006) the
high cost per DALY averted may be partly explaitgdthe relatively low mortality
and morbidity caused by diarrhea—diseases suclhasra have a relatively higher

economic burden of disease than diarrhea.

Finally, our costs per DALY averted do not consi@dlrthe potential gains from
having an improved water system. Specifically, kelother interventions, for water
interventions, it is not possible to target onlyugg children and exclude other
household members from using the facility. Furthaen as noted by Whittingtost
al. (2008) the benefits of water infrastructure ggdms reducing the cost of illness;
the extend to issues such as reducing coping @sisgenerating time savings.
Consequently, considering only the DALYs avertedarastimates the total benefits
of water interventions. As such, our results shdaddnterpreted with this limitation

in mind.

6. Conclusions and implications
This study investigated the effects of the laclkaofess to safe water and improved

sanitation on diarrhea morbidity among infants igabda. We find that access to a
private covered pit latrine has the greatest eftectthe burden of diarrhea among
children. Furthermore, diarrhea incidence is higtasong households without any
established toilet structure, mainly in northerrabdga and to a lesser extent in eastern
Uganda. Consequently, national policies that addtbs lack of toilets have the

potential to reduce diarrhea-related diseases armioidyen.

There are a number of ways through which governncant encourage the use of
proper toilets. First, the government needs to ipidel the risks associated with
diarrhea through health information campaigns, #wedmain target groups should be
mothers. These can be effected either through ldatrenic media, especially radio,
or through health workers. Previous national hepittmotion campaigns, e.g., those

relating to the immunization of children during thehild days,” have shown that

% Based on earlier studies examining policy altéveatfor combating water-borne diseases (see, e.g.,
Fischer et al, 2005), the total costs of childrancinations range from $2-15.
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women respond more to health conditions that affesit children (GoU, 2006c). The
second option is to enforce the mandatory constmuaif toilets at the district level.

Although this appears radical, there is evidenaenmfrother social services that
ordinances work. For example, during the implentgraof the UPE program, a
number of local governments came up with ordinateegeting parents who refuse to
enroll their children in school. In some districthis has worked, leading to
remarkable performance on national exams (Ssewarggaal. 2008). Thus, without

related ordinances in the water sector, a numbhoo$eholds will remain without an
established toilet facility out of choice, to thetdment of the health of household
members. However, studies from other developingntas show that there are
constraints to acquiring proper sanitation, even Households willing to adopt

improved sanitation. For example, in West Africaisutmderstandings about how
latrines function, coupled with cost issues, argomabstacles to acquiring improved

sanitation (Water and Sanitation Program, 2004).

Our results for the cost-effectiveness analysiswslioat for a poor urban town,
providing community standpipes provides the larggshs in terms of reducing the
prevalence of diarrhea at the lowest cost; thig effectiveness is higher than that
found for the use of a household water connectiwen then, the estimated costs per
DALY averted suggest that other interventions,,ezgccinations, may be cheaper if
the government’s goal is only to control diarrhiég@ess among children. Nonetheless,
the provision of water sources offers benefits Inelyaontrolling the spread of
diarrhea illness; indeed, water is essential . lKlso, because of the high costs of
water infrastructure, the potential for cost shguim providing water interventions is
minimal. As such, faced with tight budgets, cowgrlike Uganda will increasingly

have to rely on development partners in order tetraach great infrastructural costs.
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