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Table S1. Parameter distribution and justification.

Parameter Parameter Values
Distribution for Justification
Base Case Low  High Probabilistic Sensitivity
Analysis
Effect of CLTS on
longitudinal prevalence
of child diarrhea 1.6 0.2 2.6 normal Base case: 1.6 days, 95% Confidence Interval from the trial
(Reduced days of child
diarrhea per year)
Life-span (years) 10 5 15 N/A base case: reference, mean value: 10.0, standard deviation: 1.7
Value(gfsitzi?ll;; I Life 45,194 27,094 66,141 lognormal base case, low and high values: Radin M et al. [1], Robinson LA et al. [2,3]
Discount rate (%) 3 0 8 N/A base case, low and high values: Drummond MF et al. [4]
Income growth (%) 2 0 4 uniform distribution base case: reference, low and high values represent +/-100% of base case estimate.
Hourly income (Int'1$) 0.67 0.39 0.5 normal point estimate and 95% CI from the trial
Valu;;):rt;n;/e)(S—lél 25 0 50 N/A base case: reference, mean value: 25.0, standard deviation: 8.3
Valu;;i:i}i (>14 50 25 75 N/A base case: reference, mean value: 50.0, standard deviation: 8.3
Case Fj;i}:i?i;i (CFR, 0.07 0.05 0.09 normal point estimate and 95% CI from the Global Burden of Disease study
CFR(5-14 years, %) 0.02 0.01 0.03 normal point estimate and 95% CI from the Global Burden of Disease study
CFR(>14 years, %) 0.03 0.02 0.05 normal point estimate and 95% CI from the Global Burden of Disease study
Operation & 10 5 15 N/A base case: reference, low and high values represent +/-
Maintenance (O&M, %) 50% of base case estimate.
Education (%) 10 5 15 N/A base case: reference, low and high values represent +/-

50% of base case estimate.
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Table S2. Parameter values (base case).

Age Parameters Unit Value Data source
Group
Number of villages village 24 Trial data
Improved latrine uptake (intervention group) % 35.0 Trial data
Households in the intervention group households 1,737 Trial data
Number of children (<5) person 1,301 Trial data
Number of children (5-14) person 3,804 Trial data
Number of adults (=15) person 4,608 Trial data
Discount rate % 3 Reference [1]
Annual income growth % 2 Reference [5]
Overall VSL(Value of Statistical Life) Int1$ 45194 ﬁifzrgréie
Refi -
Useful life of an improved latrine years 10 € er;z;]ce [6
Operation & Malntenar}c? Fosf (proportion of % 10 Reference [13]
annualized cost of initial investment)
Time constructing a latrine (per household) hours 120 Trial data
Diarrhea case fatality rate (<5) Y% 0.07  Reference [14]
Diarrhea case fatality rate (5-14) Y% 0.02  Reference [14]
Diarrhea case fatality rate (=15) % 0.03  Reference [14]
Proportion of ch}ldren with diarrhea whose % 2.8 Trial data
caregivers sought care
Proportion of children w%th.dlarrhea taken to % 56.1 Trial data
health facilities
Proportion seeking treatment from drug store % 2.0% Trial data
Proportion seeking treatment from a traditional % 1.0% Trial data
healer
Proportion of h?alth fac1h’Fy careseekers % 50.9 Trial data
becoming outpatients
Proportlor;e(zfo Ir:itghiflz;iltliteyn::reseekers % 50 Trial data
Children (<5) Average days of hospitalization (per case) days 5.0 Trial data
Caregiver lost days. due.to home care for a child days 1 Trial data
with diarrhea
Number of diarrhea cases avoided per year cases 151 Trial data
(under-5 children)
Treatment cost (health facilities) Int1$ 0.70 Trial data
Treatment cost (drug stores) Int1$ 0.55 Trial data
Treatment cost (traditional healers) Int1$ 0.25 Trial data
Meal cost Int1$ 0.20 Trial data
Transportation cost (round trip) Int1$ 0.75 Trial data
Accommodation cost (inpatient) Int'1$ 3.66 Trial data
Proportion of diarrhea patients whose caregivers o 45.40 Trial data
sought care (or who sought care themselves)
Proportion of dlarrhea. P;.atlents taken to health % 34,69 Trial data
facilities
Proportion seeking treatment from drug store % 5.61 Trial data
Other groups Proportion seeking treatment from a traditional % 612 Trial data
(5-14 or =15) healer
Proportion of h(.ealth fac111t.y careseekers o 32,40 Trial data
becoming outpatients
Proportion of health facility careseekers % 229 Trial data

becoming inpatients
Average days of hospitalization (per case) Days 3.50 Trial data
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Caregiver lost days due to home care for a child
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Other groups
(5-14 or =15)

with diarrhea Days 1 Trial data
Treatment cost (health facilities) Int1$ 0.70 Trial data
Treatment cost (drug stores) Int1$ 0.55 Trial data
Treatment cost (traditional healers) Int1$ 0.25 Trial data
Meal Int1$ 0.30 Trial data
Transportation cost (round trip) Int1$ 1.49 Trial data
Accommodation cost Int1$ 7.32 Trial data
Hourly income (before application of valuation .
Int1$ 0.67 Trial data
percentages)
Switched from open .defecatlon to a household % 285 Trial data
latrine (5-14)
itched f fecati househol
Switched from open .de ecation to a household % 418 Trial data
latrine (=15)
Switched from a communal latrine to a o .
household latrine (5-14) g 365 Trialdata
Switched from a communal latrine to a o .
household latrine (=15) & 295 Trial data
Switched from a neighbor’s latrine to a .
9 48. Trial
household latrine (5-14) & 899 rial data
Switched from a neighbor’s latrine to a .
9 20.35 Trial dat
household latrine (=15) & Hatdata
Saved time from the sw1tC:h (open defecation, minutes 913 Trial data
round trip)
Saved time frgm the switch Fa communal minutes 10.00 Trial data
latrines, round trip)
Saved time from the sw1tch. (aneighbor's latrine, minutes 450 Trial data
round trip)
Number of diarrhea cifss avoided per year (5- cases 0.41 Trial data
Number of diarrhea cases avoided per year cases 0.32 Trial data

(=15)
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Table S3. Benefits and costs reflecting slippage (average annual reduction: 3.5%) (present value in
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2016, Int'1$).
Age Group
Ttem <5 514  >15 Sum %
Treatmentcosts )0 jogs 1025 4859
saved
Transportation ,00) 1927 1816 6565
costs saved
1
Meal costs 753 388 366 1,506
saved
. . Accommodation
Avoided diarrhea cases 281 81 108 470 13%
costs saved
Time saved for
. . 42,903 16,935 31,911 91748
intensive care
Time saved
from health 52,213 10,340 9742 72,295
professionals
Sum 101,718 30,759 44,968 177,443
Benefit
enetts Averted premature deaths Valueof  p0c 440 114232 161,438 782109  58%
statistical life
Switch from 27,737 98,558 126,296
open defecation
Switch from
Hsing 38,908 76,185 115,093
communal
Time saved from increased accessibility latrines 29%
Switch from
Jome 78,333 78,832 157,165
neighbors
latrines
Sum 144,978 253,575 398,554
608,158 289,969 459,981 1,358,106 o
Grand total (45%) 21%) (34%) (100%) 100%
Initial costs
Recurrent 223,845
Project implementation & management Capital 14,580 54%
Sum 238,425
Recurrent 102,353
Investment of community members and local stakeholders Capital 84,337  42%
Costs Sum 186,690
Sum of initial costs 425,115
. Operation & 8,245
Operation & management management 49,
Education for the lifespan of a latrine Education 8,245 ?
Sum 16490
Grand total 441,605 100%
Benefit-Cost Ratio 3.1
916,500

Net Present Value

(38,188 per community; 528 per household)
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Table S4. Benefits and costs reflecting the population growth of 2.7% (present value in 2016, Int'1$).

Age Group
Ttem <5 514  >15 Sum %
Treatmentcosts 5050 4506 1419 6725
saved
Transportation 5050 5567 2513 9086
costs saved
Meal costs 1042 537 506 2085
saved
. . Accommodation
Avoided diarrhea cases 389 111 150 650 13%
costs saved
Time saved for
. . 59,986 23,678 44,617 128,281
intensive care
Time saved
from health 73,003 14,457 13,621 101,082
professionals
Sum 142,126 42,956 62,826 247,909
Benefit 1 f
eneits Averted premature deaths Valueof vhe 006 159,717 225720 1,093533  58%
statistical life
Switch from 38,782 137,803 176,584
open defecation
Switch from
Hstng 54,400 106521 160,921
communal
Time saved from increased accessibility latrines 29%
Switch from
usme 109,524 110222 219,745
neighbors
latrines
Sum 202,706 354,546 557,250
850,222 405,379 643,092 1,898,692 o
Grand total (45%) (21%) (34%) (100%) 100%
Initial costs
Recurrent 223,845
Project implementation & management capital 14,580 54%
sum 238,425
Recurrent 102,353
Investment of community members and local stakeholders capital 84,337  42%
Costs sum 186,690
Sum of initial costs 425,115
Operation &
. 9,892
Operation & management management 4
Education for the lifespan of a latrine Education 9,892 ?
Sum 19,784
Grand total 444,899  100%
Benefit-Cost Ratio 4.3
1,453,794

Net Present Value

(60,575 per community; 837 per household)
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Table S5. Benefits and costs reflecting the treatment and transportation costs reported by caregivers

(present value in 2016, Int'1$).
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Age Group
Ttem <5 514  >15 Sum %
Treatmentcosts 50307 jo584 9972 50,863
saved
Transportation 5 500 5315 o718 8056
costs saved
1
Meal costs 1042 537 506 2,085
saved
. . Accommodation
Avoided diarrhea cases 389 111 150 650 15%
costs saved
Time saved for
. . 59,986 23,678 44,617 128,281
intensive care
Time saved
from health 73,003 14,457 13,621 101,082
professionals
Sum 168,293 51,679 71,584 291,017
Benefit:
eneltts Averted premature deaths Valueof — ,n0 006 159,717 225720 1,093,533 56%
statistical life
Switch from 38,782 137,803 176,584
open defecation
Switch from
Hsing 54,400 106521 160,921
communal
Time saved from increased accessibility latrines 29%
Switch from
Jome 109524 110,222 219,745
neighbors
latrines
Sum 202,706 354,546 557,250
876,389 414,102 651,850 1,941,800 o
Grand total (45%) (21%) (34%) (100%) 100%
Initial costs
Recurrent 223,845
Project implementation & management capital 14,580  54%
sum 238,425
Recurrent 102,353
Investment of community members and local stakeholders capital 84,337  42%
Costs sum 186,690
Sum of initial costs 425,115
Operation & 9,892
Operation & management management 49
Education for the lifespan of a latrine Education 9,892 ?
Sum 19,784
Grand total 444,899  100%
Benefit-Cost Ratio 3.8
1,239,001

Net Present Value

(51,625 per community; 713 per household)
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Text S1. Comparisons of the Interventions Between the Intervention and the Control Groups

Although the Ethiopian government adopted nationwide sanitation improvement policy
(Community Led Total Sanitation and Hygiene) in 2008, the programme has not been carried out in
many districts due to a lack of resources [15,16,17].

In response to this, the Ethiopian government launched a large-scale Community-Led Total
Sanitation and Hygiene (CLTSH) programme in 2012-2015 in the Southern Nations, Nationalities,
and Peoples’ Region (SNNPR), Amhara, Tigray, and Oromia states of the country in collaboration
with UNICEF and the Global Sanitation Fund [17]. Eighty-six districts in these states benefited from
the CLTSH programme for the first time. The SNNPR state comprises of 15 zones (an administrative
unit below State) and 77 districts. The Gurage zone where the Cheha and Enemor Ena Ener districts
belong to was not included in the intervention area [41]. These districts were classified as a control
area in the evaluation to investigate the effect of the CLTSH programme [17].

The Ethiopian government submitted the proposal of the water, sanitation and hygiene project
of the Korea International Cooperation Agency (KOICA) in 2013 and the target areas of the project
were selected among the districts that had no previous intervention of the CLTSH [40]. The SNNPR
state has been implementing the Community-Led Total Sanitation (CLTS) program in eight districts
since 2009 but the Cheha and Enemore Ena Ener districts were not included in the target dirstricts
[17].

According to the two project managers of the KOICA CLTS intervention, one of them is a former
deputy director of the District Health Office, CLTS interventions had never been implemented in the
two target districts, and no Health Extension Workers (HEWSs) had been trained on CLTS prior to the
intervention (individual communication between 5-18 January 2019). The local project manager and
former deputy director stated that there was no budget allocated for sanitation improvements in the
two districts.

However, we estimated how much budget is being indirectly allocated to sanitation
improvement at the district and the village level on the basis of published reports. In a decentralized
system, the director of the district health office is the key figure responsible for spearheading
sanitation and hygiene promotion throughout the district [15,17]. The Health Extension Workers
(HEWSs) have the main responsibility of sanitation improvements in their catchment area as a front-
line government official, and they were charged with 16 key tasks. Most health posts in rural areas
of Ethiopia are staffed by two HEWSs, and they serve an average population of 5,000 individuals.
There were some studies examining HEWs’ time allocation on their billable activities (i.e., the user of
the activities, an individual or a community, was identifiable) [18-20]. The time spent on different
activities by HEWs in Ethiopia was estimated in 2014 in the Health Extension Workers Time Motion
Study across 22 districts in Ethiopia. The study suggested that HEWs spent 1600 minutes on billable
activities per month, and roughly 25% of total encounters, referring to each discrete time an activity
was performed, were spent on hygiene and environmental sanitation education or services for rural
HEWs [19]. They spent 51% of their time at the health post, 15% in community outreach and 13%
visiting households [20]. Based on the results of the studies, we calculated how many minutes and
costs are being spent on hygiene and environmental sanitation education or services.

Given that an average monthly cost of rural HEWs for hygiene and environmental sanitation
education/services including supplies, supervisor salary, and other overhead cost was US$88.4 for
rural HEWs and there were two HEWs per health post covering a sub-district, and 48 health posts
exist in the two districts, we estimated that US$50,918 was being spent on sanitation improvements
in the two districts. Finally, we estimated that US$5,764 was spent on sanitation improvements both
in intervention and control arms in terms of HEWs activities.

According to recent reports [21.22], the Ethiopian government spent 0.006% of the GDP on
sanitation in 2014. The gross domestic product (GDP) was 43,311 million US$, which means the
Ethiopian government spent US$2,598,660 on sanitation across the country [5,21,22]. Dividing this by
770 districts of Ethiopia, we estimate that one district expended US$3,374 on sanitation
improvements, and US$764 was spent on sanitation in 24 Gotts by the government.
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Although these are indirect and preliminary estimates on government expenditures, and need
to be verified with the local government, the incremental cost of the CLTS intervention in the 24 Gotts
would remain the same because CLTS activities were carried out only in the intervention group.

Text S3. Lifetime of an Improved Latrine in This Study

The lifetime of a latrine has been suggested by many organizations to range from 2 years for
simple pit latrine to 20 years for an improved pit latrine [6-12,23-28]. While World Bank reports do
not describe the rationale for the estimated lifespan of a latrine, the WHO and UNICEF reports
estimate it based on the pit volume or depth. The World Bank reports estimated lifespans of 2—4 years
for a simple pit latrine and 10-20 years for an improved latrine. The WHO estimates a 20-year lifespan
for a ventilated improved pit latrine. The lifespan of a pit latrine is often calculated based on the
accumulation rate of faecal waste or sludge (n = v/rP: n, lifespan; v, pit volume; P, the number of
users; 1, accumulation rate) [7]. The accumulation rate ranges from 0.02 to 0.09 (m3/person/year) [8].
Estimating the lifespan solely based on the pit space or pit depth is not sufficient because other factors
affect latrine durability, such as geological and climatic factors, as well as the materials of the latrine
structure. Several other factors also affect pit latrine filling such as throwing rubbish into latrines [9],
water inflows [10], flooding [11], cleaning time [11], and degradation/decomposition [12]. The
definition of an improved latrine in this study (i.e., a latrine equipped with a pit deeper than 2 meters,
slab, pit-hole, wall, door, roof, and handwashing facility) is stricter than that of the report of Joint
Monitoring Programme for Water Supply and Sanitation (JMP) [29]. Correspondingly, considering
the widely accepted parameter values for the lifespan of latrines by type, 10 years for an improved
latrine in this study is not an overestimated value, even when taking the possible abandonment rate
into account.
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Figure S1. Distribution of benefits by item.
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Figure S2. Distribution of benefits by age group.
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