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Question

® What is the contemporaneous effect of municipal water filtration on children’s
school enrollment and employment in American cities from 1880 to 19207

Chon-Kit Ao (NCKU) Water filtration and children’s human capital June 2, 2022 2/22



e Motivation

filtration and
children’s
human capital

Chon-Kit Ao

® In 2017, 2 billion people use contaminated water source for drinking (UNICEF and

WHO, 2019)

Motivation

® Diarrhoeal disease causes the death of 1.6 million people in 2017 (Dadonaite et al., 2018)

® Access to clean water reduces mortality and improve health (eg. cutler and Miler, 2005;

Anderson et al., 2018)

® Much less has been done on the impact of water quality on human capital
investment, e.g., school enrollment

o Effect of municipal water filtration on school enrollment is ambiguous
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® Existing literature on effects of water access and quality focuses on health outcomes

® Most literature emphasize impacts of water on mortality (Troesken, 2002; Cutler and Miller,
2005; Ferrie and Troesken, 2008; Gamper-Rabindran et al., 2010; Anderson et al., 2018; Alsan and Goldin, 2019)
Comilhimns o OtherS |OOk at early ChlldhOOd health (Jalan and Ravallion, 2003; Mangyo, 2008; Galiani et al., 2009; Ahuja
et al., 2010; Zhang, 2012)

° Chlldhood health iS important to education (Glewwe et al., 2001; Miguel and Kremer, 2004; Bleakley, 2007,
2010)

® Only a few studies look at the possible effects of clean water on educational outcomes
(Devoto et al., 2012; Bhalotra and Venkataramani, 2013; Kosec, 2014; Beach et al., 2016; Zhang and Xu, 2016)
® Focus on developing countries and long-term outcomes
* My study adds to this area
* Provide evidence for a much larger set of cities
* Important for countries not yet invested in clean water technologies
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Effectiveness

Water filtration

® |mportant technology to purify water
e Water filtration improves water quality

® Reduce turbidity, bad taste, and discoloration
® Reduce bacteria
® Reduce waterborne diseases (e.g., typhoid fever)

® A scientific test of bacterial efficiency:

Table: Average number of bacteria per cubic centimeter in Lawrence, Massachusetts

Year Water before Water after
filtration filtration

Bacteria per cubic centimeter
1894 10,800 110
1895 11,100 80

Source: Journal of the American Medical Association (1903).

Notes: Lawrence installed its first water filter in 1893. Test of water quality had changed to the

presence of B. coli communis started in 1898.

o Effective in killing bacteria
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® Combines city water plants data with census microdata
e Filtration plants installation date from:

@ General Statistics of Cities: 1915 (U.s. Bureau of the Census)
@® ‘“Filtration Plant Census 1924" (Gillespie, 1925)
© Three papers titled “Design and Operation Data on Large Rapid Sand Filtration
Firaton s Plants in the United States and Canada” (Hardin, 1932, 1942; Cosens, 1956)
Census @ Other supplementary sources:
T el ® Various issues from “Water Survey Series”; “Water Supply Paper”; “The
Purification of Public Water Supplies” (Johnson, 1913); “Present Day Water Filtration
Practice” (Johnson, 1914); “Census of Municipal Water Purification Plants in the
United States, 1930-1931" (Wolman, 1933); “Manual of Design for Slow Sand
Filtration” (Hendricks et al., 1991)

e Construct data from all cities with population over 30,000 in 1920
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School enrollment and working status

T e |PUMS USA: Censuses 1880, 1900, 1910, 1920
® 1890 census destroyed by fire
® To maximize the number of cities
® Use samples for 1880 (1% and 10%), 1900 (1% and 5%), 1910 (1%), and 1920
(1%)
e ® | reweight the sample

Native-born white and black children ages 10-16
® Qutcome variables:
® Enrollment: Did this person attend school?
Child labor: Did they report an occupation? (For aged 10+)
Full-time school enrollment
Full-time employment

Balanced panel of 111 cities
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® Some cities never installed a filter, others installed the filter in an earlier, in

between, or later period.

Table: Municipal filtration plants installation, 1880-1920

Number of  Percentage

‘ - s Cities

F:I:.:v installation Never 47 423
Installed Filter in 1881-1900 18 16.2
Installed Filter in 1901-1910 30 27.0
Installed Filter in 1911-1920 16 14.4
Total 111 100.0

e Difference-in-differences
® Why different time of adoption?
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® Average effects of children aged 10-16

® Exploit variation of filtration plant adoption across cities and across time
Consider an individual /, lived in city c, in year t:

Yiet = a + BFilterce+7yc + At + Xjet T + €jer (1)

Strategy

® yi« = 1 if currently enrolled in school (reported an occupation)

® Filtere; = 1 if installed filtration plant in census t

® X is a vector of demographic and city-level controls including age FE,
household head illiteracy, gender, race, and the population of cities.
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Water

filtration and Table: Water filtration and human capital investment: Main results
children’s
human capital (1) (2) (3) (4)
Chon-Kit Ao School Full-time school Full-time
Dependent variables: enrollment attendance Employment employment
Specification:
A. Basic specification
Filter 0.022** 0.018** -0.013 -0.017*
(0.010) (0.009) (0.008) (0.010)
B. Basic specification + state-by-year FE
Filter 0.021** 0.022** -0.012* -0.010
statens (0.010) (0.010) (0.006) (0.007)
C. Baseline specification = Basic specification + state-by-year FE + city trends
Filter 0.030** 0.029** -0.008 -0.009
(0.012) (0.012) (0.008) (0.009)
Observations 285,268 285,268 285,268 285,268
Mean(Dept. Var.) 0.80 0.77 0.16 0.13

® Each coefficient — separate regression, SE clustered at city level
® | ocal economic or policy changes: compulsory schooling or child labor laws
® Same effects after throwing away cross state variation
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Hard to show in one graph

® Not have information on 1890

® Divide city sample into three groups
® Adopted in 1900 v. never
® Adopted in 1910 v. never
® Adopted in 1920 v. never

[ ]

For each group:

Yiet = o+ By Filteres x Yr1880 + SaFilteres x Yr1900
+ BsFilteres x Yr1910 + BaFiltere: x Yr1920
+ At + Xict T + €ict (2)
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vironments

across gender

.1: Treated 1900 v. Never

Figure: Impact of water filtration on school enrollment

Dependent variable: School enrollment

A.2: Treated 1910 v. Never

A.3: Treated 1920 v. Never

o

8 el g 81,
= T £ I T
55 3 25
EC E° £3 - .
s s 5| —
§ol 5o 5o T
5 k] 3 —
8 g 3 —
£ - g —
8. 88 ER
2 e g2 Tl
S 5 5 -
Ty By By Tt
g8 g8 88
5% g9 52

« @ «

8 2 8

8 8 8

' 1900 1910 1920 '1880 1900 1910 1920 "1880 1900 1910 1920

Year Year Year

Dependent variable: Full-time school enrollment

B.1: Treated 1900 v. Never B.2: Treated 1910 v. Never B.3: Treated 1920 v. Never
o o
z8 SRS £8 §§ o
£ E_[Tl £ .
S5 S5 s ] Tl -
5° T §° R 5° B -
Pl T ke B
o — T - o o —
58
29
£
53|
1900 1910 1920 1900 1910 1920 ‘1880 1900 1910 1920
Year Year Year
Chon-Kit Ao (NCKU) Water filtration and children’s human capital June 2, 2022

13/22



Water
filtration and
children’s
human capital

Chon-Kit Ao

Table: Additional checks

(1) () (3) (4)

School Full-time school Full-time

Dependent variables: enrollment attendance Employment employment

Specification:

A. Baseline specification

Filter 0.030%* 0.029%* -0.008 -0.009

(0.012) (0.012) (0.008) (0.009)
B. Baseline specification with additional controls

B.1. Additional school controls

Filter 0.028** 0.026** -0.008 -0.010
(0.012) (0.012) (0.008) (0.009)

B.2. Additional agricultural controls

Filter 0.029** 0.028** -0.007 -0.009
(0.012) (0.012) (0.008) (0.009)

B.3. Additional manufacturing controls

Filter 0.028** 0.027** -0.006 -0.007
(0.012) (0.012) (0.008) (0.009)

B.4. Full controls

Filter 0.026** 0.024** -0.006 -0.008
(0.012) (0.012) (0.008) (0.009)

C. Additional cities with incomplete information

C.1. Unbalanced panel: number of city = 155

Filter 0.029*** 0.028** -0.008 -0.010
(0.011) (0.011) (0.007) (0.008)

C.2. Unbalanced panel: number of city = 200

Filter 0.035%*** 0.034*** -0.010 -0.012
(0.010) (0.010) (0.007) (0.008)
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e Differential effects on children bound/not bound by compulsory schooling laws

® May expect a larger effect on children who are not bound by the compulsory
schooling laws

| collect state compulsory schooling laws from
¢ Data appendix from Goldin and Katz (2011)
® Provide state laws after 1910 (few laws available from 1900)

i ® Various issues from Report of the Commissioner of Education (us. Bureau of Education)

\dditional checks

Legal environments

P —— Can drop out = 1 if Child's age >
Min[(Minimum compulsory school entrance age + yrs of schooling for exemption), (Maximum age
of compulsory schooling)]
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(1) (2) (3) (4)
School Full-time school Full-time
Dependent variables: enrollment attendance Employment employment
Filter -0.001 0.006 0.013 0.020
(0.017) (0.017) (0.012) (0.013)
Filter * Can legally drop out 0.071*** 0.053** -0.048* -0.066***
(0.024) (0.025) (0.024) (0.023)
Can legally drop out -0.044** -0.043** 0.043** 0.044**
(0.021) (0.020) (0.018) (0.018)
Observations 285,268 285,268 285,268 285,268
Mean(Dept. Var.) 0.80 0.77 0.16 0.13

® Serve as another placebo test
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® Could have differential effect across gender

® Girls have stronger responses from health improvement programs (miguel and Kremer,

2004; Maccini and Yang, 2009; Pitt et al., 2012)

Legal environments

Effects across gender
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Timing

\ddition

Legal environments

Effects across gender

Table: Effects across gender

(1) ) 3)

(4

School Full-time school

Full-time

Dependent variables: enrollment attendance Employment employment
Samples:
A. Females
Filter 0.042** 0.044*** -0.021* -0.019**
(0.017) (0.017) (0.011) (0.009)
Observations 145,660 145,660 145,660 145,660
Mean(Dept. Var.) 0.80 0.78 0.13 0.11
B. Males
Filter 0.018 0.013 0.006 0.001
(0.013) (0.013) (0.010) (0.012)
Observations 139,608 139,608 139,608 139,608
Mean(Dept. Var.) 0.80 0.76 0.19 0.15
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Alternative mechanisms

® |mprovement of adult health?

® Focus on aged [25, 55]

Table: Water filtration and adult outcomes

Mechanisms

(1) (2) (3) (4) (5)

Occupational Duncan Works as Born in

income socioecon. craftsman a different

Dependent variables: Employment score index or operative state
Filter 0.005 -0.033 -0.013 0.002 0.013

(0.004) (0.147) (0.339) (0.007) (0.009)

Observations 608,176 608,176 608,176 608,176 608,176
Mean(Dept. Var.) 0.61 16.27 21.82 0.24 0.34
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® Migration?

Table: Water filtration and migration

Dependent variable:

Born in diff. state

Mechanisms

Filter -0.007
(0.011)
Observations 285,268
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® |Important to countries where poor health environment may impede human

capital
® Quantifies the effect of access to clean water
= Water filtration 1 school enrollment by 3 percentage points
How is my estimated effect compared with other health interventions?

® A deworming program in Kenya increases school participation by 7.5 percentage
pOIntS (Miguel and Kremer, 2004)

Discussion ® Private sector participate in the piped water sector in Africa is associated with a
7.8 percentage points in school attendance (kosec, 2014)

® Hookworm eradication in American South increases school enrollment of 3-5
percentage points (Bleakley, 2007)
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Shongiie ® Examine the effect of clean water from a particular water infrastructure program

For children aged 10 to 16

® Municipal water filtration
e 1 school enrollment by 3 percentage points (Sample mean = 77-80%)
® Negative or no effects on child labor that is not significant at conventual level
® Robust across various control variables and samples
® |arger effect on children who can legally drop out of school
® More pronounced on females

® Effects are not due to other mechanisms

Conclusion ® |Improvement in adult health

® Migration

® Policy implication: Water improvement programs affect other outcomes beyond

mortality and morbidity
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