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Introduction I

We are more productive working at higher densities (and with
different people) than the densities at which we want to live.
Cities are how we solve this problem.
This leads to three questions,

How much more productive, and why?
How does the cost of commuting affect the way cities are
organized?
What determines our willingness to tolerate density?

The first two are central questions in urban economics. They
have been studied extensively.

The third question has received less attention.
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Introduction II

This lecture describes what we know about how sewage and
sanitation service affects the organization of cities.

We know that the ability to move workers to the center has
important effects on the structure of cities. Could it be that the
ability to disperse their sewage is equally important?
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Introduction III

There are many related policies that also affect our
willingness to tolerate density. For example;

drinking water delivery and quality,
law and order,
sewer service
vaccination,
trash collection,
fire protection,
noise and pollution.

The impact of these services on the organization of cities is
also not well studied. My prior is that their importance
corresponds approximately to their listed order.
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Introduction IV

This lecture will describe the state of knowledge about the
relationship between water and sewer infrastructure and the
organization of cities. It is in three parts,

Evidence for the importance of public health for the
organization of cities.
Evidence for the importance of sewage and sanitation services
for public health.
Evidence for the importance of sewage and sanitation service
for the organization of cities.
Suggestions for further research.
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Improved drinking water sources are those which by nature 
of their design and construction have the potential to 
deliver safe water. During the SDG period, the population 
using improved sources will be subdivided into three groups 
according to the level of service provided. In order to meet 
the criteria for a safely managed drinking water service 
(SDG 6.1), people must use an improved source meeting 
three criteria (Figure 11, and Section 4.1): 

•	 it should be accessible on premises, 
•	 water should be available when needed, and 
•	 the water supplied should be free from contamination. 

If the improved source does not meet any one of these crite-
ria, but a round trip to collect water takes 30 minutes or less, 
it will be classified as a basic drinking water service (SDG 
1.4). If water collection from an improved source exceeds 30 
minutes, it will be categorized as a limited service.

Improved sanitation facilities are those designed to hygieni-
cally separate excreta from human contact. There are three 
main ways to meet the criteria for having a safely managed 
sanitation service (SDG 6.2). People should use improved 
sanitation facilities that are not shared with other house-
holds, and the excreta produced should either be (Figure 12, 
and Section 4.2):

•	 treated and disposed of in situ, 
•	 stored temporarily and then emptied, transported and 

treated off-site, or 
•	 transported through a sewer with wastewater and then 

treated off-site. 

If the excreta from improved sanitation facilities are not safely 
managed, then people using those facilities will be classed 
as having a basic sanitation service (SDG 1.4). People using 
improved facilities that are shared with other households will 

The new JMP ladder for drinking water servicesFig. 11 The new JMP ladder for sanitation servicesFig. 12

SERVICE LEVEL DEFINITION

SAFELY MANAGED
Drinking water from an improved water source that is 
located on premises, available when needed and free 
from faecal and priority chemical contamination

BASIC
Drinking water from an improved source, provided 
collection time is not more than 30 minutes for a round 
trip, including queuing

LIMITED
Drinking water from an improved source for which 
collection time exceeds 30 minutes for a round trip, 
including queuing

UNIMPROVED Drinking water from an unprotected dug well or 
unprotected spring

SURFACE WATER Drinking water directly from a river, dam, lake, pond, 
stream, canal or irrigation canal

Note: Improved sources include: piped water, boreholes or tubewells, 
protected dug wells, protected springs, rainwater, and packaged or  
delivered water.

SERVICE LEVEL DEFINITION

SAFELY MANAGED
Use of improved facilities that are not shared with other 
households and where excreta are safely disposed of in 
situ or transported and treated offsite

BASIC Use of improved facilities that are not shared with other 
households

LIMITED Use of improved facilities shared between two or more 
households

UNIMPROVED Use of pit latrines without a slab or platform, hanging 
latrines or bucket latrines

OPEN DEFECATION
Disposal of human faeces in fields, forests, bushes, 
open bodies of water, beaches or other open spaces, or 
with solid waste

Note: improved facilities include flush/pour flush to piped sewer systems, septic 
tanks or pit latrines; ventilated improved pit latrines, composting toilets or pit 
latrines with slabs. 
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World Health Organization (2017)
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World availability of water and sewer II
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Proportion of population using at least basic sanitation services, 2015

■ OPEN DEFECATION   
■ UNIMPROVED        
■ LIMITED
■ BASIC        
■ SAFELY MANAGED

World

Fig. 6

Key messages
In 2015,
1.	 	39 per cent of the global population  

(2.9 billion people) used a safely managed 
sanitation service; that is, excreta safely 
disposed of in situ or treated off-site.

2.	 	Estimates for safely managed sanitation 
were available for 84 countries (representing 
48 per cent of the global population), and 
for five out of eight SDG regions4.

3.	 	Two out of five people using safely 
managed sanitation services (1.2 billion) 
lived in rural areas.

4.	 	27 per cent of the global population  
(1.9 billion people) used private sanitation 
facilities connected to sewers from which 
wastewater was treated. 

5.	 	13 per cent of the global population  
(0.9 billion people) used toilets or latrines 
where excreta were disposed of in situ. 

6.	 	Available data were insufficient to make 
a global estimate of the proportion of 
population using septic tanks and latrines 
from which excreta are emptied and 
treated off-site.

7.	 	68 per cent of the global population 
(5.0 billion people) used at least a basic 
sanitation service.

8.	 	2.3 billion people still lacked even a  
basic sanitation service.

9.	 	600 million people used a limited 
sanitation service; that is, improved 
facilities shared with other households. 

10.	892 million people worldwide still 
practised open defecation.

Estimates of safely managed sanitation 
services are available for five out of eight  
SDG regions

Two out of five people 
used safely managed 
sanitation services in 
2015

Regional sanitation coverage, 2015
Global sanitation 
coverage, 2015

By 2015, 154 countries had achieved over 75% coverage with basic sanitation services

Sanitation

Fig. 5

Fig. 7
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4	 National estimates are made where data are available for at least 50% of the relevant population. Regional and global estimates are made where data are available for at least 30% of the relevant population.
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World availability of water and sewer III
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Key messages
In 2015,
1.	 	71 per cent of the global population  

(5.2 billion people) used a safely managed 
drinking water service; that is, one located 
on premises, available when needed and 
free from contamination. 

2.	 	Estimates for safely managed drinking water 
were available for 96 countries (representing 
35 per cent of the global population), and for 
four out of eight SDG regions1.

3.	 	One out of three people using safely 
managed drinking water services  
(1.9 billion) lived in rural areas. 

4.	 	Eight out of ten people (5.8 billion) used 
improved sources with water available 
when needed.

5.	 	Three out of four people (5.4 billion) used 
improved sources located on premises.

6.	 	Three out of four people (5.4 billion) used 
improved sources free from contamination. 

7.	 	89 per cent of the global population  
(6.5 billion people) used at least a basic 
service; that is, an improved source within 
30 minutes’ round trip to collect water.

8.	 	844 million people still lacked even a 
basic drinking water service.

9.	 	263 million people spent over 30 minutes 
per round trip to collect water from an 
improved source (constituting a limited 
drinking water service).

10.	159 million people still collected drinking 
water directly from surface water sources, 
58% lived in sub-Saharan Africa.

Estimates of safely managed drinking water 
services are available for four out of eight 
SDG regions

7 out of 10 people 
used safely managed 
drinking water services 
in 2015

Regional drinking water coverage, 20152
Global drinking  
water coverage, 2015

Proportion of population using at least basic drinking water services, 2015

1	 National estimates are made where data are available for at least 50% of the relevant population. Regional and global estimates are made where data are available for at least 30% of the relevant population. 
2	 This report refers to the SDG region of “Oceania excluding Australia and New Zealand” as Oceania.
3	 The JMP tracks progress for 232 countries, areas and territories, including all United Nations Member States. Statistics in this report refer to countries, areas or territories.

By 2015, 181 countries had achieved over 75% coverage with at least basic drinking water services3
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Fig. 3
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World availability of water and sewer IV

Water and sewer service is in short supply in much of the world,
especially developing country slums. Sewers are scarcer than
piped water.

About 15% and 40% of the world’s urban population does not have
access to safely managed water and safely managed sanitation
(Coury et al., 2024).
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Public health and the organization of (US) cities
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Figure 1: Before 1950, the urban share only includes residents living in incorporated places. From 1950 
onward, the urban share includes residents living in both incorporated and unincorporated places. Data on 
urban population shares are from the U.S. Census Bureau. Metropolitan area population shares were 
calculated using data and the contemporaneous definitions provided by IPUMS in each year.  
 

% US Employment in Ag. (FRED) Boustan et al. (2013).
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Real per capita GDP in constant 2011 dollars from Bolt and
Van Zanden (2014). From 1800 to 2016, US incomes increased
from 1980$ to 53015$, a factor of about 27.
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MICHAEL HAINES

Fig. 1 Crude Death Rate 
New York City, 1804-1900
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Fig. 2 Crude Death Rate 
Boston, MA, 1811-1920
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THE URBAN MORTALITY TRANSITION IN THE UNITED STATES, 1800-1940

Fig. 3 Crude Death Rate 
Philadelphia, 1802-1920

Fig. 4 Crude Death Rate 
Baltimore, 1812-1920
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MICHAEL HAINES

Fig. 1 Crude Death Rate 
New York City, 1804-1900
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then, some smaller New England cities
were especially resistant to change, e.g.
Holyoke and Northampton in Massa-
chusetts. The situation in New England
at this time has been called the “nine-
teenth-century mortality plateau”
(Hautaniemi, Swedlund, and Anderton,
1999, esp. p. 34). Among recent works,
there has been strong support for water
and sewerage projects as effective in
reducing urban mortality from the later
XIXth century (See, for example,
Condran and Cheney, 1982;
Hautaniemi, Swedlund, and Anderton,
1999; Cain and Rotella, 1998;
Troesken, 1999a, 1999b; Melosi, 2000).

So the excess urban mortality was
diminishing from the late XIXth century
onwards, especially as public health
measures and improved diet, shelter, and
general living standards took effect. The
excess in e(0) for rural white males over

those in urban areas was 10 years in
1900. This fell to 7.7 years in 1910, 5.4
years in 1930, and 2.6 years by 1940. In
addition, by 1940 the difference between
the largest cities (100,000 and over) was
very small (an e(0) for white males of
61.6 in the largest cities in contrast to
61.4 in other urban places). This was
certainly not true in 1900, when the ten
largest cities had mortality 22% above
that of the smallest urban places and that
of other cities of 25,000 and over was
39% higher (See Table 1; Dublin, Lotka,
and Spiegelman, 1949, 324; Preston and
Haines, 1991, Table 3.1).

The original cause of the rural advan-
tage was unlikely superior knowledge of
disease, hygiene, and prevention in rural
areas, since farmers were not known to
be particularly careful about disease and
cleanliness: “There are few occupations
(other than farming) in which hygiene is

40

MICHAEL HAINES

Fig. 5 Crude Death Rate 
New Orleans, 1810-1900
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Crude death rates were 20-80 in 19th century US cities, and fell in
the 20th century (Haines, 2001).
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Watersheds 35  
 

Figure 1: Infant Mortality in the United States and Massachusetts: 1850 to 1998 

 

 

Notes: The U.S. aggregate series for 1850 to 1910 was estimated and, for those years, is probably 
less accurate than the Massachusetts series, which is at an annual frequency and from actual vital 
statistics data.  See Haines (1998a) and Historical Statistics (2006, 1-461).  The lines drawn give 
the boundaries of the period we examine. 
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Infant mortality in the US and Massachusetts in the 19th century
was terrifyingly high (Alsan and Goldin, 2019). Current US rates
are about 5 per 1000.
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more neglected” (Abbott, 1900, p. 71).
The rural advantage seems simply to
have been that rural residents were
farther from each other, reducing
chances of contagion and contamina-
tion of water supplies. Rural-urban
mortality differentials likely played a
role in the deterioration of mortality in
the middle of the XIXth century, as the
population shifted to cities and towns.
Also, the XXth century mortality decline
was significantly propelled by the elimi-
nation of excess urban deaths (Preston
and Haines, 1991, 36-39; Taeuber and
Taeuber, 1958, 274-275).

The black population of the United
States certainly experienced higher
death rates, both as slaves and then as a
free population in the postbellum
period than did whites. Tables 1 and 2
provide some information on the expec-
tation of life at birth and the infant
mortality rate by race. As of 1920, when
reasonably representative data are avail-
able for the black population in the offi-
cial registration states, it is apparent that
the mortality of blacks was substantially
higher. Ironically, they were protected to
some extent by their more rural resi-
dence. In 1900, about 80% of the black
population was rural, in contrast to
about 60% for whites (U.S. Bureau of
the Census, 1975, Series A 73-81).
Using the 1900/02 DRA life tables
alone, the black population could be
seen to have had an e(0) of about 33.5
years and an infant mortality rate of
about 233 infant deaths per 1,000 live
births. But using indirect estimation
techniques for the public use sample of
the national black population in 1900
revealed considerably more favorable
results: an e(0) of 41.8 years and an
infant mortality rate (IMR) of 170. This
indicated that a great disadvantage was

still there but that rural residence had its
advantages, even for the poor (Preston
and Haines, 1991, ch. 2).

Higgs (1973) estimated that urban
mortality was 50% higher than rural
mortality in the 1880s, and that the
urban penalty had dropped to 21% by
the period 1910/20. He found the
following upper bounds for the ratios of
urban to rural mortality by decade from
1870 to 1920:

Decade Ratio
1870-1880 1.38
1880-1890 1.50
1890-1900 1.35
1900-1910 1.33
1910-1920 1.21

Condran and Crimmins (1978, 1980)
and Crimmins and Condran (1983)
found that the rural-urban mortality
difference was already diminishing in
the 1890s, and that the urban penalty
was largely due to tuberculosis, diarrheal
diseases, and several other infectious,
communicable diseases. Their analysis is
augmented and brought forward in time
to 1940 in Table 3. For the seven states
for which we have consistent informa-
tion from 1890 onwards, mortality
declined over the whole period 1890 to
1940; and rural-urban convergence was
complete by 1920 for the overall death
rate and by 1930 for the infant mortal-
ity rate. Convergence was taking place
for the death rates for ages above one,
but it was less pronounced. This is
consistent with a cohort view of the
process. The improvements in mortality
were concentrated among the younger
cohorts and so convergence was more
rapid. Older persons, who had been
subjected to the biological insults of
earlier, higher mortality regimes, did
experience mortality declines, but less

41

THE URBAN MORTALITY TRANSITION IN THE UNITED STATES, 1800-1940
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Ratio of urban to rural crude death rates in the US, by decade. The
urban mortality premium was about 40% in 1780 and declined to
20% by 1920 (Haines, 2001).
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Three events approximately coincided in the late 19th and
early 20th century.

Urban population increased
Productivity increased
Urban mortality rates fell

The conventional wisdom is that the decline in the absolute
and relative level of urban mortality was an important
contributor to the process of urbanization and growth in the
US.
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Covid and US cities Bid-Rent Curve
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Figure 3. Pandemic Induced Changes in Prices and Rents
The top two figures show the bid-rent function for the top 30 MSAs: the relationship between distance from the city center (the log of
1 + the distance in kilometers from City Hall) and the log of rents (Panel A) and prices (Panel B). Lighter points indicate ZIP codes,
while darker points indicate averages by 5% distance bins (binscatter). Subsequent figures show changes in rents (Panels C & E) and
prices (Panels D & F) against distance and the pre-pandemic levels of rents and prices. These figures are generated using those ZIP
codes that have both rent and price data available.

13

Left panel: relationship between log distance from the city center
and log rent before (green) and after (red) the pandemic. Right
panel reports sale price gradients (Gupta et al., 2021).
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Modern experience with Covid confirms the importance of
public health for process of urbanization in the US.

It would be nice to have more evidence for this story.

The pattern in modern day Africa is not obviously the same.
Henderson and Turner (2020). African cities are not obviously
more dangerous than rural regions, so why aren’t they
growing even faster?
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Water and sewer interventions and public health

The effect of late 19th and early 20th century municipal water
quality is well studied;

(Alsan and Goldin, 2019) Interaction of water and sewer main
in a municipality gives a 26% decrease in infant mortality,
Boston Harbor watershed, 1880 to 1920.

(Anderson et al., 2018) Sample of 25 US cities between 1900
and 1940. Manage sewage outflows 0% effect on infant
mortality, water filtration 11% decline. Joint effect of all water
quality related interventions is 4%. Note disagreement with
(Alsan and Goldin, 2019).

(Ferrie and Troesken, 2008) Event study of improved
municipal water quality on mortality and future mortality in
19th century Chicago. Improved water quality reduces crude
death rate by 18-30% from 1850-1925.
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(Kesztenbaum and Rosenthal, 2017). Completely sewering
an unsewered Paris neighborhood between 1880 and 1915
gives 1-3 years of life expectancy at birth.

(Troesken, 2004) Role that piped water and sewer service
played in narrowing the black-white life expectancy gap in the
US during the first half of the 20th century.

Beach (2022) is a useful survey of the history literature.
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The effects of improvements to water and sewer infrastructure
have also been studied in the context of the modern day
developing world.

Galiani et al. (2005) finds that privatizing Argentina’s water
supply services lead to an 8% reduction in child mortality, all
from a reduction in waterborne disease.

Bhalotra et al. (2021) looks at the roll-out of municipal water
treatment in late 20th century Mexico reduced childhood
mortality from diarrheal disease by about half.

Gamper-Rabindran et al. (2010) finds that roll-out of piped
water, but not sewer access, has an important effect on infant
mortality in Brazil around 2000.

Devoto et al. (2012) finds that access to piped drinking water
increases time spent at leisure but does not affect childhood
incidence of waterborne disease in Morocco in 2007.
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Ashraf et al. (2017) find that more reliable drinking water
supplies decreases childhood diarrheal disease and increases
the time girls spend at school in urban Lusaka in 2000.
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Where does this leave us?

Interventions to improve municipal water quality have been
well studied. They have important health benefits in the
developing world and the 19th century US. There is
disagreement about effect sizes, or treatment/treatment
effects are heterogenous in a way that is not understood.

The provision of household piped water or sewer access is
less well studied. There is some evidence that this is also
important for health and for many other aspects of life.

Interventions are diverse, e.g., installation of municipal water
and sewer mains, moving intakes to deeper water,
chlorination, disruptions of piped water supply, etc. Such
estimates do not lend themselves readily to cost benefit
analysis of prospective projects.
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Water and sewer interventions and cities

Alsan and Goldin (2019) fail to reject zero effect of interaction
of arrival of municipal water and sewer mains on;
demographics or population density. Confidence intervals are
large.

Coury et al. (2024) find that land values in 19th century
Chicago more than double with access to sewer network.

Kitagawa, McCulloch, Schaelling and Turner (2024 – in
progress) 3% increase in central city share with sewer access
often affects density as much as a radial interstate. No
evidence of demographic sorting.

Doubling of land prices must result in a big increase in density in
19th century Chicago. This is consistent with Kitagawa et al. There
is a lot more here to do.
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Suggestions for further research I

Our present understanding of the effects of water and
sanitation infrastructure on health is not conducive to cost
benefit analysis of anything except improvements to water
quality.

Many studies of the effect of urban water and sanitation
infrastructure on health are DiD designs. It would be nice to
have more design based estimates.

Our understanding of how water and sanitation infrastructure
affects the organization of cities is rudimentary. We have
evidence that the effects on land use are large, but also some
conflicting evidence.

If sewers affect density, then the literature on public health
outcomes understates benefits.

Copyright 2024, Matthew Turner 24



Suggestions for further research II

As far as I know, we know nothing systematic about the costs
of water and sewer infrastructure.

We are a long way from being able to do a welfare analysis of
competing interventions.
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