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How did the mediareact to the rapid decline in typhoid death rates during the health transition
in the United States? We find that news reports between 1890 and 1938 are more responsive to
changes in mortality and case rates, in either direction, after compared to before the clean water
interventions that reduced mortality and lowered its variance. Our results are consistent with a
classical signal extraction problem in which ahigher mean and variance make it harder to interpret
the signal. Consistent with prospect theory and psychological theories of reference points, we also
find that the increase in news reports with an unexpected increase in death or case rates is greater
than the decrease resulting from an unexpected decline in death or case rates. Asymmetriesin

news coverage have implications for the economic incidence of public health improvement.
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In the early twentieth century, typhoid fever, a water-borne illness for which there was no
cure, ravaged US cities. Five years prior to the filtration and chlorination of Philadelphia's water,
weekly deaths from typhoid fever averaged 1.09 per 100,000. Five years after both filtration and
chlorination, weekly deaths averaged 0.15 per 100,000. Typhoid ratesin Philadel phia, which drew
its water from the contaminated river, were unusually high. But even in New York City, where
some but not all areas had access to clean water, weekly death rates from typhoid were 0.33 per
100,000 prior to the construction of the New Croton Dam. After the further construction of the
Ashokan Reservoir and Catskill Acqueduct, weekly death rates fell to 0.06 per 100,000.1 Declines
inthe level and variance of a disease which killed 10-20% of itsvictimsand affected all age groups
were rapid after the introduction of clean water technologies (Cutler and Miller 2005; Troesken
1999) and thus should have been salient to a public which could rely on a press that had become
more informative and less partisan (Gentzkow, Glaeser, and Goldin 2006).

How did the mediareact to the rapid declinein typhoid death rates? \We have created a database
of weekly counts of typhoid articles from major US newspapers from 1890 to 1938 to document
how news reports responded to weekly death rates both before and after the clean water interven-
tions and to determine whether news reports responded asymmetrically to unexpected increases
and decreasesin mortality rates. We find that news reports are more responsive to changes in mor-
tality and case rates, in either direction, after compared to before the clean water interventions.
Our results are consistent with a classical signal extraction problem in which individuals look not
just at the current death rate (the signal) but also the pre- and post-intervention mean and variance.
A higher mean and variance will make it harder to interpret the signal. Consistent with prospect
theory and psychological theories of reference points, we also find that the increase in news reports
with an unexpected increase in death or case rates is greater than the decrease resulting from an

unexpected decline in death or case rates.

IMortality rates are estimated from the data used in the paper.



Our findings have implications for the economic incidence of urban public health improve-
ments. If improvements are common knowledge both to incumbent city residents and to non-
residents, then standard no arbitrage compensating logic implies that landownersin the cities and
neighborhoods that experienced the largest reduction in death would enjoy the windfall of higher
prices. But, if outsiders are unaware of the localized quality of life improvements then incumbent
renters could gain the windfall. In standard compensating differential models it is assumed that
households have full information about the attributes of each choice at each point in time. How-
ever, in the case of endogenous attributes such as typhoid death rates this assumption appearsto be
extreme. With dynamic and stochastic disamenities, the media may play a key role in spreading
information about the shifting location of specific attributes. With asymmetriesin media coverage,
outsiders may be unaware of progress. This suggestion of “segmented” markets recasts the stan-
dard urban locational choice problem as one where information frictions could generate rents for
incumbents. If the media devoted extra coverage to deaths during good times, then the public may

perceive a higher risk of infectious disease risk than was actually present.

1 Economic Framework

We focus on the supply of news reports about typhoid fever in mgor cities, during the health
transition, when newspapers were the only news outlets. If newspapers are primarily driven by
profit motives, they will report on typhoid if there is reader demand whether for consumption
value or information.

But was disease coverage biased? Competition among newspapers within a city could lead to
unbiased coverage (i.e. coverage would be determined purely by death or caserates) or it could lead
to biased coverage if newspapers seek to deliver what their readers want (Gentzkow and Shapiro

2008). Both prospect theory and psychological theories imply that individuals react more to an



increase in mortality rates than to declines. Kahneman and Tversky (1979) argued that individuals
care more about loss in utility than gain. The psychology literature argues that asymmetries arise
because of differencesin perceptions and because individualsare mildly optimistic. If impressions
are based on reference points, the lossisfelt more keenly (Helson 1964). If more attentionis given
to new or novel information, which is extreme information, then negative information is given
more weight (Fiske 1980). In examining inflation expectations Carroll (2003) found that not only
did the volume of news matter, but also news that represented and sharp and negative break from
the past. A bias toward “bad” news could arise either from newspapers responding to consumer
demand or from journalists' sharing consumers’ errors in perception.

Newspapers search for novelty will lead to an emphasis on the unusual, consistent with Frost,
Frank, and Maibach (1997) finding that the media over-emphasize low-risk causes of death. An
over-emphasis on low-risk causes of death also could ariseif it is harder to determine trendsin a
regime where both the level and the variance of mortality is high relative to a regime where both
the level and the variance of mortality islow. A change in mortality rates, whether high or low,
represents a sharper deviation from trend in a low level and variance regime. This phenomenon
has been noted in the literature about inflation expectations, where disagreement about the future
path of inflation tends to rise both with inflation and with sharp inflation changes (Mankiw, Reis,
and Wolfers 2004).

Our notion of biasin cognitive perceptions contrasts with the focus on biasin political reporting
emphasized in the research on media slant (e.g. Gentzkow, Shapiro, and Stone, forthcoming). This
dlant could arise from the preferences of journalists, editors, or owners (Baron 2006; Djangov et al.
2003) or from competition forcing newspapersto differentiate themsel ves by moving to ideol ogical
extremes (Mullainathan and Shleifer 2005). In the case of typhoid fever, such slant might take the
form of favoring large public investments or the socialization of water systems on the grounds that

public companies were more likely to invest in clean water technologies and to extend service to



poorer residents (Troesken 1999).2 We find it unlikely that such slant plays a role in newspapers
coverage of typhoid. None of the cities in our sample were served by private water companies
during the health transition. Nor was public investment in clean water technologies an ideological
dividing line. Although the poor benefited disproportionately from clean water investments, fear
of infectious disease made the interventions popular (Troesken 2004).

We therefore hypothesize that

1. Anincrease (decrease) in typhoid death or case rates will lead to more (less) news reports
about typhoid after clean water interventions than before these interventions. We attribute
these effects to clean water interventions reducing both the level and variance of death and

case rates, thus leading to clearer signals from a change in death or case rates.

2. An unexpected change in typhoid death or case rates will have a bigger impact on news
reports when the change is an unexpected increase. This phenomemon could arise either

from endowment or reference point effects.

2 Econometric Specifications

Our two hypotheses imply two different baseline specifications. Our first hypothesis, that media
responsivenessis greater after the clean intervention than before, impliesthat the number of weekly
news reports (r) depends on current weekly death or case rates (d), the clean water intervention (1),

and the interaction between the clean water intervention and the death rate,

r=f(d,I,dxI).

2Troesken (1999) finds no evidence that the move from private to public ownership form affected typhoid death
rates. However, at least in large cities, the adoption of clean water technol ogies may have required access to municipal
bond markets (Cutler and Miller 2006).



Our second hypothesis, that the media reacts asymmetrically to increases and decreases in death
rates, implies that the the number of weekly news reports depends on the unexpected change in

expected death or case rates (D) and on whether this change is an unpleasant surprise,
r = g(D, D x (Dummy=1if bad news).

We assume that expectations about current typhoid death or case rates are determined in one of

two ways.

1. Individuals de-trend death or case rates, accounting for intercept changes caused by clean
water interventions. A surprise in death or case rates is a deviation from trend. Thus, in

current time period i, the deviation from death rate trend (D) is
DY =d; — d; (1)

where d; is the predicted death rate and d; is the death rate. The death rate is predicted at
each date i by running a regression using all prior death rates (from 2 years of data to all

yearsin the final period),

di = o+ Bit; + Bot? + Bat? + > 0kl
k=0

where d isthe death rate, ¢ istime, and [, is a set of dummy variables indicating that inter-

vention k has occurred.

2. Individuals de-trend as above but then adjust for the standard deviation of death rates (5),



that is

D} = (d; — d;) /. )

We specify the relationship between the count of articles and death rates or unexpected devia-
tionsin death rates using a negative zero inflated binomial model to account for excess zeros and
over-dispersion. Assumethat the observed count of articlesy; isthe product of two latent variables,

z; and 7,

Yi = Zzyz*

where z; isbinary variable with values 0 or 1, and y has a negative binomial distribution. Then,

Pr(y; =0) = Pr(z;=0)+Pr(z; =1,y =0)
= ¢+ (1—q)f(0)

Pr(y;=k) = (1—q)f(k),k=1,2,..

where ¢; isthe probability of no articleand f(-) isthe negative binomial probability distribution for
y;. We model the binary process z; using a logit model. We perform Vuong tests to determine if
the excess number of zeros leads usto prefer a zero-inflated negative binomial model to a standard
negative binomial model (a statistically significant statistic suggests yes). Assuming that we reject
the negative binomial model in favor of the zero-inflated negative binomial model, we will then test
whether the dispersion parameter («) isO (or the logarithm of « isnegativeinfinity). A statistically
insignificant dispersion parameter suggests that we should be using a Poisson model. We estimate
our zero-inflated negative binomial regression modelswith robust standard errors, clustered on the

city.



We specify the logit part of the zero-inflated negative binomial regression as

Pr(y = 0) = L(dummy=1if news event, dummy=1 if holiday week, city and year fixed effects) (3)

We specify the negative binomial part of the zero-inflated binomial regression model in three
different ways. In our first specification, Equation 4 below, we examine differential reactions
to typhoid death or case rates before and after the clean water interventions. Our specification
includes typhoid death or case rates (d), two clean water interventions (/; and /5), and interactions

between deaths rates and the clean water interventions.

Pr(y = k) = F(d, I, 15, I x d, I x d,number of total articles) 4

When possible (i.e. when convergence was not an issue), we also control for city and year fixed
effects.

In our other two specifications, Equations 5 and 6 below, of the negative binomial part of the
zero-inflated binomial regression model, we examine differential reactionsto better and worse than
expected typhoid death or case rates. We include either D or D!, our deviations from expected
death or case rates specified in Equations 1 and 2, the interaction between either D° or D! and a

dummy variable indicating whether D or D' are positive (and thus death or case rates are greater

than expected).
Pr(y =k) = F(D°x (Dummy=1if D° > 0), number of total articles) (5)
Pr(y=k) = F(D'x (Dummy=1if D' > 0), number of total articles) (6)

Because of convergence issues, we do not control for either city or year fixed effects.



3 Data

We created a panel data set from newspaper articles and from weekly typhoid death and case rates
for New York City, Baltimore, Boston, Chicago, Washington DC, Philadelphia. Weekly deaths
and cases for New York City are from our digitization of Emerson and Hughes (1941), which
provides continuous data from 1890 until 1938. Weekly deaths and cases for our other cities are
from Project Tycho (https://www.tycho.pitt.edu/), which digitized data from the weekly national
publication, Public Health Reports. These data are incomplete; the number of cases only begins
to be published in 1906 and both deaths and cases are more likely to be missing once typhoid
deaths have fallen to close to zero. Deaths are available up to 1932. We have used data from the
published censuses of population to estimate yearly city populations (adjusted for city annexations
of neighboring communities) and thus yearly death and case rates.

We obtained daily counts of the total number of newspaper articles and the number of news-
paper articles mentioning typhoid and also typhoid and the city using mechanized searches of The
New York Times, The Baltimore Sun, The Boston Globe, The Chicago Tribune, Washington Post
and The Philadelphia Inquirer.® These were the major “ serious’ newspaperswithin each city (their
rivals have not been digitized and indexed). We aggregated our daily counts to the weekly level.
Reports include all types of news, including reports from local public health officials, stories of
outbreaks, society news, obituaries of well-known individuals, editorials, and appealsto charity.

Cities had to have both digitized and indexed newspapers and good typhoid death data to be
included in our panel dataset. Our final panel data set has datafor New York City for all weeksfor
1890-1938, and, with some weeks missing, for Chicago for 1896-1932, Baltimore for 1900-1932,
Boston for 1890-1932, Philadel phia for 1901-1922, and Washington DC for 1890-1932. We aso

created dummy indicators for a holiday during that specific week and for a major news event that

3The first five newspapers are available from Proquest Historical Newspapers. The Philadelphia Inquirer is avail-
able from Readex America’s Historical Newspapers.



week. What constituted a major news event was a judgement call. Recurring events such as the
day after elections and the World Series were labeled major news events, as were outbreaks of war
and major war events, natural disasters, New York City ticker tape parades and the events meriting
these parades, new world records, and famous trials, murders, and kidnappings.

Figure 1 compares our mechanized searches of The New York Times for typhoid fever with
manual searches for 1900-1932. Except for some learning by doing by data inputtersin the early
manual searches, peaks and troughs in the percentage of articles mentioning typhoid coincide
across the two samples. However, the mechanized searches for mentions of local typhoid fever
yield a consistently greater percentage than the manual searches. The mechanized searches aso

capture deaths or illnesses of New Yorkers outside of the city.

4 Typhoid Death and Case Rates

Typhoid primarily spread through drinking water contaminated with the waste of infected indi-
viduals. The mgjor interventions in each of our cities (see Table 1) thus take the form either of
cleaning up the water supply obtained from the nearby river through chlorination or filtration or of
obtaining new, clean sources of water. For each city we could identify two interventions from Cut-
ler and Miller (2005) for Chicago, Baltimore, and Philadel phia and from histories of local water
supply systems for New York City, Boston, and Washington, DC. (Although we could identify a
third for New York City, the effect of thisintervention was negligible.)

Figure 2, which also shows missing data, and Table 2 suggest that the inteventions were effec-
tive in lowering typhoid mortality and case rates. In the sample as awhole, typhoid desth rates per
100,000 were 0.8 prior to any intervention, 0.4 after the first intervention but before the second,
and 0.1 after the second intervention. Prior to the first intervention, death rates per 100,000 varied

widely across cities with highs of 1.0 and 1.5 in Philadelphia and Washington, DC, respectively



and alow of 0.4 in New York City. After both interventions, death rates per 100,000 varied from a
high of 0.2inBaltimoreto alow of 0.03in New York City. Case rates also fell after an intervention
and converged across cities.

These interventions were statistically significant negative predictors of death rates, controlling
for year effects (see Table 3). In all cities, except for Baltimore and Boston, the first intervention
was a statistically significant predictor of death rates. Controlling for the effects of the first inter-
vention, in all cities the second intervention was a statistically significant predictor of death rates
and the combined effect of both interventions was statistically significant. The inclusion of lagged
death rates in the specification also yielded statistically significant effects of both interventions
(results not shown).

Figure 3 plots the deviation from the expected dezth rates adjusted for the standard deviation
of death rates in each city. In all cities deviations were high prior to any interventions and then

narrow after both interventions.

5 Resaults: Death and the Media

Figure 4, which shows smoothed plots of typhoid death rates and of the percentage of typhoid
articles, suggests that while on the whole reports of typhoid followed mortality patterns, with more
reporting in a high mortality regime than in alow mortality regime, an increase in city death rates
led to more news reports in alow than in a high mortality regime. For example, in New York City,
the up-tick in typhoid mortality rates in the 1920s is associated with an increase in news reports
that is greater than the increase in the early 1890s when typhoid mortality rates spiked up higher.
The increases in reporting that are not related to city death rates were often associated with world
events such as concern over typhoid epidemics during the Spanish-American War and World War I.

We find that the media are more likely to report changes in typhoid after the clean water inter-
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ventions than before. Table 4 shows that increases in typhoid death rates increase reporting both
pre- and post-intervention but there isa stronger positive effect after both interventions. Prior to any
intervention, a half standard deviation increase in post first intervention typhoid death rates (0.141)
leads to an increase of at least 0.05 in the count of the logarithm of typhoid articles (=0.141 x
0.335). After both interventions, this half standard deviation increase of 0.141 in death ratesyields
an additional increase in the count of the logarithm of typhoid articles of 0.06 (=0.141 x 0.417) to
0.20 (=0.141 x 1.422). Table 5, which gives the marginal effects, implies that this half standard
deviation increase of 0.141 in death rates increases the number of typhoid articles by at least 0.14
(=0.141 x 1.023) prior to any interventions. After both interventions, this half standard deviation
increase raises the number of typhoid articles by an additional 0.18 to 0.61. The total increase of
0.32 to 0.75 represents an 11 to 26% increase relative to the mean number of articles. Although
the interaction between death rates and the second intervention is not statistically significant when
both the count and zero article part of the negative binomial include both city and fixed effects,
the joint effect of both interventions interacted with the desth rate becomes statistically signifi-
cant when Philadelphia (which has few observations after the intervention) is excluded. Excluding
Philadelphia and including both city and year fixed effects in both parts of the negative binomial
(not shown), yields an additional, statistically significant increase of 0.242 in the number of articles
after both interventions.

Media responses to death rates after the two interventions are even greater, and are always
statistically significant, when we examine local typhoid articles (see Tables 6 and 7). Prior to any
intervention, an increase in the death rate of 0.141 leads to an increase of at least 0.06 (=.141 x
.418) in the number of local typhoid articles. After both interventions, thisincrease in the decrease
rate leads to an additional increase of 0.10 (=0.141 x 0.742) to 0.19 (=0.141 x 1.350) in the
number of typhoid articles. The total increase of 0.16 to 0.25 represents a 15 to 17% increase in

the number of local news articles relative to the mean.
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We find that the media respond more to “bad” than to “good” news. Our specifications for
mortality expectations were based on deviations from trend, both unadjusted and adjusted for the
standard deviation of death rates, and these show that an unexpected increase in death rates (a
positive residual) leads to more news reports than an unexpected decrease in death rates (see Ta-
bles8 and 9). A half standard deviation change in the deviation from expected death rates (0.188
over al time periods) leads to a statistically insignificant decrease of 0.062 (=0.188 x -0.329) in
the logarithm of the total number of articles and of 0.202 (=0.188 x -1.072) in the total number
of articles when the change leads to mortality rates being lower than expected. When mortality
rates are higher than expected, a half standard deviation change leads to a statistically significant
increase of 0.185 (=0.188 x 0.982) in the logarithm of the number of articlesand of 0.600 (=0.188
x 3.194), a 21% increase relative to the mean, in the number of articles. Effects on the number of
local typhoid articles are not statistically significant. However, when we modeled expectations as
deviations from the trend adjusted for the standard deviation of death rates we found statistically
significant effects both for all and local typhoid articles. A half standard deviation change in the
deviation from expected death rates adjusted for the standard deviation of death rates (0.334 over
all time periods) produces a statistically significant decrease of 0.09 (=0.334 x -0.256) in the loga-
rithm of the total number of articles and of 0.267 (=0.334 x -0.798) in the total number of articles
when the change leads to mortality rates being lower than expected. When mortality rates are
higher than expected, a half standard deviation change leads to a statistically significant increase
of 0.20 (=0.334 x 0.586) in the logarithm of the number of articlesand of 0.610 (=0.334 x 1.826)
in the number of articles, a 21% increase relative to the mean. When we examined local articles,
we found statistically insignificant effects when mortality rates were lower than expected but a
statistically significant effect of 0.22 articles (=0.334 x 0.663), a 20% increase, for a half standard
deviation increase in expected mortality rates adjusted for the standard deviation of mortality.

We examined how accurately our three different specifications predicted the mean number of

12



articles to determine if how we modeled expectations of mortality rates made a difference. The
difference between the observed mean and the predicted mean was 0.002 for all newspaper articles
and 0.008 for local newspaper articles when we included the death rate and intervention interac-
tions. When we used deviations from expected death rates we found that the difference between
the observed and predicted means was 0.199 for all news and 0.005 for local news. When we ad-
justed deviations from expected death rates by the standard deviation of death rates we found that
the differences were 0.076 and 0.004, for all news and local news, respectively. We interpret these
results as indicating that using deviations from expected death rates alone is the least preferred
specification.

Controlling for case rates, newspapers were more likely to report on typhoid after the clean
water interventions, when case rates were lower. We found statistically significant effects of both
intervention case rate interactions, even controlling for year fixed effects in both the count and the
logit part of the negative binomial (see Tables 10 and 11). After the first intervention, the standard
deviation of case rates was 1.682. A half standard deviation increase in case rates increased |og-
arithm of the number of articles after both interventions by at least an additional 0.10 (=0.841 x
0.114) relative to the pre-intervention period and the number of articles by an additional 0.25, a
35% increase relative to the mean. The increase in the number of local articles was at least 0.10
(=0.841 x 0.119), a12% increase.

We also found that newspapers were more likely to report on typhoid when case rates deviated
from expected case rates (see Tables 12 and 13). A half standard deviation change in the deviation
from expected case rates (0.601 over all time periods) leads to a statistically significant decrease
of 0.12 (=0.601 x -0.200) in the logarithm of the total number of articles and of 0.305 (=0.601
x -0.507) in the total number of articles when the change leads to case rates being lower than
expected. When case rates are higher than expected, a half standard deviation change leads to

a dtatistically significant increase of 0.16 (=0.601 x 0.269) in the logarithm of the number of
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articles and of 0.409 (=0.601 x 0.681), a 17% increase relative to the mean, in the number of
articles. When we adjusted the deviation in expected case rates for the standard deviation of case
rates we found that a half standard deviation change leads to a statistically significant decrease of
0.33 (=0.325 x -1.022) in the number of articles when case rates are lower than expected and to
statistically significant increase of 0.45 (=0.325 x 1.382) when case rates are higher than expected.
We observe the same asymmetry when we examined the number of local articles.

A newspaper article on typhoid was more likely when there was a news event. The effect
was statistically significant when we examined unexpected deviations in typhoid death or case
rates (see Tables 8, 9, 12, and 13.) Because large news events such as wars or natural disasters
were associated with typhoid outbreaks (or fear of such outbreaks), we interpret this effect as
dominating the displacement of typhoid news from a sensational trial or murder case. In some of
our specifications, holidays also had a statistically significant, positive effect on news reports. We
would expect a positive effect either if articles about typhoid can be written ahead of time or if

appeals to charity (e.g. the New York’s Neediest column) are more likely during holidays.

6 Robustness. Diphtheriaand the Mediain New York City

We test the robustness of our findings by comparing results for typhoid articlesin New York City
with diphtheriaarticles. Diphtheria, an upper respiratory tract infection, is spread through physical
contact or breathing the aerosolized secretions of infected individuals. In New York City, diph-
theria death rates fell rapidly once antitoxin became widely available in 1895 (it was provided by
the City). We would therefore not expect a positive effect of the interaction between typhoid death
rates and typhoid interventions on the number of diphtheria articles. However, we would expect a
more positive response to death rates after diphtheria antitoxin became widely available.

Tables 14 and 15 show that in New York City the effect of typhoid death rates on all and local

14



typhoid news reportsis greater after the second intervention but that there is no effect on diphtheria
news reports. Diphtheria death rates, however, have a greater effect on diphtheria news reports
once antitoxin become widely available. In New York City, the standard deviation of typhoid
deaths after the first clean water intervention was 0.096 and the standard deviation of diphtheria
deaths was 0.563 after antitoxin became widely available. A half standard deviation increase in
typhoid deaths led to an increase of 0.11 (=0.048 x 2.404) in the total number of articles and an
increase of 0.073 (=0.048 x 1.514) in the number of local articles before any intervention and to
an additional increase of 0.430 total articles (=0.048 x 8.956) and 0.23 local articles (=0.048 x
4.781) after both interventions. These last two increases were, respectively, increases of 15% and
23%. Typhoid interventions interacted with typhoid death rates were not statistically significant
predictors of diphtheria news reports. A half standard deviation increase in diphtheria death rates
had a statistically insignificant effect on diphtheria reports prior to the intervention and led to a
statistically significant increase of 0.09 (=0.282 x 0.304) in the total number of local articles, a

17% increase.*

7 Robustness. Newspaper Campaigns

Was newspaper reporting on typhoid fever determined by editors’ campaignsfavoring the adoption
of clean water technologies? If yes, we would expect more editorials on typhoid prior to the
intervention. This*campaign” effect would therefore counteract our first hypothesis.

Figure 5 shows that only in Chicago was there a large number of editorials prior to the first
intervention — the closing of the sewer outfalls of Lake Michigan. There were many editorials on
the incompetence of the city for delaysin sanitary reforms. The upsurge in editorialsin New York
City and in Boston prior to the sanitary reforms was associated with worries about typhoid during

the Spani sh-American War and the building of the Panama Canal. The editorialsin Washington DC

4We could not estimate a similar specification for all articles because of convergence problems.
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after thefirst intervention were largely articles about clean water interventionsin other cities. The
editorials in Boston after the second intervention focused on the dangers of typhoid on vacation.

There were no editorials in Baltimore about typhoid.

8 Conclusion

We have shown that the media were more responsive in reporting changes in typhoid death and
case rates after rather than before the clean water interventions which lowered both the level and
variance of mortality and case rates. Our findings are consistent with results from signal extraction
problems. We also have shown that the mediaresponded more to “bad” than to “good” news about
typhoid death or case rates, consistent with theimplications of prospect theory and of psychological
theories about reference points.

Our findings have implications for neighborhood persistence. Typhoid fever death rates var-
ied widely across city neighborhoods, but the differentials fell rapidly when clean water became
available.®> Despite this rapid improvement in the quality of lifein the worse neighborhoods, there
is remarkable persistence in the distribution of housing prices and household income within a city

(Villarreal 2014). Asymmetriesin media coverage may help explain neighborhood persistence.

5Graphs by ward for New York City and Philadelphia are available upon request.
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Figure 1: Comparison of Manual and Mechanized Searches, The New York Times 1900-1932
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Source: The New York Times. See the text for details.
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Figure 2: Weekly Typhoid Death Rates by City
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See the text for sources.
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Figure 3: Deviations from Expected Typhoid Death Rates Adjusted for the Standard Deviation of
Typhoid Death Rates
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Estimated using Equation 2. See the text for details.
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Figure 4. Weekly Typhoid Death Rates and Percentage of Typhoid Articles by City

New York City
0 - / New Croton | Ashokan Reservoir -0
< | /\V\’\ Dam Catskill Aqueduct - <t
™ - -
A S
o [~
T T T T T
1890 1900 1910 1920 1930
Year, Week
o
o
S .
S Baltimore
j:\ o | Chiorinatio
S | |Filtration B
& =
3 N\
o bl
o N !
B
= © 1
@ T T T T
8 1900, 26 1910, 26 1920, 26 1930, 26
9 Year, Week
2
o
> . .
c Philadelphia
e Filtration -0
- \ Chlorination _v-
N /‘ - \\ r Bk
nd = Tar~ N
L\u‘\\____‘&_(\_ _‘_!
o A —— =
T T T
1900 1910 1920
Year, Week
—— Death Rate — — — All Articles

Chicago
Lake Michigan| Chlorination -
Sewer Outfallg
Closed N -
FARS <
L ~ Mo
\K..\ ~_ = _ - N
L 'ﬁﬁﬁ—m..._—‘—‘ Lo
1900 1910 1920 1930
Year, Week
Boston
@ Wachusett/Weston Acqueduct <
u)_ .
ﬂ: .
(\! -
o 4
1890 1900 1910 1920 1930
Year, Week
Washington, DC
N A Filtration o -
| Chlorination | o
@ .
1 <
10 - Loy
b -
o 4 Py Sy Lo
1890 1900 1910 1920 1930
Year, Week

Local Articles
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Figure 5: Number of Typhoid Editorials by City
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Table 1: Clean Water Intervention Dates

City Intervention Intervention

Baltimore 1911 1914

water chlorination water filtration
Boston 1898 1908

Fayville Dam/Sudbury Reservoir Wachusett/Weston A cqueduct
Chicago 1907 1916

Lake Michigan sewer outfallsclosed water chlorination
New York City 1907 1915

New Croton Dam Ashokan Reservoir/Catskill Acqueduct
Philadelphia 1908 1913

water filtration water chlorination
Washington DC 1905 1923

water filtration

water chlorination
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Table 2: Mean Death and Case Rates, Before, Between, and After Interventions

Before First Intervention Between Interventions After Second I ntervention

Death Case Death Case Death Case

Rate Rate Rate Rate Rate Rate
Baltimore 0.726 4437 0.490 2843 0.156 0.878
(0.525) (4.921) (0.311) (2.410) (0.198) (1.282)
Boston 0.687 0.489 3358 0.110 0.629
(0.461) (0.390) (5.253) (0.150) (0.819)
Chicago 0.554 0471 0.199 1.231 0.026 0.156
(0.403) (0.440) (0.135) (1.053) (0.034) (0.199)
New York City 0.366 1.444  0.185 1.243 0.034 0.266
(0.231) (1.112) (0.118) (0.972) (0.040) (0.292)
Philadel phia 0.971 6.949 0.343 2141 0131 0.664
(0.600) (5.746) (0.252) (1.596) (0.089) (0.579)
WashingtonDC  1.494 0.596 2.662 0.061 0.324
(2.072) (0.538) (3.091) (0.124) (0.429)
All Cities 0.765 2449  0.382 2.067 0.080 0.484
(0.717) (3.409) (0.385) (2.596) (0.129) (0.772)

See text for death and case rate sources. Standard deviations in parentheses. Case rates are not available for Boston
and Washington DC prior to thefirst intervention.
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Table 3: OLS Regression of Effect of Clean Water Interventions on Typhoid Death Rates

NYC Chicago Batimore Boston  Philadelphis DC

1st intervention -0.258*** -0.134*** -0095  -0083  -0.880"**  -1702***
(0.026)  (0.032)  (0.117)  (0.135)  (0.090) (0.331)
2nd intervention “0.120%**  -0.178*** -0.325%** -0.418*** -0282%**  -0435%**
(0.010)  (0.025)  (0.060)  (0.114)  (0.046) (0.086)
Constant 0.385***  0.363*** 0.619%** 0.652%** 1253+**  21G1***
(0.024)  (0.022)  (0.103)  (0.074)  (0.079) (0.320)
Combined interventions -0.379%** -0.313*** -0.420%** -0.501*** -1.162%**  -2137**+
(0.024)  (0.022)  (0.105)  (0.076)  (0.080) (0.320)
Observations 2,548 1,538 1,387 1,588 904 1,558
R-sguared 0.541 0.615 0.419 0.410 0.575 0.471

All regressions include year fixed effects. Robust standard errorsin parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 4. Negative Binomia Regression of Effect of Typhoid Death Rates on Newspaper Reports

Std. Std. Std.
Coef. Err. Coef. Err. Cosf. Err.
Number of Typhoid Articles
Death rate 0.335** 0.158 0.386*** 0.122 0.350*** 0.086
1st intervention -0.296* 0.151 -0.159 0.098 -0.278*** 0.092
2nd intervention -0.639***  0.067 -0.537*** 0.127 -0.121 0.146
1st intervention x death rate 0.107 0.230 0.153 0.166 0.173* 0.092
2nd intervention x death rate 1.316*** 0.205 0.617*** 0.214 0.244 0.264
Number of total articles 0.014** 0.006 0.006 0.007 0.005 0.006
Constant 1.133*** 0.215 1.409*** 0.124 0.834*** 0.279
City Fixed Effects N Y Y
Year Fixed Effects N N Y
Dummy=1 if no typhoid article
Dummy=1 if big news event -0.742 0.453 -0.936** 0.434 -0.823** 0.340
Dummy=1 if holiday week -0.292* 0.166 -0.453 0.461 -0.908*** 0.186
Constant -20.318*** 5659 -6.177 8.369 -30.486 28.637
City Fixed Effects Y Y Y
Year Fixed Effects Y Y Y
Both interventions -0.935***  0.135 -0.697*** 0.204 -0.398* 0.214
Both intervention death rate interactions  1.422*** 0.217 0.769*** 0.198 0.417 0.318
In(alpha) -0.798***  0.148 -0.914*** 0.229 -1.335*** (0.136
Vuong test, z= 9.22%** 7.55%** 7.771%**
Observations 9,492 9,492 9,492
Zero observations 2,127 2,127 2,127

The dependent variable for the count part of the negative zero-inflated binomial is number of typhoid articles. The
dependent variable for the logit part of the model is a dummy equal to 1 if there was no typhoid article. Robust

standard errorsin parentheses, clustered on the city. *** p<0.01, ** p<0.05, * p<0.1
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Table 5: Marginalsfrom Negative Binomial Regression of Effect of Typhoid Death Rates on News-
paper Reports

Std. Std. Std.

& Err. & Err. & Err.
Death rate 1.023* 0539 1.174*** 0.385 1.062*** 0.269
1st intervention -0.905* 0.482 -0.485 0.298 -0.842*** 0.290
2nd intervention -1.952***  0.359 -1.633*** 0.404 -0.367 0.445
1st intervention x death rate 0.326 0.691 0.464 0.499 0.526* 0.280
2nd intervention x death rate 4.022***  0.852 1.875*** 0.661 0.740 0.807
Number of total articles 0.043***  0.015 0.018 0.021 0.016 0.017
Dummy=1 if big news event 0.155 0.130 0.147 0.096 0.168 0.125
Dummy=1 if holiday week 0.061 0.051 0.071 0.105 0.186 0.115
City FE in count regression N Y Y
Year FE in count regression N N Y
City FE in zero value logit Y Y Y
Year FE in zero value logit Y Y Y
Both interventions -2.857*** 0.597 -2.118*** 0.632 -1.209* 0.664
Both intervention death rate interactions  4.348***  0.765 2.338*** 0.594 1.266 0.971
Mean number of typhoid articles 2917 2.917 2917
Observations 9,492 9,494 9,492

Marginals are for the regression in Table 4. Robust standard errors in parentheses, clustered on the city. *** p<0.01,
** p<0.05, * p<0.1
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Table 6: Negative Binomial Regression of Effect of Typhoid Death Rates on Local Newspaper
Reports

Std. Std. Std.
Coef. Err. Coef. Err. Cosf. Err.
Number of Typhoid Articles
Death rate 0.405 0.319 0.373** 0.175 0.366** 0.149
1st intervention -0.549* 0.303 -0.334*** 0.086 -0.274**  0.107
2nd intervention -0.575***  0.109 -0.774*** 0.183 -0.282*** 0.072
1st intervention x death rate 0.217 0.361 0.275 0.204  0.244* 0.147
2nd intervention x death rate 0.947*** 0.254 0.667*** 0.252 0.408*** 0.061
Number of total articles -0.008 0.005 0.003 0.008 -0.000 0.007
Constant 0.778* 0.399 0.328*** 0.120 0.507 0.315
City Fixed Effects N Y Y
Year Fixed Effects N N Y
Dummy=1 if no local typhoid article
Dummy=1 if big news event -0.180 0.236 -0.252 0.339 -0.195 0.290
Dummy=1 if holiday week 0.006 0.164 -0.025 0.289 0.039 0.056
Constant -15.258*** (0.809 -14.551 10.733 -0.766**  0.303
City Fixed Effects Y Y Y
Year Fixed Effects Y Y Y
Both interventions -1.124*** 0405 -1.108*** 0.253 -0.556*** 0.104
Both intervention death rate interactions  1.164*** 0.333 0.942*** 0,105 0.651*** 0.174
In(alpha) -0.494***  0.094 -0.797*** 0.278 -0.997*** 0.373
Vuong test, z= 19.81*** 13.08* ** 13.50***
Observations 8,596 8,596 8,596
Zero observations 3,792 3,792 3,792

The regressions exclude Philadel phia because we could not mechanically identify local articles. The dependent vari-
ablefor the count part of the negative zero-inflated binomial is number of typhoid articles. The dependent variable for
thelogit part of the model isadummy equal to 1 if there was no typhoid article. Robust standard errorsin parentheses,
clustered on the city. *** p<0.01, ** p<0.05, * p<0.1
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Table 7: Marginals from Negative Binomial Regression of Effect of Typhoid Death Rates on Local
Newspaper Reports

Std. Std. Std.
& Err. & Err. & Err.

Death rate 0.470 0.424 0.424** 0.213 0.418** 0.175
1st intervention -0.637 0420 -0.380*** 0.105 -0.312*** 0.120
2nd intervention -0.667*** 0.243 -0.881*** 0.233 -0.322*** (0.083
1st intervention x death rate 0.252 0.400 0.313 0.228 0.278* 0.163
2nd intervention x death rate 1.099** 0.506 0.759** 0.308 0.465***  0.069
Number of total articles -0.009 0.006 0.003 0.009 -0.000 0.008
Dummy=1 if big news event 0.036 0.050 0.041 0.066 0.024 0.037
Dummy=1 if holiday week -0.001 0.033 0.004 0.049 -0.005 0.007
City FE in count regression N Y Y

Year FE in count regression N N Y

City FE in zero value logit Y Y Y

Year FE in zero value logit Y Y Y

Both interventions -1.304**  0.643 -1.262*** 0.321 -0.634*** 0.117
Both intervention death rate interactions  1.350***  0.524 1.073*** 0.154 0.742*** 0.188
Mean number of typhoid articles 1.097 1.097 1.097
Observations 8,596 8,596 8,596

Marginals are for the regression in Table 6. Robust standard errors in parentheses, clustered on the city. *** p<0.01,
** p<0.05, * p<0.1
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