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Abstract
This study uses changes in pension laws for UnionyA/eterans as a natural experiment
to estimate the causal effect of pensions on loigeand to examine potential pathways
underlying such a relationship. | examine the affeof the pension laws of 1907 and
1912, which granted old-age pensions to nearly UWdion Army veterans. Life
expectancy for veterans, who received such a pensiocreased by 0.5 years and 2.7
years, respectively: The effect of veteran pensmmsongevity was large across wealth
groups and size of city. Pensions reduced mortéditypoth acute and non-acute causes
of death.
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1. Introduction

Individuals with higher incomes tend to live longesee surveys by Goldman
2001, Cutler, Deaton and Lleras-Muney 2006). Talationship is well documented not
only for individuals with different incomes in theame country (Rogot, Sorlie,
Johannson, and Schmitt 1992, Gaudecker and Scl@gig)2but it is also evident for
average life expectancy across countries (Pritchat Summers 1996) and across
different time periods (Fogel 2004). However, tldationship between income and
longevity is complex and multi-facetted. Not only it possible that higher income
extends life, but it is also possible that bettealth increases income (Smith 1999,
Stewart 2001).

This study uses the passing of pension laws footUAirmy veterans in the early
20" century as a natural experiment to examine thesataaffect of pensions on
longevity. Veteran pensions constituted the fiastjé-scale old-age pension system in the
United States. For some periods, pensions for UAigny veterans amounted to more
than 40% of federal expenditures and covered nt@e 900,000 beneficiaries (Sanders
2000). | use longitudinal data from military andnp®n records which were collected
from records housed in the national archives (ICSRRes 6837), and information from
the U.S. Federal Census in 1900 (ICSPR Series 6836)dy the effects of the pension
laws of 1907 and 1912, which granted pensions lt&Jaion Army veterans, who had
served in the army for a minimum of 90 days andevagye 62+. The effects of pensions
on longevity are examined separately by wealth I&gvand for urban vs. rural
populations, and | also investigate the effect efigions on different causes of death.
This approach allows to explore not only the digectiof causality for a possible effect
from income to longevity, but also to examine tize ®f the effect, and learn more about
the relevance and relative importance of differgathways in the health-income
relationship.

Several potential pathways for a causal effect finoome to health have been
debated in the previous literature. McKeown (19416) Fogel (2004) argue that much of
the increase in life expectancy during the past teaturies is caused by improved
nutrition. Pensions might have enabled Union Arngyevans to buy more and higher

quality food, which made them more resistant adaimsfectious diseases.



Malnourishment is a rare problem in developed aeemtoday, but poor nutrition is still
a concern in many developing countries (Cutler, tBeaand Lleras-Muney 2006).
Another explanation for health differentials focsisen the psychosocial stress, which
comes from low socioeconimic status and lack oftr@drover one’s life (Brunner and
Marmot 1999). Such stress may cause biologicaltimre that increase the risk of
chronic diseases, especially cardiovascular dised$es theory is supported by evidence
from British Civil Servants, for whom there is aostg association between health and
rank in the British Civil Service (Marmot 1991), darirom other primates such as
baboons, for whom there exists a relationship betwlew rank in the baboon hierarchy
and increased risk of cardiovascular disease (Skpdl993, 1998). A third possible
explanations for a causal effect from pensionsomgévity focuses on health behaviors.
Philipson and Becker (1998) argue that annuitieshsas lifelong veteran pensions
provide incentives for beneficiaries to invest reit health and live longer. A fourth
possible explanation for a causal effect of persiom longevity centers on labor supply.
Beneficiaries of a pension can afford to work leskjch might improve their health
(Ruhm 2000).

An important question, which has not been concklgianswered in the previous
literature, is how redistributive government pa@gisuch as disability pensions or old-age
pensions affect the health and longevity of beinfies. Previous studies on the effect of
pensions on mortality arrive at opposite conclusiddnyder and Evans (2006) use the
Social Security notch in the 1970s as a sourcexofi@nous income variation, and they
find that lower pensions actually decrease moytalidiven the positive correlation
between health and income, this finding is somewshgprising. In contrast, in a study
based on Union Army veterans, Logue and Blanck42@@d that mortality rates were
lower for veterans who received higher pensionsvéi@r, their estimation is based on a
time-invariant variable for the average pension ambowhich each veteran received in
the period between 1874 and 1890, and in the pdveidieen 1891 and 1907. Since
pensions became more generous over time, averagops are likely to be higher for
veterans who survived longer. Also, during theirdst period the amount of pension

depended on the degree of disability and was thexefiot exogenous to health and



mortality. To circumvent such endogeneity issueg,study examines the effect of old-
age pensions, which did not depend on health.

Using Weibull hazard regression models, | findrgéacausal effect from veteran
pensions on longevity. Life expectancy increaseslbgut 0.5 years and 2.7 years for
veterans who receive a law of 1907 pension andvaofal912 pension, respectively. |
find evidence for large causal effects across Wegldbups and for both urban and rural
populations, but the effects are largest for powsterans and veterans who live outside
big cities. Pensions also reduce mortality acroasous death causes. This study
continues as follows. Section 2 describes the Umomy pension laws. Section 3
presents the data. Section 4 specifies the embpiriodel. Hazard regression results are
presented in section 5. Results for the effectenfspons on life expectancy are explained
in section 6. Section 7 shows estimation resulttha effect of pensions on various

causes of death, and section 8 concludes.

2. Union Army pension laws

The Union army pension program started with thee®an_aw of July 14, 1862,
which granted pensions to volunteer soldiers widlt-velated disabilities. The size of the
pension depended on the severity of the disabiiybsequently, both the amount of
pensions and the number of eligible veterans weoeeased in several stages (see
overview in Table 1J.

The Disability Act of June 27, 1890 introduced avrension rating system that
co-existed with provisions of the General Law. Thisability Act granted pensions to
disabled Union Army veterans who had served foriaimum of 90 days and were
unable to earn support by manual labor. Monthlyspers ranged from $6 to $12,
depending on the degree of disability. Disabilitgt fensions were typically smaller than
General Law pensions, which ranged to $125 monthly eligibility requirements were
much less stringent, since disabilities no longerded to be war-related.

The Union Army pension scheme was further exparmled-ebruary 6, 1907,

when pensions were granted to all veterans agevdd+ad served for a minimum of 90

! Detailed descriptions of the Union army pensiaritsesnes are presented by Sanders (2000) Linares
(2001), and Campbell (2004).



days. The monthly pension depended on age and i#afo$veterans aged 62 — 69, $15
for veterans aged 70 — 74, and $20 for veterand @§e. The law of May 11, 1912,
further increased pensions, based on a ratingraydtat depended both on age and the
length of service. Monthly pensions now ranged fri$&8.50 to $30. In the analysis
sample, mean monthly pensions based on the 19071@h@ laws were $14.50 and
$20.92, respectively.

These pensions were generous by the standardsiotithe when mean monthly
earnings for non-farm employees were $40.25 in 190ébergott 1984). Public
expenditures on Union army pensions constitutedtanial shares of the federal budget
in the late 1800s and early 1900s--41% in 189324% in 1909 (Sanders 2000). One
explanation for these large allocations on beh&lfUaion Army veterans was the
political power of the Great Army of the Republe,veterans” organization, which
yielded an influence that was disproportionateht number of Union Army veterans in
the population (Holcombe 1999, Linares 2001). ¥&ie of the Confederate Army were
ineligible for federal pensions.

| examine how enactment of the laws of 1907 and?1&fected mortality rates
for veterans who received pensions based on these This study focuses on the impact
of these later pension laws, because they didimoflensions to disability, and veterans
who qualified for pensions under these laws weeeetfore not selected on health. Many
of the law of 1907 pensioners already receivedsaldiity act pension, before law of
1907 pensions startecdHowever, after 1907 most disability act pensisngwitched to
the law of 1907 pension system, which provided @igpensions. The size of the
increase for the individual veteran depended orvéteran’'s age and previous pension.
The law of 1912 also substantially increased perssi®he magnitude of the increase for

the individual veteran depended on his age, angthesf military service.

3. Data
This study uses longitudinal data on Union Armyrués, which are based on two

sources of information. The first source is a dattas Military, Pensions, and Medical

2 Disability act pensions were awarded generouslyt904, President Roosevelt issued an executiver ord
to grant pensions to all veterans age 62+, untesswere unusually vigorous (Costa 1998, p. 201).
However, this was still a selection on health, wheaded only after the law of 1907 was passed.



Records (ICSPR Series 6837), assembled from myiiielated documents housed in the
National Archives in Washington, DC, and which alsoludes applications made by
veterans for pension support. The second sourcesdrom U.S. Census Records in
1900 for all veterans who could be linked to Cendosuments (ICSPR Series 6836).
The analysis focuses on the period 1900-17. Thi®geontains the passing of the laws
of 1907 and 1912. The observational period startt900 because of the availability of
matched Census data for this year, and ends in, J@4f7before the outbreak of the flu
pandemic of 1918.

The sample includes recruits from 303 companiedaany selected among white
volunteer infantry regiments by the University ohi€ago, Center for Population
Economics, the organization which assembled tha. dBis sample includes 22,051
veterans with non-missing information on dates ighband death. Information on birth
dates were collected from military, pension, anchstis records. Information on death
dates were assembled from pension files. Eighty-fiercent of soldiers who survived
the war have a pension file, because either theraretor his dependents applied for a
pension (Costa 1998). Of the veterans without menBles, many were ineligible for a
pension, i.e. because of desertion, or they diddr&el890, when the veteran pension
system was still very restrictive (Fogel 1993). Téstimation sample is restricted to
7,931 veterans who were alive at the beginning @301 and who did not receive a
General Law pension for war-related disabilitie®n€ral Law pensions were typically
higher than pensions under the laws of 1907 and2,19& that most General Law
pensioners had no incentive to apply for law of A@@nsions or law of 1912 pensions.
The sample consists of veterans, who at the sfatti® study period in 1900 either
received no pension or a disability act pension.

The data include detailed information on vetergsession applications and the
pension board’s rulings. This includes informatimm the law that the application was
based on, whether the pension board approved ectegj an application, and the date
from which pension payment started. Two binary twaeying variables are created,
which are set to one if a veteran received a pangidhe end of the year based on the
law of 1907 or 1912, respectively. For example, dotypical veteran who received a
disability act pension from 1900 to 1906, a lawi807 pension from 1907 to 1911, and a



law of 1912 pension from 1912 to 1917, the law 997 pension variable is set to zero
for the period from 1900 to 1906; it is set to doethe period from 1907 to 1911, and
the variable takes on the value zero again for pleeiod from 1912 to 1917.
Correspondingly, the variable for receiving a lainl®12 pension is zero for the period
from 1900 to 1911, and it is one for the periodnfrd912 to 1917. In 1907, some
veterans already received a Disability Act pensib812 monthly, and had no incentive
to apply for an equivalent $12 monthly act of 1@@nsion. | count these veterans among
those who receive a law of 1907 pension. The tgkeate was 90.9% for the law of 1907
and 91.5% for the law of 1912 (Table 2). Take ugegaare defined as the share of
veterans in the sample who survive beyond 190@&R lrespectively, and who at some
point of time receive a pension based on the relelaav. One potential concern is that
take-up could be related to veterans’ health.s lpassible that some veterans were too
sick to undertake the hassle of applying for a pendut it is also possible that reported
take up rates are too low, because some pensiandseevere lost or misplaced, or
because some veterans in the sample were in faeligible for a pension, i.e. because
they served for less than 90 dayas a plausibility test, in analysis not showrdressed
a binary take-up variable on the observed chaiatitay listed in table 3. For the law of
1907, pension take-up was more likely for vetenahe were farmers or service workers,
and less likely for veterans who lived in citieglwa population > 250,000. For the law
of 1912, all explanatory variables were jointlyigrsficant in explaining pension take up.
5.8% of veterans, who survived beyond 1907, wegeeted with at least one application
for a law of 1907 pension (Table 2). The equivalesjection rate for law of 1912
pensions was 3.4%. However, most applicants finabeived a pension. Only 0.6% of
veterans, who survived beyond 1907, applied fawadf 1907 pension at least once and
never received such a pension. For law of 1912ipessthe equivalent share was 0.4%.

| also control for individual veteran attributesathplausibly affect longevity,
specified as a set of time-invariant binary vaesbbased on 1900 Census data: literacy

(literate versus lliterate); marital status (medri versus not married), occupation

% Our dataset includes a variable for pensionaligtteof service. We exclude veterans from the sampl
for whom we know that pensionable length of servies less than 90 days. However, this informatson i
missing for 64.1% of the sample. Veterans with mg@formation on pensionable length of serviceave
included in the sample.



(classification following Wilcox (1992), with pragsional or proprietor as omitted category),
home ownership (homeowner versus renter), ands@ey (using most 158 populated cities in
1909—top 19 (>250,000 population), next 139 ci(i26,235-250,000 population), omitted
category (population <26,235) (U. S. Census Burd®09). | use literacy as an
approximation of education and homeownership asproximation of wealth. Census
records were linked to veterans’ pension files bam® name and place of residence (Fogel
1993). However, pension records were not availableot complete for all veterans. The
share of missing observations ranged from 19.5%nfarital status to 65.8% for place of
residence (Table 3). In order to account for mgsibservations, | create binary variables for
missing information on literacy, marital statuscgation, homeownership, and population
of place of residence.

The mean age in 1900 in the baseline estimatioplgawas 60.7 years. The mean age
at death was 75.9 years. Of those veterans withnmesing observations, 93.8% were
literate and 81.7% were married. Most common octiapagroups were farmers (34.9%),
and artisans (15.1%). 67.6% were homeowners, 14éd in cities with more than 250,000

populations and an additional 10.5% lived in thetdi&9 most populated cities.

4. Empirical Specification

| estimate a mortality hazard model, assuming abwkdistribution and allowing for
unobserved heterogeneftythe mortality hazard is the risk of dying durifig tnext period
conditional on surviving until the end of the praws period. This represents for example the
risk of a 65 year old veteran of dying during tlextyear. The mortality hazard function for

individuali at timet is:

A1) = Ao(t)*exp(lawl907; g + lawl912; y + X 6)* r;, (1)

wherelo(t) = o* t** is the baseline hazard for the Weibull distribatisith the
shape parameter, andexp(law1907; 4 + law1912; y + X; 6) is the proportional hazard
with parameter§, vy, and6. law1907; andlaw1912;; are time-varying binary variables
which take on the value of one, if individuaht the end of periotireceived a pension

based on the law of 1907 or the law of 1912, raspey. For periods, in which veterans

* Lancaster (1990) provides an excellent reviewhefdstimation of duration models.



received a law of 1907 pension, the correspondertsion variable is set to one, and for
periods, in which veterans did not receive a lawl®@®7 pension, this variable is set to
zero. X; is a vector of individual-specific time-invarianbvariates which control for
individuals’ initial literacy, marital status, oqeation, wealth, and place of residence.
This information does not vary over time, because inot continuously observed. |
account for individual-specific unobserved hetermgsy by including a multiplicative
term 7, (>0), distributed as gamma with mean 1 and vadamdqsee e.g., Lancaster
1979)° Time ¢) represents the age of veterans. Time is leftarens Veterans enter the
observation period, which starts in 1900, at défgrages. Age is accounted for through
the shape of the baseline hazard function. Thexenaradditional explanatory variables
for age. The observational period ends in 1917 .e@lagions of Veterans who survived
beyond 1917 are treated as right-censored.

The estimation compares mortality hazards for asterwho receive a law of
1907 or a law of 1912 pension with mortality hazafor veterans who receive no such
pensions. This comparison group includes obsenvatfor the time before the law of
1907 was passed as well as veterans who did nategeh the pension age of 62 or did
not take up a pension. The identification is basedtly on the comparison of mortality
hazard rates for different time periods. The idesaiion strategy is illustrated in Figure
1. The drawn out line represents mortality rislagé 65 for Union Army veterans in the
sample during the 1900-17 period. Before 1907,raetereceived either no pension or a
disability act pension. From 1907 to 1911, mosty6&r old veterans received a law of
1907 pension, and from 1912 to 1917 most 65 yahwvelerans received a law of 1912
pension. The reduction in mortality after 1907, ethis represented by arrawin Figure
1, is attributed to law of 1907 pensions, and tUmther decrease in mortality risk after
1912, which is illustrated by arroly is attributed to law of 1912 pensions. One camcer
is that lower mortality in later years could be kxped not by the effect of a pension, but
by a time trend of increasing longevity. During 8tady period, there was no time trend

in life expectancy at age 65 for males in the W&pulation overall (Table 4). Although

® Three assumptions required to account for unoleseheterogeneity are: (1) the heterogeneity term is
independent of the covariates; (2) the heteroggmeitn has a distribution known up to some pararagte
and (3) the heterogeneity term enters the hazandtiitn multiplicatively. The mean also needs to be
normalized to one for identification.



male life expectancy at birth increased rapidiyfré6.61 years in 1900 to 52.18 years in
1917, life expectancy at age 65 remained roughhstamt; life expectancy for the total
male U.S. population at age 65 was 11.35 year900,111.01 years in 1907, 11.49 years
in 1912, and 11.22 years in 1917 (Bell and Mill@02). During the study period there
was also no time trend in life expectancy at agéoBsvhite males in northern states and
for native-born white males in northern stitddowever, since veterans comprised a
significant share of the elderly male populatidme effects of veteran pensions on life
expectancy might show in population life expectanthis could mean that in the
absence of veteran pensions population life expegtat age 65 might have declined. In
1870, 52% of 25-29 year old men were Civil War vats (Campbell 2004), and the
Union Army veterans in the dataset are broadlyasgmtative for the general northern
white population in terms of wealth before the veard in terms of mortality around 1900
(Costa 1998, 2003). By eliminating General Law pamss who received pensions
because of war related disabilities, which wereaoobmon in the general population, the
sample should arguably be even more representatitiee overall white northern U.S.
population. Therefore, any substantial reductiomortality for veterans who received a
law of 1907 or a law of 1912 pension can not bebafted to a time trend of rising
longevity.

I compute estimates of the effect of pensions fendkpectancy at age 65. Using
results from the hazard estimation | compute ptedi@annual mortality rates for every
veteran in the sample and for each year of age &gen65 to 99 under the counterfactual
assumption that the pension laws of 1907 and 19&& wever enacted. | use these
mortality rates to predict the life expectancy gé &5 for every veteran in the sample.
Next, | compute an alternative set of predicted taldy rates under the equally
counterfactual assumption that all veterans alwagsived a law of 1907 pension. Based
on the alternative mortality rates | predict libgpectancy at age 65 for every veteran in

the sample. The mean effect of a law of 1907 pensio life expectancy at age 65 is

® Census records indicate that life expectancy itheon states at age 65 was 11.95 years in 1901 and
11.67 years in 1910 for white males, and 11.51sygal 901 and 11.25 years for native-born whiteemal
(http://www.cdc.gov/nchs/datal/lifetables/life189010%df accessed Feb 8, 2007). For 1919-1920, for
white males in northern states only life expectaaicgges 62 and 67 is reported in Census recoodshis
group, in 1919-1920 life expectancy at age 67 viaS@lyears as opposed to 10.25 years in 1909-11
(http://www.cdc.gov/nchs/datallifetables/life19-2@k paccessed Feb. 8, 2007).
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calculated as the difference between mean life &gpey with and without the 1907
pension law. | use a similar method to estimateeffect of law of 1912 pensions on the

life expectancy of veterans at age 65.

5. Hazard regression results

Hazard regression results are shown in Table 5ur@oll shows the baseline
specification, which includes the full estimaticangple. Coefficients show hazard ratios.
A hazard ratio of one indicates that a variable magffect on mortality. A hazard ratio
of less than one indicates that a variable is aasut with lower mortality. Estimated
hazard ratios are 0.918 for veterans receivingva d& 1907 pension and 0.665 for
veterans receiving a law of 1912 pension. Thesardaatios are significantly lower than
one at the five percent level and one percent |eespectively. These findings indicate
that there is a causal effect from receiving a gensgo lower mortality. | find no
significant effects of literacy, marital status,dawmccupation on mortality hazards.
Mortality hazards for homeowners are significambhywer than for renters (hazard ratio =
0.816), and mortality for veterans who lived inestwith more than 250,000 inhabitants
is significantly higher than mortality for veteramssmall towns or country (hazard ratio
= 1.227). Baseline mortality increases with ageisasdicated by the shape parameter of
8.22. In this specification as well as in all otlspecifications presented in this study, |
find no evidence for unobserved heterogeneity; dbgmated variance of the gamma
distributed unobserved heterogeneity term is rgutiBcantly different from zero.

Columns 2 and 3 of Table 5 show estimates of tfexebf pensions on mortality
separately for the subgroup of homeowners and nertd®meownership is interpreted as
an approximation of wealth, assuming that homeosvmesre on average wealthier than
renters. The size of the causal effect of incomdealth might well vary with different
levels of wealth. For example, poor veterans mighte been able to afford sufficient
food only after receiving pensions, while their Weiar counterparts were already well
fed even before receiving a pension. If the maigaféect of income on longevity
declines at higher wealth levels, then pensionsilsh@duce mortality more for renters
than for homeowners. This hypothesis is confirmegdtite estimation results. The

estimation results in column 2 show the same esitimapecification as in column 1, but
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for the subsample of homeowners only. Column 3 shestimation results for the
subsample of renters. Hazard ratios for the twosipenvariables are lower for renters
than for homeowners. For law of 1907 pensions, lidaeaios are 0.799 for renters and
0.995 for homeowners. The effect is statisticaligngicant for renters, but not for
homeowners. For law of 1912 pensions, hazard rate®.610 for renters and 0.715 for
homeowners. The effect is statistically significdat both groups. Homeowners for
whom data on occupation are missing have lower atityrtrates. All other coefficient
estimates are not significantly different from one.

Columns 4 and 5 of Table 5 show estimation redaltshe effect of pensions on
longevity separately for veterans who lived in 1188 largest cities (with a population >
26, 235) and veterans living in smaller towns aakareas. During the early part of the
20" Century, mortality was higher in large cities thiarsmaller communities, a pattern
that was already observed at the time (Glover 19Ra3sible explanations are that the
quality of food was lower in large cities, the effeof unsanitary conditions was larger,
and spread of disease was easier in bigger, moreded cities (Costa 2003, Cutler,
Deaton and Lleras-Muney 2006). The estimation tesal column 4 show the same
estimation specification as in column 1, but fotevans who live in one of the largest
158 cities only. Column 5 shows estimation residtsveterans who live outside the top
158 cities. The effects of pensions are less ingpoih large cities than in towns or in the
countryside. For law of 1907 pensions, hazard satiere 0.915 in the largest 158 cities,
and 0.715 in smaller communities. Only the latféxa is statistically significant. For the
law of 1912 pensions, hazard ratios are 0.716 igelecities and 0.589 in smaller
communities. Both effects are statistically sigrafit at the one percent level. It is
remarkable that pensions had a bigger effect caitde biggest cities. One possible
explanation is that pensions reduced mortality freome risk factors such as under-
nutrition, but not from other risk factors suchpasor water quality, and that exposure to
risk factors, which were not affected by pensiamas larger in big cities. An alternative
explanation could be that cost of living was higherbig cities so that in real terms
pensions were smaller. Homeownership is negatigelyelated with mortality in both
regressions, but the negative relationship is ge&orin cities. The hazard ratio for

homeownership is 0.729 in larger cities and 0.888maller communities. This might
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reflect that homeowners in big cities were on ageravealthier than homeowners in
smaller communities because of higher propertyegri®arameter estimates for all other

variables are not statistically different from one.

6. Life expectancy

Based on estimated mortality hazards, | calculdée dxpectancies at age 65,
using the method described abdvEable 5 shows mean predicted life expectancies of
veterans in the sample. Standard errors of mearXpectancies are calculated from 200
bootstrap repetitions. Mean predicted life expedemat age 65 for the full sample is
11.13 years, which is close to the population nmdarexpectancy for men at age 65 of
11.35 years in 1900 and 11.01 years in 1907 (sbke®). With a law of 1907 pension,
life expectancy increases to 11.68 years, and avitw of 1912 pension life expectancy
is 13.83 years. Thus, the effect of a law of 198rgon on life expectancy at age 65 is
0.53 years, and the effect of a law of 1912 pensiorife expectancy at age 65 is 2.70
years. As discussed above, there was no time teimtreasing life expectancy at older
ages during the study period, neither for the gdrmpulation nor for the white northern
male population, for which the sample is repredemaThis implies that higher life
expectancy for veterans who receive a law of 1907adaw of 1912 pension is
attributable to pensions, not to time trends. Angailife expectancy of 2.7 years is a very
large effect for a policy measure. For comparistire overall gain in male life-
expectancy at age 65 during thé"2@entury was 4.56 years (Table 4). Thus, the effect
of veteran pensions on life expectancy were egeintato many decades worth of
economic growth, and medical progress. Howevas, fitot implausible that a change in
the economic situation of veterans should have sutdrge impact on life expectancy.
Van den Berg, Lindeboom, and Portrait (2006) fihdttbeing born during favorable
business cycle conditions during the™1®entury in the Netherlands increased life
expectancy later in life by more than 2 years. Babhnd Oswald (2007) find that
scientists who won a Nobel Prize during the firalf lof the 28" century lived about 2

’ In results not shown, we also calculated life expecies using a non-parametric Kaplan-Meir apgrpac
which does not control for covariates other thamspens. We found that results were very similartfar
law of 1912, but there was no significant effecttfoe law of 1907.
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years longer than their colleagues who had meregnmominated for a Noble prize, but
never received the prize.

| also calculate life expectancy for all subgroup3able 5. For homeowners, life
expectancy at baseline is 11.98 years as comparEal @5 years for veterans who did not
own their home. This implies that wealthier vetardined longer, as predicted by the
health gradient. Life expectancy for veterans bvin cities with a population >26,235 is
10.07 years, while life expectancy in smaller comities is 10.66 years. This is in
accordance with previous findings that during thuelg period life expectancy was lower
in big cities (Glover 1921, Cutler, Deaton, andrakeMuney 2006). The effect of a
pension on life expectancy is larger for rente@ntfior homeowners. For renters the
impact of a pension based on the laws of 1907 &P lare 1.44 and 3.26 years,
respectively. For homeowners, the impact of a |&w9®7 pension is 0.03 years and the
impact of a law of 1912 pensions is 2.20 yearsioiineownership is interpreted as an
approximation of wealth, then the effect of pensia@m longevity is stronger for poorer
veterans, but there is still a large effect for Wealthier group. The impact of pensions
on longevity is also larger in smaller communitiggan in large cities. In smaller
communities, a law of 1907 pension increases kfeeetancy by 1.62 years, and a law of
1912 pension increases life expectancy by 3.38syeHne corresponding effects for

veterans who lived in one of the biggest 158 cise®53 years and 2.05 years.

7. Cause of death

As discussed in the introduction there are a nurbg@otential pathways which
could explain a large causal effect from pensiansohgevity. Some of the pathways,
which previous studies have emphasized as exptarsator the health-income-gradient,
such as early childhood conditions (Van den Beigdéboom, and Portrait 2006) and
education (Cuter, Deaton, and Lleras-Muney 200a&) not apply here, because veteran
pensions start only late in life. But this leavasuaber of possible pathways, such as for
example better nutrition, higher socioeconomicustand less exposure to dangerous
working and living conditions. These pathways akely to affect health in different
ways. The data includes information about the cafiskeath for veterans in the sample.

This information can be used to draw inferencesutlibe relevance of potential
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pathways. For example, better nourished peopldeaeelikely to succumb to infectious
diseases. They resist most bacterial (though mat)uliseases better, and recover more
rapidly and more often (McKeown 1976, Fogel 200@utside of economics the
currently dominant theory is that poor health oWwdmcome people is caused by
psychosocial stress- the consequences of havingslmsioeconomic status and little
control over one’s life. This psychosocial streaases biochemical reactions that lead to
increased probabilities of chronic diseases, eapjgaardiovascular diseases (Brunner
and Marmot 1999, Sapolsky 1993, 1998). Veteran ipeasmight have increased the
social status of veterans in two ways. First, pamsiprovided higher income. Second,
they also provided recognition of past patrioticvegse. Another possible pathway is that
pensions allowed veterans to retire from work. @mydnd Evans (2006) argue that
working at older ages actually decreases mortdtity, working conditions were more
dangerous in the past than they are today (Cost&ahn 2004). Retirement from work
could lead to a lower probability of fatal accidgnbut also to a reduction in chronic
diseases.

The data provide information on the cause of déatl17.8% of the veterans in
the baseline sample in Table 5, Column 1. Vetefanwhom cause of death is available
tended to be those with remaining dependents whddcolaim widow or orphan
pensions. Information about cause of death comestlynyom death certificates that
were sent to the pension office by relatives ofedesed veterans. Information about cause
of death in the data is very detailed and inclucitegories such as such as “struck by
train (accidental)” and “struck by train (suicideCause of death are grouped into eight
categories, which follow broad ICD 9-CM code clas§Eable 7). For the veterans in the
sample with known death cause, the shares of cafisksath by category are: infectious
and parasitic diseases (6.9 %), diseases of tipgraesy system (9.9%) , diarrhea (0.5
%), diseases of the circulatory system (29.2 %)ceaand neoplasms (5.5%), diseases of
the genitourinary system (7.9 %), diseases of thestive system (4.4%), accidents and
violence (3.7%), and other (31.5 %)The total share of acute diseases is 17.4%

(infectious and parasitic diseases, diseases ofes@ratory system, diarrhea), and the

8 Death causes that were grouped as other categueiaded endocrine diseases, diseases of the lalodd
blood forming organs, diseases of the nervous sydeseases of the digestive system, disease® ckth,
diseases of the musculoskeletal system, and synspgigns and ill defined conditions.
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share of non-acute diseases is 78.9% (diseasdseofiftculatory system, cancer and
neoplasms, diseases of the genitourinary systeseasies of the digestive system, and
other diseases). The frequency of death causesgdilne study period was different from
today (Costa 2003 Cutler, Deaton, and Muney-LI&@86). Some of the most common
causes of death a century ago are rare in developewtries today (e.g. death due to
some infectious diseases such as tuberculosis spiraéory infections), while other
causes of death are more common today (e.g., langec). Overall, the share of people
dying from infectious diseases has declined, wihidkeshare of people dying from chronic
diseases, especially ischemic heart diseases aoércdnas increased (Costa 2003). The
distribution of death causes in the data is mom@lai to developing countries than to
developed countries today. In developing countriefectious diseases such as
tuberculosis and respiratory infections are stilemuent cause of death (Cutler, Deaton,
and Lleras-Muney 2006).

| estimate separate mortality hazard models fdeiiht causes of death. Causes
of death | examine are broad categories for allteacliseases, and for all non-acute
diseases. | also estimate hazards for infectiodsgpanasitic diseases only and diseases of
the circulatory systefn| restrict the estimation sample to veterans \kitbwn cause of
death. Estimation results are shown in Table 8u@al1 shows the results for the risk of
dying from all acute diseases. Observations foeraets who died for other reasons are
right-censored at time of death. Otherwise, themadion specification is as in the
baseline hazard regression (Table 5, Column 1). Admard ratio for dying of acute
diseases is 0.83 for veterans who received a 1at907 pension and 0.69 for a law of
1912 pension. These findings indicate that pensiedace the risk of dying from acute
diseases, but the effect is statistically significanly for law of 1912 pensions. The risk
of dying from acute diseases is lower for litera&terans (hazard ratio = 0.689) and
homeowners (hazard ratio = 0.749), and it is higbeartisans (hazard ratio = 1.583) and
manual laborers (hazard ratio = 1.482). All otheefticients are not statistically
significant. Column 2 shows estimation resultstfa risk of dying from infectious and

parasitic diseases. The effect of pensions on tble of dying from parasitic and

? In results not shown, we also estimated hazanessipns fort he other death categories listedbret8,
but the results were often very imprecise due talkssample sizes.

16



infectious diseases is even stronger than for @lteadiseases, with a hazard ratio of
0.611 for law of 1907 pensions, and 0.504 for W @12 pensions. These effects are
statistically significant at the 5 percent leveldaone percent level, respectively. The
shape parameter of 4.427 is noticeably lower th@mall other specifications. For
example, in the baseline specification (Table Su@o 1) the shape parameter is 8.22.
This indicates that the slope of the baseline lthimaless steep in age. With higher age,
the risk of dying from infectious and parasitic elises increases less than for other
causes of death. Hazard regression results forrittkeof dying from all non-acute
diseases are shown in column 3. Hazard ratios .8@9@dor veterans who receive a law
of 1907 and 0.687 for law of 1912 pensions. Onlg thtter effect is statistically
significant. Homeowners face a lower risk of dyiingm acute diseases (hazard ratio =
0.831) and married veterans are more likely tofahen non-acute diseases. Column 4
shows estimation results for the risk of dying froiseases of the circulatory system.
Veterans who receive a law of 1907 pension are ligety to die from circulatory
diseases (hazard ratio = 0.892), but the effeabtsstatistically significant. The hazard
ratio for veterans on a law of 1912 pension is 9.%@8ich is significantly lower than one
at the 10 percent level. The risk of dying fromculatory diseases is also lower for
homeowners (hazard ratio = 0.735), and it is higbemarried veterans (hazard ratio =
1.444),

In summary, | find that veteran pensions decreaseatity for a broad range of
causes. These findings indicate that multiple pagsamight play a role in explaining an
effect of higher pensions on lower mortality. Theding that pensions strongly reduced
mortality from acute causes, especially from infec diseases, is consistent with the
hypothesis, advocated for example by McKeown (1%i&) Fogel (2004), that better
nutrition played an important role in historic radity declines. However, | find that
pensions also reduced mortality from circulatorsedises and other non-acute conditions.
Possible explanations for lower mortality from ailatory diseases and other chronic
conditions include improved socioeconomic statusanges in health behaviors or

retirement from hazardous work conditions.
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8. Conclusions

Changes in veteran pension laws provide a serigminfral experiments, which
allow estimating the causal effect of pensionsamrgeévity. | study mortality patterns for
Union Army veterans during the period from 1900 48d7, and | examine the effects of
the pension laws of 1907 and 1912, which introdumedubstantially increased veteran
pensions. Starting from 1907, every Union Army vatewith at least 90 days of service
was entitled to a pension at age 62+. Using a Weltazard model | find that veteran
pensions decreased mortality considerably. Lifeeetgncy increased by about 0.5 years
and 2.7 years for veterans who received a law @71Pension and a law of 1912
pension, respectively. During the study period ¢helas no increase in life expectancy
for the overall elderly male population so thatseffects can not be attributed to a time
trend of increasing life expectancy. | find eviderior large causal effects from pensions
to longevity across wealth groups and for both mrlaad rural populations, but the
effects are largest for poorer veterans and foeraes who live outside big cities.
Studying the effect of pensions on various causeeath allow to draw inferences about
the relevance and relative importance of altereagpathways in the income-health
relationship. Pensions reduced mortality for batht@ and non-acute diseases, indicating
that multiple pathways might be important. Pensibad the biggest effect on lower
mortality from infectious diseases. This findingadsnsistent with the explanation that
better nutrition was an important pathway for afeeffrom veteran pensions on health.
But pensions also reduced mortality from circulataliseases and other non-acute
conditions. These findings could be explained lgy ¢ffect of improved socioeconomic
status, changes in health behaviors, or retirefnem dangerous working conditions.

The main policy conclusion of my findings is thatvgrnment transfers such as
veteran pensions can not only improve the qualitife for beneficiaries, but can also
substantially extend their length of life. The etk of veteran pensions on life
expectancy were equivalent to the effect of marmgades worth of medical progress and
economic growth. This relationship was already eutgdl by contemporaries. In 1889,
General M. Trumball speculated that “nothing insemalongevity like a pension” (Logue
and Blanck 2004). One important question is whetloaditions during the study period

can in any way be compared with contemporary camdit In many ways, health
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conditions in early 20 century America were more similar to developingrtoies today
than to developed countries. For example, factoch @s poor nutrition, mortality from
infectious diseases, and hazardous working anddigonditions were common in the
United States during the study period. Such facoedess important in the United States
today, but they are still an urgent concern in mdayeloping countries. However, the
health-income gradient is not confined to the destpéy poor and undernourished. Other
pathways from higher income to lower mortality, Is@s reduced psychosocial stress, are
still likely to be important in contemporary ricbuntries.

One interesting question this study does not addeshe relationship between
the amount of pension and mortality. The amounpension Union Army veterans
received depended on age and length of service faators that are not exogenous of
health. Therefore | examined only the effect of thike a veteran received a pension
based on the laws of 1907 and 1912, but not tleetedin mortality of how much pension
veterans received. Also, | find some evidence mhatiple pathways might be important
in the health-income relationship. There are stifiny unresolved questions about the
nature and relative importance of alternative patysvin such a relationship, which

provide ample opportunities for future research.
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Tables

Table 1. Overview of Union Army Pension Laws

Pension Law Who was eligible? Range of Average
monthly monthly
pension PensiorY

General Law Veterans with war related disabilities $2-%$125 2 -

(since 1862)

Disability Act Veterans with disabilities, even if their  $6 - $12 $9.45

(since 1890) origin was unrelated to war. The amount

of pension depended on disability.
Act of 1907 Any veteran who has served 90 days or $12 - $20 $14.50

more and is over age 62. The amount of
pension depended on age.

Act of 1912 Any veteran who has served 90 days or $13 - $30 $20.92
(replaces act of more and is over age 62. The amount of
1907) pension depended on age and length of

service.

Y'For pension rulings in estimation sample in nomln&. dollars. For comparison: average monthly
earnings for non-farm employees were $40.25 in {8@0ergott 1984)

Y veterans who received general law pensions aripbided in estimation sample

Table 2: Take up and rejection rates (in %)

Law of 1907Y  Law of 19127

Take up rate 90.9 91.5
Rejected at least once 5.8 34
Rejected and never approved 0.6 0.4

Y'For sample of 6,087 veterans who survive beyond 190

2 For sample of 4,617 veterans who survive beyon®191

22



Table 3: Sample statistics

Variables Mean Standard Deviation
Age in 1900 60.7 6.5
Age at death 75.9 8.7
Literate 0.938 0.433
Married 0.817 0.474

Occupation (professional
or proprietor is omitted

category)

Farmer 0.349 0.400
Artisan 0.151 0.283
Service 0.075 0.203
Manual Labor 0.134 0.266
Farmhand 0.038 0.149
Unproductive 0.031 0.132

Homeowner 0.676 0.498
City pop > 250,000 in 1909 0.140 0.214
Next 139 cities in 1909 0.105 0.187
N 7931

* Variables on being literate, marital status, oetigm, homeowner status, and location are based on
Census data for the year 1900. All shares are tegbtiased on non-missing information for the retpec
variables. Information is missing for 20.2% of ofysions for being literate, 19.5% for marital st
42.7% for occupation, 31.6% for homeowner statnd,&5.8% for location.

Table 4: Population life expectancy for men by age and calendar year

Calendar Year At Birth Age 60 Age 65
1900 46.41 14.18 11.35
1907 48.29 13.69 11.01
1912 52.34 14.34 11.49
1917 52.18 14.11 11.22
2000 74.03 19.55 15.91

Source: Social Security Administration 2005, Tak®ein Actuarial Study No. 120 by F. Bell and M. Mi
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Table5: Mortality Hazard Regression, Period 1900 to 1917*

Full Sample Homeowner Does not  Top 158 city Smaller town
own home in 1909 or country
1) (2) 3) 4) (5)
Received pension based on0.918** 0.995 0.799** 0.915 0.765***
law of 1907 (0.032) (0.053) (0.063) (0.112) (0.056)
Received pension based on0.665*** 0.715%** 0.610*** 0.716** 0.589***
law of 1912 (0.027) (0.043) (0.054) (0.099) (0.048)
Literate 0.993 0.874 1.063 1.824 1.052
(0.069) (0.088) (0.130) (0.665) (0.149)
Literate missing 1.015 0.935 1.313 1.547 1.000
(0.160) (0.333) (0.491) (0.780) (0.347)
Married 0.925 0.891 1.179 0.968 0.952
(0.044) (0.064) (0.1212) (0.148) (0.082)
Marital status missing 1.023 1.080 1.728 0.542 -
(0.150) (0.559) (1.251) (0.390)
Occupation (professional
or proprietor is omitted
category)
Farmer 0.988 0.919 0.944 1.482 0.930
(0.061) (0.072) (0.120) (0.517) (0.114)
Artisan 1.103 1.022 1.193 1.046 1.113
(0.074) (0.097) (0.135) (0.155) (0.113)
Service 1.198 1.017 1.279 1.146 1.110
(0.096) (0.134) (0.181) (0.222) (0.159)
Manual Labor 1.079 0.957 1.103 0.912 1.137
(0.077) (0.104) (0.129) (0.174) (0.123)
Farmhand 0.988 0.986 0.979 - 1.149
(0.109) (0.179) (0.208) (0.247)
Unproductive 1.010 0.872 1.428 1.140 0.870
(0.110) (0.126) (0.322) (0.343) (0.150)
Occupation missing 1.002 0.839** 1.102 0.959 0.933
(0.057) (0.065) (0.115) (0.136) (0.081)
Homeowner 0.816*** 0.729*** 0.837**
(0.033) (0.084) (0.059)
Homeowner status missing  0.911 0.965 0.954
(0.054) (0.154) (0.100)
City pop > 250,000 in 1909  1.227*** 1.103 1.194
(0.090) (0.147) (0.127)
Next 139 cities in 1909 1.071 1.026 1.170
(0.089) (0.141) (0.147)
Location missing 1.010 0.996 1.070
(0.040) (0.053) (0.082)
Shape parametet) 8.220*** 9.064*** 7.924%* 8.798*** 9.034***
(0.156) (0.246) (0.340) (0.570) (0.331)
Variance of unobserved  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
heterogeneityd) (0.0002) (<0.0001) (0.0001) (0.0002) (0.0002)
N 7,931 3,679 1,738 672 2,034

*Weibull hazard model, with gamma distributed hegerwity term; Age is controlled for by initiatinigie
at risk in the year of birth; time under observatitarts in the year 1900. Whether veteran receved
pension under law of 1907 (or 1912, respectived\g time varying variable. All other covariates fixed
over time and are based on Census data for thel98ér. Estimation coefficients reflect hazard mitio
Standard errors in brackets.
* Significant at 10% level, ** significant at 5%\el, *** significant at 1% level

Y Variable was omitted due to collinearity
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Table 6: Life expectancy for Union Army veterans at age 65

Baseline Pension Difference Pension Difference
based on to baseline  based on to baseline
law of 1907 law of 1912
Full sample 11.13 11.68 0.53 13.83 2.70
(0.18) (0.24) (0.30) (0.26) (0.32)
Homeowner 11.98 12.01 0.03 14.18 2.20
(0.30 (0.32) (0.42) (0.37) (0.49)
Does not own 10.05 11.49 1.44 13.31 3.26
home (0.39) (0.57) (0.64) (0.58) (0.73)
Top 158 city in 10.07 10.60 0.53 12.12 2.05
1909 (0.73) (0.75) (2.01) (0.87) (2.12)
Smaller Town or 10.66 12.32 1.62 14.04 3.38
country (0.38) (0.47) (0.59) (0.53) (0.67)

“Life expectancies are calculated based on haztes paedicted from Weibull regression models inl&ab
4. Standard errors in brackets are based on 208tbaw repetitions

Table 7: Causes of death in sample (in %)

Variable Period
1900 — 1917

Proportion surviving

Entire Sample 38.2
Proportion of deceased

With cause of death 47.8

Cause of death (of all known causes)

All acute 17.4
Infectious and parasitic diseases 6.9
Diseases of the respiratory system 9.9
Diarrhea 0.5

Not acute 78.9
Diseases of the circulatory system 29.2
Cancer and Neoplasm 55
Diseases of the genitourinary system 7.9
Diseases of the digestive system 4.4
Other 31.5

Violence and accidents 3.7

*Other causes included endocrine diseases, dise&#ias blood and blood forming organs, diseasdhef
nervous system, diseases of the skin, diseaség ofiisculoskeletal system, and symptoms, signsijland
defined conditions.
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Table8: Mortality hazard regression, by cause of death

All acute Infectious Not acute  Diseases of the
and parasitic circulatory
diseases system
(1) (2) 3) (4)
Received pension based 0r9.830 0.609** 0.909 0.892
law of 1907 (0.106) (0.131) (0.055) (0.102)
Received pension based or).693** 0.519%** 0.687*** 0.760*
law of 1912 (0.099) (0.129) (0.052) (0.119)
Literate 0.689* 1.074 1.132 1.327
(0.145) (0.426) (0.140) (0.313)
Literate missing 0.847 1.3256 1.011 1.444
(0.479) (1.262) (0.284) (0.739)
Married 0.809 1.002 1.737%** 1.444*
(0.155) (0.338) (0.193) (0.276)
Marital status missing 0.981 1.449 1.685* 1.340
(0.542) (1.335) (0.458) (0.639)
Occupation (professional
or proprietor is omitted
category)
Farmer 0.979 0.994 0.969 0.918
(0.225) (0.355) (0.097) (0.165)
Artisan 1.583** 1.543 1.090 1.267
(0.346) (0.542) (0.114) (0.230)
Service 1.304 1.907 0.966 1.158
(0.361) (0.759) (0.129) (0.261)
Manual Labor 1.482* 1.516 0.927 1.113
(0.341) (0.562) (0.106) (0.216)
Farmhand 1.100 2.213 1.194 1.583*
(0.419) (1.065) (0.202) (0.441)
Unproductive 1.359 2.444 0.852 0.911
(0.565) (1.395) (0.175) (0.341)
Occupation missing 1.174 1.210 0.978 0.865
(0.237) (0.392) (0.088) (0.142)
Homeowner 0.749** 0.765 0.831*** 0.735**
(0.099) (0.154) (0.054) (0.090)
Homeownership missing 0.707 0.476* 1.000 0.894
(0.150) (0.181) (0.102) (0.161)
City pop > 250,000 in 1.420* 1.245 1.076 0.983
1909 (0.299) (0.435) (0.120) (0.199)
Next 139 cities in 1909 0.726 0.819 0.920 0.893
(0.222) (0.388) (0.122) (0.210)
Location missing 0.945 1.176 0.896 0.952
(0.129) (0.255) (0.058) (0.110)
Shape parametea) 6.500*** 4.427** 9.044** 9.084***
(0.555) (0.890) (0.481) (1.071)
Variance of unobserved  <0.0001 <0.0001 0.012 0.417
heterogeneityd) (0.0014) (0.016) (0.079) (0.592)
N 3,865 3,865 3,865 3,865

*Weibull hazard model, with gamma distributed hegerwity term; Age is controlled for by initiatinigne
at risk in the year of birth; time under observatiparts in the year 1900. Veterans who died becafis
other causes are treated as censored. Whetheawvegareived a pension under law of 1907 (or 1912,
respectively) is a time varying variable. All otlemvariates are fixed over time and refer to infation in
the year 1900. Estimation coefficients reflect mezatios; Standard errors in brackets.

* Significant at 10% level, ** significant at 5%wel, *** significant at 1% level
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Figure 1. Illustration of theidentification strategy (i.e. for mortality at age 65)

Mortality
risk at
age 65

A

190( 190°

—— Union Army Veterans
"""""" General Population

191 197

a Effect of law of 1907 pensions
b Effect of law of 1912 pensions

27

» Time



