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Abstract: | explore the short term effects wiental health symptonm employment outcomes.

To address potential simultaneity bias, | propose ainstnrumentrelated taSeasonal Affective
Disorder (SAD)that depenslonly on latitude and day of yeaForunmarried individualsan

additional day opooroverallmental health (of the last thirty days) decreases the probability of
employment byverfive percentage points and increases the probability of unemployment by
under fivepercentage pointskesllts from the first and second stage suggest thaicame,
uninsured individuals experience more adverse mental health and employment effects. Relative
to instrumental variable modelgdinary least squares models underestimate the transition from

emgdoyment to unemployment and out of the labor force due to mental health problems.
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1. Introduction

In recent years, researchers have combined improved theoretical and empirical
techniques with more comprehensive data availability to demonstrate that heattialstatus
plays a significant role in the development of health and human capital and their consequent
outcomes. As an axple,Currie and Stabile (200&@xamine the effects of Attention Deficit
Hyperactivity Disorder, the most common mental health diagnosis among children, on test scores
and schooling attainment. They find significant negative effects on @adtihey arguehat
mental health conditions aperhapsnore important determinant$ economic outcomes than
are physical health conditionsiowever, because of the high prevalence of mental disGrders
and the relatively low concomitant treatment utilizalitvere is reason to believe that their
effects are underappreciated.

Employmentutcomes are a set of economic variables that have been heavily studied in
economics because of thprominent rolan individual lives and the economy as a whole.
There is dargeliterature examining the relationships between labor market outcomes and
overall health, with a wide range of focus in terms of stratification along individual
characteristics and geographical locatidris.the next section | discuss thebset of these
studies that explore the effects of mental health measurediaicdl diagnoses on employment
outcomes.

In this paper, Explorethe effects of mental health on employment. For the primary
analysis, lusedata collected by the Behavioral Risk Factor Surveillance System (BRFSS).

Within the broader context of mental healfodus on symptom measunesdated to mood

2Kessler et al. (20053ndKessler et al. (2005)nd that the 2-month and lifetime prevalence of all mental
disorders in the U.S. are 26.2% and 46.4%, respectively.

% For exampleKessler et al. (2007)nd that only 20.9% of individuals with onth major depressive disorder
received adequate treatment.

* The seminal work on the relationship between heafid labor supply i§rossman (1972)



disorders that occur within approximatelye month prior to respondent interviews. The goal of
the analysis is to explore the short term effects of thgsptomson employment outcomes.

| propose a newnstrument thatis associated witlseasonal Affective Disorder (SAD).
Since SAD is identified as the seasonal onset of depresgivetoms oepisodes it is likely to
havea significant effecon some ofthe mental healtmeasuregxplored here. | argubat the
SAD instruments conditionally uncorrelated withnobserve@mploymentffects sol am able
to correct for simultaneity biadn this sense, the SAD instrument allows for a novel and
powerful approach in estimating the effects of mental health symmibmeod disordersn
employment outcomed-or unmarried individuald,find thatan additional day of poor overall
mental health (of the last thirty days) decreases the probability of employment by over five
percentage points and increases the probgbilitnemployment by under five percentage
points. Ordinary least squar¢®LS) models therefore underestimate the transition from
employment to unemployment and out of the labor fdigeto mental health problems.

In Section 21 discuss previous studighat have explored the relationship between
mental health and employmemtith a focus on previous examples of instrumental vasable
estimation(lV). Next, | outline the literature surrounding the epidemiology of SAD and detail
the connection betweerAD and the gestion at hand. In Sectionl3lescribetheempirical
strategy, both for constructirige SAD instrumentsand for the stimation procedure. Section 4
describes the data used in the analysis, and Sécpimsents the main results atbugness

checks. In Section, ® discusghe results and othepnsiderations, and Section 71 conclude

2. Background

A. Mental Health and Employment



Before an individual makes direct decisions rdgay employment, her trajectorie$
human and healttapital accumulation mayeinfluenced by earlyiome environment drealth
status. The process of human capital anwlation may be interrupted lgiosyncratic shocks to
mental health status, leading to both a redirection of resources towards impnevitad health
and decreased productivity in other areA$ter entering the labor market unobserved shocks or
behaviors may affect both mental health and employment outcdshedeand Salkever (2001)
for exampleshowthat mental health care utilizatiamoftenoverlookedand yets likely to be
endogenous this context

In the labor market, mental health magnditionthe job matching process. A depressed
individualmay be Iss motivated to enter the job market in the first place, and upon entering, she
maytake less initiative After seuring an interview, an individualith impaired mental health
may be less likely to atterat perform well athe interview. Hamilton et al. (1997find
beneficial effects ofjoodmental health on employabilitySlade and &kever (2001jind that,
among adults diagnosed with schizophrenia, negative symptoms (in this context, those indicating
deficits in personality characteristics), and symptoms of depression have adverse effects on
employment in supported and reapporté jobs.

Individuals with poor mental healthay require more sick leave, thus reducing their total
production. Also, productive efficiency malge loweramong individuals with poor mental
healththrough direct performance effects or insofatreey devotenore attention to symptom
management while workingBerndt et al. (1998jnd that a reduction in the severity of
depression improves perceived work performanfiezekas and Hill (2000)nd that drug and
alcohol eependence and abuse among the homeless are negatively associated with higher work

activity. Productivity effects maglowwage growth ohastertermination Caalano et al.



(1999)explore whether or not individuals with severe mental iliness are at greater risk of layoff
than other workers when the economy contracts, but they find no strong evidletigs. f
Mullahy and Sindelar (1996ind that alcohol abuse and dependence decraaggobability of
employment and increase the probability of unemployment.

On the other hand, employmemtperiencesnayaffectmental health.A new job or
increasd responsibility may raise stress and anxiety, perhaps as a result of long work hours. An
involuntary substitution of work hours for leisure may not allow for protective investment in
mental health, thereby increasing the likelihoothefonset of depression or anxiety disorders.
In some cases, the increased stress of work ¢ogigermoresevere forms or episodes of
mental disorders. Evidence for the varying effects of job environments is providéshlay
Nozal et al. (2004)who find that mental health outcomes differ by occupation among women.
Onthe other hand, increased income due to employmenparéiglly offsetmental health
effects since the individual will be able to purchase nootegher qualitymental healtttare

The process of ending employment, either voluntarily or involuntaniy, affectmental
health. Theseeffects are ambiguous since the individual will likeBvelowerincome but may
endureower stresdevels Especially n the case of involuntary unemployment, the loss of
income may dominate, leading to worse mental healtbomes. In either case, individuals who
view work as providinglaily structure may experience a decline in mental health after becoming
unemployed.Bjorklund (1985)shows mixed evignce with respect to the effects of
unemployment on mental healtitheodossiou (1998)nds that unemployed individuals
experiencgreaterdeclines in mental health outcomes, even compared to individuals with low
paid employmentDave et al. (20063how that retirement is associated witingicant declines

in both physical and mental health.



Evidently, the relationship between mental health and employment operates through
many channelsand endogeneity is an important concedome studies have addressed this
problem using individual fied effects modelsinstrumental variables such as state level
legislatior, or social support variables and prior health statBecause theollectionof
previous attempts at fully addressing endogenesynalland the applications are in many cases

specifig further work in this area iwarranted

B. Seasonal Affective Disorder (SAD)

SAD is a condition that can be characterized as a susceptibility to the onset of depressive
episodes or related symptoms according to a seasonal pattern. The gestsEmamost often
peaks in the fall and winter, although less frequently it peaks in the spring and summer’months.
It is estimated that up to 10 million persons in the United States each year have symptoms that
satisfy the clinical classification of $A However, it is believed that up to 25 percent of the
population may suffer from significant seasonality, or what is known as "subsyndromal SAD."
A similar incidence exists in other nations around the wdslohn and Lam (200%)iscussa
physiological basis for the disorder, which is understood to be a set of responses thiggered
seasonal environmental cues

Clinically, SAD is defined as a "seasonal pattern specifier" of major depressive episodes
that occur in major depressive disorder or bipolar disorder. In other words, SAD is a designation
applied to the subset of major depressive episode diagnoses which are best explegaaonal

patterns. Symptoms of SAD include, in addition to symptoms of depression, a weakened immune

® SeeBerndt et al. (1998Bjorklund (1985) Currie and Stabile (2006pave et al. (2006)andLlenaNozal et al.
(2004)

® SeeMullahy and Sindelar (1996)

" SeeHamilton et al. (1997)

8 This is referred to as "Summer SADSeePartonen and Rosenthal (2001)



response, increased sleeping, overeating, weight gain, andregd@ carbohydrates. Table 1
lists the specific criteria used in clinical diagno$¥s

Researchers hawevestigated the determinants of SAD with the goal of identifying
environmental cues that account for the onset of SAD. The disorder has been strongly associated
with the fall and winter months, and it has also been identifiedoas prevalent at greater
latitudes. These observations suggest that daylight length (photoperiod) is a likely explanatory
factor, but its strong correlation with other environmental variables requires further ahalysis.
Some of these potentially confound variables include sunshine in winter, temperature, and
global and solar light exposute.

Although it is clear that the epidemiology of SAD is an active area of research, there is an
accumulation of evidence suggesting that latitude plays a role.elEt@nship appears to be
driven by a physiological response to light exposure as evidenced by the fact that many of the
other correlated determinants operate through a similar mechaResapsie most direct
evidence for this relationship is in assaests of SAD treatmentslhe most effective SAD
treatment has been found to be light therapy, where an individual exposes himself to high

intensity light, often in the morning or outside the rangeasfaldaylight hours'?

 SeeAmerican Psychiatric Association (2000 a full discussion of the clinical characteristics of SAD

% nterestingly, tle diagnostic criteria for SAD explicitly exclude situations in which the depressive episodes are
better explained by "seasonally linked psychosocial stressors (e.g., seasonal unemployment or school schedule).” In
theory, then, straightforward use of dataSAD diagnoses might produce unbiased estimates of employment
outcomes in an OLS framework. The complicated relationship between employment and mental health likely leads
mental health professionals to make this distinction with error, however, sstamriantal variables approach is
warranted.

M For a recent discussion of the currently active literature with respect to SAD ardelasig@lagnusson and

Partonen (2005)Issues that have yet to be resolved include the stronger latitude effects measured in the U.S. than
in Europe, differing results between sdlignoses and clinical assessmedifferences between ethnic groups (in
particular, those who may have acclimated to SAD over time), and issues of seleepatemiologicabktudies.

12 Examples of studies that explore thesatiehships includ®lolin et al. (1996)who use stepwe regression

techniques to identify length of day as having the largest correlatibrS4D onset, andoung et al. (1997)who

study the onset of SAD across locations within a year and across years within a location.

13 See Golden et al. (2005pr a metaanalysis of the efficacy of lighherapy.



3. Empirical Strategy
A. TheSAD Instrument

| construct a setf SAD instrumentghat consists afhe main instrument and an
additional variable used to check robusttfésBoth variables are based on the negative
deviation from the overall mean photoperiod for a given date (dagavj gynd latitude. The
negativephotoperioddeviation is defined as the number of hours of darkness relative to the
mean (12 hours) during a 24 hour period. The main instrumeangtructed by interacting the
negative photoperiod deviation with a bipandicator of the fall and winter montldefined as
between the fall and spring equinoxeshile the second variable is itself the negative
photoperiod deviation.

Young et al. (1997hote that only 10 percent of SAD caszccur prior to the fall
equinox (also known as "summer SAD"), so there appears to be a significantly diminished
relationship between photoperiod and SAD during the spring and summer mbotreflect
this, the main instrument builds in a zero effesuasption by truncating the negative
photoperiod deviation at zero for the spring and summer moPRtlesious findings regarding
photoperiod effects predict thide first stage coefficiertn a symptom associated with SAD
will be positive.

The bulk of theanalysis uses only the main instrument (implying that the models are just
identifiedin these casgsbutl also allow for summer SAD effects by adding the second
instrumento some specificationsln the specificationsvith paired instrumenighesecoml

variable picks up the potentially weaker effect of latitude in the spring and summer months while

1 For a similar constructioseeKamstra et al. (2003)My set of variables improves on their ind&owever, in that
it allows fora more flexible specificationd identify separateffects across fall/winter and spring/summer). Also,
my specification does not suffer from other criticisms, such as "overlapping dummy esitiabled byelly and
Meschke (2007)



themainvariable picks up the incremental effect in the fall and winter. Thereforeious
findings predicthatthe first stage coefficient on the fyghotoperiod variablevill be negative
and smaller in absolute valaad the coefficient on the truncated variabi# be positiveand
larger in absolute value

| make an adjustment to the two variables because of the time strofctinessymptom
measures Thesymptommeasuregare coded for specific durations, in each d¢hsey daysprior
to the interview dateln order b most accurately capture the effectplbtoperiocbn the
measure in question, | calculate an average afi¢igative photoperiodeviation across the
appropriate lag prior to the interview date. Forrfanvariable, | calculate the lag average
after truncation. Because the measures do not suggest any specific weighting procedure across
the lag periods, | simply weight eachydeaially. This set ofaverags, specific to each
symptommeasure, is the finaglet of SAD instrumentsised in the analysis.

In order to calculate the instruments, | first calculate the sun's declination for each
interview date, which is the angle betwebka earth's axis and a ray from the center of the sun

passing through the center of the earth. For the northern hemisphere this is,

1) dec = 04102 sinc

g365(da34 - 80.25)

4
H
Here,day is the number of the day of the year corresponding to the interview date, whesh va
between 1 and 365 (366 in leap years). Next, the number of hours of darkness on the given

interview date for latitudeis,

e2n (%]
2 hrs, =12- 7.72* arccos— tanldec ).
) S %360 n( Q)H

Equation (A2) is a reduced form calculation

declnation angle to determine the solar terminator (defined as the boundary between the half of



the earth in sunlight and the shadowed hal f)
rotation that a point on the given latitude is in sunlight. Ailsevariable is truncated during the

spring and summer in constructing thainvariable, which is

€0, hrs; <00

(3) hrs, =7 i
jhrs.elsey

The final set of SAD instruments, composed of two variables, is then calculated as an

unweighted average bfs; andhrsy, respectively, across the lagelevant to the variable of

interest. These are given by,

~

al ! 1.t Q
(4) S :% a hrs; .- a hrs; 4.

chi=-i) Vi=w-iy ~ =

In order to illustrate the calculation of the SAD instruments, | show scatter plots of the
major stages of its construction using BFSF®ta (see the Data sectiongampledetails).
Figure 1 shows the number of hours of darkness relative toséinallomean (12our9 for all
observed counties over tgear. In other words, Figufais a graphical representationhofy
calculatedn equation 2). Note that the scatter plot takes on the expected sinusoidal shape over
the year. In addition, the peak of the mean occurs at the winter solstice, the trough occurs at the
summer solstice, and the curve crosses the zero line at eaehegfuihoxes. Points farther from
the zero line have greater latitudes, which represent the northern stagethat data fohlaska
countiesarenot availablé.

Next, Figurelb shows thehrs, variable calculated in equatioB)( whichis the same as

Figurelaexcept that the variable is truncated at zero during the spring and summer. Again, this
variable is included in order to allow for heterogeneous latitude effects between the fall/winter

months and thepring/summer months. Figeg 1candlddepict the set of SAD instrumerfs

1C



calculated in equatiot]. Because the instruments are averagésspfind hrs, lagged over

30 days prior to the interview date, these variables are dampened verslmsa#Httershown
in Figures Aandl1lb. The amplitudes of the peaks are smaller, and the lines that are tangent to
the inflection points have smaller slopes in absolute value. Overall, thougévidéstthat

muchvariation is preserved even after accountingtierlag periods.

B. Empirical Framework

The estimation is motivated by the following hybrid model based on a labor supply
function and a health demand function
(5) E=E(M,X,Y,e)
(6) M =M(E, X,Y,m
whereE is a measure of employnt status (the set of which includes binary variables indicating
employment or unemployment)l is a measure of mental health sta¥is a vector of
demographic characteristicéjs a vector of environmental characteristics (shared by individuals
in agiven geographical are@ndUande areunobservedThe unobservedariabledikely have
shar@l componentsincluding crossequationtime-varying idiosyncratic shockgor example,
the death of a family membeahdunobserved individual level fixed effedfer examplegarly
childhood family environment A least squares estimationafinear version of5) would
produce biased estimates siddelepends ol in (6) andbecause¢here are unobserved

variables correlated with bot¥ andE.

15 Since wage information is unavailable | do not model labor supply directly. The first equation, then, is a model of
the reduced form effect of health status on employment status. The second equation is motivated by the reduced
form equation of health demd derived inGrossman (200BndWagstaff (1986)

11



The analysis is conducted using standardeldhniques in linear modelés a
comparison, | also estimate OLS modé&lsr person in geographical aregat timet, the OLS
models are versions of,

(7) Eq =@, ta My, +a, X, +a,/ +a,d, +an, +e,
wherelb s B sd ar e ¢adsa fvelctor ofitirmendtinsmy variabldsis a vector of
geographic dummy variables and 3 i s a vector olbcatofbgr act er i s
timelevel. Here the coefficient of interest ig,, which is the marginalffect of mental health
on employment status. The vector of demographic variables consists of controls for age, sex,
race,andeducation level. In addition, | include total monthly precipitatiod mean monthly
temperatur® as well asnterview year and onth fixed effects to control for annual and
seasonal labor market cycles. xpre additions to these control variablesch agjeographic
fixed effects and county level labor marketasureswvhen testing robustness.
The IV modelsare oftheform:
(8) My =06, +b.Sy + b, X, + b,/ +b,d,+b,n, +m,

-

(9) Eigt :aO +aml\ﬁigt +axxigt +a//t +addg +anngt +eigt

Here,Sq is the SAD instrument The system is estimated usimg stage least squares which

predicted values d¥liy; are oltained by estimating equation)(&ndthe predicted valuek>¢igt are
used in place dflig; in estimating equation }9n the second stage. The demographic control
variables are the same as in the OLS models, and | present results from a collection of

specifications that include controls such as year amatimfixed effects. The identifying

1% Following the epidemiology literature, precipitation and temperature are believed to have separate effects on
mental health status, but they are correlated with photoperiod (and total light expdsaggannot be excluded
from thesecond stage becaubeymay affect patterns of employment in ways other than through mental health
status.

12



exclusion restriction is th&y; does not enter the employment status equation except through its
effect on mental health statusater, | will discuss the validity of this assumption.

As noted above, all of the asi@ated models are lineprobability models Models
ignoring the endogeneity of labor supply and mental healthlsodinearto allow for more
straightforward comparisons with the IV models. The reported employment variables are binary
variables indicanhg whether or not an individual is included in the given employment status
category Therefore, second stage (and OLS) coefficients may be interpreted as marginal

changes in the probabilithat an individual fallsn agiven employment status category.

4. Data

For the analysis | use data from the 1994 to 2005 waves of the Behavioral Risk Factor
Surveillance System (BRFSS). BRFSS is a repeated-seati®n survey that is conducted
annually by state and U.S. territory health departments with supportiie Centers for Disease
Control. Its intended purpose is to alert federal, state, and local officials to changing health risks.
Because BRFSS includes a large number of respondents distributed across the nation and its
territories, it offers a comphensive look at ovellgpatterns of health. Tableshows population
weighted summary statistics for the subset of BRFSS response variables used in the asalysis (
well asadditional merged variables).restrict the analysis to the 50 U.S. stated te District
of Columbia

A benefit of the data structure is that in many cases geographical information is available
at the county level, providing a rich set of variation in latitudes. ludethe¢ i t ude of t he
center of populatiot in calculathgthe SADinstrument BRFSS only reports the county

identifierfor a given year if at least 50 observations are collected for that ¢cantycluding

7 calculated as a part of the 2000 U.S. Census, this is the popuiatighted centroid.
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observations with missing county identifieegluces the original sample B%%. | also include

total monthly precipitation and mean monthly temperature at the county level in order to control
for weather effectthatmay influence either labor market conditions or mental health status.
Dropping observations with missing precipitation and temperatluevaemoves a furth@9%

of the sample.

In addition to county availability restrictions, | restrict the sample to those indigidua
between the ages of 25 andiB®rder to limit the possibility that education and retirement are
viewed as alternativede employment.This restriction reduces the sample by 39%ext, |
exclude married individuals in order to bypassicerns aboubtra-family dynamics with
respect to labor suppligaving39% of the remaining sampleAlthoughMagnusson and
Partonen (2005uggest that there may be differing latitude effects on mental health symptoms
across theexes, | focus on the combined sample of men and woiesisocompare the full
sample results to separate resfdtsmen and womef?

| drop missing observations for variables included in the main analysis and robustness
checks. | include binary varikgs for black and Hispanic race/ethnicity as well as for graduating
from high school and college. Dropping missing variables for these demographic controls
reduces the sample size by only 1Far some specifications addother county level variables

including unemployment rate, farming and construction industry job proportions, log mean

18| merged in weather data acquired from the Nationmh&ic Data Center (NCDC). The data sets used were the
Summary of the Month Cooperative Data, #E33P0, from 1994005. County information is incomplete,

however. Thusn order to assign temperature and precipitation values to a given county, ategld¢he average
climate variable value acroi®e five closestveather stations located within a 50 mile radius, weighted by the
square of the station's great circle distance from the center of population.

¥Wald tests that the SAD instrument coefficieats different across samples stratified by sex (in a multivariate
regression setting) yield ayalue of 0.001 and 0.2 for the days and binary dependent variable specifications (see
Table 7).

20 Because of the mixed results reported in the previousdtathbreak out results for men and women in some
cases. Since | am considering only unmarried individuals, differences across the sexes are potentially reduced
because issues like spouse labor specialization and traditional household productionyrble®inainated.

14



income, and the proportion of the population who are vetéfaRemoving missing
observations for these variablesluces the sample by a furthés,3yielding a final ample size
of 312784respondents

BRFSS provides data on questions relevabbth employment and mental health.
Respondents are asked, "Are you currently [employment status]?" jehgoeoyment statds
can take on the values "Employed for wages"; “8aiployed"; "Out of work for more than 1
year"; "Out of work for less than 1 year"; "A homemaker"; "A student”; "Retired"; or "Unable to
work." In the empirical analysis that follows, | aggregate these into raleneantcategories,
namely "employed", "uamployed"”, or "out of the labor force." In particular, | aggregate
"Employed for wages" and "Se#fmployed" into the category "employed", "Out of work for less
than 1 year" into "unemployed”, and all other responses as "out of the labor*force."

BRFSS irludes severdiealthrelated quality of life (HRQOL) measures including the
core Healthy Days measures and additional questions in the Quality of Life Optional K¥fodule
Thequestionused inthe analyssame asur e of overall Ouwraldtiah heal
tables)which asks, "Now thinking about your mental health, which includes stress, depression,
and problems with emotions, for how many days during the past 30 days was your mental health
not good?" This measure has a high response ratesat@eriodsind statesand Figure 2
depicts its density. Because the density is skewed towards zero | also report estimation results

where the dependent variable is an indicator for any days reported.

2 Unemployment ratesweredrawnfrom U.S. Census Population Estimates and the Local Area Unemployment
Statistics provided by the Bureau of Labor Statisticformation on the farming and construction industries as well

as log mean incomeere calculated using data from the Regional Economic Accounts provided by the Bureau of
Economic Analysis. The proportion of veterans located in each county was calculated from 2000 U.S. Census data,
so this measure does not vary across years.

2 Although it is unlikely that these categories map directly to employment categories as defined by the Bureau of
Labor Statistics (BLS), my aggregation criteria were based on most closely approximating the mean annual levels of
employment, unemployment, and lalforce participation reported by BLS.

% geeCenters for Disease Control and Prevention (26804 full discussion of the HRQOL measures included in
BRFSS.
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The Healthy Days questions also include measure®mee specifisymptons, all of
which are based on the same temporal structure avénallmental health question. They
include questions abotite el i ng fAsad, blue, or depressedo (r
tense, or anxied®);,(hac&kdodsr@eStress sl eep (no
Avery heal t hy (annodt efdu | a s Sofifcehesenmegreygpgoific questions are
included inan optional modulehey areselected for survey inclusidoy fewer states and
feweryears within the sample perigdepicted in Figure 3)The sample sizes available for
estimation are considerably smaller than for the general mental health quBstoause of
opaqueselection mechanisms and small sample sizes | do not include tlleenainalysis.

A benefitof theoverallmental halth questions thatit is asked in a convenient time
frame. Specifically, itrefers tosymptomsn the 30 days prior to the interview date. This time
frame is large enough to pick up variation in the prapn of time that an individual
experience#t. Although I amunable to perfectly assighAD instrumentvaluesto theexact
days in which symptoms were experienced, an average over the time period of 30 days does not
significantly dampen variation inéhSADinstrumentnecessary for identification. For these
reasons, the lags over which these questions are asked in BRFSS are well suited for an analysis
of photoperioceffects.

To complete the description of the data, each set of results describea@xtbection
includesdemographic controlséx, race, and education statas well as weather (precipitation
and temperature)n addition all specificatios include year and month dummy variakiltes
control for annual and seasonal labor market cydtesther refinements to the baseline

specification are described in the Robustness Checks section.
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5. Results
A. Main Results
Tables 3 throughZincludetheresults, inall cass usingBRFSSsurvey weights They
include first stage and IV estimates witlbustness checks as well as OLS results and the
reduced form effects of the SAD instrument on employment status. In most casdisstumple
is used but | alsareportdisaggregatedesults. Examples of each regression model (i.e. first
stage, IV, OIS, etc.) show coefficients for additional controls, buhiostcases these are
suppressed.
The first stage resulfsr the preferred specificatiaevealexpected patterndn Table3
the coefficient on the SAD instrumegntu s ed i nt er c h ampeeaedoldy eviftelc t fop H
remainder of the papeig positive and significant at ttiere or one percent level for days afat
the binary variableThis is interpreted as a shorter photoperiod (more darkness) leading to more
reported daysf theoverall mental health measurefl he col umns under the he
report regressions that include the sinmcated SAD variable. They show similar results to the
base specification, so | use the more parsimonious specification for the remainder of the analys
Before comsidering the 1V results, Tableshows theeduced forneffects of the SAD
instruments on the probability of employment and unemployment. Men and women are also
considered separately. The SAi3trumentshows modest effects on both employtnend
unemployment with the same sighsitare expected for negative mental health symptoms.
The main results dhe paper are shown in Tablé’5The coefficients have the expected

signs in that the effect of iluoféangénployednent al

| includethe CraggDonald Fstatistic (CDFS) for each IV regression as a test of the strength of the SAD
instrument According toStock and Yogo (2002}ests of weak instruments in the case of one endogenous regressor
andthreeexogenous instruments are as follows. For an estimateificagee level of 5% the IV coefficient could

have an actual significance level of at most 10% if the CDFS is at least 19.93, 15% if the CDFS is at least 11.59,
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while it increases the probability of being unemployed. In general, the former is slightly larger
in absolute value, suggesting that the net flow is out of the labor(faloeilated as the sum of
the instrument coefficients fonalogous employed and unemployed modedisjery coefficient
is estimatedat the 10% percent lev@dr more precisefpr the full sample.Results for the days
symptommeasure center roughly around five percent while results for the Isipgragtom
measureenter roughlypetween forty andfty percent in absolute value

For comparison, Tablé&shows OLS estimates in models that ignore the endogeneity of
mental health symptomsThey are markedly different from the IV estimaté=orthe full
sample the reluction in the probability of employment is absuk times weaker than in the IV
case The result is similar for the probability of unemployment. Taken together, this implies a
greater movement out of employment towards unemployment and out of thélaleovhen
consideringhe IV estimateselative to the OLS estimated hese differenceare in part due to
the correction of endogeneity but also in part due to identification only on those individuals

whose symptoms aptentiallyaffected byphotopeiod.?

B. Robustness Checks
i. First Stage
In this section | exploralternativespecifications andample stratificationsTables &
and 7bdisplay specification checks for the firststaJdhe fiBase o0 specificatior

baseline results as tbereported earliehe A Cnty Varso column incl uc

20% if the CDFS is at least 8.75, and 25% if the CDFS is at least &I&&.the IV estimateould have a bias

relative to the OLS estimate of at most 0.05 if the CDFS is at least 13.91, 0.10 if the CDFS is at least 9.08, 0.20 if
the CDFS is at least 6.46, and Oi3the CDFS is at least 5.39 hey do not report critical values for the weak
instrument test of 1V bias relative bias for omdge ortwo instrumentsbut the critical values are smaller in these
cases (so the above values are conservative cutdifie) SAD instrument is stronger in specifications with the

binary mental health measurat is weaker when estimating days for men and women separately. In the weaker
cases, | leave it up to the reader to determine the appropriate cutoff for the relevant application

% Formally, Imbens and Angrist (1994)efine this as a local average treatment effect (LATE).
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measures intended to more fully capture local labor market conditions relevant for SAD,
including unemployment rate, the proportion of jobs in the farming and construction industries,

the lbg mean income, and the proportion of residents who are vetdraasesults between

these two columns are very similar for both d
AStateodo columns include dummy vatyjaaddheyes t o co
somewhat reduce thphotoperioce f f ec t . However, the coefficierl

in either tablepossiblybecausehese controls mechanically reduce variation in the SAD
instrument, especially in smaller statdhe final couimn in Tables & and7b show results after
removing observations for December and January since winter hotidgygenerate labor
market conditions and stresstrthat arenot picked up by the month dummidss inthe
specifications with geographic conspthe photoperioceffects are reduced. This is possibly
because, also like the geographic specifications, dropping these months directly reduces variation
in the SADinstrumentbut in this case across time (rather than across latitudes).

It is often ahelpful, if notdefinitive, check to compare first stage results with results from
similar regressions that include dependent variables not expecteddodlated wittthe
instrument | regress a measure of poor overall physical health days and BNhoboperiod
and covariates, and the results of these negative tests are shown in Table 8. It might be expected
that physical health and BMI are related indirectly to photoperiod through mental health, but the
relationship is likely weak over a time horizohonly thirty days. The results in Table 8 are
consistent with this hypothesssce the photoperiod effects on physical health and obesity are
not significant.

Table9 shows first stage results for selected sample stratificatidriege results are med

when comparingnen and womegseparatelyn the sense that a Wald test reveals a significant

% partonen and Rosenthal (20@#)! this tre "holiday blues.
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difference for the days variable but fiot the binary variable Perhaps somewhat madestinct
are the sulsamples of respondents who were never married ace married, with significant
differences fothedays and binary varialde Although the coefficients are significantly
different, the effects are arguably small, particularly in the binary variable Attheugh Wald
tests of groups with and withoutyahealth insurance do not show significant differences, the
coefficient estimates suggest that there are perhaps gobateperioceffects for the uninsured.
A similar overall pattern when stratifying by incotesel suggests that individuals with low
income and without health insurance may suffer the greattesvperioceffects. Finally,
individuals who are less than or equal to 40 years old appear to suffer greater photoperiod effects
than those who are older than 40.
ii. Instrumental Variables

AnalogousRobustness checks for the IV estimaies shown in Tables 10 through 12.
First, Tables 10a through d®eport results for alternative specifications. Broadly speaking, the
results are similar to those reported in the first stage specificatichscimethat the coefficients
aremodestlyreducedafter introducing relevant county level controls. The county level controls
have dargerimpact in the second stage than in the first, but this is not surprising since many of
them are direct measureslabor market conditions. Only one of the twelve specifications that
restrict geographic or time variables (those
showssignificantresultsp er haps because of the reatiorin cti ons
the SAD instrument, as discussed earlier.

Table 11 explores an alternative estimation model in which the IV equations for

employed and unemployed status are estimated jGintfyis is warranted since employed and

%" The econometric toolbox has few options for a multinomial variable model in the context of instrumental
variables estimation. | estimate a model proposeddnkman and Macurdy (1988hd implemented bylullahy
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unemployed are more approprigtenodeledusinga multinomial structure (along with the
excluded variablegut of the labor force). The results aesarly identicato those obtained when
estimating the models separately using the IV GMM estimation procedure, as shown in the table.
Although the coefficients appearbe the saméhey are in fact different greaterdecimal
places (some coefficients on the control variables, not shown, are in facblnaresly
different). Also, the standard errors are larger under the joint estimpabcedure.

Table 12shows results for IV estimation when using the second, third, and fourth
roots of the mental health measure (in day$)ese checks are intended to bridge the gap
between the count and binary measures in the sense that the damabievindicating positive

symptom days is the limit of the root function in this context:

1

(10) oo ()= limxm,n=12,...
"x=01,...

From a psychological perspective, tith root is an intuitive way to represent that, in the second
stage of the IV estimation, treemay be a diminishing marginal effect of days with adverse
mental health symptoms on employment outcomes (indeed, the assumption in the binary variable
specification is that there is zero marginal effect after the first d&yd. Fstatistic is larger wh
greater roots, suggesting that the instrument is stronger for greater roots (at least, for those
shown). Additionally, the coefficients on the mental health measure are estinithtgdeater
significancefor greater roots. These resuttay suggestiat modes of diminishing marginal
effects on employmemtreappropriate.

Finally, Tablel3repors |V results forselectedstratified samplesCoefficients for men

and women are in most cases not significantly differéstin the first stage, most tie models

and Sindelar (1996)It is esentially a GMM IV estimation procedure using additional information about the-cross
equation correlation of unobservables when building the estimation weights.
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fail a Wald test that the coefficients are the same for the never and once mansadhglds, but

in many cases the estimated difference is modestthe most parimean estimates for the
uninsured group suggest significantly more adveifeets than for the insured group. On the
other hand, differences between income groups vary by specification of the mental health
measure. Although not significantly different from zer@very case, individuals with high

income experience larger empinent effects of mental health status changes when measured in
days. In contrast, esults for the binary variable show smaller effectshHehigher income

group Finally, individuals who are older than 40 appear to suffer greater employment effects

dueto poor mental health, although the estimates are not significant in many cases.

6. Discussion

The results presented above reveal consistent patterm®iitabute to understanding the
relationship between mental health and employm@8etcause virtugf all experiencesnodify
and aremodifiedby mental healthit is challenging to identify causal relationships when
examiningobservational data. This is in part due to the factititgwidualsreadily adjust their
behavior in response to and in antatipn of situations in which they expect their mental health
to be compromised. For these reasons, it is important to bring to light any variables which are
exogenous to economic systems involving mental health.

A compelling aspect of the SADstruments thatit represerga phenomenon that "casts
a shadow" on every corner of the earth, to the point where it is extremely difficult to avoid.
Barring complete isolation from the outside world, everyone is to some degree aware of the
changes in daylight agss the yearlthough all individuals in the sampbee to some degree

aware of photoperiqdt is possible that only a fraction of the population actually presents
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measurable effects in terms of mental health responses. As mentioned earlier, upderts pe
of the populatiorsuffers from at least subsyndromal SABndvariation in nental health
measures among thesibgroupmay bepicked up by the SAhstruments Mersch (2001)
discusses evidence that even individuals who are not diagnosed with SAD shavalseaso
variation on continuous mood measures, so 25 percent may represent a lower bound on the
proportion of individuals whose response is picked up by therdagsureTo the extent that

the population strongly affected by SAD is different fromuhaffecedpopulation, the IV

results may more accurately reflect relationships in the former gfoup.

Intuitively, there is n@pparenteason tajuestionthevalidity of theSAD instrument
whenappropriate controls arecluded To address conceradongthe time dimension, | have
included highly granular time dummy variables in order to control seasonal or other cycles in
labor markets. With respect to the geographical dimension, | have incorporated controls
intended to reflect relevant epidemiological concasgvell as observable labor market
conditions. To a large degree, these measures are likely to account for unobserved correlates that
could potentiallybias the relationship between mental hegytmptomsand employment.

Another potential source of bias |V estimates is through a behavioral respoasé, an
examplen this casenight bemigration If individuals who are most strongly affected by SAD
seek to ameliorate their situation by moving, thereldbe amigration trend towards the

equator indued by SAD?® However, it is possible that only some individuals are willing to pay

2| do nothave intuition on whether or not the model suffers from essential heterogeseiéined byHeckman et

al. (2006) In this context essential heterogeneity would imply that, conditional on observable charactigstics,

change in employment status fbose individuals affected lphotoperiods different than for those who suffer

symptoms of depression for other reasons. Without this knowledge, | gaedattthe degree to which the

estimated local average treatment effect deviates thenoverall teatment effect

2 Magnussa (2001)shows evidence for differences in susceptibility between ethnic groups and suggests that these
differences may have occurred due to genetic or cultural selection towards acclimatization at higher latitudes. Since
many ethnic groups are more disged in the United States than in Europe, this could partially explain the stronger
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the monetary and psychic costselbcation such as those who are most successful in the labor
market. Inded, this issue contributed to tdecision to exclude individigclose to or at
retirement age out of concern that migration may be a bigger problem for this age Qtoer
concerns about migration may be partially alleviated when considering that the aesoitty
modestly weakeneith specificationsncludinggeographic controls.

That the mental healfymptommeasures in BRFSS do not more closely reflect clinical
diagnostic criteria for mental disorders makes interpretation of the results challenging in some
respects. Since most discussions of mental he@tboaiched in clinical classifications, any
interpretation of the results in a broader context requires translation between the mental health
measures given in these data sets and more widely used clinical classificafil@ns\g detailed
methods for dimg so is beyond the scope of this pafmrt a simple comparis@f meansacross
depression categories yields significant differerifeEhe mental health measures used here
likely suggest meaningful variation in clinical classifications because thesseyitategories of
symptons related to SAD and depression. Also, it is likéBt the estimated effects on
employment statuareappropriately viewed a&t leasappoximations of, say, the effeoft
depression on employment status. From another penapehe clinical diagnostic criteriaf
depression would not have as direct an interpretation as symptoms measured over a well defined
time horizon. The tradeoff, then, is that | sacrificeadlyused dhical classifications for more

temporally welldefined symptom measures.

evidence for latitude effects that has been found in the United States, as discudsesichy(2001) By the same

token, sorting on SAD susceptibility may be less of a conicethS. data.

% The 20032004 National Health and Nutrition Examination Survey includes both the Healthy Days measures and
results from the Composite International Diagnostic Interview. Mean estimates for the number of poor overall
mental health days fgersons with and without an implied diagnosis of depression are 12.46 and 3.22, respectively.
A t test that the means are equal is rejected at the 1% level.
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What practical conclusions migh¢ draw from thefindingspresented hereAn
advantage of the IV technique is that the estimated coefficients may be interpreted as causal
relationshipshavingpolicy implications. That is, oneanview thesecond stageoefficients as
informing interventiors aimed aimprovingmental health statudgnoring general equilibrium
effects oneinterpretation would imply thahe coefficients can bapplied to mean population
wage data in order tatculate individual level expected income gains resulting from the given
intervention. Assuming that the IV estimates represent average treatment effects, a conservative
backof-the-envelope estimate of a single, working agdividuald s e x p e ¢ hcente gam n u a |
from one fewer day per month of poor overall mental health @841$98in 2005! As a
comparisonWang et al. (2007pund that in the context of a randomized controlled trial a
telephonic outreach and care management progielded a return of approximately $1800 of
annualized wagedue to highemean hours worked. The per capita program cost was only $100
to $400.

From a societal perspectiveiervention may be warranted if labor or health care markets
are not perfectly competitiveEmployers may find that specific efforts to improve menéaltin
are more cosgffective in improving employeeetention angbroductivity thanpaying hiring
transactioror training costs On the other handetleral or state governments could intervene in
the case oinformation asymmetry in thieealth insurance arket, particularly with respect to
mental healtfi? For example, enactments of mental health parity laws at the federal and state

l evel i n t he Iha suehinfoAmAtidroasymmeingpy exist tn ;nsutance markets

31 Since BRFSS only includes categories of income, | use data from the March supplement @5 tBer2ént

Population Survey to calculate the population weighted average of household income.

32 Keeler et al. (1988jeport evidence from the Rand Health Insurance Experiment suggesting that adverse selection
and moral hazard may be more acute for mental health care insurance than for other health care.
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for mental health car€. If market failures are present in the market for mental health care
insurancethen there are potential welfare gains if the cost of interventiowes than the
utility gains of improved mental health and the productivity gains of ggtengons with mdal

health problemback to work.

7. Conclusion

Previous studies have examined the relationship between mental health and employment,
with attention given tohe effects of each on the othdrhave argued that the two measures are
simultaneously determed and that their relationship is complex. Rather than attempt to
construct a structural model representing these relationships, data limitations suggest that
usefulapproach to identifying treatment effects is throdghuse ofV models | presentanew
instrumentmotivated by the epidemiology &fAD that isbased on the number of hours of
daylight across latitudes and interview dates, and | argud thaglid in estimating the effects
of mental health on employmestatus

The results presentdatre show thgthotoperiod through its determination &AD, has
significant adverse effects omental health outcomesdn turn, | am able to estimate the effects
of mental health outcomes employment statug-or the full samplel find that an addional
day of poor overall mental health (of the last thirty days) decreases the probability of
employment byverfive percentage points and increases the probability of unemployment by
under fivepercentage points.

Since employment is vital in determng individual income, benefits, and other
economywide outcomes, the potential impactméntal health statusould beof considerable

interest tdboth employers and governmeatghe federal and state levelBhe results presented

3 Seezuvekas et al.1998)for a detailed discussion of mental health parity legislation.
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here suggest that leilmcome, uninsured individuals may suffer the most severe effBetsause
these individuals likely fall under the purview of government health insurance programs, it is
important for legislators and program administratorsaee a thorough understandioigthe

employment implications of mental health treatmg&héen consideringhanges t@olicy.
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Table 1. Diagnostic Criteria of SAD

Specify if, with Seasonal Pattern (can be applied to the pattern of Major Depressive Episodes in
Bipolar | Disorder, Bipolar Il Disorder, or Major Depressive Disorder, Recurrent):

A. There has been a regular temporal relationship between the onset of Major Depressive
Episodes
in Bipolar | or Bipolar Il Disorder or Major Depressive Disorder, Recurrent, and a particular
time of
the year (e.g., regular appearance of the Major Depressive Episode in the fall or winter).
Note: Do not include cases in which there is an obvious effect of seasonal-related
psychosocial
stressors (e.g., regularly being unemployed every winter).

B. Full remissions (or a change from depression to mania or hypomania) also occur at a
characteristic

time of the year (e.g., depression disappears in the spring).

C. Inthe last 2 years, two Major Depressive Episodes have occurred that demonstrate the
temporal
seasonal relationships defined in Criteria A and B, and no nonseasonal Major Depressive
Episodes
have occurred during that same period.

D. Seasonal Major Depressive Episodes (as described above) substantially outnumber the
nonseasonal Major Depressive Episodes that may have occurred over the individual's
lifetime.
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Table 2. Summary Statistics, BRFSS

N =312784 N =125145 N = 187639
Variable Min Max Mean Mean (Men) Mean (Women)
Latitude | 21.426 48.831 37.279 37.264 37.294
Full SAD | -4.086  3.833 -0.191 -0.185 -0.198
Truncated SAD 0 3.833 0.708 0.712 0.705
Age 25 59 39.148 38.028 40.227
Black 0 1 0.179 0.143 0.213
Hispanic 0 1 0.145 0.144 0.146
HS Grad 0 1 0.886 0.892 0.881
College Grad 0 1 0.320 0.331 0.309
Avg Mthly Precip 0 27.388 3.167 3.135 3.198
Avg Mthly Temp | -4.379 96.865 58.283 58.247 58.318
Employed 0 1 0.784 0.821 0.749
Unemployed 0 1 0.078 0.076 0.079
Northeast Region 0 1 0.162 0.157 0.167
Midwest Region 0 1 0.200 0.199 0.200
South Region 0 1 0.327 0.323 0.331
Cnty Unempl Rate | 0.011 0.311 0.052 0.052 0.053
Cnty Farm Empl | 0.000 0.275 0.010 0.010 0.009
Cnty Construct Empl | 0.004  0.258 0.056 0.056 0.056
Cnty Ln Income | 9.535 11.397 10.412 10.449 10.438
Cnty Veterans | 0.031 0.325 0.093 0.093 0.093

Means are adjusted using BRFSS population weights. Persons living in hospitals, nursing
homes, prisons, military bases, and college dormitories are not interviewed by BRFSS.
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Table 3. First Stage, Preferred Specification, Full Sample

Truncated SAD
Full SAD

Male

Age

Age Squared
Black

Hispanic

HS Grad
College Grad
Avg Mthly Precip
Avg Mthly Temp
Year Dummies
Month Dummies
Observations

Cragg-Donald F-stat
Wald P-value

Base Flexible
Days Binary Days Binary
0.301 0.033 0.499 0.067
(0.132)**  (0.008)*** (0.190)*** (0.013)***
-0.152 -0.026
(0.101) (0.007)***
-1.625 -0.127 -1.625 -0.127
(0.081)***  (0.004)*** (0.081)*** (0.004)***
0.218 0.007 0.218 0.007
(0.023)***  (0.001)*** (0.023)*** (0.001)***
-0.003 -0.000 -0.003 -0.000
(0.000)***  (0.000)*** (0.000)*** (0.000)***
-0.711 -0.076 -0.707 -0.075
(0.111)***  (0.006)*** (0.112)*** (0.006)***
-0.973 -0.061 -0.965 -0.059
(0.105)***  (0.006)*** (0.105)*** (0.006)***
-1.583 -0.025 -1.584 -0.025
(0.186)*** (0.008)*** (0.186)*** (0.008)***
-1.427 -0.022 -1.427 -0.021
(0.060)***  (0.004)*** (0.060)*** (0.004)***
0.019 -0.003 0.020 -0.003
(0.013) (0.001)***  (0.013) (0.001)***
0.008 0.001 0.010 0.001
(0.005)* (0.000) (0.005)**  (0.000)**
Yes Yes Yes Yes
Yes Yes Yes Yes
287803 287803 287803 287803
18.40 64.11 12.93 63.85
0.012 0.000

* significant at 10%; ** significant at 5%; *** significant at 1%. Robust
clustered (by county) standard errors in parentheses. Column titles
denote specifications while row titles denote independent variables.

32






