
Are Recessions Good for Your Health? AMacroeconomic AnalysisHui He∗ Sheng-Ti Hung†15th February 2011University of Hawai'i at ManoaAbstractThis paper �rst documents several important business cycle propertiesof health expenditures across countries. We then develop a stochasticdynamic general equilibrium model with endogenous health accumulation.The model has three distinguished features: 1). Health enters into utilityfunction; 2) Health enters into production function; 3). Both goods andtime input are used to produce health stock. We calibrate the model to USeconomy. The results replicate the stylized facts of medical expenditureand health status over business cycles. We also investigate the relativeimportance of each feature in a�ecting the business cycle properties ofhealth accumulation.JEL classi�cation: E22, E32, I12Keywords: Business cycles; Health expenditure1 IntroductionThe share of health expenditure in GDP has been increasing over the past 60years. Take the United States as an example, the aggregate health expenditureas a share in GDP was approximately 4 % in 1952, 9 % in 1980, and jumpedto 16% in 2008. There are many studies aiming at explaining this long-runtrend in health expenditure-GDP ratio. Hall and Jones (2007) suggest that theincreasing health expenditure-GDP ratio is due to the income e�ect and the factthat health is a luxury good. Suen (2006) argues that technological change inmedical care is the major driving force behind the increase in aggregate healthexpenditure. Fonseca et al. (2009) estimate that technological change along
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with the increase in the generosity of health insurance explains major part ofthe rise in health spending while the income e�ect only explains less than 10%.Although the literature on explaining long-run trend of health expenditure isalready abundant, less research has been done on examining the short-run �uc-tuations of health expenditure. A series of in�uential papers by Ruhm (2000,2003, 2005) show striking results that recessions might be good for health bydemonstrating a counter-cyclical property of state-level mortality rate. In Ruhm(2000), he uses the mortality rate related to ten speci�c diseases as a proxy ofhealth status and unemployment rate during the time period 1979 to 1991 as aproxy of the state of the economy and �nds 1% increase in the unemploymentrate is associated with a 0.54% reduction in mortality rate. Ruhm (2003) fur-ther examines the relation between health status and medical care utilization�uctuation with state macroeconomic conditions. He conjectures four chan-nels that explain why good economic times might worsen individuals' healthstatus. First, when economy is in boom, it makes individuals feel costly tomaintain time-intensive health-producing activities such as exercise. Second,assuming health being an input into production of goods and services, longworking hours and stressful environment caused by short-lasting economic ex-pansions might have negative e�ects on health. Third, income growth mightincrease the propensity of taking risky activities such as smoking, drinking anddangerous entertaining exercise, which a�ects health negatively. (also see Free-man 1999; Ruhm and Black 2002).1 Finally, large migration �ows in repsonse tochanges in local economic conditions might raise the death rate in destinationsstates via increasing crowding and tra�c fatality.Ruhm's �nding has been strengthened by subsequent researches. Neumayer(2004) �nds the counter-cyclical property of physical health by applying similarmethods as in Ruhm (2000, 2003, 2005) to German data. He estimates that a1% point drop in unemployment predicts a 0.7% to 1.1% rise in total mortality.Gerdtham and Johannesson (2005) con�rm Ruhm's �nding by using a largescale individual data set in Sweden which covers time period of 10-16 years.Gerdtham and Ruhm (2006) extend Ruhm (2000) by using the aggregate datafor time period from 1960 to 1997 and for 23 OECD countries. Their �nding isconsistent with Ruhm's previous results that total mortality and death rise whenlabor market strengthens and the e�ects are particularly strong for countrieswith weak social support systems. Bhalotra (2010) investigates the impactof aggregate income shocks on infant mortality in India and �nds that ruralinfant mortality is counter-cyclical. On the other hand, Miller et al. (2009) notonly replicate Ruhm's estimations but also advance the understanding of themechanisms that are likely to explain the counter-cyclical property of mortality.In particular, they aim to distinguish health changes resulting from changesin individuals' own work and health related behaviors (i.e., the �rst and thirdchannel in Ruhm 2000) and health changes that are related to �externalities�associated with macroeconomic conditions (i.e., the second and fourth channel1Xu and Kaestner (2010), however, �nd that people are more likely to involve in unhealthybehaviors such as smoking and drinking during temporary economic downturns.2



in Ruhm 2000). Decomposing the morality rate regression exercise in the spiritof Ruhm (2000) by age, sex, race, and causes of death, their results show that theprimary causes of death contributing to cyclical mortality �uctuations amongworking-age population are not due to changes in individuals' own employmentstatus, work, or health behaviors. In contrast, the business cycle externalities(second and fourth channel in Rhum 2000) play an important role in healthchanges.All these researches, however, focus on microeconomic dimension and gen-erally use approximation for macroeconomic condition. They do not directlydocument business cycle properties of health status and health expenditure.All these papers are also empirical and don't have theoretical model that canbe used to quantify the relative importance of the channels that Ruhm (2000)conjectures.Our paper attempts to �ll the void. Our contribution is twofold. First, wedocument the business cycle properties of health expenditure across countriesfollowing the mainstream macroeconomic literature (e.g., Cooley and Prescott1995). Second, we develop a stochastic dynamic general equilibrium model withendogenous health accumulation. The model has three distinguished features:1). Health enters into utility function; 2) Health enters into production function;3). Both goods and time input are used to produce health stock. We calibratethe model to US economy. The results replicate the stylized facts of medicalexpenditure and health status over business cycles. We also investigate therelative importance of each feature in a�ecting the business cycle properties ofhealth accumulation. As far as we know, this is the �rst paper to do so.The paper is organized as following. Section II describes the data we use andempirical results. Section III presents our benchmark model. Section IV outlinesthe calibration of the model and demonstrates the benchmark results. SectionV decomposes each feature of the model and evaluate its relative importancein driving the results. Section VI conducts sensitivity analysis. Section VIIconcludes.2 DataAnnual data on health expenditure and GDP for 12 OECD countries over the1970-2008 period (except for France: 1990-2008; Italy: 1988-2008; and SouthKorea: 1980-2008) are taken from the OECD Health Data 2010 ( OECD, 2010).2To be consistent with our model, we apply CPI index in each country to ob-tain annual real GDP and annual real health expenditure for each country. Wethen take a natural log on these variables and use H-P �lter to detrend them.3From data of these 12 countries, we observe a similar pattern on the positivecorrelation between health expenditure and GDP and a signi�cant volatility onhealth expenditure. Table 1 provides summary results. Most countries in the2including Australia, Canada, France, Germany, Italy, Japan, Norway, South Korea, Swe-den, Switzerland, UK, and US.3We set parameter λ = 400 in the H-P �lter to be consistent with the annual data we use.3



table show a signi�cantly positive correlation between GDP and health expen-diture except Germany and France.4 United Kingdom and Italy show a strongcorrelation between health expenditure and GDP which are 0.736 and 0.745,respectively, at 1% signi�cant level followed by Sweden 0.713, South Korea0.690, Switzerland 0.608, Norway 0.581, Japan 0.574, Australia 0.474. UnitedStates has a relatively weaker positive correlation between health expenditureand GDP. It is 0.301 at a 10% signi�cant level. France and Germany show posi-tive correlation between health expenditure and GDP but fail to be statisticallysigni�cant. Canada demonstrates a slightly negative and insigni�cant correla-tion between health expenditure and GDP. In order to check robustness of ourresults, we also apply Band-Pass �lter to examine the cyclical features of GDPand health expenditure. Countries which show signi�cantly positive correlationsvia H-P �lter are con�rmed again in Band-Pass �lter. For US, the positive cor-relation between GDP and health expenditure becomes more signi�cant. It is0.3951 at 5% signi�cant level. Germany turns to a positive correlation 0.3663at 5% signi�cant level. The results are also robust to the price index we use.For most of countries, we still observe a positive correlation between GDP andhealth expenditure using GDP de�ator.Figure 1 to 6 show the cyclical features of health expenditure and GDP forUnited States, United Kingdom, Australia, Germany, Italy and Japan. Figure1 shows the detrended health expenditure and GDP for U.S. We can see thatthe health expenditure co-moved with GDP before 1980. After 1980, the healthexpenditure diverged from GDP. Germany is another example of non-positivecorrelation between health expenditure and GDP as shown in Figure 4. UnitedKingdom, Japan, Italy and Australia, however, all show a strong pro-cyclicalityof health expenditure over time.3 ModelIn this section, we describe the benchmark model that we are going to use forthe remaining parts of the paper. It is an in�nite-horizon stochastic generalequilibrium model with endogenous health accumulation. The model has threedistinguished features: 1). Health enters into utility function; 2) Health entersinto production function; 3). Both goods and time input are used to producehealth stock. The economy consists only one good which can be used for con-sumption, or medical care, or investment.3.1 The EnvironmentThe model economy consists of a representative agent with following preference
max

∑

∞

t=0 β
tu(Ct, Lt, Ht)4Both countries show a slightly negative correlation between GDP and health expenditure(but not statistically signi�cant) in H-P and Band-Pass �lter as well. The latter might beresulted from relatively short observed years. 4



with period utility function motivated by Huang and Hu�man (2010)
u(Ct, Lt, Ht) =

log[λC1−η
t + (1 − λ)H1−η

t )

1− η
+ ρlogLt (1)The agent maximizes her utility subject to the following constraints

Ct +M t + It ≤ eztKα
t (NtHt)

1−α (2)
It = Kt+1 − (1 − δk)Kt (3)

Ht+1 = (1− δh)Ht +B(Mθ
t L

1−θ
t )ξ (4)

1 = N t + Lt (5)
Zt+1 = χZt + εt+1 (6)

Ct ≥ 0, K0,H0 > 0 givenwhere C is consumption, L is leisure, H is health stock. M denotes medicalexpenditure and N is working hours. Z represents the productivity shock and isthe only source of uncertainty in the model economy. β denotes the subjectivediscount factor. Consumption and health is bundled in a CES function withthe elasticity of substitution between C and H determined by 1
η . λ determinesthe weight of consumption in the consumption-health bundle in the preference.

ρ is the weight of leisure. Equation 2 is the resource constraint where α is theshare of capital. Equation 3 and 4 are the law of motion for physical capital andthe health stock, respectively. δk and δh are the depreciation rate for capitaland health, respectively. Notice that the health investment technology is aCobb-Douglas function with both medical expenditure and leisure as inputs. Bmeasures the productivity of health investment technology. θ is the share ofgoods investment (medical expenditure) in health production technology and
ξ represents the return to scale for the technology. Equation 5 is the timeconstraint. The agent splits her time among working hours and leisure. Finally,equation 6 is the law of motion of zt, where the innovation ε is distributednormally with mean zero and standard deviation σε.

5



3.2 First Order ConditionsDe�ne
MPKt = αAtK

α−1
t (NtHt)

1−α (7)
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α
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MPVt = B(1 − θ)ξMθξ

t L
(1−θ)ξ−1
t (10)

MPM t = BθξMθξ−1
t L

(1−θ)ξ
t (11)where MPKt denotes the marginal product of capital, MPNt is the marginalproduct of labor, MPHt is the marginal product of health, MPVt is themarginal product of leisure in health production technology, and MPMt is themarginal product of medical expenditure in health production technology. Wehave the following �rst order conditions
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} (14)Equation 12 represents the inter-temporal Euler equation for physical cap-ital. Equation 13 is the intra-temporal condition which governs the choice be-tween working hours and leisure. It says that the marginal rate of substitu-tion between leisure and consumption is equal to the e�ective real wage. Theintra-temporal condition suggests that the cost of enjoying one unit of leisure isactually lower in our model compared to the one in the standard RBC modelwhich has the FOC ∂U/∂Lt

∂U/∂Ct
= MPNt. With health in the model, leisure does6



not only enter into the utility function but also helps improving health stock toenhance productivity. This is a gain which is embodied in MPVt. The gain,however, is discounted by the fact that if the agent chooses to enjoy one moreunit of leisure, she also loses one unit of labor supply and hence the labor incomedecreases. This will reduce her medical expenditure by MPMt. The additionalterm in the right-hand-side of equation 13 MPVt

MPMt
thus captures the marginalbene�t of increasing leisure to health stock, which should be deducted from theopportunity cost of leisure MPNt. Finally, equation 14 is the Euler equationregarding the accumulation of health stock. An representative agent faces achoice between consumption and health expenditure. If she chooses to spendone additional unit on health expenditure, she loses utility by ∂U

∂Ct
, but shegains by increasing health stock for tomorrow by the amount of MPMt. Higherhealth stock for tomorrow will �rst bring her higher utility by ∂U

∂Ht+1
since healthdirectly enters into the utility function (Grossman 1972 calls it the consumptionmotive). Second, with better health, the e�ective labor supply increases and inturn transforms into higher labor income and higher consumption, which bringshigher utility. The term ∂U

∂Ct+1
MPHt+1 thus captures so-called investment mo-tive for health expenditure. Finally, with better health tomorrow, she also hasa better starting point of health stock brought to the future. This saves medicalexpenditure and can hence use for higher consumption in the long run. Thiscontinuation e�ect is captured by the last term(1− δh)

∂U/∂Ct+1

MPMt+1
.4 Calibration and Benchmark Results4.1 ParameterizationIn this section, we outline the parameters used in the benchmark model. In or-der to avoid arti�cial parameters issue, except for some parameters that we can�nd values used in relevant studies, we calibrate the parameters by matchingcorresponding moment conditions that represent the long-run average ratio inUS economy. The summary of parameters and corresponding moment condi-tions is shown in Table 2. The capital-output ratio 3.32 and depreciation rateof capital 7.6% come from Cooley and Prescott (1995).5 The depreciation rateof health is taken from Scholz and Seshadri (2010). The elasticity of substi-tution between consumption and health is taken from Halliday et al. (2010).With η = 8.85, the elasticity is 0.11 which shows that health and consump-tion are strongly complementary. The return to scale for health productiontechnology ξ = 1 is suggested by Grossman (1972). For those calibrated param-eters, β is used to match capital-output ratio 3.32; λ is pinned down to matchconsumption-output ratio 0.63;6 ρ is calibrated by matching average working5More accurately, the depreciation rate of capital 7.6% is an annualized version of the num-ber used in Cooley and Prescott 1995 without population growth and technological change.6Given the depreciation rate of capital and capital-output ratio, investment-output ratioin US economy is about 25% and hence consumption-output ratio is 75%. Since medicalexpenditure-output ratio is 12% for period 1970-2008, non medical consumption-output ratio7



hours ratio 0.31;7 B is calibrated by matching health expenditure-output ratio12% which is the average for the period 1970-2008; and �nally θ is pinned downby matching health expenditure-total consumption ratio 17%.8We construct Solow residuals zt for this economy from annual NIPA datafor period 1970-2008 following standard approach. We set the autocorrelationcoe�cient χ to be 0.95 by following Cooley and Prescott (1995). We estimatethe standard deviation of innovations σε to be 0.0125.4.2 Benchmark ResultsTable 3 presents the standard deviations of the key variables and the correlationcoe�cient of each variable with output from the simulation of the benchmarkeconomy. For purpose of comparison, we also report the data counterpart of themeasurements in the �rst column of the table. Cooley and Prescott (1995) showthat the real business cycle model is able to explain 66% of business cycle �uc-tuation from a single TFP shock for time period 1954-1991. Their measurementon key variables is quarterly data. In our benchmark model, the only sourceof uncertainty is the TFP shock as well. Our measurement on key variableshowever is annual data. Our benchmark model reports the standard deviationof GDP being 1.77%, which explains about 67% of the standard deviation ofGDP in US data. The number comes surprisingly close to that found in Cooleyand Prescott (1995). Meanwhile, we are able to capture the cyclical features ofhealth expenditure which have not been considered and documented in the RBCliterature. Medical expenditure exhibits a standard deviation of 2.28% in thedata. It is about 85% of that of GDP. The standard deviation of medical expen-diture in the model is 1.34%. It captures about 76% of the standard deviationof GDP in the model. The model also predicts a very strong positive correla-tion between medical expenditure and GDP, although the US data only showsa correlation 0.3. Probably the most important �nding is that the benchmarkmodel is able to generate a negative correlation between health stock and GDPas shown in Ruhm (2000). Ruhm (2000) uses proxies to approximate healthstock and GDP in his estimation. Our results here con�rm his �nding based ona structural model and direct measured health stock and GDP.For purpose of comparison, we also calibrate a version of the benchmarkis thus 63%.7OECD statistics show that average annual hours worked per worker in US for period1970-2007 is 1832.7 hours. We divide it by 365Ö16 which we interpret as the total availablediscretionary hours per year. It ends up with 31%. This number is also the same as the oneused in Cooley and Prescott (1995).8Data is taken from Huang and Hu�man 2010 for the period 1980-2008.
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model without health (called it traditional RBC model).9 Table 3 reports theresults from that model as well. Our benchmark model seems doing a good jobin replicating the measurements for all key variables compared to this traditionalRBC model except on one dimension, the working hours. The benchmark modelsigni�cantly reduces the volatility of working hours compared to the traditionalRBC model. Given the latter already underpredicts the standard deviation ofworking hours compared to that in the data, the benchmark model makes iteven worse.5 Decomposition ExperimentsWhy are recessions good for health? Ruhm (2000) makes a conjecture by bring-ing four mechanisms that macroeconomic conditions might a�ect health status(or to be more speci�c mortality rate). First, when economy expands, wageincreases and hence the opportunity cost of leisure also increases. Leisure timedecreases, making it more costly to undertake health-producing activities thatare time-intensive (such as exercise) or schedule medical appointments. Let'scall it time channel. Second, if health is an input in the production function,then when economy expands, more directly hazardous working conditions, job-related stress, and the physical exertion of employment might have negativee�ects on health. We can call it production channel. Third, drinking and driv-ing rise in good times, leading to higher motor vehicle fatality rates. We cancall it consumption channel. Finally, migration �ows are sensitive to changesin local economic conditions. This mobility might have the potential to raisedeath rates in destination states through increasing crowding and the importof disease from new migrants. We call it migration channel. These four chan-nels all lead to a negative correlation between business cycles and health stock.9The social planner's problem in the traditional RBC model is following:
max
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Due to the structure of our benchmark model, we cannot address the consump-tion and migration channel. However, with three distinguished features in themodel as mentioned in Section 3, we cover the time channel and productionchannel as in Ruhm (2000). We also add in two other channels that link healthstock with business cycles. Since in the utility function health is complementaryto consumption, when economy expands due to a positive productivity shock,consumption increases and hence will also raise health stock through this com-plementarity. Therefore, this channel (we call it utility channel) tends to makehealth stock positively co-moves with GDP.10 Finally, since medical expenditureis used in producing health, health expenditure increases along with economicupturns and consequentially improves health stock. This channel (we call itgoods channel) again reinforces the utility channel to make health stock pro-cyclical. Therefore in our benchmark model, two channels make health stockcounter-cyclical, and the other two channels make it pro-cyclical. The equi-librium e�ects of business cycles on health thus is determined by the relativeimportance of each channel. In this section, in order to quantify relative im-portance of each channel and let us understand better the mechanisms behindthe counter-cyclicality of health status as shown in Ruhm (2000), we conduct aseries of counterfactual experiments to decompose the e�ect for each channel.115.1 Health in Preference Only ( Model 1)In this economy, an agent still derives her utility from consumption, health andleisure. However, health is not an input in production function. Our model thuschanges to
max
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1 = N t + Lt10To be more accurate, they are two layers of pro-cyclicality can be generated from theutility channel. One is through the complementarity. Another is health enters directly intothe utility function as a normal good. See footnote 12 for the further decomposition of thee�ect of these two layers on the cyclicality of health stock.11In order to decompose the goods channel, we have to only use time to produce healthin equation 4. But this will lead to zero health expenditure and hence cannot evaluate anybusiness cycle feature of this key variable. Therefore, we cannot isolate the goods channelfrom others. 10



Zt+1 = χZt + εt+1

Ct ≥ 0, K0,H0 > 0 givenWe recalibrate this model and the results are reported in the fourth columnof Table 3. Compared to the results of benchmark model, we see the correlationbetween health stock and GDP changes from -0.1152 in the benchmark to 0.2335in model 1. The only di�erence between the benchmark model and model 1is we shut down the production channel in the latter. Therefore, this exerciseshows that the production channel indeed generates counter-cyclicality of healthstock. The di�erence in ρ(H,Y ) is 0.35 between the two cases. That measuresthe magnitude of counter-cyclicality provided by the production channel.Shutting down production channel also has signi�cant impact on businesscycle properties of medical expenditure. The standard deviation of medical ex-penditure dramatically increases from 1.3372 in the benchmark model to 3.1156in model 1. This is because the substitution between labor supply N and healthstock H in production function provides stablization to the economy. When theeconomy expands due to positive productivity shock, labor supply increases.But since N and H are bundled in production function, when N increases,
H tends to decrease. That is the main mechanism why the production chan-nel provides counter-cyclicality of health stock. The substitution between Nand H can be seen clearly comparing the volatility of N and H between thebenchmark model and model 1. From benchmark model to model 1, we losethe stability brought by the production channel, volatility of health stock in-creases from 0.0764 to 0.3031. Increasing volatility of health stock thus makesthe investment in H , which is medical expenditure, more volatile.5.2 Health in Production Only (Model 2)In this economy, health does not enter into the utility function but remains asan input in production function. The social planner's problem changes to
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Zt+1 = χZt + εt+1

Ct ≥ 0, K0,H0>0 givenWe recalibrate this model again and the results are reported in the �fthcolumn of Table 3. Compared to the results of benchmark model, we see thecorrelation between health stock and GDP changes from -0.1152 in the bench-mark to -0.7154 in model 2. The only di�erence between the benchmark modeland model 2 is that the utility channel is completely shut down in model 2. Thedi�erence of cyclicality of health is about 0.60, which measures the magnitudeof utility channel in driving pro-cyclicality of health stock. Another noticeabledi�erence is, contrast to model 1, the volatility of medical expenditure decreasessigni�cantly from 1.3372 in benchmark model to 0.6216 in model 2. Utility chan-nel ampli�es the volatility of M . This is because the complementarity betweenconsumption and health magni�es the e�ect of productivity shock to medicalexpenditure. When economy expands due to a positive productivity shock,GDP and consumption increase. The utility channel induces health increase,which requires higher health investment (i.e., M). In other words, the utilitychannel adds in another layer of volatility to medical expenditure. It not onlymakes M more volatile but also ties up the co-movement between consump-tion and medical expenditure. By shutting down the utility channel, ρ(M,Y )decreases dramatically from 0.9496 in benchmark case to 0.1997 in model 2.Utility channel thus strengthens both volatility and pro-cyclicality of medicalexpenditure.5.3 Goods Investment in Health Only (Model 3)In this economy, we shut down the time channel from the benchmark model.Health still enters into preference and production function. However, only goodsinput (medical expenditure) is used to produce health. The model changes to
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Ct ≥ 0, K0,H0 > 0 givenWe recalibrate the economy and report the results in the sixth column inTable 3. By shutting down the time channel, compared to the benchmark case,we see the correlation between health stock and GDP changes from -0.1152 to0.1743 in model 3. This tells us the magnitude of the time e�ect on cyclicalityof health stock is about -0.29. Time channel does generate counter-cyclicalityof health stock as predicted by Ruhm (2000).Except for the e�ect on cyclicality of health stock, the impact of time channelon the business cycle features of other key variables are quite small compared toModel 1 and 2. For example, adding time channel only reduces the volatility ofmedical expenditure from 1.5522 to 1.3372. Since leisure is counter-cyclical, it isnot surprising that add time input in health production will help to reduce bothvolatility and pro-cyclicality of health expenditure. However, the magnitude oftime channel is much less signi�cant compared to the production and utilitychannel.5.4 Summary and IntuitionBy doing decomposition exercises as mentioned above, we can isolate the im-pact of each channel and evaluate relative importance of each mechanism. Forexample, when compare model 1 with the benchmark model, we can see themagnitude of production channel is -0.35, the magnitude of time channel is-0.29, and the magnitude of utility channel is 0.60. Therefore among thesethree channels, we conclude that utility channel is the most important in af-fecting ρ(H,Y ). Production channel is the second. And the time channel is theleast important. We do this evaluation to the key variables we are interestedand summarize the �ndings in Table 4. We �nd that time and production chan-nels, which generate counter-cyclicality of health stock, dominate the utility andgoods channels, which drive pro-cyclicality of health stock. That's the reasonwhy we replicate the main result in Ruhm (2000). However, interestingly, thesimple sum of magnitude of counter-cyclicality from time and production chan-nel is equal to or might be less than the sum of magnitude of pro-cyclicality fromutility and goods channel (given goods channel will also generate ρ(H,Y ) > 0).This indicates that there is a strong interaction between the time and produc-tion channel. We also �nd that the time channel, although highlighted by Ruhm(2000), plays the least important role in a�ecting the cyclicality and volatility ofhealth stock and health expenditure. This �nding con�rms Miller et al. (2009)'sconclusion that individuals' own labor market involvement is not the key mech-anism behind the counter-cyclicality of health. In addition, We �nd that theutility channel and the production channel switch its role in driving the cycli-cality and volatility of health stock and health expenditure, respectively. Theutility channel is the leading mechanism in a�ecting cyclicality of health andmedical expenditure, while the production channel is the most important factorin driving the volatility of health and medical expenditure. Our intuition is thatsince the only source of shock comes from the production side in the model, it is13



not surprising that the production channel plays a more direct role in a�ectingthe volatility. The utility channel, on the other hand, links consumption andhealth stock (and hence medical expenditure) tightly through complementaritybetween consumption and health stock. Therefore, it a�ects more directly thecorrelation of health stock and health expenditure.6 Sensitivity analysisIn this section, we conduct a sensitivity analysis to investigate how our re-sults are a�ected quantitatively by changing the model setting of time input inhealth production and changing elasticity of substitution between health andconsumption in the preference.As we show in Table 5, the complementarity between consumption andhealth is a crucial channel in a�ecting cyclically and volatility of health andmedical expenditure. To test the sensitivity of our results to this elasticity, wetake an extreme case to let η be equal to 1. In other words, we shut down thecomplementarity completely. We then recalibrate and compute the benchmarkmodel. The results are shown in the third column of Table 5. ρ(H,Y ) changesfrom -0.1152 in the benchmark model to -0.3480. Shutting down the comple-mentarity does weaken the importance of the utility channel as we expect.12However, it does not a�ect signi�cantly the other dimension of business cycleproperties of key variables compared to the benchmark model.Grossman (1972) argues that health capital is di�erent from other formsof human capital in the sense that human capital a�ects an individual's laborproductivity, while health capital determines the total amount of time she canspend in working. In other words, if you are healthier, the sick time decreasesso that you can spend more time in market and non-market activity. Ourproduction channel captures the human capital feature of the health stock. Butit does not really model the sick time mechanism mentioned in Grossman (1972).As a robustness check, we change the benchmark model to replace the originalproduction channel with this sick time mechanism. The social planner's problemis as follows
max

∞
∑

t=0

βtu(Ct, Lt, Ht)with period utility function
u(Ct, Lt, Ht) =

log[λC1−η

t
+(1−λ)H1−η

t
)

1−η +ρlogLtsubject to12The magnitude of the utility channel in a�ecting ρ(H, Y ) decreases to 0.37 under η = 1.This shows that the complementarity e�ect alone captures 0.23 out of 0.60, i.e., around 38%of the counter-cyclicality of health stock, while the pure utility channel accounts for 62% ofthe counter-cyclicality. 14



Ct +M t + It ≤ eztKα
t Nt

1−α

It = Kt+1 − (1 − δk)Kt

Ht+1 = (1− δh)Ht +B(Mθ
t L

1−θ
t )ξ

1 = N t + Lt + St

St = QH−γ
t

Zt+1 = χZt + εt+1

Ct ≥ 0, K0,H0 > 0 givenwhere St denotes sick time. Q is the scale factor of sick time and γ measuresthe sensitivity of sick time to health status. Grossman (1972) suggests that
γ = 1. We take that value for γ. However, we still need to calibrate theadditional parameterQ. Following Halliday et al. (2010), we use average ratio ofsick time out of total discretionary time 2.1% as an additional moment conditionto pin down Q. This ends up with Q = 0.013.13 Given these parameters, wecompute the benchmark model and report the results in the fourth column ofTable 5. We �nd that the results of the sick time model are quite close to thosein model 1 (no health in production). Our take is that since sick time onlyaccounts for a small fraction of time endowment and hence does not a�ect laborsupply signi�cantly, this model is essentially much like the model without healthin production function.147 ConclusionAre recessions good for your health? And why? This paper �rst documentsseveral important business cycle properties of health expenditures across coun-tries. We then develop a stochastic dynamic general equilibrium model withendogenous health accumulation. The model has three distinguished features:1). Health enters into utility function; 2) Health enters into production function;3). Both goods and time input are used to produce health stock. We calibratethe model to US economy. The results con�rms the �nding in Ruhm (2000)showing health stock is counter-cyclical. The model is also able to replicatesome important business cycle features of medical expenditure. We investigatethe relative importance of each model feature in a�ecting the business cycleproperties of health accumulation. We �nd that the utility channel (feature 1)is the leading mechanism in a�ecting cyclicality of health and medical expen-diture, while the production channel (feature 2) is the most important factorin driving the volatility of health and medical expenditure. The time channel13The other �ve calibrated parameters are β = 0.9574,λ = 0.1410, ρ = 1.2920, B = 0.1765,and θ = 0.6142.14In an unreported experiment, we also increase the sick time ratio from 2.1% to 5%, itdoes not change our results signi�cantly. 15
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GDP/Health Exp.corr. Y-stda M-stdbAustralia .474*** .0372 .0477Canada -0.151 .0305 .0237France .129 .0248 .0221Germany .139 .0283 .0341Italy .745***c .0252 .0436Japan .574*** .0524 .0425Norway .581*** .0458 .0596S. Korea .690*** .0491 .0644Sweden .713*** .0400 .0559Switzerland .608*** .0440 .0290UK .736*** .0508 .0444US .301*d .0267 .0228Table 1: Cyclical behavior of 12 OECD economies on health expenditureaY-std is the annual real log GDPb M-std is the annaul total real log health expenditurecsigni�cant at 1% con�dence invervaldsigni�cant at 10% con�dence intervalParameter Description Value Source
η elasticity b/w consumption and health 8.85 Halliday et al. (2010)
α capital share 0.4 Cooley and Prescott (1995)
δk depreciation rate of capital 0.076 Cooley and Prescott (1995)
δh depreciation rate of health 0.056 Scholz and Seshadri (2010)
ξ return to scale for health production 1.00 Grossman (1972)
χ autocorr coe�cient 0.95
σε std. of Solow residuals 0.0125Calibrated Target
β subjective discount factor 0.9574 Capital-output ratio =3.32
λ share of cons in C −H combo 0.6409 Consumption-output ratio=0.63
ρ weight for leisure 1.7966 working hours=0.31B productivity of health technology 0.2437 Health expenditure-output ratio=0.12
θ share of H. exp. in H. production 0.3668 H. Exp.-total consumption ratio=0.17Table 2: Model parameters
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(%) Data Traditional RBC Benchmark Model 1 Model 2 Model 3Y-std 2.67 1.7576 1.7692 1.5984 1.8034 1.8139C-std 2.06 0.9134 0.9534 0.4426 1.0903 0.9705I-std 9.28 4.8290 4.3583 4.1402 4.7024 4.3612N-std 1.69 0.7410 0.2804 0.1678 0.3143 0.3030M-std 2.28 1.3372 3.1156 0.6216 1.5522H-std 0.0764 0.3031 0.0558 0.0964
ρ(C, Y ) 0.9022 0.8627 0.9232 0.7275 0.9382 0.9236
ρ(M,Y ) 0.3006 0.9496 0.9887 0.1997 0.9809
ρ(N, Y ) 0.8615 0.9028 0.9096 0.7589 0.9126 0.9225
ρ(I, Y ) 0.8485 0.9590 0.9670 0.9755 0.9653 0.9696
ρ(H,Y ) - (Ruhm,2000) -0.1154 0.2335 -0.7154 0.1743Table 3: Cyclical behavior of the model economy
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ρ(H,Y )a ρ(M,Y ) σ(M)b σ(H)Time channel =* =* =*c =*Production channel =** =**d =*** =***Utility channel +***e +*** +** +**Goods channel + + + +Table 4: The quantitative impact of four channelsaρ denotes the correlation between objectsbσ denotes the volatility of objectscleast importantdsecondly importantedenotes the most important e�ect% Data Benchmark: Eta=8.85 Benchmark: Eta=1.00 Sick timeY-std 2.67 1.7692 1.7773 1.5313C-std 2.06 0.9534 0.9647 0.4413I-std 9.28 4.3583 4.4707 3.9031N-std 1.69 0.2804 0.2888 0.1495M-std 2.28 1.3372 1.1629 2.8858H-std 0.0764 0.0513 0.2565
ρ(C, Y ) 0.9022 0.9232 0.9220 0.7908
ρ(M,Y ) 0.3006 0.9496 0.9197 0.9893
ρ(N, Y ) 0.8615 0.9096 0.9065 0.5593
ρ(I, Y ) 0.8485 0.9670 0.9666 0.9777
ρ(H,Y ) - (Ruhm,2000) -0.1154 -0.3480 0.2189Table 5: Sensitivity analysis
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