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Unequal Neighbors: Population Growth Divergence in Europe∗ Sebastian Weiske Goethe University Frankfurt† June 9, 2017



Abstract Using a multi-country overlapping generations model, this paper investigates the macroeconomic consequences of diverging population growth across major European countries in the past and in the future. The simulation results are as follows. First, population growth has accounted for a substantial part of the current account dynamics in Europe during the 2000s. Second, population growth has been a major driver of business investment in Europe, while its importance for housing investment has been small. Third, differences in population growth imply diverging current account and investment dynamics across Europe in coming decades. Keywords: Population growth, international capital flows, Europe, investment, housing. JEL Codes: D91, E22, F21, F41, J11, O52.
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Figure 1: Working Age Population - Europe 2000-2050
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Introduction



Europe is aging as people live longer and have fewer children. But the speed of aging is very different across countries (Figure 1). Countries with sufficiently high birth rates, such as France, can expect constant or even slightly rising population levels. In countries with much lower births rates, such as Germany, Spain, or Italy, working age populations are expected to shrink by about 25% within the next four decades. Germany’s population aged 15-64 exceeded that of France by more than 15 millions in the year 2000. By the middle of this century, France will have overtaken Germany in this respect.1 This paper investigates quantitatively the macroeconomic effects of diverging population growth rates across major European economies. Previous research has found that demographics are an important medium- and long-run determinant of international capital flows. Countries with a relatively fast growing working age population require higher investment expenditure to sustain a certain capital-labor ratio. Or differently, a high population growth rate increases the return on capital, given the fall in the capital-labor ratio. As a consequence, households save more and consume less. In an open economy, part of the new resources needed for investment come through capital inflows from abroad, leading to a fall in the current account balance. This is the reason why countries with a relatively strong (working age) population growth 1 Sievert



and Klingholz (2009) and Pison (2012) provide a historical overview of the demographic changes in France and Germany.
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should run current account deficits, and vice-versa.2 This paper proceeds in two steps. First, a multi-country overlapping generations model is used to simulate the current account dynamics for major European economies, using population growth data for the period 2000-2015, and UN population projections for the period 2015-2050. In total, eight countries are considered: the four largest member states of the euro area (Germany, France, Italy, Spain) plus four other countries representing the rest of the world (United Kingdom, United States, Canada, Japan). According to the model, population growth divergence explains a nonnegligible part of the current account imbalances across Europe during the 2000s, supporting previous findings that demographics are an important driver of international capital flows. For the next decades, the model predicts persistent current account deficits for slowly aging countries (France), together with current account surpluses for fast aging countries (Germany, Spain, Italy). The term “imbalance” is somewhat misleading in this context, because these capital flows are the result of different demographic developments and do not necessarily reflect market imperfections or suboptimal economic policies. Apart from investment adjustment costs, this paper considers a frictionless, perfectly competitive economy. In the model, markets are efficient. Therefore, current account surpluses (deficits) that result from demographics do not necessarily call for policy action (Deutsche Bundesbank, 2011; SVR, 2014). A potential problem with diverging population growth rates in Europe concerns their impact on interest rates. Calibrating an overlapping generations model to demographic projections for Europe and the OECD, Kara and von Thadden (2016) and Carvalho et al. (2016) find that the slowdown in population growth together with the increase in life expectancy will persistently lower equilibrium real interest rates. In this paper, I simulate the interest rate paths for Germany, Spain, France, and Italy, treating each country as a closed economy. I find that interest rate paths have diverged in the past and will continue to diverge in the future, reflecting differences in population growth. In particular, Germany, Spain, and Italy will be confronted with a sizable (up to 0.7 percentage points, henceforth pp) downward pressure on interest rates. With perfect international capital markets, as studied in this paper, interest rates are equalized through capital flows across countries. In a model with real and nominal rigidities, however, diverging population growth rates across members of a currency union may prevent the common monetary authority from conducting monetary policy in a way that is optimal for each country. Second, the paper includes housing in the multi-country overlapping generations model studied before, in order to analyze the importance of demographics for busi2 In



the remaining paper, the term population growth refers to the working age population growth, i.e. the growth of the population aged 15 to 64.
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ness and housing investment. In the model, housing is an additional saving instrument for households. As with physical capital, households invest in housing when young and run down their housing wealth when old. Therefore, relatively young economies with high population growth rates are expected to invest more than relatively old economies. Does this mean, that higher population growth leads to an increase in housing investment? Not necessarily. In a closed economy, a sudden increase in the population growth rate leads to an increase in business investment, with little change in housing. Only after some years, housing investment increases. The reason is that due to the rise in the return on capital, housing becomes less attractive compared to capital. While business investment increases, the response of housing is flat. In an open economy, however, capital flows equate domestic and world interest rates, leading to a simultaneous increase in business and housing investment. Next, the model is simulated using the same data and the same projections as in the first step. I find that population growth accounts for the major part of business investment dynamics in Europe during the last 15 years. Falling population growth explains weak business investment dynamics in Germany during the 2000s. Since then, however, the business investment rate (in % of GDP) in Germany should have increased in response to higher population growth, whereas the actual business investment rate has not changed much.3 High population growth in Spain and France explains large parts of the strong investment dynamics in these countries during the 2000s. In accordance with the model, housing investment has accounted for a larger share of GDP in countries with a relatively high population growth. The quantitative contribution of demographics to the observed housing investment dynamics is small, though. Related Literature The closest paper to this is Ferrero (2010), who decomposes the fall in the US current account for the period 1970-2005. He finds that demographics, and in particular differences in life expectancy, explain a nonnegligible part of the US deficit vis-à-vis the other G6 countries. For the baseline simulations, this paper uses the same multi-country overlapping generations model as Ferrero (2010). In addition to Ferrero (2010), I include housing in an overlapping generations model, building on Davis and Heathcote (2005) and Iacoviello and Neri (2010). Different to their multisector growth model, the model of this paper features a life-cycle structure. Several papers, e.g. Fernández-Villaverde and Krueger (2011), consider housing (consumer durables) in an incomplete markets life-cycle model. This paper has a more stylized life-cycle structure, but considers aggregate shocks in a similar way to Iacoviello and Pavan (2013), who investigate the role of business cycle and financial shocks for housing. This paper looks at the effects of changing demographics on housing investment 3 For



a policy discussion of Germany’s investment rate, see BMWi (2015) and BMF (2016).
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in general equilibrium. The importance of demographics for international capital flows has been investigated by several papers, either empirically or by means of model-based simulations (Lane and Milesi-Ferretti, 2002; Brooks, 2003; Domeij and Flodén, 2006; Börsch-Supan et al., 2006; Krueger and Ludwig, 2007; Attanasio et al., 2007; Ferrero, 2010; Backus et al., 2014; Börsch-Supan et al., 2014). This paper confirms their findings showing that differences in population growth have been a nonnegligible driver of the current account and of investment dynamics in Europe during the recent two decades. Despite the comprehensive literature on population aging, demographic differences within Europe have received only little attention in the past. Notable exceptions are Börsch-Supan and Ludwig (2010, 2013), who build a multi-country overlapping generations model for Germany, France, Italy, and the US, analyzing different scenarios for output and consumption per capita in the future. Kolasa and Rubaszek (2016) use an OLG model for Germany, Spain, France, and Italy to simulate the future paths of output, consumption, investment, and the trade balance. In this paper, I also quantify the importance of demographics for current account and investment dynamics in the recent past. Further, I differentiate in my analysis between business and housing investment.4 The rest of the paper is organized as follows. Section 2 presents the baseline multicountry overlapping generations model. Section 3 presents the simulation results for the baseline model. In section 4, housing is included in the baseline model and the simulation results are presented. Section 5 concludes.
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Model



This section presents the multi-country overlapping generations model that is used for the simulations presented in section 3. The model structure is essentially the same as in Ferrero (2010).5 Multi-country economy There are I different countries indexed by i = 1, ..., I. Countries have all the same structure. They differ only with respect to their size Ni,t . In the exposition, I therefore focus on a single country, omitting the country subscript i. 4 This paper also complements previous panel data studies finding that part of Germany’s current account surplus is due its relatively fast aging population (Deutsche Bundesbank, 2011, 2017; SVR, 2014), while high population growth contributed to Spain’s current account deficit in the 2000s (European Comission, 2016, p. 87). 5 Ferrero (2010) considers a two-country economy in the main text, and a three-country extension in a robustness exercise.
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Life-cycle structure Let Ntw and Ntr denote the number of workers and retirees in the economy, respectively. Aging is probabilistic. Each period, a random fraction 1 − ω, with ω ∈ (0, 1), of workers retire. Similarly, a random fraction 1 − γ, with γ ∈ (0, 1), w of retirees die in each period.6 Let further (1 − ω + nw t ) Nt−1 denote the number of new born workers in period t. The law of motion for the aggregate labor force is then w w w w Ntw = (1 − ω + nw t ) Nt−1 + ωNt−1 = (1 + nt ) Nt−1 ,



(2.1)



w r where nw t represents the growth rate of the working age population. Let ψt ≡ Nt /Nt denote the old-age dependency ratio evolving over time as follows



(1 + n w t ) ψt = 1 − ω + γψt−1 .



(2.2)



The following paragraphs present the optimization problems of retirees and workers. Retirees The preferences of retirees are given by - see Gertler (1999) for a discussion 1



Vtr = {(Ctr )ρ + βγ(Et [Vt+1 |r ])ρ } ρ ,



(2.3)



where Et [Vt+1 |r ] = Vtr+1 and where β ∈ (0, 1) is the time discount factor of households. The intertemporal elasticity of substitution is σ = 1−1 ρ . Households are indexed by their date of birth j and the period k, in which they retired. The budget constraint is R rjk rjk rjk At = t−1 At−1 + ηwt − Ct , (2.4) γ rjk



where At is the amount of assets that the household transfers into the next period, Rt−1 is the real interest rate between t − 1 and t, η ∈ (0, 1) is the relative labor producrjk tivity of retirees compared to workers, wt is the real wage rate in period t, and Ct is consumption in period t. Retirees turn their assets to a competitive mutual fund that pays them a return Rt−1 /γ on their assets, compensating them for the risk of death. Workers The preferences of workers are given by 1



Vtw = {(Ctw )ρ + β(Et [Vt+1 |w])ρ } ρ ,



(2.5)



where Et [Vt+1 |w] = ωVtw+1 + (1 − ω )Vtr+1 . The budget constraint of a household born in period j is wj wj wj At = Rt−1 At−1 + wt − Tt − Ct , (2.6) 6 Different



to Ferrero (2010), I consider a constant probability of death, keeping life expectancy constant. The reason is that life expectancy has increased in all considered countries at almost the same rate in recent 20 years.
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wj



where At is the amount of assets that the household transfers into period t, Tt are wj lump-sum taxes, and Ct is consumption in period t. Workers are born without any wj wealth, i.e. At−1 = 0 for j = t. Firms The homogeneous final good Yt is produced using the production technology Yt = Ktα−1 ( Ntw + ηNtr )1−α ,



(2.7)



with α ∈ (0, 1). Here, Kt−1 is capital input and Ntw + ηNtr is effective labor input. The law of motion for the aggregate capital stock is Kt = (1 − δ)Kt−1 + [1 − S( It , It−1 )] It ,



(2.8)



where It is investment, and S( It , It−1 ) represent convex investment adjustment costs φ S( It , It−1 ) = 2







It It−1



2



− µt



,



(2.9)



with φ > 0. Here, µt is such that adjustment costs are zero along the balanced growth path. Government The government finances its exogenous amount of government spending Gt through lump-sum taxes from workers. It runs a balanced period-by-period budget Gt = gYt = Ntw Tt , (2.10) where g ∈ (0, 1) denotes the constant government spending share of GDP. World market clearing Total domestic asset holdings At equal the sum of the domestic capital stock and the net foreign asset position Ft At = Kt + Ft .



(2.11)



The evolution of the net foreign asset position is given by Ft = Rt−1 Ft−1 + NXt ,



(2.12)



where NXt represent net exports, which are equal to the difference between output and domestic absorption NXt = Yt − (Ct + It + Gt ). (2.13)
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The current account balance is the one-period variation in the net foreign asset position CAt ≡ Nt − Nt−1 = ( Rt−1 − 1) Ft + NXt . (2.14) International capital market clearing implies that net foreign assets add up to zero



∑ Fi,t = 0.



(2.15)



i



International capital markets are perfectly competitive.7 Therefore, interest rates are equalized across countries Rt = Ri,t , ∀i, t. (2.16) For the detrended equilibrium conditions see Appendix B.1. The model is solved using standard methods for deterministic dynamic non-linear systems.
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Simulations



This section presents the simulation results using the multi-country model outlined in the previous section. The model includes the following euro area members: Germany, Spain, France, and Italy. The rest of the world is approximated by four countries (henceforth G4): the United Kingdom, the United States, Canada and Japan. Figure 2 shows the working age population growth rates for the four different countries between 1995 and 2015 (solid lines). The dashed lines correspond to the G4 average. Differences across countries and time are evident. Population growth in Germany and in the rest of the euro area has moved in opposite directions. During the 2000s, growth rates where high in the rest of the euro area and low in Germany. Today, however, the situation is reversed. Population growth is strong in Germany and weak in the other three countries. Spain has experienced notable changes in its population growth rates. From 2003 to 2008, the Spanish working age population grew by almost 2 percent per year, compared to a growth rate of only 0.5 pp in the years before. Since then its population growth rates have turned negative. In France, growth rates increased during the 2000s and have been declining since then. Population growth in Italy has slightly increased since the 1990s, when its working age population was declining at an annual rate of about 0.3 percent. Finally, the average population growth rate across the G4 countries has fallen by more than half a percentage point within the last decade. Figure 3 displays the projected working age population growth rates for the selected countries. The UN projections are quinquennial. A third-order polynomial is 7 As



noted by Ferrero (2010), the life-cycle model considered here features stationary dynamics of net foreign assets, despite the incompleteness of international financial markets. See also Ghironi (2006).
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Solid lines: population (15-64 years) growth rates. Dashed lines: G4 average. Numbers in percent. Sources: Eurostat and World Bank.



Figure 2: Population Growth - Data 1995-2015 fitted through the data points to obtain annual time series. After 2050, I assume that growth rates linearly converge to zero by 2100. Population growth differentials in Europe are likely to persist. While Germany, Spain, and Italy expect shrinking working age populations, as reflected by negative growth rates, France expects a constant or even slightly growing working age population. Outside the euro area, growth rates will be positive in the United Kingdom, the United States, and Canada, whereas in Japan the working age population will decline. Calibration and steady state Table 1 reports the parameter values of the model. All parameter values are standard. The discount factor is β = 0.974, implying an annual real world interest rate of 4% in 2000. The elasticity of intertemporal substitution is σ = 0.5, as in Ferrero (2010). The capital income share is α = 0.36. The capital depreciation rate is δ = 0.08. The investment adjustment costs parameter is φ = 0.2, following Ferrero (2010). The relative productivity of retirees is η = 0.4. Workers are born at age 20, retire on average at age 65, and life on average for 15 years after retirement. This implies (1 − ω )−1 = 45 and (1 − γ)−1 = 15. Finally, the steady state government spending share of GDP is g = 0.2 for all countries. Population growth rates change unexpectedly in 2000. After that households perfectly foresee their future evolution.8 The initial population growth rates correspond 8 The



model is simulated using the actual growth rates for the period 2000-2015 and the fitted values for the period 2015-2050, as displayed in Figures 2 and 3. From 2050 to 2100, growth rates linearly
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Dots: quinquennial projections. Solid lines: polynomial fit. Dashed lines: G4 average (polynomial fit). Numbers in percent. Source: United Nations.



Figure 3: Population Growth - Projections 2015-2050 Table 1: Parameters - Baseline Model



β Discount factor 0.974 Elasticity of intertemporal substitution 0.5 σ = 1−1 ρ α Capital income share 0.36 δ Capital depreciation rate 0.08 φ Investment adjustment costs 0.2 η Relative productivity of retirees 0.4 (1 − ω ) −1 Average working period (years) 45 (1 − γ ) −1 Average retirement period (years) 15 g Government spending (% of GDP) 20 Initial steady state population growth (in %): Germany: 0.1, Spain: 0.7, France: 0.3, Italy: -0.3, G4: 0.8.



to the average growth rates over the period 1995-1999. Quantitative results Figure 4 displays the simulated time series (solid lines) for the current account over the period 2000-2015 together with actual data (bars). Numbers are expressed in percent of GDP and relative to the base value. For the simulated series the base value corresponds to the initial steady state level. For the data the base value corresponds to the average over the period 1995-1999. The simulations consider only demographic variations across countries and do not aim to match the data perfectly. The simulations rather quantify the importance of demographics for current account dynamics. Differences in productivity growth as a potential driver of the current account are considered further below. converge to their final steady state value of zero.



10



Ceteris paribus, a higher population growth leads to a higher return to capital. This in turn implies capital inflows from countries with a relatively low population growth rate. Higher investment in the fast growing country increases the capital-labor ratio, leading to a fall in the return to capital.9 Countries with a high population growth invest relatively more than countries with lower population growth rates. Population growth has been an important driver of the current account dynamics in the euro area. For Germany, falling population growth rates explain 1.5 pp, i.e. about one quarter of the increase in its current account during the early 2000s. Increasing population growth in recent years, however, should have led to a falling current account, whereas the German current account has actually remained at its very high level. For Spain, the model explains some of the enormous variation in its current account balance. Very high population growth rates in the years before 2008 led to a fall in its current account balance of about 2 pp during that time. The drop in population growth rates afterwards has been reflected in an improvement of its current account balance of about 3-4 pp. Rising population growth during the early 2000s explains half of the fall in the French current account during that time. The deficit has further widened in recent years. Demographics have played no role here. Actually, falling population growth should have lead to a slight amelioration of the current account balance according to the model. In Italy, robust population growth in recent 15 years, at least compared to the negative growth rates during the 1990s, explains more than one third of the fall in Italy’s current account up to 2010. The simulations confirm previous findings that demographics, and in particular population growth, are an important driver of international capital flows. Different current account dynamics across Europe during the 2000s were in part the result of diverging population growth dynamics. Figure 5 shows the simulated series for investment. The numbers correspond to the percentage change in investment, in percent of GDP and relative to the 1995-1999 period. Demographics explain a substantial part of the changes in investment over the last fifteen years. Increasing population growth boosted investment in Spain, France, and Italy in the years before the financial crisis 2007/2008, whereas falling population growth in Germay lowered its investment rate during the same period. Since then, the investment rate has fallen substantially in Spain and Italy, and to a lesser extend in France. In Spain and France, this decline can be partially attributed to falling population growth. The investment rate has not changed much in Germany in recent years, despite a higher population growth. 9 Recall



that the return on international assets is the same across countries (2.16). The return to capital may well differ temporarily across countries due to the presence of investment adjustment costs.
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Solid lines: model (change to steady state). Bars: data (change to 1995-1999). Numbers in percentage points of GDP. Data source: World Bank.



Figure 4: Current Account - Simulation and Data 2000-2015
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Solid lines: model (change to steady state). Bars: data (change to 1995-1999). Numbers in percentage points of GDP. Data source: Eurostat.



Figure 5: Investment - Simulation and Data 2000-2015
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Life-cycle effects As noted by Ferrero (2010), there are two opposing channels, through which population growth can affect the current account in a life-cycle model. The investment channel studied above, and a life-cycle channel. Countries with high population growth have a high share of workers, who are net-savers in the model. These countries should therefore save relatively more than countries with lower population growth. Quantitatively, however, the investment channel dominates (Ferrero, 2010).10 In a robustness exercise, I eliminate any life-cycle effect. In particular, an infinitely lived representative-agent model is considered, in which workers neither retire nor die, i.e. ω = 1. Otherwise, the model is the same as before.11 The results, which are not reported here, are very similar to the results displayed in Figures 4 and 5. They show that the investment channel, which is also present in the representative agent model, dominates. A model with a richer life-cycle structure, i.e. a model with more stages of life than just the two considered here, may lead to more pronounced life-cycle effects. Figure 6 presents the simulated series for the current account up to 2050. The model implies continued capital flows from fast aging countries with negative growth rates (Germany, Spain, Italy) to slowly aging countries with positive or non-negative growth rates (France). With regard to investment, the model predicts falling investment rates in Germany, Spain, and Italy, whereas France can expect to keep its investment rate almost constant (Figure 7). Population growth and interest rates Based on model simulations, Kara and von Thadden (2016) and Carvalho et al. (2016) find that falling population growth together with increasing life expectancy exerts downward pressure on real interest rates in Europe. Carvalho and Ferrero (2014) argue that the failure of the Japanese central bank to accommodate the fall in equilibrium interest rates, which resulted from lower population growth in combination with higher life expectancy, led to a prolonged period of deflation in Japan. In this paper, I address the following question: Do differences in population growth across Europe translate into diverging interest rate paths? In order to address this question, I simulate the model treating each country as a closed economy. There are no capital flows equating interest rates across countries. Figure 8 shows these “hypothetical real interest rates” for Germany, Spain, France, and Italy.12 High 10 In particular, a high population growth increases the share of retirees only gradually. See the law of motion for the old-age dependency ratio ψt (2.2). 11 The model is reduced to a standard infinitely-lived representative agent model. An external debtelastic interest rate is considered to eliminate the indeterminacy of the steady state in open economy representative agent models. In particular, the real interest rate in country i is Ri,t = Rt + χe− Fi,t , with χ > 0. I set χ = 4 · 0.000742, following Schmitt-Grohé and Uribe (2003), and taking into account that the model is calibrated to annual data. 12 They are hypothetical in the sense that in the open economy model of this paper real interest rate
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Figure 6: Current Account - Simulation 2000-2050
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Figure 7: Investment - Simulation 2000-2050
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Figure 8: “Hypothetical” Real Interest Rates 2000-2050 population growth in Spain during the 2000s would have increased interest rates by 0.4 pp. At the same time, negative population growth in Germany would have led to a decline in interest rates by about 0.3 pp. Interest rates in Italy would have increased by 0.3 pp since the 1990s, when population growth was negative. In France, interest rates would have increased slightly during the 2000s. In recent years population growth in Spain collapsed, whereas growth rates turned positive again in Germany. This has brought their interest rates closer together. In the future, population growth will exert downward pressure on interest rates in Germany, Spain, and Italy, while having almost no effect in France. In the recent past, it was Germany that faced very different population growth dynamics compared to the other three major euro area countries. In the future, it will be France that stands apart from its neighbors in terms of population growth. Productivity Chen et al. (2009) and Ferrero (2010) find that the secular decline in the US current account in recent decades is primarily driven by strong productivity growth in the United States compared to other developed countries. High productivity growth implies a high return on capital, which in turn raises investment. As a consequence, the current account balance worsens. Figure 9 shows the total factor productivity (TFP) growth rates for the four major euro area countries. It is obvious from Figure 9 that differences in TFP growth cannot explain the observed current account dynamics in Europe. In particular, Spain and Italy should have seen improving parity holds.
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Figure 9: Productivity - Data 1995-2014 current accounts, given their low and falling productivity growth rates in the past. In fact, their current account fell throughout the 2000s. Germany, on the other hand, should have seen a declining current account surplus in recent years, given its relatively high TFP growth.
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Business vs. Housing Investment



This section investigates the quantitative importance of demographics for business and housing investment in Europe during the last 15 years. The life-cycle structure is the same as in the baseline model from section 2. Households choose how much to consume, how much to save, and how much of their wealth to hold in housing. On the production side, there are two different sectors: a final good sector, and a housing sector similar to Davis and Heathcote (2005) and Iacoviello and Neri (2010). Retirees The preferences of a retiree are Vtr



=



n



[(Ctr )υ ( Htr )1−υ ]ρ



+



βγ(Vtr+1 )ρ



o1 ρ



,



(4.1)



with υ ∈ (0, 1). The period utility function for consumption and housing has a CobbDouglas form, as in Fernández-Villaverde and Krueger (2011). The flow budget con-
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straint of a retiree born in period j and retired in period k is rjk



At =



1 − δH Rt−1 rjk rjk rjk rjk A t −1 + qt Ht−1 + ηwt − Ct − qt Ht , γ γ



(4.2)



where δH ∈ (0, 1) is the physical depreciation rate of the housing stock. Here, qt is the rjk price of one unit housing in period t, and Ht is the housing stock chosen by a retiree in period t. Retirees turn their assets to a competitive mutual fund that pays them a return Rt−1 /γ on their assets, compensating them for the risk of death. Likewise, retirees turn their housing wealth to the same competive mutual fund that pays them a return (1 − δH )/γ, compensating them for the risk of death. For the optimality conditions and their derivations see Appendix B.2. Workers The preferences of a worker are Vtw



=



n



[(Ctw )υ ( Htw )1−υ ]ρ



+



β[ωVtw+1



+ (1 − ω )Vtr+1 ]ρ



o1 ρ



.



(4.3)



The flow budget constraint of a worker born in period j is wj



wj



wj



wj



wj



At = Rt−1 At−1 + (1 − δH )qt Ht−1 + wt − Tt − Ct − qt Ht , wj



wj



(4.4)



wj



with At−1 = 0 and Ht−1 = 0 for j = t. Here, Ht is the housing stock chosen by a worker in period t. For the optimality conditions and their derivations see Appendix B.2. Final good production The internationally tradeable final good Yx,t , which is used for consumption and business investment, is produced using the production function α 1− α Yx,t = Kx,t Nx,t ,



(4.5)



with α ∈ (0, 1). Housing production New housing IH,t is produced using the production function κ 1 1−κ 1 −κ 2 ¯ κ 2 IH,t = Yz,t = Kz,t Nz,t L ,



(4.6)



with κ1 , κ2 ∈ (0, 1). Here, L¯ is the total, fixed amount of land. Housing is not internationally tradeable.
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Market clearing and government Labor services used in the final good and in the housing sector equal the total amount of effective labor supplied by households Nx,t + Nz,t = Ntw + ηNtr .



(4.7)



IH,t = Ht − (1 − δH ) Ht−1 .



(4.8)



Total housing investment is



Total investment is the sum of business and housing investment It = IK,t + IH,t ,



(4.9)



with IK,t = Ix,t + Iz,t . The market clearing conditions in the final good and in the housing market are Yx,t = Ct + IK,t + NXt + Gt , (4.10) and Yz,t = IH,t .



(4.11)



As in Iacoviello and Neri (2010), capital is sector specific. Adjusting the physical capital stock K j,t that is used in sector j, with j ∈ { x, z}, is subject to convex investment adjustment costs K j,t = (1 − δK )K j,t−1 + [1 − S( Ij,t , Ij,t−1 )] Ij,t , (4.12) where Ij,t is business investment in sector j and where adjustment costs are given by φ S( Ij,t , Ij,t−1 ) = 2



Ij,t Ij,t−1



!2



− µt



,



(4.13)



with φ > 0. Finally, Yt = Yx,t + Yz,t represents total output that is produced in the country. The government budget constraint reads Gt = Ntw Tt + rtL Lt ,



(4.14)



where rtL is the rental price of land. Calibration and steady state Table 2 reports the parameter values of the model. The discount factor is β = 0.923, implying a steady state annual real interest rate of 4%. The capital share in the housing production function is κ1 = 0.1 and the land share is κ2 = 0.1, following Iacoviello and Neri (2010). The fixed amount of land is L¯ = 0.32, implying a value of residential land of about 50% of GDP, as in Iacoviello and Neri
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Table 2: Parameters - Housing Discount factor Elasticity of intertemporal substitution Utility weight on consumption Capital share (business sector) Capital share (housing sector) Land share (housing sector) Business capital depreciation rate Housing depreciation rate Investment adjustment costs Relative productivity of retirees Total amount of land Average working period (years) Average retirement period (years) Government spending (% of GDP)



β σ υ α κ1 κ2 δK δH φ η L¯ (1 − ω ) −1 (1 − γ ) −1 g



0.923 0.5 0.845 0.36 0.1 0.1 0.08 0.04 0.2 0.4 0.32 45 15 20



(2010). The housing depreciation rate is δH = 0.04, as in Iacoviello and Neri (2010). The utility weight on consumption is υ = 0.845, which implies together with the other parameters a ratio of housing investment to total output of about 6 percent. The other parameters are the same as before. Simulations Before simulating the investment dynamics for Europe between 2000 and 2015, Figure 10 presents the transition dynamics of business and housing investment following a surprise increase in the population growth rate in the home country.13 There are two countries. The foreign country, or rest of the world, has a constant population growth rate. The model is simulated for different degrees of openness. Here, openness refers to the relative size of the foreign country. The bigger the foreign country is compared to the home country, the more open the economy is. In a closed economy, business investment increases as the return on capital increases following the rise in the population growth rate. Or differently, new workers need new capital. Housing, however, increases only after several years. With rising interest rates, housing becomes less attractive as a saving instrument compared to capital. In an open economy, both business and housing investment increase, while the current account turns significantly negative. Capital flows into the economy allow for new investment in capital and housing, while the interest rate remains unchanged.14 What is the reason that housing increases with a population growth rate? The reason 13 In



particular, it is assumed that the growth rate of the labor force follows an AR(1)-process, i.e. n n n = ρn nw t−1 + ε t , with ε 0 = 0.01, ε t = 0 for t ≥ 1, and ρn = 0.9. After the unanticipated increase in the population growth rate, agents perfectly foresee the further dynamics. The persistence parameter ρn is chosen arbitrarily. It is strictly smaller than one to avoid that the home country become infinitely large. 14 In a small open economy, the domestic real interest rate is equal to the world interest rate. For a larger economy, i.e. an economy large enough to have an impact on the world interest rate, the effect would be smaller compared to the small economy case, but still present. Provided, of course, that the rest of the world does not face identical demographic conditions. nw t
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Figure 10: Dynamic Responses to an Increase in Population Growth is that young households, in this case workers, invest in housing throughout their working life, while retirees “eat up” their accumulated housing stock. With a higher population growth, more housing investment is undertaken in the economy. This effect is also present in a closed economy. But only in an open economy enough resources are available to allow business and housing investment to increase simultaneously. House prices increase by about one percent in an open economy, which is consistent with the cross-country evidence in Takáts (2012), who finds that a one percent higher total population is associated with around 1% higher real house prices. Figures 11 and 12 display the simulated time series for business and housing investment for Germany, Spain, France, and Italy between 2000 and 2015, given the population growth dynamics displayed in Figures 2 and 3. Figure 11 shows that population growth has been a major driver of business investment in Europe in the recent 15 years. Housing investment in Europe seems to have been only marginally affected by demographics. In summary, different population growth rates across Europe during the last 15 years explain a large part of the changes in aggregate business investment. The role of population growth for housing seems to have been rather small in Europe in the past.
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Figure 11: Business Investment - Simulation and Data 2000-2015
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Figure 12: Housing Investment - Simulation and Data 2000-2015
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5



Conclusion



Using a multi-country overlapping generations model, this paper analyzes the importance of diverging population growth rates for investment and capital flows in Europe. The following countries are considered in the simulations: Germany, France, Italy, and Spain. I find that population growth explains a major part of the changes in investment and the current account in Europe. Given recent UN projections for population growth, the model simulations of this paper predict diverging current account and investment dynamics in Europe in the future. This paper also finds that productivity growth differentials across the four countries cannot explain the observed capital flows. In particular, Spain and Italy should have seen improvements in their current account balances, given their low productivity growth rates. Similarly, Germany’s current account surplus should have fallen in recent years, due to its relatively good productivity performance. One policy implication is that current account surpluses/deficits are not necessarily “imbalances”, but that a close and careful look at the source of the capital flows is needed. But maybe this is too optimistic. The model of this paper abstracts from real and nominal frictions in capital and goods markets. Differences in population growth within a currency union may cause diverging macroeconomic dynamics, which may not be addressed adequately by the common monetary authority. Finally, in this paper, demographics have played a minor role for housing investment in Europe. A less-stylized life-cycle structure together with a richer model environment may explain why countries with strong population growth, in particular Spain and France during the 2000s, experienced strong housing growth at the same time.



A



Data Table 3: Data



Name/Description



Unit



Source [Code]



Population aged 15-64



persons



Eurostat [demo_pjanbroad]1 OECD ALFS Summary tables2 UN3 Eurostat [nama_10_an6] Eurostat [nama_10_an6] World Bank [BN.CAB.XOKA.GD.ZS] PWT [rtfpna]



GFCF: total fixed assets GFCF: dwellings Total current account balance TFP at constant national prices GFCF: Gross fixed capital formation.



percent of GDP percent of GDP percent of GDP 2011=1
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B



Model



B.1



Baseline Model



Detrended equilibrium conditions Detrended variables: zrt ≡



Ztr , Ntr



zw t ≡



Ztw , Ntw



zt ≡



Zt Nt



Population growth rates: Ntr −1 = Ntr−1 Nt ≡ −1 = Nt−1



nrt ≡ nt



ψt (1 + n w t )−1 ψt−1 1 + ψt (1 + n w t )−1 1 + ψt−1



Old-age dependency ratio: ψt ≡



Ntr 1 − ω + γψt−1 = w Nt 1 + nt



MPC (retirees): et πt = 1 − βσ Rσt −1 γ Definition of Ωt :



et π t e t +1 π t +1 1



Ωt = ω + (1 − ω )et1−σ MPC (workers): π t = 1 − β σ ( R t Ω t +1 ) σ −1



πt π t +1



Human wealth (retirees): hwrt = ηwt + γ



hwrt+1 Rt



Human wealth (workers): 1



ωhwtw+1 + (1 − ω )et1+−1σ hwrt+1 w hwt = wt − τt + R t Ω t +1 1 For



Germany, Spain, France, Italy, and the United Kingdom. the United States, Canada, and Japan. 3 United Nations, Department of Economic and Social Affairs, Population Division (2015). World Population Prospects: The 2015 Revision, DVD Edition. Medium variant for projections after 2015. 2 For
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Consumption (retirees) crt







= et π t



R t −1 r a + hwrt 1 + nrt t−1







R t −1 w at−1 + hwtw w 1 + nt







Consumption (workers): cw t







= πt



Aggregate consumption: ct =



1 ψt r cw c t + 1 + ψt 1 + ψt t



Wealth distribution: art



R 1−ω = t−1r art−1 + ηwt − crt + 1 + nt ψt



Total financial wealth: at =







R t −1 w at−1 + wt − τt − cw t w 1 + nt







ψt r 1 aw a t + 1 + ψt 1 + ψt t



Production function:  yt =



k t −1 1 + nt



α 



Rental price of capital:



 1− α



yt k t −1 1+ n t



rtK = α Real wage rate:



1 + ηψt 1 + ψt



yt wt = (1 − α) 1+ηψ



t



1+ψt



Capital accumulation: 1−δ kt = k t −1 + 1 + nt



φ 1− 2







it i t −1



2 !



−1



it



Investment: ξt



φ 1− 2







it i t −1



2



−1







−φ



it i t −1







−1



it i t −1
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!



ξ = 1 − φ t +1 Rt







i t +1 −1 it







i t +1 it



2



No arbitrage: Rt =



rtK+1 + (1 − δ)ξ t+1 ξt



Total wealth: at = k t + f t Aggregate resource constraint:



(1 − g)yt = ct + it + nxt Government: gyt =



τt 1 + ψt



Net exports: nxt = f t −



R t −1 f t −1 1 + nt



Current account: cat = f t −



f t −1 1 + nt



International capital market:



∑ µi,t fi,t = 0 i



B.2



Housing



This section provides the solutions to the consumption-saving problems of retirees and workers. It also contains the detrended equilibrium equations. To improve readability, I do not index retirees and workers by their date of birth j, or by their date of retirement k. For the solutions in a model without housing, see Appendix 1 of Gertler (1999). Retiree The problem of a retiree is to maximize n o1 ρ Vtr = [(Ctr )υ ( Htr )1−υ ]ρ + βγ(Vtr+1 )ρ , subject to the budget constraint Art =



R t −1 r 1 − δH A t −1 + qt Htr−1 + ηwt − Ctr − qt Htr . γ γ
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The first order conditions with respect to consumption Ctr and housing Htr are υ(Ctr )υρ−1 ( Htr )(1−υ)ρ



=



r r ρ−1 ∂Vt+1 βRt (Vt+1 ) , ∂Ctr+1



and



(1 − υ)(Ctr )υρ ( Htr )(1−υ)ρ−1 Using that



∂Vtr+1 ∂Ctr+1







= βRt



  r  r ∂Ctr+1 ∂Art 1 − δH r ρ−1 ∂Vt+1 ∂Ct+1 qt+1 (Vt+1 ) + = 0. qt − Rt ∂Ctr+1 ∂Htr ∂Art ∂Htr



= υ(Ctr+1 )υρ−1 ( Htr+1 )(1−υ)ρ (Vtr+1 )1−ρ , the FOCs can be written as (Ctr )υρ−1 ( Htr )(1−υ)ρ = βRt (Ctr+1 )υρ−1 ( Htr+1 )(1−υ)ρ ,



and



(1 − υ)(Ctr )υρ ( Htr )(1−υ)ρ−1 = βRt χt (Ctr+1 )υρ−1 ( Htr+1 )(1−υ)ρ , where χt ≡ qt − 1−Rδt H qt+1 Here, χt can be interpreted as the opportunity costs of housing. It weights the cost of purchasing one unit of housing qt and the discounted value of that unit next period 1−Rδt H qt+1 . Combining the two last equations yields the optimal consumption-housing condition 1 − υ Ctr Htr = . υ χt Substitute for Htr and Htr+1 in the FOC for consumption to get the Euler equation Ctr+1 where σ ≡ the form



1 1− ρ







= ( βRt )



σ



χ t +1 χt



(1−υ)(1−σ)



Ctr ,



is the intertemporal elasticity of substitution. Conjecture a solution of Ctr







= et π t



 R t −1 r (1 − δ H ) r r r A t −1 + qt Ht−1 + HWt + Mt . γ γ



Combining the conjectured solution with the Euler equation and the budget constraint yields a difference equation for et πt et π t = 1 − β



σ



Rσt −1 γ







χ t +1 χt
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(1−υ)(1−σ)



et π t . e t +1 π t +1



Moreover, HWtr+1 , Rt Mr = −χt Htr + γ t+1 . Rt



HWtr = ηwt + γ Mtr



∆rt Ctr



Vtr







1− υ υχt



= Conjecture for the value function in the expression for the value function Vtr to obtain (∆rt )ρ



= 1 + γβ



σ



Rσt −1







χ t +1 χt



Therefore, ∆rt = (et πt )



 1− υ



(1−υ)(1−σ)



− ρ1



. Substitute the conjecture



(∆rt+1 )ρ .



.



Worker The problem of a worker is to maximize o1 n ρ Vtw = [(Ctw )υ ( Htw )1−υ ]ρ + β[ωVtw+1 + (1 − ω )Vtr+1 ]ρ , subject to the budget constraint w w w w Aw t = Rt−1 At−1 + (1 − δH ) qt Ht−1 + wt − Tt − Ct − qt Ht .



The first order conditions with respect to consumption Ctw and housing Htw are " υ(Ctw )υρ−1 ( Htw )(1−υ)ρ = βRt



# ∂Vtr+1 ∂Vtw+1 [ωVtw+1 + (1 − ω )Vtr+1 ]ρ−1 , ω w + (1 − ω ) r ∂Ct+1 ∂Ct+1



and "



(1 − υ)(Ctw )υρ ( Htw )(1−υ)ρ−1 = βRt χt



# ∂Vtw+1 ∂Vtr+1 [ωVtw+1 + (1 − ω )Vtr+1 ]ρ−1 , ω w + (1 − ω ) r ∂Ct+1 ∂Ct+1



∂Vtι+1 ∂Ctι +1



= υ(Ctι +1 )υρ−1 ( Htι+1 )(1−υ)ρ (Vtι+1 )1−ρ for ι = w, r. Conjecture that Vtw =   − ρ1 w 1−υ 1−υ (πt ) Ct υχt . Inserting in the FOCs and combining the two yields for the optimal consumption-housing condition



with



Htw =



1 − υ Ctw . υ χt
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Substitute for Htw and Htw+1 in the FOC for consumption to get the Euler equation ωCtw+1



σ 1− σ



+ (1 − ω )et+1 Ctr+1



= ( βRt Ωt+1 )



 σ



χ t +1 χt



(1−υ)(1−σ)



Ctw ,



1



with Ωt ≡ ω + (1 − ω )et1−σ . Conjecture a solution of the form w w w Ctw = πt [ Rt−1 Aw t−1 + (1 − δH ) qt Ht−1 + HWt + Mt ].



Combining the conjectured solution with the Euler equation and the budget constraint yields a difference equation for πt π t = 1 − β ( R t Ω t +1 ) σ



σ −1







χ t +1 χt



(1−υ)(1−σ)



πt . π t +1



Moreover, 1



HWtw



ωHWtw+1 + (1 − ω )et1+−1σ HWtr+1 , = wt − Tt + R t Ω t +1 1



Mtw



ωMtw+1 + (1 − ω )et1+−1σ Mtr+1 . = −χt Htw + R t Ω t +1



Substitute the conjecture for Vtw and the solution for Vtr in the expression for the value function Vtw to obtain ρ (∆w t )



= 1 + β ( R t Ω t +1 ) σ



σ −1







χ t +1 χt



Therefore, ∆w t = (πt )



− 1ρ



(1−υ)(1−σ)



,



as conjectured. Detrended equilibrium conditions Population growth rates: ψt (1 + n w t )−1 ψt−1 1 + ψt = (1 + n w t )−1 1 + ψt−1



nrt = nt
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ρ (∆w t +1 ) .



Old-age dependency ratio: ψt ≡



Ntr 1 − ω + γψt−1 = w Nt 1 + nt



Definition of χt : χt = qt − Housing (retirees):



(1 − δ H ) q t +1 Rt



hrt =



1 − υ crt υ χt



hw t =



1 − υ cw t υ χt



Housing (workers):



MPC (retirees): et π t = 1 − β



σ



Rtσ−1







χ t +1 χt



(1−υ)(1−σ) γ



Definition of Ωt :



et π t e t +1 π t +1



1



Ωt = ω + (1 − ω )et1−σ MPC (workers): π t = 1 − β ( R t Ω t +1 ) σ



σ −1







χ t +1 χt



(1−υ)(1−σ)



πt π t +1



Human wealth (retirees): hwrt = ηwt + γ



hwrt+1 Rt



Human wealth (workers): 1



ωhwtw+1 + (1 − ω )et1+−1σ hwrt+1 hwtw = wt − τt + R t Ω t +1 Housing “wealth” (retirees): mrt = −χt hrt + γ
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mrt+1 Rt



Housing “wealth” (workers): 1



1− σ r ωmw t +1 + (1 − ω ) e t +1 m t +1 w mw = − χ h + t t t R t Ω t +1



Consumption (retirees) crt







= et π t



R t −1 r 1 − δH a t −1 + qt hrt−1 + hwrt + mrt r r 1 + nt 1 + nt







Consumption (workers): cw t







= πt



R t −1 w 1 − δH w w a t −1 + qt hw t−1 + hwt + mt w w 1 + nt 1 + nt







Aggregate housing: ht =



1 ψt hw hr t + 1 + ψt 1 + ψt t



ct =



1 ψt r cw c t + 1 + ψt 1 + ψt t



Aggregate consumption:



Wealth distribution: art =



R t −1 r a + ηwt + (1 − δH )qt hrt−1 − crt − qt hrt 1 + nrt t−1   R t −1 w 1−ω w w w + at−1 + wt − τt + (1 − δH )qt ht−1 − ct − qt ht ψt 1 + nw t



Total financial wealth: at =



1 ψt r aw a t + 1 + ψt 1 + ψt t



Final good production: y x,t = kαx,t n1x,t−α Housing production: i H,t = yz,t = kκz,t1 n1z,t−κ1 −κ2 ltκ2 Capital market: k x,t + k z,t = Labor market: n x,t + nz,t =
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k t −1 1 + nt 1 + ηψt 1 + ψt



Housing investment: i H,t = ht −



1 − δH h t −1 1 + nt



Business investment: iK,t = i x,t + iz,t Total investment: it = iK,t + i H,t Total output:



(1 − g)yt = y x,t + yz,t = ct + it + nxt Rental price of capital (final good sector): r Kx,t = α



y x,t k x,t



Rental price of capital (housing sector): K rz,t = qt κ1



Real wage rate: w t = (1 − α )



yz,t k z,t



yz,t y x,t = q t (1 − κ 1 − κ 2 ) n x,t nz,t



Rental price of land: rtL = qt κ2 Land (per person): lt ≡



yz,t lt



L¯ l = t −1 Nt 1 + nt



Capital accumulation (for j ∈ { x, z}): 



k j,t =



i j,t



1 − δK φ k j,t−1 + 1 − 1 + nt 2



i j,t−1



!2  − 1  i j,t



Investment (for j ∈ { x, z}):  φ ξ j,t 1 − 2



i j,t i j,t−1



!2



−1



−φ



!



i j,t i j,t−1



−1



i j,t







ξ  = 1 − φ j,t+1 i j,t−1 Rt



No arbitrage (for j ∈ { x, z}): Rt =



r Kj,t+1 + (1 − δK )ξ j,t+1 ξ j,t 31



i j,t+1 −1 i j,t



!



i j,t+1 i j,t



!2



Total (non-housing) wealth: at = k t + f t Government: gyt =



τt + rtL lt 1 + ψt



Net exports: nxt = f t −



R t −1 f t −1 1 + nt



Current account: cat = f t −



f t −1 1 + nt



International capital market:



∑ µi,t fi,t = 0 i
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