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Are demographics responsible for the declining interest rates? Evidence from U.S. metropolitan areas∗ Jack Favilukis†and Jinfei Sheng‡ March 14, 2017



Abstract Interest rates have declined dramatically over the past 30 years. At the same time the birth rate has declined, and life expectancy has increased. Demographic changes leading to an older population have been proposed as an explanation for the decline in rates. However, this conjecture is difficult to test because demographics change slowly over time, and are correlated with other characteristics. We show that in a crosssection of U.S. MSAs, the relationship between interest rates and demographics is only partially consistent with the above conjecture, and with existing models, which predict a negative association between age and interest rates. This association is, indeed, negative for lending rates, but positive for deposit rates. We rationalize this pattern by solving an OLG model where the banking sector is not perfectly competitive, and there is heterogeneity in the intertemporal elasticity of substitution across households. JEL classification: E43, G21, J11.
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Introduction



Interest rates have declined dramatically over the past 30 years. At the same time the birth rate has declined, and life expectancy has increased. Figure 1 shows these trends. Demographic changes leading to an older population have been proposed as an explanation for the decline in rates. These issues are of first order importance for the global economy, for example Summers (2014) lists demographics as one of the major factors responsible for secular stagnation and the decline in world growth. We show that in a cross-section of U.S. MSAs, the relationship between interest rates and demographics is only partially consistent with existing models, and with the conjecture that an older population is driving the decline in interest rates. Specifically, lending rates are negatively associated with an older population, as existing models predict (for example Diamond (1965) or Geanakoplos et al. (2004)). However, deposit rates are positively associated with an older population, inconsistent with past theories. The deposit pattern is stronger in MSAs with a less competitive banking sector, although the lending rate pattern is weaker in MSAs with a less competitive banking sector. This suggests that the relationship between interest rates and demographics is more complicated than previously thought. To rationalize these empirical findings, we build a model similar to Diamond (1965) and Geanakoplos et al. (2004) but with imperfect competition in the banking sector, and with random but persistent variation in the birth rate and the death rate. We show that it is possible for both the lending rate to fall, and the deposit rate to rise as the population ages. This paper’s contribution is twofold. First, we provide new empirical estimates of the relationship between demographics and interest rates. We discuss past empirical findings on this topic below, in the literature review section. To summarize, several studies have found some evidence of a negative relationship between the fraction of prime savers in the population (roughly the 45-64 group) and interest rates, using U.S. time series data. How1



ever, because both demographics and interest rates move at relatively low frequencies, the ”spurious regression problem” described by Granger and Newbold (1974) may put some of these results in doubt. Two recent papers have used international panels to study the relationship between demographics and interest rates, but have come to opposite conclusions, one finding a positive relationship between rates and the fraction of working age households in the economy, and the other a negative relationship between rates and the middle-aged to young (MY) ratio. Although the international cross-section alleviates some of the econometric concerns associated with low frequency data, demographics are correlated with a host of country characteristics that may also influence interest rates, for example Barro (1991) shows that fertility is cross-sectionally negatively related to both the level of GDP and the level of human capital. While some of these concerns are still present in U.S. MSA level data, U.S. MSAs may be more homogenous among some of these dimensions. Furthermore, U.S. MSAs provide a much larger cross-section than international studies, which allows us to directly control for various MSA characteristics. Our second contribution is to extend a standard overlapping generations (OLG), general equilibrium model, such as Diamond (1965), to have imperfect competition among banks, as in Klein (1971). Table 1 summarizes the model’s results. If demographic differences across cities are driven by birth rates or by expected population growth (first row), then imperfect competition introduces a spread between the lending and the borrowing rate, but it does not change the negative relationship between population age and interest rates. That is, the deposit and lending rates are both negatively associated with an older population. However, if demographic differences across cities are driven by differences in death rates or in life expectancy, then imperfect competition can flip the relationship between age and the deposit rate. Thus, the model can recover the pattern we observe in the data, where older cities have lower lending rates but higher deposit rates. For this to happen, there needs to be some heterogeneity in the intertemporal elasticity of substitution (IES) within the market 2



(i.e. within the MSA). However, this result does not require differences in the amount of heterogeneity across markets, or differences in life expectancy across high versus low IES agents.



1.1



Literature review



The idea connecting demographics to rates of return goes back to at least Hansen (1939). It is made clear in Diamond (1965) where, if there is no productivity growth, the interest rate is exactly equal to the population growth rate. The intuition is that if the population growth rate is low, then the number of retirees relative to workers is large, and the resource constraint implies that the retirees must consume relatively little per capita. In equilibrium, this causes interest rates to be low, so that agents who save in their working years get a relatively small return on their wealth, and consume relatively little in retirement. This idea also appears in Geanakoplos et al. (2004), who argue that the middle-aged to young (MY) ratio should be positively related to asset valuations, and negatively to future rates of return. Similar or related ideas have also been modeled by Yoo (1994), Miles (1999), Abel (2001), Abel (2003), Krueger and Ludwig (2007), Ferrero (2010), Ikeda and Saito (2014), Carvalho et al. (2016), Gagnon et al. (2016). For example, the last two papers on this list both build quantitative, calibrated dynamic models and argue that demographics account for a 1%-1.5% reduction in global interest rates. Empirical work has been mostly supportive of these theories for interest rates, though less so for other asset classes. Starting with evidence on U.S. interest rates, McMillan and Baesel (1988), Yoo (1994), Poterba (2001), and Gozluklu and Morin (2015) all show that measures of the fraction of the population in prime saving years, for example the fraction of those aged 40-65 relative to the working age population, are negatively related to the short rate. However, as mentioned earlier, demographics and interest rates tend to be slow moving,
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thus, even a 100 year time series provides relatively few independent observations. To the best of our knowledge, there are only three studies that use an international cross-section to measure the impact of demographics on interest rates. Consistent with the theory, Davis and Li (2003) (7 OECD countries, 1960-1999) and Favero et al. (2016) (35 countries, 1964-2011) find a negative relationship between the MY ratio, and short term rates. On the other hand, Aksoy et al. (2015) (20 OECD countries, 1970-2007) find a positive relationship between the working age fraction, and interest rates. The evidence on the link between demographics and asset prices is even more mixed when one considers equity returns. On the one hand, Bakshi and Chen (1994) find a positive relationship between the increase in the average age of the U.S. working age population (1945-1994), and the contemporaneous stock valuations, but also with future excess returns. On the other hand, Poterba (2001) finds no relationship when considering a wider range of time periods and demographic measures. Yoo (1994) finds a negative relationship between the 45-64 population fraction, and future excess returns for the U.S. Erb et al. (1997) find no relationship between world age and future stock return, but a positive relationship in a cross-section of 18 countries (1970-1995). Brooks (2002) and Bergantino (1998) both find a positive relationship between middle aged fraction and contemporaneous stock valuations for the U.S., and Davis and Li (2003) find similar results for an international panel. Goyal (2004) finds a positive (negative) relationship between the retired (working age) fraction and net equity market outflows (dividends plus repurchases), and a negative relationship between the retired fraction and the equity premium. Ang and Maddaloni (2005) find that an increase in the retired population fraction negatively predicts stock returns in an international panel, however this relationship is positive but insignificant for the U.S. and positive and significant for the U.K. Favero et al. (2011) and Gozluklu and Morin (2015) find that the MY ratio is positively related to the price-to-dividend ratio. To summarize, there is some evidence that a higher fraction of workers is positively related to current valuations, but there is no 4



consensus on its relationship to future equity returns. Demographics may matter for changes in house prices as well. Mankiw and Weil (1989) argue that the entry of the baby-boom generation into house-buying years caused the 1970s housing boom, and predict slower future house price growth due to the baby-bust generation. Hamilton (1991) argues against this conclusion, pointing out that the rental price was falling in the 1970s, inconsistent with Mankiw and Weil (1989). Bakshi and Chen (1994) find a negative relation between the increase in the average age of the working age population, and house price changes. Bergantino (1998) finds a positive relationship between demand for housing estimated from the age distribution, and housing prices. Takats (2010) finds a positive relationship between the working-age to retired ratio, and house prices. Other asset returns have also been considered. For example Lindh and Malmberg (2000) and Juselius and Takats (2010) find a negative relationship between the working age or net saver population, and inflation. DellaVigna and Pollet (2007) find a relationship between demographics, and future industry demand, profit, and equity returns. This paper is also related to the literature on imperfect competition among commercial banks, and its effect on deposits and loans rates. In our model, banks are oligopolists and face demand curves for loans and deposits, as in Klein (1971) and Dermine (1986). More recently, Drechsler et al. (2016) study how deposit demand and rates respond to changes in the Fed Funds rate, and how this response depends on local competition in the banking sector; Xiao (2016) studies a related problem but with a focus on the competition to commercial banks from the shadow banking sector. Scharfstein and Sunderam (2016) study the sensitivity of mortgage lending and mortgage rates to changes in MBS yields.
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2



Empirical results



2.1



Data



We collect the data from several sources. Our dependent variable is the bank rate (either loan or deposit) in an MSA in a particular year. Our key independent variable is the fraction of population in an MSA of a particular age in a particular year. Specifically, deposit rates are calculated as banks’ interest expenses divided by total deposits, and loan rates are calculated as banks’ interest income divided by total loans, both from from Call Report. We define the spread as the difference between loan and deposit rates. The bank rate at the MSA level is defined as the simple average of bank level rates within each MSA. Demographics variables (the young, middle, and old group ratios) are collected from U.S. Census data, which is available online. Young, middle and old groups are defined as ages 20-42, 43-64, and 65 and above, respectively. For each group, the ratio of that group in the population is the number of people in that group divided by the total population (excluding people who are younger than 20 years old) in each MSA. Because the U.S. Census happens every 10 years, we have only three time-series observations: 1990, 2000, and 2010 as bank rate data is unavailable pre-1990.1 We also include several control variables. From Call Report, we collect bank size, credit quality, the number of banks, and the Herfindahl index (HHI) for each MSA. Bank size is the logarithm of bank assets. Credit quality is the percent of nonperforming loans. We then take average of bank size and credit quality of banks within each MSA to get MSA level values. The number of banks is just the total number of banks in each MSA. The HHI, a 1



The U.S. Census also provides population estimates in the inter-Census years. We ignore these for the following two reasons. First, these are not truly independent observations, but are estimated from actual Census years. Second, since demographics change very slowly, annual data would provide very little additional variation in the explanatory variable.
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common measure of market concentration, is defined as the sum of squares of the share of deposits of each bank within the MSA. The unemployment rate is from the Bureau of Labor Statistics. Income growth is from the Bureau of Economic Analysis and is defined as the change of personal income per capital in each MSA. The housing price index (HPI) in each MSA is from The Federal Housing Finance Agency. Table 2 reports some summary statistics. The average deposit rate over this period is 1.37%, and the average lending rate is 5.74%. Figure 1 shows that interest rates have generally trended down over this period, while the population has aged. However, for each year, we demean both rates, and each group’s population fraction by the average across all MSAs for that year, therefore the trend should not affect our results. The average HHI is 0.18. These numbers are comparable to numbers reported in previous studies.



2.2



Results



In this subsection, we test whether demographics are associated with bank interest rates at the MSA level. Specifically, we run the following pooled regression where an observation is defined at the level of an MSA-year (i, t).



j Ratei,t = αj + β j P OPi,t + κj Xi,t + ǫji,t



(1)



j where our key variables of interest are Ratei,t and P OPi,t , while Xi,t represents a set of



controls. Ratei,t is the interest rate in MSA i, year t; it is either the deposit rate, the loan rate, j or the spread. P OPi,t is the ratio of group j population relative to total population in MSA



i, year t; group j represents either the young, the middle-aged, or the old. Both variables are detrended by their means across all MSAs, at year t. We run this regression separately for each group j because population shares, by construction, are negatively correlated with



7



each other.2 We also include several controls.



2.2.1



Main results



Tables 3, 4, and 5 report the results of this regression for deposit rates, lending rates, and the lending-deposit spread, respectively. Deposit rates are higher in MSAs where the older and middle aged groups make up a larger fraction of the population; they are lower when the young group makes up a larger fraction of the population. These results are highly significant, with t-statistics above four for the young and old groups. These results are also unaffected the inclusion of controls for local economic conditions (unemployment rate, income growth, house prices, credit quality) and local banking sector controls (number of banks, bank HHI, and bank size). This finding is exactly opposite of what is predicted by existing models. There are two separate sets of intuition for why an older population is associated with lower deposit rates in existing models. First, a high number of older people may be due to a relatively low population growth rate. When the growth rate is low, banks expect to receive few deposits in the future, thus they must offer low rates of return today, as they will not have the resources to repay deposits with high rates of return. Second, when the number of ’prime-savers’ is high, their demand for saving puts downward pressure on interest rates. ’Prime-savers’ are households at their peak income earning years, roughly 45-65. The pattern for lending rates is exactly the opposite of deposit rates. Lending rates are lower in MSAs where the older and middle aged groups make up a larger fraction of the population; they are higher when the young group makes up a larger fraction of the population. These results are slightly weaker than the deposit results, with t-statistics 2 It is possible to run regressions with two out of the three population shares. These results are consistent with our findings from regressions with one demographic variable at a time. However, because there are three different ways we can choose two out of three demographic variables, we do not report these results.
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around 2.5. They are also robust to various controls. The lending rate results are consistent with predictions from previous work. If the spread is constant (including zero in the competitive case), then the intuition given earlier for deposit rates carries over to lending rates. Additionally, even if the spread is not constant, the Permanent Income Hypothesis of Friedman (1957) implies that a higher fraction of young people in the population is associated with a higher demand for borrowing. This is because they have relatively low income and would like to smooth consumption over time. This higher demand for borrowing can result in higher lending rates. The intuition will be formalized in the next section, where we build an OLG model with both borrowing and lending in the presence of imperfectly competitive banks. Like the lending rate, the lending - deposit spread is negatively (positively) related to the fraction of old (young) in an MSA. This result is not surprising in light of the previous two results, since the lending rate, and the negative of deposit rate are both negatively (positively) related to the fraction of old (young). One possible explanation for why the behavior of deposit rates is so different from that of lending rates may be different amounts of risk across MSAs. We control for several local characteristics that may be related to local risk: the unemployment rate, income growth, and credit quality (measured by non-performing loans), these controls do not significantly affect the relationship between demographics and rates.



2.2.2



Competition



Another explanation may be competition. In an imperfectly competitive market, banks’ choice of rates will be determined not just based on fundamentals, such as outside opportunities or risk, but also on their optimal choices in response to deposit and loan demand curves. In our baseline empirical results, we control for two measures of competition: the
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number of banks, and HHI. Our results are not significantly affected by these controls. In the next section, we build a model of imperfectly competitive banks interacting with agents of different ages. The model suggests that the relationship between an MSAs demographics and its interest rates should depend on how competitive the banking sector is within the MSA. For this reason, in Tables 6, 7, and 8 we repeat the same regressions as above, but split the sample into high HHI (relatively uncompetitive) versus low HHI (relatively competitive) MSAs, with the cutoff being the median HHI over all MSA-years.3 The relationship between demographics and deposit rates appears stronger in less competitive markets. For all three groups, the coefficient falls in magnitude as we move from high HHI (uncompetitive) to low HHI (competitive). In particular, the old coefficient falls from 0.019 to 0.005, the middle from 0.012 to 0.005, and the young from -0.010 to -0.004. The differences between high HHI and low HHI coefficients are statistically significant for the old and the young groups, with F-test p-values of 0.001 and 0.039, respectively. As will be discussed below, our model predicts that if demographic differences are driven solely by differences in birth rates, then competition should be unrelated to deposit rates. However, if demographic differences are driven at least partially by differences in life expectancy, then the positive (negative) relationship between the old (young) fraction and deposit rates should be stronger in less competitive markets, as in the data. Unlike for deposits rates, when we divide the data into low and high HHI groups, the relationship between demographics and loan rates shows no clear pattern. Opposite to deposits rates, the old and young coefficients rise in magnitude as we move from high HHI (uncompetitive) to low HHI (competitive), although in both cases, the differences between high HHI and low HHI coefficients are not statistically significant. On the other hand, similar to deposit rates, the middle coefficient falls in magnitude as we move from high HHI to low 3



Alternately, we could split the sample into low versus high HHI relative to same year observations only. Because there is no trend in HHI over the sample period, these results are similar and we do not report them.
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HHI, and this difference is significant, with an F-test p-value of 0.074. These results are only partially consistent with our model, which, like for deposit rates, predicts a stronger relationship in less competitive markets.



2.2.3



Alternate measures of demographics



Past literature has focused on the Middle-to-Old ratio for connecting demographics to asset prices. In Table 9 we present a regression with the same controls as before, but we replace our key explanatory variable by two new variables: the Old-to-Middle ratio and the Youngto-Middle ratio. Note that unlike population fractions, these two are not mechanically negatively correlated, therefore, we include them in the same regression simultaneously. These results are mostly consistent with our previous findings. The old are positively related to deposit rates, but negatively to lending rates. The young are negatively related to deposit rates, though they are unrelated to lending rates.
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Model



We model an endowment economy with overlapping generations. For simplicity, the economy is non-stochastic, with a constant population growth rate g, and survival probability p. These two variables fully determine demographics in the economy. Although both a lower g and a higher p lead to an aging population, we show that their effects on interest rates may be different. Since in our empirical section, we compare cities with different demographics, the goal of the theoretical exercise is to compare model solutions with different g and p. Much of the intuition is similar to Diamond (1965), but unlike Diamond (1965) we allow for imperfect competition in the financial sector. In equilibrium, the per capita consumption, saving, and wealth of each age group is constant - only the size of the population is changing. Therefore, we suppress all time subscripts. 11



3.1



Agents



There are two types of agents in the economy, low ρ agents making up 1−q of the population, and high ρ, making up q of the population. ρ is the inverse of the IES. Heterogeneity in IES has previously been shown to help explain the equity premium and portfolio holdings by Gomes and Michaelides (2008). Other than differences in ρ, these agents are identical, and have the same birth and death rate. Agents live for a maximum of three periods: young workers (age=1), middle-aged workers (age=2), and retirees (age=3). We think of each period being roughly 23 years (19-41, 42-64, 65-88). Thus, at any time, there are three generations of agents coexisting in the economy. All young workers survive to become middle-aged workers, but only a fraction p of middleaged workers survive to become retirees, while the remaining 1−p die before reaching age=3. The survival probability p directly maps to life expectancy 64 + 23p. The population grows at a rate g so that the total number of young workers is 1+g higher than that of middle-aged workers. Agents face no income uncertainty. All retirees earn no income Y3 = 0, all middle-aged workers earn income Y2 , and all young workers earn income Y1 ≤ Y2 . The ratio



Y1 Y1 +Y2



determines borrowing demand by the young. As shown in the appendix, each agent’s value function takes the form



Vi (W ) = Ai



(W + Zi )1−ρ 1−ρ



(2)



where Ai and Zi depend on agent i’s type (high or low ρ) and age (young, middle-aged, retired). Similarly, their consumption function takes the form Xi (W + Zi ) 1 + Xi
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(3)



where Xi depends on agent i’s type and age.



3.1.1



Retirees, age 3



Retirees simply consume their wealth. For retirees, A3 = 1, Z3 = 0, X3 = ∞. Recall that only a fraction p of workers survive to retirement. In our baseline calibration, we assume that the wealth of those agents who died before reaching retirement is simply wasted (i.e. end of life medical and funeral expenses). However, we also solve a case with bequests, where their wealth is transferred to the young generation; these are accidental bequests, so agents have no utility from leaving wealth to the young. Because the size of accidental bequests is relatively small, the results in the model with accidental bequests are very similar to the baseline model.



3.1.2



Middle-aged workers, age 2



Middle-aged workers decide how much to consume, with the remainder invested for retirement at a rate RD .



V2 (W ) = max C



C 1−ρ + pβV3 ((W + Y2 − C) ∗ RD ) 1−ρ



(4)



Plugging in the retiree’s value function, we can solve for ρ A2 = β(RD )1−ρ p1/ρ + (β(RD )1−ρ )−1/ρ , Z2 = Y2 and X2 = (pβ(RD )1−ρ )−1/ρ .



3.1.3



(5)



Young workers, age 1



Young workers choose how much to consume. They make this choice as a function of the loan rate today RL , and a belief about the deposit rate next period RD . We assume that Y1 13



is sufficiently low relative to Y2 that consumption is higher than income, with the shortfall borrowed at the lending rate RL (we later confirm that young households would not choose to save at the prevailing RD ).



V1 (W ) = maxC



C 1−ρ 1−ρ



+ βV2 ((W + Y1 − C) ∗ RL )



(6)



 ρ 1/ρ The solution to this problem is A1 = β(RL )1−ρ A2 + (β(RL )1−ρ )−1/ρ , Z1 = Y1 + RYL2 ,



and



X1 = (β(RL )1−ρ A2



−1/ρ



3.2



.



(7)



Banks



We consider oligopolistic banks, facing demand curves for deposits and loans, as in the KleinMonti model, Klein (1971). However, we embed these banks in an OLG setting similar to Diamond (1965), where the demand curve arise endogenously from household’s saving demand over the life cycle.



3.2.1



Perfect competition



Although we are interested in imperfect competition, it is useful to first consider a bank’s behavior if competition was perfect in order to motivate our modeling of banks. Since there are no shocks, if there is a non-explosive solution, then in equilibrium the interest rate is constant. Since there is no per capita income growth, population growth affects aggregate income, saving, and consumption, but not per capita quantities. In other words, the consumption and saving decisions for an individual of a particular age are identical across all generations. Define sy < 0 and sm > 0 to be the per capita saving of the young and middle aged;
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define Nty and Ntm to be the number of young and middle aged at t. The interest rate must be constant and equal to g. To see this, consider a bank’s total cash from deposits. The bank m m D D takes in Ntm sm in new deposits and pays out Nt−1 s Rt−1 = Ntm sm Rt−1 (1 + g)−1 in maturing D deposits. Since competitive banks must break even, Rt−1 = 1 + g. Similarly, consider a y L L bank’s total cash flow from lending. The bank takes in −Nt−1 sy Rt−1 = −Nty sy Rt−1 (1 + g)−1



from maturing loans and pays out −Nty sy in new loans. Again, since competitive banks must L break even, Rt−1 = 1 + g. The interest rate being equal to the growth rate also results in



goods market clearing, as total consumption is equal to total output. Note that there is nothing linking the total loans given in a period −Nty sy = −(1 + g)Ntm sy to the total deposits taken in Ntm sm . Both of these quantities depend on the ageincome slope, time preference, and life expectancy; total loans may be bigger or smaller than deposits. In the spirit of Diamond (1965) or Tirole (1985), banks are welfare improving Ponzi schemes, which facilitate inter-generational transfers. Banks finance the interest on maturing deposits by taking in new deposits from a growing population. Banks use interest earned on maturing loans by lending it out to a growing population.



3.2.2



Imperfect competition



To keep the model as close as possible to the perfectly competitive case, we model banks as Ponzi schemes which facilitate inter-generational transfers. Thus, there is no constraint linking deposits taken to loans given. Although banks may be infinitely lived, as will be explained below, they face a series of independent choices, with the choice at t affecting cash flows at t and t + 1 only. Thus, the bank’s problem is identical to that of a myopic bank, which raises deposits at t and repays them at t + 1, or gives out loans at t and collects them at t + 1. Furthermore, as in Klein (1971), the choice of deposits is independent from the
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choice of loans, thus each problem can be solved separately.4 There are a total of n banks. Each bank chooses how many deposits and loans to supply, with the deposit and loan interest rates clearing the supply versus demand imbalance. Consider the problem of bank i. This bank’s period t profit from deposits is πti,D = Dti − D i L Rt−1 Dt−1 and its profit from loans is πti,L = −Lit + Rt−1 Lit−1 . As discussed earlier, with D L perfect competition, Rt−1 = Rt−1 = 1 + g and πti,D = πti,L = 0. Since the bank’s choice of Dti



and Lit at t affects its profit at both t and t + 1, we must consider the bank’s intertemporal decision. The bank chooses Dti and Lit at t to maximize its value: D L D L Πit = (πtD + πtL ) + βB (πt+1 + πt+1 ) + βB2 (πt+2 + πt+2 ) + ...



(8)



where βB is the bank’s personal discount rate. We set βB = (1+g)−1 because this guarantees that in steady state, the cash flow at t is exactly equal to the present value of profit due to decisions made at t; it also guarantees that when banks are perfectly competitive, both expected profit and cash flow are exactly zero, period by period.5 We will solve for a symmetric Nash equilibrium where each bank takes all other banks’ actions as given when choosing its optimal actions. In equilibrium all banks are identical and each bank’s actions are optimal given the behavior of other banks. Bank i believes that each of the other n − 1 banks supplies D deposits and L loans, independent of bank i’s actions. From this, bank i can compute the aggregate deposit and loan supply as a function of its own actions: Dsup (Dt , D) = Dt + (n − 1)D



(9)



Lsup (Lt , L) = Lt + (n − 1)L



(10)



4



Dermine (1986) extends the Monti-Klein model to study when the deposit decision can be separated from the loan decision. 5 D For simplicity, consider the deposit side of the bank only. The bank’s cash flow at t is Dt − Dt−1 Rt−1 = −1 D Dt (1 − (1 + g) Rt−1 ). The bank’s present value of profit at t, due to decisions made at t, is Dt (1 − βB RtD ). For the two to be the same in steady state, it must be that βB = (1 + g)−1 .
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The bank also has a belief about the deposit and loan demand curves. Recall that each 1 where X2 is given by equation 5. middle aged agent’s deposit demand is (W2 + Y2 ) 1+X 2



Thus, the aggregate deposit demand (expressed per middle-aged agent) is D



Ddem (R , W2 , ω) = (W2 + Y2 )



where ω =



q∗(W2,2 +Y2 ) W2 +Y2







1−ω ω + D 1−ρ −1/ρ D 1 1 (pβ(R ) ) (pβ(R )1−ρ2 )−1/ρ2







(11)



is the fraction of middle aged investment wealth held by type 2 agents,



and W2,2 is the average wealth of the type 2 agents. We explicitly write the deposit demand as a function of all endogenous variables. The bank can set deposit demand equal to supply and solve for the deposit interest rate as a function of its deposit supply, and of its beliefs about the relevant endogenous variables: RD (Dt , D, W2 , ω). Similar to deposits, the bank has a belief about the loan demand curve per young agent, X1 which links loans to the loan rate. Each young agent’s consumption is (Y1 + Y2 /RL ) 1+X 1   1 Y 2 X1 1 and their savings are Y1 1+X1 − RL Y1 1+X1 < 0 where X1 is given by equation 7. The loan



demand is the negative of a young agent’s saving, with aggregate loan demand per young agent being



Ldem (R



L



D , Rt+1 )



     1 Y2 X1,1 1 1 Y2 X1,2 1 = Y1 (1 − q) − +q − RL Y1 1 + X1,1 1 + X1,1 RL Y1 1 + X1,2 1 + X1,2 (12)



Here X1,1 and X1,2 are type 1 and type 2’s versions of equation 7. Note that this equation is constructed for a menu of loan rates RL , however it also depends on the belief about the D 6 future deposit rate Rt+1 . The bank can set loan demand equal to supply and solve for



the loan interest rate as a function of its loan supply, and of its beliefs about the relevant D D endogenous variables: RL (Lt , Rt+1 ). Note that future Rt+1 may be affected by the bank’s



actions at time t + 1. However, because the bank cannot precommit to actions at t + 1 as of A2,1 and A2,2 both depend on RD . X1,1 and X1,1 depend on, respectively, belief about A2,1 and A2,2 next period, and therefore depend on RD next period 6
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D t, future Rt+1 is taken as an exogenous belief as of t. D , the bank knows the deposit To sum up, given beliefs about D, L, W2 , ω, and Rt+1 D RD (Dt , D, W2 , ω) and loan RL (Lt , Rt+1 ) rates as a function of its actions Dt and Lt .



Plugging the rates into equations 8, it becomes clear that the bank is solving a series of myopic problems, with the one at t being:   D ) max Dt × 1 − βB RD (Dt , W2 , ω) + Lt × −1 + βB RL (Lt , Rt+1 Dt ,Lt



(13)



Furthermore, each myopic problem can be split into two indepent problems, one for deposits and another for loans.



3.3



Equilibrium



The equilibrium consists of deposit and loan rates RD and RL ; consumption choices per capita for the young and middle aged agents of each type C1,1 , C1,2 , C2,1 and C2,2 ; beliefs about wealth W2 and wealth shares ω; and beliefs about other banks’ loan supply D and L. It must be that given deposit and loan rates, agents’ consumption choices are optimal. It also must be that D and L maximize the bank’s profits given the deposit and loan demand functions in equations 11 and 12. And it must be that RD and RL satisfy these equations together with D and L. Note that equation 12 is constructed for a menu of current loan rates, but holding beliefs about future rates at their equilibrium values. Equation 11 is constructed for a menu of current deposit rates; unlike equation 12, it does not require beliefs about any future endogenous variables. We solve this model numerically. We start with beliefs about D, L, RD and RL . Using RD and RL we can solve the household’s problem analytically, giving us W2 , ω, and the demand equations. Combining the demand equations with D, L, and the supply equations,
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we can solve for a bank’s optimal response functions D i and Li , and the associated interest rates Ri,D and Ri,L . We use these to update D, L, RD and RL . We then repeat until convergence.



3.4



Calibration



Though the model is simple and we are mostly interested in its qualitative implications, we nevertheless try to choose reasonable parameters reflecting the model’s analogs in the data. We do not model childhood, and adulthood lasts for 3 periods. We think of each of these as being roughly 23 years: ages 19-41, 42-64, and 65-87. We vary the probability of surviving to retirement between p = 0.4 and p = 0.8, implying a life expectancy between 73 and 82 years. For comparison, U.S. life expectancy has increased from 72.6 to 78.9 years between 1975 and 2014, and differences across U.S. MSAs might be even bigger. We vary the annual growth rate of the population between 2.1% and 1.9%, implying 23-year g = 0.5417 or g = 0.6128. For comparison, the U.S. total fertility rate has stayed very close to 2% over the 1970-2015 period, falling from 2.02% between 1970-1975, to 1.97% between 2010-2015, with 1.77% and 2.06% being the lowest and highest in any 5-year period between 1970 and 2015.7 We set time preference to have a 2% annual discount, implying β = 0.6283. We set ρ1 = 0.5 (inverse of IES) for type 1 agents, and ρ2 = 1.15 for type 2 agents; the fraction of type 2 agents is q =15% in the baseline model. There are many combinations of ρ1 , ρ2 , and q for which our key results hold. However, as will be discussed below, some amount of heterogeneity in the IES is crucial. In the model, retirees earn no labor income. Based on the Survey of Consumer Finance (SCF), we set the income earned while young to be 37% of lifetime income; we also experiment 7



These numbers are provided by the U.N. and can be found online at http://data.un.org.
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with this number and it does not affect our key results.8 Finally, we set the number of banks n = 5 in the baseline model, and we experiment with this number.



3.5



Results



We are interested in the effect of demographics on interest rates in the presence of imperfect competition in the banking sector. There are two aspects of demographics we consider, a decrease in the birth rate and an increase in life expectancy. Although both lead to an older population, their effects on interest rates can be very different. To investigate this, we run two experiments. First, we hold the growth rate of the population constant at 2% per year, and we compare an economy with a low life expectancy (73 years, p = 0.4) to one with a high life expectancy (82 years, p = 0.8). The first two columns of Table 10 present the interest rate from these two versions of the model, with the difference in the third column. Second, we hold the life expectancy constant at 78 years (p = 0.6), and we compare an economy with a high growth rate (g = 2.1%/year) to one with a low growth rate (g = 1.9%/year). The fourth and fifth columns present the interest rate from these two versions of the model, with the difference in the sixth column. Panel A of Table 10 presents deposit rates, while Panel B presents lending rates. The baseline model, in the first row, presents our key result. An aging population due to a lower growth rate is always associated with lower lending and deposit rates. However, an aging population due to a higher life expectancy leads to a lower lending rate but may lead to a higher deposit rate. This can help us understand the data, where older U.S. MSAs tend to 8



Unfortunately, the SCF does not follow households over time, but just gives a cross-section of different households every three years. Therefore we cannot calculate the fraction of total income a particular individual earns while young. Instead, for each of the three age groups, we define the share of lifetime income as the average income of that age group, divided by the sum of the average incomes of all three age groups. In the data, roughly 10% of total income is earned by the 65 and up group. The fraction of total labor income earned by the 19-41 age group fell from 43% to 37% between 1983 and 1995, and has remained relatively steady around 37% since 1995.
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have lower lending rates, but higher deposit rates. We will now explain the intuition for this result. Both competition and heterogeneity in IES are crucial. In the baseline model there are n = 5 banks, and 85% of the population has ρ = 0.5, while 15% has ρ = 1.15. If all agents have the same ρ = 0.5, in the second row, then the deposit rate is negatively associated with a longer lifespan. If competition rises to n = 100 banks, in the third row, then the deposit rate is not associated with a longer lifespan. Each agent’s demand for deposits as a function of the interest rate is given by equation 11 with ω = 0 or ω = 1. We plot this demand in figure 2 for a ρ = 0.5 agent (blue, dashed), ρ = 1.15 agent (red, dotted), and the average of the two (black, solid). The slope with respect to the interest rate is decreasing with ρ, it is positive for ρ < 1 and negative for ρ > 1 agents - this is the well known income-substitution effect. The left panel shows a shorter lifespan (p = 0.4) and the right panel a longer lifespan (p = 0.8). Deposit demand increases with p, however note that both the intercept and the slope change. With imperfect competition, both the intercept and slope are important for the determination of rates. Consider the problem of a monopolistic bank which faces a linear deposit demand function D = A+Br, and chooses the rate r to maximize profit D(1−(1+r)) = −Dr. The bank will choose r = −0.5A/B, thus a rising demand for deposits may increase or decrease rates, depending on the A/B ratio. We find that when households are homogenous in ρ, the A/B ratio always rises as p rises, leading to lower rates. However, when there is heterogeneity in ρ, the slope can rise faster than the intercept, leading to a rise in rates. This is seen by comparing the intercept and slope of the solid black line in the top left and top right panels of figure 2. Similar logic shows that if loan demand is linear in the loan rate L = A − Br, then the optimal loan rate chosen by the bank is r = 0.5A/B. The bottom panel of Table 10 shows
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that lending rates fall with life expectancy for all versions of the model. The bottom panel of figure 2 plots the loan demand as a function of the interest rate. This is decreasing for both the high and low ρ agents because, as seen in in equation 12, loan demand depends on the discounted value of future income, which declines with higher rates. This effect is absent for middle-aged agents who have little or no future income. Thus, both high and low ρ agents have relatively similar loan demand functions, therefore heterogeneity has less of an effect on aggregate loan demand. As life expectancy (p) rises, loan demand shifts down for both agents, without much of a change in the slope of demand, leading to a fall in the loan rate. Moving on to the relationship between the growth rate and interest rates, the right side of Table 10 shows that a lower growth rate is always associated with a lower interest rate. However, this effect is somewhat mechanical as it depends on the assumption that the bank’s discount rate βB is equal to the inverse of the growth rate (1 + g)−1 ; note that in a perfectly competitive market, R = 1/βB = 1 + g. As discussed earlier, this assumption is a reasonable one, and the only one that can clear the goods market in a closed economy with perfect competition. On the other hand, if resources can be moved across cities which differ in g, or if there is time variation in g, then alternative assumptions about βB may be more reasonable. However, our focus is on explaining why deposit rates are higher while loan rates are lower in older U.S. MSAs, which requires differences in life expectancy and does not depend on our assumptions about βB . Furthermore, as discussed in the calibration section, while aggregate U.S. life expectancy has changed significantly since the 1970s, the aggregate birth rate has remained very stable.9 We have also solved our model under several alternative assumptions about parameters; these results are also in Table 10. We have added bequests, by assuming that the wealth 9



Although the aggregate U.S. birth rate has not changed, it may be that there are important crosssectional differences in birth rate across U.S. MSAs.
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of dead agents is evenly distributed among the young; we have experimented with a steeper and a flatter age-income profile; we have experimented with an alternative distribution of IES across agents. These alternative assumptions do not alter the main result of a positive relationship between life expectancy and deposit rates, and a negative one between life expectancy and lending rates. The assumption on IES heterogeneity deserves extra attention. Certainly, if there is too little heterogeneity, then the model will behave similar to one with a homogenous ρ, where a longer lifespan leads to a lower deposit rate. However, the heterogeneity result does not appear particularly fragile. For example, the last row of Table 10 presents a model where 75% of the population has ρ = 0.5, and 25% has ρ = 0.95, which exhibits the same positive relationship between life expectancy and deposit rates.



4



Conclusion



Global demographics are changing, populations are getting older, both due to lower birth rates and longer lifespans. These demographic changes are seen by many as a major factor responsible for the decline in global interest rates, which in turn may lead to secular stagnation. We provide novel empirical evidence from the cross-section of U.S. MSAs which suggests that the relationship between demographics and interest rates is more complicated than previously thought. While older MSAs indeed have lower lending rates, they also have higher deposit rates. Though this may be puzzling in the context of existing models, we show that a model with imperfect competition in the banking sector can rationalize these findings. In light of this evidence, the prevailing view linking older populations to lower rates may need to be reconsidered.
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A



Appendix



Here we solve a somewhat more general problem than in the baseline model. We separate risk aversion γ from the IES=1/ρ, and we allow the state of the world to be stochastic.



U(St , i, Wt ) = maxCt



Ct1−ρ 1−ρ



1−γ



1−γ



+ βEt [U(St+1 , i + 1, Wt+1 ) 1−ρ ] 1−ρ



(14)



D



s.t. Wt+1 = (Wt + Yt − Ct )R (St ) 1−ρ



t+1 ,i+1)) Suppose that U(St+1 , i + 1, Wt+1) = A(St+1 , i + 1) (Wt+1+Z(S1−ρ



where Z(St+1 , i + 1) 1−ρ



t ,i)) is known as of t (it is a function of St but not St+1 ). Then U(St , i, Wt ) = A(St , i) (Wt +Z(S 1−ρ



where 1−γ



1−γ 1



A(St , i) = βRD (St )1−ρ (Et [A(St+1 , i + 1) 1−ρ ] 1−ρ ρ + (βRD (St )1−ρ )−1/ρ )ρ



(15)



Z(St , i) = Yt + Z(St+1 , i + 1)/RD (St ) To see this, note that the problem can be rewritten as:



U(St , i, Wt ) =



Ct1−ρ maxCt 1−ρ



+ βEt [A(St+1 , i + 1)



1−γ 1−ρ



]



1−γ 1−ρ



R



D



(Wt +Yt −Ct +Z(St ,i)/RD (St )) (St )1−ρ 1−ρ



1−ρ



(16) 1−γ



1−γ



Define X(St , i)−ρ = βEt [A(St+1 , i + 1) 1−ρ ] 1−ρ RD (St )1−ρ . The first order conditions imply that Ct =



X(St ,i) 1+X(St ,i)



Wt + Yt + Z(St+1 , i + 1)/RD (St )







(17)



Plugging this back into the original equation:



U(St , i, Wt ) =



(Wt +Yt +Z(St+1,i+1)/RD (St )) 1−ρ



1−ρ



X(St , i)−ρ (1 − X(St , i))ρ



(18)



This implies that Z(St , i) = Yt + Z(St+1 , i + 1)/RD (St ) and that A(St , i) = X(St , i)−ρ (1 + X(St , i))ρ . 28



Table 1: Model summary This table summarizes our model’s key results. The subscript i indicates a unit of observation, which may be a city or a time period. The first row describes models where demographic differences are driven by the birth rate gi (p is held constant), while the second row describes models where these differences are driven by life expectancy pi (g is held constant). The left column describes models with perfect competition, and the right column with imperfect competition. r D is the deposit rate and r L is the lending rate.



Demographic differences



Perfect



Growth rate gi



riD = gi = riL



Competition Imperfect riD < gi < riL



Corr(riL , Agei ) < 0 Corr(riL , Agei ) < 0 Corr(riD , Agei ) < 0 Corr(riD , Agei ) < 0 Life expectancy pi riD = g = riL



riD < g < riL



Corr(riL , Agei ) = 0 Corr(riL , Agei ) < 0 Corr(riD , Agei ) = 0 Corr(riD , Agei )  depends on heterogeneity in IES, degree of competition
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Figure 1: Trends of demographics and bank interest rates
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This figure plots the population fraction and interest rates over time. Young is the 20-42 year old fraction of total population, middle and old is 43 years old and above fraction of total population. We plot three different interest rates: Fed fund rate is from Fed H.15 release (1970-2013), deposit and lending rates are calculated from Call Report.
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Figure 2: Deposit and loan demand This figure plots model implied demand for deposits (top two panels) and loans (bottom two panels) as a function of interest rates. Demand is defined per $1 of available wealth. The dashed line is for an agent with ρ = 0.5, the dotted line is for an agent with ρ = 1.15, and the solid line is the average demand if each agent type makes up 50% of the population.
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Table 2: Summary statistics This table reports the summary statistics of the sample over three years: 1990, 2000, and 2010. All variables are the average value at MSA level. Deposit rates and loan rates are calculated from Call Report. Spread is the difference between loan and deposit rates. Demographics variables (young, middle, and old group ratio) are from US Census data. Young, middle and old groups are defined as ages 20-42, 43-64, and 65 and above, respectively. For each group, the ratio is the number of people in that group divided by the total population (excluding those younger than 20 years old). The unemployment rate is from Bureau of Labor Statistics. Income growth is from Bureau of Economic Analysis and defined as the change of personal income per capital in each MSA. Housing price index is from The Federal Housing Finance Agency. HHI is the bank deposit market concentration measure, defined as the sum of square of share of deposit. The number of banks is the number of banks within each MSA. Bank size is the average of the logarithm of bank assets within each MSA. Credit quality is the average of the percent of nonperforming loans within each MSA.



(1) N Deposit rates (%) 930 Loan rates (%) 930 Spread (%) 930 Young (%) 930 Middle (%) 930 Old (%) 930 Unemployment rate (%) 930 Income growth (%) 930 Housing price index 930 HHI 930 Number of banks 930 Bank size 930 Credit quality (%) 930



(2) (3) (4) Mean SD P25 1.37 0.49 0.91 5.74 1.35 4.75 4.37 1.26 3.50 47.53 6.97 42.67 34.75 4.68 30.81 17.70 4.04 15.30 6.44 3.08 4.08 4.31 2.63 2.50 292.79 151.00 193.04 0.18 0.08 0.13 16.86 29.61 4.00 12.00 0.78 11.46 2.01 2.01 0.72
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(5) P50 1.50 5.50 4.03 47.40 35.12 17.30 5.65 4.40 250.34 0.17 8.00 11.96 1.29



(6) P75 1.76 6.36 4.81 52.20 38.49 19.42 8.40 5.95 340.59 0.22 17.00 12.50 2.56



Table 3: Demographics and deposit rates This table presents results from a pooled regression of deposit rates across MSAs and time on demographic characteristics and controls. In columns 1 and 2, the demographic characteristic is old (65+) share of the population; in columns 3 and 4 it is the middle-aged (42-64) share; in columns 5 and 6 it is the young (20-41) share. The text provides a more detailed description of all variables.



Old group ratio (%)



(1) (2) 0.008*** 0.007*** (4.378) (3.860)



Middle group ratio (%)



(3)



(4)



Income growth (%) Housing price index HHI Number of banks Bank size Credit quality (%) Constant Observations Adj. R2



(6)



0.007** 0.008*** (2.285) (2.723)



Young group ratio (%) Unemployment rate (%)



(5)



-0.017*** (-5.571) -0.018*** (-5.647) -0.000*** (-5.628) -0.216** (-2.049) 0.000 (0.155) 0.043*** (4.020) 0.010** (2.259) -0.001 -0.222* -0.002 (-0.100) (-1.815) (-0.302) 930 930 930 0.019 0.101 0.005
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-0.016*** (-5.389) -0.019*** (-5.883) -0.000*** (-6.276) -0.288*** (-2.759) -0.000 (-0.346) 0.042*** (3.842) 0.010** (2.327) -0.179 (-1.446) 930 0.094



-0.006*** -0.005*** (-4.233) (-4.066) -0.017*** (-5.632) -0.019*** (-5.819) -0.000*** (-5.769) -0.236** (-2.258) 0.000 (0.011) 0.042*** (3.859) 0.010** (2.339) -0.000 -0.192 (-0.047) (-1.570) 930 930 0.018 0.103



Table 4: Demographics and lending rates This table presents results from a pooled regression of lending rates across MSAs and time on demographic characteristics and controls. In columns 1 and 2, the demographic characteristic is old (65+) share of the population; in columns 3 and 4 it is the middle-aged (42-64) share; in columns 5 and 6 it is the young (20-41) share. The text provides a more detailed description of all variables.



(1) Old group ratio (%)



(2)



(3)



(4)



-0.013 -0.015 (-0.913) (-1.020)



Young group ratio (%) Unemployment rate (%) Income growth (%) Housing price index HHI Number of banks Bank size Credit quality (%)



Observations Adj. R2



(6)



-0.029*** -0.024*** (-3.159) (-2.590)



Middle group ratio (%)



Constant



(5)



-0.052 (-1.414) 930 0.010



0.036** (2.469) 0.050*** (3.146) -0.000 (-0.482) 0.169 (0.325) 0.008*** (5.989) -0.097* (-1.831) 0.009 (0.430) 0.529 -0.044 (0.879) (-1.192) 930 0.056
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930 -0.000



0.034** (2.291) 0.052*** (3.260) -0.000 (-0.070) 0.399 (0.775) 0.008*** (6.329) -0.097* (-1.804) 0.009 (0.416) 0.451 (0.742) 930 0.050



0.017** 0.014** (2.508) (2.132) 0.036** (2.442) 0.052*** (3.244) -0.000 (-0.332) 0.268 (0.519) 0.008*** (6.146) -0.094* (-1.763) 0.009 (0.397) -0.051 0.453 (-1.386) (0.750) 930 0.006



930 0.054



Table 5: Demographics and lending-deposit spread This table presents results from a pooled regression of lending - deposit spreads across MSAs and time on demographic characteristics and controls. In columns 1 and 2, the demographic characteristic is old (65+) share of the population; in columns 3 and 4 it is the middle-aged (42-64) share; in columns 5 and 6 it is the young (20-41) share. The text provides a more detailed description of all variables.



Old group ratio (%)



(1) (2) -0.037*** -0.031*** (-3.846) (-3.201)



Middle group ratio (%)



(3)



(4)



Unemployment rate (%) Income growth (%) Housing price index HHI Number of banks Bank size Credit quality (%)



Observations Adj. R2



(6)



-0.020 -0.023 (-1.310) (-1.491)



Young group ratio (%)



Constant



(5)



-0.051 (-1.318) 930 0.015



0.053*** (3.416) 0.068*** (4.073) 0.000 (0.627) 0.385 (0.703) 0.007*** (5.653) -0.141** (-2.511) -0.001 (-0.027) 0.750 -0.042 (1.184) (-1.066) 930 930 0.066 0.001
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0.050*** (3.208) 0.071*** (4.221) 0.000 (1.142) 0.687 (1.266) 0.008*** (6.064) -0.138** (-2.449) -0.001 (-0.054) 0.630 (0.981) 930 0.058



0.022*** 0.020*** (3.198) (2.805) 0.053*** (3.399) 0.070*** (4.196) 0.000 (0.794) 0.504 (0.927) 0.008*** (5.829) -0.136** (-2.414) -0.002 (-0.073) -0.051 0.645 (-1.301) (1.013) 930 930 0.010 0.064



Table 6: Demographics, deposit rates, and competition This table presents results from a pooled regression of deposit rates across MSAs and time on demographic characteristics and controls. In columns 1 and 2, the demographic characteristic is old (65+) share of the population; in columns 3 and 4 it is the middle-aged (42-64) share; in columns 5 and 6 it is the young (20-41) share. The difference from Table 3 is that for each of the three demographic groups, we separate all data into high HHI (columns 1, 3, and 5) and low HHI (columns 2, 4, and 6). The text provides a more detailed description of all variables.



HHI group Old group ratio (%)



(1) High 0.019*** (5.667)



(2) Low 0.005** (2.299)



Middle group ratio (%) Young group ratio (%)



(3) High



(4) Low



0.012*** (3.016)



0.005 (1.012)



(5) High



-0.010*** (-4.934) Unemployment rate (%) -0.021*** -0.018*** -0.016*** -0.018*** -0.019*** (-4.364) (-4.492) (-3.376) (-4.489) (-4.085) Income growth (%) -0.019*** -0.017*** -0.020*** -0.018*** -0.020*** (-3.539) (-3.964) (-3.726) (-4.196) (-3.789) Housing price index 0.001 -0.000 0.000 -0.000 0.001 (1.632) (-0.063) (0.584) (-0.378) (1.085) HHI 0.000 -0.000 0.000 -0.000 0.000 (0.373) (-0.420) (0.042) (-0.745) (0.279) Number of banks -0.393*** 0.748* -0.483*** 0.750* -0.446*** (-2.641) (1.853) (-3.168) (1.848) (-2.980) Bank size 0.009 0.045*** 0.005 0.044** 0.006 (0.677) (2.668) (0.367) (2.561) (0.420) Credit quality (%) 0.014* 0.009 0.009 0.009* 0.012 (1.784) (1.562) (1.121) (1.694) (1.562) Constant 0.166 -0.467** 0.233 -0.431** 0.225 (1.028) (-2.323) (1.393) (-2.128) (1.377) Observations 465 465 465 465 465 Adj. R2 0.108 0.074 0.064 0.066 0.093 F-test p-value 0.001 0.200 0.039
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(6) Low



-0.004** (-2.340) -0.018*** (-4.495) -0.017*** (-4.012) -0.000 (-0.104) -0.000 (-0.439) 0.759* (1.880) 0.043** (2.562) 0.009 (1.610) -0.445** (-2.217) 465 0.075



Table 7: Demographics, lending rates, and competition This table presents results from a pooled regression of lending rates across MSAs and time on demographic characteristics and controls. In columns 1 and 2, the demographic characteristic is old (65+) share of the population; in columns 3 and 4 it is the middle-aged (42-64) share; in columns 5 and 6 it is the young (20-41) share. The difference from Table 7 is that for each of the three demographic groups, we separate all data into high HHI (columns 1, 3, and 5) and low HHI (columns 2, 4, and 6). The text provides a more detailed description of all variables.



HHI group Old group ratio (%)



(1) (2) High Low -0.002 -0.029** (-0.150) (-2.558)



Middle group ratio (%)



(3) High



(4) Low



-0.035* (-1.853)



0.014 (0.609)



Young group ratio (%) Unemployment rate (%) Income growth (%) Housing price index HHI Number of banks Bank size Credit quality (%) Constant Observations Adj. R2 F-test p-value



0.038* (1.677) 0.055** (2.154) 0.014*** (4.343) 0.002 (1.537) 0.682 (0.955) -0.109* (-1.676) 0.005 (0.132) 0.118 (0.152) 465 0.042 0.153



0.028 (1.422) 0.052** (2.405) 0.006*** (4.545) 0.001 (0.955) -2.519 (-1.244) -0.168** (-1.976) 0.003 (0.118) 1.554 (1.543) 465 0.074
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0.044** (1.972) 0.059** (2.317) 0.014*** (4.523) 0.002 (1.453) 0.788 (1.107) -0.095 (-1.460) -0.001 (-0.020) -0.107 (-0.137) 465 0.049 0.074



0.029 (1.438) 0.058*** (2.670) 0.007*** (4.937) 0.002 (1.413) -2.387 (-1.170) -0.177** (-2.058) 0.000 (0.009) 1.522 (1.494) 465 0.061



(5) High



(6) Low



0.009 (0.881) 0.042* (1.859) 0.056** (2.200) 0.014*** (4.354) 0.002 (1.479) 0.687 (0.964) -0.106 (-1.620) 0.001 (0.028) 0.060 (0.077) 465 0.044 0.566



0.016* (1.700) 0.029 (1.426) 0.055** (2.520) 0.007*** (4.695) 0.002 (1.110) -2.532 (-1.245) -0.162* (-1.903) 0.001 (0.041) 1.443 (1.428) 465 0.066



Table 8: Demographics, the lending-deposit spread, and competition This table presents results from a pooled regression of lending - deposit spreads across MSAs and time on demographic characteristics and controls. In columns 1 and 2, the demographic characteristic is old (65+) share of the population; in columns 3 and 4 it is the middle-aged (42-64) share; in columns 5 and 6 it is the young (20-41) share. The difference from Table 8 is that for each of the three demographic groups, we separate all data into high HHI (columns 1, 3, and 5) and low HHI (columns 2, 4, and 6). The text provides a more detailed description of all variables.



HHI group Old group ratio (%)



(1) (2) High Low -0.022 -0.034*** (-1.253) (-2.877)



Middle group ratio (%)



(3) High



(4) Low



-0.047** (-2.356)



0.009 (0.388)



Young group ratio (%) Unemployment rate (%) 0.059** 0.046** 0.060** 0.047** (2.437) (2.211) (2.541) (2.219) Income growth (%) 0.073*** 0.069*** 0.079*** 0.076*** (2.724) (3.048) (2.937) (3.336) Housing price index 0.013*** 0.006*** 0.014*** 0.007*** (3.774) (4.346) (4.148) (4.771) HHI 0.002 0.002 0.002 0.002 (1.376) (0.990) (1.362) (1.486) Number of banks 1.074 -3.267 1.271* -3.138 (1.418) (-1.538) (1.683) (-1.463) Bank size -0.118* -0.213** -0.100 -0.221** (-1.712) (-2.392) (-1.451) (-2.443) Credit quality (%) -0.009 -0.005 -0.010 -0.009 (-0.226) (-0.184) (-0.245) (-0.312) Constant -0.048 2.021* -0.340 1.953* (-0.058) (1.913) (-0.410) (1.825) Observations 465 465 465 465 Adj. R2 0.047 0.086 0.055 0.070 F-test p-value 0.523 0.052
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(5) High



(6) Low



0.019* (1.808) 0.061** (2.563) 0.076*** (2.826) 0.013*** (3.893) 0.002 (1.340) 1.132 (1.500) -0.111 (-1.612) -0.011 (-0.283) -0.165 (-0.200) 465 0.050 0.913



0.020** (2.063) 0.047** (2.210) 0.072*** (3.162) 0.007*** (4.496) 0.002 (1.141) -3.291 (-1.543) -0.206** (-2.300) -0.008 (-0.265) 1.888* (1.781) 465 0.078



Table 9: Alternative demographic measure This table presents results from a pooled regression of interest rates (deposit rates in columns 1 and 2, lending rates in 3 and 4, and lending - deposit spreads in 5 and 6) across MSAs and time on demographic characteristics and controls. The demographic variables are the Old-to-Middle ratio, and the Young-to-Middle ratio. The text provides a more detailed description of all variables.



Dependent variables



Deposit rates Loan rates Spread (1) (2) (3) (4) (5) (6) Old-to-Middle ratio (%) 0.002** 0.001 -0.011*** -0.008** -0.012*** -0.009** (2.378) (1.555) (-2.766) (-2.074) (-3.081) (-2.266) Young-to-Middle ratio (%) -0.001** -0.001** -0.000 0.000 0.001 0.001 (-1.995) (-2.495) (-0.069) (0.161) (0.325) (0.632) Unemployment rate (%) -0.017*** 0.036** 0.053*** (-5.630) (2.416) (3.374) Income growth (%) -0.019*** 0.049*** 0.067*** (-5.730) (3.058) (4.002) Housing price index -0.000*** -0.000 0.000 (-5.765) (-0.435) (0.696) HHI -0.230** 0.159 0.389 (-2.179) (0.305) (0.708) Number of banks -0.000 0.008*** 0.008*** (-0.004) (5.956) (5.650) Bank size 0.042*** -0.101* -0.143** (3.842) (-1.889) (-2.530) Credit quality (%) 0.010** 0.010 -0.001 (2.333) (0.445) (-0.027) Constant -0.001 -0.194 -0.049 0.583 -0.048 0.777 (-0.102) (-1.567) (-1.323) (0.957) (-1.231) (1.209) Observations 930 930 930 930 930 930 Adj. R2 0.018 0.102 0.008 0.054 0.013 0.064



39



Table 10: Model results This table presents interest rates from various versions of the model; all interest rates are over one model period, equivalent to 23 years. The top panel presents deposit rates, and the bottom panel loan rates. Each row contains a different version of the model (i.e. Baseline, Same IES, etc), differences between versions of the model are described in the text. For each version of the model, the columns present results for a short lifespan (p = 0.4, life expectancy is 73 years), a long lifespan (p = 0.8, life expectancy 82 years), and the difference between long and short; a high growth rate (g = 2.1% per year), a low growth rate (g = 1.9% per year), and the difference between high and low.



Panel A: Deposit rates Lifespan Short Long ∆ Baseline 8.7% 13.8% 5.1% Same IES 29.7% 24.9% -4.8% High competition 54.6% 54.7% 0.1% Same IES, high comp. 55.9% 55.5% -0.4% Bequests 8.3% 13.6% 5.3% Steeper income gr. 9.2% 14.0% 4.8% 8.6% 13.8% 5.2% Flatter income gr. Alt. IES heterogen. 8.7% 11.4% 2.7% Panel B: Loan rates Lifespan Short Long ∆ Baseline 70.7% 65.2% -5.5% Same IES 69.2% 64.2% -5.0% High competition 58.5% 58.3% -0.2% Same IES, high comp. 58.3% 57.9% -0.4% 69.6% 64.2% -5.4% Bequests Steeper income gr. 80.7% 74.5% -6.2% Flatter income gr. 68.6% 63.2% -5.4% Alt. IES heterogen. 71.4% 65.5% -5.9%
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Growth rate High Low ∆ 16.5% 11.1% -5.4% 30.4% 24.8% -5.6% 58.3% 51.4% -6.9% 59.3% 52.5% -6.8% 16.2% 10.8% -5.4% 16.8% 11.4% -5.4% 16.4% 11.1% -5.3% 14.4% 9.3% -5.1% Growth rate High Low ∆ 70.6% 65.7% -4.9% 69.5% 64.4% -5.1% 61.7% 54.8% -6.9% 61.7% 54.9% -6.8% 69.2% 64.3% -4.9% 80.4% 75.2% -5.2% 68.5% 63.6% -4.9% 71.1% 66.2% -4.9%
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