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Abstract We analyze the aggregate implications of an increase in life expectancy in the presence of shadow banking. Since after retirement agents cannot work and have an uncertain life span, they buy insurance during their working life in the form of equity or annuities. These financial instruments are provided by an intermediary that provides financing at an operation cost and liquidity at a liquidity cost. In the United States life expectancy has increased substantially from 74 years in 1980 to around 79 years in 2005. We show that, at the same time there has been a large decrease in the borrowing and lending interest rate spread, and that almost all of it is due to the fall in the liquidity cost attributed to emergence of shadow banking. We calibrate the model economy to replicate the level of financial intermediation in 1980 and then introduce the observed changes in the liquidity cost and life expectancy. The model generates the same increase in the quantities intermediated and changes in prices as observed in the data. Neither the decrease in the liquidity cost or the change in life expectancy alone account for the observed changes.
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Introduction



Between 1980 and the great recession in 2007 the US economy experienced a steep increase in intermediated borrowing and lending. In particular, household’s debt grew from 1GDP to 1.7GDP. This “credit boom” has drawn the attention of both policymakers and scholars, particularly in relation to the magnitude of the subsequent financial crisis. Multiple reasons have been proposed, ranging from an atypical influx of foreign funds (an international savings glut) to pure financial speculation. In this paper we analyze the contribution of two domestic factors: the increase in life expectancy and the arrival of shadow banking. We show that these two changes can account for almost all the observed expansion in the private borrowing, at the same time being consistent with the evolution of interest rates. Our findings suggest that the observed patterns could be attributed to an optimal response to demographic changes. We provide a measure of the benefits of shadow banking on facilitating that reaction, which is an important element on the discussion about the desirability of shadow banking. A large fraction of total wealth in the United States is held by retirees. Wolff (2004) documents that more than a third of total wealth is held by households whose heads are over age 65. Gustman and Steinmeier (1999) show that, for households near retirement, wealth is around one third of lifetime income as well, so even before retirement most people’s savings are intended to be use after retirement.1 As workers save for retirement, they provide funds that can be used both to finance productive but risky investments and to cover the liquidity needs of those who saved for retirement in the past. The cost of the first activity, which we denote as operation cost, is the cost of finding the best available investment opportunities to allocate part of those savings, and includes the screening of potential projects, monitoring the the management and operation of funded projects and collecting payments. The cost of the second activity, which we denote as liquidity cost, is the cost of transforming these long-term risky loans into short-term safe assets that can be liquidated by previous depositors at stable nominal conditions in relatively short periods of time to cover their liquidity needs during retirement. In the United States life expectancy has increased from 74 years in 1980 to 79 years in 2010. Is this a large change in terms of savings for retirement? We show that households’ assets held in retirement funds duplicated since 1980 as a fraction of GDP (from 55% in 1



Two classical papers on this discussion are Gale and Scholz (1994) and Kotlikoff and Summers (1981).
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1980 to 110% in 2010). Even though the increase in life expectancy induced a large increase in the demand for safe assets that can be provided by financial intermediaries, we document that there was also a large supply of safe assets triggered by financial innovation that allowed for a reduction in liquidity costs. We show that the total cost of intermediation, which combines operation and liquidity costs, measured by the spread between lending rates and deposit rates, has declined from 3% in 1980 to 2% before the recent financial crisis. We decompose this cost of intermediation between operation costs, which has been shown by Philippon (2015) to be constant at around 2%, and liquidity costs, which have decline from 1% to 0% since 1980. The decline in liquidity costs has coincided with a large increase in shadow banking activities. According to the Federal Reserve Bank chairman, Ben Bernanke, ”shadow banking, as usually defined, comprises a diverse set of institutions and markets that, collectively, carry out traditional banking functions–but do so outside, or in ways only loosely linked to, the traditional system of regulated depository institutions. Examples of important components of the shadow banking system include securitization vehicles, asset-backed commercial paper (ABCP) conduits, money market mutual funds, markets for repurchase agreements (repos), investment banks, and mortgage companies.”2 While still performing the core banking function of credit intermediation – receiving funds from savers and lending to borrowers – shadow banking is not overseen by regulatory authorities. We develop a simple model to argue that there are two ways in which shadow banking accomplished a reduction in liquidity costs. First, escaping from costly regulatory constraints that impose investments in unproductive asset classes, such as government bonds. Second, improving the technology of securitization, with better packaging, repackaging and tranching of pools of risky assets to transform them into safe assets, with the potential of cover liquidity needs without fluctuations in their nominal value. How could risky assets be transformed into safe assets with securitization? By pooling and tranching risky assets in the right way and making them complex, it was possible to transform information-sensitive assets into information-insensitive securities, backed by highreturn risky assets but with low expected fluctuations in their value. How were banks escaping from regulation able to attract investors? We claim that, as long as the system was in an information-insensitive regime and reputation concerns prevented originators to invest in excessively risky assets, then shadow banks could provide securities with the returns of productive risky assets and almost the safety of unproductive 2



Ben Bernanke, Speech April 13, 2012 - Some Reflections on the Crisis and the Policy Response.
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government bonds. Are these changes consistent with the large increase in financial assets experienced by the United States since 1980? What are the quantitative implications of higher retirement needs and shadow banking on growth and output? We show in a calibrated model of asset accumulation for retirement motives through financial intermediaries that the interaction of a higher demand for safe assets (from larger life expectancy and then higher needs for liquidity) and a higher supply of safe assets (from a reduction in liquidity costs generated by shadow banking) can quantitatively accommodate the large increase in financial assets as a fraction of GDP experienced by the United States. More specifically, we construct an overlapping generations model with heterogeneity on the bequest motives of individuals, which generates borrowers and savers in the economy: individuals with high bequest motives hold capital and borrow from individuals with low bequests motives. In the model financial intermediaries use funds from savers and channeled them to the best investment opportunities in the economy, while at the same time generating liquid assets that can be used in the short-term to cover the liquidity needs of those who have saved in the past. Then we calibrate the economy to 1980 and input the changes in life expectancy and the cost of financial intermediation to generate a counterfactual for 2005. Only including both changes we can account for the observed evolution of households’ debt over GDP and total financial assets held in the economy, with an increase of around 75% in both figures. If we only include the change in life expectancy we could only account for an increase of only around 10% in households debt over GDP and 6% on total financial assets. We also decompose the impact of shadow banking on output. Without the evolution of shadow banking, steady state output would have grown only half of what it grows when both forces are combined. These results highlight the importance of understanding the determinants and fluctuations of the intermediation costs to determine the dynamics of aggregate variables and constitutes a first step on measuring the effects of shadow banking on welfare and aggregate variables. This paper contributes to the discussion of the volume of retirement savings once we add financial intermediaries and their cost of intermediation explicitly. There is a rich literature highlighting the importance of retirement savings for total investment and output, but less analysis about the effects of financial intermediation (see for example, Mehra, Piguillem, and Prescott (2011)), the reasons of why retirement savings are run down 3



slowly and the importance of bequests motives to explain this pattern (as in De Nardi, French, and Jones (2015)). We also add to the recent and scarcer literature on the effects of shadow banking for macroeconomic aggregates. While there is a widespread literature on the costs of shadow banks in terms of inducing crises and making financial systems fragile, less is known about the positive macroeconomic effects of shadow banking. As in our paper, Moreira and Savov (2015) highlight that shadow banking allows liquidity provision during booms and enhance growth, but at the cost of increasing fragility. This is also the case in our setting, as a collapse in shadow banking would result in an increase in the cost of providing safe assets, slowing down the accumulation of assets. In contrast to their paper, however, we focus on the positive macroeconomic effects of the run up of shadow banking, not its collapse. Also in contrast to a much more explored literature that argues the increase in safe assets came from foreign countries, the well-knowing “savings glut,” in this paper we focus on the increase on the demand of safe assets coming from higher needs for retirement of U.S. residents. Interestingly, a large part of the saving glut from foreign countries has been accommodated by an increase in U.S. government debt and the provision of U.S. government bonds. Shadow banking, then, has had a primary role in accommodating the domestic demand for safe assets, and indeed we find not only that these changes are substantial quantitatively but also that a calibrated model can account for these changes. Our work is also complementary to papers on shadow banks that micro found the effects of shadow banking on reducing liquidity costs. Gorton and Ordonez (2014) show that securitization, through pooling and tranching, reduced the incentives of information acquisition and allows risky assets to be combined to be traded as safe assets and provide liquidity at lower costs. Similarly, Ordonez (2013) shows that shadow banking arises as an equilibrium response to regulations that are excessively, and inefficiently, constrained in times when reputation concerns operate in financial markets, which happens for example when business opportunities are very promising. We use these insights to understand how the increase in shadow banking was at the forefront of the observed decline in the liquidity cost. In the next Section we show the evolution of intermediation costs since 1980, we decompose this change into “operation costs” and “liquidity costs,” we show that the large observe decline was due to the second component and we discuss and document how these cost have declined as a response to the evolution of shadow banking. In Section ?? 4



we introduce a macroeconomic model with savings for retirement and financial intermediation, calibrate it and decompose the effects of shadow banking on welfare, output and the accumulation of assets. In the last Section we make some final remarks.
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Intermediation Cost and Shadow Banking.



In this Section we document the evolution of intermediation costs since 1980 and the impact of shadow banking on interpreting such evolution. As a proxy for intermediation costs we use spreads between lending and borrowing interest rates. To that end we mostly use data from the NIPA tables, which we complement with the time series for valued added in the financial sector constructed by Philippon (2015). The main identity that we use for our calculations is: Gross output



= Value added + Cost of intermediate inputs



Int. received − Bad debt = Value added + Int. paid to investors f re + (1 − f )rL − sb f (1 + re ) = φˆ + r



(1)



The first line of the above simply states a National Account identity. The second line further specifies the meaning of the identity when applied to the financial sector. Gross output is equal to the total revenue from the financial sector: all interest received from loans minus the cost due to defaulted debt (including the unpaid loans). Those proceeds are used to pay all the inputs, capital, labor and “deposits.” The payments to capital and labor correspond to value added, while the payments made to remaining items are simply cost of intermediate inputs. Finally, the third line re-writes the identity per unit of asset and introduces notation that we use in the rest of the paper. The financial sector can allocate its funds to risky illiquid activities, i.e, private loans, whose return is re and to riskless liquid activities whose return is rL , i.e., government bonds. The proportion of funds allocated to each activity are f and 1 − f , respectively. A proportion sb of the assets invested on the risky activity are lost due to defaults. In turn, the revenue are used to compensate the depositors or investors at the rate r (intermediate input) and the remaining is use to compensate labor and capital, whose total per unit of output is φb (value added). We denote by φ the risk-adjusted spread, which can be rewritten from the previous
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equation as φ ≡ re − r − sb f (1 + re ) = φb + (1 − f )(re − rL ) Which states that the risk-adjusted interest spread has two main components: 1) the physical cost of production, represented by the value added, φb and 2) the liquidity component. This last component has in turn two parts, (1 − f ) and (re − rL ). The first is the proportion of assets invested in liquid assets. Hence, if lenders do not need liquidity, f = 1, either because is not needed it or there is no liquidity (regulatory) requirements, there is no liquidity cost. The second part is the spread between the liquid and the illiquid asset. Thus, if liquid asset have same return as loans re = rL , there is no liquidity cost either. First, we will discuss how we compute φ from the data. Then we will discuss the measure of its components and how shadow banking affects them.



2.1



Risk-adjusted Spreads



Table D.3 of flow of funds provides information for all the liabilities of the main economic sectors. Since we are interested in private borrowing and lending, we subtract from the total the outstanding government debt, that is Federal, state and local liabilities. We call the resulting quantity privately intermediated quantities. For the average return on loans (or return on equity) we use Table 7.11, Line 28 of the NIPA tables, which provides the total interest received by private financial intermediaries, interest received . and define re = private intermediated debt For the average interest rate on deposits, we need to make several adjustments. If all financial intermediation were carried over by traditional banks the correct value for r would be directly the average interest rate on deposits. Table 7.11, Line 5 of NIPA tables provides information for the total interest paid on deposits by the financial sector, while Table L109 of Flow of Funds provides data for the total Time and savings deposits on US chartered institutions. This computation of re and r leads to the raw spread re − r that we show in Figure 1.
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Figure 1: Raw Spread
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To adjust this raw spread by the risk component is difficult we follow Mehra, Piguillem, and Prescott (2011) and use Table 7.1.6 Line 12 of the NIPA table that provides “bad debt expenses” declared by corporate business, which is shown in Figure 2. Clearly, not all corporate business are financial intermediaries. As Mehra, Piguillem, and Prescott (2011) we assign half of it to the financial sector. We later perform alternative calculations assigning 25%, 75% and 100% to the financial without any qualitative change, just a translation of the level. The second adjustment we perform arrives from the consideration that the financial sector has changed. First, as we show later, the financial sector has switched from a mostly traditional baking to modern financial institutions that intermediate funds in different ways. For example, the ratio of deposits to total private debt in the US economy fell from 1.8 in 1970 to 0.35 in 2005.3 Second, financial institutions offer several additional services to depositors besides keeping theirs deposits. Then we redefine r = interest paid + service f urnished without payment , where “interest paid” comes from Table 7.11 Line 4 private debt instead of line 5, which includes all the interest payments by private financial institutions and not only interest paid on deposits, and “service furnished without payment” comes from Table 2.4.5 line 88 of flow of funds. Figure 3 shows the resulting “risk-adjusted” spread using the previous adjustments. The spread was steady until 1980, grew steadily until 1990 and then started to decrease, again steadily until 2007. Next, we discuss how shadow banking has been behind this 3



This implies that in the past, deposits were enough not only to intermediate all the private debt but also generated some additional funds that were allocated to public debt. In the last decade, only about one third of the private debt is intermediated through traditional banking.
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The fall in the “risk-adjusted” spread can be explain by an improvement in efficiency, b or by a decline in “liquidity costs”, (1 − f )(re − rL ). In other captured by a decline in φ, words, did the IT revolution reduce the spread or was it a different management of liquidity provision? Philippon (2015) performs a thorough calculation of the changes in efficiency during the last 100 years. In particular, he shows that φb has been constant for more than 100 years and that the technology in the financial intermediation exhibits constant returns to scale. He perform two alternative calculations, one assuming that the composition of the types of loans offered by the financial sector has remained stable during the sampling period and another adjusting for changes in the quality of the loans. Figure 5 shows the evolution of φb estimated by Philippon (2015). The take away from this picture is that the efficiency of the financial sector during the period under consideration has remained relatively stable, with little changes. 4



See Corvae and D’erasmo (2013) for estimation of a risk adjusted spread for private depository institutions. They fine a very similar pattern to us but using FDIC data.
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This result implies that most of the observed variation in the risk adjusted spread is accounted by for the liquidity component. To see this, we define the liquidity cost as the residual Liquidity cost = (1 − f )(re − rL ) = φ − φb and Figure 6 shows the evolution of this residual during the period 1980 to 2007. As can be seen, during this period the spread fell by around 1%, all of it due to a reduction in the liquidity component. In fact, by 2007 the liquidity cost was almost 0%. Figure 5: Value added (Philipon, 2015)
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Figure 6: Liquidity “cost”



Decomposing Risk-Adjusted Spreads



What did it cause the fall in the liquidity cost? Here we claim that shadow banking generates both a reduction in the fraction of low return assets that financial sector holds, 1 − f and the cost of holding safe assets, re − rL . 2.2.1



The Effects of Shadow Banking



In the previous standard competitive setting banks would never choose to hold liquid assets (this is f = 1), since deviating and investing more in risky assets would increase profits. Assume a regulator that imposes “liquidity requirements,” which manifest themselves as a constraint in the fraction of asset invested in loans, this is f ≤ χ.5 This regulatory restriction affects the observed spread, as banks would choose f = χ and spreads 5 The decision of the regulator can be rationalized if there is an aggregate state that determines the return of loans, distributed re ∼ F , while rL is fixed and not subject to shocks.
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would increase as there will be less investment in productive loans. Then φ = φb + (1 − χ)(re − rL ). Two innovations that allowed for regulatory arbitrage led to shadow banking and reduced spreads. One was through changing the composition of investments in the financial system towards risky loans and away from government bonds. The other was through increasing investments in loans, substituting government bonds with securities backed by those loans. How this relates to retirement? When an individual saves for retirement it wants an asset which is safe (low volatility of fundamental value when the asset matures) and high return (to maximize the volume of assets upon retirement for a unit of savings). As savings are used for productive investments and for liquidity provision, the lower the costs to perform these services, the higher the returns on savings conditional on the volatility of the asset. How liquidity translates into the return of savings is the dimension we focuses on next. Change in the composition of assets (reduction in f ) Since the nineties, banks increasingly devised securitization methods to bypass capital and liquidity requirements without reducing investments in assets classified as risky by regulators (loans in our setting). An example was the sponsoring of asset backed commercial paper (ABCP) conduits. These conduits are special purpose vehicles (SPV) designed to purchase and hold long-term assets from banks by issuing short-term ABCPs to outside investors. Since these assets are classified as off-balance sheet once they are held by SPVs, they are not considered for the purpose of computing capital and liquidity requirements. Gilliam (2005) computed that regulatory charges for conduit assets were 90% lower than regulatory charges for on-balance sheet assets. Furthermore, Acharya, Schnabl, and Suarez (2013) show that banks more heavily constrained by regulation used ABCP more intensively, suggesting these conduits were indeed used to avoid regulatory pressures.6 The growth of ABCP conduits is a good example of the growth of shadow banking. Acharya, Schnabl, and Suarez (2013) show that ABCP “grew from $650 billion in January 2004 to $1.3 trillion in July 2007. At that time, ABCP was the largest money market 6



Spain and Portugal were the only european countries that imposed the same regulatory capital requirements for both assets on balance sheet and assets on ABCP conduits. Consistently with the regulatory arbitrage motive, banks in these countries do not sponsor ABCP conduits.
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instrument in the United States. For comparison, the second largest instrument was Treasury Bills with about $940 billion outstanding.” This increase came to a sudden halt on August 9, 2007, when BNP Paribas suspended withdrawals from three funds invested in mortgage backed securities. “The interest rate spread of overnight ABCP over the Federal Funds rate increased from 10 basis points to 150 basis points within one day of the BNP Paribas announcement. Subsequently, ...ABCP outstanding dropped from $1.3 trillion in July 2007 to $833 billion in December 2007.”7 To attract investors to participate in shadow banking without the safety net that regulations provide, banks offered explicit guarantees to repay maturing ABCP at par. However, investors still have to be confident that banks do not take excessive risks when originating the assets and can indeed honor such guarantees. Why do investors participate in shadow banking if they understand that banks are trying to avoid regulations that provide safety nets against potential excessive risk-taking? One possibility, as argued by Ordonez (2013), is that reputation concerns lie at the heart of both the growth and the fragility of shadow banking. Shadow banking grows as long as outside investors believe that regulations are not critical to guarantee the quality of banks’ assets, as banks’ reputation concerns align banks’ incentives with those of their investors. When bad news about the future arrives, reputation becomes less valuable, the alignment of interests disappear and outside investors prefer to move their funds to inferior, but safer, traditional banking. In our setting we just assume these reputational forces operate at the stage of asset generation, in which case the balance sheet of SPVs are given by assets composed of loans that also pay re , and liabilities to investors that require r, the same as in traditional banks. Since SPVs are effectively managed by the same financial intermediaries (the sponsoring banks, for instance) we assume that the transformation between investments and loans b Defining the participation of investors in shadow banks as s, since in shadow has a cost φ. banking there are no regulatory constraints, we can rewrite equation (1) (abstracting from bad debt, sb = 0) as (1 − s)[χre + (1 − χ)rL ] + sre = φb + r. Then, when allowing for the possibility of using SPV to arbitrage regulatory constraints 7



The recent surprising growth and posterior collapse of shadow banking is not unprecedent. During the late 19th century and early 20th century there was no “regulation by a government”, but banks could choose to be members of clearinghouses, which imposed “regulation by peers”. The growth of shadow banking at the time can be traced by the larger participation of trust companies, which were not operating under the rules of clearinghouses.
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spreads are φ = φb + (1 − χ)(1 − s)(re − rL ). Naturally, if there were no restrictions on using shadow banking to escape from regulation, banks would choose s = 1, and spreads would just be the cost of intermediation. However there are not only legal constraints to use SPVs, but also constraints in the use of reputation concerns that make SPVs sustainable. The reason SPVs may not be sustainable is that banks may have large incentives to generate loans of worse quality without regulation and reputation concerns not enough to provide incentives to still compensate investors by r in shadow banks. Change in the volume of assets (increase in rL ) Another innovation after the nineties was securitization. Pooling and tranching assets into securities allowed for the creation of AAA securities that, for regulatory proposes, were considered as safe as government bonds, but based on assets that usually generated higher returns than government bonds. One of the reasons pooling and tranching allowed a larger volume of securities to substitute government bonds was preventing information acquisition, as developed in Gorton and Ordonez (2014). If this is the case, then banks would rather fulfill the regulatory requirements investing in securities, which generate returns rL0 , instead than on government bonds, which generate returns that are potentially lower, rL < rL0 . In this case, consumers that require r for their deposits would be displaced by traditional banks investing in SPVs. Competition in shadow banking would generate that rL0 = re − φb Equation (1) can be rewritten as χre + (1 − χ)rL0 = φb + r. Then, spreads are given by b φ = φb + (1 − χ)φ, which are lower than spreads in the absence of shadow banks when re − φb > rL . Naturally, in case re − φb < rL the equilibrium will be given by a demand of securities by traditional banks such that re − φb = rL (they invest in a fraction of government bonds and securities 12



to fulfill regulations). Notice that, once banks start using securities to replace government bonds for regulatory purposes, there is an increase in loan investment, reducing spreads in the economy and increasing the volume of assets in the economy through duplication to fulfill regulatory constraints. 2.2.2



Measuring the Effects of Shadow Banking



Here we show that during the spur of shadow banking both effects were in play and there was a reduction in the fraction of government bonds in the assets of financial intermediaries (a decline in 1 − f ) and a reduction in the cost of liquidity (a decline in re − rL ). Figure 5 shows the ratio of deposits to total private debt in the US economy. We can see that this ratio fell from 0.65 in 1980 to 0.35 in 2005. This can by itself can account by a great amount of the fall in the liquidity cost. However, this cost was almost zero in 2007 and traditional banks still accounts for a sizeable share of the financial sector. Hence, it must be the case that the liquidity spread has also fallen. Using Table L109 of the flow of funds we can compute the share of different assets in the portfolio of depository institutions. In Figure 6 we can see that the share of assets traditional considerer liquid (cash, deposits on the Federal Reserve bank and government bonds) have been constantly fallen since 1980 to a share of less than 3% in 2007. At the same time an alternative measure of liquid asset, which basically adds to the traditional liquid assets the proportion of ABS held by depository institutions shows that liquid assets in total has been roughly at 15% in the period 1980-2007. This is not constant as there was a large increase early nineties and large increase right after the recent financial crisis, mostly due to the large intervention of the Fed into the financial system.
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In short, the last three decades have been characterized by a large increase in borrowing and lending and by a large drop in the financial intermediation spread. All the fall in the spread seems to be due to a important reduction in the financial sector’ “liquidity cost.” The shadow banking has had a direct impact by increasing its participation in the banking activity but also an indirect impact generating liquid assets with higher returns than traditional liquid assets, such as government bonds. A natural question arises, who or what and why provided the additional funds? After all, for any new borrower there has to be a new lender. The remaining of the paper focuses on answering this question and on providing a quantitative assessment of the specific impact of shadow banking.



3



Model



Since savings for retirement is a essential element of our comparative statics, we build on Mehra et al. (2011) who develop an environment with financial intermediation and a rich age structure what will allow us to calibrate the model. We show that the decrease in intermediation cost plus the increase in life expectancy generates the observed changes in aggregate quantities and prices. Is the reduction in spread welfare improving? Help with provision of insurance.
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3.1



Overlapping generations with Neoclassical technology



We consider a Standard Neoclassical Technology with a Cobb-Douglas production function and exogenous growth, Yt = Ktθ (zt Lt )1−θ zt+1 = (1 + γ)zt where K is the aggregate stock of capital in the economy, L is the aggregate supply of labor and z is average labor productivity. Thus, θ is share of capital income over on total income and γ is the growth rate of labor productivity. The markets for the consumption-investment good are competitive. Therefore, the rental rate of the inputs equals their respective marginal productivity. δk + re = FK (Kt , zt Lt ) ωt = FL (Kt , zt Lt ) where δk is the capital depreciation rate. Each period a measure (1 + η)t of agents are born, where η is the population growth rate. Each agent is characterized by a different intensity of bequest motive α ≥ 0, where α ∼ f (α). Agents live with certainty for T periods, during which they can work. After age T they cannot longer supply labor and they die with constant probability 0 < δ < 1. Agents order consumption according to, U (α, c, b) =



T X j=0



j



β log cj +



∞ X



β j (1 − δ)j−T −1 [(1 − δ) log cj + δα log bj ]



(2)



j=T +1



As is clear from equation (2), we assume the “Joy-of-giving” type of bequest motive. There are several reason for this assumption. First, it is consistent with the empirical observation that people leave mostly equal bequest to their heirs. Second, as shown by De Nardi, French, and Jones (2010) and De Nardi, French, and Jones (2015) another important reason to save after retirement is for precautionary savings against medical expenses. One would expect health to be a normal good, the Joy-of-giving specification deliver that in a simple way. Thus, the reader must interpret the parameter α as capturing both effects: precautionary savings (say risk aversion or underlying risk) and pure bequest motive. As 15



pointed out by De Nardi, French, and Jones (2015) it is almost impossible to properly disentangle the contribution of each effect.8 Third, this specification allows for non-trivial and intuitive effects of changes in the age structure over savings. For instance, if we had assume that agents are perfectly altruistic with respect to their offspring (“Barro-Becker” type of bequest motive), individual savings would be independent of both life span and survival probabilities. This would be at odds with the empirical evidence, see De Nardi, French, and Jones (2009). Finally, the “Joy-of-giving” assumption is instrumental simplifying the solution of the model. When an agent dies, leaves a bequest, bj , which is equally distributed among all agents alive of age j = TI < T . Thus, every agent receives her inheritance, ¯b, at age TI . There two additional sources of income, labor income and pay-as-you-go social security system after retirement. During the first T years of their life (working age), each agent earns a wage ωj . After age T every agent retires and receives a constant lump sum transfer from the government as long as she is alive, and capital income due to past savings. The pension payments after retirement are constant proportion T rai of ωT . Let ri be the return on agent i’s savings, her total wealth at birth is: v0i



=



T −1 X (1 − τ )ωj j=0



(1 + ri )j



+



¯b (1 + ri )T rai × ωT 1 + T (1 + ri ) I ri + δ (1 + ri )T



(3)



Notice that the only source of individual risk is the agent’s life span. Thus, the only reason for saving is to hedge the risk of outliving one savings: there are only savings for retirement. We are abstracting from aggregate risk, which is not insurable in a close economy, and other sources of idiosyncratic risk, like unemployment or health shocks. From this point of view we are underestimating the amount of precautionary savings. Since all savings, independently of their original purpose, can be used to hedge any kind of risk the biased would be small as long as the survival risk is sufficiently strong. As Gale and Scholz (1994) and Kotlikoff and Summers (1981) show, between 75% and 90% of individual savings can be explained by retirement reasons only. In order to capture in the simplest possible way the different life strategies that different individual use to hedge the risk, we restrict the households’ choice set. We assume that agents have only two available alternatives, 1) to buy annuities or 2) self insure. More importantly, we assume that households can only choose whether to sign or not the an8



See also Lockwood (2015) for some attempts to identify each component.
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nuity contract at age j = 0, and not at any other age j > 0. This assumption is made for simplicity, otherwise, as it will be clear later, it would be optimal for every household to follow the strategy with high returns when young and switch to the strategy with better insurance just before retirement. However, there is ample evidence that (citation) that households do not change their investment strategy drastically in the vicinity of the retirement age and that most households follow a low risk, low return strategy when young even when is suboptimal (Participation Puzzle)9 To be concrete, every agent have access to the following two strategies. 1) Strategy A: Sign an annuity contract. An annuity contract between an agent and a financial intermediary is payment made by the agent to the intermediary, during the agent’s working age and a payment made by the intermediary to the agent when the latter is retired, cj if she is alive and bj to her heirs when she dies. 2) Strategy B: Self insurance. The household save, in equity, part of its income while working and live out its savings after retirement bequeathing any un-spent savings. Let re be the return on equity (Strategy B) and r the implicity return on the annuity contract (Strategy A). Let φ = re − r > 0 be the interest differential. The trade-off faced by the household is clear. The strategy A has the benefit that fully insure against risk of living long time but it has the cost of generating a low return on assets. Conversely strategy B has the benefit that generates high return on assets but it has the cost that it provides no insurance. In particular, household’s following strategy B could leave large amounts of accidental bequests. Of course, the stronger is the household’s bequest motive the lower the implicit cost of accidental bequests. As a result, later we show: ¯ there exists a unique Proposition 1. There are φ¯ > φ > 0 such that for all φ ∈ [φ, φ], α∗ > 0 such that, all agents with α < α∗ follow strategy A while all agents with α ≥ α∗ follow strategy B. Note that in this economy all agents have access to a full insurance technology, but some of them, those with large bequest motive, choose not to use it. They just self insure. This mechanism is in line with the recent finding by Lockwood (2012) and Lockwood (2015), who argues that high bequest motive could be an explanation for the annuity puzzle. 9



There is an extensive literature on the subject see Guiso (xxxx).
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Using Proposition 1, from now on, and without lost of generality, we assume that the distribution of bequest motive is concentrated in two points α = 0 and α = α ˆ > 0. That is, the distribution of households is:   if α = 0  µa F (α) = 1 − µa if α = α ˆ>0   0 otherwise



3.1.1



Characterization of individual problem.



We first consider the Strategy A (Annuity). Because of equation (3) any household following strategy A would solve the following problem: max



T X



∞ X



t



β log cj +



j=0



β j (1 − δ)j−T −1 [(1 − δ) log cj + δα log bj ]



j=T +1



Subject to T X j=0



v0A



=



∞ X ct (1 − δ)j−T −1 [(1 − δ)cj + δbj ] + ≤ v0A (1 + r)j j=T +1 (1 + r)j



T −1 X (1 − τ )ωj j=0



(1 + r)j



+



¯b (1 + r)T raA × ωT 1 + T I (1 + r) r+δ (1 + r)T



Where, as mentioned before r is the household’s “lending rate”, v0A is wealth at age 0 and ωj is the wage at age j. In the appendix we show that the solution for this problem is characterized by: j A ¯A j cA j = C β (1 + r) v0 j A ¯A j bA j = αC β (1 + r) v0



(4)



for some constant C¯ A > 0. We can see that the annuity household would perfectly smooth its consumption. For instance, if β(1 + r) = 1 a household following strategy A would experience constant consumption through its life and she would leave exactly the same bequest, independently of how long she has been alive. The above consumption plan implies the following pattern for the Net Worth 18



w0A = 0



(5)



A wjA = (wj−1 − cA 1 ≤ j ≤ T, j 6= TI j−1 + (1 − τ )ωj )(1 + r), wA = (wA − cA + (1 − τ )ωj )(1 + r) + ¯bA , j = TI j



wjA =



j−1 ∞ X t=0



j−1



(1 − δ)t−1 [(1 − δ)cj+t + δbj+t − T raA × ωT ] , j > T (1 + r)t



Agents are born with zero wealth, they work and lend to the financial intermediary any non-consumed income, which generates a return r. At age TI each household receive an inheritance which is mostly saved, thus net worth jumps at this age. After retirement the financial intermediary pays the signed agreement, hence the net worth for the household is the present value of contract. (Pic with solution here) If instead the household decides to self insure, Strategy B, it has to plan how to spend its savings after retirement and how much to save for retirement. This can be considered as two separated problems. We solve it backwards, i.e. we first solve the problem after retirement. In what follows we assume that T raB = 0. This assumption is made only for simplicity. In this way we can obtain closed-form solutions for the consumption and saving plans of the agent. Here we have in mind that this are equity holders for whom social security payments are almost irrelevant..and explain more. We could still obtain closed form solutions when T raB > 0 if we allowed the type B agent to bequeath negative quantities and we modify the bequest motive to be a function of total wealth (financial plus present value of SS payments) instead of being a function of only financial wealth. Doing so, does not alter the qualitative results. Given any initial Net worth, and the fact that in this case all bequest are accidental, it must be true that bj = wj , j ≥ T . Hence, the optimal self insurance problem after retirement solves:



V (w) = max{log c + (1 − δ)βV (w0 ) + δβα log w0 }
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subject to c+



w0 ≤w (1 + re )



where re is the return on equity. Given the assumed functional forms for consumption and bequest, it is straightforward to verify that the value function is logarithmic in w. That is, V (w) = ν¯1 (α) + ν¯2 (α) log w with ν¯2 (α) =



1 + αβδ 1 − (1 − δ)β



Simple calculations show that the optimal consumption plan and the implicit optimal bequest plan are: c = w/¯ ν2 (α) w0 = (1 + re )(w − c)



(6)



Knowing the solution of the above problem, the optimal plan at entry in the labor force solves: max



T −1 X



β j logcj + β T V (wT )



j=0



subject to T −1 X j=0



v0B



wT cj + ≤ v0B j (1 + re ) (1 + re )T



=



T −1 X (1 − τ )ωj j=0



(1 + re )j



+



¯b (1 + re )TI



Whose solution is: j B ¯B j cB j = C β (1 + re ) v0 , j < T



wTB = [1 −



T −1 X



C¯ B β j ](1 + re )T v0B



j=0



During working age, B’s net worth evolves as: 20



(7)



w0B = 0



(8)



B wjB = (wj−1 − cB 1 ≤ j ≤ T, j 6= TI j−1 + (1 − τ )ωj )(1 + re ), wB = (wB − cB + (1 − τ )ωj )(1 + re ) + ¯bB , j = TI j



j−1



j−1



There are two features of this economy that are apparent comparing equations (7) and (6) with (4). First, since re > r the consumption of the household following strategy grows faster that the consumption implied by the annuity strategy, before retirement. However, after retirement B’s consumption decreases at a faster speed than A’s consumption. In fact, B’s consumption could eventually converge to zero if the agent were to live long enough (see Figure 1). The difference in the return has also implications for the net worth distributions. Since the return on B’s assets is larger than the return on A’s assets, B’s Net worth grows faster. Solution No-annuity strategy: consumption (α high) Solution No-annuity strategy: assets accumulation (α high) Lifetime pattern of consumption
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3.1.2



Equilibrium Borrowing and Lending.



Given the value of the available alternatives, each agent has to decide what strategy will follow at entry in the labor force. It is clear that when α = 0 then the Annuity strategy strictly dominates the B strategy as re → r. Thus, for α = 0 there exists φ = re − r > 0 such that A is a better strategy. Further, as α increases the value of both strategies increase. As i1−(1−δ)β h 1−(1−δ)β e long as 1+r ≥ β the value of B strategy increases faster than A’s value. 1+r δβ As result, as long as the interest differential is neither too small or too large, there is a threshold for the bequest motive such that all households with bequest motive below the threshold follow the annuity strategy, while the others self insure. (Proposition 1)10 3.1.3



Government



The government serves four functions. 1) it collect taxes on labor income, 2) pay pensions through the pay-as-you-go system, 3) consumes a constant proportion g of output (which is not valued by the consumers) and, 4) follows a committed debt policy DtG , which is independent of prices and quantities in the economy. The only restriction is that it has to satisfies the government budget constraint. Let E−∞ (ωj,t ) be the average wage at the time of retirement of all people alive in the economy, then the budget constrain is:



G τ ωt Lt − gYt − T raE−∞ (ωj,t ) = rDtG − (Dt+1 − DtG )



(9)



Note that keeping revenue and spending constant, the above constraint implies that changes on the debt policy would have an important impact on the returns (because of r, and therefore re ) and the aggregate quantities (because of the term ωt Lt ). Any change on the government debt policy would have an impact on the economy.



3.1.4



Closing the economy



Aggregates Recall that every period t, a measure (1 + η)t µi , i = A, B of agents are born. Since their survival probabilities are exogenous, it is straightforward that the measure of 10



See appendix xxx for a formal proof.
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agents a each age j is given by ( µit,j



=



µi (1+η)j−t (1−δ)j−T −1 µi (1+η)j−t



if j ≤ T if j > T



Notice that in equilibrium prices are completely determined by the firm’s first order condition and the technology, so we only need to determined r and ¯b. Thus, we can use the above measures to compute the aggregates, i = A, B, as functions of (r, ¯b). ∞ XX



Ct (r, ¯b) =



j=1 ∞ XX



ct,j (αi ; r, ¯b)µit,j



i



Wti (r, ¯b) =



wt,j (αi ; r, ¯b)µit,j



i j=1 ∞ X



Bt (r, ¯b) =



δbt,j (r, ¯b)µB t−1,j−1



j=T +1 T −1 X



Lt =



(1 + η)t−j



j=0



We look only at stationary equilibria. Definition: (stationary) Equilibrium: Given a fiscal policy {τ, DG }, an equilibrium is allocations {ci , wi , bi , K, α∗ } and prices {ω, re , r} such that, 1. Households maximize. • α ˆ ≥ α∗ 2. Intermediary maximize. 3. Government budget constraint holds. 4. Markets clear, • Feasibility: • Assets market:



Y = gY + C(ˆ α, τ, ¯b) + X + φ(K − W A (α,τ, ˆ ¯b) 1+r



+



ˆ ¯b) W B (α,τ, 1+re



= DG + K



• Bequest=inheritance: ¯b = (1 + γ)TI B(ˆ α, τ, ¯b) 23



W B (α,τ, ˆ ¯b) ) 1+re
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Quantitative Assessment of the Model



To perform a counterfactual experiment and decompose the macroeconomic effects of life expectancy and shadow banking we first calibrate the economy to replicate the main aggregates for financial intermediation in 1980. Then, we obtain the model’s output for 2007 imposing newly observed life expectancy and intermediation costs.



4.1



Calibration



We calibrate the model to replicate yearly data. There are some parameters that are standard in the literature. We set the discount factor at β = 0.99. Since this is an OLG economy, this choice does not directly pins down the risk-free interest rate. Regarding the technology, we set θ = 0.3 consistent with a capital income share of output equal to 30%. We also assume, consistent with the US data, that labor productivity grows at an annual rate of 2%, thus γ = 0.02. We set η = 0.01, according to the annual population growth rate in the US economy during 1980. When choosing the capital depreciation rate we need to take into account what is the meaning of capital in our economy. In general, the literature targets a capital-output ratio of 2.7, which is the approximate ratio for the US economy when one focuses only on productive capital. In our environment capital encompasses many physical assets that constitute wealth for the household, as housing and land. Including these assets the capital output ratio would be around 3.4. Hence, we use as a benchmark δk = 0.0282, which generates a ratio of 3.4. Regarding the life cycle we assume that agents enter the labor force at age 22. Since the average retirement age is 62 we set T = 40. In addition, using the survey of consumer finances we found that households receive the inheritance on average at age 52. So, we set TI = 30. An important parameter is the survival probability after retirement. We start calibrating δ = 0.08, which implies a life expectancy of 12.5 year after retirement. This is consistent with the US economy in 1980. In the counterfactual we decrease this value to δ = 0.06, which implies a life expectancy of 16.67 years after retirement. This is consistent with the actual figures with the US economy and maybe slightly conservative since life expectancy is still in a downward path. As shown in Section 2 we start calibrating the spread between borrowing and lending to φ = 0.03, which is about the observed value on 1980. In the counterfactual exercises we decrease its value to φ = 0.02, which is the observed value in 2005-2007. 24



The same way that the calibration of K is important for the analysis, because transferring resources across time generate insurance, we need to carefully target the level of government debt. In 1980 the ratio DG /Y was around 0.37, while in 2007 the same ratio was around 0.62. This in principle implies a larger provision of assets that can be used for insurance. However, a big part of this debt is held by foreign investors. Since, the relevant part for our analysis is the domestic availability of these assets, we define the net supply of government debt as total government debt minus debt help by foreign investors. With this adjustment the government debt in 2007 was 0.29 GDP.11 Unfortunately, we do not have the same information for 1980. The oldest data that we have access to is for the year 2000. Then, the proportion of public debt held by non-US residents was 29%, much lower than the 45% of 2007. Since this proportion has been growing over time, it is safe to assume that at least 70% of the public debt was held domestically in 1980. We perform robustness check calibrating the 1980 economy to alternative ratios DG /Y of 0.25 and 0.3. Based on these figures we argue that that provision of government bonds during the period under consideration didn’t play an important role in supplying public safe assets. Given these choices there are three parameters left to calibrate: µA , α ˆ and T raA . As it is not clear what is the best way to calibrate them with exogenous sources of information we chose its values to replicate two important moments, 1) the government debt to GDP ratio and, 2) the private debt to GDP ratio. In this way we obtain µA = 0.687 and α ˆ = 7.5. To asses the relevance of the chosen values we use the generated inheritance to GDP ratio generated by the model and the post retirement transfers from the US government. There is still a degree of freedom left since there exist different combination of α and µA that generate the same level of household debt with little impact on government debt. Since T raA has only a second order effect (at the calibrated levels) on the intermediated borrowing and lending, we use it to target the observed government debt to GDP ratio, generating T raA = 0.19.



4.2



The Calibrated Economy in 1980.



Table 1 compares the performance of the calibrated economy and the data for the year 1980. The first lines show the calibrated parameters that match aggregate moments. To evaluate the calibrated parameters we have added some information from the data. First, 11



Around 45% of the US federal debt was held by non-us residents in 2007. See http://www.treasury.gov/resource-center/data-chart-center/tic/Pages/ticsec2.aspx. See also Bertaut et al. (2012) for a detailed discussion about the international saving glut in the US economy.
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in our model 1 − µA represents the proportion of households that directly hold equity. The flow of funds provides information about household’s portfolio choices. As we show in Table 1 , 28% of American households directly hold equity, which implies that 72% hold equity indirectly. Second, the calibrated replacement ratio for the social security system is 19% of the last wage. To understand the magnitude of the transfer for insurance purposes we compute the ratio of transfer to the average wage, which is 34% in the model. The social security administrations provides information for monthly average payments per retired beneficiary, which is around $1.250 per month in 2015. Given an average annual wage of $57.000 in 2014, this implies a ratio of 27%, which is smaller than the ratio generated by the model. However, including MEDICARE and MEDICAID transfers both figures get substantially close. Finally, the estimated α of 7.5 generating a level of savings consistent with the findings from De Nardi, French, and Jones (2015). Table 1: Calibrated Model for 1980 Economy Indirect Equity holding∗ (µA ) Direct Equity holding∗ SS transfer/average w α ˆ



Model Data 0.69 0.72 0.31 0.28 0.34 0.27 (SS per beneficiary) 7.5 Di Nardi et al.



National Accounts Output Consumption Government Spending Intermediated Services



1 0.58 0.19 0.02



1 0.62 0.19 0.02



Net Worth Total Government Debt/GDP



3.70 0.30



3.62 0.30



Bequest/GDP Households Debt/GDP



0.048 1.00



0.027 0.99



In the part of the Table corresponding to National Accounts, we normalized output to 1. The model generates a ratio of private consumption to GDP of 0.58, very close to
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the observed 0.62 in 1980.12 Finally, we have targeted public debt to GDP (government spending) and financial intermediated quantities to GDP (intermediated services). In the part of the Table corresponding to Net Worth, the model generates total Net Worth of 3.7 GDP in 1980, which is quite similar to the 3.62 GDP estimated in the Flow of Funds. For this moment, is key that we calibrated the model economy to a capital output ratio of 3.4 instead of 3 as most studies using the Neoclassical growth model. Finally, the calibrated model generates a large amount of inheritance, 4.8% of GDP versus 2.7% estimated by most empirical studies. However, those empirical estimates abstract from inter-vivos transferees that could be larger in present value than the inheritance. As discussed above, we have calibrated the model to match a government debt to GDP ratio at 0.3. Finally, important moments that we have not calibrated the model to match are the bequest to GDP ratio and the households debt to GDP ratio, which are very close to the ones observed in the data for 1980. The intermediation spreads we impose imply r = 0.03 and re = 0.06, which are also consistent with the historical data for the United States.



5



Decomposing Life Expectancy and Shadow Banking.



We now show the counterfactual exercises. The final goal is to decompose the effects of the change on both life expectancy and intermediation costs on asset accumulation, output and welfare, from 1980 to 2007.13 Since fiscal variables are endogenous, as the economic environment affects both the revenue and transfers of the government, it is impossible to keep constant all fiscal variables across experiments. For this reason, and since the main concern for families is insurance, we focus mainly in the case in which both government debt to GDP ratio and replacement ratio (this is the proportion of wages obtained by the government after retirement) remain constant, roughly as in the data, while the labor tax adjusts to satisfy the government budget constraint. Later, we show the same simulations but keeping the labor tax constant and allowing the government debt to change. This last exercise is helpful to understand the underlying mechanisms affecting our results. 12



The difference is likely due to the fact that private investment in the 80’s was very low. As over time the population growth rate has shown important changes, increasing to 1.4% in 1992, and then falling to 0.7% in 2011, in this counterfactual for 2007 we set η = 0.007. The population growth rate has first order effects, due to demographic accounting, to match the level of government debt and aggregate bequest in 2007, but its change have little effect on the observes changes in financial intermediation. 13
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In Table 2, the first column replicates the calibration in Table 1. The last column introduces a counterfactual when both life expectancy increases (captured by a lower δ) and spreads decrease (captured by a lower φ). We observe an increase in capital output ratio (from 3.4 to 3.9), a large increase in the output steady-state level (of around 6%) and a large increase in total financial assets (from 1.6 to 2.3). While the data counterpart of the first two figures are difficult to observe, we use Table L100 of the flow of funds to measure the increase of financial assets. Subtracting from the total household’s financial assets (Line 1, Table L100) the corporate equity (Line 16, Table L100) and the equity on non-corporate businesses (Line 23, Table L100), we obtain a proxy for WA + DG . In the US economy financial assets grew from 1.36 GDP to 2.33GDP, which is very close to the model’s predictions. Finally, the model’s prediction of the change in the new amount intermediated, measured by the Household Debt to GDP ratio, accounts for more than 90% of the observed change. Around 15% of the increase is due to the direct effect of life expectancy (change from 1GDP in Column 1 to 1.1GDP in Column 2), 65% is due to the direct effect of reduced intermediation cost (change from 1GDP in Column 1 to 1.48GDP in Column 3), with the remaining 10% explained by the interaction between the two changes. Now we can decompose the effects of the increase in life expectancy and the decline in intermediation costs by suppressing one at a time. The second column of Table 2 shows the results when computing the model with life expectancy increasing in the same magnitude as observed in the data while keeping intermediation costs as those observed in 1980. In essence, this exercise shows what would have happened in our model being shadow banking absent since 1980. Absent shadow banking, the increase in capital output ratio and steady state output would have been around 60% of the total increase with the presence of shadow banking (capital output ratio increased from 3.4 to 3.7 instead of to 3.9 while output increased from 1 to 1.034 instead of to 1.062). That is, the increase in retirement needs generates a permanent increase of GDP of almost 3%. Also, absent shadow banking we would have observed a small change in the net worth held by agents in terms of GDP (from 1.6 to 1.7 instead of to 2.26) and household debt over GDP (from 1 to 1.1 instead of to 1.66). Finally, an increase in retirement needs without an improvement in intermediation costs would increase the demand for safe assets, which generates a reduction in their return (r declines from 0.030 to 0.023). Still, since there are more funds channeled to investment opportunities the equity return declines (re declines from 0.060
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Table 2: Counterfactual to 2007 (Fixed DG ) Economy Interm. Cost (φ) Survival prob. (δ) r re



1980 Benchmark 3% 0.08



Only δ changes 3% 0.06



Only φ Both δ & φ changes change 2% 2% 0.08 0.06



0.030 0.060



0.023 0.053



0.035 0.055



0.028 0.048



National Accounts Capital output ratio Output Net Worth Type A (dep.+pensions) Type B (equity) Tot. fin. Assets (WA + DG ) Fin. Assets (Table L100)



3.40 1.00



3.70 1.034



3.60 1.025



3.91 1.062



1.30 2.40 1.60 1.36



1.40 2.57 1.70



1.78 2.12 2.08



1.96 2.25 2.26 2.33



Government Debt/Y Bequest/Y Households Debt/GDP Data on debt



0.30 0.048 1.00 1.00



0.30 0.048 1.10



0.30 0.040 1.48



0.30 0.040 1.66 1.73



-



-



0.3% 2.5% -4.3%



0.4% 2.8% -4.8%



Change on welfare at birth Type A Type B



to 0.053). Finally, the third column shows results when reducing intermediation costs and maintain life expectancy as in 1980. The third column of Table 2 shows the results when computing the model with intermediation costs declining in the same magnitude as observed in the data while keeping life expectancy as observed in 1980. In essence, this exercise shows what would have happened in our model with shadow banking but no extra needs for retirement since 1980. In this case, the increase in capital output ratio and steady state output would have been around 40% of the total increase with the higher retirement needs (capital output ratio increased from 3.4 to 3.6 instead of to 3.9 while output increased from 1 to 1.025 instead of to 1.062). That is, the arrival of shadow banking generates a perma29



nent increase in GDP level of almost 3%. Also, we would have observed a large change in the net worth held by agents in terms of GDP (from 1.6 to 2.08 instead of to 2.26) and household debt over GDP (from 1 to 1.48 instead of to 1.66). Finally, a reduction in intermediation costs increase the supply of funds, inducing an increase in the return of safe assets (r increases from 0.030 to 0.035). Still, since there are more funds channeled to investment opportunities the equity return still declines (re declines from 0.060 to 0.055). The different effects of retirement needs and shadow banking on asset returns emphasize the relevance of modelling both demand and supply of the asset markets, as pointed out by Justiniano, Primiceri, and Tambalotti (2013) and Justiniano, Primiceri, and Tambalotti (2015), who relate the credit boom in the first half of 2000s to the international saving glut. They stressed the fact that without the influx of foreign funds that interest rate wouldn’t have fallen. From this point of view, our paper can be understood as accounting for the contribution of “domestic saving glut” for the increase in household debt, which has been largely ignored in the literature. In particular, Justiniano, Primiceri, and Tambalotti (2013) argue that between one fourth and one third of the increase in the U.S. household debt can be accounted by the international saving glut. The domestic saving glut together with the fall in the liquidity cost can account for all of the increase in household debt.14 Welfare Effects When there changes on “preferences” (in our case life expectancy, δ, changes) affecting the computation of present values, comparisons across experiments become hard to interpret in terms of welfare. If in two experiments δ is the same, this is no longer a problem though. When this is the case, we use the consumption equivalent change necessary to make a household indifferent between the two alternatives. With logarithmic utility, as we have assumed, the calculations are quite simple. Let C = {ct , bt }∞ t=0 be the sequence of consumption and bequest for an agent at birth bect , ˜bt }∞ fore a change on the economy and C˜ = {˜ t=0 the analogous sequence after the change. We define the consumption equivalent parameter λ as the constant proportional change in every period allocation that makes the consumer indifferent between the two alternaP P∞ t t tives. That is, λ solves ∞ ct , ˜bt ). t=0 ((1 − δt )β) u((1 + λ)ct , (1 + λ)bt ) = t=0 ((1 − δt )β) u(˜ Thus, if λ is positive the consumer benefits from the change while if it is negative the consumer is worse off. Since preferences are logarithmic. The above equation can be written 14



As we mention in Section 4.1 most of the foreign funds went into government bonds. Thus, the direct effect of the international saving glut would be small.
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P P∞ P∞ t t t as ∞ ct , ˜bt ). Let U0 (C) t=0 ((1−δt )β) log(1+λ)+ t=0 ((1−δt )β) u(ct , bt ) = t=0 ((1−δt )β) u(˜ be the utility at birth, then λ satisfies:  βT 1 − β T +1 ˜ − U0 (C) + log(1 + λ) = U0 (C) 1−β 1 − β(1 − δ)   1 − β T +1 βT ˜ − U0 (C)] − 1 λ = exp − − exp [U0 (C) 1−β 1 − β(1 − δ) 



From now on, the change on welfare is expressed in terms of 100λ%. Comparing column 1 and 3, which have the same δ = 0.08, we observe a increase in welfare due to the arrival of shadow banking of 0.3%. It is interesting to notice that the increase is due to a big consumption equivalent increase of 2.5% for the annuity type (which are almost 70% of the agents) while the welfare of the equity type decreases drastically by 4.3%. The change on welfare is more moderated when comparing columns 2 and 4 (with a lower δ = 0.06), when average welfare increases by 0.4%. Again, the big gain in welfare comes from the type A who benefits from the more efficient financial system in the economy, her welfare increases by 2.8%, while the type B agents are worst off, experiencing a lost of 4.3% of life time consumption. Notice that the relatively low average welfare gain is due to the high lost experienced by the equity types. In alternative calibrations with smaller α and larger µA we obtain substantially smaller welfare lost for the type B (as low as 2%) and larger average welfare gains (as much as 1%). In all the scenarios that we have analyzed the welfare gains of the annuity type stay in the range of 2.3%-3%. Robustness when allowing Debt/GDP to change It is important to understand what are the implications of keeping DG fixed in the previous simulations. In Table 3 we consider alternative scenarios for DG . As in the previous table, the first column just replicates the calibration in Table 1 while the second column replicates the counterfactual for 2007 when allowing both retirement needs and intermediation costs to vary (the last column of Table 2). The third column shows what would the equilibrium have been if the life expectancy had increased, the spread had decreased to 2% and the government were allowed to freely choose the level of debt without changing either taxes or transfers. In this case, the government becomes a net saver. Given constant taxes and larger expenses due to the social security system, the only way to finance its expenses is to accumulate assets and to use the proceeds to compensate the shortfall of revenue. Both, the capital output ratio and steady state output increase further that in the case of fixed DG (almost 20% more in both cases). In addition, the household debt explode 31



to 1.84 GDP, almost 30% more than in the case of fixed DG . Table 3: Counterfactual to 2007 (alternative DG ) Economy Interm. Cost (φ) Survival prob. (δ) r re



1980 Benchmark 3% 0.08



2007 Calibration 2% 0.06



Free DG 2% 0.06



All DG Domestic 2% 0.06



0.030 0.060



0.028 0.048



0.027 0.047



0.03 0.05



National Accounts Capital output ratio Output Net Worth Type A (dep.+pensions) Type B (equity) Tot. fin. Assets (WA + DG ) Fin. Assets (Table L100)



3.40 1.00



3.91 1.06



4.00 1.07



3.83 1.05



1.30 2.40 1.60 1.36



1.96 2.25 2.26 2.33



1.80 2.16 1.76



2.11 2.34 2.73



Government Debt/Y Bequest/Y Households Debt/GDP Data on debt



0.30 0.048 1.00 1.00



0.30 0.040 1.66 1.73



-0.04 0.038 1.84



0.62 0.042 1.49



Finally, the last column assumes that the debt to GDP ratio moves from 0.3, as in 1980, to 0.62, which it would be domestic supply of government bonds in 2007 if the foreign nations would not hold any U.S. treasuries (see Section 4.1 ). The difference between this equilibrium and the observed in 2007 provides and indication of the indirect effect of the international saving glut on the US financial intermediation system. First, the household debt to GDP ratio falls with respect to the case in which there is no global saving glut, to 1.49GDP instead to 1.66GDP. This result implies that the international demand for U.S. treasuries would account for around 25% of the generated increased in the US household debt. This number is very close to the interval provided by Justiniano, Primiceri, and Tambalotti (2013) for the contribution of the international saving glut to the credit boom in the 2000. However, in our setup the channel is different. There is no direct supply 32



of foreign funds (lenders) generating incentives that stimulates household’s borrowing. Instead, the foreign demand for U.S. treasuries crowds out the domestic demand for safe assets. Second, GDP would have increased less without a foreign saving glut.
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Conclusions



The recent discussion about the demand of safe assets has been dominated by explanations of the “saving glut” from foreign countries. The recent discussion about shadow banking has been dominated on how banking activities operating without regulation triggers financial crises, and the related costs of those crises. These two discussions are intimately related as shadow banking played a critical role on supplying safe assets. Much less is known, however, about the role of increasing retirement needs for increasing the domestic demand for safe assets and about the positive effects on the economy of creating safe assets through shadow banking. This paper explores this linkage quantitatively. We show that a calibrated model with an increase in the demand of safe assets for retirement needs and shadow banking that reduces the cost of financial intermediation accommodates well the large increase in asset accumulation and output experienced by the United States since 1980. This exercise allowed us to isolate the effect of shadow banking in this increase. We find that without shadow banking assets would not have increased, while the capital-output ratio and output would have increased only half than the case with shadow banking. These results are relevant in the discussion about the regulation of the banking system. Avoiding shadow banks or certain financial innovations, such as securitization, has clear benefits from avoiding or reducing the magnitude of financial crises. This paper shows however that there are also important benefits of allowing such innovations in financial systems.
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