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Structural macroeconomic modeling plays a central role economic policy discussions. Over the past fifty years, the overwhelming majority of
such efforts have focused on the structural features of household, firm, and government behavior that lead to cyclical fluctuations in
employment and inflation and the roles of monetary and fiscal policy in ameliorating undesirable volatility in economic performance. In recent
years, the potential role of macroprudential policies in limiting excessive volatility in the financial sector and the consequent effects on
economic performance has risen to the fore in academic and policy discussions. While progress in modeling for macroprudential policy
analysis has been substantial, there remain many important challenges, and consensus on a core modeling framework remains far away.
This note reviews some of the progress witnessed in recent years and challenges that remain.

The consensus modeling framework at central banks

At the Federal Reserve, macroeconomic modeling efforts since the 1960s led to the development of models that captured the central views
of macroeconomic thought during their time, including the development of the MPS model from the late 1960s through the early 1980s, the
FRB/US model in the 1990s, and dynamic-stochastic-general-equilibrium (DSGE) models in the 2000s. While there has been significant
evolution in the structure of these models--and in particular in the modeling of household and firm expectations for future income, inflation,
and policymaker behavior, the core elements of all of these models are very similar. Nominal price and wage rigidities contribute to inefficient
volatility in economic activity. Household spending is determined by current income, expected future income, and financial conditions,
including household wealth and the term structure of interest rates. Spending on productive capital (investment) and the employment
decisions of firm are determined by current demand and assessments of the relative payoff to investments in capital vs. returning a firm's
earnings to its shareholders (as captured in neoclassical theories of investment in the "user-cost" and "Q" traditions). As a result of these
similarities, the channels through which monetary policy can contribute to economic stability are broadly similar across modeling frameworks:
Anchoring inflation expectations through a commitment to an inflation target lowers volatility in financial conditions and hence in economic
activity and inflation, while countercyclical adjustments in nominal interest rates lead to changes in household wealth, the financing conditions
facing firms, and the exchange value of the dollar that contribute to stability in employment and inflation. The channels through which fiscal

policy adjustments may stabilize economic performance are also broadly similar across these modeling frameworks.2 Moreover, these
common features and properties are also shared by models used at many central banks around the world.

Missing features

This high level review of modeling frameworks has not mentioned a number of central features of macroeconomic analysis. The notion that
maturity transformation by financial intermediaries leaves such institutions vulnerable to runs and that such runs may cause severe
contractions in economic activity, as observed in the Panic of 1907, the Great Depression, the recent global financial crisis, and scores of
other examples, has not traditionally been an element of macroeconomic models. Neither has the idea that large, unexpected losses on
assets held by financial institutions may lead them to reduce their willingness to intermediate, contributing to a decline in asset valuations via
fire sales, a contraction in economic activity, and low inflation; nor has the possibility that constraints on household leverage associated with
mortgage borrowing and swings in real estate valuations may lead to a sharp contraction in household spending should such leverage
constraints bind severely.

Macroeconomic models are necessarily simplifications of reality, and the omission of these factors is understandable (as many of these
factors arguably played only a small role in economic fluctuations in the decades prior to the recent financial crisis). And some key policy
implications of macroeconomic models have, at least in research so far, proven largely robust to the inclusion of these considerations: For
example, the central role of price stability in defining good monetary policy within DSGE models is shared by many such models when

leverage constraints on intermediaries or households are incorporated.3 But it is clear that consideration of these issues is important when
thinking about macroprudential policy questions such as

o To what degree have higher capital requirements for banks (such as those associated with Basel 3) increased the resilience of the
financial sector and contributed to greater economic stability going forward?

e How might cyclical adjustments in macroprudential instruments such as the countercyclical capital buffer or maximum loan-to-value
ratios on mortgage loans mitigate undesirable boom/bust credit cycles?

e How do the higher capital and liquidity requirements for financial intermediaries interact over the business cycle? To what extent are
such regulations complements (or substitutes)?*

Moreover, addressing such gquestions requires moving beyond the now-standard incorporation of frictions in nonfinancial firm financing
conditions via simple financial-accelerator mechanisms.>

Progress to date
Incorporating bank leverage

DSGE models with leveraged financial intermediaries have been considered in a large number of recent academic and central bank research
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studies. Many of these analyses share a number of features: The leverage of financial intermediaries is limited through some combination of
regulatory constraints or market discipline (where the latter typically is some form of participation constraint imposed by investors in bank

debt as part of the debt contract between banks and investors); equity is more costly than debt and these leverage constraints are binding at
all times, with the latter assumption often made for analytical tractability; and intermediaries are essential in the sense that households have

limited ability to directly finance nonfinancial firms.®

Some very preliminary policy lessons have been drawn from such exercises. Owing to incentives of financial institutions to assume excessive
leverage related to implicit or explicit subsidies (related to taxes, potential bailouts), misalignment of incentives between managers and
shareholders, or pecuniary externalities through which intermediary leverage affects movements in market prices, capital requirements
substantially above pre-crisis norms likely contribute to economic welfare.” While this result is reminiscent of the notion that higher capital
requirements are likely to reduce the probability of banking system crises, macroeconomic models typically do not directly consider the
possibility of such "nonlinear" events, reflecting both modeling conventions and computational considerations.8 For example, macroeconomic
models contemplating the role of bank capital requirements may include spillovers from distress at institutions on the broader system through
pecuniary externalities, but models typically abstract from considerations related to failure of large institutions on other institutions through
network linkages. On the computational front, it remains challenging to model the interaction of aspects of the distribution of capital and risks
across the financial system and macroeconomic risks, and occasionally-binding leverage constraints on banks or households are often not
considered.?

An exception to this characterization is the model of Brunnermeier and Sannikov (2014), who study the global dynamics of a stylized model
in which leveraged investments in productive capital lead to highly nonlinear equilibrium dynamics of two types. First, large shocks that
depress net worth of borrowers have much larger depressing effects on asset prices and investment than large shocks increasing net worth;
these dynamics highlight how incorporation of exogenous changes in the volatility of shocks in models approximated via perturbation
methods, as in some recent efforts to capture Great-Recession dynamics, are incomplete. Second, the global solution to the model involves
an endogenous distribution of borrower net worth in which a period of low volatility leads borrowers to become highly levered, and this high
leverage implies that even small adverse shocks can have large adverse consequences; in other words, the model captures a stylized
version of the idea that low exogenous risk may contribute to the buildup of endogenous risk, potentially leading to a crisis. Incorporation of
such dynamics into the types of DSGE models used for policy analysis has been limited, although efforts to pull insights from the quantitative
general-equilibrium literature on "sudden stops" captures some of these ideas and may provide quantitative guidance for macroprudential

modeling efforts.10

Turning to business cycle implications of more traditional DSGE models, higher capital requirements for intermediaries--within the range
considered in policy debates--have very modest effects on macroeconomic volatility; that is, the increase in banking sector resilience that is
associated with greater loss absorbing capacity has very little effect on the degree to which adjustments in bank leverage following shocks
amplify the macroeconomic consequences of such shocks in several models developed to date. This result is reminiscent of the limited
degree of endogenous amplification associated with financial accelerator mechanisms found in some previous studies, and it is not clear
whether capturing more nonlinear mechanisms would enhance amplification and the role of intermediary leverage in the transmission of
shocks in a manner more similar to the framework of Brunnermeier and Sannikov (2014). As a result, computational advances related to the
solution and estimation of models capturing potential nonlinearities, including (but not limited to) a number of occasionally binding

constraints, is a promising direction.1!
Housing and the role of loan-to-value ratios

Incorporation of a leverage constraint in which households borrow against housing collateral has become common, most typically building off
the framework developed by lacoviello (2005). An important recent strand of work analyzes the nonlinear effects of house prices in such a
framework. When homeowner wealth is high owing to high housing prices, the borrowing constraint facing borrowers is relatively slack and
such borrowers behave more like "permanent-income consumers". In contrast, a collapse in housing prices makes the borrowing constraint
bind tightly, limiting the ability of households to smooth consumption and making household spending more sensitive to shocks. Guerrieri and
lacoviello (2014) estimate that these nonlinear effects may account for the very sharp decline in spending in the U.S. Great Recession.

Modeling of such transmission channels seems especially important in light of evidence that loan-to-value ratios may be an effective
macroprudential tool with which to lean against housing cycles.2

Liquidity transformation

The emphasis in the modeling frameworks discussed so far has been on the potential for household or intermediary leverage to amplify the
transmission of shocks to macroeconomic activity and the role of regulations in shaping these responses. And the collapse in house prices
and the losses on intermediary balance sheets contributed to the contraction in credit supply and therefore were important factors shaping to
the Great Recession. But an equally important dynamic, at least in some narratives, was the "run" on the financial system (e.g., Gorton and
Metrick, 2012). The economic mechanisms at play are familiar from Diamond and Dybvig (1983): Intermediaries issued liabilities that were
redeemable in the short run, but backed by long-term assets which--should a run occur--could only be sold at a discount determined
endogenously; in such conditions, a coordinated run by "depositors" may emerge as an equilibrium if conditions support a sufficiently low fire-
sale price for the intermediaries' assets.

To date, few DSGE models incorporate such mechanisms. One factor limiting progress has been the fact that the existence of a run
equilibrium often coincides with an equilibrium in which no run occurs, and typical DSGE computational techniques do not incorporate
potential switches between alternative equilibria as a source of financial and economic fluctuations.3 Gertler and Kiyotaki (2015) is one
example integrating a bank-run equilibrium into a DSGE model. However, their analysis is not of economic fluctuations, but rather focuses
primarily on the conditions that may allow a run as an equilibrium. This partial step forward does have some intuitive policy-related payoffs:
For example, a bank run equilibrium is less likely if capital at intermediaries is high, as in this case the ratio of runnable liabilities to illiquid
assets is lower and hence the equilibrium fire-sale price of such assets is higher, limiting the possibility of a run equilibrium.

Pulling together the pieces
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This review has highlighted substantial progress. Several areas appear ripe for greater integration.

Many of the models discussed that analyze macroprudential issues abstract from price and wage rigidities. This abstraction creates
challenges. First, the qualitative properties of models with and without nominal price and wage rigidities in response to shocks can differ
substantially from that of models with such nominal frictions; in certain cases, the responses of the economy to shocks can have opposite
signs depending on whether the model does or does not have nominal price rigidities, and a model's properties need not approach the
“flexible price" version as price rigidities approach zero.14 Moreover, such models cannot consider the interaction of monetary policy and
macroprudential policies.

More generally, many contributions focus on one set of financial frictions and do not consider their interaction or relative quantitative
importance. Guerrieri and lacoviello (2015) consider an occasionally-binding constraint on household borrowing and the role of the
fluctuations in house prices; Kiley and Sim (2015) and lacoviello (2015) model leverage constraint on intermediaries and the role of shocks to
this constraint in fluctuations in credit supply and economic activity; Lindé, Smets, and Wouters (2016) estimate a model with financial
accelerator mechanisms facing nonfinancial firms and changes in the volatility of shocks. Each of these frictions is plausible. Nut the
quantitative findings in such studies likely depend importantly on the fact that each study focuses on an individual friction: For example,
Guerrieri and lacoviello (2014) attribute a large share of the decline in activity to the decline in house prices and the effects of the zero-lower
bound on nominal interest rates; lacoviello (2015) attributes roughly equal shares of the decline in output during the Great Recession to the
losses born by banks and the effect of falling house, but does not consider the effect of the zero-lower bound because the model has no
nominal rigidities; Lindé, Smets, and Wouters (2016) attribute a large share of the decline to a tightening in the credit frictions facing
nonfinancial firms and the zero-lower bound. Such findings probably stem from each studies focus on one friction, and seem unlikely to be
robust to examination of multiple frictions within the same model.

Developing such complicated models will be difficult, as computational issues arise and the data may not be especially informative about key
parameters. For this reason, macroprudential policy discussions may be increasingly informed by macroeconomic models in coming years,
but microeconomic analyses of the distortions in individual markets and the policy actions that can mitigate such distortions will likely remain
central.
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4. Kara and Oszoy (2016) consider this question is a simple, finite-period model. Return to text
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