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Abstract

New Keynesian DSGE models, fashionable with central banks, have too long ignored the
insights of the Information Economics Revolution to which Joseph Stiglitz made seminal
contributions. Further, these models have failed to assimilate important research insights from
encompassing alternative theories, model selection and the implications of structural breaks, to
which econometric literature David Hendry is a key contributor. This paper summarises the
critique. After responding to a recent counter-attack on critics of New Keynesian DSGE
models, it shows how evidence-based research can improve quantitative policy models
allowing central banks to have a better understanding of financial stability, and to improve
inflation models and forecasts. In particular, household sector equation systems for
consumption, balances sheets and asset prices are able to explain the amplification mechanisms
that put some countries at greater risk of financial instability. And new evidence from
forecasting US core inflation suggests that with appropriate controls, a stable relationship
between unemployment and inflation is revealed, though not between the policy rate and
inflation. This empirical evidence is consistent with arguments advanced in recent years by the
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1. Introduction

Given the wider theme of the colloquium, I concentrate on quantitative models used or
potentially used at central banks to guide policy. My thinking on these issues since the 1970s
was particularly influenced by the work of Joseph Stiglitz on ‘information economics’ and of
David Hendry on how better to learn from data and avoid the key pitfalls when forecasting.
These are my two most significant intellectual influences in quantitative macroeconomics. In
his Nobel lecture, Stiglitz (2001) wrote: “In the 70s, economists became increasingly critical
of traditional Keynesian ideas, partly because of their assumed lack of micro-foundations. The
attempt made to construct a new macroeconomics based on traditional microeconomics, with
its assumptions of well-functioning markets, was doomed to failure. Recessions and
depressions, accompanied by massive unemployment, were symptomatic of ... market
failures....If individuals could easily smooth their consumption by borrowing at safe rates of
interest, then the relatively slight loss of lifetime income caused by an interruption of work of
six months or a year would hardly be a problem; but the unemployed do not have access to
capital markets, at least not at reasonable terms, and thus unemployment is a cause of enormous
stress. If markets were perfect, individuals could buy private insurance against these risks; yet
it is obvious that they cannot. Thus, one of the main developments to follow from this line of
research into the consequences of information imperfections for the functioning of markets is
the construction of macroeconomic models that help explain why the economy amplifies
shocks and makes them persistent, and why there may be, even in competitive equilibrium,
unemployment and credit rationing.”

In the same lecture, he suggests: “Information economics has alerted us to the fact that
history matters; there are important hysteresis effects. Random events — the black plague — have
consequences that are irreversible. Dynamics may be better described by evolutionary
processes and models, than by equilibrium processes. And while it may be difficult to describe
fully these evolutionary processes, this much is already clear: there is no reason to believe that
they are, in any general sense, ‘optimal’.”

On learning from data, as his research over many decades has demonstrated, Hendry
(2017) argues: “There is a false belief that data-based model selection is a subterfuge of
scoundrels—rather than the key to understanding the complexities of macro-economies”. On
forecasting, he wrote in 2011: “Economic forecasting is inevitably carried out using

(unknowingly) mis-specified models, in the face of unanticipated location shifts....much of the



existing empirical evidence on forecast performance can be accounted for by a theory which
allows for both features, using parameter estimates based on mis-measured data.”

There are very important insights embodied in these quotations, though largely ignored
among macroeconomists and at central banks in the quantitative models and research
methodologies until recently fashionable. The 2018 (Spring) issue of the Oxford Review of
Economic Policy, marking 10 years since the global financial crisis, is devoted to the
controversies around different methodological approaches in macroeconomics. It includes
critiques from Olivier Blanchard, Joseph Stiglitz, Simon Wren-Lewis and David Hendry and
myself of the New Keynesian, representative agent, dynamic stochastic general equilibrium
(DSGE) models used in many central banks in recent years. Defences in the issue include those
from Ricardo Reis and Jesper Linde.

The June issue of the Journal of Economic Perspectives, also marking this 10-year
anniversary, is another significant mile-stone. Gertler and Gilchrist trace the history of the
crisis, and note the importance of the financial accelerator operating through the household
sector and interacting with spill-over effects within the banking system. Mian and Sufi review
the extensive microeconomic evidence for the role of credit shifts in the US sub-prime crisis
and the constraining effect of high household debt levels. They summarise this as the
“credit-driven household demand channel”. Kaplan and Violante spell out implications of
heterogeneous agent models incorporating idiosyncratic, uninsurable income risk, credit and
liquidity constraints, and discuss the limitations of existing models and unresolved research
questions, for example on asset pricing and labour market income risk. They acknowledge that
current versions of the heterogeneous agent New Keynesian model still “miss the potentially
large wealth effects on consumption for wealthy households that can arise from changes in
asset prices”.

In the same issue, Cristiano et al. revise and tone down their widely circulated defence
of the DSGE approach, Christiano et al. (2017). In what might be described as a sleight of
hand, Christiano et al. (2017), label all quantitative models aiming to capture general
equilibrium phenomena, as ‘DSGE’, and call those who work outside this framework,
‘dilettantes’. This ignores the fact that increasing numbers of central banks use large ‘semi-
structural’ econometric models of the macro-economy that do not assume specific micro-
optimising behaviour and do not adopt the assumption of rational expectations common to all
agents, both generally adopted in DSGE models. It also ignores the ‘suite of models’ approach,
including forecasting models for specific sectors, widely used at central banks. Finally, they

mistakenly conflate general equilibrium theory models, designed to give often useful insights
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into a particular set of mechanisms, with the quantitative models that encompass the main
variables of interest to central banks. In Section 2 of this paper, I tackle head-on the issues they
raise.

In the remainder of the paper, I address two central concerns of central bankers:
financial stability, and the understanding and forecasting of inflation and of business cycles as
represented by fluctuations in GDP. I argue that the conventional practices in how the macro-
profession is allowed to learn from data have led to failures by central bankers in making
adequate progress on such concerns. The profession has been forced into a schizophrenic
condition. On one hand, the combination of the Lucas critique and the demand for tractable
micro-foundations for full general equilibrium forces heavy restrictions on models. These are
imposed by the omission of major channels and imposing Bayesian priors in model estimation,
and at the extreme, resorting to calibration. On the other hand, Sims ‘incredible restrictions’
critique of large econometric policy models in his 1980 paper on Macroeconomics and Reality,
proposed to let data speak with minimal a priori restrictions, by estimation of loosely-
parameterised VAR models. However, the curse of dimensionality then leads to making
restrictive assumptions by limiting both the set of relevant variables and the lag-length, and
once again to Bayesian restrictions to reduce the impact of that curse. Both methodological
options create mis-specified models through omissions and heavily limit what can be learned
from data.

These issues are critically addressed in Sections 3 to 5. Section 3 discusses financial
stability, and how a broader perspective on empirical evidence for the personal sector and its
linkages with providers of credit can provide clearer insights into economic issues, particularly
with regard to the financial accelerator. For instance, such a perspective can explain how
differences in institutions between countries are related to differing risks of instability, rather
than assuming away these key institutional differences as is often done.

In Section 4, the empirical evidence on modelling and forecasting US inflation
(currently pre-occupying markets) is re-examined from this broader empirical perspective. In
Aron and Muellbauer (2018), substantial improvements in forecasting performance are found
using indicators of institutional changes in market power (union density and industry
concentration), a broad set of relevant drivers of core inflation including the levels of relative
prices, and ‘Parsimonious Longer Lags’ (PLL). Simple restrictions on the lag structure save
parameters and allow larger sets of candidate regressors and longer lags to be considered. We
find strong evidence that the inflation process involves longer lags than conventionally thought

relevant, supporting similar results by Gordon (2009, 2013). We also reconsider the highly
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debated question of whether there is a relationship, let alone a stable relationship, between core
inflation and the level of US unemployment. Farmer and Nicolo (2018) have recently proposed
a Keynesian model without a Phillips curve, by which they mean the New Keynesian Phillips
Curve (NKPC). We agree that the NKPC is unstable, but conclude that at least since the late
1970s there has been a relatively stable relation between US core inflation and the level of
unemployment, provided the right controls are included for other drivers of inflation.

Section 5 gives an example of how a more flexible approach to learning from data can
also substantially improve forecasts of household income and of GDP. The findings hint that
path dependence is a major issue for growth and the business cycle.

Empirical evidence on the personal sector and its linkages with credit supply and these
forecasting results throw light on economic processes, which should enhance the formulation
of the new generation of large macro-econometric models. In particular, section 3 points to the
need to relax the net worth constraint commonly imposed to model consumption, to control for
shifts in credit conditions, and use better models of house prices and residential investment.
The Federal Reserve’s FRB-US model could be greatly improved in these directions. Section
4 suggests that the price and wage sector of such models could be improved from the insights
of more comprehensive inflation models. Section 5 suggests a more flexible approach is
needed to explain the evolution of capacity and that growth and the business cycle might be
more intimately connected than often assumed. This also affects how one can model
households’ evolving perceptions of ‘permanent income’ in a world of evolutionary and

sometimes abrupt change.

2. DSGE models and ‘dilettantism’

The New Keynesian DSGE models that have dominated the macroeconomic profession and
central bank thinking for the last two decades are based on the principle of formal derivation
from micro-foundations.! They assume an optimising behaviour of consumers and firms
consistent with rational or ‘model-consistent’ expectations of future conditions. To produce a
tractable model, it is further assumed that the behaviour of firms corresponds to that of a
‘representative’ firm and of consumers to a ‘representative’ consumer. In turn, this entails
ignoring the necessarily heterogeneous credit or liquidity constraints that in practice bind both

on firms and consumers. Another assumption to obtain tractable solutions is that of a stable

' An exposition of “the celebration of the ‘Science of Monetary Policy’” is given in Clarida et al. (1999).



long-run equilibrium trend path for the economy. If the economy is never far from such a path,
the role of uncertainty would necessarily be limited. Hence, popular pre-global financial crisis
versions of the model could exclude banking and finance, taking as given that finance and asset
prices were a mere by-product of the real economy. A competitive economy is assumed but
with a number of distortions, including nominal rigidities (sluggish price adjustment) and
monopolistic competition. This distinguishes New Keynesian DSGE models from the
preceding general equilibrium Real Business Cycle models (RBC). The range of stochastic
shocks that could disturb the economy is also expanded relative to the productivity or taste
shocks of the RBC model. Some DSGE models calibrate values of the parameters; but where
the parameters are estimated, Bayesian system-wide estimation is used, imposing substantial
prior restrictions to achieve parameter values that are deemed ‘reasonable’.

Taking a plain-spoken and critical view of the New Keynesian Dynamic Stochastic
General Equilibrium models, one finds they are not stochastic enough — as they trivialise the
role of uncertainty and heterogeneity, are not dynamic enough — as they miss key lags in
relationships, and are not really general equilibrium — as they ignore important feed-back
loops, seen for example in the global financial crisis. They are scarcely new, being based on
ideas made redundant by the asymmetric information revolution of the 1970s and 80s, and
hardly Keynesian, as they miss co-ordination failures in labour and financial markets. As
argued in Hendry and Muellbauer (2018), and by Stiglitz (2018), the specific flaws? of the NK-

DSGE model can be summarised under six headings:

1. The micro-foundations are built on sand, ignoring the information economics revolution
and assuming complete markets

Stiglitz’s prescient 2001 Nobel Prize lecture and Stiglitz (2018) spell out the importance of
incomplete markets® and asymmetric information in real-world economics. Of particular
interest are the implications of credit and liquidity constraints for household behaviour.
Research by Deaton (1991) and Carroll, in a series of papers beginning with Carroll (1992),
shows that given uninsurable individual income risk and the liquidity constraints that result
from asymmetric information, households will engage in buffer-stock behaviour to ameliorate
income risk, and they discount expected future income at higher rates than assumed by the

textbook model. This behaviour has profound implications for the effectiveness of monetary

2 Muellbauer (2010) puts forward a broadly similar critique.
3 Buiter (2009), in his trenchant post-crisis critique of standard macroeconomics, highlights the complete market
assumption as the central failing of New Keynesian DSGE models.



and fiscal policy. In contrast, in NK-DSGE models, households discount temporary
fluctuations in income to maintain spending in the face of shocks, thus providing a stabilising

anchor to the economy.

2. The micro-foundations are built on sand, assuming representative agents

In the real macro-economy, heterogeneity rules. It is well-known that the conditions under
which ‘average behaviour’ of households is the same as that of an individually-optimising
household are highly restrictive. There are many examples of the general point that even the
functional form which holds at the micro-level can be radically different from that holding at
the aggregate level, when aggregating across heterogeneous agents.* The combination of
asymmetric information and household inequality mean that income processes, liquidity
constraints faced by households, and asset ownership are all highly heterogeneous. It is
nevertheless facile to suggest that aggregate data is therefore uninformative: but aggregate
models need to be richer and encompass the extensive as well as intensive margins of
behaviour. To illustrate, the aggregate mortgage debt to GDP ratio depends both on the average
debt of households which hold mortgages (the intensive margin) and the fraction of those with
a mortgage (the extensive margin). There is no reason why a function designed to explain the
former should also explain the latter. But an aggregate model for mortgage debt should capture
both features of the data. Aggregate models could use micro-data or assumptions about the
forms of the micro distribution of data to address the implications of stochastic aggregation.’
Another example illustrates the informational content in aggregate data. The incidence
of unemployment is highly heterogeneous and so is price setting. For example, pricing practices
for rents, medical and insurance services, clothing and electronic products are all likely to
differ. Despite this heterogeneity, as we show in Section 4, there is a surprisingly stable
relationship between aggregate unemployment and aggregate core inflation, provided the right

controls are included in the inflation equation.

3. The rational expectations assumption is incompatible with a world of structural breaks
and radical uncertainty.

4 Hendry and Muellbauer (2018, p.295) give two such examples: Houthakker (1956) and Bertola and Caballero
(1990).

5 One example is Aron and Muellbauer (2016) who estimate a distributional form for negative equity from a
micro-snapshot to generate time-series estimates of the aggregate proportion of mortgages with negative equity
based on aggregate debt/equity ratios. This proves highly significant in explaining the proportion of defaults and
foreclosures in the UK.



Structural changes, frequent and widespread in every economy, are a key source of forecast
error. It is therefore wildly implausible to endow agents with rational expectations that foresee
such breaks. To quote: “The mathematical basis of DSGEs fails when events suddenly shift the
underlying distributions of relevant variables. The ‘law of iterated expectations’ becomes
invalid because an essential, but usually unstated, assumption in its derivation is that the
distributions involved stay the same over time. Economic analyses with conditional
expectations (‘rational expectations’) and inter-temporal derivations then also fail, so DSGEs
become unreliable when they are most needed.”® Heterogeneity at the micro-level suggests
that for model-consistent expectations, individuals would need not only to forecast their own
individual heterogeneous circumstances but also aggregate circumstances. The latter, and
potentially both, are subject to structural breaks in, for example, technology, credit conditions,
monetary and fiscal policy rules, globalization, and trade union power. As Caballero (2010)
pointed out, the ‘pretence of knowledge’ was extreme in the NK-DSGE approach, both on the
side of the modeller and on the side of the agents populating the model economy.

Forecasting failures are well-known in macro-economics (Loungani, 2001; Ahir and
Loungani, 2014), so that even pre-crisis, model-consistent expectations are highly unrealistic.
Loungani (2001) concludes: “the record of failure to predict recessions is virtually
unblemished”. This does not preclude economic agents from forecasting. But it does mean
those forecasts are best represented by simpler, limited information forecasting models, even

if agents often get those forecasts wrong.

4. Omitting shifting credit constraints, household balance sheets, and asset prices, and
hence ignoring the financial accelerator

The omission of money, credit, banks and asset prices from the NK-DSGE model led Charles
Goodhart to comment: “It excludes everything I am interested in”, see Buiter (2009). The
asymmetric information revolution of the 1970s provided micro-foundations for the application
of credit constraints by the banking system (Stiglitz, 2018). The use of collateral became
increasingly widespread from the 1960s to reduce the asymmetric information problem. This
led to a huge rise in real-estate backed lending, transforming the banking sector in most OECD
countries (Jorda et al., 2016). For many countries, shifting constraints as applied to collateral
became among the most important structural changes in the economy. An unintended side

effect was the shifting of risk: the micro-risk of asymmetric information between lender and

¢ As reported by Hendry and Muellbauer (2018, p.299-301), summarising the conclusions of Hendry and Mizon
(2014).



borrower, e.g. adverse selection and moral hazard, was shifted to the macro-risk of real estate
price collapses. With hindsight, many US bankers say that their biggest mistake during the
mortgage credit boom was not in mis-managing micro-risk but in failing to appreciate that
average house prices faced serious down-side risks. Section 3 returns to these themes of

financial stability and house price overvaluation.

5. The failure to be structural in the Cowles Commission sense

Haavelmo’s (1944) classic Cowles Commission article on the probability approach in
econometrics is the first systematic definition of ‘structural’. Haavelmo contrasts the potential
lack of autonomy of empirical regularities in an econometric model with the laws of
thermodynamics, friction, and so forth, which are autonomous or ‘structural’ because they
‘describe the functioning of some parts of the mechanism irrespective of what happens in some
other parts’. Tracing how the New Classical Revolution in macroeconomics gained dominance
and the reason large econometric policy models of the 1970s were displaced as policy models
by DSGE models, the Lucas (1976) critique proved to be the key (see Wren-Lewis (2018) and
Hoover (1994)). Since the parameters of such large policy models were supposedly not
‘structural’, they necessarily changed whenever policy changed. In the reign of the DSGE
models, however, there was a subtle shift in the meaning of ‘structural’: the definition came to
imply ‘micro-founded in individual optimising behaviour’. Hendry and Muellbauer (2018,
p.292-4) observe that with shaky micro-foundations in a world of structural breaks, DSGE
models typically fail to maintain parameter stability. Therefore, the DSGE models also fail to

be structural in the more fundamental sense of the Cowles Commission.

6. The lack of flexibility of even the newest representative agent DSGEs

The consumption Euler equation is the key mechanism for the operation of model consistent-
expectations. This makes it the main straitjacket of the representative agent DSGE approach.

A much more modular approach, as for example adopted in the non-model consistent version
of FRB-US, allows heterogeneity in expectations between households and firms. Within DSGE
models resting on an aggregate or sub-aggregate Euler equation’, this kind of modularity is

hard to achieve.

7 More recent models sometimes assume two representative households, one is an intertemporal optimiser, and
the other is myopic and just spends current income.
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The attack on critics of New Keynesian DSGE

A recent attack on critics of DSGE models by Christiano et al. (2017) begins with the hard-line
label: “people who don’t like DSGE models are dilettantes”.® To define the term, “the
dilettante would be content to point out the existence of competing forces” faced with a range
of policy questions, such as whether exchange rate depreciation will stimulate an economy. In
what looks like a deliberate attempt to obfuscate in their Section 2.1 they suggest: “as a
practical matter, people often use the term DSGE models to refer to quantitative models of
growth or business cycle fluctuations”. This completely misses the point made by Blanchard
(2018)° that DSGE models (with their heavy restrictions) should not crowd out research into
alternative quantitative models that allow data to speak more freely. Many central banks now
use or are developing estimated econometric general equilibrium models that aim to capture
the key dynamics and feedback mechanisms operating in real economies. To label such models
as ‘DSGE’ can only mislead the uninitiated.

Christiano et al. begin by reviewing DSGE models with their origins and extensions,
which attempts to bridge the chasm between their economic assumptions and the real world.
Reviewing RBC models and their failings, it is acknowledged that micro-data cast doubt on
key assumptions, including perfect credit and insurance markets. New Keynesian DSGE
models are briefly introduced, which added nominal frictions in labour and good markets to
the RBC model to be able to answer questions such as what are the consequences for output of
a monetary policy shock. The Christiano et al. (2005) NK-DSGE model is explained, which
has much in common with that of Smets and Wouters (2003, 2007). Christiano et al.
acknowledge the representative agent and complete asset market assumptions; they admit that
Calvo-style pricing (Calvo, 1983) contradicts aspects of micro-data and makes sense only in
moderate inflation environments. In discussing the consumption Euler equation and the need
to assume habits to obtain data-coherent responses to interest rate changes, they admit that it
has been known for decades that the Euler equation is rejected by macro-data'®, even with habit
formation. They defend its use because the representative agent NK-DSGE model gives
“roughly the right answer” to the question of how consumption responds to a cut in interest

rates: “a useful reduced-form way of capturing the implications of ...more realistic, micro-

8 The sentence is absent in a more recent version of the paper.

% This article was preceded by widely-read blogs, Blanchard (2016, 2017).

10 At the 2017 Oxford-NYRB conference, Christiano referred to the Euler equation as “the most rejected equation
in economics”.
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founded models”. However, if reduced-form methods are permitted by the hard-line DSGE
school, there are surely better ways of learning from the data, see Section 3 below.

They then attempt to convince that financial frictions were adequately dealt with by
some of these models. They castigate Stiglitz (2018) amongst others who “...asserted that pre-
crisis DSGE models did not allow for financial frictions, liquidity-constrained consumers, or a
housing sector”. They cite selected counter-examples, including models with two types of
consumers: those both unconstrained by liquidity and rational and forward-looking, and those
who are credit—constrained and just spend income. But micro-theory does not say that credit-
rationed consumers only spend income; this assertion is not micro-founded, and the example
is inadequate to try to justify financial frictions in these models. This kind of ad hocery has
long been anathema to the developers of the micro-founded buffer stock model, Deaton and
Carroll.

Christiano et al. refer also to DSGE models with firm-based credit market frictions
introduced by Bernanke et al. (1999) and incorporated in Christiano et al. (2003). However,
for reasons of tractability, these are ‘Mickey Mouse’ single-period financial frictions. They
cannot adequately capture reality when debt contracts are typically multi-period and
bankruptcy and defaults have major scarring effects on economies. More damagingly, these
DSGE models are almost always linearised around steady states, which assume for this Utopian
world that major financial crises cannot occur.

Finally, they appeal to the introduction of a housing market and a financial friction into
a DSGE model by lacoviello (2005), later calibrated to US data in Iacoviello and Neri (2010).
There is no denying that this widely-cited work is an technical four de force. However, these
extended DSGE models actually illustrate the weaknesses of representative agent, efficient
market rational expectations models. They assume two representative households, patient and
impatient, and present in a fixed proportion. Patient households apply a loan-to-value constraint
when offering mortgage loans to the impatient households, which is a kind of financial friction.
However, given their assumption of infinitely-lived or dynastic households, saving for a down-
payment, one of the most important saving motives in industrial countries, is omitted from the
model. Their closed economy model lacks banks and housing foreclosures, and assumes a
frictionless and efficient housing market; the transmission and amplification of monetary or
other shocks via housing is therefore extremely limited. Their model implies that aggregate
home equity withdrawal (i.e. the excess of households’ mortgage borrowing over acquisitions

of housing), is always negative. However in practice, US home equity withdrawal was strongly

12



positive for much of 2001 to 2006, and in the peak quarters, it was of the order of 10 per cent
of that quarter’s aggregate household income.

This important fact and the realised foreclosures were not in the set of salient data
chosen by lacoviello and Neri for their model calibration. For their calibrated model, they
compare the correlation between consumption growth and house price growth, with and
without the financial friction. Without the friction, the correlation is 0.099, the result of the
common influence of the shocks on house prices and consumption. With the friction, the
correlation rises to 0.123. The difference is tiny and the implication is that the much-lauded
financial friction hardly matters. Even more troubling is the assumption in these models that
there are random changes in peoples’ tastes which made them strongly prefer housing
compared to their taste in the past in order to explain the house price boom of the 2000s. Since
there are no credit shocks in the model, these preference shocks are the main variables that can
explain movements in house prices. Unsurprisingly the house price dynamics in these models
poorly capture the persistence and volatility in the actual data. To treat preference shocks as a
euphemism for credit market shocks, including the financial innovations and credit crunches
induced by bad loans, distracts seriously from understanding the real world.

After the partisan review, Christiano et al. discuss the estimation and evaluation of
DSGE models. One strategy is to minimise the distance between a subset of model-implied
second moments and their analogues in the data, or minimising the distance between model
and data impulses to economic shocks, using partially identified VAR models. The choice of
which moments to match is subjective, and analogous to the problem of omission of salient
data in the Iacoviello-Neri model just discussed. A second problem is that many VAR models
are grossly mis-specified by omitting longer lags'!, creating the delusion that estimated DSGE
parameters are data-coherent, when they also fail to capture longer lags. The Bayesian methods
they recommend for DSGE models therefore suffer from similar problems to the Bayesian
VARs. Both, as noted earlier, are far from immune to structural breaks in the data and the
Hendry-Mizon critique (Hendry and Mizon, 2014).

Stiglitz is right to criticise the use of the Hodrick-Prescott filter to de-trend the data
which was common before the financial crisis. The crisis made its weaknesses obvious, though
authors such as Canova had earlier pointed to the problem of sweeping “medium-term business
cycles into the trend”. Christiano et al. cite one example of a pre-crisis paper that did not fall

into this trap. Stiglitz, citing Korinek (2017), is surely right to point to the subjectivity involved

" T argue this point in more detail in Sections 4 and 5 below.
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in choosing which moments to match, when that is the method used for estimation. Stiglitz
argues, citing Korinek that “for a given set of moments, there is no well-defined statistic to
measure goodness of fit of a DSGE model”. Of course, classical maximum likelihood would
provide such a measure but, quoting Christiano et al. themselves: “the data used for estimation
is relatively uninformative about the value of some of the parameters in DSGE models”.
Bayesian methods used to deal with this rely on subjectivity. The need for tractability means
the choice of variables to be modelled is typically quite narrow and also subjective, usually
excluding credit aggregates, asset prices and balance sheets. Stiglitz’s last point is that “DSGE
models frequently impose a number of restrictions that are in direct conflict with micro
evidence”. The defence that all models have such inconsistencies hardly washes when those
inconsistencies are often gross, in particular contradicting evidence supporting the insights of
the information economics revolution.

Christiano et al. ask why DSGE models failed to predict the financial crisis, though
almost all quantitative models failed. They admit that pre-crisis models did not sufficiently
emphasise financial frictions, noting that those included in DSGE models, e.g. those based on
Bernanke et al. (1999) had only modest quantitative effects. Some of the reasons for this were
discussed above and overlap with the same issues faced by lacoviello (2005). They consider
the post-crisis developments in the DSGE literature, starting with the introduction of more
serious financial frictions. One example, allowing a roll-over crisis in the shadow-banking
sector, is Gertler et al. (2016), though this is more of a calibrated theory model designed to
understand a mechanism than a general policy model. Such models have an important function.
A second example is Christiano et al. (2014) which introduces a time-varying variance of
technology shocks amplified by a Bernanke-Gertler-Gilchrist-style financial friction and
estimated on data including equity prices and interest rate spreads. They conclude that their
second-moment shock substantially reduces the implausible pre-crisis attribution of most of
business cycle variation in GDP to technology shocks. However, it is doubtful if any plausible
model of the US economy can exclude the housing market and the structural changes in credit
markets, discussed in section 3 below. Fortunately, there is now a spate of research, much of it
framed in terms of heterogeneous agents, taking housing and the mortgage market more
seriously, including Hedlund et al. (2016), of which more below.

They turn to the zero lower bound (ZLB) and other non-linearities. They note that
DSGE models with enough frictions can generate strong fiscal policy effectiveness when the
ZLB holds and discuss solution methods that do not rely on the log-linear approximations

criticised by Stiglitz and many others. They complain that very recent DSGE literature deals
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with such criticisms and Stiglitz needs to catch up on his reading. They also criticise his
comment “the inability of the DSGE model to...provide policy guidance on how to deal with
the consequences [of the crisis], precipitated current dissatisfaction with the model”. However,
while the DSGE literature on the ZLB gives the right advice on fiscal policy effectiveness, it
remains silent on bank rescues, easing constraints in the mortgage market and helping
borrowers with mortgage payment difficulties. In practice, rescues of financial institutions and
QE or ‘credit easing’, particularly purchases of agency bonds secured on housing collateral,
proved important. The Federal Home Administration system, in providing publicly-backed
mortgage credit to partially compensate for the almost complete collapse of the private
mortgage-backed securities market, played a pivotal role in stabilising the US economy. These
facts are not mentioned by Christiano et al. (2018).

New developments of heterogeneous agent models at last begin to incorporate key
insights from the asymmetric information revolution to which Stiglitz was the key contributor.
It is clear that Stiglitz’s critique was focused on representative agent NK-DSGE models, and
he surely must welcome this new generation of heterogeneous agent models. Nevertheless,
these models are still at the stage of being calibrated theory models designed to explain key
mechanisms. For example, the important Heterogeneous Agent New Keynesian (HANK)
paper by Kaplan et al. (2018) gives major insights into monetary transmission without relying
on implausible substitution effects of the representative agent NK-DSGE model, see the
discussion in Kaplan and Violante (2018). However, housing is treated like an illiquid financial
asset subject to major trading costs and credit constraints and with an exogenous price. This
therefore omits the important monetary transmission channel that exists through the US
housing market. Hedlund et al. (2016) are making progress designing a model with more
realistic housing market features, including matching frictions and sticky prices.

Christiano et al. discuss how DSGE models are used at policy institutions, but fail to
mention that the non-DSGE FRB-US model continues to be heavily used (despite its defects
discussed in the next section), and that many including the Bank of Canada, ECB, Dutch
National Bank, and the Australian RBA 2 have developed or are developing non-DSGE policy

models.

12 The paper (Cusbert and Kendall, 2018) introducing the new model says: “A weakness of DSGE models is that
they often do not fit the data as well as other models, and the causal mechanisms do not always correspond to how
economists and policymakers think the economy really works. In order to more easily manage these models, they
typically focus on only a few key variables, which can limit the range of situations where they are useful. The key
strength of full-system econometric models like MARTIN is that they are flexible enough to incorporate the causal
mechanisms that policymakers believe are important and fit the observable relationships in the data reasonably
well. They can also be applied very broadly to model a wide range of variables. This flexibility reflects that the
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In their conclusion, Christiano et al. mention “exciting work on deviations from
conventional rational expectations (including) social learning, adaptive learning and relaxing
the assumptions of common knowledge” as part of the organic development of the DSGE
enterprise. One can only celebrate such developments. Without doubt, much useful and
creative work is being done with structural models to better understand particular mechanisms.
Whether embedding them in a necessarily over-simplified full general equilibrium setting is
always helpful is questionable.!® There are, of course, fine examples where it is necessary, for
example in Brunnermeier and Sannikov (2014). In their general equilibrium model, which
includes a banking sector, low fundamental risk leads to higher equilibrium leverage: low risk
environments are conducive to a greater build-up of systemic risk, arguably relevant to the
Great Moderation period from the mid-1980s to 2006. There have been other major advances
in post-crisis general equilibrium macro theory but translation into usable policy models for
central banks has not yet occurred.

Carlin and Soskice (2018) set out a stylised macroeconomic model with two well-
defined solutions, one Keynesian and one Wicksellian, and a graphical tool-kit which aids
comprehension. It includes some of the essential ingredients with which a large econometric
policy model should be consistent and therefore capable of providing an explanation of the
slowness of the recovery since the global financial crisis. Their Keynesian unemployment
equilibrium is underpinned by five assumptions: a zero bound to interest rates; the absence of
disinflation in the presence of high unemployment; strategic complementarities among
investors capable of giving rise to multiple equilibria; the assumption that technical progress is
embodied in investment so that a low-investment outcome will give rise to a low rate of
technical progress and finally, agents who discount expected future income at higher rates than
assumed by the textbook model, which as noted above has profound implications for the
effectiveness of monetary and fiscal policy. In chapter 6 of Carlin and Soskice (2015), they
introduce a leveraged banking sector and hence the possibility of a destabilizing financial cycle,
see section 3 below, that can take the economy away from the Wicksellian equilibrium.

Finally, given heterogeneity, the DSGE programme is far from offering the only way

forward. Haldane and Turrell (2018) make a strong case for agent-based modelling, which is

model is not derived from a single theoretical framework, which can make causal mechanisms less clear than in
DSGE models.”

13 For example, the structural heterogeneous agent model of leverage and mortgage foreclosures of Corbae and
Quintin (2015) assumes exogenous house prices. Its admirably crafted balance between realism concerning the
banking sector and heterogeneity of borrowers and tractability could not have been achieved had it also been
required to supply a full general equilibrium treatment.
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firmly founded on micro-data. Economic agents in these models are assumed to use heuristic
behavioural rules given the limited information they face, rather than assuming that they can
successfully and continuously accomplish the heroic task of solving complex intertemporal

optimising problems.

3. Financial stability: lessons from modelling consumption, debt and house
prices

The US sub-prime crisis began with a serious problem of over-valuation of asset prices,
especially of housing. The different types of over-valuation are discussed below. The
consequence of overvaluation, eventually is falling house prices. Falling house prices reduce
residential investment and lower consumer spending in the US, where housing collateral is an
important driver of consumption. These are the two left channels shown in Figure 1, illustrating
the feedback loops in the US sub-prime crisis. Falling house prices increased bad loans and
lowered the capital of financial firms. This raised risk spreads in credit markets and impaired
the ability of banks to extend credit, shown in the two right channels of Figure 1. This fed back
on residential investment and household spending, as shown in the figure, increasing
unemployment and reducing GDP, and this, in turn, fed back further to reduce the demand for
housing, shown in the extreme left arrow in the figure, and the capital of financial firms, shown
in the extreme right arrow.

Such feedback loops involve non-linearities as well as amplification. For example, a
fall in house prices that drives up the incidence of negative equity, can, via bad loans, cause a
sharper contraction in credit availability than the expansion of credit availability caused by an

equivalent rise in house prices.
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Figure 1: The financial accelerator in the US sub-prime crisis

One can classify the causes of overvaluation of asset prices into three broad groups: exogenous
macroeconomic shocks, fragile fundamentals and endogenous dynamic processes, see
Muellbauer (2012) for discussion.

Exogenous negative macroeconomic shocks to economic fundamentals are one
reason why, with hindsight, house prices can be seen to have been overvalued. Such shocks
can include a deterioration in the terms of trade, a rise in oil prices for net oil importers (e.g. in
the 1970s), a collapse of export markets (e.g. Finland just after the collapse of the Soviet
Union), a rise in global interest rates for a small open economy, ' external credit supply shocks
for small open economies, political risk, and natural disasters. Such shocks are arguably close
to unforeseeable.

A dislocation of economic fundamentals, which historical experience should have
flagged as increasingly fragile, is a second category promoting overvaluation of prices.
Examples are: duration mis-match in credit supply (e.g. mortgage funding in Ireland and the

UK disrupted by the money-market sudden stop in August 2007); currency mis-match of

14 Examples include the Reagan fiscal shock in the early 1980s and the German unification shock of the early
1990s). Such shocks have particularly strong effects for such economies where floating rate debt dominates.
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debt; ' and unsustainably weak financial regulation (e.g., the misuse of securitisation and fraud
in the UK and the US before the global financial crisis).

The third group concerns endogenous, dynamic economic feedbacks, which in
some contexts, as in the US sub-prime crisis, can amplify the impact of external shocks. These
feedbacks can vary both across countries and over time. The speeds of the different feedbacks
can be very important: for example, if an amplifying feedback is large and immediate, but a

negative feedback slow but persistent, financial instability is more likely.

The role of endogenous feedbacks

Consider first the negative endogenous feedbacks that can be generated during a house price
boom. One instance of such a feedback on prices stems from a build-up in debt levels as the
quality of loans to households and property developers deteriorates, especially in liberal-credit
environments. High debt levels limit spending and access to further credit. A second
endogenous, negative and persistent feedback arises if there are large, credit-funded expansions
in housing stocks, which then weigh down on house prices. Examples include Ireland, Spain
and parts of the US in 2000-2006, where oversupply remained a problem for several years. A
third negative feedback via aggregate demand occurs in economies in which high down-
payment ratios are required of mortgage borrowers: then saving rates of would-be home-
owners increase when house prices rise relative to income. A fourth negative feedback occurs
in economies where property taxes are closely linked with very recent market values,
dampening aggregate demand and sapping returns from housing investment. Such negative
feedbacks would be stabilising if they operated quickly enough or were not overwhelmed by
the amplifying feedbacks, that can boost the upswing in that phase of the financial cycle,
discussed next.

Turning to the amplifying endogenous feedbacks, consider first the role of
extrapolative expectations. The role of user cost, which measures the interest cost of borrowing
relative to expected appreciation, in the demand for durable goods such as housing has long
been studied. There is now much evidence that market participants often tend to extrapolate
past rates of appreciation in forming expectations of appreciation to come. Then a series of
positive shocks, for example in access to credit or in falling interest rates, increasing the rate

of appreciation of house prices, later generates a fall in user cost, increasing the demand for

15 For example, in the Baltic republics and Hungary in the global financial crisis, and the Asian financial crisis of
the late 1990s.
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housing and feeding back onto house prices. This was an important ingredient in the over-
valuation in US house prices from the mid-2000s according to evidence from Duca et al. (2011,
2016).1¢ Since lower down-payment ratios enhance the returns from a housing investment
financed by a mortgage, this kind of over-shooting in house price dynamics is likely to be
greater in countries where low down-payment ratios are prevalent and time varying as loan
conditions are eased.!” Such amplifying feedbacks also exacerbate down-turns of the cycle
after prices have started falling.

Though Figure 1 shows consequences of negative shocks on an overvalued housing
market, it also reflects similar, but opposite signed, feedbacks operating in the upswing of a

housing market.'®

A second amplifying feedback potentially comes from the mechanisms
illustrated on the right hand side of Figure 1. Higher expected appreciation can make lenders
more keen to lend as borrowers would have more equity against their mortgage, making the
loan safer from the lender’s point of view. Moreover, in a rising market, lending is more
profitable and previous bad loans shrink, enhancing the capital of financial firms. As
Geanakoplos (2010) has argued, an endogenous leverage cycle can simultaneously drive
growth in debt and house prices.

A third amplifying feedback, illustrated in the extreme left channel of Figure 1
comes with an increase in residential investment, which boosts employment and household
income, and therefore aggregate demand, including demand for housing. In countries where
planning constraints are severe or the planning process slow, this short-term feedback is likely
to be smaller, though the impact of demand shocks on house prices in the presence of inelastic
supply is greater.

A fourth, but also far from unmiversal, amplifying feedback comes from the
consumption channel feeding into aggregate demand, illustrated in the second from left channel
in Figure 1. This tends to be greater where down-payment constraints are loose, i.e. household
leverage higher, access to home equity loans is easy and rates of owner-occupation are high,
as in the US. Research on consumption functions to check for balance sheet effects, including
from housing, is helpful in establishing in which countries amplifying feedback loops are more

likely, see Hendry and Muellbauer (2018) for a discussion. Thus, there can be pronounced

16 Regular quarterly surveys of the housing-price expectations of potential housing-market participants should
help assess overshooting linked to extrapolative expectations, and Case and Shiller’s expectations surveys led to
their real-time judgment of overvaluation in the US in the mid-2000s.

17 Empirical evidence for this point comes from Muellbauer and Murphy (1996) and Chauvin and Muellbauer
(2018).

18 Evidence in Duca et al (2016) suggests an asymmetry, with stronger effects of falling house prices on the
contraction of credit supply, than of rising prices on its expansion.
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overshooting of house prices induced by a series of strong positive shocks, amplified by the
four mechanisms just discussed.

As explained above, a house price boom can also generate some negative feedbacks
which would be stabilising if they acted quickly enough. If they do not, their very perisistence
can then create a double whammy of a crisis, when combined with the quickly acting feedbacks
that amplify house prices falls in the downturn.

The role of leverage at the level of households in these feedback mechanisms was
noted. The more a financial system permits or fosters high leverage at financial firms, the more
likely is it that it will also be high at the level of households or non-financial firms. For financial
firms, high leverage increases risks, particularly those arising from sizable overvaluation of
property prices, given the important role of real estate collateral for lending. A factor that
increased leverage at financial firms was the shift in governance within large investment banks,
mainly in the 1980s, from partnerships, where managers were owners who retained substantial
‘skin in the game,’ to public corporations where managers had incentives to design asymmetric
contracts for their private gain. Duca et al. (2016) attribute the rise in loan-to-value ratios for
first-time buyers in the US in the 2000s to leverage-increasing interventions: the 2000 Financial
Futures Modernisation Act'?, lower bank capital requirements on ‘investment grade’ nonprime
mortgage backed securities and the 2004 Securities and Exchange Commission decision to
loosen leverage restrictions on investment and other banks. Tendencies for excess debt leverage
can also be exacerbated by tax systems which incentivise borrowing (e.g. through tax relief on
mortgage payments available for owner-occupiers in the U.S. and the Netherlands, though not
in Canada or Australia) and legal frameworks that protect borrowers with limited or no-
recourse loan contracts (as is still the case in many U.S. states, but rare elsewhere).

Macro-evidence has accumulated for the role of leverage and of real estate
connected financial instability (Cerutti et al. (2017) and Mian et al. (2017)). Mian and Sufi
(2014) have provided extensive microeconomic evidence for the role of credit shifts in the US
sub-prime crisis and the constraining effect of high household debt levels. Turner (2015)
analyses the role of debt internationally with more general mechanisms, as well as in explaining
the poor recovery from the global financial crisis. Jorda et al. (2016) have drawn attention to
the increasing role of real estate collateral in bank lending in most advanced countries and in

financial crises. The IMF’s October 2017 Financial Stability Report provides further evidence,

19 This gave derivatives first priority in claims on a company’s assets ahead of other claimants, thus encouraging
the use of derivatives to back the expansion of mortgage-backed securities.
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highlighting the critical role of mortgage debt and non-linearity, finding more pronounced
effects at high debt ratios, and larger effects in countries with open capital accounts, fixed
exchange rate regimes, less transparent credit registries (information), and less strict financial
supervision. The IMF also found that easy monetary policy during a credit boom likely

exacerbated the subsequent down-turn when booms turn into busts.

Implications for econometric policy models

For policy models to be useful in allowing for the mechanisms discussed above, they need
well-specified household sector equations, including for consumption, mortgage debt and
house prices, a well-specified residential investment equation and a linkage between the
financial sector and credit availability for the household and investment sectors. As noted in
Section 2, New Keynesian DSGE models, omitted debt and household balance sheets,
including housing, together with shifts in credit availability, crucial for understanding
consumption and macroeconomic fluctuations. The US Federal Reserve did not abandon its
large non-DSGE econometric policy model FRB-US. However, it too was defective in that it
also relied on the representative agent permanent income hypothesis for the major part of
consumption®’, which ignored shifts in credit constraints and mistakenly lumped all elements
of household balance sheets, debt, liquid assets, illiquid financial assets (including pension
assets), and housing wealth into a single net worth measure of wealth.

This is wrong for the following reasons. First, housing is a consumption good as well
as an asset, so consumption responds differently to a rise in housing wealth than to an increase
in financial wealth, Aron et al. (2012). Second, different assets have different degrees of
‘spendability’. It is indisputable that cash is more spendable than pension or stock market
wealth, the latter subject to asset price uncertainty and access restrictions or trading costs. This
suggests estimating separate marginal propensities to spend out of liquid and illiquid financial
assets. Third, the marginal effect of debt on spending is unlikely just to be minus that of either
illiquid financial or housing wealth. The reason is that debt is not subject to price uncertainty
and it has long-term servicing and default risk implications, with typically highly adverse
consequences, disproportionately affecting the most leveraged households.

There is now strong micro evidence that the effect of housing wealth on consumption,

where it exists, is much more of a collateral effect than a wealth effect, see Browning et al.

20 It allowed a fraction of households just to spend income.
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(2013), Mian et al. (2013), Windsor et al. (2015), Mian and Sufi (2016) and Burrows (2018).
As mortgage credit constraints vary over time, this contradicts the time-invariant housing
wealth effect embodied in FRB-US.

Of structural changes, the evolution and revolution of credit market architecture is often
the single most important. In the US, credit card ownership and instalment credit spread
between the 1960s and the 2000s. The government-sponsored enterprises—Fannie Mae and
Freddie Mac—were recast after 1968 to underwrite mortgages. Interest rate ceilings were lifted
in the early 1980s. Falling IT costs transformed payment and credit screening systems in the
1980s and 1990s. As the discussion of factors permitting increased leverage in the US showed,
there were major shifts in credit availability in the late 1990s and early 2000s. These shifts
occurred in the political context of pressure to extend credit to the poor.

Given the lessons of the information revolution and the work on liquidity constraints of
Deaton and Carroll, it is clear that the text-book micro-foundations of the standard life-
cycle/permanent income model do not stand up. Using the log-linear approximation as in

Muellbauer and Lattimore (1995), the text-book model takes the form
In(coyr)= ot In /v + yA 1yt (1)

where ¢ is consumption, y is non-property income, )” is permanent non-property income using
a discount rate equal to the real rate of interest, and A4 is net worth. The marginal propensity to
spend out of net worth is y. If one is unsure about the theoretical foundations, the
‘encompassing principle’, see Hendry and Muellbauer (2018), p.313, suggests relaxing and
testing the restrictions implied by a model. Thus, the asset to income ratio can be split into the
main components, e.g. liquid assets, debt, illiquid financial wealth and housing wealth; the
coefficient on the log ratio of permanent to current income can be freely estimated instead of
being imposed at one, and a higher average discount rate checked, as implied by Deaton and
Carroll’s work on buffer-stock saving; the intercept can be allowed to vary with access to credit
since this would affect the saving for a down-payment motive, the size of which might also
depend on house prices relative to income; and the marginal propensity of housing wealth can
be allowed to shift with access to borrowing on home equity. In a series of papers, my co-
authors and I have found support for these generalisations and major differences between
economies in the connection between house prices or housing wealth and consumption. For
Japan, Germany, France and even Canada, there appears to be a negative effect of higher house
prices/income on consumption, though there is also a small housing wealth effect in France.

In all these countries apart from Japan, credit liberalisation for households has increased the
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consumption to income ratio, though Germany had only a quite modest degree of liberalisation.
In contrast, for the US, UK, Australia and South Africa, the marginal propensity to spend out
of housing is positive and varies strongly with access to credit. In all cases, the marginal
propensity to spend out of liquid assets is higher than out of illiquid assets, and debt has a far
more powerful negative effect on consumption than implied by the net worth restriction.

These papers are examples of the looser, more relevant, application of theory. In
contrast to the FRB-US consumption function which incorporates no shifts in credit constraints
and aggregates the household balance sheet into a single net worth concept, contradicted by
micro evidence, it no longer corresponds to a representative agent optimizing model. The FRB-
US model followed Muellbauer and Lattimore (1995) in assuming two types of agents, one
following a life-cycle model on the lines of equation (1), albeit with a higher risk-adjusted
discount rate to compute permanent income, and the other simply spending income. However,
it disregarded our evidence that the marginal propensity to consume (mpc) is higher for liquid
assets and that the mpc for debt is large and negative, and our theoretical explanation of why
the housing wealth effect is different from a financial wealth effect (Muellbauer and Lattimore,
1995, p.268-271). It took no account of our arguments that “Financial liberalization, by making
asset backed credit more easily available, made these illiquid assets more spendable” (p.281)
and “....improved access to... home loans, and reduced down payment to house price ratios”
(p.289).

The claimed micro-foundations of the FRB-US consumption function do not save it
from parameter instability: the estimated speed of adjustment for data up to 2009 of 0.19 falls
to 0.10 for recent data. This is clear evidence against treating the FRB-US consumption
function as a ‘structural’ equation in the classical sense of invariant to shifts in the economic
environment.

As a result of its omissions, the FRB-US model failed to give proper warning of risks
faced by the US economy after 2007. At the Jackson Hole conference in 2007, Mishkin (2008)
reported the results of FRB-US simulations of a 20 per cent decline in real house prices spread
over 2007-8. The standard version of the model simulated GDP lower than the baseline by
0.25 per cent in early 2009 and consumption lower by only 0.6 per cent in late 2009 and 2010.
The simulations suggested a rapid recovery of residential investment given the lowering of the
policy rate in response to the slowing economy. FRB-US failed to include a plausible model
of house prices and so also missed the feedback from the credit crunch back on to house prices

modelled in Duca et al. (2011, 2016). Consistent with this time series evidence, Favara and
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Imbs (2015) and Anundsen and Heeboll (2016) provide strong micro-evidence for the causal

link between credit supply and house prices in the US.

The LIVES approach to modelling the household sector

A number of our papers use the ‘latent interactive variable equation system (LIVES)’ set out
in Duca and Muellbauer (2013), with the fullest application in the six-equation system in
Geiger et al. (2016) and Chauvin and Muellbauer (2018). Consumption, consumer credit,
housing loans, house prices, liquid assets and permanent income are jointly modelled with two
latent variables, representing shifts in consumer credit and mortgage credit availability,
common to a number of the equations. This model takes to the macro data what Mian and Sufi
(2018) call the ‘credit-driven household demand channel’ and quantifies the role of household
balance sheets in the financial accelerator, emphasised by Gertler and Gilchrist (2018).
Including a measure for permanent income, a measure of households’ income growth
expectations, is important, providing protection against the Lucas critique. Section 5 below will

say more about the practicalities of modelling it.

Mortgage credit conditions help drive house prices, housing loans and consumption in
France, though demography is also important. Without controlling for mortgage credit
conditions, it is impossible to obtain coherent estimates of a house price equation for France.
The latent variables can be estimated using state space methods or spline functions. Because
they represent any joint drivers of the three variables not otherwise controlled for, there can be
doubts about whether they reflect specifically shifts in credit conditions. However, the
mortgage credit conditions index for France in Chauvin and Muellbauer (2018) turns up
strongly from 1984, when widely documented financial liberalisation began in France. And
after 1990, it is strongly negatively correlated with the ratio of non-performing loans,

particularly when credit availability contracts, as the following Figure demonstrates.
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Figure 2: Scaled negative non-performing loan ratio (8-quarter moving average, lagged 2
quarters) and estimated mortgage credit conditions index.

The six-equation model is highly relevant for thinking about potential risks for financial
stability in France from the housing-credit nexus. The consumption estimates for France
suggest that in the house price boom between 1996 and 2008, the positive effect on the ratio of
consumption to income of higher housing wealth relative to income, a small but positive
housing wealth effect, and looser mortgage credit conditions, was largely offset by the negative
effect on consumption of higher house prices and higher debt relative to income. France, like
Germany where the negative effect of higher house prices to income is even larger, see Geiger
et al. (2016), is therefore very different from the Anglo-Saxon economies where home equity
loans produced large collateral effects of housing wealth on consumption. As a result, despite
higher house prices, France did not experience an Anglo-Saxon-style consumption boom in
which the financial accelerator via home equity loans proved powerful and destabilising.
Moreover, the induced increase in household debt will weigh negatively on future
consumption.

Extrapolative expectations of capital gains, which enter user cost, a driver of demand
for housing and hence of house prices, are potentially a powerful endogenous source of house
price over-valuations. They were an important factor in the US boom of the 2000s, see Duca

etal. (2011, 2016), and probably contributed to excess credit growth. The scale of extrapolative
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expectations in France was moderate even at the height of the French boom, as shown in the
estimated user cost contribution in Chauvin and Muellbauer (2018). Since higher leverage
amplifies returns from house price appreciation, the moderate contribution of such expectations
is probably the result of the far lower level of leverage permitted to households by French
financial regulators.

Our six-equation model does not endogenise credit conditions, but Figure 2 suggests
there would strong potential in endogenising the NPL ratio of the banking system, data
permitting, to quantify the link between the household and banking sectors. Moreover, the
substantial lag between the NPL ratio and the mortgage credit conditions index, implies that in
real time, early warnings would be flagged up well before credit conditions turned down, with
negative consequences for house prices and consumption. A top-down macro approach needs
to be integrated?! with micro evidence on potential household vulnerabilities and individual
bank stress tests data to better tune macro-prudential policies, see Constancio (2017a, 2018a).
Improving the quality of the top-down approach, taking proper account of institutional
differences between countries as seen in France compared to Anglo-Saxon countries, would
make an important contribution to this endeavour.

It is sometimes argued that the global financial crisis was such a rare event that there is
little to be gained in more normal times for building mechanisms into models that trace how
such a crisis might affect the household sector. However, not only can such risks not be
precluded, but better models of the household and housing sectors throw important light on
monetary policy transmission in more normal business cycle fluctuations and on potential
obstacles to a strong recovery from high levels of debt and changing demography. They also
illuminate potential risks for and via the household sector from other sources, such as a rise in

global interest rates and/or a substantial fall in equity prices, see Constancio (2018a).

4. Lessons from forecasting US core inflation

Forecasting is one area of applied economics where practitioners can escape the constraints of
conventional practice. The true test of a useful model is its out-of-sample forecast performance,
regardless of convention - at least in the absence of major structural breaks, when all forecasting

models break down (Clements and Hendry, 2011a). Central banks are perennially interested in

2l Constancio (2017b) says: “Stress tests of the banking and financial system must not be limited to
microprudential supervision but need to be embedded in a macro-financial environment and take a
macroprudential dimension.”
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forecasting inflation, but especially in 2018, when the US economy may be at a turning point.
Aron and Muellbauer (2013) is a forecasting paper that challenged the conventional wisdom,
and demonstrated substantial out-performance in forecasting US inflation, including against
the unobserved components-stochastic volatility model of Stock and Watson (2007).
Forecasting models were estimated for the 12-month-ahead US rate of inflation, measured by
the chain-weighted consumer expenditure deflator, for 1974-98 and subsequent pseudo out of-
sample forecasting performance examined. Alternative forecasting approaches for different
information sets were compared with several benchmark univariate autoregressive models.
Three key ingredients to the out-performance were: including equilibrium correction
component terms in relative prices??; introducing nonlinearities to proxy pre-1983 state-
dependence in the inflation process and using a ‘parsimonious longer lags’ parameterization to
permit long lags without running into the curse of dimensionality. It was established that
applying the standard Bayesian information criterion, commonly used in unrestricted VARs to
select lag length, results in throwing away highly relevant longer information. This was a
remarkably robust finding, true for each of seven information sets considered. In common with
much forecasting literature, it was also concluded that forecast pooling or averaging improves
forecast performance.

A paper currently in progress uses similar methods to develop forecasting models for
core inflation?®, defined by the Federal Reserve’s favourite measure, the PCE deflator,
excluding food and energy (Aron and Muellbauer, 2018). These new models for 12-month-
ahead core inflation demonstrate similar outperformance against benchmark univariate
autoregressive models as those in the 2013 paper. In the earlier paper, three relative price terms
were highly important over the 12-month forecasting horizon: two measures of domestic costs
relative to the PCE deflator, namely unit labour costs and house prices (a key drivers of rents),
and a measure of foreign prices and the exchange rate embedded in the real exchange rate, also
a relative price.>* The hypothesis is that, in a long-run equilibrium, the PCE deflator is a

function of unit labour costs, house prices (as a proxy for rental costs) and foreign prices, both

22 In Sargan (1964), on wages and prices in the UK, the equilibrium correction mechanism that underpins much
macroeconomic empirical research was introduced. Interestingly, its first application was also to modelling
inflation. Hendry (2001) develops this equilibrium correction approach to modelling annual data on the UK GDP
deflator back to 1875.

23 See Yellen (2017) for an excellent and comprehensive discussion of controversies and uncertainties around the
drivers of core inflation.

24 This has close parallels with Hendry (2001) for whom the long-run solution for the UK price level depends on
unit labour costs, foreign prices and commodity prices. Given the UK’s small open economy, the weight on
foreign prices is larger than for the US. Allowing for structural breaks, e.g. because of wars, this long-run
solution is remarkably stable for long periods.
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of imported raw materials and of final consumption goods. Starting from an equilibrium
position, if one of these changes, the equilibrium is disturbed and gradual adjustment to a new
equilibrium occurs. Since this takes time, these ‘equilibrium correction terms’ account for a
good deal of observed inflation persistence. Lags in the inflation process are likely to be long
and complex for at least three reasons. One is that inflation expectations in the form of private
sector forecasts of inflation based on past data are likely to be an element in price setting. A
second is that house prices feed gradually into rents, given the preponderance of 6 and 12 month
rental contracts. A third is that in a multi-sector economy, similar equilibrium adjustment
processes will be occurring within and between sectors, for example, related to the input-output
structure of the economy as argued by Huang and Liu (2000).

The need for long and complex lags in forecasting inflation is even more apparent with
the US core price index, at forecasting horizons of 3, 6, 12 and 24 months. Conventional
wisdom among central bankers suggests that there is little information in economic data
relevant for forecasting 24 months ahead, beyond the recent inflation history. By contrast,
Aron and Muellbauer (2018) show that because real world lags are rather longer than most
economists have assumed??, there is relevant information for forecasting US core inflation two
years ahead.

A relationship between unit labour costs and unemployment allows the derivation of a
strong empirical relationship, given two other controls, between the US core price index and
unemployment, relative import prices (alternatively, the real exchange rate) and house prices.®
The two other controls are first, a measure of pricing power?’ based on the Herfindahl-
Hirschman index of concentration of US public companies, and second, the rate of
unionisation (as also found relevant in our 2013 paper). There are short-run drivers including
the changes in (logs) of import prices, hourly earnings, the nominal exchange rate, trade-
weighted foreign prices, oil prices and non-core prices. A parallel model without union density,

but with a strong equilibrium correction term to unit labour costs, also gives a reasonable

25 Gordon (2009, 2013) and in earlier work, and Hendry (2001) are exceptions.

26 Castle and Hendry (2009) examine very long-run determinant of UK wages, finding a strong but non-linear
relationship with the unemployment rate.

27 Grullon et al. (2017) track increasing concentration in US industries from 1972 to 2014. They show a strong
association between profit margins and the degree of concentration. We are grateful to them for making available
their measure of concentration based on the 3-digit NAICS industrial classification. Dickson (2006) separates the
efficiency and market power effects of higher concentration for a panel of 253 US manufacturing industries
covering the years 1963 to 1992. Specifically, for given average cost, higher concentration leads to higher prices,
but when average cost are relegated to the error term, higher concentration leads to lower prices. Salinger (1990)
provides earlier evidence of a link between price increases and firm concentration in US manufacturing.
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account of the data.?® This points to a strong relationship between unit labour costs and the
unemployment rate, controlling for union density.

A challenge faced in the new paper was dealing with the structural break of the global
financial crisis. Clements and Hendry (1998, 2011a) have repeatedly argued that the major
cause of forecast failure are structural breaks resulting in a mean shift in I(1) variables. The
global financial crisis was a huge shock that also caused major shifts in the structure of the US
economy, including lower productivity growth. Real GDP in the US and other OECD
countries, even in 2018, was everywhere below pre-crisis trends. A post-crisis forecasting
model needs to incorporate dummies to allow for the possibility of a shift in the long-run
relationship between the relative prices, as well as the temporary disruptions such as those due
to inventory liquidations. Post-crisis, forecasting can be resumed, and the comparative pseudo-
out-of-sample performance of alternative models evaluated using data up to early 2018.

A key aspect of improving forecasting performance is down to the use of longer lags,
and specifically, the ‘Parsimonious Longer Lags’ (PLL) referred to in various contexts in this
paper. As noted in the introduction, while Vector Auto Regression (VAR) models aim to
preserve generality by not imposing an a priori structure on models, (Sims, 1980), they suffer
from the ‘curse of dimensionality’, as increases in lag lengths or in the number of variables
included rapidly raise the number of parameters to be estimated. In practice, the gain in
generality comes at the cost of restricting the number of variables and lag lengths.

An improved trade-off between these objectives in the context of a VAR can be
obtained through the use of PLL which imposes credible restrictions. Since a ‘multi-step’

model®’

for forecasting inflation, here 12-months-ahead, can be regarded as one equation in a
reduced form of a VAR, applying the PLL restrictions achieves such an improved trade-off in
the forecasting context. The PLL used in the 2013 and 2018 versions of the US forecasting
equations takes the following form: for variables in differences, free coefficients are allowed
on the first 3 monthly changes; for lags at three to six months, these are restricted to the 3

month change or Aj, and to Ag if six to 12 months, and to A2 if 12 months or longer.** The

intuition behind these simple and easy to implement restrictions is that precision in the exact

28 In this version of the model, the effect of the level of the unemployment rate is less strong but the previous 6-
month change in the unemployment rate has a strong negative effect.

29 Multi-step models for inflation forecasting were popularised by Stock and Watson (1999, 2003).

30 Gordon (2013), and in his earlier work, uses a similar idea to PLL in a quarterly context. In his inflation
model, moving averages of lagged inflation at lags of 1, 5, 9, and even longer, summarise the longer run
information in the data. His model does not include levels variables such as relative prices but does include a
stochastic trend: the deviation of the unemployment rate from this stochastic trend is central to explaining
inflation.
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timing of impulse responses is harder and harder to achieve, the longer the lag. However,
rather than ignoring longer lags, it is better to include them even if the timing is not exactly
optimal. Compared to unrestricted lags on changes in variables up to 23 months, 24 parameters
are thus replaced by six parameters. Several different information sets of increasing
complexity are modelled, and in the most general set of these, the levels of the relative prices
(in logs), the unemployment rate, the concentration index and trade union density also appear.

The forecasting performance of the models for core US inflation are contrasted by
comparing three different methodologies in terms of reported root mean square forecast errors.
Each methodology is applied to the same range of information sets, including at its simplest, a
univariate set in core inflation. The first methodology uses an unrestricted standard AR(k+1)
or VAR(k+1) specification for inflation rates, with the lag length selected by the Bayesian
information criterion.®! This model is contrasted with a restricted model applying the
parsimonious and longer lag (PLL) structure, allowing lags up to 24 months. The third
methodology averages the forecasts from the second method with those from a PLL version of
the univariate model. Dummies are included to address the global financial crisis for all the
models.*? The models forecast recursively, adding one observation at a time, and re-estimating
the model each time from 1982 to generate the 12-month-ahead forecast from 2012:1°% to
2017:3, with data up to March 2018. This gives 63 observations to compute the root mean
squared forecast error (RMSE) for each methodology and each of the range of information sets.

The environment of low and fairly stable inflation during this period makes it
particularly challenging to beat the benchmark model. Nevertheless, the finding is that the
outperformance of US core inflation models with PLL restrictions applied to the widest of the
information sets is broadly similar to the 2013 paper. As in that paper, model averaging
improves forecast performance. The RSMEs of the best models using PLL are around 30-35
percent lower than the RMSE of the univariate BIC-selected benchmark inflation model. In
almost all information sets there is a considerable loss of forecasting performance from using

the BIC criterion applied to conventionally unrestricted lags as compared with the longer lags

31Tt is standard in the VAR and the multi-step forecasting literature based on VARs to use the Akaike or Schwarz
information criterion (AIC or BIC) to choose the maximum lag length of the model.

32 Given a maximum lag of 24 months for the economic variables, impulse dummies for the global financial crisis
period from 2008:9 to 2010:9 are included in all models. To forecast 12 months ahead, it is necessary also to
include leads up to 12 months of the impulse dummies; together this is equivalent to omitting 36 months around
the crisis period. In one information set, we also include a 2008:9 step dummy to allow for a possible step-change
in the mean of the process (i.e. a permanent change, say in productivity).

33 For example, the 12-month ahead forecast for 2012:1 uses parameters estimated up to 2011:1.
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allowed with the PLL restriction. Clearly, the application of standard methods throws away a
great deal of useful information for forecasting.

This has implications for the forecasting literature. Much effort has gone into dynamic
factor models, which combine the information from many variables to improve forecasting
performance, see Stock and Watson (2011). But little effort has been expended to assess the
considerable information content of longer /ags, which is regrettable in view of the potential
forecasting gains. The combination of PLL with dynamic factors has considerable potential,
in our view.

Having established the forecasting power of extended information sets with both long-
run variables and lags up to two years, a parsimonious form of the model to aid the economic
interpretation was sought using model selection following Doornik (2009).3* The fit of the

resulting model is shown in Figure 3.
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Figure 3: Fitted vs actual values of the 12-month-ahead model of core inflation, and scaled
residuals.

34 The Doornik-Hendry Autometrics software, Doornik (2009), is an objective and easily reproducible tool for
parsimonious model selection, not affected by the subjective choices of the modeller. Any other investigator with
the same data and the same specification of the ‘general unrestricted model’ (GUM), will then make the same
model selection, given the chosen settings in Autometrics. This software examines a full set of general to simple
reduction paths to select a parsimonious form of the GUM to satisfy a set of test criteria. In our context, the
overlapping nature of the dependent variable means that residuals will be auto-correlated and so the corresponding
tests, including portmanteau tests, are switched off. Heteroscedasticity could be endemic: the corresponding tests
are therefore switched off, but we use heteroscedasticity and autocorrelation corrected (HAC) t-ratios and F-tests
of stability for model selection. This results in a considerable reduction in the number of parameters, and further
reductions are possible, for example by combining two 3-month change variables at t and t-3 into a 6-month
change at t.
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There is satisfactory stability of the long-run parameters over different samples, given

the range of uncertainty provided by robust t-ratios. Figure 4 shows recursive estimates from

1994 to 2017 of the long-term elements. Reading from the top, left to right, the estimates are

for the constant term, log (import prices/core index), the unemployment rate, log (house

prices/core index), the concentration ratio and union density. The unemployment effect has a

robust t-ratio of around -11 at the end of the sample. This constitutes impressive evidence that

a version of the Phillips curve is alive and well.>> When the data are taken back to 1977,

although short-run dynamics are somewhat different, the coefficient on the unemployment

rate is almost identical.
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Figure 4: Recursive parameter estimates of the long-run parameters in the core inflation
forecasting model

35 This was also a conclusion reached by Gordon (2013) in a model including a stochastic trend, which might
well be reflecting longer run forces such as the decline in trade union power.
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Our evidence is that the marginal effect of the unemployment rate on inflation has NOT
‘flattened’ (fallen): rather, the intercept has shifted. However, it is likely that the marginal
effect of the Federal Reserve’s policy rate on inflation HAS flattened, and shifted*®. Our
research has established a link from monetary policy to inflation not only via labour market
slack but via the exchange rate and house prices. But the latter links are complex and time-
dependent and involve other major drivers such as credit liberalisation. For example, section 3
suggested the effect of user cost on house prices depends on time-varying levels of household
leverage. Moreover, Duca et al (2011, 2016) estimate an important non-linearity in the effect
of user costs so that at low levels, after significant capital gains, the marginal effect of the
mortgage rate on house prices is greater, while the marginal effect is smaller after significant
capital losses, for example in the 2007-2012 period. Furthermore, the linkage between the
Federal Funds rate and the mortgage rate is also state dependent, with risk spreads dominating
the effect of the policy rate in the 2007-2012 period. The US mortgage market, dominated by
fixed rate mortgages, offers a cheap refinance option for those with adequate net equity. But
in the house price collapse, after net equity evaporated, many were no longer able to refinance,
which slowed the transmission of the policy rate to the effective mortgage rate available to
households. These are three reasons why the monetary transmission to house prices was
necessarily weaker and slower in the 2007-2012 period. This made it all the more important
that credit easing and the use of FHA-underwritten mortgages to replace new private label
mortgage backed securities, which had virtually ceased to be available, came to the rescue of
the system. Since our research on consumption also demonstrates an important time-varying
effect of housing collateral on consumption, and hence on aggregate demand and labour market
slack, these arguments suggest that conventional monetary policy was particularly ineffective
in the 2007-2012 period in the US.?’

In the forecasting model above, part of inflation dynamics come from the adjustment
of consumer prices, when the long-run drivers shift. The long-run equilibrium solution for the
log core consumption deflator is a linear combination of the log import price index and the log
house price index, with the unemployment rate and union density mainly proxying log unit

labour costs and the concentration index best interpreted as part of the mark-up between

36T am grateful to Ben Friedman for raising the contrasting questions.

37 As noted in section 2, this diagnosis and the policy solutions could not have been suggested by the New
Keynesian DSGE models. In contrast, the household sector models discussed in section 3, incorporating time-
varying credit conditions, can explain such time variations in monetary policy effectiveness. Embedding them
in larger models to more fully capture the feedback loops is necessary.

34



consumer prices and costs of production.®® Figure 5 plots the log consumption deflator minus
the weighted average of log import prices and log house prices against the other longer run
components of the solution: the unemployment rate, union density and firm concentration.>® If
union density and firm concentration stabilise, some upward pressure on the relative
consumption deflator should be emerging from the lower unemployment rate. Onto the
consumption deflator itself, as of 2018, there should be a feed-through still to come from higher
house prices, and for import prices, a battle between higher tariffs increasing prices and an

appreciating exchange rate lowering prices.

log relative core price index ——— mean adj unemployment
union density ——— concentration

1985 1990 1995 2000 2005 2010 2015

Figure 5: long-run contributions to the log relative core price index of the unemployment

rate, union density and firm concentration.

The three longer run drivers shown in Figure 5 do not add up to the relative consumption

deflator because of lagged adjustment and because of other complex, lagged inflation

38 This does not exclude the possibility that, in this reduced form forecasting model, the unemployment rate
might also affect the mark-up and that the concentration ratio might also proxy monopsony power of firms in
the labour market, so affecting unit labour costs.

3% For example the concentration effect is the Herfindahl concentration index times the end-sample value of its
coefficient plotted in Figure 4, divided by the sum of the end-sample coefficients on log import prices and log
house prices.
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dynamics, the reasons for which were discussed above. One of the intriguing findings on these
dynamics is the negative effect of core inflation in the current and previous year on the next
year’s core inflation, given equilibrium correction and conventionally signed effects of recent
growth of earnings, import prices, other foreign prices and the exchange rate. One
interpretation of this finding is as part of an anti-inflation feedback rule of the Federal Reserve,
tightening policy in response to recently higher core inflation. But it is also possible that
businesses, where prices have increased more than in potentially competitive sectors, find
themselves losing market share and so are forced to price more moderately. Note that this
negative feedback is additional to that already represented through the equilibrium correction
terms based on relative prices. These finding puts an entirely different perspective on the

apparent persistence of inflation implied by naive univariate forecasting models.

Farmer and Nicolo (2018) propose a Keynesian model without the Phillips curve. They
argue: “Central bankers use the concept of a time-varying natural rate of unemployment before
deciding when and if to raise the nominal interest rate. The difficulty of estimating the natural
rate arises, in practice, because the economy displays no tendency to return to its natural rate.
That fact has led to much recent skepticism about the usefulness of the Phillips curve in policy
analysis.” While they are surely right to want to abolish the conventional New Keynesian
Phillips Curve, there is nevertheless strong evidence, see above, that unemployment has an
important effect on the core consumption deflator and hence on core inflation, provided the
right controls, including long-run variables and at long enough lags, are included.*® Thus, a
broader and more economically satisfactory concept of the Phillips Curve could be resurrected
which we could christen ‘the Sargan-Phillips Curve’, as Sargan (1964) was the first to
emphasise the role of equilibrium correction in the inflation context. In other words, he was
the first to formalise the idea that part of the inflation process is dynamic adjustment of relative
prices as explained above. Further powerful long-run evidence for this view for the UK is
provided by Hendry (2001).

The results of Aron and Muellbauer (2013, 2018) for models of US PCE and the core
consumption deflator, and in Hendry (2001) for the UK GDP deflator, throw serious doubt on
the usefulness of the NAIRU concept. The empirical results strongly contradict the

accelerationist view of inflation. As noted above, there is a tendency for high annual rates of

40 The models in Aron and Muellbauer (2013, 2018) with the widest information sets also include the short-term
dynamics of hourly earnings in the US. As these are also affected by unemployment, the net effect is even larger
than indicated above.
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inflation in the US to be followed by lower inflation a year later, given the other controls. One
could define a kind of ‘natural rate of unemployment’ as the rate consistent with say 2 percent
inflation. However, as our results interpret a substantial part of inflation as being the process
of adjustment of the price level towards a long-run level dependent on several other factors as
well as the unemployment rate, it is wrong to focus narrowly on the unemployment rate. Of
the long-run relative price variables, import prices or the real exchange rate and the level of
house prices are also potentially responsive to monetary policy. Moreover, the level of
concentration among public companies, and union density, are potentially affected by
regulatory policies. For policy analysis, therefore, it is far better to embed a comprehensive
inflation model, embodying these more general drivers of inflation and their longer lags, into
an econometric model in which alternative policy options can be dynamically simulated.
Constancio (2018), reviewing some of the empirical evidence against the New Keynesian
Phillips Curve, also expresses severe scepticism about the usefulness of the NAIRU and natural

rate concepts.

5. Forecasting per capita household income and GDP for France

A further example of how Parsimonious Longer Lags can improve forecasts is provided by
models of real GDP and of household income. Aron and Muellbauer (2002) used the PLL tool
to develop a forecasting model for real GDP in South Africa, where multiple regime shifts also

t.*! For the consumption function, as noted in section 3, it is

had to be taken into accoun
important to incorporate permanent income, capturing income growth expectations. This
permits the separation of effects on consumption of current income from longer-term
expectations. Since the stock market turns out to have predictive power for permanent income,
the pure wealth effect can be separated from the income expectations effect. The NK-DSGE
model assumed, by the omission of equity prices and balance sheets, that equity prices are a
side-show, merely reflecting income growth expectations. Instead, we find significant illiquid
financial wealth effects in every country studied even after controlling for permanent income.

Chauvin and Muellbauer (2018) develop a model for forecasting permanent real per capita
household income assuming a 5% per quarter discount rate over a 10-year horizon. The FRB-

US model assumes a similarly high discount rate, which is broadly consistent with the insights

of the buffer-stock models of household saving, averaging over households. In a quarterly

4! In turn, this built on insights developed for forecasting annual real GDP for the US in Muellbauer (1996).
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consumption function, the weight for France is around 0.55 for log permanent income and 0.45
for log current income, given controls including asset to income ratios and credit conditions.
This is consistent with a spate of micro-evidence on the effects, for example, of temporary tax
cuts or income tax credits, though of course, there is a great deal of heterogeneity at the micro
level.

The forecasting model includes a rich set of determinants, using 4-quarter moving averages
to parsimoniously capture longer lags. The economic variables with a negative effect on the
log permanent real per capita income include changes in nominal, and levels of real interest
rates, current log real per capita income because of trend reversion, the unemployment rate
(because it weakens the power of workers in wage negotiations and hence their share of
national income), log real oil prices and the log real exchange rate, indicating worsening
competitiveness. The real oil price, the real interest rate and the real exchange rate have
particularly persistent effects on the ratio of permanent to current income, possibly reflecting
their impact on investment and innovation, but perhaps also on the wage bargaining power of
workers. The long lags may be partly the result of the high degree of state intervention in
France, e.g. in social benefits, to stabilise household incomes. This is likely to slow the speed
at which shocks are transmitted to income.

Variables with a positive effect include a survey measure of short-term household
expectations, recent changes in log real per capita income, possibly indicating some growth
momentum, the log stock market index in real terms (it indicates expectations of productivity
growth and is one of the drivers of capital investment which expands future capacity), and
finally the ratio of the working age population divided by the total population. Its future decline
is likely to limit per capita income growth.

One cannot literally interpret such a complex model in terms of households having
information on all the variables included. However, the media environment is one in which
economic prospects and many expert views, for example, from the OECD, the IMF and
financial commentators, are widely discussed. The negative effects on income prospects of
high real oil prices, high real interest rates and an uncompetitive exchange rate are widely
understood by experts. Arguably such a model represents a maximally ‘rational’ interpretation
of household income expectations, given a world subject to evolution and structural breaks.

Linear trends are included, including one in the late 1970s and one beginning with the
financial crisis. However, households cannot possibly have foreseen the financial crisis. Hence
for a model like this, which builds in the ex-post effects of the crisis, to have a chance of

representing their expectations, it is necessary to remove, before the crisis occurred, the effect
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of the downshift in the crisis of the linear trend from the generated permanent income measure
used to model consumption and house prices. We then assume a gradual, two-year process of
learning, in which households absorb information about the downshift in trend growth.

In a parallel model to forecast French per capita real GDP one and two years ahead, similar
variables are relevant, with the exception of the unemployment rate. The lags are long and
application of the Bayesian information criterion to the standard unrestricted lag structure as
used in VARs, results in a drastic deterioration in fit and forecasting performance. However,
lags are typically not quite as long as for equivalent one and two-year ahead household income
equations, and real GDP per capita is considerably more volatile and harder to forecast. This is

consistent with the stabilising role for household income of the state in France discussed above.

6. Conclusions

This paper has provided argument and macroeconomic evidence from diverse research in
favour of the relevance of the ‘information economics revolution’ to which Joseph Stiglitz
made such important contributions. A strong implication is that credit constraints are a
ubiquitous feature of the macro economy. It then follows, that given the post-war
transformations of banking and credit institutions, shifts in access to credit need to be taken
into account in building macroeconomic models. This is an insight that was widely ignored
not only in the New Keynesian DSGE literature but is still neglected in the large non-DSGE
macro-econometric models used at many central banks.

Financial stability continues to be a major issue for central banks and better macro-
models are needed in order to understand the feedback mechanisms that can amplify shocks
and lead to financial instability. Systems of equations that my co-authors and I have been
developing for the household sector, including consumption, portfolio composition and house
prices, do take shifting credit constraints into account. Often, it is impossible to obtain coherent
models of consumption, house prices and mortgage debt without such shifts. These models
highlight institutional differences between countries and over time, helping to understand why
some are much more prone to amplifying feedbacks that reduce financial stability. Macro
models incorporating these new models of the household sector would be a useful complement
to stress-testing and micro-evidence on household vulnerabilities to enhance the application,

where necessary of macro-prudential tools.
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The information economics revolution supports Stiglitz’s crucial insight that path
dependence is a key to understanding the evolution of the macro-economy.*?* The evolutionary
nature of economic processes and the highly limited ability of agents to foresee the future
suggests the macro-economic profession needs to take account of the information embedded
in far longer lags than is conventional.

The fashions in macroeconomics, with DSGE models on the one hand, and Bayesian-
VAR models on the other, have led to economists paying far too little attention to the long-
run. As a result, they have not been able to learn fully the lessons buried in macroeconomic
data. This refers both to mis-specification through the omission of variables that reflect long-
run relationships and the omission of sufficiently long lags. One example concerns the difficult
issues of identifying empirically the slowly evolving influence of demography on income
growth, household saving behaviour and potentially on future real interest rates. The household
systems approach discussed above, applied to long samples of data and more than one country,
promises to help resolve these difficulties.

Many economists understand the concept of cointegration of non-stationary data and
the importance of the long-run relationships. This is not a new point. But in the context of
inflation modelling and forecasting, it is too often neglected, as the vast majority of models are
structured in the differenced mode, without long-run variables such as relative prices, despite
the classic paper by Sargan (1964).

The simple ‘Parsimonious Longer Lag’ tool, combined with the model selection and
forecasting insights that David Hendry has developed over many years, promise significant
future improvements in learning from data when modelling and forecasting the macro-
economy. Evidence has been provided that the application of these tools greatly improves the
understanding and forecasting of US inflation and of fluctuations in household income and

GDP in France.

We find that while the link from unemployment to inflation has not become flatter, that
between the US policy rate and US inflation has become flatter, with conventional policy
particularly ineffective in the 2009 — 2012 period. These findings are consistent with a more
general point made by Constancio (2017c). He asks whether the balance sheet measures
adopted by major central banks during the financial crisis should remain permanent parts of
the central bank toolkit. He says: “there are good arguments to preserve the instrument in the

policy toolkit. They stem from structural changes that have occurred in financial markets.” To

42 Durlauf (1991) has highlighted some of the specific mechanisms by which path dependence influences GDP.
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those changes mentioned by Constancio, one should add the massive shift by banks to real
estate collateral backed lending, tracked by Jorda et al (2016), and the rise in leverage discussed

in section 3, which new financial regulations have far from fully reversed.
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