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This paper studies the salient features of a core macro econometric model that allows for self-reinforcing co-
movements between credit, asset prices and real economic activity. In contrast to the economic literature that
cultivates highly stylized model representations aimed at illustrating the workings and the implications of
such a feature, the model of this paper integrates two mutually reinforcing financial accelerator mechanisms
within the framework of a fully-fledged core macroeconomic model. The impulse responses of such a model is
in line with the ones typical of SVAR/DSGE models, though the amplitude of shocks is in most cases stronger
than the ones pertaining to these kinds of models. This is due to the workings of the financial accelerators that
contribute to magnify the effects of shocks to the economy. A forecast comparison undertaken between our
model and an alternative macro econometric model without a financial block, suggests that financial feedback
mechanisms may be forecast improving.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Mainstreammacro models have until recently been relatively silent
about the dependencies that may exist between financial markets and
the real side of the economy. The current financial crisis – which came
as a surprise to amajority of academics and policymakers–has however
brought these issues to the forefront of economic debate and many
in the economics profession are today busy seeking to improve our
understanding of these interactions.

That said, there have been efforts in the decades before the crisis to
develop analytical tools in the form of macroeconometric models to
uncover the links between the financial sector and the real economy.
In the 1990s several central banks started to publish reports on financial
stability and some central banks even adoptedmacroeconometricmodels
to assist their analysis. The macroeconometric model of Norges Bank,
RIMINI,2 represented an early attempt in this respect. In 1995, a version
of this model – furnished with inter alia endogenous house prices,
household credit and wealth effects in consumption (See Eitrheim,
1993) –was used to analyse the development in some simple indicators
of financial stability (see Eitrheim and Gulbrandsen, 2000). This revealed
a potential for improving the analyses of financial stability, and at this
point RIMINI was chosen for model based analyses in the financial
stability reports.3 In the years that followed, a continuum of different
and increasinglymore elaborate versions of themodel served as an active
tool in the analyses of the monetary policy wing as well as the financial
stability wing of the central bank.

However, when RIMINI later was phased out in favour of a dynamic
stochastic general equilibrium (DSGE) model,4 an urgent need was felt
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for a new macroeconomic framework which focused on financial
frictions and was tailored to the needs of the bank's financial stability
wing. The first completed version of such a model saw the light of day
in 2007 and was based on a core model of the Norwegian real economy
which had been around for some time (See Bårdsen et al., 2003, 2005).
This model was put to use as a stress testing device in the fall financial
report of that year (Financial Stability 2/2007). Since then, increasingly
sophisticated versions of this model have provided an important part of
the stress test apparatus of the bank'sfinancial stabilitywing. Themodel
has also been frequently used to illustrate the relative importance of
different transmission channels (See e.g. Andersen et al., 2008).5 This
demonstrates that there has been a persistent demand for these types
of model based analyses from within as well as outside the bank.6

This paper gives a brief description and studies the salient features of
the model version as of fall 2010. It captures, however, the essential of
the sequence of model versions alluded to above, older as well as
more recent ones. It is therefore legitimate to assume that theproperties
of the most recent generation of the model probably would not deviate
too much from those we report in this paper. A common feature of all
the versions is that the core macroeconometric model is designed to
incorporate self-reinforcing mechanisms caused by financial frictions,
often referred to asfinancial accelerators. However, in contrast to highly
stylized model representations frequently used for illustrating the
working of such a mechanism, the model adopted by the Norwegian
central bank integrates such a feature in a fully-fledgedmacroeconomic
structural model framework.

In themodelwe entertain in this paper,7 the role of the financial block
is primarily to take account of the co-movements and pro-cyclicality of
credit, asset prices and real economic activity that typically characterize
a financial accelerator. The model differs from optimizing representative
agent models in several respects, the main reason for this being a less
stringent theoretical framework, and the fact that data are given a more
central role in the shaping of the long- and short-run structure of the
model.8 Notwithstanding this, the impulse response pattern overall of
such a model turns out to be very much in line with the ones one
would have expected using a SVAR/DSGE modelling framework, though
the amplitude of shocks is in most cases stronger than the ones
pertaining to these kinds of models. This is due to the working of
the financial accelerators that contribute to magnify the effects of
shocks to the economy. Furthermore, a forecast comparison undertaken
between ourmodel and an alternativemacroeconometricmodelwithout
a financial block, suggests that financial feedback mechanisms – in
addition to enhancing the practical relevance of amodel by incorporating
a mechanism of high real-world authenticity – may improve the
forecasting properties of theory informed macroeconometric models in
general.

In the following, we start out with giving a brief explanation of the
financial accelerator hypothesis in Section 2, referring in this context to
an example of particular relevance for the successful outcome of an
empirical modelling exercise based on Norwegian data. In Section 3 we
present the full core macroeconometric model and its methodological
foundation. That is, Section 3.1 starts out with a brief account of the
principles behind the construction of our data-based model while a
more extended account of the methodology used in design and
estimation is relegated to Section 3.2. In the latter case particular
emphasis is laid on a discussion of a pragmatic and non-dogmatic
approach to model design. In Section 3.3 we then give a more
comprehensive account of the model's main features, including in this

a full account of all the model's behavioural equations. Finally,
Section 3.4 summarizes Section 3 by spelling out the model's entire
transmission mechanism to a monetary policy shock, where we focus
on the role of the financial accelerators. In Section 4, we proceed to a
description of the model's long- and short-run responses to a wide
range of different “structural” shocks.9 In this section, particular
importance has been attached to describing the dynamic transmission
mechanism of shocks. Section 5 addresses the model's forecast
properties, comparing the model's forecasts to forecasts of simple
autoregressive and vector autoregressive models and an alternative
econometric model designed and estimated on Norwegian data. Finally,
Section 6 offers some concluding remarks.

2. The financial accelerator

There is much to indicate that financial frictions could have an
important bearing on the transmission mechanism of shocks to the
economy. As a case in point, the drop in activity that is assumed to
follow as a consequence of a positive shock to the rule governing the
policy rate could be reinforced through several channels in the presence
of frictions. Such a contingency might be illustrated by spelling out the
transmission mechanism of a monetary policy shock in the presence
of self-reinforcing feedback loops between credit, asset prices and real
economic activity.

First, given that a positive shock to the policy rule will lead to a jump
in money market interest rates (long- and short-term), bank lending
rates will to a varying degree follow suit. Through affecting the
propensity to save on the part of households, lowering real investments
and reducing net trade – last as a consequence of an appreciating real
exchange rate – such an interest rate hike would lead to a drop in
activity that could potentially be reinforced by a procyclical correction
to asset prices. Such a kind of a self-reinforcing feedback mechanism is
given support by standard theory. For instance in the case of Tobin's Q
(Tobin, 1969) such a contingency is spelled out through lower asset
prices leading to a drop in the ratio of the market value of capital to its
replacement cost and thus reduced investment. The permanent income
hypothesis (Friedman, 1957) can likewise be used to argue for a similar
mechanism based on a negative wealth effect in consumption.

However, in the presence of financial frictions this is only part of the
story. Lower asset prices, that affect net worth of firms and household
wealth, would also have a negative effect on the value of collateral. In
the presence of asymmetric information that raises the cost of external
finance relative to the cost of internal finance, this would affect the
borrowing capacity of wealth constrained entrepreneurs and households
and thus reduce investments. Through theworking of a credit-asset price
spiral where lower asset prices spur lower credit and lower credit in turn
leads to a reduction in investment – and thus further reductions in asset
prices due to their procyclicality – this amounts to a mechanism that in
the end will lead to a self-reinforced procyclical drop in domestic
absorption and output, asset prices and credit. Such a mechanism is
often referred to as a financial accelerator in the literature (See e.g.
Bernanke et al., 1999; Kiyotaki and Moore, 1997). Fig. 1 presents a

5 A recent use is the stress test in Financial Stability 2/2012.
6 This is reflected also by the fact that the analyses have all been – and until quite

recentlywere – presented for the bank's Executive Board, but also by the relative attention
given to these analyses by the Norwegian media.

7 Themodel is based on an augmented and revised version of themodel documented in
Bårdsen et al. (2005) and Bårdsen and Nymoen (2009a).

8 See Section 3.2 and the discussion therein for a more precise account of such an
approach.

9 A structural shock is often taken tomean a shockwith a clear structural interpretation,
in the sense of referring to shocks to structural model representations derived from an
explicit utilitymaximizing rational representative agent (RA) framework. However, in this
case, a structural shock is given a far wider interpretation, and refers to shocks to theory-
driven structural representations in general, be that structures based on more old
fashioned type of macro informed models – so-called emergent models – or micro based
macro models, including in this structural representations based on an explicit
representative agent utility maximizing framework. A consequence of this is that the
concept of “a structural shock” loses its un-ambiguity as several types of shocks can rightly
be claimed to have a structural interpretation, though the way they are defined or
interpreted as structural will differ across models. In spite of this, Section 4 reveals a great
degree of conformity between our impulse responses and those following from a typical
SVAR or DSGE framework.
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