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1 Introduction

A persistent question arising in the development of models for the analysis
of macroeconomic policy has been the relative role of economic theory and
evidence (data) in their construction. Although this question is present in
academic work as well, it is particularly pressing in a policy environment
where there is a natural tendency to emphasize the ability of the selected
model to match the data. At the same time, after five decades of such
modelling it has become clear that this should not be done at the expense
of failing to have a clear conceptual foundation for any decisions that are
informed by the model. For this reason a strategy has generally emerged
that identifies three different stages to the construction of a policy-relevant
model. At each stage one has a model type that aims to perform a certain
task and later model types build on the earlier ones.
The three model types are:

1. The conceptual model (CM). In this a framework is set out to explicate
the preferred conceptual view of the economy that policy makers or ad-
visers think is appropriate. This model needs to be much larger than



the miniature models that often guide academic research e.g. models
such as IS-LM, New Keynesian models, Real Business Cycle (RBC)
models etc. Such miniature models are rarely able to capture the com-
plexities of any given situation e.g. referring to aggregate demand, as in
an IS curve, rather than the components, is unlikely to produce a very
convincing analysis for any policy discussion. Moreover, policy makers
have increasingly been required to be precise about the arguments in
support of a particular policy action (and sometimes the information
that is an input into it, such as forecasts), and this points to the need
to expand the size of the model while retaining the clarity that a strong
theoretical perspective brings to analysis.

. The Data Adjusted Model (DAM). The conceptual model is unlikely
to be able to match an existing data set without becoming impossibly
complex and thereby losing its main attraction of having a readily
comprehendible structure. Hence it will generally need to be adjusted
in order to match the evidence. We choose the word “ match” very
carefully here. Replicating the data is rarely the objective. There are
many reasons for this. Data is often subject to substantial revisions for
long periods of time, so one may be replicating a chimera; it can also
be influenced by many special factors that are hard to specify; and,
finally, it is rarely the case that there is a precise mapping between the
variables in the conceptual model and their measurable counterparts.

. The operational model (OM). Policy discussion generally involves fore-
casts. Given that the opinions of decisions makers and any relevant
current information must be incorporated into such forecasts it may be
necessary to adjust the DAM during a forecasting "round" i.e. rather
than just achieving a match to past data as in the DAM, it may be de-
sirable to further adjust the model to reflect perceptions about future
data patterns. In many instances it can be difficult to incorporate
information about the near-term future into a conceptual model e.g.
often surveys of the opinions of stock analysts about expected earnings
growth are a better guide to actual equity price outcomes than the pre-
dictions from a DAM. It is also true that there is a great deal of useful
information about current and future shocks to the economy in data
on the future anticipations of households and firms, but this data is vo-
luminous, and generally needs to be summarized in some way, possibly



via a preliminary factor analysis. Thus much information may need to
be used in addition to that present in the DAM in order to convert it
to the model that will actually be used to produce the forecasts that
will be the foundation of the policy discussion.

The information used to transform the DAM to the OM is very context
specific so that there is little one can generally say about the transformation.
One possibility is to conceive of all of the different sources of information as
being represented by a small number of factors which might then be added
to the DAM in a fairly mechanical way to produce the operational model
that is the source of the forecast. Methods for such compression have been
recounted in a voluminous literature in the past decade, but often these
factor models have been viewed as supplemental to the forecasts from the
primary CM or DAM used by a policy making institution, rather than as
providing additional information to be incorporated into these models. We
will not review this factor literature. Moreover, because of the specificity of
the conversion process of a DAM to an OM we will concentrate upon the
first two stages in this paper.

The following two sections discusses issues relating to conceptual mod-
els. What needs to be put into them, what structure might be expected from
them, what one wishes to achieve with them and how they might be modified
for particular tasks. We distinguish between the economic and econometric
structure of such models. In order to discuss the economic structure it proves
useful to build a conceptual model that incorporates many of the approaches
used in existing work. The process of construction resembles that increas-
ingly used in central bank policy modeling, and so it might be regarded as
representative of the ways that policy models are constructed so as to reflect
evidence. The CM we use is smaller than those used in practice, out of a
desire to succinctly describe it within a journal article. But it is much larger
than academic models. We will refer to it as the C-model.

Section 4 then asks whether the C-model does produce a good match to
the data. Although one does not expect a perfect match the model incor-
porates many of the features that academic quantitative research has found
to be important to describing macro-economic outcomes. Despite this, there
are still notable deficiencies in the match. To improve the match one needs
to perform some adjustments along the line of the DAM. One possibility is
to allow quite general patterns of serial correlation in the shocks that drive
the model. A more traditional one is to add "tracking shocks" to the model.
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We perform such adjustments in section 5 so as to formalize the degree to
which the C-model fails to capture the data. In doing this analysis we wish
to highlight the tools that might be used in exploring the match of the CM
to data and some general methods for producing a match. Thus our C-model
is a vehicle for exposition and is not necessarily meant to be a model that
would be used in an actual policy environment.

Finally, section 6 turns to considering why the strategy of working with
a CM has become so popular. We address this question by examining an
alternative modelling strategy that dominates in some academic work. In
this one starts with a very general model that is designed to fit the data
closely and then an attempt is made to impose some theoretical structure
upon it. In practice this has meant beginning with a Vector Autoregressive
(VAR) process and then imposing structure upon it to produce a structural
VAR (SVAR). We investigate how successful this strategy would be if the
economy for which data is available was our C-model. Even though we
proceed by working with an SVAR that correctly identifies the shocks we find
that the SVAR is not capable of extracting the impulse responses for some of
the C-model shocks, even if presented with 30000 observations. The reason is
simple: the C-model economy involves many more variables than the typical
VAR does and so the reduction to a smaller dimensional system means that
an extremely high order VAR is needed to reproduce the impulses. Indeed,
this is of such an order that it would be much larger than that used in many
empirical papers which utilize statistical selection methods such as AIC or
BIC. The problem can be ameliorated with a judicious choice of variables
to appear in the VAR system but the example suggests that, since one will
never be sure that the choice of variables is appropriate, it is better to start
with a CM and work towards making it match the data than attempting the
converse. One might say that this is a point that has always been recognized
by those performing macroeconometric modelling for policy purposes. Thus,
in the Cowles Commission approach, the emphasis was always upon deriving
the restrictions that a structure placed upon a reduced form, rather than
beginning with a reduced form and then deriving a structure. Section 7 then
concludes.



2 The Economic Structure of Conceptual Mod-
els

2.1 Evolution of CMs

Initially models like IS-LM and AS-AD were the miniature models that
formed the basis of CMs, but only in a very loose way. Moreover, there
was generally no distinction between the CM and the OM. Inevitably, the
model selected was effectively data- rather than theory-driven. Increasingly
however we have seen CMs that are much more tightly linked with theory
and whose structure is less driven by the idea that they should be capable of
producing a tight fit to the data e.g. the builders of the influential Quarterly
Projection Model (QPM) of the Bank of Canada commented on this thus:

"There had been a systematic tendency towards over-fitting equa-
tions and too little attention to capturing the underlying eco-
nomics. It was concluded that the model should focus on cap-
turing the fundamental economics necessary to describe how the
macro economy functions and, in particular, how policy works,
and that it be calibrated to reflect staff judgement of appropri-
ate properties rather than estimated by econometric techniques"
(Coletti et al (1996,p14)).

Today many models are either present or are being built in central banks
that reflect this philosophy. Since these models must represent the data to
some degree it is natural that their features reflect those that have proved
helpful in making miniature models produce a closer match to the data. In
recent years a large number of these features have been experimented with
and have become a standard part of CMs. Some limit has to be placed on the
number and nature of these, otherwise one could lose the economic story that
is being told in the CM. The objective is to try to focus the discussion in the
policy context around some stories rather than degenerating into a discussion
of many special events, as can easily happen with data driven models.

2.2 Overview of the C-Model

In this section we present a model that is representative of a typical CM. The
key objective in constructing a CM is the provision of an acceptable theo-
retical shell. Although this shell might be added to in particular contexts, it
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primarily aims to set out a picture of the economy that has a sound theoret-
ical base and is in accord with the conceptions of policy makers and advisers
about how that specific economy functions. Some of the latter views are given
expression through the choice of values to be assigned to model parameters.
The model we construct reflects what might be regarded as a consensus view
of the structure of CMs. Of course there may be a number of ways of in-
corporating these effects and we have had to choose a particular strategy,
but it can be argued that most of the elements built into our CM e.g. habit
persistence in consumption, inertia in price levels and inflation, are common
to a large number of the CMs that appear in policy institutions and in the
academic literature. It needs to be said that the CM used for policy work
is very unlikely to be at the frontiers of academic work. The latter models
are often highly experimental and many turn out to be ephemeral. Some
however survive and the ideas expressed in them become widely accepted.
Consequently, it is almost inevitable that the CMs used by a policy institu-
tion will incorporate only those ideas that have survived scrutiny, and have
proven their worth over a longer period of time, rather than being focussed
upon a set of novel ideas that are still untested.

The C-model described here centers upon the interactions of key agents
— households, firms, and policy-makers — in an open economy. The equa-
tions for the behavior of households and firms arise from utility- and profit-
maximising specifications, respectively, while policy is described by simple
assumptions about targets and instruments. We assume that households
attempt to maximize utility, defined over the consumption of domestically-
produced and imported nondurable goods, holdings of real money balances,
and time spent in leisure. They receive wage income from their labour,
rental income from capital, and supernormal profits from goods markets.
They own the domestic capital stock, and can reach a higher or lower desired
asset position by saving in one-period consumption bonds that are issued by
the government and foreigners. Firms are assumed to maximize profits by
the sale of goods in domestic and foreign markets, for which they utilize a
Cobb-Douglas technology and pay rents on labour and capital. They price at
a mark-up over real marginal cost on each unit of output. The government
raises taxes and debt and purchases output and services existing debt. A
monetary authority anchors the nominal side via a simple inflation-targeting
rule. The model has full stock-flow consistency and a well defined steady-
state. Standard no-arbitrage conditions are assumed to hold, although in the
uncovered interest parity condition there is a twist — a penalty on deviations
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away from an exogenous level of net foreign assets, rationalized as a time-
varying sovereign risk premium — that is used to render the consumption and
financial asset paths stationary in the face of transitory shocks.!

The C-model has many of the key elements of the current macroeconomic
paradigm. Specifically, goods and labour markets are assumed to be mo-
nopolistically competitive, in this case as per Blanchard and Kiyotaki (1987).
This provides a rationale for the introduction of nominal rigidities (that is,
the suppliers have market power). In the case of the goods market, a con-
tinuum of intermediate goods producers provides differentiated goods to a
final goods supplier (a "retailer" ), which is assumed to be perfectly compet-
itive. Intermediate goods firms are able to each extract a rent from the sale
of their good to domestic and foreign markets. We assume that firms face
intangible nominal price adjustment costs, as per Rotemberg (1982). This
captures the idea that individual firms dislike changing prices because they
fear losing market share. In the flexible price equilibrium, the mark-up over
real marginal costs would be a constant, but, with price adjustment costs, it
is time varying.

In the case of the labour market, a continuum of households provides
differentiated labour services to a final labour supplier (an “employment
agency" ), which is assumed to be perfectly competitive. Households are
therefore able to extract a rent from the sale of their labour services, and
this will be based on a mark-up over the real marginal disutility of working.
This implies that the labour market equilibrium is non-competitive. Such a
mechanism allows us to introduce nominal wage rigidity in the same way as
with firms. For simplicity, we make the assumption that there is a mapping
between fluctuations in hours worked and unemployment (see Gali, 1996).

It is these rigidities that provide a link between nominal conditions and
real activity. On the real side, we also impose capital and labour adjustment

! An implication of the representative agent paradigm in the open economy with free
flow of capital is that consumption and asset accumulation are a random walk (see, for
example, Barro and Sala-i-Martin, 1995, chapter 3). In a typical open-economy RBC
model, the domestic economy produces the same good as the rest of the world and net
trade is equivalent to exchanges of consumption bonds. The real exchange rate is then
constant at unity. In our case, we want a model in which the current account and the real
exchange rate are able to respond to shocks, but are stationary if the shocks are transitory.
There are several methods for rendering consumption stationary; see Schmidt-Grohe and
Uribe (2003) for a comparison.

2Note that, because the model is perfect foresight and simulated under an assumption
of certainty equivalence, the term "risk premium" is a loose one.



costs. These are tangible quadratic costs that come out of the cashflow
streams of firms and affect marginal returns, but are assumed to be zero
in steady state.® Together, these nominal and real rigidities imply that
monetary policy has an effect on real activity in the short run, and that the
adjustment to the steady state is not instantaneous.

We add some more features designed to introduce richer propagation of
shocks than would be standard. Inflation inertia is introduced by an indexa-
tion assumption, with a proportion of firms raising prices according to a rule
of thumb that is based on lagged and steady-state inflation.* Persistence in
consumption is introduced by the assumption of so-called external habits in
utility.

The model is quite stark in its assumptions. There are no market frictions
and no locational specificity. For example, there is no banking sector and no
specific role for money and credit in the monetary transmission mechanism.
There are no market frictions and distortions, no fixed costs or discontinuities.
The model assumes a representative household and a symmetric equilibrium
for firms. Above all, markets are assumed to clear at all times, as all agents
have complete knowledge of the economy and complete understanding of
shocks when they hit. In sum, the model contains assumptions that are
almost guaranteed to be violated by the data, especially in the short run.

2.3 Decision Rules of Agents

There is a continuum of households that are differentiated by the labour they
can provide. The maximization problem for an individual jcan be expressed
as follows:

1 : e PR
= (¢4 () —p-G) T+ 1_‘”% (M) >
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h 1oL w (i (s 2
_’_1th (1 _ ht+i (]))1 o X (Wt+l(3)/Wt+z—l(3) _ 1) ht+i

(o @]
max >
i=0

t+i
2 14+wdots 1

o

where ¢ denotes real consumption, ¢ is a reference habit level of consumption,
M is nominal money, P°¢ is the consumption basket price level, h is hours

worked, W is nominal wages, and nominal wage inflation is wdot, = W‘j/tl

3This has the implication that there is a difference between gross output, F (K, L), and
net output y = F (K, L) — ()}K + )}L), where Y represents the costs of capital or labour
adjustment.

4See, for example, Smets and Wouters (2003).
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1. [ represents the household discount rate; o¢, o™ and o" represent the
elasticities of inter-temporal substitution for consumption, money and hours,
respectively; 6™ and 6" are preference weights on money balances and hours,
respectively; p is the weight on the habit level; and x" is the weight on costs
of adjusting nominal wages.

This maximand is subject to a labour market clearing condition,

and a (real) period-by-period budget constraint,’

= + 0015 (J) + kegi (4) + 074 (%())
qt+i i
ol .
= (10 S (2 ) ) e
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T pdot,, e+t (j)

(1ot = = ST () = 1) Y s ()
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where b/ and b9 are the levels, respectively, of (net) foreign bonds and gov-
ernment bonds held by an individual; % is the capital stock; p© is the relative
price of the consumption bundle (to the domestic good); r/ is the real foreign
interest rate; b/TA% is an exogenous “target" level of foreign debt (assumed
to be set by world capital markets); R is the nominal one-period interest
rate; pdot is the inflation rate in the numeraire price of domestic goods:

pdot, = 22— —1; u is a rate of capital utilization; 7 is a lump-sum transfer of
P

®There is a cost to being away from a target level of foreign debt and this produces
a linear term for a risk premium in the UIP condition. One wants a risk premium that
is asymmetric in the deviations of the debt target from the level of debt and this is the
simplest penalty function one could use.
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supernormal profits; and 7 is a lump-sum tax payment.® The real exchange
rate is denoted by ¢; the convention here is that a rise in ¢ is an appreciation.

The maximization problem describes the motivations of an individual
agent who wants to maximize the benefits from consuming (non-durable)
goods, holding real money balances, spending time at leisure, while min-
imizing the disutility from changing nominal wages. The individual has
income from capital and labour rents, as well as a profit transfer, and pays
for consumption and taxes. The individual can use foreign and domestic
bonds to smooth consumption over time. The choice variables for individ-
ual householders are therefore consumption, ¢ (j); labour supply, & (j); real

M]’;’( and portfolio demands for capital, & (j), government

bonds, v9 (), and forelgn bonds, v/ (5).
There is a continuum of firms that are differentiated by the goods they can
provide. An individual firm j maximizes U (j) = Y7, 8'0K &, ,; where

money balances,
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Denoting domestic demand for output by y* = c!'+i;+g;, where " denotes

®Note that the value of money-in-utility is in terms of its consumption-bundle pur-

chasing power, so mon; = ng. In terms of a real-valued budget constraint denominated
t
in units of the domestic good (i.e. where "real" money would be %), we need to re-

M,

flate by the relative price to get P—‘: o When detrending for inflation, lagged money

in terms of domestic goods is correspondlngly lagged notional stock in current nominal
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home-produced consumption, ¢ is capital investment, and ¢ is government
spending, the first set of terms in the maximand is a cashflow expression that
expresses the profit of the firm as the rent for its good sold in domestic and
foreign markets over factor payments represented by nominal wage payments
and capital costs. This is subject to a market-clearing condition that demand
meets final output, with a Lagrange multiplier denoted by LM. Here 7
and 7" are the elasticities of demand for domestically-sold and exported
goods, respectively; 0 is the depreciation rate on capital; w is the order
of the capacity adjustment costs; z is a factor productivity scalar; « is the
exponent on capital intensity in production; x*, ¥, x"and x7* are weights
on the adjustment costs for capital, hours, domestic prices and export prices,
respectively; and p and pfare the geometric weights on the lagged inflation
rate and inflation target in the price indexation scheme. Each firm therefore
makes choices about capital, k (j), the capital utilization rate, u (), labour
input, h(j), its price in domestic markets, P (j), and its price in foreign
markets, P (j).

Policy is assumed to follow simple instrument rules, given targets. There
is a consolidated fiscal agency that redistributes resources. Government
spending and debt are simply assumed to be maintained as targets to real
output:

b = by Ly,

g=0=p) (o[ w)+ 0" g1,

(with the equation for g; allowing for the possibility that government spend-
ing is persistent). Government expenditures include spending and servicing
debt. Revenue includes new debt flotation, seigniorage, and taxation. Given
money demand and debt targeting, the government budget constraint can be
used to define the lump-sum household tax as the fiscal instrument:

14+ Ry g
1 +pd0tt =1

C
P4

— pj - mon; + —————
Pr ! 1+pd0tt

Ty =g — b} + S TON_1.

The role of the monetary authority is to anchor the nominal side of the
economy. We specify a simple monetary rule in which the nominal interest
rate is moved away from its steady-state level in response to deviations of

inflation from its target, with some smoothing on it:

Ry = (1 — pR) . [Rfs + py - (pcdott — pcdottTAR)] +pf Ry

12



It has been pointed out that the assumption of smoothing is not well
founded in theory but it is widely used in policy-oriented CMs and we there-
fore retain it here. The inflation targeting rule might be replaced by a more
conventional "Taylor rule", but then we would need to decide on exactly
what variable should enter the relation - marginal costs, "output gap" etc.
Although the model features a production function, and so can yield an out-
put gap, in practice this is unlikely to be what policy makers would use.
Bearing these issues in mind, and the emphasis upon inflation targeting in
the U.K., it seemed simpler to specify a rule based on an observable.

The maximization problems for households and firms and the assump-
tions about policy formation, when supplemented with assumptions for ex-
port demand and price pass-through, lead to a core set of 26 "behavioral"
relations, although identities mean that there are more than 26 variables in
our C-model. The aggregate behavior of households is described by an aggre-
gate consumption Euler equation, equations that disaggregate the consump-
tion choice into demands for imported- and home-produced consumption, a
demand for money equation, a labour supply equation, and the household
budget constraint (which can be thought of as an equation for the demand
for foreign bonds). The aggregate behavior of firms is described by a pro-
duction function, a labour demand curve, a desired capital equation, a first
order condition for capacity utilization, the mark-up equation, and a profit
definition. Policy is summarized by the monetary reaction function, govern-
ment spending path, government debt supply, and the government budget
constraint (which can be thought of as a fiscal reaction function). Financial
markets are effectively reduced to a UIP equation and an expression for the
competitive rental rate on capital. Equations for export demand, relative
prices, and a market clearing condition for domestic production complete the
system.

2.4 Parameterization

The model is parameterized by imposing parameters to observe theoretical
constraints and to loosely match some desired features of the data, mainly
first and second moment conditions. The data are from the UK national
accounts, at current prices. Each period is assumed to be a quarter, which
is reflected in the parameterization of rates.

First, to achieve a steady-state equilibrium, the household discount rate
(0 < B < 1) has to be restricted to 0.99 to be the inverse of the gross foreign
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real rate, 1 +rf = 1.01. The elasticity of inter-temporal substitution for
consumption (0 < 0° < 00) is imposed at 0.5, which is a “reasonable" value
for macro models (and creates a role for opposing income and substitution
effects). The elasticity of intertemporal substitution for hours (0 < o® <
o0), however, is imposed at 1 in order to be neutral to the real interest
rate (see Burnside and Eichenbaum, 1996). The elasticity of intertemporal
substitution for real money balances (0 < o < c0) is then imposed at 0.5,
so that the income elasticity of demand for real money balances relative to
consumption is the same. The preference weight on money (0 < oM <
o0) is chosen at 0.0001 to achieve a ratio of real money balances to output
close to the observed recent average of approximately 0.005. This implies
a definition of money that is very narrow. Since the interest rate rule is
the nominal anchor this choice is not an issue. The preference weight on
leisure (0 < 0" < o0) is set to 55 to achieve a value for hours worked close
to the observed recent average of 0.24. The weight on imports in the Cobb-
Douglas consumption aggregator (0 < ¢» < 1) is imposed at 0.1 to achieve a
good compromise for the ratio of aggregate imports to output.” Finally, the
habit weight (0 < p < 1) is imposed at a value of 0.90, in line with recent
empirical evidence.

We parameterize the exponent on capital in production (0 < o < 1) to
match observed averages for the return to capital from the national income
accounts, and to calibrate a steady-state capital-output ratio of just over 2
(for an annual flow). The depreciation rate on capital (0 < ¢ < 1) is chosen
at a reasonable value of 0.025, which will also affect the capital:output ratio
via the rental rate of capital. The order of utilizations adjustment costs
(0 < w < 00) is imposed at 0.4. This parameter has no effect on the steady
state, but is a key parameter in determining the balance between output
and inflation responses to demand shocks. Lowering w will allow demand
fluctuations to be met more by output than by changing prices.

Similarly, adjustment cost parameters (0 < x*, x", x¥, x7%, x"V < o)
have no effect on the steady state but are chosen judgementally to match
priors about the time taken to re-equilibrate following permanent shocks.
Values of 2.5 are chosen for both capital and employment adjustment costs.

"Note that the theoretical structure of this model is not rich enough to account properly
for observed quantities of imports — we should be adding structure for the demand for
imports by firms and government, as well as a demand for imported intermediates. The
parameterisation chosen is too much for the ratio ¢™ to ¢, but chosen so that net trade
and current account flows are more realistic.
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The nominal adjustment parameters x*,x** and x" are used to parameterize

the inflation responses to a demand shock and have values of, respectively,
10, 10 and 50. As in Christiano, Eichenbaum and Evans (2003), we find that
nominal wage rigidity is important for matching priors about the responses
to demand shocks).

Demand elasticities have important effects for both the steady state and
dynamic properties. As the elasticities go to infinity, we approach perfect
competition and zero returns to entrepreneurship. As they approach 1 (the
minimum value) the mark-up increases. The elasticity of demand for do-
mestic goods sold in domestic markets, 7, is imposed at 5, which implies a
20 per cent profit per unit sold in domestic markets. Demand conditions for
domestic goods sold in export markets are assumed to be more competitive,
such that 7% is imposed at 20. The labour demand parameter, n", is im-
posed at 50 to achieve a value close to the observed recent average for the
labour share of income of around 0.67.

The exponent in the export demand condition, ¢, is chosen to be 0.9 in
order to ensure that the Marshall-Lerner conditions hold. The weight on the
“UIP premium" (0 < ¢ < 00) is kept at quite a low value of 0.25 in order to
keep the real exchange rate path reasonably close to the “pure" UIP path.
This parameter also works in conjunction with € to determine the volatil-
ity of current account flows, which also influenced the choice of the value.
The value of the debt target, b/T4% is set at 0.01, which, given the import
penetration values for domestic consumption, investment and government
expenditures, and relative prices of exports and imports, helps us to achieve
a small trade deficit in steady state, in line with recent observations.®

Fiscal targets are chosen to match typical ratios of (annual) debt and
spending to output, at 0.4 and 0.2 respectively. The inflation target is
2.5 annually (though the model is superneutral, so this is not an important
choice). The parameter governing smoothness in the government spending
rule (0 < pY < 1) is arbitrarily set at 0.75. The equivalent parameter
describing smoothness of the monetary reaction function (0 < p? < 1) is
set at 0.65, which is consistent with estimates of instrument rules for the
UK using recent data. Based on the same evidence, the weight on inflation
(0 < pPiet < 00) is set at 1.8.

8However, we pay a price in terms of the steady-state value for the consumption-
income ratio. In short, there is just not enough saving in the economy to support a higher
equilibrium level of consumption, and so the outcome is considerably lower than observed
values.
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The resulting steady state can be summarized (in annual units) as follows:

Table 1: Steady State Ratios for the C-Model
aggregate consumption:output ratio 0.43
domestic good consumption:output ratio | 0.53
imported good consumption:output ratio | 0.06
investment:output ratio 0.20
government expenditure:output ratio 0.20
export:output ratio 0.07
trade balance:output ratio -0.00012
capital:output ratio 2.00
government debt:output ratio 0.40
foreign bond:output ratio 0.01
labour share of income 0.66
hours 0.21
real interest rate 0.04
rental rate of capital 0.15
real money balances 0.0043
inflation rate 0.025
relative price of output 0.98
relative price of aggregate consumption | 1.38
relative price of imported consumption 1.00
relative price of exports 0.84

3 The Econometric Structure of Conceptual
Models

3.1 Dynamic Structure

Conceptual models derive very heavily from the Dynamic Stochastic General
Equilibrium (DSGE) approach to modelling, albeit there are some differences
that will be elaborated on later. For this reason the discussion of dynamics
will be couched as if we were analyzing a relatively small DSGE model.

After linearization such models can be thought of as a set of equations
with the stylized structure

Yt = BEy(Yes1) + Ayi—1 + Fuy, (1)
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where u; are the exogenous stochastic variables ( shocks) that drive the sys-
tem.” Some of these equations may be identities but the key ones are the
Euler equations representing optimal choices in the face of uncertainty. All
variables in y; above should be thought of as being deviations from some
deterministic steady state values - in the case of variables such as output
these are mostly log deviations from a steady state path while, for variables
such as interest rates and inflation, they are levels deviations from a constant
steady state rate. The model is quantified by setting B, F' to some values
that have emerged as part of the exercise producing the model. Exactly how
this is done varies a great deal from institution to institution, but the para-
meterization of the C-model in the previous section provides the flavour of
the process.

The solution to this model has the general form - see Binder and Pesaran
(1995)-

[e.e]
Yy =Py 1+ D Z ST By (2)
=0
where P satisfies P—BP?*—~A=0,D = (I-BP)"'F,and S = (I-BP)'B.
It is clear then that the ultimate dynamic structure for ; will come from two
sources. One of these derives from the theoretical structure - that is the
Euler equations and constraints - and is represented by P. The second source
of dynamics stems from the nature of the u;. To analyze the latter, we adopt
the assumption, common to many DSGE models, that

u = Puy_1 + 1y, (3)

and so the solution for y; will be

Yo = Py +Gu
= Py, +GPuy_ + Gy,
where G = DY % ST/,
Now, if the rank of G equals dim(u;) < dim(y,) then G+ = (G'G)'&

is the generalized inverse of G, and so u; = G (y; — Py;_1) and this relation
can be used to get

v = Py1+GPG(y_1 — Py,o) + Gn,
= (P + G(I)GJr)yt,l — G(I)GJrPyt,Q -+ G?]t (4)

9In practice systems will have longer backward and, possibly, forward lags.
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This expression makes clear that the intrinsic dynamics described by the
theoretical model (represented by P), is augmented by extrinsic dynamics
captured by ®, with the consequence that the evolutionary process for
changes from a VAR(1) to a VAR(2). This raises the possibility that, by
choosing a general enough serial correlation structure for u;, it may be possi-
ble to reproduce the dynamic structure for y; i.e. it might appear that there
is a good match of model to data but it is due to the exogenous specifica-
tion of the shock processes u; rather than the economics, as represented by
P. Consequently, it should always be the case that evidence is presented on
which component is responsible for the match, so that any user of such a
model fully understands how the match to evidence is being made. To date
few DSGE models provide this information although an early analysis along
these lines is Cogley and Nason (1993).

It is worth examining the solution above in more detail. By definition P

must satisfy
P=(I-BP) A

so that
rank(P) = min{rank(I — BP),rank(A)}

Thus the rank(A) will be a key determinant of the possibility of rank re-
duction in P. To be more precise, if a lagged value of one of the y; does
not appear in any of the equations, then A (and hence P) will have reduced
rank. This seems a likely occurrence. For example, in standard open econ-
omy models there will be no lagged value of the exchange rate in the UIP
condition. Therefore, unless there is delayed pass through of the exchange
rate to inflation, or some lagged effects of exchange rates in the IS curve, it
will not appear anywhere in the system. Thus, in that case, the rank of P
must be one less than the number of variables in y;. This may provide a simple
explanation for the reduced rank in P noted by Nason and Rodgers (2005)
for small open economy models. As we will see later, it is a characteristic of
our C-model.

The reduced dynamic rank just discussed is different to that which has
been commented upon when the number of shocks is less than dim(y;), which
we might call "covariance reduction". Such rank reduction occurs in (say)
the basic RBC model, where there is a single technology shock- see Giannone
et al.(2003). The rank reduction that we have just identified is closer to that
seem in the common-trend /common-cycle representation of Vahid and Engle
(1993) and the common features work of Engle and Kozicki (1993). If there
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is rank reduction in P then it can be written as P = ~¢', and there will
exist 7, such that 7',y = 0. Consequently, the combination v y; = ' u
will be white noise if u,; is white noise i.e. there would be a serial correlation
common feature in that there exists a combination of the y; which will be
white noise. The contrast between dynamic rank reduction and covariance
reduction is very clear if one had a basic RBC model in which there were at
least as many shocks as variables in 7;. Then we would see rank reduction in
P simply because such models feature only one lagged value, capital stock,
(as the basic model abstracts from items such as habit persistence, time to
build, adjustment costs etc.), but there would be no rank reduction coming
from the number of shocks.

3.2 The “Long-run” Econometric Structure of CM Mod-
els

A special case of interest is when some of the eigenvalues of ® are unity i.e.
some of the shocks are permanent. It is possible to find the moving average
representation for y; from a model such as (1):

Yt = D(L)nta (5)

where the elements D; in the polynomial D(L) = Dy + DL + ... are the j
period impulse responses. In CMs the D; can generally be found analytically,
while simulations of the larger models provide numerical solutions. There will
be different values for the D; depending on the value of . We will describe
the shocks as purely permanent or purely transitory when ® =1 and & =0
respectively.

When there are permanent shocks the value of D, will indicate the long
run responses. Any variable whose associated column in D, has non-zero
elements will be an (1) variable and the rank of D, will indicate how
many co-integrating vectors there are among the I(1) variables. Rather than
examining D, it is sometimes simpler to work with the representation

Ayt = C(L)% (6)

where

C(L) = CoL + C1L + ....,

since this is closer to that employed in the co-integration literature. It is
then easily seen that C'(1) = D, and the co-integrating vectors are the
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that set 5'C'(1) = 0. Of course the 3 are not unique and some identifying
assumptions need to be placed upon them.
Yt

Yot
I(0) variables respectively. Then, once the § have been decided upon, it is

possible to construct the co-integrating errors 1), = 3'yy; and to re-write the
system as a Vector Error Correction Model (VECM) (assuming that it is
reasonable to propose that y; follows a VAR(1))

[ Ayyy

Now, let 1, be partitioned as [ , where yy; and o are I(1) and

} = l (,);// ] Yy 1+ Mya—1 + vy (7)

As is well known the common permanent components of y;; may be con-
structed as yf, = J7; where

J = B B)7 (8)
T

T, = aLth_j, 9)
=1

and o/, a = 0,3 8 = 0. Studying the ability of y{, to track the data on yy,
will be important since the VECM forces any forecasts made with the CM to
revert to y1;, and so forecast errors are inevitable if this permanent component
does not track the data properly -see Clements and Hendry (1999). Basically
this is an issue of whether there is co-integration in the sample period and in
the forecast period. Indeed it may well be that the operational model may
need to change the parameters embodied in a CM, given views about what
will happen over a forecast horizon.

There are a number of implications of the above point. First, changing
the model parameters so as to produce values for a and [ such that one
gets co-integration (if it exists in the data), is an important part of any
exercise, and it will not be sufficient to tie model parameters down by the
matching of impulse responses, as has often been done e.g. by Christiano
et al. (2003) and Murchison et al. (2004). An extra difficulty with this

10This two-step strategy is advocated by Garratt et al. (2003). A small CM is specified
and some parts of the co-integrating vectors follow from the nature of that model, while
the remaining elements are found by standard estimation methods with I(1) processes.
Our C-model is a larger version of their CM but, as outlined earlier, it was quantified by
a variety of calibration methods rather then purely econometric approaches.
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latter modeling approach is that one needs to be careful that the SVAR
used to generate the impulse responses that are to be matched does not use
identification conditions that are incompatible with the CM. Thus SVARs
identified by recursive (ordering) assumptions will rarely be appropriate as
they would be incompatible with the simultaneity existing between exchange
rates and interest rates. Secondly, it will generally not be a good idea to
filter any data so as to remove the permanent component as this will not
ensure that the re-constituted model will satisfactorily track the levels of the
data, and it is these that will be important in the forecast. Consequently,
the error correction term will be of an incorrect magnitude and this will lead
to incorrect forecasts of Ay,. We will illustrate this point later.

3.3 Differences between DSGE and CM

As is standard in this area, the equations of policy-oriented CMs are solved
under the assumption of perfect foresight and simulated under the assump-
tion of certainty equivalence. Examples of policy related CMs that adopt this
approach are the QPS model at the Bank of Canada - Coletti et al (1996)-
the FPS model at the Reserve Bank of New Zealand-Black et al (1997) - and
the BEQM model at the Bank of England - Harrison et al. (2005). Cast in
terms of the DSGE model we can see two cases that correspond to perfect
foresight viz. when ® = 0 or I. In the first case agents know the current
value of the shock and set it to zero in future periods. In the second, the
value used for the shock remains the same in all periods. Because these types
of shocks are very common in policy-oriented CMs, Pagan (2003) refers to
the latter as incomplete DSGE (IDSGE) models. It is rare to see the familiar
approach in DSGE modelling where time-series processes are assumed for the
shocks and projections are effectively made of future values based on such
assumptions e.g. ® is set to an intermediate value between 0 and I, as in
Smets and Wouters (2003).

There are both advantages and disadvantages to working with IDSGE
models. The disadvantage is that one gives up some generality. The main
advantage arises in a forecasting context where often paths for shocks are
to be specified based on the priors of the policy makers, and these rarely fit
a simple structure like (3). Moreover not having to specify a path for the
shocks simplifies computation of optimal solutions a good deal and produces a
neat separation between what the theory can provide in the way of dynamics
and what is being imposed as an auxiliary assumption, something we will
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illustrate later.

3.4 Can a CM be represented as an SVAR?

If the series y; follows a VECM (or VAR) then, if the CM is to match the
data, the error terms in it, v;, must have the form Cyn,. The consequences of
this equivalence are that cov(v;) = Chcov(n,)Cf and, once the CM model has
been quantified by some method, Cj is fixed and, therefore, it may not be
possible to find a diagonal form for cov(n,) that replicates the cov(v;) that can
be estimated from the residuals of a VECM ( or VAR) fitted to data. If one
wishes to make the cov(n,) diagonal it will be necessary to make some of the
elements in C free parameters. This contrasts with standard just-identified
SVAR studies where the parameters of such models are estimated by imposing
such a restriction. For most CM models such a restriction is not needed as it
is the cross equation restrictions coming from the dynamic structure which
should provide the requisite identifying information. If the shocks in the
SVAR were in fact not uncorrelated then this mis-specification would bias
the SVAR coefficient estimators -an example of such an effect being Giordani
(2004). There is not much work done on this issue although Cho and Moreno
(2004) look at the covariance matrix of shocks in a New Keynesian model
and report that there is a correlation. Thus most DSGE models seem to
assume it even though the restriction is not actually needed in estimation
and can be tested. This issue represents a major problem in matching CM
models to the data and one where there is no clear answer. A priori there
seems no reason to think that shocks should be made uncorrelated, although
it certainly helps in interpretations if they are.

A further problem in making a match is when the number of shocks in the
CM exceeds the number of variables in y;. If this situation arises one has to
distinguish between the cases where there are observable and unobservable
shocks in u;. The former could be things like terms of trade, foreign output,
tax rates etc., which are observable quantities, and so the shocks into them
can be isolated, in contrast to unobservable items like demand shocks. One
can absorb the variables associated with observable shocks into y; and then
the issue becomes whether the number of unobservable shocks exceeds the
number of pre-augmentation variables in y;. If it does then the final represen-
tation for y; will not be a VAR but will most likely be a VARMA process (an
exception would be when each of the unobservable shocks follows the same
univariate autoregressive process). Thus fitting a VAR to data generated
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from such a CM would produce mis-specified estimates of impulse responses.

If the number of unobserved shocks is less than dim(y;) then the implied
VAR would have a singular covariance matrix for its errors, but this does not
produce any mis-specification. In practice however it has sometimes been
the case that a selection is made of y;4 from y; such that dim(y;;) = dim(w;)
and then the VAR is fitted to y1; and not y;. Then, even if y; followed a VAR,
y1: will not. The classic analyses are in Zellner and Palm (1974) and Wallis
(1977), who showed that a VAR in y; would generally become a VARMA
process in ;. An exception to this is when the extra variables in y; are
related to those in y;; via identities, as that would leave the order of the
VAR unchanged. Some of the debate over the utility of SVARs in recent
years e.g. Giannone et al, (2002), Chari et al. (2004) are simply instances
of the effects of variable reduction. In section 6 we look at this issue in the
context of our C-model.!!

3.5 Moving towards the DAM

Assuming that the CM cannot match the data as closely as desired one has
to ask how it might be augmented so as to produce a better match. In
many DSGE models a standard approach has been to relate the values of
the CM model variables y; to the data, y;, with "errors in variables" or
"tracking shocks" ¢; i.e. y = yf + € - see Altug (1989) and Ireland (2004).
Assuming that we can represent the model as a VAR (1), and there is no
serial correlation in u;, we can represent the situation as

Y = Y te (10)
y; = Pyi,+Guy. (11)

Then, as Ireland (2004) has noted, when it is assumed that cov(es, ut) = 0

this is a state space system and one can estimate the parameters underlying

it using the innovations representation of the log likelihood due to Schweppe

(1965). This representation exploits the Kalman filter. In Altug’s version &;

were white noise while Ireland allows them to follow a VAR process.
Suppose then that one makes the ; a VAR(1)

Et = \I’Stfl -+ €, (12)

1The biases that come from variable reduction were explored by one of the authors
and John McDermott originally for the FPS model of the New Zealand economy. These
results were reported in Pagan(2002).
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where e, is white noise. Then, it is easily seen that the two equations (10)
and (12) imply

Ay, = Ay + (I = V) (yi ) — ye1) + e (13)

If some "levels" adjustments needed to be made to the CM i.e. v = 'y} +¢4,
(13) would become

Ay =TAy + (I = O)(Ty_y — 1) + e, (14)

which is a VECM linking v, and y;. Thus this mechanism provides an "av-
erage" reconciliation of the data and the CM outcomes y;. How good the
tracking performance is will depend upon the magnitude and nature of e;.
Of course y; is unobservable but, since the equations constitute a state space
form, it is possible to form estimates of y; using the Kalman filter once model
parameters and ¥ have been specified or estimated.

The analysis above suggests that, if y; can be estimated by specifying
some history for the model shocks, one might actually treat (14) as a way of
moving from the CM to the DAM. Indeed, since (14) is a VECM, one might
consider adding other non-model variables to it in order to reduce the size
of e;. That is effectively what was done in the Bank of England’s core/non-
core strategy for building and using the BEQM model described in Harrison
et al. (2005). The data and the core model output (y;) were essentially
connected by an ECM, augmented with variables that had been difficult
to incorporate into the core model but which were felt to be important to
accurate tracking of the data. A necessary restriction in such an approach is
that these variables needed to be added in such a way that, in steady state,
they had a zero effect, so that y, = y;. Of course this latter restriction implies
the necessity of checking that the core model is tracking the level of the data
accurately, a theme we return to in the next section.

4 Some Analysis of the C-Model

It is important that one know the extent to which a CM can replicate data.
There are two dimensions to this. One is to ask how well it tracks the
longer-run movements in the data while the other relates to how it accounts
for dynamic adjustments around this path. It is particularly important that
the CM track the longer -run movements since the way in which these models
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have been used generally means that this is the path towards which the econ-
omy is seen to be adjusting. The implied long-run path can be determined
relatively easily from the output of impulse responses to selected shocks. We
give an example of this strategy in the next sub-section using our C-model
as a representative of CMs. In contrast, succinct expressions for the dynamic
adjustments around the path implied by the CM, and the extent to which
outcomes are influenced by considerations about the future, are much harder
to derive. For this reason we describe a method for generating data from the
CM - termed the pseudo data- which can then be used to fit a variety of sta-
tistical and economic models, so as to provide information on such questions.
Using these tools we provide an analysis of our C-Model. Our comparisons
are with a U.K. data set since the C-model was calibrated to reflect beliefs
about the U.K. economy.

4.1 The Match of the Long-run Path of the C-Model

The C-model can output many variables. In looking at the long-run path we
need to focus upon the variables that have permanent components i.e. are
I(1). This decision is determined by the nature of the data. In this section
we look at four variables - the log of domestic output (y;), the log of foreign
output (y7), the log of investment (i,) and the log of the real exchange rate
(er). All variables were detrended using a first order polynomial in time.
The resulting series seem to be clearly /(1) when constructed from U.K.
data over 1977/2-2003/2. Some care had to be taken in constructing the
data so as to match model quantities. The most difficult correspondence to
effect related to what we have called domestic output, since the CM we are
using has been simplified a good deal from what it would be like in a policy
context In particular, it does not include inventories, housing investment,
other investment, and imputed rents. These are therefore removed from the
UK data on GDP.

Using data on the four variables above there is mixed evidence on the
number of co-integrating vectors. With a VAR(1) there is strong evidence of
two co-integrating vectors but, with a VAR(2) (and higher), Johansen’s max
test suggests there is a single vector, while the trace test indicates either two
or (less clearly) three. To illustrate the methods it was decided to assume that
there are two such vectors. Once this decision was made, the two permanent
shocks implied by the system needed to be named, and we took these to be
foreign demand and TFP. Thus one of the shocks is potentially observable but
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the other isn’t. The two-step procedure just described needs to be applied
to all CMs. In the first step the number of permanent shocks needs to be
determined from some data analysis. The second step involves a choice of
the types of permanent shocks and this decision should reflect what policy
makers and their advisers feel have been the main factors with a lasting
impact over the historical data period.

To derive the cointegrating vectors we need the matrix C(1) in (6) (Do
in (5)). As mentioned above two permanent shocks were imposed on the
C-model. These were a permanent 1% rise in foreign demand and the level
of TFP respectively. Table 2 gives the values of C'(1) coming from these two
shocks.

Table 2 C'(1) for Various Variables for the Permanent TFP
and Foreign Demand Shocks
TEFP For Demand

Dom Out (y) .8406 -.0198
Log Real ER (r) -.9243 1.3167
For Demand (y/) 0 1

Investment(7) .8443 -.0205

The two permanent components among the four variables imply that
there must be two co-integrating vectors. To find the 4 x 2 vector 3 such
that 8'C(1) = 0 we need identifying information. We decided to exclude
investment from the first vector, and foreign demand from the second, so
that the co-integrating relations were found to be (to two decimal places)

y = —9lr+y/ (15)
i =y (16)

It is interesting to look into whether the co-integrating vectors found
for the C-model agree with those found by applying an estimator to data
over 1977/1-2003/2. Using the same identification scheme and Johansen’s
estimator one would get!?

y = —.03r+1.53y’ (17)
= 4.28y+ 51r (18)

12The calculations were done with Microfit 5.
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Clearly there are substantial differences between the two sets of vectors.
Qualitatively those of the C-model seem more reasonable. Indeed, one feels
that most analysts might well be happier with those from the C-model. This
emphasizes the fact that, simply relying upon data to re-produce long-run
relations, rather than adopting a theoretical perspective, may not yield out-
comes that are attractive. Nevertheless, such comparisons are often very use-
ful as they do direct attention to possible difficulties in the long-run match
to data of a calibrated CM. This may well be the case for the C-model,
where it would seem that the exchange rate effects on output implied by it
might be too strong. Consequently, the parameters of the C-model might be
manipulated to improve on this aspect.

Another view of the correspondence of the C-model with the "levels" of
the data is found by constructing the implied permanent components. Given
the values for 5 in (15) and (16), ECM terms were formed and used in a
VECM(2) fitted to the data on the four variables. These provide estimates
of the matrix « in (7). S and « are then used to construct J and «; in
(8) and the permanent components of each of the series can be extracted
using (9). Figure 1 then plots the permanent components of domestic output
implied by the C-model. Also present are the same quantities formed from
the Johansen parameter estimates in (17) and (18), along with the data. It
is clear that the ability of the C-Model to track the levels of the data suffered
a good deal after the beginning of 1997. This is a period in which a very
strong appreciation in the real exchange rate occurred. The C-Model would
have predicted a strong decline in the level of output but this did not occur.
Because the Johansen estimates have a very weak exchange rate effect it does
not have the same feature. However, it tends to err in the other direction,
over-estimating the level of output. It is also noticeable that the Johansen
estimates produced much poorer tracking ability in the 1980s. In general
this experiment suggests that the impact of the exchange rate needs to be
closely investigated as it is likely that this can make the level of forecasts go
significantly off track.

4.2 Generating the Pseudo Data for CMs

We have observed a number of times that it will be important to be able to
generate pseudo-data from CMs. In doing this we have to recognize some
constraints that govern the method to be used. First, for most purposes it is
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Fig 1 Permanent Components of UK GDP from C-Model and Johansen Estimates

model
= ‘data
= = joh

Deviation from Trend

Figure 1:

not necessary to find the responses of all variables to a given set of shocks. It
is likely that a relatively small set of variables will be those of most interest.
Second, most CMs are known from the properties of their impulse responses
rather than from any statistical model such as a VAR i.e. the D, are what is
most easily obtained and analyzed. For this reason we find pseudo-data not
by generating data from a VAR, as most of the DSGE literature does, but
from the impulse responses themselves. The method seems to work quite well
and is essentially a version of that in Masson (1988), where the exogenous
variables are the shocks being applied.

The method proceeds by first extracting the impulse responses corre-
sponding to the variables of interest, y; (a much smaller set of variables than
are in the CM ), and then generating data on y; using

Y = D(L)nta (19)

where 7, are i.i.d.(0,V). It is necessary to determine a suitable V. The
central problem here is that, if one is interested in whether the CM can
generate the correct dynamics, one doesn’t want to use information that is
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based on dynamics when determining a value for V. Thus, if one chose V
to replicate the variance of y; (or Ay, if y; was I(1)), then there would be
an implicit comparison of the model value of D(L) with that of the data,
since the latter shows up in the sample variance of y,. For this reason it
seems best to vary the method of selection of V' depending on what we are
trying to discover about the CM. Thus, suppose we wanted to see if a VAR
fitted to the data matched the VAR implied by the C'M. Let the estimated
covariance matrix from the VAR errors (when fitted to data on 1) be €.
Then we could choose V' as the solution to

Q= DyVD),

where Dy is a known quantity from the CM. This means that we are treating
the C'M as having an SVAR model representation whose implied VAR shocks
have a covariance matrix equal to that from the data. This separates out the
issue of how closely the dynamics can be replicated from the identification
of the shocks. We use this same technique in a different context in section
6. It is important to note that there is no guarantee that V' will be diagonal
and so the shocks may not be uncorrelated.

4.3 The Match of the Univariate Properties of Vari-
ables in the C-Model

We use the method just described to investigate a number of issues that arise
in policy-oriented macroeconomic modeling. Our first experiment involves
simulating data on four variables from the C'—model - domestic output, a
real exchange rate, inflation and a real interest rate .!* There are five shocks
corresponding to these variables- to foreign demand, to total domestic factor
productivity (TFP), to government expenditure, to the inflation target and
to the sovereign risk premium. The foreign debt constraint was raised by
.001 to produce a risk premium shock, the inflation target was increased to
3.5% p.a. and all other items were raised by 1%. In the first experiment all
shocks are pure impulse. In the second, TFP and foreign demand shocks are
both permanent.

In order to complete the experiment we need to select the covariance
matrix of the shocks. In the case of purely transitory shocks we fitted a

13There are actually five variables but because the foreign demand process is exogenous
it is simulated separately from the C-model.
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VAR(2) to data on the five variables and then found a value of V' for the
five shocks that matched the covariance matrix of the VAR(2) errors. V
was far from diagonal, as seen from the fact that the correlations of TFP
shocks with government expenditure ( -.95), the inflation target (.73) and
the risk premium (.76). There were also some significant correlations with
the foreign shock, although none above .5, and this would imply an equivalent
rank reduction in V. Some evidence of a rank reduction in {2 was available
as the minimum eigenvalue of the correlation matrix formed from €2 was .05.
Once V was determined, pseudo-data was generated from the C-model with
it. Finally, to encapsulate the differences between the data and the C-model
we fit AR(2) models to both actual and pseudo data for the four variables of
interest. Table 3 shows these AR(2) coefficients; they are designated as 7,
and 7,.

Table 3 AR(2) models fitted to Data
and Pseudo-Data with Transitory Shocks

Data C-Model

71 V2 Y1 V2
Dom Out (ly) 58 .36 77 -.35
Log Real ER (lrer) 1.13 -.24 711 -.25
Inflation (inf) 40 .36 .86 .05

Real Int Rate (rr) .29 .23 38 -.30

It is clear that, while the C-model generates substantial persistence in
output and real exchange rate movements, it falls short of the near-I(1)
processes that are a feature of the data on these variables. In terms of
inflation and the real interest rate it shows a pattern that is very different
from the data. Tests that the two sets of parameters are the same lead to
strong rejections, with x?(2) tests of over 25.

To generate more persistence we assume that there are two permanent
shocks. Now a VECM(2) rather than a VAR(2) is fitted to the data. Since
there are three I(1) variables and two permanent shocks the first of the
co-integrating variables given in (15) produces the requisite error correction
term. The covariance matrix for the shocks V' is then derived from the VECM
errors in the same way as before. Once again these are correlated, although
more weakly than before.

Table 4 presents the same information as in Table 3, except that, because
there is now a unit root in output and the real exchange rate, the AR(2)
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is fitted to the first differences of those series. It is clear that the model
still fails to reproduce the univariate data characteristics, although the test
statistics indicating a formal rejection of the coefficients being the same are
much lower than they were when shocks were purely transitory. In summary,
it is clear that, to produce a match to the data, it will be necessary to allow
the shocks into the C-model to be more than just purely transitory or purely
permanent.

Table 4 AR(2) models fitted to Data

and Pseudo-Data with Permanent Shocks
Data C-Model
71 Y2 71 Y2

Log Dom Out (ly) -.37 .07 .09 .03

Log Real ER (Irer) .22 -.10 -.16 -.08

Inflation (inf) 49 .39 45 -.08

Real Int Rate (rr) .31 .24 78 -.01

4.4 Some Other Features and Uses of the C-Model
4.4.1 Dynamic Rank Reduction

We noted earlier that one might expect some dynamic rank reduction in
CMs. We investigated this in the context of the C-model in the following
way. Throughout this analysis we are concentrating upon the case where
there are just transitory shocks

If there is dynamic rank reduction then a VAR(p) in n variables can be
represented as a reduced rank VAR (RVAR) model of the form, see Velu et
al. (1986)

P
v = D Syl + o (20)

i—1
= ’)/(S/Zt + V¢, (21)
where v and &;, i = 1,..., p, are (n,r*) matrices, r* <n, 0= (6, . . 4 )/
and z; = ( Y1 - - Yip )' ,t=1,..,7. In (21) it is assumed that the

true rank of the matrices v and ¢ are identical and equal to r*, which is thus
referred to as the rank of the system (21). However, note that the ranks of ¢;,

31



i =1,...,p, need not equal r*; in particular, rank(d;) <r*, i =1,...,p. Note
that the number of free parameters in this model is equal to 7*(n + np — r)
as opposed to n?p for a standard VAR model.

Given the system rank r*, Velu et al. suggested an estimation method for
the parameters v and ¢ which may be shown to be quasi-maximum likelihood.
Denote the sample second moment matrices by Syy = 7YY, Sy, =
T'vZz', S, = Syz and Sy = T-'ZZ', where Y and Z are matrices
containing {y;} and {z:}. Hence, the covariance matrix of the unrestricted
OLS residuals, Syyz = Syy — SYZSE}S 7v, 1s the unrestricted quasi-ML

estimator of the error process variance matrix ¥,. Additionally, let {5\3}?:1,
5\3 > ...> j\i > 0, denote the ordered squared eigenvalues of the n x n matrix
3;11// > SyzS;L8 ZYS;;,( > with associated eigenvectors {#;}7_, subject to the
normalization ©;; = 1if ¢ = j and 0 otherwise. Therefore, the quasi-ML
estimators for v and ¢ in (21), with system rank r* minimize

tr{Syy/ 7 (Y =78 Z)(Y =78 XY'S/73
and are given by
T=5haV.  §=S8Smw5nV
where V = (U1, ..., Upx). Here 4 and 5 = (5;,,8;)’ satisfy the induced
normalization 4'Syy ,4 = I~ and 5;55}5] = ;\22 if i« = j, and 0 otherwise -
see Velu et al. (1986) for more details.

In order to determine the rank of the system we use a standard test
of rank. The test of rank of a matrix suggested by Bartlett (1947) which
examines whether the n — r* smallest canonical correlations p;, ¢ = r* +
1,...,n, between {y;} and {z;} are zero i.e. it looks at the matrix T =

SyzSy,. Under H« : 7k(Y) = 1%, p,uyq = ... = p, = 0. The test statistic of
Bartlett(1947) is given by T'> " ln(1+5\f), where \; = p;/(1—p?)/2, and

i=r*+1 4
1> bf > ... > bi > 0 are the ordered squared sample canonical correlations
between {y;} and {z:}, which is identical to the (log-) likelihood ratio (LR)

test for H,« : rank(Y) = r* against H). : rank(Y) > r*; see Reinsel and Velu
(1998, Section 2.6). Under H,, T'> " In(1 +5\f) has a limiting chi-square

1=r*+1
distribution with (n — 7*)(np — r*)degrees of freedom. Note that the test is
obtained via a singular value decomposition of the unrestricted or full rank

LS (quasi-ML) estimator Y = Sy S, .
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Applying these tests to a VAR fitted to the pseudo-data from the C-model
with purely transitory shocks and a VAR order chosen by AIC - roughly a
VAR(7) - one finds that there is evidence of rank reduction to an RVAR(3).
Thus it seems very likely that many CM models will feature dynamic rank
reduction. Note that the rank reduction here is not that due to co-integration
as all shocks are transitory and so the variables are not I(1). When there
is dynamic rank reduction one can think of y; as being driven by factors
fi = 8.y;_i, although these factors would be correlated and so are different
to standard factor models. It has often been found that the co-integrating
restrictions can improve forecasts over a longer forecast horizon and the re-
duced dynamic rank indicated here may also have the same effect but at
shorter horizons. Indeed, Vahid and Issler (2002) found that there were sig-
nificant gains in forecast accuracy when the rank restrictions were imposed,
particularly over short-term horizons.

4.4.2 Forward Looking Aspects of the C-Model

The pseudo-data can be used for many purposes e.g. to fit a DSGE model
of some sort that is of much smaller dimension than a policy-oriented CM is.
Sometimes this is useful for interpreting the CM in terms of results that come
from miniature models that have been extensively studied. As an illustration
we fitted a New Keynesian Phillips curve of the form

Aﬂ't = ¢7T§+1 + (1 — ¢)7Tt71 + a1y + agYt—1

to the pseudo-data from the C-model obtained in the permanent shock case
earlier, where 7 is inflation, 77, is expected inflation and g, is an output
gap. We used as instruments for m;; and ¥, the variables m;_1, y,{c , Y1 and
Yi—2. Two interesting facts emerged from this exercise. One was that ¢ was
estimated to be .52 i.e. the C-model seems balanced between the present and
future in terms of influences on inflation, and the second was the very strong
evidence that as = —aq i.e. inflation was affected by the growth in output
rather than the output gap per se. The value of a;was .17.

5 Towards the DAM: Matching via Shocks

To progress towards the DAM requires that one determine what information
is available to the modeler. If it is possible to solve the CM then it makes
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sense to proceed in the way done by the Bank of England in its core/non-core
distinction which was discussed earlier. But this does require that one can
measure the shocks that enter the CM and it seems likely that not all of these
will be observable. For this reason we describe an approach that estimates
these shocks and then defines tracking errors that need to be added on to
the CM to replicate the data. The key to our analysis is the recognition that
there are inevitably more variables in the CM than there are shocks to it.
Let the CM have the solved form

vy = G(L)xy + H(L)e; (22)

where now we have separated out the observable (x;) from unobservable (e;)
shocks. An example of an observable shock might be foreign demand. We
get G(L)and H(L) by computing impulse responses to shocks.

Observable shocks have the property that the process driving them can
be determined from the data so that these cannot be manipulated to produce
a better match of the base model with the data. However, the unobservable
model shocks might be. If we write the observations upon the variables y;
as z;, and let H(L) = Hy+ HyL + ...., one might then reverse-engineer these
shocks by estimating them as

where Hf = (H{Hy) 'Hy and we are recognizing here that dim(e;) will
generally be much smaller than dim(y;). This is a recursive relation giving

él == H(—)’—[Zl - G()Il]

ég = HSF[ZQ - Go.fl?g - Gll'l - Hlél]-

etc.!* If dim(e;) = dim(y;) this could enable the CM to produce a perfect
match with the data, although the nature of the estimated shock processes
might be unacceptable to policy makers e.g. these might have very complex
serial correlation patterns that would be hard to motivate. When dim(e;) <
dim(y;) we will not be able to reproduce y; exactly as there are not enough
shocks. To achieve an exact re-production we define tracking residuals as

ét = Zt — B(L).ft — C(L)ét

14 Note that we need to assign a value to ey. This is the same probelm as arises with the
use of the Kalman filter to extract estimates of the shocks in DSGE models. Normally the
Kalman filter initiates the recursion with the expected value of the shock, and that will
be zero in this context.
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Once these have been determined both the model shocks and the tracking
residuals can be examined e.g. by looking for serial correlation in them,
relating them to observed variables etc. We note that, by construction, the
rank of the matrix (E,Z), where E = (ey, €3, ...,e7) and Z = (g1, &9, ...,e7)’
is n, where n is the dimension of 1;. As FE is of full column rank, = has
reduced column rank. Hence the number of independent tracking shocks is
m = n — dim(e;).

We now present some results of our analysis of the nature of the shocks
- both model and tracking - that would be needed for the C-model to re-
produce the data. Data on four variables - log of output, log of the real
exchange rate, inflation and the real interest rate - constituted z;. For illus-
trative purposes the model shocks were all assumed unobservable i.e. the
foreign demand shock was treated as unknown. We then assumed that the
model was only driven by two shocks - the foreign one and TFP. The recur-
sion above then determines what the history of these shocks would be, after
which four tracking shocks were added on to replicate the four variables (of
course there are only two independent tracking shocks since rank(Z) = 2).

Table 5 AR(2) models fitted to Implied Model
and Tracking Shocks

71 V2
TFP -.26 .78
Foreign Demand -.04 .46

1st Tracking Shock -.18 .80
2nd Tracking Shock -.17 .66

There is a reasonable degree of persistence in all shocks but well away
from a unit root. However both the TFP and foreign demand shocks seem
to exhibit somewhat peculiar behavior and have much less persistence than
one might expect. Effectively, this is extra evidence of the inadequate per-
formance of the C-model.

6 An Alternative Modelling Strategy?

A question that naturally arises is why the CMs used in most policy related
work are much larger than those typically used in academic research. One
possible explanation is that one needs models of such a size in order to
adequately capture the responses found in actual economies. That this may
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be an issue has already been alluded to. Academic modelers tend to work
with a relatively small number of variables whereas most economies have a
much larger number. A standard academic approach is to choose a relatively
small number of variables, z;, to estimate a VAR, and then make a choice
about the order of the VAR using statistical criteria such as AIC and BIC.
Resistance to a large number of variables in the VAR comes from the fact
that, if there are n variables in z;, there are p x n lagged values on the RHS
of each equation of a VAR(1). But the problem with this way of thinking
is in keeping p fixed as one increases n. For a given degree of approximation
to the true impulse responses, it may pay to work with a relatively large
number of variables in z;, as one can thereby keep the VAR order relatively
small. Choice of variables in VARs has been given little attention compared
to choice of lag length, but is at least as important. The consequence of
this variable reduction will generally be to make it very hard to capture the
impulse responses to shocks with smaller models, even when very flexible
dynamics are assumed.

To illustrate this point we take the C-Model as the DGP and simulate
data from it'®>. We then ask if we can recover the impulse responses to its
shocks if one proceeded in the standard ways used in academic modelling.
Since the shocks we apply to the C-model are "structural" it is necessary
to convert a VAR into an SVAR using identifying information. In practice
this is not an easy task, and it may well be that the restrictions imposed
to do this are incompatible with a CM. But we wish to abstract from this
difficulty in order to concentrate upon the dynamic approximation problem.
Consequently we assume that the investigator knows the impact impulse
response matrix Dy and so can recover the true shocks 7, and, thereby, the
implied impulse responses of ; to 7, from an estimated VAR.!S Let the
SVAR impulse polynomial be D"P(L) for a fitted p’th order VAR. Then it is
of interest to ask about the relation between D"P(L) and the true impulse
responses constructed from the D(L) of the C—model as p is varied. Since
Dy? = Dg?- f(Ay, ..., Ap), where A; are the VAR coefficients, once one knows
Dy any incorrect impulses implied by the SVAR are due to the inability to
estimate the A; accurately, and this will simply reflect the mis-specification

15The fact that the C-model does not produce a good match to U.K. data is therefore
irrelevant to the comparisons of this section.

16 An alternative which we also look at involved estimating Dy by regressing the VAR
shocks against the known C-model shocks. The estimates of Dy found in this way were
quite close to the true value and so the impulse responses were much the same.
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due to the reduction of the C-model in N variables to a VAR in n variables.

We start with the question of what order VAR would be chosen using
standard statistical model selection criteria if we had 200 observations, which
seems an upper limit to the amount of information available with quarterly
macroeconomic data. To get these 200 pseudo-observations we generate 500
samples of 10200 observations and then drop the first 10000 in order to
remove the effect of initial conditions, which were set to zero. We consider
a set of five variables in the VAR: domestic output, the real exchange rate,
inflation, the real interest rate and foreign demand, while the shocks are
the five transitory shocks mentioned earlier. Information criteria are used
to select lag orders for the VAR model. Results are as expected, in that
AIC chooses a relatively high average lag order of 7 for the VAR, while BIC
chooses a much lower order of around 4. Since the C-model features dynamic
rank reduction it is instructive to note Vahid and Issler’s (2002) conclusion
from Monte Carlo experiments that, in such instances, there is a downward
bias in the order selected by AIC.'” We therefore set p to either 4 or 7.

Now we could fit the VAR to the 200 pseudo-data points and compare
the impulse responses to the true values. We do such an exercise for p =
4,7 calling these the VAR4/200 and VAR7/200 cases. But this confounds
possible approximation errors of the VAR with a small sample size, and it
is useful to separate out the two effects. Accordingly, we also generate 500
samples of 40000 observations, drop the first 10000 in order to remove the
effect of initial conditions, and then fit the VAR for the same values of p as
before. These results then would just show the approximation error and are
labelled VAR4/30K and VART7/30K.

For productivity, monetary policy and foreign demand shocks, there is a
good correspondence between the VAR implied impulse responses and the
true ones from the C-model. This is not true however of the risk premium and
the aggregate demand (fiscal) shocks. In those cases a very high order VAR
may be needed to reproduce the impulse responses of the C-model. Figures 2
and 3 show the comparison of the impulse responses for the fiscal policy shock
from the C-model. It is clear that the VAR selected with AIC (p = 4) and
just 200 data points can be a long way from the true values. This is true even
with 30000 observations. A VAR(7) does better, but is still inaccurate, even

1T"We have also looked at the ability of VARMA models to reproduce the impulses but
these did not seem any more successful than a VAR and so the results are not reported
here.
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with 30000 observations. It should be said that, using a VAR(50) with 30000
observations does produce estimated impulse responses that are essentially
indistinguishable from the true values, so that there are no "fundamentals"
problems of the sort identified by Lippi and Reichlin (1994). It should be
stressed once again that the close fit for the early lags is simply an artifact
of the fact that Cj is assumed to be known in all cases, and the difficult
problem of how one is to identify the shocks has been sidestepped in order to
focus on approximation issues. In practice, Cy would have to be estimated
as well, and it is not easy to estimate this response given that these models
will rarely be recursive. Imposing long-run restrictions generally results in
many weak instrument problems and there can be substantial biases in the
estimation of the elements in Cj - see Pagan and Robertson (1998), inter
alia.

There seem to be three lessons one can learn from the experiment. First,
the order of a VAR needed to reproduce correct impulse responses for actual
economies is likely to be far higher than has ever been suggested in prac-
tice and quite infeasible given the sample sizes in macroeconomics. Second,
using a VAR with order chosen by some statistical criterion is unlikely to
produce good estimates of the items of ultimate interest viz. the impulse
responses. Finally, it would seem better to begin with a CM and then at-
tempt to modify it rather than to try to recover responses by using very little
prior information. Even a relatively simple CM produces a complex set of
inter-relationships in an economy and these are hard to capture when little
prior information is used.

7 Conclusion

We have discussed the construction of modern policy-oriented macro-economic
models and their relation to evidence. These have a strong theoretic base and
so the issue that arises is one of how to match them up with evidence. Our
paper has looked at some ways in which econometric methods have been, and
are being, used for that task. We illustrate these methods by constructing
a theoretical model that is representative of the type of model increasingly
being used in policy analysis. This model was also used to determine if stan-
dard academic approaches to recovering information on shocks via SVARs
could be an effective substitute. We find that it is very hard to recover such
impulses using the types of VARs that have been popular for some time.
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This does not deny a role for miniature models in applied macroeconomics.
Indeed, we have argued that one can learn about some of the characteristics
of larger models by examining data produced by it though the lens of these
smaller models.
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