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financial stability issues in the framework of mtarg policy. The paper observes that
current literature has not taken full advantag@lainchard and Kahn (B&K) solution of
rational expectation models. In a practical way plager proposes to substitute current
resource identities in the model with cointegratr@hationships, as a way to introduce
more flexibility in the model without affecting thpriorities or the total number of
restrictions which are necessary to solve the mwdtie rational expectations setup. This
is done by augmenting the DSGE with the power ofCWE (cointegration). The main
assumption here is that agents are rational bsiighrue in the long run, as they experience
intentional or accidental irrationalities and/ofommation loss in the short run. Despite
allowing more flexibility, this proposal yields aame realistic and logical approach solution
for the hybrid model or structural shocks proposgather authors.
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I ntroduction

Modelling of macroeconomic behaviour has been drthe defining trends in the central
banks until recently. Models are traditionally usied the benefit of monetary policy;
however they have recently been adopted to coweress of financial stability. These
models range from simple single equations to thetreophisticated Dynamic Stochastic
General Equilibrium (DSGE) models. The evolutiorihivi the same model categories and
the “revolution” from one class of models to anothas been mainly driven by the need
for a better and more natural representation of ried world events. Despite such
advancement, recently used models have sufferetback, so academics and practitioners
are back at the drawing board to fix the probleime ©bjective as always is to build better,
more representative models or improve and enhaheectirrent ones. Among other
traditional models, currently the efforts are faath®n the introduction of financial stability
issues in the macroeconomic thinking. This pap&edaa shot at this problem, after
defining financial stability in terms of the broaggonomy.

Among others, two distinct works on macroeconomiodeiling have played a very

important role in development of the theory of nogoonomics and its practical

application to policy design. The first approachtie work of Sims (1980) Vector

Autoregressive Model (VAR) approach that tries xplain the interconnection between

variables with the VAR system, which so to says tbe data to explain the economic story
and reveal relationship between variables. Thiddcalso include as a subcategory the
structural and cointegrated VAR approach or thé noait econometrics.

The second approach is the DSGE modelling or thena expectations approach, which
starts form micro theoretic fundamentals to develapodel that describes economy at its
largest macro-scale. One important characterigtimoth these approaches is that they are
build upon structural mathematic models in the fafrsystems of linear equations (or
equations which can be reduced to the linear fatarting from a nonlinear pattern), and
both rely on Gaussian methods to find a uniquet®wiuln this respect they both need a set
of restrictions which will allow for recursive suligtion in the system, in order to provide
a single solution to this systefrin principal, the problem converts into identifgimnd
imposing a set of restrictions in the state matfixhe system, (in other words: starting
from an unconstrained system, authors introduceninenum number of constraints in the

2 In the case of VAR the solution was introducedSps and in the case of DSGE the conditions fongles
solution were described by Blanchard and Kahn.



system) that will yield a single identifiable sotrt, making this optimization problem a
constrained problem.

Despite these advances, each approach has enaulliéfierent obstacles to fully and
realistically describe the economy. First, the VARproach required that the researcher
decides the structure of the economic relationstajuding the map and variables order of
shock transmissions to the economy. This soluti@ams that the researcher is imposing
the structure of economic relationship, which iotfes like setting up a model assuming
that we know the theoretic fundamentals withoutualty formalizing it. Another
significant problem with VAR models is that thesedals are backward-looking and are
subject to Lucas Critique.

On the other hand the DSGE approach is considemngdyatoo stylized to replicate real

economic fluctuations and in the meantime verytkahiin the ability to generate shocks to
economy. While it is all based on the micro theor&tndaments, it is not able to explain
the life as we know or at least as we observaiprincipal, this was (and continues to be)
such a problem that was impossible to bring the ehtal data. Last but not least, this
critique is extended to include the fact that DS@ited to predict the last financial crisis.

This is due to the fact that such models did ndress directly or indirectly any issues that
deal with financial stability.

Ireland (2004) brings together both these appraaah® a single hybrid system, which
solves the above-mentioned inability of DSGE modelseplicate the observed economic
fluctuations in the data. Basically Ireland (20@49poses to incorporate the VAR structure
of errors (meaning adding a vector of errors, whighgs more flexibility in the model and
enables it to match the observed economic datahenDSGE model. Eventually, the
solution is to introduce a structure of autoregresshocks into the model, similar to what
we observe in the real life. This solution has tvemefits: first it brings the models to the
data by regarding every single difference betwé&enniodel and the data as an estimation
error, and second each error is treated simultahe@s a potential shock to economy.
While practical benefits for model builders andipplmakers are enormous because it
practically brought DSGE models from the laborattwrythe real life, this modification is
motivated by a convenient assumption that econamaia collection and calculation is

% Lucas Critique highlights the fact that parametheg result from empirical inferences, which atet used

in model building, might be subject to change ispanse to policy changes, or policy interventidssing
models with varying parameters would yield to uwlictable results. Therefore only models with stable
parameters must be used to evaluate the impadiicf/gchanges.



inevitably incorporating errors of measurementshea than founded in the economic
reasoning.

This approach, however, did not solve several foretdal problems faced by DSGE
modeld, the singularity issue being the most importantieo their general design
assumptions, all DSGE models have only one teclgieabshock that drives the economy.

In response to this problem, another similar solufrom a very different approach was to
introduce structural shocks in the DSGE models. tBigt solution is arbitrary and subject
to critique as well. Despite the critique, this vgaeat, because in general it brought models
to the data and in fact opened the way for a meaéstic use and interpretation of results
in the policy decision making. Therefore, DSGE veasery promising tool for policy
design and implementation.

Yet, despite these adjustments, empirical inveStigareveals that the data behaves
differently from what DSGE models would assumehe setup process, and predict in
policy evaluation exercises. The work by Juselind &renchi (2007) is one very fine
example which empirically shows that: “the storgttthe data wants to tell, is in fact very
different from the RC theory” (pp. 33). In fact,ethfind that most of the underlying
assumptions on which the DSGE model is built ajected by the dataThe differences
between theoretic (read DSGE) and empirical modelsvhich data story gets the
precedence (read VAR) “suggest that conclusiongdas strong economic priors and
many untested assumptions might say more aboufaitie of the researcher than the
economic reality”

However, the story of Juselius and Franchi (2087niprincipal not different from the
story of Sims (1980). As in Sims identification eafe, they also need to impose several
restrictions, in order to find the unique solution their model. They do so by introducing
a set of cointegration restrictions (long-run tletir relationships), which in fact is like
imposing the structure to the model. After this tii@ta does it all, and we do not
understand why the economy behaves such or that Tweydata do tell the story without
“structural” content, meaning that we do not havieradamental economic understanding
of the observed shocks. Moreover, Lucas critigneaias relevant, as it is demonstrated by
the instability of parameters for two different sodriods of the entire sample, respectively,

* In addition to singularity problem and poor fitodelling challenges; incorporation of financial kliay

issues such as financial frictions, currency risknpia; datasets; the role of fiscal policy; invatidbss
equation restrictions; measurement errors andifitztion.

> A brief description of these assumptions and theplications in the context of the economic bebaviis
discussed latter in the paper.



before and after 1979To the authors “it seems obvious that the majffextince (between
two periods), is to be found in the degree of dliaation, worldwide capital deregulation
and increasing international competitivene’ss”.

These difficulties have not stopped policy maker&uild and use such models for policy
purposes. DSGE models are widely used in the psooégolicy-making in the most
respected central banks in the worlds. Tovar (200@vides a brief review of the
increasing role that DSGE models are playing ingbkcy-making process, the nature of
their limitations, and the problems and challenigesd by central banks in the use of such
models. The main focus of such work is to prediet ¢ffects of policy actions undertaken
by monetary authorities.

This was true until 2008 when the models failedsenably” to predict the financial cridis.
Since then, the DSGE framework has experiencedbeade The Nobel laureate Robert
Solow (2010), with his statement: “I do not thirilat the currently popular DSGE models
pass the smell test” (pp.2), probably makes onéhefbiggest opponents of the DSGE
model. His remarks with regard to: rationality, ioéal exclusion of conflicts of interests,
incompatible expectations, and deceptions, are ambinted observations and add to the
long list of critique that challenges DSGE modedl éine arguments against its imprudent
use in policy making.

New efforts are now devoted to address some ofetipesblems with the objective to
improve and/or build alternative models. They foars identifying the correct shocks
and/or financial frictions and estimating bettex tralues of parameters in the models using
VAR-s, as in Del Negro and SchorFheide (2007) di £2809). In both cases, authors try
to get better and more realistic input from theagah order to incorporate financial
stability issues and bring models closer to the weald. Sims (2008) finds that there is
still potential for improvement in this particularea.

Well this paper makes the point that there is pbliential in the DSGE, if we were to take
full advantage of several overlooked aspects ofeatirsolutions method, rational and
conflicting expectations. We do this by combinihg tDSGE and cointegrated VAR, in a
way that goes beyond the “hypothesis evaluatior®dugy Juselius and Franchi (2007).
This paper discusses issues in the following wagtiBn 2 describes the DSGE setup and
its solution. Section 3 discusses models and ¢r&gstion 4 discusses the modelling of
rational expectations and discusses our propoaaltitansforms the existing model with a

® Based on recursive tests authors find suppotté@kistence of a structural break around 1979.
" Johansen and Franchi (2007), pp.32
8 Despite the set back, DSGE models are still usédd policy making and forecasting process.



new trick without violating conditions for the stibn of rational expectation models;
Section 5 proposes a framework for definition official stability and its interaction with
monetary policy; and Section 6 concludes.

2. The general DSGE setup: theintuition behind the solution.

The standard DSGE model portrays the economy infriraework of the real business
cycle model of Kydland and Prescott (1982); latepresentations of the model have
incorporated prices and are known as the New Keégnesodels. Currently, the efforts are
focused on introducing the financial stability isstand rethinking the incorporation of the
financial sector. In the simplest of such models simgle agent, called the representative
one, tries to chose the combination of consumpéind labour to maximize his utility
function, (1) typically represented by a constant elasticity sobstitution, subject to
constant returns to scale production functi@j,

Egﬂ‘ (C.iH...) (1)

Y, = AK (7' H)" )

The model is completed by a set of identities, Whiescribe capital formatiof8), and
budget constraint or aggregate demgéf)d

Kt = It + (1_5) Kt—l 3

Y=C +1, 4)

Of all the elements of the model only the totaltdagroductivity is assumed to follow a
stochastic first order autoregressive mofe) The error £,, is the only source of

stochastic movement “unpredictability” in the madel

A =PpA Lt Ep; (5)

The model is a collection of dynamic equations tieatlt from the optimization procedure
of the above problem. First order conditions of tlagrangian of the dynamic system are
comprised by the utility function, production fuimet, resource constraint and laws of
motion(3) & (5). The model is organized as a system of linear difference equation&)
below. The solution to this dynamic system is & $hme time the solution to the agents’
utility maximizing problem in time.
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The lower case variables represent the original @haéter it is first normalized by the
gross rate of labour augmenting technological mege Since the later is considered to
grow with time (bearing a time trend), this procexlus required to make the model
stationary.

The next step requires log-liberalizing the dynamneiationships of (6) around the steady
state of the model (which yields also the solufmmthe model), with the log linearization,
due to the fact that the model is non linear. Attee log-linearization, the model (6)
transforms into the following system of linear diénce equations:

4 yt:at+9k1(1_e)ht
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The interpretation of the final solution of the mbdields that at the steady state all the
variables grow simultaneously at a constant rateévatent to the labour augmenting
technological progress. In the mean time, the stesdte is only function of the deep

structural parameteléa,,ﬁ,é,é’,p,ﬂ) of the model, which are invariant of policy shifts

One important observation in the model above ohd level of capital and the level of
technology are known at the beginning of each pefimeaning are carried over from
previous period), the rest of the variables areeri@ined within each period. These two



groups of variables are called predetermined and-pnedetermined variables,
respectively.

“Rational expectations” is one of the fundamentasumptions of the modern
macroeconomic modelling, and a fundamental requerémfor this model. It was
Blanchard and Kahn (1981) who provided the mathigalatondition that yielded the
conditions for the solution of rational expectatomodels. Mathematically speaking,
rationality means that the matrix of coefficienfstloe system of equations that describes
the model(7) above has as many linearly independent vectotbeass are predetermined
variables in the model. In other words, the ratidpaequires that the number of stable
(less than one) unit roots in the system (in thé&imaf coefficients) is equal to the number
of predetermined variables. This condition, acamydio Blanchard and Kahn (1981)
(referred as B&K) is necessary to yield a singld aniquely identified solution for the
model, which falls on the steady state or alontpady state path.

This would mean that there are two independentd@iegmined variables) in the model as
there are two different processes that drive thelehdn general, our simple model must
have a deterministic trend (the labour augmentetin@ogical process) that usually is
embodied in the behaviour of capital and a stoah&sind that emerges from the random
shock in the productivity function.

If this model were to represent the economy redsgnaell, then the observed behaviour
of economic variables in the real word must be Isimio the predictions of the model.

Moreover, this can easily be tested. The first siesh failed as researchers tried to bring
the models to the data. Due to rigidity of the tieéic model, it failed to fit and replicate

the data generating process, as the data are stibjearious and frequent shocks that the
model could not accommodate because of the sintyulasue. As it is specified above,

Ireland (2004) provided the solution by augmenting model with a series of random

stochastic shocks, assuming that they would followAR (1) process in the short run.

While the argument for such addition is justifieg theasurement errors rather than found
in the principles of economic theory, it allows tmedel to fit the data. This solution is in

fact a shortcut that permits the model to fit tradbut does not solve the problem
fundamentally.

The theoretic setup presented above and the assums\pbn which it is based, imply that
the time series of economic variables that areested in the model must satisfy a set of
specific individual or simultaneous restrictionfieBe restrictions emerge from the rational
expectation solution of the theoretic model; frdme structural economic relationship and
exogeneity assumptions that are observed in the&emay&/); and from the statistical



properties of the parameters and variables of thdein These restrictions are formalized
by Juselius and Franchi (2007) and tested by thee sauthors using data for US economy
with the use of Cointegrated VAR. While the Juseland Franchi (2007) authors fully

discuss all the set of restrictions that deriverfithe theoretic setup, we would only refer to
the set of exogeneity and stationary assumptianshey are of the primary interest from

the point of view of rational expectations. Accaoglito Juselius and Franchi (2007), the
rational expectation solution of B&K implies thdléwing restrictions:

« Exogeneity assumptions require that the evolutibrao& K. is the driving

force to the system and is weekly exogenous. T¢saraption relates to the fact
that both capital and technology are predeterminethe context of rational
expectations.

» Stationary assumptions require:
a. that y,,c andk, are trend stationary, with identical linear grbwites,

driven by the labour augmented technological pregyrdhis would further
imply that any linear combinations of, & ¢, and y, & k are as well

stationary.
b. that h is stationary. The stationary dfresulting from the fact that since the

linear combination of output and consumption igisteary than the linear
combination of output, consumption and labour &ighary only if labour
is stationary.

In principle, the above assumptions are used bglillssand Franchi (2007) to work out the
identification scheme that represents the correahber of stationary and non stationary
relationships in the CVAR model for the US economy.

In the findings, Juselius and Franchi (2007) codeluhat these assumptions are not
supported by the data. They find that linear coratoams in(a) above are not stationary;
labour was found to be nonstationary as well. Teakvexogeinity of capital is strongly
rejected by the data, meaning that a cumulatedkstmcapital is not one of the driving
forces in the model; it is rather the shocks toscwnption that has been the driving force of
the model. This is completely at odds with the tiggmvediction.

We believe that the story told by the data can d&slye accommodated in the theoretic
model naturally. For this, we would like to disctise intuition behind the rational

expectations, from the point of view of latest fical crisis. One main problem with a
model like this is the restriction of the shockotdy productivity shock, a shortcoming that



is the Achilles heel of the model. We would stag argument with an intuitive description
of the rational expectations.

3. Why do models fail to predict crisis. intuitive description of rational
expectations

“Rational expectations” is one of the fundamentasumptions of the modern
macroeconomic modelling. Models assume that agerake rational choices, but the
guestion remains: Are agents really rational? énse that the answer to this question might
depend more on the moment rather than on our uadeliag of the agent’s behaviour. Ten
years ago the answer seemed to have been yes.raistmavere so sure about it that even
invented a name to define the collective set oheauc behaviour that was not explained
by the traditional common knowledge and understamdialling it “the new economy”. In
the light of the recent unpleasant experiencesilbbfown crisis, an easy tentative answer
for the rationality can be: agents simply arenttor@al. Solow (2010) articulates “Clearly
they (agents) do not always behave in this ratiovay, and systematic deviations are
worth studying”. After all, anything that ends up a crisis has to be irrational, and this
imposes a strong problem for the DSGE models. Aehttht is designed with a rational
agent in mind will not yield reliable and predidialbesults in a real world full of irrational
ones. So it is important to discuss this fundamensitution of modern macro-modelling
in the context of real world and in the models.

Beyond the rigorous explanation given in the theorgetup (which we will discuss later),
the standard economic text book will define ratlidpa set of choices or decisions (made
in time) under the assumption that the agent Hahalinformation about past and future
events and uses all this information in the bessjie way to maximize its utility; all this
is based on a set of constant fundamental parasnitar describe his preferences. For this
agent to be irrational it means that he either doage only a subset of the entire
information set and does his best to optimize at ke has the entire information set but is
not able to process the information correctly, oothb conditions are satisfied
simultaneously.

In the context of current crisis, it must have takelarge number of irrational decisions
from all agents that created the environment (thiebke) for crisis. Then all of sudden
some of the agents become rational and did indtagi supplying additional resources to
support irrational choices of the irrational agerdsusing the later to default on their
financial obligations. What can cause that “on” &of” rationality behaviour in some
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agents? Based on the above explanation, this @tlldr result from the extension of the
agents set of information to the true set of infation or because the agents start to process
this information. As long as crisis happens, themadnas to do either the one or the other or
both of them simultaneouslyhe agent can not remain irrational, even in casedies he
learns the notion of rationality in the last period/ith or without his intention he will
become rational.

This intuitive description must fall within the freework of the B&K solution. In order to
process the information along the same way as B&Kcdbes in their paper, a model
builder will have to build a system of first difference equations wher@ 1R represents
the number of the variables in the system out atkwvh are known in period (the set of
predetermined variables in the economy), and theamng u = m — r are not
predetermined variables.

In this [1™ space there is only one single point (the steaalgsind a single line that goes
through this point (the steady state path) thatgrearanty stability. The condition, defined
by Blanchard and Kahn is necessary to put our agenhe steady state or along a steady
state path. As long as the agent is on the stdatly ar on the steady state path, there is no
other possibility but to stay there or convergéhat steady state equilibrium of the model.
Therefore, once there, the rational agent has notwand up in crisis. In other words,
identifying the steady state path and placing thgresentative agent there the author
excludes the possibility of a crisis. Simply in Bunodel, a crisis can not emerge without a
foreign disturbance. This foreign disturbance fened to as a shock. Once the shock is
observed, our agent will be taken away from theadtestate or steady state path,
eventually leading him toward starvation or eatmg economy. However, we do not have
a mechanism inside the model that explains why, haod/ when this agent will pull the
trigger to start the crisis. Yet, real life dataeal that agents make consistent errors every
period. Could it also relate to the fact that agdntlow a consistent goal in the long run,
but different goals in the short run? Moreoversite of these consistent errors they do not
usually and frequently end up in crisis. Why exailthat?

The definition of rationality described above expéahow irrational agents get themselves
in trouble. In order to do so they would need tonpuout of the steady state path.
Therefore, in order to introduce instability in thodel, the model builders would have to
implement a structural shock in the model thatliterally create this jump.

® This is a mandatory practical solution that presithe necessary mechanisms that allow modelsttefi
data and explain the crisis.
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Basically this is the direction in which severattears are going; currently the trend is to
introduce financial instability in the model. H§2009) is a good example of this work.
However, as in the case of Ireland (2004), thesekshwhich are usually called financial
frictions, are not founded on theoretic argumesttha reasons behind their emergence and
size are not well understood. Moreover, to previeatcrisis they have to come back either
to the same steady state path or to a new one diegeim the nature of the shock. DSGE
model and its rational expectation solution do have a mechanism to explain these
patterns of behaviour.

4, Solution of rational expectations models: a discussion of the B& K
conditionsin practical terms?

It is essential, however, to highlight an importasiiservation, that the formal B&K
conditions with regard to the numbef independent vectors is similar to the condition
that a VAR process hds cointegrated relationships. In the cointegratedRVikerature,
this is the same as saying that the underlying &Bcess has as many cointegration
relationships as there are predetermined variabldge system, and the rest of the columns
U = m —r (the number of predetermined variables) is repres] as a linear combination
of the firstr columns. In other words, the requirement propdeed®SGE solution is not
different from a VAR system constrained to haveramy cointegration relationships as
there are predetermined variables in the system.addition, it requires that the
corresponding coefficients of the loading matrix tbe predetermined variables are 0
(meaning that the predetermined variables are weaidgenous).

We believe that there are two particular elemeritthe DSGE and in general macro
modelling, which have impaired the ability of th@dels to perform better or enable them
to become more realistic or more stretchable, ab tiiey can fit the observed data and
economic trends. First is the number and seconddhae of constraints that are required
to find a unique solution for the system of line#ference that describes the behaviour of
the economic variables in the model.

In a standard Gaussian decomposition for the swiudf systems of equations the standard
procedure takes a system of equations, describmdpehaviour of a set of n variables, in

the 0" space, and projects it in tHel " space by means of assumption that the first
variables (whereu =n—m with 1<u<n) are either representation of deterministic
constants in(J " or a linear combination of any two or more wellidefl elements in the
solution space if1". From here the modeller applies the B&K proceduresolve the

12



model and find the unique solutiGin the form of an(1 x m)vector in O™, given the
condition that firstu relationships is given b€ (in the form of al x u vector}the set of
known constants or linear combination of known tants (in other words identities).

Therefore, the solution il " is given by a X an (1 x n) vector as follows
X=Z20Q (8)

Let's discuss a bit the nature of restrictionstsigrwith the notion of rationality in the real
life and the way it is portrayed and applied in d8GE models. As described above,
rational models try to optimize given a rationakag implying that some of the future
variables are known at time-1, the rest of the variables are expressed as linear
combination of the predetermined yielding solutmithe problem at timeé (now). The
solution is guaranteed by the fact that marketarcie periodt (now) as implied by the

budget constraint, which is represented in the fofran identity where incom¢/, equals

the sum of consumptio€, and investmemit (with the assumption that savings equal

investment). This restriction in the form of anndey is consistent with the requirement
that prices adjust immediately, as it requires thht markets clear. However, such
adjustment is not observed in reality.

This is recognized by the modellers who have pregdbke introduction of different market
frictions and/or imperfections in the form of stychrices and wages, intermediate goods
market, asymmetries in information etc, in the il in order to make models behave
as they would in the real world. However, againsthare arbitrary decisions forcefully
implemented in models. The modelling work agaibased on the assumption that markets
clear at each discrete moment in time. We, howenleserve that it is possible that markets
do clear in the long run, but must not do so inghert run.

The intuition is as follows: if output equals the&ns of consumption government
expenditures and private investments, then findiegvalue of the last three automatically
gives the value of output. If the model builder ¢mure N-m such identities, then he can
reduce the computational burden by reducing thebmurof estimated coefficients in the
model. This is of course an efficient solution huwtomes at a huge cost. It requires that the
agent is being rational at each period, giventtmaimarket clears each period.

However based on our personal experiences we balptasking the following questions:

Is aggregate demand or resource constraint anitigfemt surely is in the national accounts
from the accounting point of view. By definition DB measures everything that is being

13



produced and sold in the markets. However, totadpction must not be equal each period
with what is sold in the markets. This is very danto measurement errors mentioned by
Ireland 2004. It is easily logical to assume théraner could misjudge market supply and
produces few extra bushels of wheat that he coatddeliver in the market; or how for
some reasons his tractor broke down at the very @nthe period and part of the
production is not delivered in the market. ThestetBnces between production and market
supply will not be accounted as part of GDP andetioee the choice of capital labour and
leisure and raw materials used in the productiatess, given current technology, would
not be consistent with the calculated GDP. The santieie, if someone consumes part of
the output that is produced by personal resourcessgming a fraction of its own
production). This will not show either in the congution or the GDP statistics, yet given
used resources and production function, the figui#shot add up to what the model calls
rational choice. One can think of many more reag@x®genous factors, like weather
conditions, accidents, etc.) for which the consuompbf labour and capital will not be
consistent with the reported or forecasted outpirtder such circumstances our agent will
be pushed away from its equilibrium by random fercaitside the system (since they
operate in the B'with the extra dimension representing for examipéeweather).

Second even if it is an “identity”, could the eson budget constraint become intentional?
There are several situations under which the agmrtsntentionally (endogenous factors)
generate similar situations as the farmer abovthdnreal life we have the agent that makes
an investment that is a half build factory whichswan investment but is not part of the
production process yet. In this respect outguand investment; are not bound in a
uniquely identified relationship as generated bg production function. In a different
situation, a consumption smoothing agent mightdwrfew dollars from the future and
consume more than what is possible by at timegiven current resources. Therefore
consumption will increase faster than the increiaseutput and investment which will
grow with the same trend as before. In all abovamgles the level of savings will be
different from the level of investment and therefoan error will emerge in the budget
constraint. Our rational agent will intentionallympp away from the steady state or the
steady state path. The only way to stay away froisiscour agent must converge to a
steady equilibrium (regardless whether is the odghiléorium or a new one) or the
corresponding steady state path. Taking anothere dagm the Cointegrated VAR
literature, the occurrence of this convergenceshiatthe existence of an error correcting
mechanism that prevents our agent from total aajaisé. In other words, despite moving
away from its equilibrium bearing “location”, ougent does not face a crisis (otherwise we
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could say he is financially stable) because theist®a strong enougérror correction

mechanismthat brings the agent back to the equilibrium iegfiocation” *°

Usually models have accommodated this consumptioroothing behaviour via
introduction of debt and the additional restrictithvat corrects its outstanding stock and
debt service to zero as tilhe» . The shocks that are generated in the extra diowals

space [1*where X[ORsuch thatx>n and O"n 0" =0"%r O"O0O%, can be
approximated by the autoregressive VAR errors, Whie used by Ireland’s measurement
errors. The AR structure is essential for the $itglmondition of the system.

However, we can introduce these shocks to our @utols one representative agent
economy in the same way that we would introducareeat account deficit, assuming that
due to consumption smoothing or external shocksamant will experience an error (a
current account deficit or surplus) in his budgatsiraint. The sustainability condition of
this deficit requires that at the end of time therent account position must be equal to
zero! Therefore, assuming that budgetary position igasusble is equivalent to saying

that the budget constrairy, =C, +i, is an identity in the long run, but can experience
sustainable deficits/surpluses in the short rureséhsustainable deficits/surpluses are not
different from an error (shock¥, with E(£,) =0 or in the extreme case of permanent

sustainable level of dellt_ (£,) =to whatever sustainable level. Trehan and WalsB}L9
and Taylor (2002) respectively prove that thisigeed the case.

Intuitively, this would mean that occasionally thgent can increase/decrease or |,

deviating from the steady state trajectory or tteady state path at a given momérin
time with a ‘strong commitment’that in the nexw periods (exactly at timé&+ V) where
1<v< oo, the agent will sacrifice consumption (slow doe@nsumption) to increase
investment in order to return to its equilibriunogth rate implied by the steady state or
the steady state path exactly at titneé V. Mathematically, the fact that the shockzare

stationary around 0" or whatever sustainable non zero level, makgesc, and i,

cointegrated with restricted long run coefficieatpial to 1, and the “strong commitment”
an error correction mechanism withdeciding the speed of returning to the long run
equilibrium. This procedure of unit root testingdescribed by Trehan and Walsh (1981)

0 «Equilibrium Bearing Location” as in the set of pbints that represent the steady state patheipkiase
diagram of the corresponding model.

M Following Taylor (2002) the zero condition can dewe a sustainable level of debt depending on the
constant growth rate of the economy as it readkestéady state equilibrium.
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and Taylor (2002) is a standard procedure in tgshe sustainability of current account or
other similar constrained problems.

In this respect “budgetary deficits” (the discrepabetween savings and investments) and
“budgetary surpluses can emerge and disappear gdusimort” periods of timeVv in
response to a jump from the steady state pathvoufaof consumption or investment,
respectively. In the light of the above discussit choice of the modeller of a “budget
constraint identity” and the reduced system thatilte from this assumption is not only
more restrictive than the original choice of thpresentative agent preventing the model to
fit the data, but can also yield to incorrect iefeces assuming that B&Q are satisfied,
while in fact they might be violated, yielding incect conclusion on the stable solution.

41. New Contribution

Now, if we were to assume that the fitstrelationship does not represent identities and
therefore Q) in the equatiorn(8) above does not represent a set of determinististants
but a set of random variables such that amy] Q is known to be distributed in time as

N (£; 5%) which would be the case if any of the fitelationships were in fact bound in
a cointegration relationship with one or more elets®f z [1 Z rather than an identity, we
can still use the same logic above to linearly gubjour original 0" space into the
0" space without losing information. In this specifiase the rank of the matrix that
describes the system [d"is r assuming that the rank of thé™isr.

From here it would be easy to abstract auf solution to the identicalll "space by

augmenting the matrix of thél™space with an additional row and column that will
incorporate the cointegration relationship whilbstitutingZ for X preserving the identical

solution to thel]"space. So in practical terms any DSGE ihlaspace can be solved by
first projecting it linearly in thell™space and find the general unique solution of the
system in[1™. Later we can abstract it inl" by augmentingZ with Q. This would not

affect the B&K solution as long as the number abs roots in(]" and ["remains the
same.

If one were to adopt the definition of identitylrat than the cointegration relationship, the
context of the B&K condition (or solution) requiresly “long run rationality”, rather than

“single period rationality”. This formulation makes considerable difference with the
current state of solution since it allows our reprgative agent to “disregard” some
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information or “stop” making rational choices inetshort run (read each period) without
compromising the overall solution of the systenthia context of long run rationality. In
other words, as long as the B&K conditions aresfiatli and the budget constraint is a
cointegration relationship, which would be to shgttincome, consumption and investment
share the same stochastic trend, any external strockational choice or the pursuit of a
second objective (any deviation from this trendhef variables above) in the short run will
be corrected by the ECM back to its equilibrium aitions in the long run. Therefore, for
any irrationality that emerges in the system, B&lakas sure that the system corrects it
appropriately. Bottom line agents can become oreti in the short run but rational in the
long run. This looks closer to the real word. Irdiéidn, the very existence of such error
correcting mechanism guaranties that wheneverdbatawill move away any equilibrium
or equilibrium bearing position, it (ECM) will stathe correction action to bring him back
to the sustainable and unique equilibrium. In teispect the existence of ECM will make
our agent financially stable, in other words, ia pfiresence of ECM he can not face a crisis
in spite of endogenous or exogenous shocks in ffsterm. It is the existence of
cointegration relationship among the non predetaechi variables that guaranties the
presence of the ECM, and hence, the presence dartbe correcting mechanism, which
will prevent the agent from total catastrophe.

On the other hand, by adopting the definition @itty, one will forego the opportunity to
identify possible situations that will violate thery B&K condition in the current rational
expectations models. By its virtue as an identhy toudget constraint excludes the
possibility of the emergence of an additional sgstit trend (e.g. in consumption) in the
system and therefore the presence of an additistadlle unit root in the matrix. If a
separate stochastic or time trend develops in ¢copsan, the DSGE models would not be
able to incorporate the new trend, but will howelrezorporate the resulting shocks as
measurement errors. Therefore assuming that, the &#adition, which is satisfied for the
reduced system is simultaneously satisfied for dhginal system as well, might yield
incorrect conclusions regarding the existence wiigue and stable solution for the system.

4.2. Can data say anything about this?
It is reasonable to assume that if the above argtsri@ve any merits, then these problems
must be evident in the data. At this point it isywimteresting to discuss what Juselius and

Franchi (2007) have observed in section 6 of thaper, as they allow the data to speak
freely.
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The first conclusion that emerges from their engpirivestigation of the entire period
1960-2005, is that they observe strong evidence sifuctural break in the data at around
1979. This is also supported by the fact that $sumed stable relationships, respectively
consumption income and production, behave vergudfitly in the first and second period.

Despite a reasonably well behaved consumption ircivamework during the first period,
different from the prediction of the theoretic mbtteat consumption income ratio must be
stationary, the authors find that it exhibits pronced persistence and needs to be
combined with another variable to achieve stability

The behaviour of consumption-income and capitablmbrations suggests that US
investment was primary financed by domestic savingke first period. There is evidence
that during the second period US reliance on foremyings has increased.

Their results show that there is much more dynamtbe system that what is predicted by
the theoretic model with both capital and outpuuilgrium correcting to income
consumption ratio and to savings ratio respectivelythe first period. These dynamics
increase in the second period to include a sigmticadjustment of labour supply to
consumption-income relation. In particular theydfithat shocks to consumption are one of
the main driving forces in the system, which isaligtat odds with the assumptions of the
theoretic models that assign this role to totatdaproductivity. In addition, shocks seem
to be more demand than supply driven, again at wdlthstheoretic predictions that assign
a leading role to supply; while consumption mugtsig otherwise its explosive root will
make the system unstable. In the first period thelidrium correcting behaviour of capital
to both savings rate and production function addse stability of the system, whereas the
poor and inadequate adjustment toward equilibrigha idominant characteristic of the
second period.

Based on all this evidence Juselius and Franch@qR@onclude that DSGE tells a
“structural” story but with very little empiricalontent. To us it seems, however, that the
existence of a cointegration relationship in theldet constraint might accommodate at
least some of the observed inconsistencies.
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5. Financial Stability, Monetary Policy and Their Interaction

The recent crisis took us all by surprise and didaict leave a big puzzle behind. While
today we have a good understanding of the phenomamad events that lead to the crisis, it
is evident that we do not have a clear understgndimy such financial imbalances grew
unnoticed by the authorities that are mandatedategsiard financial stability. Despite the
existing early warning systems in place, it is clébat authorities and mainstream
academics did not have a universal, updated, aactipal framework and a suitable set of
tools to identify the emergence of financial sti#ipilssues in the presence of financial
innovation. Since the crisis, the central bankscWwhare mandated with the objective of
price stability are also required to define and liekfy or implicitly include financial
stability in the set of objectives. Providing a idgfon and incorporating it in the
framework of policy analysis and decision-makirgghowever proving very hard.

Well, the way in which the banking community anda@gemics are dealing with the
possible and suggested solutions to financial ialproblem, shows how difficult it is to
define it. Currently, we are calling for more regfidns, meaning either impose new rules
or tighten the existing ones. Either one or theeotbonverges to some quantitative
measures of financial sector indicators, capitaltliabilities and/or assets, etc., just to
name a few. This way of thinking portrays financsbility more as a scale problem
within the banking supervision area rather thanr@ader and deeper phenomenon that
relates to agents’ rational choices. However thiesdnot address one of the fundamental
problems of the crisis. Gordon (2009) observesiridirs’ first finger points to the core of
the initial problem, gullible consumers who signapl for mortgages that they did not
understand and could not afford” (pp.5). This isimportant aspect of financial stability
that relates to the economic behaviour and incestof the supposedly rational agents, but
that is not getting much attention. It is sure mireler that understanding and addressing
the problems of financial sector is only part oé tholution. The same is happening in
modelling. None originates from the micro fundanaéstthat characterize the agent's
behaviour. Is financial stability a quantitativement modelled as indicative percentage or
ration of financial sector balance sheet or a tmiale element founded in the
microeconomic behaviour? Answering this questiomemily might be the first step toward
the correct definition.

One way to think of this question is to approach pinoblem in a different way. Assume
that we do not have a financial system in the p&tmeaning in a model without financial
system. Can financial instability arise in a moliled this? If we were to define financial
stability by the ability of the agent to stay iretbteady state, or steady state path than in the
presence of random exogenous and endogenous dioace predetermined variables, we
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would observe instability taking over and the ageauld either starve to death or eat the
entire economy. In other words, this behaviour ooé unstable. Therefore, instability
can emerge in the model without the presence ofitfamcial sector. In the absence of a
correcting mechanism every exogenous or endogesiooisk would end up in crisis, in
other words the agent would be financially unstaSlace the answer to the question above
is yes, then definitively, the financial stability not a scale problem within the area of
banking or financial supervision, but a totally fdient much broader problem that
originates at the micro behaviour.

This pursue of scale, ratios and frictions are pbiy one of the reasons why the highly
stylized micro-based rational models were not Ugafthe detection of mounting problems
in the financial stability or in the understandioigthe mechanisms behind it. To this day,
researchers are still struggling to identify shocksderstand them and justify their artificial
integration in a reasonably acceptable way

What is of most importance it seems that we dohate a consensus on the role and
incentives that monetary policy could have playethe current financial crisis. In fact we

do not have a framework to study this relationsfipong the areas of monetary policy,
banking supervision and financial stability. Finghcfrictions and other shocks that

researchers are incorporating their models arevetitunderstood and therefore not related
to monetary policy.

Yet we know very well that monetary policy has sy and deep effect on agent’s
economic decision-making and its economic incestives the interest rates go south,
people are more prone to borrow and increase tbeirsumption and investments
individually or simultaneously will exceed curremitput. Short run budget constraints will
be broken, but will still be sustainable as longeasrybody is willing to correct these
deficits in the future, in other words, as longeasrybody has an inner commitment in the
error correction mechanism to correct this sharntexcesses to the point where they are
financially stable in the long run. This interactibecomes more obvious in the case when
a financially stable agent has opened a finan@gl \gith a strong commitment to close it
in the nextv periods. Under such circumstances, a monetargypodite change will affect
the outstanding debt and its service and therdf@esize of the existing financial gap will
also change. This change will affect the agentitglto close it in the nexv periods and
will potentially jeopardize the financial stabiligttuation of the agent. It is due to this fact
that we propose to define and model financial stgbwith the existence of an error
correcting mechanism in the agents’ behaviour, Wwhigould imply that income,
consumption and investment are bound togethercoirgegration relationship in the long
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run. The suggested definition provides a mechanrink financial stability with the
general framework of monetary policy and its decismaking.

6. Conclusion

This paper combines two important and contempotapjcs of economics and policy
making, the issues that surround the financialiltignd macroeconomic modelling. Both
are discussed form the point of view of rationgbexntations. Rational expectations have
played an important role in understanding and appbn of economics and economic
policies in the real world. Despite its appeal thedels that are built in this framework, are
highly stylized to fit the data and accurately es@nt their generation process. In addition,
current rational expectation models suffer from #hbsence of a reliable framework that
deals with the problems of financial stability. Téf@re, such models are being improved
in several directions.

The literature is developing in several directidasinclude financial frictions, structural
errors, etc. However, one important feature is ithatrder to incorporate financial stability,
all these models need the presence of financiakehan the models in one way or the
other. Different from this research, we have addpke view that financial stability is an
economic phenomenon that can arise in the absédriicencial market in the model.

This paper discusses the problems of financialilgtaland modelling from the point of
view of rational expectations. After analyzing tteucture of DSGE model and the B&K
condition for solution of rational expectation mitsgjewe propose to transform the
conditions of budget constraint from an identitioia cointegrated relationship.

Taking these two conditions together we have th@dpnity to relax the budget constraint

moving from a discrete one to a continuous onayrasyj that it has to hold in the long run

rather than each period. This will permit repreagm¢ agent to endogenously generate
shocks to consumption, and/or investment, and actmhate external shocks in the short
run, without compromising the stable equilibriumtle long run. This is achieved by the

presence of the error correction mechanism in tbdeh

The advantage of such proposed solution in thigpagward the one presented by other
authors is that here we try to develop a methodkwhan introduce endogenous shocks in
the model innovation to the hybrid model that caimd model to the data based on

reasonable economic theory and not on convenieasuonement errors and unexplained
structural shocks that are implemented in the nsod&hout much content. The proposed
solution is able to accommodate several “odd” tsetttht are observed in the data by
Juselius and Franchi (2007)
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While this process is more realistic and providesasonable and formal way to introduce
errors in the DSGE not just as measurement eltaepresents an opportunity to naturally
incorporate (y, c, i) shocks into the model. Thi#i allow models to fit the observed trends
in the data unmatched by theoretic models. Assumaingpintegration relationship, the
model builder can attach the observed trend toddirilge variables allowing the other two
to adjust, simply by shifting the position of theofntegration bearing row” to the state
matrix of the model, so that it corresponds to tesired variable in the vector of
explanatory variables.

However, the main element of this proposed solutrefates to the fact that the
cointegration structure provides a framework foe tthefinition of Financial Stability,
relating it to the rational behaviour of the regmsitive agent. Most importantly, it outlines
the principles that show how monetary policy intésawith and influences of financial
stability.

The bottom line is that different from the currgmactice, the original solution given by
B&Q allows irrationalities in the short run withoaffecting rationality assumption in the
long run. Therefore, the proposal here is to stiistthis budget constraint with a long run
relationship in the form of identity, meaning thiae budget constraint is satisfied in the
long run as an identity not necessarily every erfeor all the period during which the
intra-temporal constraint is not satisfied, theoeorrecting mechanism will bring it back
to its own equilibrium. This means that each timbew the agent makes one or few
irrational choices in the short run, there existsEBCM, which brings him back to the
equilibrium steady state path, making him finarigiatable.
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