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Abstract:

This paper analyzes the US subprime crisis fronusiness cycles perspective. In that sense, it
employs a macroeconomic model with endogenous dinhimperfections, where the central bank
has only output and inflation objectives, with tee of a Small Structural Macroecometric Model
(SSMM). The model concludes that the financial tivics could generate an economic cycle
through monetary policy reactions, according to fadhioned Milton Friedman hypothesis of
business cycles origins. The model is calibratetthéorecent experience of the American economy.
It also studies the consequences of this crisig small open and highly dollarized country like
Bolivian one. The paper concludes that to achielabal price stability potential structural
problems must be addressed in order to avoid neiredeeffects; and that policy makers must
improve their ability to anticipate future evoluti@f the economy. In short, it is an appeal for
humility for central bankers and a challenge toticme with the advances in the knowledge of the
economic system.

Resumen:

El documento analiza la crisis hipotecaria del méocestadounidense desde la perspectiva de los
ciclos econdmicos. Para ello, utiliza un modelo macondémico con imperfecciones financieras
enddgenas y un banco central que sigue una patiéiosstabilizacién de los ciclos de producto e
inflacién, con el uso de un Modelo Estructural Reoqu Se demuestra que las imperfecciones
financieras podrian generar ciclos econdmicos ptionde las reacciones de la politica monetaria,
en linea con la tradicional hip6tesis de MiltoneBiman sobre el origen de los ciclos. EI modelo se
contrasta con la experiencia reciente de EstadaoinTambién muestra las consecuencias de esta
crisis en una economia pequefia, abierta y altantkriéeizada como la boliviana. El documento
concluye que para alcanzar la estabilidad de mwemioda economia global se deben considerar los
potenciales problemas estructurales para evitatosfeno deseados; y muestra que los disefiadores
de politica deben mejorar su habilidad para ardisg a la evolucion futura de la economia. En
breve, es un llamado a la humildad a los banqueeosales y a la vez un desafio para continuar
avanzando en el conocimiento del sistema econémico.
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I. Motivation

"There is likely to be a lag between the need faioacand
government recognition of the need; a further lagtween
recognition of the need for action and the takih@ation; and a still
further lag between the action and its effée¢isiedman 1962)

Since 2008 the world economy has been affecteddnisiz, named by its magnitude “The
Great Recession”, in remembrance of the Great Bse of 1929. Although initially only
developed economies were affected, gradually ifecef covered emerging markets.
Countries of both regions took measures to mitigiaite crisis, especially through interest
rate cuts and liquidity facilities, according thaent of the effect of this deceleration.

Two questions arise from this phenomenon. One ofegeg characteristics and one
particular to a special case of emerging markgtahat is the real importance of financial
imperfections in the dynamics of inflation and autpand in the monetary policy stance?;
and, ii) in what extent this phenomenon could affsmonomic performance of a highly

dollarized economy?. The first one will give manegights to analyze an important requisite
for price stability and will analyze its relationghwith the quotation at the beginning of
this document. The second one will show how a siwadl dollarized country would be

affected by external crisis and if can counterawiith its instruments.

Both are addressed in this paper with the use @llS®tructural Macroeconometric Models
(SSMM). The main benefits of the use of these nwdet: i) it is a general equilibrium
framework which incorporates besides inflation, remuoic activity, monetary (and
sometimes fiscal) policy, exchange rate behavimrag others; ii) it includes expectations
about the future evolution of the main variables],dii) their relationships can be derived
from microeconomic foundations. More details altbese models are shown in Annex 1.

According the precedent questions, this paperwasséctions. In the first one, a SSMM is
calibrated to the US economy, but adding a fadtat &ccounts to a financial friction that
explains the financial and real crisis of the USremmy relative to a scenario without it.
Then, this model is added to another SSMM for tbévian economy to study the effects
of this kind of crisis in Bolivian economy. Conciag comments finish the document.

The main motivation of this paper is that the rea@isis was the fact that interest rates in
USA were extremely low for many years to expandgbenomic activity. With a financial
friction, it created the propitious framework taitbate a new cycle. Taylor (2007) pointed
out this phenomenon (Figure 1). Then, the denomthdGreat recession” could be
originated by a well motivated monetary policy, thout considering the possibility of
to create a new cycle in the economy caused bgteddll effects in some markets.



Figure 1: Counterfactual and Actual Federal Funds Rte
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II. A simplified model of the effects of the finan@l crisis of 2007-2009 in the US
economy

The actual US crisis is result of problems in timaricial market of this country. The story
begins when the extremely low interest rates betw2@1 and 2004 lead an important
growth of the mortgage market, including loans tdeptially insolvent borrowers. When
the FED increased interest rates to moderate imflaty pressures, the difficulties in this
market arose.

Although only one market was really affected, thevelopment of new financial
instruments collateralized by these bad loans englade in more mature financial markets
leads a global financial crisis. Gradually, econonactivity was affected by the
consequences of financial collapse in capital ntarke

The response to this crisis was a new cut of isteaes and a strong injection of liquidity
in particular financial entities, in order to avdiee expansion of the financial crisis to other
sectors. Previous to the Obama’s administratiantial regulation proposal of June 2009,
this new cut could induce to enter in a cyclicajusnce of expansions and recessions.

! This part is based mostly on Mendieta and Yafie@gp



To analyze formally the previous story, we modify @sual Neo-Keynesian model of the
economy proposed by Cho and Moreno (2006) to irchive perverse effects of domestic
credit accelerated growth induced by a positiveekhio output.

Specifically, Cho and Morenaop. cit.analyzes the U.S. economy with a SSMM for a close
economy which includes three main equations fdafiohn, output and nominal interest rate
expressed as deviations from steady state. THeohesis an aggregate supply curve with a
hybrid form, where current inflatiomt) depends of lagged and expected inflation and the

output gapy):
T =aET, +(1-a) T + Ay +£° (1.1)

The second equation is a new IS curve, similah&proposed by Moore (2000). Also it
has an hybrid form consistent with habit formatend rational expectations. Besides the
dynamics described above, it depends of the exsaateinterest rate, simplified as the
difference between the nominal interest rét@id the expected inflation:

yt = ﬂEl M+1 +(1_ ﬂ) y—l_d( ! - Ent-+l) -}-“’:‘tIS (12)

Finally, to close the model a Taylor rule is inakdd similar to the proposed by Clarida,
Gali and Gertler (1999), where monetary authorgyconcerned about the deviation of
expected inflation from its steady state value tdrget) and output from its potential level.
It exhibits inertia to avoid perverse effects ofvaments of interest rates in the economy:

i =0, +(1-0)(LE ., try, )+ 6" (1.3)

The authors use the standard technique to findptiiey function of these variables.
Specifically, the previous model can be expressed aational expectations system of
difference equations in the following matrix form:

B X =a+A EX ;+B X, +g, gL (07 D) (1.4)

Where X, =(7z, yt,it) and the system is specified in its structural fofilne solution will
be a policy function that only will include obsebla variables:

X, =c+QX_, +T¢g (1.5)
In its simple version, the disturbances do notofellan autoregressive form and are only
contemporary shocks. The model is calibrated uiagparameters of Cho and Moresm
cit. listed in Annex 2. In our case, we are interestestudy the effect in the system of a
shock in the IS curve, interpreted as an exogemmisase in output. The results are shown
in Figure 2, where the smooth transition to theldarium is the main characteristic:



Figure 2: Impulse response analysis of an exogenosisock to output
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Source:Own estimates based on Cho and Morepocit.

The next step is to modify this simple model in dpeallow financial effects of the
previous exogenous shock. In previous literatunerd were models to include financial
frictions, especially in the context of a DSGE mlodehe most famous effect is the
“financial accelerator” developed by Bernanke, &erand Gilchrist (2000). They include
a risk premium due to problems of asymmetric infation and agent-principal one. The
main conclusion is that financial problems couldpéify nominal and real shocks. It is
supposed an inverse relationship between the reskipm to external financing to the firm
and the net worth of borrowers.

There are other models that include this risk puamin the context of an open economy,
like the research of Céspedes, Chang and Velag8®)2Gertler, Gilchrist and Natalucci
(2003) and Morén and Winkelried (2005), where th&mfocus is attributed to financial
restrictions to foreign financing. In these modéig real exchange rate, the net worth of
borrowers and the balance sheet effect play impbrtdes determining the risk premium.

In our case, to replicate the financial crisis i®AJand its real consequences, we will

modify the IS curve adding a non-constant risk puam (&) in line with Morén and
Winkelriedop. cit. Then, this relationship is modeled as follows:

Yi :lBEt 3{+1+(1_:B) y—l_d(i_ l-:r]7{+1+91)+£tls (1.6)
The crucial points about this risk premium are:

* It depends on the previous level of the output gagpturing the fact that an
extraordinary level of output will diminish congtritss imposed by rationing credit



to investors and liquidity restraints to consumarsj will provide enough liquidity
to lend to non solvent borrowers due to asymmetfa@mation.

e It is a non linear relationship: an increase ofpatitgap produces higher risk
premium with a quadratic relationship, while a regaoutput gap only reduced
partially this risk premium.

» It exhibit high inertia to capture the fact thae tfinancial system remains with
problems during a long period of tife.

In formal terms:
g :J‘gt—l+(1_0)(yyt—1+’7y12—1) 1.7)

Figure 3 shows this relationship for a range of é&cpntage points above and below
potential output; and the non linearity is clegplyinted out. Then, resolving this system
with numerical methods, the dynamics of the mainaides is different to the free of risk

scenario (Figure 4). There is an additional vagabbmed “Financial cost”, which is

defined as the sum of the interest rate plus glepiemium.

Figure 3: Risk premium and output gap
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2 It must be noted that this simplified model do montemplate the possibility of fiscal and monetary
measures to reduce this risk premium and imprawenfiial system.



Figure 4: Impulse response analysis of an exogenosisock to output
with the inclusion of the risk premium
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Due to the inclusion of this additional variable time model, a clear cyclical behavior
arises, different to the smooth dynamics of freeisk scenario. For example, policy rate
increases initially to reduce inflationary pressuend to equalize potential with actual
output. But, the additional increase in the ris&rpium and financial cost induce to a rapid
deceleration of the economic activity, which indsid® lower interest rates until the
equilibrium is restored.

This phenomenon is different from another kind ludcks (exchange rate, current account,
etc.), because is caused by an endogenous probléme ifinancial system. In the case of
other shocks, one conclusion could be to incluée drgument in the minimization of the
inter-temporal loss function of monetary authorityjowever, in this case the policy
prescription is pretty obvious: As non fiscal doamge is a pre-requisite to inflation
targeting or implicit price stability, it is alseeoessary that the financial system will be free
of systemic problems to promote output and priabibty.

% Annex 3 shows the same results but calibratingy wie parameters of Alickdt al (2009), except for the
monetary policy rule. Additionally, it is assumedegative 5% shock in the interest rate.



I1I. Effect of international crisis in a highly dol larized small open economy

The standard SSMM was modified to include main att@ristic of Bolivian economy. In
the particular case of the Bolivian economy, MetajiePalmero and Murillo (2008)
estimated an SSMM, which differs from the convemdilostructure, due to two factors: the
inclusion of an exchange rate rule consistent withexchange rate regime (crawling peg)
and the exclusion of an interest rate rule, becaheeBCB has focused in monetary
aggregates and the credit channel has been limiteeh, a model with macroeconomic
financial linkages, as Benes, Otker-Robe and V&@89), seems not appropriated for the
Bolivian case More details about this special SSkébuation specifications, estimates and
limitations) are in Annex 4.

The main feature of this SSMM is the use of an arge rate rule instead of nominal
interest rate, consistent with the degree of dabaion of the Bolivian economylhe rule

for determining the nominal exchange rate depemdthe gap between the observed and
inflation target, the real exchange rate misalignment (in levels gnowth rates) and the
output gap. Besides, this relationship exhibitshhigertia due to the high degree of
dollarization, especially in the financial systeDollarization is related to the cost of
moving exchange rate; and it explains the hightimen exchange rate rule as is expected
by theory of economic policy with adjustment cqdtarnovsky, 1977).

This feature has some earlier empirical evidenbe. 8stimation of a exchange rate rule has
three main precedent studies: one specificallyiegpio Bolivia (Parrado, Maino and
Leiderman, 2006), one applied to Singapore (Parrdd64) and one applied to Central
America countries (Jacome and Parrado, 2007).cbmsenient to point out that in most of
central banks, monetary policy decisions do notspeifically a strict rule; but, central
bankers act as if they have one in mind.

The exchange rate has an important role in theamgnThis is given through two ways:
its effect in the interest rate (a weighted rateU8 and local credits, expressed in
Bolivianos) and the real exchange rate misalignmBath imply a negative relationship
between exchange rate and output gap, speciallffitsteone. It is rationalized by an
income effect and “balance sheet” effects. Thempthmovements in exchange rate could
have perverse effects in the economy. This fackaéxpthat, according Parrado, Maino and
Leidermanop.cit, Bolivia followed a “Fear of floating competitivess targeting” scheme,
where the primary target is competitiveness and dbeondary one is inflation; the
operational target is the rate of crawl; and thenary shock absorber is foreign assets and
the secondary one is the interest rate. As itasvshin Annex 2.2., the estimated rule shows
more evidence in the same way.

The SSMM can capture the effect of two externalaldes: global output and international
inflation. Due to the low degree of capital molyiland a small financial system, it seems
not relevant to include movements in internationtdrest rates.

* The analytical framework of this part is basedP@aimero and Mendieta (2009).
® Although BCB has not adopted a Full-Fledged IidtafTargeting Regime, since 1995 it announcesgetar
for the annual inflation and in the last years Ibasn concentrated in a medium term target.



Empirical results show that a shock of the natuepicted in previous section affects
Bolivian output, inflation and exchange rate polidye impulse response analysis of one
shock of 10% exogenous increase of US output iseeghe US risk premium, which is
related with external inflation relevant for Bobvi(higher risk means US dollar
depreciation, then inflation in US dollar incregs@e impulse of US activity in Bolivian
output leads an increase of Bolivian inflation. Tpelicy response is a nominal
appreciation to mitigate domestic inflationary pe®s. Finally, the Bolivian real interest
rate (exogenously determined in this model) deeeas result of higher inflation, while
US interest rates increases to diminish US inflatithese results are shown in Figure 5.

Figure 5: Impulse response analysis to a rise in USitput with risk premium
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The main differences of Bolivian economy with otleeonomies with different monetary
and exchange rate regimes are i) domestic inflagoprimarily determined by external
inflation due the crawling peg regime; ii) the mawolicy instrument to restore the
equilibrium is the rate of crawl, which is limitéy the high degree of dollarization; and iii)
domestic interest rates follows an opposite movémaative to US one, because in the
first case is exogenously determined and only sdtecby inflation and nominal
depreciation.



IV. Concluding Remarks

Based on the results obtained in this paper, th@wfmg conclusions and final thoughts are
extracted.

To finalize these reflections, it is convenientémember the quotation at the beginning of
this paper, related to “long and variable lags’idéman, 1961) of monetary policy. In a

new era of price stability around the world andhweentral banks more focused in the
mitigation of inflation and output cycles, it is portant to address that in order to avoid
“monetary induced” cycles, policy makers must maliwo points to improve monetary

administration

The first one is that the solution of structurald gmotential troubles in the economy
(financial markets, fiscal accounts, external aot®uamong others) is essential to achieve
the goals of monetary policy. And the second onthas there is a special need to focus
more accurately in the forecast of the more prabélture scenario, including quantitative
analysis and “educated guess”, because the regentseshows a pro-cyclical stance of
monetary policy. Figure 6 illustrates the last pomth US data and shows that the
monetary policy stance does not follow a counteticgl stance. By the contrary, in recent
years, it was expansive (contractive) in recess{erpansions) with a limited anticipation
of future events. Then, the celebrated “long andabée” lags must be considered with
major emphasis.

Figure 6: Cyclical component of GDP, CPI and FED fads rate
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In the case of emerging markets, they also mustawgptheir monetary policy and to
solution structural problems to avoid perverseaffef external shocks. The development
of the financial system must be followed by a pnid regulatory framework for the
financial system. And it is necessary major coaton with economic authorities of
developed economies, to know in advance their nposbable evolution to take the
appropriate measures.

Finally, the recent crisis showed that monetarycgydhas yet some limitations, besides the
advances in econometric modeling, monetary theodykmowledge of specific events. It is
only an appeal for humility for policy makers andomomists related to monetary and
financial economics.

11



V. References

Agénor, P. (2004)The Economics of Adjustment and Grovizhd. Ed., Cambridge,
Harvard University Press.

Alichi, A; H. Chen; K. Clinton; C. Freedman; M. Jidon; O. Kamenik; T. Kisinbay; and
D. Laxton (2009) “Inflation Targeting Under ImpecfePolicy Credibility” IMF
Working Paper 09/94, April.

Benes, J., I. Otker-Robe and D.Vavra (2009) “Maugith Macro-Financial Linkages:
Credit and Policy Shocks in Emerging Markets” IMiking Paper 09/123, June.

Berg A., Karam P., and Laxton D. (2006), “A PraatidModel-Based Approach to
Monetary Policy Analysis—Overview'International Monetary Fund, Working Paper
WP/06/80.

Berg A., Karam P., and Laxton D. (2006a), “A Preaili Model-Based Approach to
Monetary Policy Analysis - A How-To Guide”, Intetieznal Monetary Fund,
Working Paper WP/06/81.

Bernanke, B, M. Gertler and S. Gilchrist (2000) E&THrinancial Accelerator in a
Quantitative Business Cycle Framework” in J. Tayord M. Woodford (eds.)
Handbook of Macroeconomit®l 3. North Holland.

Calvo, G. (1983) “Staggered Prices in a Utility-Maring Framework” Journal of
Monetary Economic$2 (3), Sept.:983-998.

Cho, S. and A. Moreno (2006) “"A Small-Sample Stuafythe New-Keynesian Macro
Model," Journal of Money, Credit and Bankingpl. 38(6), September: 1461-1481.

Clarida, R; J. Gali and M. Gertler (1999) “The 3cie of Monetary Policy: A New
Keynesian Perspectivdburnal of Economic Perspectives (4): 1661-1707.

Céspedes, L.F., R. Chang and A. Velasco (2000)dtRa sheets and Exchange Rate
Policy” NBER Working Paper 7840.

Cossio J. Laguna M., Martin D., Mendieta P. MendR@zaPalmero M. and Rodriguez H.
(2008), “Inflation and Central Bank Policy in Bal/. Central Bank of Bolivia,
Analysis Review Edition 10th — 2008.

D’Amato L., Garegnani L. (2006); The dynamics of inflation in the short term: the
estimation of a neo-Keynesian hybrid Phillips cufee Argentind. Monetarig
Vol.XXIX (4), October - December.

Easterly W. (2006): “An Identity Crisis? ExaminiigF Financial Programming™World
DevelopmentVol. 34, No. 6, June.

Edwards S. (1989): “The International Monetary Famdl the Developing Countries: A
Critical Evaluation”.Carnegie-Rochester Conference Series on Publiccy?dbil:7-
68 (The Netherlands: Elsevier Science PublisheosthNHolland).

Favero C. (2001Applied Macroeconometrickondon, Oxford University Press.

Fuhrer, J. (2000): “Habit Formation in Consumptemd Its Implications for Monetary-
Policy Models”.American Economic Revie®0: 367-89.

12



Friedman, M. (1961): “The Lag in Effect of MonetaBolicy’. Journal of Political
Economy69(5): 447-466.

Friedman, M. (1962)Capitalism and FreedonChicago: University of Chicago Press.

Gertler, M., S. Gilchrist and F. Natalucci (200External Constraints on Monetary Policy
and the Financial Acceleratodournal of Money, Credit and Bankingpl.39(2-3):
295-330

Jacome, L. and E. Parrado (2007). "The Quest fize FBtability in Central America and
the Dominican Republic," IMF Working Papers 07/Bdernational Monetary Fund

Lucas, R.E. Jr (1976), “Econometric Policy EvaloatiA Critique”, en K. Brunner y A.
Meltzer (Eds.)The Phillips Curve and Labor Marketdmsterdam: North-Holland,

Luque J. y M. Vega (2004) “Usando un Modelo Sentriedural de Pequeia Escala para
hacer Proyecciones: Algunas Consideracioiettidios Econémicoso. 10, Banco
Central de Reserva del Peru.

Mendieta, P. and H. Rodriguez (2008) “Price’s faiiora and monetary rules in a
dollarized economy”, Unpublished document.

Mendieta, P. and Rodriguez H. (2007), “Featuringea-Keynesian Phillips curve for a
highly dollarized economy: The case of Bolivi#aper presented at the First Latin
American Seminar on Economic Models and Projection€entral Banks, held in
Buenos Aires, April 28,

Mendieta, P.; M. Palmero and A. Murillo. (2008) stiEnation of a Small Structural Model
for Bolivia”, Central Bank of Bolivia Working Pap&° 2.

Mendieta, and M. Palmero (2009) “The effect of intgional food prices on Bolivian
prices” Paper developed in a joint research prdjettveen Central Bank of Bolivia
and The World Bank, mimeo.

Mendieta, P. and E. Yafiez (2009) “Nature and Camsaces of Global Financial Crisis in
a Small Open and Highly Dollarized Economy”, Unpsiikd document, .

Moron, E. and D. Winkelried (2005) “Monetary Poli®ules for Financially Vulnerable
Economies’Journal of Development Economit§(1), February: 23-51.

Parrado E. (2004) “Singapore’s Unique Monetary &oliHow Does It Work?” IMF
Working Paper WP/04/10, International Monetary Fund

Parrado, E.; R. Maino and L. Leiderman (2006). [&iimdn Targeting in Dollarized
Economies," IMF Working Papers 06/157, Internatidvianetary Fund.

Polak, J. J. (1957): “Monetary analysis of incomerfation and payments problemBF
Staff Papers.

Robichek, E. W. (1971): “Financial Programming: rtBy Arrangements and
Stabilization Programs”, IMF, January.

Robichek, E. W., “Financial Programming Exerciséthe International Monetary Fund in
Latin America”. Mimeo, Rio de Janeiro, 1967.

13



Rodriguez H. (2007), “Potential Output”, Paper prgsd at the Latin American Seminar
on Joint Research on Non-Observable Variables pedd in Buenos Aires, April
27th 2007.

Rotemberg, J. (1984) “A Monetary Equilibrium Modeith Transaction CostsJournal of
Political Economy92 (1), Feb.: 40-58.

Taylor, John (2007) “Housing and Monetary PolicyBEBR Working Paper 13682,
December.

Turnovsky, S. (1977)Macroeconomic Analysis and Stabilization Palicgambridge,
Cambridge University Press.

Vega, M. (2007) “El Modelo de Proyeccién Trimest@PT)” Document of the
Macroecomic Models Department at Banco Central eieR/a del Peru.

14



Annex I
SSMM in the context of economic modeling and its mia characteristics

Monetary policy generally affects the economy witlys and there are different transmission

mechanisms (credit channel, expectations, excheatge among other) and they are specific for

each country. For this reason, central banks henghasized the use of economic and econometric
models that can replicate the main empiric regiidariof the economic cycle to take the pertinent

actions.

Previous to the eighties, this interest was foclisdle estimation of econometric models including
many static relationships or with a very simple ayc structure for an important group of
variables (Favero, 2001). However, these moddisdfan policy analysis and forecasting.

Alternatively, accounting models were used, likedricial Programming, based primarily in the

monetary approach to the balance of payments (PaR&7 and Robichek, 1967 and 1971) and
static models based on this initial approach as3le2 RMSX models, among others (Agenor,

2004). However, their use has been questionedBdwdrds, 1989 and Easterly, 2004), since they
only guarantee accounting consistency and mairigekhips, as the stability of the velocity of

money, the effective control of liquidity by certrbanks, among others, seem implausible
empirically.

In contrast, econometric models improved gradudheir capacity to replicate dynamic
characteristics of economic series, with the useew¥ techniques, especially the estimation of co-
integration models (long run relationships) an@eoorrection models (short run relationships but
consistent with long run ones). Nevertheless, thiE ¢o conventional econometrics from the Prize
Nobel Robert Lucas in 1976 pointed out the limitasi of the use of these tools for macroeconomic
analysis. In synthesis, Lucas argued that chamgesdnomic policy affect the estimated parameters
of equations, invalidating forecasting and evenahalysis.

Then, econometric relationships without economiacstire, as VAR were more popular among
central banks, since they were able to replicagedynamics of economic variables and they were
not based in particular theories. However, thedastwas its main weakness.

Due to these theoretical and empiric limitatiorfse tevelopment of new models called Real
Business Cycles (RBC) was a landmark for econonodeting, because they tried to combine
micro-economic foundations of macroeconomics with dynamic properties of variables. From
them, Dynamic Stochastic General Equilibrium (DS@fif)dels were developed, which consist in
tools consistent with conventional economic thedmyt with the capacity to replicate empirical
regularities of the economic cycle. For this reasthrey are immune to previously mentioned
Lucas's Critique.

A special cases of these models are the SmalltBtaldacro-econometric Models (Berg, Karam
and Laxton, 2006a and 2006b), because they ussi@diructure to construct a general equilibrium
model. They are broadly used across the worldudich developing countries. In its basic form,
they include:

» The neo-keynesian Phillips curve, which determithesprice formation. This relationship
comes from a sticky-wage model of priceda Calvo (1983) and Rotemberg (1984). It
relates actual inflationzf with expected inflation and marginal costs. Thére main
assumption behind this curve is the existence @laionship between marginal cost and
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the output gap through the labor supply equatidmother assumption to include lagged
inflation goes in line with Clarida, Gali and Gertl(1999), to form an hybrid version
(forward and backward looking behavior):

7 =a_ +(1-a) B, + Ly + &

The evolution of output gap is described by a nBveurrve. Its microeconomic foundation

is obtained from the dynamic optimization of congtion (the log-linearized version of the

Euler equation, that relates actual and futuresgomption with the behavior of real interest
rate) and an investment function (usually with atjient costs, also related to interest
rate). In formal terms, it relates actual outpup ¢ with expected and lagged gap, real
interest rateR) gap and real exchange ratgrhiss-alignment:

Yi =ﬁlEtX+1+:82y—1+:83( R~ E\s—J)"'ﬁz& €1~ :Z)""gty

A monetary policy rule (called Taylor rule), whiclescribes the response of the authority
against deviations from the target variables (Uguiaflation and output). Svensson (1997)
and further studies show that it can be derivechfeominimization of a central bank loss
function, given the previous two equations.

i, =R+ =y, +y,(m-T)+y,y +g

In the case of open economies, Uncovered Int&asty (UIP) for the determination of
exchange rate is added, which can be adjustedsfopremium.

As Table Al.1 shows, they are used in many ceitaaks and international organizations for
economic analysis and forecasting purposes.

Table Al.1: Use of SSMM and DSGE in selected coulis or regions

Country SSMM DSGE Country SSMM DSGE
Argentina U D (ARGEM) Italy U D
Australia U Japan U
Belgium U Namibia U
Bolivia U (MEP) D New Zealand U (QPM)

Canada U (QPM) D (TOTEM) Norway D (NEMO)
Chile U (MEP) MAS Peru U (MPT)

Colombia U D (PATACON) South Africa U

Czech Republic U (QPM) D Sweden U
European Union U D Switzerland U D
IMF U U (GEM) USA. U (FRBUS) SIGMA
Israel U United Kingdom U U

Source:Adapted from Vega (2007)

Notes:U=Used by CB. D=Developing. Between brackets agentlodels’ names.

® This analysis could be refined using a proxy ofgival cost and it is in the BCB further researgbrda.

" The gap of variablg is the difference or log-difference between acaral potential (steady-states) values.

It is denoted with an asterisk.
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Parameter for the calibration of a SSMM for the USeconomy

Annex 2

i) Phillips Curve:
T =aET, +(1-a) B+ Ay +£°

a 0.5586
A 0.0011
o 0.4585
i) IS Curve:
Y, = BE Yu + (1 B) Y= I( | - E7g,) +&°
B 0.4859
1) 0.0045
o2 0.3734
iii) Interest rate rule:
=+ (1_ ,0) (rnEJLl +ryyt) + <E~1MP
P 0.8458
r, 1.6409
r 0.6038
y
Ot 0.7327
iv) Risk premium:
g =06+ (1_ U) (yyt—l +’7y12—1)
o 0.9
4 1.0
7 20.0

Source: Cho and Morerap. cit.and own estimates for iv)
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Annex 3

An alternative calibration of a SSMM for the US ecoomy

0.1

0.1

0.2

-0.2

0.1

0.1

a) Without risk premium

Output gap
20 40 60 80
Inflation
20 40 60 80
Nominal interest rate
20 40 60 80
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b) With risk premium

Output gap Inflation
0.05 0.05
0 0
-0.05 : : : -0.05 : : :
20 40 60 80 20 40 60 80
Nominal interest rate Risk premium
0.05 0.02
0 W 0 /\/\A/\W
-0.05 : : : -0.02 : : :
20 40 60 80 20 40 60 80
Financial cost
0.05
0
-0.05

20 40 60 80
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Annex 4:
The SSMM estimated for Bolivian Economy

The SSMM was modified to take into account maintipalarities of the Bolivian
Economy. The SSMM estimated has 3 of 4 equatiociaded in a standard model, one of
them modified: A New Keynesian Hybrid Phillips Carfor the core inflation, an IS
equation modified to include competitiveness, exdeputput and fiscal expenditure and a
policy rule for the exchange rate. Then, it doesinclude a monetary policy rule for the
interest rate and the Uncovered Interest ParitgHerexchange rate. Table A3.1, at the end
of this section, explains the definitions and notaemployed below.

The Phillips curve captures the dynamic of cordatrdn, including expectations. This
equation comes from a variation of estimates of diisia and Rodriguez (2007 and 2008),
whom rationalizing the approach of D'Amato and @memi (2006) for Argentina,
indicating that at the time of forming a price, et of the firms instead of just taking the
past information, they use a set of informationjowhin this case also includes foreign
inflation and exchange rate movements. The equdtia® been used to model core
inflation:

= a 7, t (1_al)Et Lt LY, tashe, +a,m +£t,,c

A priori it is expected that all parameters will pesitive. Furthermore, although not

restricted in the estimation, it implies that it is a weighted average of the public

expectations plus the own inflation inertia. In momies where the central bank has more
credibility, it is expected that; to be large. More advanced models assume thatohste

a relationship with the gap, there is a relatiopstith the marginal costs. Unfortunately, in

the case of Bolivia, it is impossible to constrthas variable because of the low regularity
of labor statistics.

Consistent with studies on the Phillips curve, tiest direct channel to affect inflation is
the exchange rate. The indirect channel, which asenusual in other economies, occurs
through the output gap, which is affected by theergst rate, the main instrument of
macroeconomic policy in other countries.

The output gap is related to other four gaps: @gerate, real exchange rate, external output
and fiscal expenditures. The IS equation is:

Vi = IBlEt Y * :82 Yia t ﬁ3(Rt—1 - Rt*—l) + ﬁ4(zt—l - Z:—l) + ﬁs(yext - yexf) + ﬁ@' (gt - g: )+ gty

It is expected that the parameters would have aiy®sign, except foif;. In the last case,
according to the theory, an increase of interet¢ vaould discourage demand by its
contractionary effect on consumption and investm@&atcause of low financial market
development, particularly investment might be expadhatf; is small in absolute terms
In this regard, currency depreciation has a cotitnaary effect due to the increase in the
real interest rate.
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Although in most cases it is expected that thecef real depreciation is positive, for its

effects on exports, for dollarized economies likeiBa could be negative because of the
effects on real incomes (if it is assumed transasti dollarization) and the effect on the

balance sheet of firms and financial institutionss constructed in such a way that an
increase shows a depreciation and a fall a curreppyeciation.

The rule of monetary policy is an exchange rate.r@ne of the key roles of monetary
policy is to provide the public with a nominal anctihat allows identifying the stance of
monetary policy (contractionary or expansionaryeTnonetary rule is the variable that
fulfills this role. Usually, the central bank deteénes monetary policy by using some kind
of interest rate on short-term, or, each time l#g®ugh monetary aggregates. However, as
was demonstrated by Parrado (2004 and 2006) fggaore and Bolivia, the conduct of
monetary policy can be performed by an exchangeruae®

Although Bolivia does not have an anchor inflattormally defined, the monetary policy
stance has been based on the position regardinmélvement of the nominal exchange
rate, based on a crawling peg regime that consfatg-announced and gradual movement
of parity. Under these assumptions and in the timeof Mendieta and Rodriguez (2008),
the rule for the nominal exchange rate is:

Ag = 50 + 51Aet—1 + Jzyt—l + 53(7Tt—1 - 7_Tt—1) + 54(7_4 - 7Tt*) + 55(Zt - Z:) + £tAe
It is expected that all coefficients will be negatiexcepba.

These main equations were estimated with a metbaavoid endogeneity bias and use
actual variables to approximate expected ones. tieosa were estimated with the
Generalized Method of Moments (GMM). Next, they enlibrated in suitable programs
designed for this taskResults are shown in Table A4.2, below this Annex.

To include the effect of international food inflati were added other equations.
International food inflation has effects in two gay) Expressed in local currency, it is a
determinant of Bolivian food inflation, which islaged to non-core inflation; and ii) It
affects external inflation, and by this way, caréiation. In formal terms:

c — c Bfi "
]Ttn - KO + A(L)ﬂin—l + Klm + gt

7" = 1y + BLYEE + 14 (AIn(e)+ 7 ) + &7
77{ ={, +Zl77§*—1+5277¥vﬁ +an}on +£t]f

8 In the case of Singapore the motivation is différsince the country uses the exchange rate becdits

high capital mobility environment where the inteéneges are similar to international ones.

° The estimation was made in E-Views, while the wsial of impulse response was made in Matlab’s
toolboxes: Dynare and Iris.
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Where A(L) and B(L) are polynomials of the lag operatdr).{’° Because there are not
endogeneity problems these equations were estimaittd the usual Ordinary Least
Squares (OLS) technique.

Mostly, the results of estimation were consisteithwhe expected signs and magnitudes.
They are shown in Table A4.2. The main differencgéhwstandard results is the

contractionary effect of a real depreciation, buiplained by the high degree of

dollarization of the Bolivian economy.

This SSMM has some limitations to be taken intcaot. The first is the scope of the data
used, especially in the measurement of economiwitgctbecause Bolivia has a large
informal sector. However, the GDP reported by IEhe unique proxy for this variable
and the estimates of equations that include thiseseseems plausible. An additional
argument comes from the Central Bank of Peru, antcpuwith wide informal sector as
Bolivia, which has used this model successfullytha last years to analyze and forecast
inflation (Luque and Vega, 2003). Colombia is othseful example.

1% Lag operator is defined as followk!X, = X,_;.
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Table A4.1: Definition of main variables used in tle Bolivian SSMM

Variable Definition Observations
Ape Quarterly percentage change of Core CRY),
—_ t . .
= Core inflation | which is defined as total CPI less perishable food

t pc
1 and regulated prices.

Log-difference between the seasonal adjusted GDP

PIBtSA] not including mining and hydrocarbonggs*) and

PIB;

potential GDP fig’). The last one was obtained

using a Hodrick — Prescott (HP) filter with a facto
specific for Bolivia {=7185), according Rodriguez

Yo = Iog( Output gap

(2007).
Nominal exchange Official exchange rate fixed by the BCB in dajly
& rate auctions in théolsin(sell exchange rate).
. External inflation Quz_ar_te,rly percentage change of_an _mde_x of
TT, inU.S. dollars Bolivia's 13 main partner countries inflatiop,

expressed in U.S. dollars.

It corresponds toR; = i; — z)."" Furthermore, td
include financial dollarization, the nominal intstre
rate is a weighted average of rates on domestig and
foreign currency expressed in domestic currelﬁcy

R Real interestrate| R denotes the natural interest rate, estimated|in a

similar way as the potential output. Therefore, the
difference measures the gap between the |real
interest rate with respect to its natural or pasnt
level.

Correspond to the multilateral real exchange rate
index calculated by the BCB, taking into account

" the main trade partners of Bolivia. Then,—Z is
the exchange rate misalignment.

Z, Real exchange rat

It is measured as an average of the GDP of the most
of the 13 major trading partners of the couniry,
weighted by their share in foreign trade. With|an
asterisk denotes the potential external output.

External output
yext relevant for
Bolivian economy

Growth of fiscal It measures the quarterly growth of seasonally

g, . adjusted expenditures of central government. With
expenditures .
an asterisk denotes the trend growth.
par Non-core inflation Quarterly percentage change of Non Core CPI
t (perishable food and regulated prices).
! Unlike other models that use the expressi&n=1i, — E, 77, , in the case of Bolivia the rate of inflation is

directly used, because according to the resulth@fEconomic Expectations Survey of the BCB waadot
that expected inflation has co-movements respetigt@bserved one.

12 This variable is the average weighted active isterate of banking system, according to the foltayvi
formula:

+'$us
i =Bol, xi® +Dol, xi® /o=t
1+¢
WhereBol (Dol) is Bolivianization (dollarization) of portfolia® (i°) is the average nominal interest rate of

credits in national currency (foreign currency}tod banking system.
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Table A4.1: Definition of main variables used inthe SSMM (Cont.)

e
ar

CPI

Xas

Variable Definition Observations
o Is defined asy7® +(1- x)7"°, a weighted averag
7T, Total inflation | of core and non core inflation according their gh
in total CPI
8 Bolivian food Quarterly percentage change of Bolivian food (
t inflation ( ptBﬁ), which includes food and beverages.
v International food | Quarterly percentage change of international food
t inflation prices index, calculated by The World Bank.
”ton Oil inflation Quarterly percentage change of West Te

Intermediate (WTI) oil price.

24



Table A4.2: Estimation Results of a SSMM for Boliia

i) Phillips Curve:

mw=a + (1_ al)Etanrl +a,Y, tasle  + 0'477:71 + ‘9{7c
a, 0.578
(0.048)
a, 0.242
(0.078)
a, 0.193
(0.046)
a, 0.068
(0.031)
i) IS Curve:
Yo = BEYon + BoYia + Bo(R —RL) + By (7, —Z,) + Bo(yext - yext) + 5 (g, - o7 )+ &

B, 0.617
(0.086)

i 0.180
? (0.047)
s -0.033
: (0.020)
g -0.045
! (0.014)
s 0.214
° (0.075)
3 0.050
° (0.010)

iii) Exchange rate rule:

Aet = 50 +51Aet—1 +52yt—1+53(77i—1_7_7i—1) +54(”t _77{*)"'55(2( -Z:) +£tAe

o) 0.740
(0.023)
o, -0.051
(0.013)
0, -0.023
(0.008)
o, 0.006
(0.001)
s -0.051
(0.004)
iv) Non core inflation:
e =Ko + AL + k" + e
K, S.R.: 0.197 L.R.: 0.459
(0.022)
iv) Bolivian food inflation:
7" = 1y + B(L)EL + 4 (Bin(e) + 72"+ &
U S.R.:0.124 L.R.: 0.574
(0.030)
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Table A4.2: Estimation Results of a SSMM for Boliia (Cont.)

iv) External inflation in U.S. dollars:
m =8+, + " + ! + g

Z, S.R:0.155 L.R..0.194
(0.082)

Z, S.R:0.075 L.R.0.093
(0.026)
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