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PREFACE

At the request of the Central Bank of Chile (CBOC), the mission visited the central bank to
assess and advise on the models and rel ated p
inflation-forecast targeting (IFT). The mission met with Governor batarcel, and Board
members Rosanna Costa, Pablo Garcia, Alberto Naudon and Joaquin Vial. Acting Chief
Economist, and head of the Department of Monetary Analysis (DMA), Miguel Fuentes
coordinated CBOC input. Head of Mediuherm Forecasting, Jorge Fornen@s the main

provider of information, and daily collaborator at the working level. For three weeks, before the
full mission began, a team member watched the production of the March forecast, and its
presentation to the Board (the monetary policy committée)also observed the Monetary

Policy Meeting for the March policy decision. The mission made presentations to CBOC staff
on: forecast production #te CBOCand theCzech National Bank (CNB); forecasting accuracy
(CBOC relative to the Consensus Economics survey, @iNHBank of CanadaBOC));

techniques for merging forecasts results from different models; and core inflation.

The mission wishes to thamite Governormembers of th8oard, andstaff of thecential bank
for theirattentivecooperationfor productive discussions, afar their hospitality.

Thisreportpr esent s the missionbds assessment and mai



EXECUTIVE SUMMARY

The mission sought to assist the éhtral Bank of Chile (CBOC) forecasting and policy
analysissystem (FPAS) in road ways:

1 enhanced modeling capability;

1 increased effectiveness of the staff forecast as input to Board policy decisions and risk
assessmenta support of IFT

1 improved processes.

The CBOC FPAS is highly advancedIt hasall the desirable features of agis in central
banks that have established succesgfldtion-forecast targeting (IFTiramework® IFT being
thestate of the arfor flexible-inflation-targetingcentral banksAll Board members regard the
modetbased forecasfsom this viewpointas essential inputs for their policy decisiok®st
members have thorough knowledge ofnthe

Forecast production ishighly efficient and speedy The flat hierarchypf the CBOC FPASand
frank, busines$ike discussionsfacilitate forecast production and presentatidre high degree
of independencafforded tothe staff reflects confidence of the Board in their work.

The CBOC applies relevant criteriato model selectionA structurefor revising, or eventually
replacing, existing core modatsin place The bankseels models that can provide credible,
guantitative, macroeconomic narrative for forecasts and policy analysis, not just forecasting
accuracyln practice, the bank needs to be careful to apply these criteria, rather thawsthe
advancedechniques.

The FPAS uses two core models smi-structural figapd model, MEP; and a DSGE model|
XMAS. MEP is a gap model, wita standard Phillips curve. XMAIS based on explicit utility
maximizing principles, antdas more structural detail.

The accuracyof CBOC modelbased forecasts has beesomewhat better than Consensus
Economics, and close to that of the Czech National Bargnd the Bank of Canada.On this

measure, the CBOC FPAS produces results in line with those at other leading idlegetmg
central banks.

The CBOC has tended to ovepredict the future policy rate. In large part this is because the
assumption for the underlying equilibrium rate has not been revised down to the same extent as
estimates of the global equilibrium rabe addition, the central barghould consider replacing

the standard inflatiofforecastbasedeaction functiorwith a lossminimizing reaction function

which would produce smaller responses for small deviations from targetouldhelpkeep

the ecoomy away from dark corneedter large shocks such as the Global Financial Crisis

(GFC).
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The two models providedifferent insights, and credible quantitative narratives, for issues
and policy options.The gap model preserdsisefulguide to shortun policy tradeoffs

between output and inflatiohe simplicity of the structure is an asset in communicating how
the central bank intends to manage this traifieThe DSGE modetanbe used directly for
analysis of complex fiscal polfcand termsof-trade issugsespecially with respect to investment
dynamics, and to implications for debt accumulation (public and net foreign).

Because of theidiffering advantages both modelsshould be maintained.The CBOC simply
averages the two moldbased forecasts. The mission proposed a structured approach to
combining the separate forecasts, and for retaining the separate insights of the two models.

Certain responses of the DSGE model to standard shockaggest a reconsideration of
model structure. These includdigh sensitivity otheeconomy to policy rate changesd
largeexchange ratmovementsn response tdemand shocks

The CBOC should devote more resource® analyzing risks to the outloold and to risk
management strategiesBoard members ask for alternative scenarios at a forecast presentation
the week before the Monetary Policy Meetinthis has not allowed staff enough time to

produce modebased results and policy optiodg) extra week, at the start of forecast

production with an Issues Meeting, would bevisable

The current forecastproduction setup is stretched too thin, with no redundancy to allow
for unexpected absences or demand&. modest increase in the forecasting team, through a
reallocation of Research Division resouragsuld be enough.

Increase rotation between forecast production, on the one hand, and model development
or special projects, on the otherwould also redu@ operational risks It would widen staff
skill-sets, and redudée risk ofstaff burnout.

The mission examined the reaction of forward interest ratet the publication of CBOC
forecasts In most cases the market anticipated the change in the pateyuite well After
announcement dates, the yield curve tended to roughly follow the central bank forecast path.

At the request of the CBOC, the mission looked atare inflation as a guide to policy
decisions, and as a communications todfhe bank shald use core inflation with caution,
especially as there has been a lomg uptrend in relative food prices.

A regular review of the performance of monetary policy, with the participation of invited
outside experts, at intervals of 5 years or lesgvould be useful It would servecentral bank
transparency and accountability, and guard against cumulative errors in forecasting assumptions.
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KEY RECOMMENDATIONS

‘ Priority ‘Timeframe

Forecasting and Policy Analysis System

Retain important strengths of the current system:
1 appropriately designed models
1 system for forward-looking planning for future models
1 full integration of model-based forecasts in monetary policy iah Ensure
decisions, with a flat hierarchy, and clear and frank internal Highest sustain-
communications ability
1 streamlined forecast production, with efficient use of resources
1 autonomy of the staff to shape the baseline forecast and risk
assessments.
Publish review, taking stock of previous medium-term policy performance, High September
and the policy framework. At least every 5 years. 9 2019
Core models
Maintain a role for output gap consistent with its prominence in CBOC
internal policy discussions and external communications:
9 output gap for managing and communicating the short-run
inflation-output trade-off : September
High 2018
9 structured integration of output gap into DSGE model XMAS.
Mission team provided an option for structured technical solution
9 incorporate copper prices in gap model.
Reconsider the exchange rate response to demand shocks.
Reconsider modeling of real exchange rate and country risk premium. High September
Response to standard anticipated shocks over the forecast horizon should 2018
be modest.
Systematize the integration of the near-term forecast into the medium-term
forecast. Similar technical approach as used for blending forecasts from 2 _ March
medium-term projection models (gap and DSGE). Medium 2019
Construct model-based confidence bands.
Re-examine the relative roles of output gaps and exchange rate pass- High October
through in the inflation process, with particular reference to 201371 17. 9 2018
ConS|d¢r rlsk-manageme_nt (Ioss-_avmdance) approach to policy as Medium 2019-20
alternative to linear reaction function.
Suite of satellite modelsd medium term and near term
Continue with program to reflng/extend existing satellite models (labor High June 2019
market, copper, non-core inflation).




12

Priority

Timeframe

Forecasting and Policy Analysis System

Develop non-linear model with time to build, adjustment costs and
irreversibilities to study investment and copper-price dynamics.

Develop GPM to incorporate endogenous copper prices for global
scenarios.

Develop new DSGE model based on overlapping generations structure to
study the effects of fiscal policies, pension funds and permanent changes
in the terms of trade (copper and oil prices).

Medium

2019-20

Forecast production process

Provide well-considered, model-based assessments of macroeconomic
risks and policy options.

Identify baseline and alternative scenarios involving fundamental
international assumptions at a newly-created Forecast Issues Meeting,
with Board and senior staff, before forecast production begins. This would
take stock of the accumulated new data from the preceding forecast
exercise.

High

September
2018

Better exploit the value of the model-based approach, and ensure
appropriate emphasis on medium-term, strategic issues.

Extend forecast production period by one week, to allow production time
for model-based alternative scenarios to the baseline.

High

June 2018

Provide appropriate back-up for forecast production.

Add an additional economist to forecast production, through a reallocation
of Research Division resources.

Very
high

September
2018

Diversify individual staff skill sets, ensure appropriate focus of modeling,
and reduce risks to forecast production schedule from turnover or burnout.

Consider increased staff rotation between forecast production on the one
side, and core model development or special projects (including satellite
model development) on the other.

Very
high

2018-
onward

Improve cohesion between forecast methodology and internal and external
communications.

Bring the integrated output gap-DSGE approach into the process of
forecast production.

Medium

March
2020

Consider revising weekly meetings to focus attention on risks in the
medium-term forecasts. Qualitative messages about risks every week with
some quantification of risks on a monthly basis. Emphasize automatic
report generation to improve the efficiency of the production process.

In line with the preceding, consider shifting weekly meeting to Friday, in
view of timing of major international data releases. Do a stock-taking for
previous weekOd6s releases.

Put back larger questions to the Forecast Issues Meeting described above,
or to a Forecast Update Meeting prior to inter-forecast Monetary Policy
Meetings.

Low

March
2019
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|. INTRODUCTION

1. The technical missionevaluated theforecasting and policy andysis systemFPAS)

for flexible inflation targeting at the CBOC. For ou purposedlexible inflation targetings
inflation-forecast targetin{JFT), becaus¢heforecast of the central bank isan important
sersean ideal operating targedsit takes into account aknown influences on the inflation rate,
including pvwnpréferencesfd the miant tradeoffs.?

2. The fundamental objective of IFT is to stabilize longrun expectations of inflation at

the target rate. Useful inflation targeting is not about ity a numerical target from year to

year. Because the nature of economic shocks, especially in an open, corerpditing

country like Chile, wide variations in tlanual rate of inflation are to be expected. Credibility

of the central bank target can nevertheless be maintained, and in fact has been maintained. The
essential requirement here is that the policymakers évea@utech clearly communicated
crediblesygemicmediumtermstrategyfor returning inflation to targe

3. The main instrument for this purposeis, in a narrow sensethe policy interest rate,
but for policy strategy under IFT it is better to think of the policy rate more broadly, as an
essentialpart of a more consequential instrument the capacity to manage expectations for
the mediumterm future path of the policy rateThe latter, the overnight interbank rate, is after
all a very shorterm rate that of itself does not influence the spendicgsias of the bulk of the
population or of firms. Changes in the policy rai# only affect macroeconomic variables

the way the central bank desires if they shift: the loigen interest rates at which households
and firms borrow and lend; or theahange rate; or asset prices; or all of the precedimg.
means thaffor the policy transmission mechanismbe effective, changes in the policy rate
have to appropriately affect expectations for the entire metium path othe policyrate.? In
turn, this implies that good communications alsoan essential part of the broadly defined
policy instrument.

4. The CBOC recognizesuchfundamentals of monetary policy explicitly and

implicitly . For exampleMonetary Policy ReporiSeptember 2014 TetBoard[the policy

making committehas cut the monetary policy rate since June by 50 basis points, taking it to
3.5percent andhas continued to state that it will consider the possibility of making further
reductions to the MPR it has loweredite MPR by 15®asis pointsince October 2013 and
maintained an expansionastance This, together with the evolution of the domestic and

external macroeconomic scenario has had a marked impact on the structure of market interest

! For a discussion of InflatieRorecast Targeting seei@bn and others, Adrian, Laxton and Obstfeld (2018), Al
Mashat and others (2018a,2018b,2018¢,2018d) and Clinton and others (2017).

2 Inflation-forecastbased reactions functions, which depend on the output gap, forecasts of inflation and the lagged
palicy rate, have been used for many years in inflafamecasttargeting central banks. For a discussion of the
properties of these reaction functions see Coats, Laxton and Rose (2003), Isard, Laxton and Eliasson (1999, 2001)
and Laxton and Pesenti (2003).
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rates. In particulatpng-term rates are now at or near their diine lows. At the same time, the

lower cost of bank funding has been transmitted to the lending rates for businesses and

individual® 0The emphasized phrases (our-lookingal i cs) hi
statanent about t he p o positivgview a theeoutcomafar the theaesmibseom k 6 s
mechanism.

5. A central job of the FPAS Eto provide macroeconomic information to the
policymakers that helps them form a strategic viewon how the policy rateshould move
over the medium term.This means that FPAS modefistbe judged ortheir ablity to
produce economically sensibiesultsfor policy strategy, and for other key variablesger
relevant assumptiodsfor the baseline forecasind foralterretives to the baselideas well as
onthe contribution they make forecasting accuracyn case there is any doubt, sieess that,
since the inflation rate is a macroeconomic varidatdrom the direct contra¥f monetary
policy, quantiative models of sme kindare essential to the implementation of IFhe
guestion ahand is abouivha models are best designed for the task

6. For Chile, the Board of the central bankrequires quantitative medium-term

economic forecasts as inputs for the management of the meditterm policy trade-off. The

FPAS therefore needs the capacity to produce forecasts that show a path for the policy rate over
the medium term consistent with pyl objectives. This does notean thathe Board accept

the staff forecast in detail. Members may have substantive differences from it. But the staff
forecast path for the policy rate is part of a coherent macroeconomic outlook. It can provide a
guantitaive, economically credible, narrativielembers mayhenuse it as a point of reference

when they are explaining their own views on the outl@wki when they are communicating the
rationale for their decisions to a wider audience

7. Comparedto other certral banks, the C B O Céxisting FPAS is highly advanced.lt
has all thedesirabldfeaturesof setupsin central bankshat have established successful IFT
frameworks The models have usefpblicy-simulation propertiesand the forecasting record is
quitegood réative to comparable forecastethis has doubtless contributelthe good results
of Chileanmonetary policyat times in the face of large terrotrade shocksdn stabilizing
long-terminflation expectationsand reducindluctuations of outputWith all this n mind, the
suggestions we have are for reinents tdhe systemrather thammajor changes.

8. Sectionll of this report goes straight to an overwiew of workhorse FPASmodels
Section Illis about organization arocess of production for tlgpiarterly staff forecast.
SectionlV looks at possibléuturedirections formodel developmerdnd useWe make
suggestions fochanges to organization and procekesignedo improvethe contribution of the
FPASto the making of monetary policgectionV summarize our evalugon. Our main
recommendation is that the strengths of the current framdveonkaintainedOur other
suggestionsire intended to help in this regard.
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II. Suite of FPAS models
A. Thetwo main forecast productionmodelsXMAS and MEP

9. The CBOC Board relies on nodelbasedforecasts as a essentialinput at the
Monetary Policy Meetings(eight per yearstarting 2018 which set the policy interest rate.
The twomodels used for forecast producti®¥MAS and MER are monetary policymodels
designedor mediumtem policy simulationsas well as forecast$hey are estimated from
guarterly dataCBOC forecasters use therach quarteto producea baseline forecast, and
alternative scenarios that embadwterially different assumptions from the baseline about the
outlook.In pradice, thebaselineCBOC forecastkey aspeat of which are published in the
Monetary Policy Reportias beem simple average die two modebased forecast3he
baseline anthe alternative scenarios, takegéther help policymakers formulate strategimsd
manage risks.

10.  Figure 1 gives asimplified overview ofthe broad relationship between the different
kinds of structural modelsused by CBOC forecastersArrows indicae flows of information
or inputs.Thus, the whole process generates a flow of macroeconomic inforratios Board
(the monetary policy committed)learterm forecasting modetnd GPMproduce results for the
domestic and international economies, respelst, which areinputs to the core projection
models.Likewise, various supporting structukar satellitemodeld provide irputsto, or
influence the calibration ofhe core models.

Figure 1. Simplified Overview of the Suite of Structural Models

Monetary Policy Report for the Monetary Policy ‘

Committee
Near-term Coore (.)uarterly Global
Forecasting Pr:)‘Jectl::n Modelyy Projection
Models (“Gap” and/or Model (GPM)
DSGE Model)

|

Supporting Structural Models
(DSGE and/or Non-DSGE)

Source: IMF mission.
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Gap modelMEP

11. The older model MEPIs a variant of the mainstream 4-equation open economy
model ( i goanpdel) that has been widely used to investigat@onetary policy issuesver
the past 20 yearslt is semistructuralin that it hasaneconomically defendabkdructure of
estimatedequationsand is constrained tworverge to a stable loagin equilibrium but in thatit
is not founded oexplicit dynamic optimizing conceptéAppendixl).

12. A standard inflation -forecastbased(IFB) reaction function for the policy interest
rate eliminates over timedeviationsof inflation from the official target.2 The rate responds
to devationsfrom desired levelsf outputand h e miorecadt @irdlation, with a
smoothing factord avad shap changes in the rate.

13.  Output in the model is non-resourcesector GDP. Forecasts ofectoralspecialists are
added to the modealerived norresource GDP to get the forecasts for total GDRe resource
sector is dominated by a few major coppening firms, fromwhomt h e Isectold 6 s
specialissreceive a flow of iformation on business conidins, output, investment plans, and so
on.

14.  The output gap, actual minus potentialnon-resource GDR plays a key rolein MEP.
An expectatinsaugmented Rllips curvedrives the cyclical component obreinflation (the
measuréCPIEFEexcludes food and energyices. In the policy reaction functioits weight
reflects policymake&concern fordeviations of output fronts potentialevelin the shorrun
tradeoff betweeroutput and inflationThe path opotential is exogenous to the model, and
estimatedrom several satellite modglwhichuse various techniqgancludingfiltering the
historicalpathof actualnonresource GDP

15. Thereal exchange rate is determinedby its expected longterm equilibrium level

and an uncovered interest paty (UIP) condition. UIP does not hold exactly, because of the
Chile countryrisk premium, but ithe risk premium is constatitenchanges in the real interest
rate differentiaill causechanges in theeal exchangeatethatmaintainconstanthe expected,
exchangeate adjustedealdifferential. The exchange rate may jupgnd overshoot, in
response to various shocks.

16. MEP containsadditional featurescapturing assumedstructural characteristics of
the Chileaneconomy Notable among them are

3 Adrian, Laxton, and Obstfel¢2018 use IFB reaction functions, and compare with-lessimizing reaction
functions, e.g., in Chapters 9 (on Canada) and 12 (on the United States).
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1 afairly strong exchange rate passoughon coreCPlinflation relative to other
economiewvith advanced IFT asimulatedexogenous exchange rate shéek. a rig-
premium shock)on impacthas a pasthrough of about 20 perceht

1 output gap and headline inflatiomthecoreinflation equatiod reflectingthe wage and
markup (i.e. cost push) components and the relative price mechanism

1 in simulation, the modgdroduces standard responseg, for shocksto demandndto
core inflation {n effect, a supply shockand to the policy reaction function.

DSGE modelXMAS

17. XMAS is a newKeynesian DSGE modelTheinflation pracess is driven througie
effects on markups and wage pressures of extsaandFirm-spedfic fixed capital wage
contractsand frictions in markets for goods and servicesan that output cannot adjust
immediatelyto changes in demanBirms encounterising marginal costs the short run as
output risesand falling margial costs as it declineghis gives rise to the neteynesian
Phillips curve.

18. A fiscal policy rule has government spending adjust slowly over tim enforcethe
governmentbudget constraint Long-run revenue growth iinked tothetax base in steady
state

19.  Output in the model isdisaggregated intonatural resource and non-natural
resourcesectors The naturakesource sector is modeled endogenously through investment
adjustment costs and time to build.

20.  TheIFB reaction function in XMAS for the policy interest rate is similar tothat in
MEP. It containsthe deviation between actual inflatiand the official target, outpgrowth
relative to the growth of potential outpather than thgap, and a smoothing terfiThe
reaction function loks ahead only one quart@hisraisesarisk of instrument instability, as the
effectsof change in the paly rate are weak at such a short horizbmtake account afgidities
in thesystemand lags in theffect of monetary policyFB reactionfunctions typcally look
furtherahea® 4 quarterds typicd (examples are iAdrian, Laxton, and Obstfe]@018.

4 The pasghrough is an empirical reduceidrm coefficient,andnot a structuraparamete(GarciaSchmidtand
GarciaCicco, 2017) The estimated coefficiemtill vary dependingn themonetary policy regime, aong other

factors.In advanced IFT economies, the p#a®ugh has generally become very low because of the stability of
inflation expectations at the target rate. However, if a credible IFT central bank deliberately uses the exchange rate
as aninstrument to achieve thergget, the pastghrough nay be substantialAlichi and others, 2014). Such a

strategy enbodies the principle of monetary neutralityy which, in equilibriumatgivenrealvariablesall nominal

values change in the same proportion.

5 More precisely, there is no explicitly defined concept of potential output in the model; the rule uses the growth rate
of total factor productivity.
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21.  With respect to model evaluation, Appendixl draws attention toa few somewhat
unusual simulation properties in the impulse-response functiondor XMAS. For example,
macroeconomic variables are veegponsivao changes in the policy ratend the exchangate
is quite sensitive taet foreign liabilities, antienceto the current account balan€@BOC

model builders might want to take a closer loothate aspects of model structure responsible
for these responses.

B. Satellite models

22.  Economiststhroughout the Research Divisiorwork with many small, purposebuilt,
models Results from other modetan be viewed as information for forming judgment, which is
an essential ingredient of any forecast.

23.  The International Sectionuses multiple satellite modelsn an eclectic approachThe
most wideranging, forthe global forecast and general sa is GPM The main international
variablesprovidedfor the Chilemediumtermforecast are the copper price, oil price, external
activity and inflation (bilateratrade weighted), and U.S. dollar exchange rates and interest rates.
Foreach of these variéds, the section uses a variety of models and estimation techritques
example, fothe price of coppethe sectiorhasthree modelsgach focusing on an aspect of
pricing behaviaran errofcorrection model for the near term; a sestnuctural model for the
medium term; and a loagin model, forecasts from which are routinely updated no more
frequently than once a year, or following a major shift in the market. For all variablest exp
judgmentin the sectiorplays a major roleln view of thewide-ranging nature of variables and
issuesand the vast quantity of daily news, tbe international economgn agile eclectic
approachs appropriate.

24.  We did not do an assessment afatellite models We would only suggest, that for each
forecast variableCBOC expertgonsider adopting a preferred model, and to use the results of
other models as information for judgmental inpuis generally helpful to have a single
preferred modefor purposes of organizing thoughts, and presentation.

Ill . MODEL -BASED FORECAST PROCESS
A. Organization

25.  The forecast is under the auspices of thResearch Division, which has 4
departments:

1 Economic Modeling and Analys(sesearch ogoreforecastingnodelsof the future and
applied research on topics relevant for the understanding of the economy and monetary
policy decisions, e.gnicro-databasedneasures of potential outpanid labor market
conditiong

1 Department oMacroeconomic Analysi@OMA) is responsible for the forecast ands 3
sectionswith selfexplaratory titles
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0 International
o Conjuncture(nearterm forecasting)
0 MediumTermForecasting
1 Economic Researdfadvancednacraconomic and monetary policgsearch

1 MonetaryPolicy Strategy asth Communicationgresponsibilities include writing the
Monetary Policy Report)

26. The models used by th€onjuncture and Medium-Term ForecastingSections differ

along thelines one would expect more empirically basedfor the near-term forecast more
theoretically basedfor the mediumterm. The Conjuncture Section uses a variety of empirical
models, e.g.: VARs, small estimated r&iructural models, and leadhmgdicator models

(Appendix2). The emphasis is more on forecasting accuracy than on conyistéeh

macroeconomic theory. The section also draws on its sectoral expertise for informed quantitative
judgment.

27. The combination of quickly up-dated equationestimates,and informed judgment

easily beats aalibrated structural model for near-term forecasting accuracy in Chile as
elsewhere The MediumTerm Forecasting Section uses the XMAS and MEP models, which can
produce more reliable forecasts over horizons longer than 2 quarters by incorporating
endogenous feedbacks. These notably include &sdipom the monetary policy interest rate,
which is of growing importance as the horizon lengthens, and crucihidmflation rate at the
2-year horizon and beyond.

28.  The nearterm forecast provides initial conditions for the mediumterm forecast
Thelnternational Division provides results for the external economy, both stmatimediurn

term, that become assumptions for the mediemm forecast. The procedures used in both cases
are eclectic, although the meditterm projections for the global esomy are to a large extent
modelbasedThe division use&PM for the general pictureand satellite models for the copper
price, foreign activity and inflation, US dollar exchange rates and intere$tTagemodelsio

not just produce numbers, thelp provide a quantitative narrative for the projections.

29. Medium-term, or theoretical, considerationsmay affect the nearterm forecast.
Since the neaterm forecast sets the initial conditions for timediumterm forecast, there is
some requement for heoretical consistency in thermer.

30. TheConjuncture Section includes discal policy expert responsible fornear-term
and mediumterm forecasts of fiscal variablesThefiscal rulefollowed by the government
adjusts for the business cycle anddgclical fluctuations in the copper pric&he fiscal expert
has responsibility for tracking tteetualadministration of the fiscal rulend istherefore

5 The mediurterm forecast for the Chilean peso exchange rate is the responsibility of the Migtiomm
Forecasting Section.
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involved inensuring that thenodetbased forecasts are consistent \ilig rule This is an
example ohow communicatiometween Conjuncture and Mediduferm Forecastg Sections
may shap the assumptions of the forecast

B. Process

31. The hierarchyd from the production of the forecast by staff economists to the
presentation of the Board is quite flat. For the quarterly forecagte flow upwardsfrom the
ConjunctureSectionand theMedium- Term Forecasting Sectida the Boargdis managedy the
head ofDMA under the supervision dfie Chief Economisti{ead of thdResarch Division
Appendix3). These 2 sections, as their names imply, are responsible respectively rieat
term (this quarter, and next quarter), and medierm (beyond the next quarter) foreca¥tse
head of DMAIs the main presenterf the forecast dbrecastmeetingswith the Board

32.  The time-schedule for forecast production is briefTypically, the staff forecast is

finalized two weeks after the process kicks off with a staff meeting on the international outlook.
ComparatotFT central banksthe Bank of Canada and the Czech National Baake a much
lengthier production proces&ppendix3 provides detaibn this, and other issues in the forecast
production process.

33.  The independence afforded to stafand their supervisors means that no
interventions from the Board slow the process at any stagdhe Boarcholdstherelevant
expertsandsection managergsponsible for their own forecast assumptions, external and
internal to Chile.

34. The Chief Economist plays a keyuiding role to provide coherence in the process
This involvesfrequent contacts witthe head of DMA andther staff The Chief Economist also
acts as a conduit between the Boamnd the forecasters, e.g. to ensure tti@jproduction process
addressethe mainconcerns of policymakers

35. The head ofDMA presents the staffbaselineforecast with sensitivity analyses to

the Board about oneweek before the Monetary Policy Meeting(MPM) . The Board may ask
for alternative sagarios with substantially differendssunptionsto the baselinet this
presetation The MediumTerm Sectiorthenhas essentially 2 days prodicethe alterative
scenariogor the final preeMPM, forecast presentation.

36. Atthe policy meeting, the staff forecasthaving been considered by the Board,
becomes a CBOC forecasBoard members may nagree with all, or even mqsif the aspects
of the staff forecast, but they neverthelgsst it as crucial input for their policy decision

C. Evaluation of the organization and process

Efficiency and speed

37. The staff have a high degree of autonomyhe Boarddoes not impose a view of how
the staff forecast should look. One may say that only after the Board has used the forecast to
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inform its decision at the Monetary Policy Meeting does the forecast become an official CBOC
forecast: until then it is a staffriecast.

38. Delegation of responsibility applies all through the=PAS. For examplethe head of
the Resarch Division as well asection chiefs rely heavily on the judgments of sectoral experts,
and hold them accountable for their input.

39. There is clo® and effectiveconsultation between DMAsection® Conjuncture,
International, and Medium-Term Forecastingd on the forecast.This allows sectoral
specialists to make an appropriate contribution to assumptions underlying the remium
forecast as well as¢near term.

40. Models are an indispensable part of the procesStaff forecasters throughouthDA
rely heavily on modebased analysis and forecastingpst systematically in the Mediufirerm
Forecasting SectioAn overarching aim is tprovide acoherent, quantitatively defendaple
narrative for the outlogkor which models are the logical tool.

41.  Staff are diligentin distinguishing how judgment, versus simple modeberived
output, influences their forecasts.Thus forecast presentations the Boardarequite
transparent about the quantitative implications of staff judgnehirn, the Board expresses
and acts orproad cofidence in thexpertise of th staff.

42.  Speed of production in large part reflects efficiency of the CBOC FPA® i.e. of the
forecasting team(FT), of the flat hierarchy, and of the overall work environment at the
CBOC. Communications between different levels, and acsestions andlivisions are
effective. Discussions and meetings are cordial and frank, without undue back and forth.

Apparent operational vulnerabilities

43.  While the relatively small staff, limited turnover, and compressed schedule may
enhance efficiency, these features alsmply costs and risks:

1 the CBOC does not derive full return from its investment in the core models
1 the FPAS is subject to operational risk.

44.  There is little capacity in the system to cope witlextra policymaker demands or
unexpected staff absence3helack of redundancy means that while resources are adequate to
produce a moddbased baseline forecast, they are insufficient for-agdlpted moddbased
alternative scenarios within the allotted time schedegpecially if demand for such scenarios is
not voiced early in the process

45.  The forecastproduction schedule allows only a few days for the stafff the FT to

derive a Boardrequested alternative scenarioThe International Section does not have

sufficient time to assess the full international implications of a global shock such as to metals
prices or U.S. interest rates. The FT does not have sufficient time to carefully adapt technical
model assumptions requested substantive macroeconomic shock. Experience at other central
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banks suggests that a forecasting team would usually require about 5 days to ddesigredd

model simulation.

46.  Operational risk derives from unexpected staff turnover and burrout. Intensive

work effort over a prolonged period of tingestressful, and can lead to departures of key,staff
meaning a loss ofand-to-replacehuman capital. Retention of staff with accumulatedraqob

training for highly specialized work is a hugsset.

V. DIRECTIONS FOR CBOC M ACROECONOMIC FORECAST M ODELING
A. Assessment of current XMAS and MEP models

47.  The analysis ofCBOC modelbasedforecasts since 200fhdicates that theyhave
performed marginally better than the Consensus Economicsurvey offorecasters
(Appendix 4). This is similarto the situation ither leadindFT central banksThe Bank of

Canada and the Czech National Baekform somewhatetter on the measures we ysean the

CBOC, but since the sample period is short, one cannot draw strozigstons from this

Furthermoreforecasting accuacy, viewed exyost,may not be a reliable indicatof the value of

the forecasting exercisespeciallyin view of the coditionality of the proces$-or example,

policy may respond tthe prediction of &adoutcome andtherebycreate an ex post foretas)

error.” In this case, the forecasigsa correct signaland theex postforecasting errois, in
context,a desirale result.

48.  The main value added produced by the staff for the Board is not better numbers,

but a credible macroeconomicnarrative that can help policymakersform their own views,

and act as gpoint of reference for their deliberations For example, if they differ with the

outlook in amodetbasedstaff forecastthe source of the differengee.g. differingassumptias

about exogenous variables,differences inviewsfrom the dynamicsn the modedd should
become cleafrom the process alebate androm the results of modddased sensitivity

analyses, etdn addition a model provides@ol thatalloveth e bank és economi
incorporate newharriving informationinto the outlook for the econoniry a logical, consistent

and understandable way.

Adopting DSGE Modelsat the Bank of Canada (BOC)
and the Czech National Bank (®IB)

The BOC6s QPM model, devel oped i n todumorte
forecasting and policy analysisider the regime of inflation targetifguguay and
Longworth, 1998provides backgroundKey featuresimilarto those in later DSGEodels
were a welldefined steady state; a nominal anchor provided HiFRrpolicy reaction

function, andrational(modelconsistent) expectations. The-s@twas intuitively appealing

”The 2009 international fiscal expansion coordinated by the G20 is an outstanding example.

sts
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to policymakers, as the movements in most of the main macro varialple$(@P, the
unemployment rate, the policy interest rate) could be viewed in terms of deviations, or
from long-run equilibrium Thus, they could identify an expansionary monetary policy wi
policy rate below the longun equilibrium rate; or disinflationary pressure with a negative
gap between current and potential GM®re important was that QPM could bead as a
practical tool for the implemerttan of inflationforecast targetinglonetary policy was
represented by an interest rate reaction function calibrated to bring the rate of inflation
to the official target, from the starting rate, in a wagttlvas not disruptive to the real sect
in line with a basic principle of IFT (Freedman and Laxton 2009).

The modebuilderscalibraed thecoefficientsof QPMto ersure thatthe simulation
properties of the system correspontiedhainstream views on how the economy worKexd.
this end, theglrew on a wide variety of evidenaef which traditional econometric
estimationwas only one par{A purely econometric approach does not generally result i
usefulmonetary policynodel.Even ignorimg thatavailabledata serieareusuallytoo short
to allowestimates witn an aceptablanargin ofconfidence apure empirical approachn
principlecamot yieldmodelsthatpermit analysis opolicy optiors, be@use these would
generallymeana changen the behavior that generated the historical @BOC 2003 and
Berg Karam and Laxton 2006

While usefulfor the purposeQPM lacked explicit micro foundatiodst was a semi
structura] rather than a fubtructural, modellt was notwell equipped to handle shocks tha
might have complex dynamic implications for real variablesy. fiscal policy changes, or
terms of trade shock¥he BOC switched to a DSGE model after 2005. TOTEM added 72
features tht QPM lacked: (1) multiple productn sectors, each with demand functions fof
factor inputs, and a pricing schedule; and (2) explicit optimizing bel@¥ions maximize
profits, while consumers/workers maximize a utility function in consumption and leisur
perceived advantage of TOTEM svthat the richer behavioral structure-gigis QPM
would yieldmore realisticesponses to shocks that might involve sectoral adjustments (
time, eg.termsof-trade shocks.

At the broad level, the major difference perceived by policymédkens theswitch in
modelswas the disappearance of the traditidplaillips curve, whichn QPMdrove the
cyclical component of inflation as a function of the output gap. They had become very
familiar with this concept over many years. In contrast, TOTEM proadeeixplanation for
unemployment in terms of rising marginal costs, with fgpecific capital stocks adjusting
only slowly to shifting patterns of output. BOC policymakers did not find these aspects
intuitive, andhave preferred taseethe inflation forecast presented a functiorof the output
gap(i.e. a Phillips curve)The forecasting teaimas thereforéranslate TOTEM-derived
results from fApr esthaiiroas t i Oveaghegpasncauple af year
the BOC ha returned somewhat to a sestiuctural approach. Thus, as well as the 2011
version TOTEM II, the BOC is now using LENS, a sestructural model on the lines of th
Feder al Reservebds FRB/ US, (Darich and others20il8 | |
GervaisandGosselin, 2014 It uses standard econometric estimation to set parameters,
lower weight on theoretical priors than TOTEM II.
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While the latteremainsthe main vehicle for the mediuterm forecast, and for simulation
alternative policy options, LENS carries more weight for forecasts up to a year ahead,
because of better forecasting properties over this horizon. Throughout the quarter cen
inflation targeting, the BOC hadwaysretained a very prominent narrative for the output
gap in its policy announcements and explanations.

CNB economists built theemistructuralQPM-gap model rapidlyafterthe adoption of
inflation targeting in 1998. It s a useful forecasting tool, but had evident weaknesses
which in large part stamed fromthevery shorttime seriesvailablefor estimating
parametersandthe enormous structural shifts in the Czech economyeid#90qAdrian,
Laxton, and Obstfeld, @18, Chaptef0). Under these circumstances it was nopssmg
thatQPM-gap had some implausible simulation properiesl he need for a model in
which policymakers could have more confidence became quite pressing. In 2008, the
forecasting tearbrought thé currentQPM-DSGE model into servicgndrle and others
2009. Tests indicated that the central bank would be sacrificing nothing in terms of
forecasting accuracy by adopting the new model. The richer structure generates answ
guestions bout the macro outlook with more efficiency (less need for ad hoc judgments
and with greater confidence in the results. However, BVGEdid not cope well with the
realworld nonlinearities exposed in the steep and prolongedgbaisal crisis recessi@n
e.g.,the zero lower bound on the policy interest rate, which ruled out further conventiol
monetary easing

These 2 cases illustrate that no model is useful for every issue that might confront fore
or policymakersTime-series extrapolations ¢moughtlessnodel simulations throw up
economically nonsensical resultpusheal beyond a short horizoBearing this in mind, an
effective FPAS deals with the known weaknesses of the core forecasting models ¢éroy
procesghat allowsmodification by pdgmend the better a model is, the less need for
process t@over the creks, but there is always the need for a systematic way to bring in
insights from other models (e.g. satellite models for the drop in potential output during
recession cause bysavee financial crisis), and from the judgment of experts.

49. XMAS-based quarterly forecasts have been somewhat more accurate than MEP
based This conclusion derives from an analysis of rowan-squared errors (Appends. The
difference is generallsmall, but quite significant for output growihhe relative advantage of
the enhancelbehavioral content of the DSGE modiel clearestor forecast horizonkngerthan
3 quartersas one would expect

50. Regarding the policy interest rate, there is nonaterial difference in the forecasting
accuracy from the two modelsIn both cases, the RMSE at theg@arter horizon is quite large,
equivalent to about 125 basis poiRertaps thepolicy reaction function (it is similar in the 2
models) does not clolsereflect the actual policy preferences of the CBOC Bo@tdser
examinationndicates a tendency to overestimate the futate This suggests either that the
CBOC was overestimatinge underlying equilibrium interest rater that headwinds were
persstently stronger thn the central bank forecasters foresaw.
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51.  Areaction function based on minimzation of a quadratic loss function mightbe

more realistic. This would implyrelatively smallresponses of the policy ratedisturbances

when the econoynis neara longrun equilibrium position (i.e. small output gap, inflation near
target) However, if the shock is large, or if the starting position is already well away from long
run equilibrium the responses would be much larger. Thdbgsminimizaion would imply

strong aversioto large deviations from policy objectivés.

52.  The betteroverall performance of XMAS relative to MEP may bedue to a better
underlying behavioral structure, or to more attentive calibration, or to an input of
assumptions better tailored to the modellt is likely a combination of all three factors, because
since 2010 CBOC moddluilders and users have put much more time and effort into XMAS
than into MEP.

B. Underlying equilibrium variables

53.  One of themore profound difficult ies that policymakers forecastersand
macroeconomic model buildersalike, have had to facesince the mid200Gs is increased
uncertainty about underlying equilibrium variables for variables like potential output, the
real interest rate, and real exchange rate€Summers 2015)Up to and includinghe period of
theAGr eat Moder at i o measonall assumehat thasé fandamentals dere
stable.Since the global financial crisis, howevtirey have had to revise dawards their
estimate®f the neutral interest ratsd potential output (growth and levélhe recognition lag
means that the revisions inevitably lag the actual developments.

54.  The CBOC shouldre-examine their procesdor forming assumptionsabout these
variables, and allow for an increased degree of uncertaintylThe bank was quitquick to
recognize a drop in potentigtowthduring the commodities market recessu$r201216. This
implied a downward revision in the equilibrium interest ratmsistent withthe XMAS model
However thiswas relatively small compared tioe extent of thestimatediecline in theglobal
equilibrium real ratewhich affectdirectly a small opereconomy like Childe.g. Summers
2015. A process that allowed fonoretimely adjustment ofhe assumed neutral ragend for
increased uncertaingbout the assumptiomight be advisable. We recognize thids may not
be easy. 8me difficult technicalssues arisdbecause of the link betwedme real equilibrium
interest rateind the growth rate of potential outpoia DSGE model

C. Models for the future

55.  The central bank should drive model development witha defined purpose rather
than to incorporate latest techniquesThis requiresperiodic reassessment of the Bodsd

needsValidation criteria appropriate to the purpaggroviding relevant macroeconomic
forecasts and analydisr Board decisions/ould include

8 An applicationto a US. modein Alichi and others (2015b)ustrates the technique.
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i forecasting accuracy not juster timebut relative to different shocks and states of
the economy

1 ability to considerand efficiently implementlternative scenarider monetary
policy meetings.

56.  Satellite models can providealetail on causal mechanisms, as well as on
disaggregated components of the macro variables in the core modefar examplein the
Chilean economthe exchange ratghannel is a potent past the monetary policy transmission
mechanismCore models capture this at the macro leviéh relatively high oefficiens on the
real exchange rate variable in outpand inflationequationsThey do not, however, attempt to
providedetail on the causal mechanissusnmarized in thsecoefficiens. In reality, the timing
and the strength of the overall respordggend on adjustments withwarioussectorsvhich
have differing degrees of sensitivity to the exchangératg. thetradables sectaespond
more rapidly than the nemmadales sector (Naudon and V,i&00§. A satellitemodelcould
provide adescriptionof the processThis would be preferablén generalto building the
increased detail into core moddiceptions would be whahcould be @monstrated thahe
increased complexitigrought a payoffin terms ofthe criteria mentined above.

57.  The forecasting proces#$as to deal with known or suspected weaknesses in the
models.Forecastdased orbetter modelsnayrequireless judgmental adjustmerut no model
is designed tanswer all the relevant questioiitie FPAS should include transparentrpcess
for definingtheissuego which judgment must be applieghd for providing appropriate
solutions Exampledor Chile might include: the exchange rate transmission mechanism (as
discussed aboveandapossible bias imodel policy reactiofunctions.

D. Integrated XMAS-MEP forecasing:
Recommendationdor future model developmenhand use

58.  CBOC forecast production is efftient, streamlined, and speedyThere is not a steep
hierarchy, and@mmunications between the staff and the B@aedcordal and frank This
environment is conducivieothto soundmacraconomic analysis, and ilaformed decision
making.Technicaly oriented staff makeresentationsdirectly to the Boardand senior
management

59.  Thecentral bank could, however, get morefrom its models in terms of risk
assessmersd i.e.sensitivity analyses or alternative scenariod his is very important, becae
this is where t majorvalue of the modebased forecadies. Goodforecasting accuraéyand

we underlire thatthe CBOCmodetbased forecast performs relaiy well in this regard is an
asset topbutalone not a sufficient basis fpolicy analysis and decision makird usefulmodel
for monetary policycontainsa coherent structure for the transmission mechanism from policy
instruments to goal Thisassists policynaking, andn so doing it helps policymakers foulate

a consistent macroeconomic narrative to communicate the rationaleifatetisions.

60. A modification of the forecast productionschedulemight help for this purpose.One
option would be textend the forecagiroductioncalendaywhich is much shorter than in other
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IFT central bankdike the Bank of Canada anlde Czech National BankVe woul keep a
relatively short scheduléecause the current CBOC process is impressively effective as it
standsAn additional weelatthe starof the processafter the Boardhas seenand responded to,
an early version of the stafbselingorecastmightbe enoughAn Issues Meeting would be
used to discussajor topics, includinghe main assumptions fire baseline, versus alternative
scerarios. Inaddition,this meeting wouldpell out the implications of any revisions to the core
models.A schedule othis naturevould give the forecast teatine time necessatg use the
modek, with adequate thouglaindconsultationfo producealternativescenarios to the baseline
in line with the directiongiven by the Board The current compressed schedibes nopermit
thisd it allows just a few day® produce the requestatternative casd andthe forecasting
teamis forced torely heavily ontheir ownjudgment This means thainder the current process
thecentralbankloses much ofhe powernf the nodelbased approadh which it has invested

61. A complementary option 5 a modest increasen forecast team staff,to allow a
couple of economists$o focus ona fewmodelbasedrisk scenarios relevant to the present
conjuncture, but substantially different from the baseline They would work in parallel with
therestof theteam which would beputting together the baseline forecaste staff wouldhen
presenther alternative scenaricst an early forecast meeting with the Bodndany casethe
staff shouldbe bold in the assumptions they explasealternatives tthe baselineThis may
involve challengedor theprojectedoaths of underlyingheoretical equilibriunvariables For
examplethe forecasters might explore the imoptions of a persistestock tothe neutrareal
interest rateSuch a shochknight conflict with the equilibriunrate consistent with thealanced
long-run growth pathof thecore modelThere is a payofto exploringchanges that do not fit
easily intothe mold of the modeBfter all, the purposeof thesesengivity analyses igo help the
Boarddevel@ strategie$or evens and developmenisutsidethe normal rang® routine risks
are covered by the confidence bands around the forecastqathsiables

62.  Sincethe major macroeconomic risks confronting Chile ofenderive from complex
shocksfrom the rest of the world, the CBOC might benefit from closer integration ofits
external forecastingwith the modelbaseddomestic forecasting For example at the time of
writing, the large fiscal expamon enacted in the United Statesth the US economy atar
full-employment, could haw&zableimplicationsfor global interest rates, activitgnd
commodity pricesSuchvastimplications can only bexplored adequately with the assistaane
explicit numerical model of thglobal econom. A version of he GPMmodel, alreadyised at
the CBOG might be used more extensivatythis regard

63.  Anissueis whether the CBOCshauld continue using a twemodel (XMAS and

MEP) approach. In recent year=PAS modelindhas cogentrated on XMAS, anMEP has not
been consistently updateThe questiothereforeamounts tavhetheror not MEPshould be
dropped.

9 Adrian, Laxton, and Obstfeld, 2018, Chapter 4, contaigeneral discussion of design for an effective FPAS;
Laxton, Scott and Rose, 2009, presents a detailed practical guide.
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64. In our view, the output gap, as used in MEP|s a useful concepfor analyzing and
communicating how the central bankmanages the shorrun trade-off between output and
inflation. Whereaghis tradeoff is clearand intuitivein the Phillipscurveequation in M, it is
somewhat lesso inthe DSGEmodelling of inflation used in XMASP° Thus, mlicymakers
generallyfind it easy toexplainthear choice ofpolicy tradeoff in termsof a Phillips curvebut
less easy texplain how pressure of demand on marginal aestédes to the tradeff that they
have choserindeed,in central banksising a DSGE correcasting modgbolicymakersoften
empoy a narrativéor public commuications thatranslate the DSGE concept of demand
pressure intéhe more ituitive concept of theutput gagexamples are ithe MPR of the Bank
of Canadaand intermitently in that ofthe CBOQ. Thistranslation of concepts is valid, because
within the structure of the DSGE modgtetential outputand hene the output gapsimplicit.

65.  This would suggestintegrating the Phillips-curve-style model MEP) into the new
Keynesian approachof XMAS. B e nandjothers (201Qropose aystemationethodology for
integrating different forecasthat carbe adaptedor this purposelt essentiallyinvolves
conmbining the modelbased forecastsvith weighs inversely proportional tther historical
standard errorAppendix6).

66. A similar methodology can be usetb integrate systematicallythe nearterm and
medium-term forecasts. This would allowbetter recognition afhe width ofbands of

uncertainty aroush shorttermbaselindorecast paththan under the current system, in which the
nearterm forecast isimply imposedas initial condtions Figure 2 outlineshe formatthe

arrows indicate direction of inputhe central oblongests XMAS, the outptgap Phillipscurve
model, and theearterm forecast proces$he red oblongnside itenmmpasses the
recommendedore model, which is the DSGE model XMA&egrded with the otput gap

Phillips curve The thin arrow fom the core model tihe neaiterm forecast indicates relatively
small feedback.

10 Core inflation is, appropriately, the dependent variable in these equations. The staff make forecasts -of the non
core component ofdadline inflation outside these models. Appendix 7 contains a general discussion of the uses of
core inflation in monetary policy.
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Figure 2. Schema for CBOC Model Integration
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67. MEP is in need of updating and restructuring.As model development efforts have

gone into XMAS, MEP has suffered. As argued in more detail below, we think it still has a
useful role, for managementibfe policy tradeoff, and for risk analyses. The main structural
change that seems necessary is to incorporate the copper price, and to put the focus on overall
GDP, rather than just neminerals GDPCommoditycycle dynamicd especially opperprice
changs, and investment in the mining seétgrlay a central role iChilean economic
developmentge.g.Forneroand Kirchner 2018)

68.  Changed longrun environmentd or headwinds?The recognition lag means that in

real time a change in an underlying real variable shows up as a repeated shock over a run of
guarter® i.e. economic headwinds (adverse shocks) or tailwinds (favorable shocks). The
challenge here for forecasters and poliajers is to decide if there has been a permanent shift,
or if the shock will soon die out. In the short run, it may not matter much if policy makers treat a
permanent change as temporary, as long as they recognize that the change has taken place.
However,over time, lack of recognition could lead to a cumulative bias in the stance of policy.

69.  The case for a regular, backwardooking, review.One way to moderate damaigem
the reognition lagwould be to have a regular backwdooking review of the performance of
monetary policywith the participation on invited outside expedsintervals o6 yearsor less!?

11n Canada the inflatictarget agreement between government and central bank has a duration of 5 years (e.g.
Bank of Canda 2016). On its renewal there are extensive reviews of performance by outside experts, as well as
Bank of Canada insiders. This arrangement has worked well.
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More important, such a rexw would increase the accountability of the centrakidar its own

past actionsWhile it is a very good thing that monetary policy has become more forward

looking, it is important for any organization to stamce in a whileand take a hard lodsackat
what it hasactuallyachieved

70.  The CBOC might consider publishing the path of the policy interest ratein the staff
forecast. The Board wishes to provigeclearmessagaboutthe future path of the interest rate
following its policy rate announcementgetiongertermmarketrates have not systertiaally
reacted in the desired wéayeveral IFT cetral bankge.g.Reserve Bank of New Zealand, Czech
National Bank andSverigesRiksbank)have found thatyblication of a numerical path is the
best way to avoid any ambiguity this regardThe fact thathe staff rather the Board, is
responsible for the forecastakes it quite feasible for the CBOC to take this,sds@Board
membersnay express reservations abautarticular paté the staff forecast being the most
important, but not the only input flicy decisions.

V. CONCLUSIONS AND RECOMMENDA TIONS

71. The CBOC has a sound, efficient forecasting and policgnalysis systen{FPAS). It
compares well with any of the other central banks that have established successful frameworks
for inflation-forecastargeting. CBOC staff employ staté-the-art macroeconomic models. The
Board has full confidence in their work, and affords them a high degree of independence for
producing the forecasts that are used to make policy decisions at monetary policy mEe¢ings.
organization does not have a steep hierarchy; communications are easy botbeatiwss and
divisions, and over different levels. The forecasting team is small, and produces forecasts with
impressive speed.

72.  The overriding priority is to retain t he strengths of the current framework.From

here, the CBOC is in a good position to stay abreasieodi¢velopments in other advanced IFT
central banks. Our recommendations for improvement are therefaerforued improverant

rather than radical chaag to thdried and testedetup. This said, any organization, even one at
the forefrontmustchange to get the most from ongoing developments in technology and ideas,
and to be ready to face the challenges that theexadving environment may throw up

73.  Thetwo core model® MEP, the more traditional model, with an output-gap
Phillips curve, and XMAS, the newer DSGE modd@ both have valueand should be
maintained. Forecastslerived with botrcomparequite wellin terms of accuracy to those of
Consensu&conomics, and thos# benchmarkFT central banks, the Bank of Canadalthe
Czech National Bank. While this may reflect good judgment, it deesrtheless providgome
supportto the modelsMore important is that the latter help provide forecasis¢mbody a
coherent quantitative macroeconomic narrative.

74.  The gap model, by its nature, highlights the shorrun trade -off between inflation
and output in analyses of economic shocks and related policy optiotiscan therefore help
policymakers to nagate the tradeff over a mediurrterm horizon, and to communicate their
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strategy in terms of widelynderstood macroeconomic theoBap models also can be uded
risk analyses that would be technically very difft for a DSGE model.

75. The DSGE model can answecomplexquestions that the gap model is not equipped
to answer. These include exogenous changes that may have importasulongplications for
real variables, or for the accumulation of net assets or liabilities. These wduldietermsof-
trade shocks anany aspects of fiscal poligg.g.Kumhof, andLaxton 2009)

76.  We recommend a process to integrate insights from the two approachdse mission
team presented a technique to achieve this. A similar technique can be pisBdde a
systematic blending dhe neatterm forecast with the modélased mediurterm forecast.

77.  As a counterpart to the speed and efficiency of the CBOC FPAS, there are some
costs.While resources are just about adequate for production of thinleafeeecast each

guarter, the compressed schedule does not allow sufficient time to do well considered
simulations of alternative scenarios, with substantially different assumptions from the baseline.
This means that the bank does not get full value ftsrmonsiderable investment in models.

After all, amajor benefit of a modddased approadbk the capacity to develop alternative
scenarios consistent with standard macroeconomic thinking.

78.  Some operational risks are evidentThe tight production schedule, and relatively small
forecasting team, implies long hours and stress for staff. There is no redundancy in the system,
so it is not well placed to deal with unexpected departures of staffsudden increase in the
demand®f senior managementshis problemcould be reduced bpncreasing the team by one
economist, and by increased rotation of staff between forecast production and model
development. This would increase the pool of staff with appropriate skills in bothofusciind
hence provide baelp, as well as enriching the working environment.

79.  The CBOC might consider some changes tmaintain a focus on mediumterm,

strategic issuesn forecast production and presentation An Issues Meeting, of Board with
forecastes, could discuss the major issues for the baseline forecast, and to illustrate risks and
policy options, relevant assumptions for alternative scenarios. This meeting would take place a
week before the start of the currémtecast production scheddlevhichwould in effect be

extended by one week, up front. To relieve stress on the systenm line with the suggestion

for more staff rotation, moddluilders, rather than the baseline forecasters, could do the
simulations for the alternative scenarios.

80. For improved transparency and accountability,and to mitigate the risk of a
cumulative bias in policy decisionsthe central bank might consider publishing a regular,
backward-looking review of performance.We would recommenduch a revieywwith
partidpation by invited outside expertst least every 5 years

81. No radical reforms of the CBOC FPAS are desr able, as thepositive results from the

existing systemspeak for themselvesDespite some major terras-trade shocks, and

fluctuations in the actual rate of inflation (both headline and core);ternginflation

expectations have stayed steady at the 3 percent target rate. Likewise, monetary policy during the
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period of IFT has élped Chile avoid large cyclical movements in economic activity and
employment.



33

REFERENCES

Adrian, T., DouglasLaxton, and MauriceObstfeld 2018,Advancing the Frontiers of Monetary
Policy, edited byTobias Adrian, Douglakaxton, and Mwrice Obstfeld, IMF
https://www.bookstore.imf.org/books/title/advancitig-frontiersof-monetarypolicy

Alichi, A., J. Benes, J. Felman, I. Feng,Reeeiman, D Laxton, E Tanner, DVavra, and H
Wang 2015, Frdéintiers of Monetary Policymaking: Adding the Exchange Rate as a
Tool to Combat Deflationary Risks in the Czech Republic | Mking Péaper,
WP/15/74.

Alichi, A., K. Clinton, C Freedman, OKamenik, M Juillard, D Laxton, J Turunen, and H
Wang 2019, AAvoiding Dark Corners: A Robust Monetary Policy Framework for the
United States ¢ | MF Wor ki ng Paper, WP/ 15/ 134.

Al-Mashat, R., Kevin Clinton, Douglas Laxton, and Hou Wang, 2(Hi&t Principles 6 i n
Advancing the Frontiers of Monetary Polj@d. byTobias Adrian, Douglas Laxton,
and Maurice ObstfeldVashingbn, International Monetary Fund

Al-Mashat, R., Kevin Clinton, Douglas Laxton, and Hou Wang, 20d¢&haging Expectationso
in Advancing the Frontiers of Monetary Poljad. byTobias Adrian, Douglas Laxton,
and Maurie Obstfeld Washington, International Monetary Fund

Al-Mashat, R., Kevin Clinton, Douglas Laxton, and Wga n g , Qnitetl States:fiFederal
Reser veMadatbd ai n Adv an ciofiMgnetarynRolicy; edoby t 1 e r
TobiasAdrian, Douglas Laxton, and Maurig@bstfeld Washington, International
Monetary Fund

Al-Mashat, R., Kevin Clinton, Douglas Laxton, and Hou Wang, 20&insparency and
Communicatios, 0 Advancing the Frontiers of Monetary Polj@d. byTobias
Adrian, Douglas Laxton, and Maurice Obstfeldashington, International Monetary
Fund

Andrle, M., Tibor HIédik, OndrejKamenik, andanVIl | ek, 2009, Al mpl ement i
Structural Model® t he Czech Nati onal Bank, 0o Prague,
No. 2/20009.

Armstrong, J. RhardBlack, DouglasLaxton, and @vidR o s e , 1995, AThe Bank

New Quarterly Projection Model, Part® Robust Method for Simulating Forward
Looking Model s, 0 Bank of Canada Techni cal

BankofCanad®2 0 16, fiRenewa-CoafrbheThnfjeat Do@ctober.


https://www.bookstore.imf.org/books/title/advancing-the-frontiers-of-monetary-policy

34

B e n e g evinQlintgn, MéarianneJohnson, DuglasLaxton, and Toy Matheson, 2010
AStructur al Model s i n Real Ti mavailablelamMF Wo r k
http://www.imf.org/external/pubs/cat/longres.cfm?sk=23686

Berg, A., ReterKaram, and DuglasLaxton. 2006ii A P r a c t BasedIAppMaci te |
Monetary Policy Analysi& Overviewo | MF Wor ki nigteriaaopaé r 06/ 8 0,
Monetary Fund, Washington,D

Black, R., DbuglasLaxton, DavidRose, and BbertT et | ow, 1994, AThe Bank
Quarterly Projection Model, Part The Steadsd6t at e Model : SSQPMo, B a
Technical Report No. 72.

Central Banlof Chile, 2003,Macroeconomic Modeind Projections

Clinton, K., Tibor HIédik, Tomas Holub, Douglas Laxton,andH&ta ng, 2017, @ACzech
Implementing InflatioAF or ecast Targeting at the CNB, 0
No. 17/21.

Clinton, K, 2006,iCore Infldion at the Bank of Canada: A CritiqueQu e e n 6 sstyUni v er
Department of Eaoomics Working Paperl077

Coats, W., buglasLaxton and @wvidRose, 200ST he Czech Nati onal Bankos
Policy Analysis SysterPrague, Czechdpublic,Czech National Bank

Duguay, P.and@&vidLongwor t h, 1998, A Mac rcyMakingattheni ¢ Mo de
Bank of Canada, 0 EcYohd5msswe3888¥= ! | i ng, 1998,

Dorich, J., MchaelK. Johnston, RysR. Mendes, &phenMurchison, and dngZhang, 2013,
AToTEM I 1: An Updated Version of the Bank
Bank of Canada Technical Report No. 100.

Fornero, J., and WtkusKki r chner , 2018, dALearning -about Comt
Investment Dynamics ina CommogdiE x p or t i n g Interoadiamal Joyrnaldof
Central Banking, March.

FreedmanC.and Douglas Laxtgn 2 OWh9 Inflatidon Targeting® IMF Working Paper,
WP/09/86

Garda-Schmidf M., J. Garaga-Cicco, 2017,fiRevisiting the Exchange Rate Basirough:A
General Equilibrium PerspectiveGertral Bank of Chile December

Gervais, O. and BrcAndréeGo s s el i n, 2014, AAnal yzing and For
Economy through the LENS Model, 0 Bank of C


http://www.imf.org/external/pubs/cat/longres.cfm?sk=23686

35

Isard, Peter, Douglas Laxtonand A@h ar | ot t e EIl i asson, 2001, Al nf
NAI RU Uncertainty and Enoumng ef Eawnomic Byoamicscy Cr
and Contro] Vol. 25, pp. 11b48. http://ideas.repec.org/a/eee/dyncon/v25y2001il
2p115148.html

Isard P., DouglasLaxton, andAnn-CharlotteEliasson, 1999'Simple Monetary Policy Ruse
Under Model Uncertainty International Tax and Public Finan@pringer;international
Institute of Public Finance, November
http://ideas.repec.org/a/kap/itaxpf/vey1999i4p&37 .html

Kumhof, Michae| and DbuglasLaxton, 2 0Q0hSi,| eibs St ruct ur al Fi scal
Based Evaluationo | MF \dperO%88ng P

Laxton, D., AasdairScott and QvidR o s e , D2v@lopthg a Siructured Forecasting and
Policy Analysis System to Support Inflatiborecast Targeting (IFl9 | MF Wor ki ng
Paper 09/65.

Laxton,D.,and PaclBesent i, 2003, & focSmaliCpenyEmérgingi cy Rul e
E ¢ o n o ndoumal of Monetary Economic¥ol. 50, July, pp. 1109 1146.
http://ideas.repec.org/a/eee/moneco/v50y2003i5p11d%.html

Murchison,S.,and AhddrewRe nni s on, 2006, AnToTEM: The Bank o
Projection Model , 0 Bank of Canada Technica

Naudon, A. andaaqun Vi a | , T Evolation ofi Inflation in Chile Since 200@IS Paper
No. 89g Central Bank of ChileNovember

Schembri, L.2 01 7, NRGetting to the Core of I nfl ation,
Summer s, L. H. 2015. AfLow Real R eStalgiligationSe cul ar

Policy. 0 Keynote speech to the Annual Conf
November


http://ideas.repec.org/a/eee/dyncon/v25y2001i1-2p115-148.html
http://ideas.repec.org/a/eee/dyncon/v25y2001i1-2p115-148.html
https://ideas.repec.org/a/kap/itaxpf/v6y1999i4p537-577.html
https://ideas.repec.org/a/kap/itaxpf/v6y1999i4p537-577.html
https://ideas.repec.org/s/kap/itaxpf.html
http://ideas.repec.org/a/kap/itaxpf/v6y1999i4p537-577.html
http://ideas.repec.org/a/eee/moneco/v50y2003i5p1109-1146.html
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870957##
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870957##

36

APPENDIX 1. STRUCTURES AND PROPERTIES OF THE TwO CORE M ODELS XMAS AND MEP

STRUCTURE AND PROPERTIES OF MEP

82. Mini -MEP is a semistructural gap model with four core equations: IS curve;

Philips curve; monetary policy reaction function; and an uncovered interest rate parity

condition that allows for a risk premium (UIP).Okunés | aw rel ates the wun
the output gp. There is an exogenous block for external variables. The model does not

incorporate copper prices, and output in the model is restricteshtmining GDP. This restricts

the model 6s ability to provide f @meadfteadet s and
shocks on inflation and output in the economy as a whole.

83. A backward-looking equationdescribes the evolution of the output gapt relates the
output gap tats past valuescurrent and lagged real interest rate gapdforeign outpuigaps,

and to thdagged real exchange rate gap #m@hon-copper terms of trade gagotably, the IS
eqguation does not include the future output gap and is specified in terms of first differences. It
essentially represents an eroarrection process wth tends to close the output gap over time.
Monetary policy influences the output gap through current and past real interest rate gaps.

84. Foreign activity enters theoutput-gap equation through current and laggedforeign

output gaps.The latterwhichrefer to advanced and emerginguntry trading partner3he real
exchange rate gap affects the output gap with a lag. A positive real exchange rate gap, which
means a depreciated exchange rate relative to fundamentals, increases the output gap, reflecting
the net exports channel. The equation also includesopper terms of trade. An unfavorable

shock for Chile, such as international oil price increase, has a negative impact on the terms of
trade and on the lower output gap.

85.  The Philips curveis specified in terms of core inflation defined from the CPIEFE

index which excludes food and energy Core inflation is determinebly its expected future

value, past headline inflation, the output gap, and the change in the real exchange rate gap. The
inclusion of headline inflation in the equation for core inflatieflects the fact that core goods
production uses neoore products as input. Therefore, an increase of headline inflation leads to
pressures for core inflation to rise. In the same manner, depreciation of the real exchange rate
pushes core inflation uptough its imported components.

86.  Monetary policy responds to future and past core inflation as well as to the output

gap. The nonetary policy reaction function is specified in termshefdeviation ofthe policy

rate from its neutral levethe interst rate gap The lagged interest rate gap in the equation
reflects pol i cymak eThepdlicysrateoreadtshtd onggartggahead anmual n c e s .
core inflation and current output gap.

87.  The UIP equation relatesthe US-Chile interest rate differential to expected
USD/CLP exchange rate depreciation as well as country risk premiunT.he country isk
premium is an observable variahteeasured on the basis of JP Morgan EMBI indée



37

equation is specified in terms of interest rate gaps. Thimtdf&est rate gap is the deviation of
US nominal policy rate from its steady state value which is calibra2gertcent

Core Blocks of MEP

IS curve

Y 0 W W O W W Wi i€ i [ O W W

O W W MO oI dh
wherewstands for output gap,for real interest rate in annual termsgor neutral real interest
rate in annual termsp  for output gap of emerging economias, for output gap of
advanced economies, cfor real exchange rate gap with increase meaning depreciati@forc
non-copper terms of trade gap with increase meaning favorable terms of trade changefaan

stochastic disturbance which is aR@) processThe real equilibrium exchange raseassumed
to be constant.

Philips curve

“ 0o * —Yo 0t @ O —Yo dit

where*  stands for quarterly (neannualized) core inflatiomideviation from target  for
guarterly (norannualized) headline inflation in deviation from target for stochastic
disturbance which is an AR(1) process, &hds the expectation operator.

Monetary policy reaction function

~

M N 0w Q¢ p © ©O * Ww , h

where(stands for nominal policy interest rg@nual rate)and, for Gaussian stochastic
disturbance.

UIP equation
_— — — 0 QQdéi 1

where’Q stands for deviation US monetary policy interest rate from its steady state value
in annual terms; for country annual risk premium gap, which assumes a constant
equilibrium risk premium (measured by the JP Morgan EMBDbipd@ ‘Q &dr nominal

exchange rate depreciation, and for stochastic disturbance which is an AR(1) process.

| MPULSE-RESPONSEFUNCTIONS OF MEP

88. Overall, the responses are fairly standardA selection is in Figures A1-A1.4. All the

of 2%

chartsshow deviations from the steady stdtke bottom right panel in all cases shows the time

profile of the assumed shock.
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89.  The shock tothe country risk premium has alarge but transitory impact on

inflation (Figure Al.4). The absence of secomdund efects may be questionable for Chile in

view of theUnidad de Fomentprice indexation in wage and other contracts. The nominal
exchange rate depreciates by around one percent leading to 0.15 percentage points higher core
and 0.25 percentage points higheadline inflation on impact. However, inflation converges

back to the target almost instantaneously in the second quarter. Monetary policy in the model
does not need to react to the deviations from target, because it is ftookirdy, and looks

through he oneoff increase in inflation.

Figure Al1.1. Output Gap Shock
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Figure A1.2. Core Inflation Shock
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Figure Al1.4.
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STRUCTURE AND PROPERTIES OF XMAS

90. XMAS is based onthe previous DSGE model MAS (Medina and Soto 2007).

Additional features of XMAS include an endogenous commodity sector, a more disaggregated
government sector, and variable capital utilization. XMAS does not feature unemployment
(extensivanargin), and includes only hours worked (intensive margin). Currently, a new version
of XMAS, in which unemployment is due to search and matching frictions, is under
development. This new version can serve as a useful satellite model supporting the main
forecasting models until it is fully developed, and tested in actual forecast exercises.

91. Commodity prices, especially copper, are important drivers of the business cycle in

Chile. Copper price movements have considerable spillovers to the rest obtiwemacthrough
investment, government, and exchange rate channels. Investment in the mining sector after the
GFC has been one of the most important drivers of investment growth varidbgitye A1.5
illustrates the historicalBOC forecasts since December 2009. The chart suggests a tendency for
mean reversion in the forecast. As the figure shows, there have been big surprisescefirst
concern for monetary policy.

Figure A1.5. CBOC Copper Price Forecasts
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92. XMAS features an endogenous commodity producing sector witlquadratic
investment adjustment costs (specified in terms of investment growth) and time to build of
6 quarters. The modeling of theommodity sector is based on Fornero g(2014).The sector
has capitaintensive production, variable capital utilization, and sespacific investment
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efficiency. The government owns 33 percent of the sector and taxes profits of the rest, which is
foreignowned. The aggregate technology trend for the sector in the model is consistent with the
balanced growth path, but can temporarily deviate from it.

93.  Government spending in XMAS is disaggregated into consumption, investment,
transfers, and stabilzation of domestic oil prices The latter is a sort of variabseibsidy with
zero mean in the long run. The model includes a menu of taxes: consumption; labor income;
capital income; dividend income; and private commaodity profits’e@ament debt is in feign
currency.

94.  Government follows a structural balance rule, which reacts téhe deviation of tax
revenues from its potential andthe deviation of the government income from the
commodity sector from its longterm reference value.Tax potential is dened as non
commodity tax revenues when economy is in the steady state. Theulongference price of the
commodity is in essence an average of endogenous price forecasts for the next 10 years.

95.  The inflation-forecastbased policy eaction function in XMAS reacts to deviations

from target of current and expected inflation-both headlineand core, with both measures

net of indirect taxes. Mondary policyalso reacts to deviations of GDP growth from technology
growth.The latter makes up for the contepthe output gap, which is absent from the model.
Multi-sector DSGE models with complex structures typically have difficulty in defining the
concept of potential output, and hence a gap concept. Modsistent concepts of potential
output exist in thery, but the derived measures from typical DSGE models are sensitive to
technical assumptions, etc.

IMPULSE RESPONSEFUNCTIONS OF XMAS

96. Figures A1.6A1.9 illustrate impulse response functions for selected shockehese

relate to: international coppand oil prices, consumption preferences, monetary policy,
government investment, and investment efficiency. Here again, in all figures the bottom right
panel includes the shock profile. The initial size of the shock is equal to one standard deviation.
Thefigures represent the deviations of variables from their steady state values. The definitions of
variables are presented following the figure &

97.  The figure A1.6 shows the impulse response functigtior international copper price
shocks.These stdrat 12 percent in the first quarter, and taper off with different persistence
parameterslhe blueline is the baseline; the green and red dashed lines reptes@antrasting
casef very highor of negligiblepersistence.

98.  The positive terms oftrade shock, in the 2more persistent casedeads to a

significant increase of investment in the mining sectotnvestmenbuilds up gradually due to
adjustment costs and tirte-build requirements; mining investment peaks in about 10 quarters

at level 25 percent above control. Consumption increases gradually reflecting higher wealth and
income. The trade balance goes intgpBis, which leads to an appreciation of the real exchange
rate to bring back the economy to the steady state external balance. The appreciation of real and
nominal exchange rates helps to explain the fall in inflation despite higher investment and
consumgion.
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99. Thesame initial shockwith negligible persistence hasalmostno effects Notably,
investment in the mining sector does not pick up as investors anticipate correctly that prices are
higher only temporarily.

Figure Al.6. International Copper Price Shock
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100. The simulated persistent international oil price shock represents a negative terms of

trade shock (Figure A1.7).The intial oil price increasesil5 percent The trade balance goes

into deficit Headline inflation increases on impact by about 0.5 percentage point, and about half
that after 4 quarters. There is little persistence in the inflation process itself, the persistence of the
higher rate is mainly due tbe persistence of the oil price shock.
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Figure Al1.7. International Oil Price Shock
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101. Following the oil price increase, the simulatedeal-exchangerate response is an
appreciation. This is not the standard response expected for an oil importer.

102. The consumption preference shock involves a one percent increase in consumption
spending (Figure AL.8, third quadrant, top row). Investment drops substantially, a classic
crowdingout effect, as the policy interest rate rises to offset the inflationary pressures. The
response of the exchange rate to this shock is a real depreciation. In effect, the movement in the
trade balance, and that in the interest differential, go in oppositgidire. The increased policy

rate would appreciate the peso, but a strong effect from the trade balance results in the
deprecation. This is a model property worth exploring.
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Figure A1.8. Consumption Preference Shock

Source: CBOC.

103. The direction of response to a transitory monetary policy is standard, but the size of
the responses of output and inflation are quite large (Figure A1.9The simulated shock
translates to a 1 percent increase inpiblicy ratein the initial quarter dropping to zero after the
fourth. Output drops by one percent in the short run, and stay below control for many quarters.
Again, a model property to reconsider.



