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GLOSSARY 

BOC    Bank of Canada 

CBOC   Central Bank of Chile 

CNB   Czech National Bank 

CPI   Consumer Price Index 

DMA   Department of Monetary Analysis, CBOC 

DSGE   Dynamic Stochastic General Equilibrium 

FPAS   Forecasting and Policy Analysis System 

FRB/US  Semi-Structural ñGapò Model, BOC, U.S. Federal Reserve Board 

GDP   Gross Domestic Product 

IFT   Inflation-Forecast Targeting 

IFB   Inflation-Forecast Based 

GPM   Global Projection Model 

LENS   Semi-Structural ñGapò Model, BOC  

MEP   Semi-Structural ñGapò Model, CBOC 

MPM   Monetary Policy Meeting 

MPR   Monetary Policy Report 

QPM   Quarterly Projection Model, BOC 

TOTEM  New-Keynesian DSGE Model, BOC 

XMAS   New-Keynesian DSGE Model, CBOC 

Year-over-year growth 

Growth to current period from same period one year earlier; period as 

defined in contextði.e. year (annual growth), or quarter (4-quarter 

growth), or month (12-month growth) 
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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 related processes used in support of the bankôs policy of 

inflation-forecast targeting (IFT). The mission met with Governor Mario Marcel, and Board 

members Rosanna Costa, Pablo García, Alberto Naudon and Joaquín Vial. Acting Chief 

Economist, and head of the Department of Monetary Analysis (DMA), Miguel Fuentes 

coordinated CBOC input. Head of Medium-Term Forecasting, Jorge Fornero, was 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 committee). He also observed the Monetary 

Policy Meeting for the March policy decision. The mission made presentations to CBOC staff 

on: forecast production at the CBOC and the Czech National Bank (CNB); forecasting accuracy 

(CBOC relative to the Consensus Economics survey, CNB and Bank of Canada (BOC)); 

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

The mission wishes to thank the Governor, members of the Board, and staff of the central bank 

for their attentive cooperation, for productive discussions, and for their hospitality.  

This report presents the missionôs assessment and main conclusions.  
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EXECUTIVE SUMMARY  

The mission sought to assist the Central Bank of Chile (CBOC) forecasting and policy 

analysis system (FPAS) in 3 broad ways: 

 

¶ enhanced modeling capability; 

¶ increased effectiveness of the staff forecast as input to Board policy decisions and risk 

assessments in support of IFT; 

¶ improved processes. 

 

The CBOC FPAS is highly advanced. It has all the desirable features of set-ups in central 

banks that have established successful inflation-forecast targeting (IFT) frameworksðIFT being 

the state of the art for flexible-inflation-targeting central banks. All Board members regard the 

model-based forecasts from this viewpoint, as essential inputs for their policy decisions. Most 

members have thorough knowledge of them.  

 

Forecast production is highly efficient and speedy. The flat hierarchy of the CBOC FPAS, and 

frank, business-like discussions, facilitate forecast production and presentation. The high degree 

of independence afforded to the staff reflects confidence of the Board in their work. 

 

The CBOC applies relevant criteria to model selection. A structure for revising, or eventually 

replacing, existing core models is in place. The bank seeks models that can provide credible, 

quantitative, macroeconomic narrative for forecasts and policy analysis, not just forecasting 

accuracy. In practice, the bank needs to be careful to apply these criteria, rather than the most 

advanced techniques.  

 

The FPAS uses two core models: a semi-structural  ñgapò model, MEP; and a DSGE model, 

XMAS.  MEP is a gap model, with a standard Phillips curve. XMAS is based on explicit utility-

maximizing principles, and has more structural detail.  

 

The accuracy of CBOC model-based forecasts has been somewhat better than Consensus 

Economics, and close to that of the Czech National Bank and the Bank of Canada. On this 

measure, the CBOC FPAS produces results in line with those at other leading inflation-targeting 

central banks.  

 

The CBOC has tended to over-predict 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 rate. In addition, the central bank should consider replacing 

the standard inflation-forecast-based reaction function with a loss-minimizing reaction function, 

which would produce smaller responses for small deviations from target, but would help keep 

the economy away from dark corners after large shocks such as the Global Financial Crisis 

(GFC). 
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The two models provide different insights, and credible quantitative narratives, for issues 

and policy options. The gap model presents a useful guide to short-run policy trade-offs 

between output and inflation. The simplicity of the structure is an asset in communicating how 

the central bank intends to manage this trade-off. The DSGE model can be used directly for 

analysis of complex fiscal policy and terms-of-trade issues, especially with respect to investment 

dynamics, and to implications for debt accumulation (public and net foreign). 

 

Because of their differing advantages, both models should be maintained. The CBOC simply 

averages the two model-based 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 shocks suggest a reconsideration of 

model structure. These include high sensitivity of the economy to policy rate changes, and  

large exchange rate movements in response to demand shocks. 

 

The CBOC should devote more resources to analyzing risks to the outlookðand to risk 

management strategies. Board members ask for alternative scenarios at a forecast presentation 

the week before the Monetary Policy Meetingðthis has not allowed staff enough time to 

produce model-based results and policy options. An extra week, at the start of forecast 

production, with an Issues Meeting, would be advisable. 

 

The current forecast-production set-up is stretched too thin, with no redundancy to allow 

for unexpected absences or demands. A modest increase in the forecasting team, through a 

reallocation of Research Division resources, would be enough.  

 

Increased rotation between forecast production, on the one hand, and model development 

or special projects, on the other, would also reduce operational risks. It would widen staff 

skill-sets, and reduce the risk of staff burnout. 

 

The mission examined the reaction of forward interest rates to the publication of CBOC 

forecasts. In most cases the market anticipated the change in the policy rate quite 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 at core inflation as a guide to policy 

decisions, and as a communications tool. The bank should use core inflation with caution, 

especially as there has been a long-run 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 less, would be useful. It would serve central 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:  

¶ appropriately designed models  

¶ system for forward-looking planning for future models  

¶ full integration of model-based forecasts in monetary policy 
decisions, with a flat hierarchy, and clear and frank internal 
communications 

¶ streamlined forecast production, with efficient use of resources 

¶ autonomy of the staff to shape the baseline forecast and risk 
assessments. 

Highest 
Ensure 
sustain-
ability 

Publish review, taking stock of previous medium-term policy performance, 
and the policy framework. At least every 5 years. 

High 
September

2019 

Core models 

Maintain a role for output gap consistent with its prominence in CBOC 
internal policy discussions and external communications:  

¶ output gap for managing and communicating the short-run 
inflation-output trade-off 

¶ structured integration of output gap into DSGE model XMAS. 
Mission team provided an option for structured technical solution 

¶ incorporate copper prices in gap model. 

High 
September 

2018 

Reconsider the exchange rate response to demand shocks. 

Reconsider modeling of real exchange rate and country risk premium. 
Response to standard anticipated shocks over the forecast horizon should 
be modest. 

High 
September

2018 

Systematize the integration of the near-term forecast into the medium-term 
forecast. Similar technical approach as used for blending forecasts from 2 
medium-term projection models (gap and DSGE).  

Construct model-based confidence bands. 

Medium 
March 
2019 

Re-examine the relative roles of output gaps and exchange rate pass-
through in the inflation process, with particular reference to 2013ï17. 

High 
October 

2018 

Consider risk-management (loss-avoidance) approach to policy as 
alternative to linear reaction function. 

Medium 2019-20 

Suite of satellite modelsðmedium term and near term  

Continue with program to refine/extend existing satellite models (labor 
market, copper, non-core inflation).  

High June 2019 
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 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 weekôs 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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I . INTRODUCTION  

1. The technical mission evaluated the forecasting and policy analysis system (FPAS) 

for flexible inflation targeting at the CBOC. For our purposes flexible inflation targeting is 

inflation-forecast targeting (IFT), because the forecast of the central bank is in an important 

sense an ideal operating target, as it takes into account all known influences on the inflation rate, 

including policymakersô own preferences for the relevant trade-offs.1  

2. The fundamental objective of IFT is to stabilize long-run expectations of inflation at 

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

year. Because the nature of economic shocks, especially in an open, commodity-exporting 

country like Chile, wide variations in the annual 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 have executed a clearly communicated, 

credible systemic medium-term strategy for returning inflation to target. 

3. The main instrument for this purpose is, in a narrow sense, the policy interest rate, 

but for policy strategy under IFT it is better to think of the policy rate more broadly, as an 

essential part of a more consequential instrument: the capacity to manage expectations for 

the medium-term future path of the policy rate. The latter, the overnight interbank rate, is after 

all a very short-term rate that of itself does not influence the spending decisions of the bulk of the 

population or of firms. Changes in the policy rate will only affect macroeconomic variables in 

the way the central bank desires if they shift: the longer-term interest rates at which households 

and firms borrow and lend; or the exchange rate; or asset prices; or all of the preceding. This 

means that, for the policy transmission mechanism to be effective, changes in the policy rate 

have to appropriately affect expectations for the entire medium-term path of the policy rate. 2 In 

turn, this implies that good communications are also an essential part of the broadly defined 

policy instrument. 

4. The CBOC recognizes such fundamentals of monetary policy, explicitly and 

implicitly . For example, Monetary Policy Report, September 2014: ñThe Board [the policy-

making committee] has cut the monetary policy rate since June by 50 basis points, taking it to 

3.5 percent, and has continued to state that it will consider the possibility of making further 

reductions to the MPR é it has lowered the MPR by 150 basis points since October 2013 and 

maintained an expansionary stance. This, together with the evolution of the domestic and 

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

                                                 
1 For a discussion of Inflation-Forecast Targeting see Clinton and others, Adrian, Laxton and Obstfeld (2018), Al-

Mashat and others (2018a,2018b,2018c,2018d) and Clinton and others (2017).     

2 Inflation-forecast-based reactions functions, which depend on the output gap, forecasts of inflation and the lagged 

policy rate, have been used for many years in inflation-forecast-targeting 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 particular, long-term rates are now at or near their all-time lows. At the same time, the 

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

individualséò The emphasized phrases (our italics) highlight the bankôs forward-looking 

statement about the policy rate, and the bankôs positive view of the outcome for the transmission 

mechanism. 

5. A central job of the FPAS is to provide macroeconomic information to the 

policymakers that helps them form a strategic view on how the policy rate should move 

over the medium term. This means that FPAS models must be judged on their ability to 

produce economically sensible results for policy strategy, and for other key variables, under 

relevant assumptionsðfor the baseline forecast, and for alternatives to the baselineðas well as 

on the contribution they make to forecasting accuracy. In case there is any doubt, we stress that, 

since the inflation rate is a macroeconomic variable far from the direct control of monetary 

policy, quantitative models of some kind are essential to the implementation of IFT. The 

question at hand is about what models are best designed for the task. 

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

economic forecasts as inputs for the management of the medium-term 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 policy objectives. This does not mean that the Board accepts 

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 

quantitative, economically credible, narrative. Members may then use it as a point of reference 

when they are explaining their own views on the outlook, and when they are communicating the 

rationale for their decisions to a wider audience. 

7. Compared to other central banks, the CBOCôs existing FPAS is highly advanced. It 

has all the desirable features of set-ups in central banks that have established successful IFT 

frameworks. The models have useful policy-simulation properties, and the forecasting record is 

quite good relative to comparable forecasters. This has doubtless contributed to the good results 

of Chilean monetary policy, at times in the face of large terms-of-trade shocks, in stabilizing 

long-term inflation expectations, and reducing fluctuations of output. With all this in mind, the 

suggestions we have are for refinements to the system, rather than major changes. 

8. Section II of this report goes straight to an overview of workhorse FPAS models. 

Section III is about organization and process of production for the quarterly staff forecast. 

Section IV looks at possible future directions for model development and use. We make 

suggestions for changes to organization and process, designed to improve the contribution of the 

FPAS to the making of monetary policy. Section V summarizes our evaluation. Our main 

recommendation is that the strengths of the current framework be maintained. Our other 

suggestions are intended to help in this regard. 
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II . Suite of FPAS models 

A. The two main forecast production models XMAS and MEP 

9. The CBOC Board relies on model-based forecasts as an essential input at the 

Monetary Policy Meetings (eight per year starting 2018) which set the policy interest rate. 

The two models used for forecast production, XMAS and MEP, are monetary policy models, 

designed for medium-term policy simulations as well as forecasts. They are estimated from 

quarterly data. CBOC forecasters use them each quarter to produce a baseline forecast, and 

alternative scenarios that embody materially different assumptions from the baseline about the 

outlook. In practice, the baseline CBOC forecast, key aspects of which are published in the 

Monetary Policy Report, has been a simple average of the two model-based forecasts. The 

baseline and the alternative scenarios, taken together, help policymakers formulate strategies and 

manage risks. 

10. Figure 1 gives a simplified overview of the broad relationship between the different 

kinds of structural models used by CBOC forecasters. Arrows indicate flows of information 

or inputs. Thus, the whole process generates a flow of macroeconomic information to the Board 

(the monetary policy committee). Near-term forecasting models and GPM produce results for the 

domestic and international economies, respectively, which are inputs to the core projection 

models. Likewise, various supporting structural (or satellite models) provide inputs to, or 

influence the calibration of, the core models. 

 

Figure 1. Simplified Overview of the Suite of Structural Models 

 

Source: IMF mission.  
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Gap model MEP 

11. The older model MEP is a variant of the mainstream 4-equation open economy 

model (ñgapò model) that has been widely used to investigate monetary policy issues over 

the past 20 years. It is semi-structural in that it has an economically defendable structure of 

estimated equations, and is constrained to converge to a stable long-run equilibrium, but in that it 

is not founded on explicit dynamic optimizing concepts (Appendix 1).  

12. A standard inflation -forecast-based (IFB)  reaction function for the policy interest 

rate eliminates over time deviations of inflation  from the official target.3 The rate responds 

to deviations from desired levels of output and the modelôs forecast of inflation, with a 

smoothing factor to avoid sharp changes in the rate.  

13. Output in the model is non-resource-sector GDP. Forecasts of sectoral specialists are 

added to the model-derived non-resource GDP to get the forecasts for total GDP.  The resource 

sector is dominated by a few major copper-mining firms, from whom the bankôs sectoral 

specialists receive a flow of information on business conditions, output, investment plans, and so 

on.  

14. The output gap, actual minus potential non-resource GDP, plays a key role in MEP. 

An expectations-augmented Phillips curve drives the cyclical component of core inflation (the 

measure CPIEFE excludes food and energy prices). In the policy reaction function, its weight 

reflects policymakersô concern for deviations of output from its potential level in the short-run 

trade-off between output and inflation. The path of potential is exogenous to the model, and 

estimated from several satellite models, which use various techniques, including filtering the 

historical path of actual non-resource GDP.  

15. The real exchange rate is determined by its expected long-term equilibrium level 

and an uncovered interest parit y (UIP) condition. UIP does not hold exactly, because of the 

Chile country-risk premium, but if the risk premium is constant then changes in the real interest 

rate differential will cause changes in the real exchange rate that maintain constant the expected, 

exchange-rate adjusted, real differential. The exchange rate may jump, and overshoot, in 

response to various shocks. 

16. MEP contains additional features capturing assumed structural characteristics of 

the Chilean economy. Notable among them are: 

                                                 
3  Adrian, Laxton, and Obstfeld (2018) use IFB reaction functions, and compare with loss-minimizing reaction 

functions, e.g., in Chapters 9 (on Canada) and 12 (on the United States). 
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¶ a fairly strong exchange rate pass-through on core CPI inflation relative to other 

economies with advanced IFT: a simulated exogenous exchange rate shock (e.g. a risk-

premium shock) on impact has a pass-through of about 20 percent;4 

¶ output gap and headline inflation in the core inflation equationðreflecting the wage and 

markup (i.e. cost push) components and the relative price mechanism; 

¶ in simulation, the model produces standard responses, e.g., for shocks to demand and to 

core inflation (in effect, a supply shock), and to the policy reaction function. 

DSGE model XMAS 

17. XMAS is a new-Keynesian DSGE model. The inflation process is driven through the 

effects on markups and wage pressures of excess demand. Firm-specific fixed capital, wage 

contracts, and frictions in markets for goods and services, mean that output cannot adjust 

immediately to changes in demand. Firms encounter rising marginal costs in the short run as 

output rises, and falling marginal costs as it declines. This gives rise to the new-Keynesian 

Phillips curve. 

18. A fiscal policy rule has government spending adjust slowly over time to enforce the 

government budget constraint. Long-run revenue growth is linked to the tax base in steady 

state. 

19. Output in the model is disaggregated into natural resource and non-natural 

resource sectors. The natural-resource sector is modeled endogenously through investment 

adjustment costs and time to build. 

20. The IFB reaction function in XMAS for the policy interest rate is similar to that in 

MEP. It contains the deviation between actual inflation and the official target, output growth 

relative to the growth of potential output (rather than the gap), and a smoothing term.5 The 

reaction function looks ahead only one quarter. This raises a risk of instrument instability, as the 

effects of change in the policy rate are weak at such a short horizon. To take account of rigidities 

in the system, and lags in the effect of monetary policy, IFB reaction functions typically look 

further aheadð4 quarters is typical (examples are in Adrian, Laxton, and Obstfeld, 2018). 

                                                 
4 The pass-through is an empirical reduced-form coefficient, and not a structural parameter (García-Schmidt and 

García-Cicco, 2017). The estimated coefficient will  vary depending on the monetary policy regime, among other 

factors. In advanced IFT economies, the pass-through 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 an instrument to achieve the target, the pass-through may be substantial (Alichi and others, 2015a). Such a 

strategy embodies the principle of monetary neutrality, by which, in equilibrium, at given real variables, all 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, Appendix 1 draws attention to a few somewhat 

unusual simulation properties in the impulse-response functions for XMAS. For example, 

macroeconomic variables are very responsive to changes in the policy rate; and the exchange rate 

is quite sensitive to net foreign liabilities, and hence to the current account balance. CBOC 

model builders might want to take a closer look at those aspects of model structure responsible 

for these responses. 

B. Satellite models 

22. Economists throughout the Research Division work with many small, purpose-built , 

models. Results from other models can be viewed as information for forming judgment, which is 

an essential ingredient of any forecast.  

23. The International Section uses multiple satellite models in an eclectic approach. The 

most wide-ranging, for the global forecast and general analysis, is GPM. The main international 

variables provided for the Chile medium-term forecast are the copper price, oil price, external 

activity and inflation (bilateral-trade weighted), and U.S. dollar exchange rates and interest rates. 

For each of these variables, the section uses a variety of models and estimation techniques. For 

example, for the price of copper, the section has three models, each focusing on an aspect of 

pricing behavior: an error-correction model for the near term; a semi-structural model for the 

medium term; and a long-run model, forecasts from which are routinely updated no more 

frequently than once a year, or following a major shift in the market. For all variables, expert 

judgment in the section plays a major role. In view of the wide-ranging nature of variables and 

issues, and the vast quantity of daily news, for the international economy, an agile eclectic 

approach is appropriate.  

24. We did not do an assessment of satellite models. We would only suggest, that for each 

forecast variable, CBOC experts consider adopting a preferred model, and to use the results of 

other models as information for judgmental input. It is generally helpful to have a single 

preferred model, for purposes of organizing thoughts, and presentation. 

III .  MODEL -BASED FORECAST PROCESS 

A. Organization 

25. The forecast is under the auspices of the Research Division, which has 4 

departments:  

¶ Economic Modeling and Analysis (research on core forecasting models of the future, and 

applied research on topics relevant for the understanding of the economy and monetary 

policy decisions, e.g. micro-data-based measures of potential output and labor market 

conditions) 

¶ Department of Macroeconomic Analysis (DMA) is responsible for the forecast and has 3 

sections with self-explanatory titles: 
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o International 

o Conjuncture (near-term forecasting)     

o Medium-Term Forecasting  

¶ Economic Research (advanced macroeconomic and monetary policy research) 

¶ Monetary Policy Strategy and Communications (responsibilities include writing the 

Monetary Policy Report). 

26. The models used by the Conjuncture and Medium-Term Forecasting Sections differ 

along the lines one would expect: more empirically based for the near-term forecast, more 

theoretically based for the medium-term. The Conjuncture Section uses a variety of empirical 

models, e.g.: VARs, small estimated non-structural models, and leading-indicator models 

(Appendix 2). The emphasis is more on forecasting accuracy than on consistency with 

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

judgment.  

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

easily beats a calibrated structural model for near-term forecasting accuracy, in Chile as 

elsewhere. The Medium-Term 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 feedback from the monetary policy interest rate, 

which is of growing importance as the horizon lengthens, and crucial for the inflation rate at the 

2-year horizon and beyond. 

28. The near-term forecast provides initial conditions for the medium-term forecast. 

The International Division provides results for the external economy, both short- and medium-

term, that become assumptions for the medium-term forecast. The procedures used in both cases 

are eclectic, although the medium-term projections for the global economy are to a large extent 

model-based. The division uses GPM for the general picture, and satellite models for the copper 

price, foreign activity and inflation, US dollar exchange rates and interest rate.6 The models do 

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

29. Medium-term, or theoretical, considerations may affect the near-term forecast. 

Since the near-term forecast sets the initial conditions for the medium-term forecast, there is 

some requirement for theoretical consistency in the former.  

30. The Conjuncture Section includes a fiscal policy expert responsible for near-term 

and medium-term forecasts of fiscal variables. The fiscal rule followed by the government 

adjusts for the business cycle and for cyclical fluctuations in the copper price.  The fiscal expert 

has responsibility for tracking the actual administration of the fiscal rule, and is therefore 

                                                 
6 The medium-term forecast for the Chilean peso exchange rate is the responsibility of the Medium-Term 

Forecasting Section. 
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involved in ensuring that the model-based forecasts are consistent with the rule. This is an 

example of how communication between Conjuncture and Medium-Term Forecasting Sections 

may shape the assumptions of the forecast. 

B. Process 

31. The hierarchyðfrom the production of the forecast by staff economists to the 

presentation of the Boardðis quite flat. For the quarterly forecast, the flow upwards, from the 

Conjuncture Section and the Medium-Term Forecasting Section to the Board, is managed by the 

head of DMA under the supervision of the Chief Economist (head of the Research Division, 

Appendix 3). These 2 sections, as their names imply, are responsible respectively for the near-

term (this quarter, and next quarter), and medium-term (beyond the next quarter) forecasts. The 

head of DMA is the main presenter of the forecast at forecast meetings with the Board. 

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

finalized two weeks after the process kicks off with a staff meeting on the international outlook. 

Comparator IFT central banks, the Bank of Canada and the Czech National Bank, have a much 

lengthier production process. Appendix 3 provides detail on this, and other issues in the forecast 

production process. 

33. The independence afforded to staff and their supervisors means that no 

interventions from the Board slow the process at any stage. The Board holds the relevant 

experts and section managers responsible for their own forecast assumptions, external and 

internal to Chile.  

34. The Chief Economist plays a key guiding role to provide coherence in the process. 

This involves frequent contacts with the head of DMA and other staff. The Chief Economist also 

acts as a conduit between the Board and the forecasters, e.g. to ensure that the production process 

addresses the main concerns of policymakers.  

35. The head of DMA presents the staff baseline forecast, with sensitivity analyses, to 

the Board about one week before the Monetary Policy Meeting (MPM) . The Board may ask 

for alternative scenarios, with substantially different assumptions to the baseline, at this 

presentation. The Medium-Term Section then has essentially 2 days to produce the alternative 

scenarios for the final, pre-MPM, forecast presentation. 

36. At the policy meeting, the staff forecast, having been considered by the Board, 

becomes a CBOC forecast. Board members may not agree with all, or even most, of the aspects 

of the staff forecast, but they nevertheless treat 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 autonomy. The Board does 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 staff forecast.  

38. Delegation of responsibility applies all through the FPAS. For example, the head of 

the Research Division as well as section chiefs rely heavily on the judgments of sectoral experts, 

and hold them accountable for their input. 

39. There is close and effective consultation between DMA sectionsðConjuncture, 

International, and Medium-Term Forecastingðon the forecast. This allows sectoral 

specialists to make an appropriate contribution to assumptions underlying the medium-term 

forecast as well as the near term.  

40. Models are an indispensable part of the process. Staff forecasters throughout DMA 

rely heavily on model-based analysis and forecasting, most systematically in the Medium-Term 

Forecasting Section. An overarching aim is to provide a coherent, quantitatively defendable, 

narrative for the outlook, for which models are the logical tool. 

41. Staff are diligent in distinguishing how judgment, versus simple model-derived 

output, influences their forecasts. Thus, forecast presentations to the Board are quite 

transparent about the quantitative implications of staff judgment. In turn, the Board expresses, 

and acts on, broad confidence in the expertise of the staff. 

42. Speed of production in large part reflects efficiency of the CBOC FPASði.e. of the 

forecasting team (FT), of the flat hierarchy, and of the overall work environment at the 

CBOC. Communications between different levels, and across sections and divisions, 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 also imply costs and risks: 

¶ the CBOC does not derive full return from its investment in the core models 

¶ the FPAS is subject to operational risk.  

44. There is little capacity in the system to cope with extra policymaker demands or 

unexpected staff absences. The lack of redundancy means that while resources are adequate to 

produce a model-based baseline forecast, they are insufficient for well-adapted model-based 

alternative scenarios within the allotted time schedule, especially if demand for such scenarios is 

not voiced early in the process. 

45. The forecast production schedule allows only a few days for the staff of the FT to 

derive a Board-requested alternative scenario. The 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 to a 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 do a well-designed 

model simulation. 

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

work effort over a prolonged period of time is stressful, and can lead to departures of key staff, 

meaning a loss of hard-to-replace human capital. Retention of staff with accumulated on-the-job 

training for highly specialized work is a huge asset.  

IV. DIRECTIONS FOR CBOC MACROECONOMIC  FORECAST MODELING  

A. Assessment of current XMAS and MEP models 

47. The analysis of CBOC model-based forecasts since 2009 indicates that they have 

performed marginally better than the Consensus Economics survey of forecasters 

(Appendix 4). This is similar to the situation in other leading IFT central banks. The Bank of 

Canada and the Czech National Bank perform somewhat better, on the measures we use, than the 

CBOC, but since the sample period is short, one cannot draw strong conclusions from this. 

Furthermore, forecasting accuracy, viewed ex post, may not be a reliable indicator of the value of 

the forecasting exercise, especially in view of the conditionality of the process. For example, 

policy may respond to the prediction of a bad outcome, and thereby create an ex post forecasting 

error.7 In this case, the forecast gives a correct signal, and the ex post forecasting error is, in 

context, a desirable result. 

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

but a credible macroeconomic narrative that can help policymakers form their own views, 

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

outlook in a model-based staff forecast, the source of the differenceðe.g. differing assumptions 

about exogenous variables, or differences in views from the dynamics in the modelsðshould 

become clear from the process of debate and from the results of model-based sensitivity 

analyses, etc. In addition, a model provides a tool that allows the bankôs economists to 

incorporate newly arriving information into the outlook for the economy in a logical, consistent 

and understandable way.  

 

Adopting DSGE Models at the Bank of Canada (BOC)  

and the Czech National Bank (CNB) 
 

The BOCôs QPM model, developed in the early 1990s, was designed specifically to support 

forecasting and policy analysis under the regime of inflation targeting (Duguay and 

Longworth, 1998, provides background). Key features similar to those in later DSGE models 

were: a well-defined steady state; a nominal anchor provided by an IFB policy reaction 

function; and rational (model-consistent) expectations. The set-up was intuitively appealing 

                                                 
7 The 2009 international fiscal expansion coordinated by the G20 is an outstanding example. 
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to policymakers, as the movements in most of the main macro variables (e.g., GDP, the 

unemployment rate, the policy interest rate) could be viewed in terms of deviations, or gaps, 

from long-run equilibrium. Thus, they could identify an expansionary monetary policy with a 

policy rate below the long-run equilibrium rate; or disinflationary pressure with a negative 

gap between current and potential GDP. More important was that QPM could be used as a 

practical tool for the implementation of inflation-forecast targeting. Monetary policy was 

represented by an interest rate reaction function calibrated to bring the rate of inflation back 

to the official target, from the starting rate, in a way that was not disruptive to the real sector, 

in line with a basic principle of IFT (Freedman and Laxton 2009). 

 

The model builders calibrated the coefficients of QPM to ensure that the simulation 

properties of the system corresponded to mainstream views on how the economy worked. To 

this end, they drew on a wide variety of evidence, of which traditional econometric 

estimation was only one part. (A purely econometric approach does not generally result in a 

useful monetary policy model. Even ignoring that available data series are usually too short 

to allow estimates within an acceptable margin of confidence, a pure empirical approach in 

principle cannot yield models that permit analysis of policy options, because these would 

generally mean a change in the behavior that generated the historical data (CBOC 2003, and 

Berg, Karam and Laxton 2006).  

 

While useful for the purpose, QPM lacked explicit micro foundationsðit was a semi-

structural, rather than a full structural, model. It was not well equipped to handle shocks that 

might have complex dynamic implications for real variablesðe.g. fiscal policy changes, or 

terms of trade shocks. The BOC switched to a DSGE model after 2005. TOTEM added 2 

features that QPM lacked: (1) multiple production sectors, each with demand functions for 

factor inputs, and a pricing schedule; and (2) explicit optimizing behaviorðfirms maximize 

profits, while consumers/workers maximize a utility function in consumption and leisure. A 

perceived advantage of TOTEM was that the richer behavioral structure vis-á-vis QPM 

would yield more realistic responses to shocks that might involve sectoral adjustments over 

time, e.g. terms-of-trade shocks.  

 

At the broad level, the major difference perceived by policymakers from the switch in 

models was the disappearance of the traditional Phillips curve, which in QPM drove 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 provided an explanation for 

unemployment in terms of rising marginal costs, with firm-specific capital stocks adjusting 

only slowly to shifting patterns of output. BOC policymakers did not find these aspects 

intuitive, and have preferred to see the inflation forecast presented as a function of the output 

gap (i.e. a Phillips curve). The forecasting team has therefore translated TOTEM-derived 

results from ñpressure on marginal costsò to the ñoutput gap.ò. Over the past couple of years, 

the BOC has returned somewhat to a semi-structural approach. Thus, as well as the 2011 

version TOTEM II, the BOC is now using LENS, a semi-structural model on the lines of the 

Federal Reserveôs FRB/US, with a Phillips curve for inflation (Dorich, and others, 2013; 

Gervais and Gosselin, 2014). It uses standard econometric estimation to set parameters, with 

lower weight on theoretical priors than TOTEM II.  
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While the latter remains the main vehicle for the medium-term forecast, and for simulation of 

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 century of 

inflation targeting, the BOC has always retained a very prominent narrative for the output 

gap in its policy announcements and explanations. 

 

CNB economists built the semi-structural QPM-gap model rapidly, after the adoption of 

inflation targeting in 1998. It was a useful forecasting tool, but had evident weaknesses, 

which in large part stemmed from the very short time series available for estimating 

parameters, and the enormous structural shifts in the Czech economy in the 1990s (Adrian, 

Laxton, and Obstfeld, 2018, Chapter 10). Under these circumstances it was not surprising 

that QPM-gap had some implausible simulation properties, and the need for a model in 

which policymakers could have more confidence became quite pressing. In 2008, the 

forecasting team brought their current QPM-DSGE model into service (Andrle 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 answers to 

questions about the macro outlook with more efficiency (less need for ad hoc judgments), 

and with greater confidence in the results. However, QPM-DSGE did not cope well with the 

real-world nonlinearities exposed in the steep and prolonged post-global crisis recessionð

e.g., the zero lower bound on the policy interest rate, which ruled out further conventional 

monetary easing. 

 

These 2 cases illustrate that no model is useful for every issue that might confront forecasters 

or policymakers. Time-series extrapolations or thoughtless model simulations throw up 

economically nonsensical results if pushed beyond a short horizon. Bearing this in mind, an 

effective FPAS deals with the known weaknesses of the core forecasting models through a 

process that allows modification by judgmentðthe better a model is, the less need for 

process to cover the cracks, but there is always the need for a systematic way to bring in the 

insights from other models (e.g. satellite models for the drop in potential output during a 

recession cause by a severe 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 root-mean-squared errors (Appendix 5). The 

difference is generally small, but quite significant for output growth. The relative advantage of 

the enhanced behavioral content of the DSGE model is clearest for forecast horizons longer than 

3 quarters, as one would expect. 

50. Regarding the policy interest rate, there is no material difference in the forecasting 

accuracy from the two models. In both cases, the RMSE at the 8-quarter horizon is quite large, 

equivalent to about 125 basis points. Perhaps the policy reaction function (it is similar in the 2 

models) does not closely reflect the actual policy preferences of the CBOC Board. Closer 

examination indicates a tendency to overestimate the future rate. This suggests either that the 

CBOC was overestimating the underlying equilibrium interest rate, or that headwinds were 

persistently stronger than the central bank forecasters foresaw.  
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51. A reaction function based on minimization of a quadratic loss function might be 

more realistic. This would imply relatively small responses of the policy rate to disturbances 

when the economy is near a long-run 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. That is, loss-minimization would imply 

strong aversion to large deviations from policy objectives.8 

52. The better overall performance of XMAS relative to MEP may be due to a better 

underlying behavioral structure, or to more attentive calibration, or to an input of 

assumptions better tailored to the model. It is likely a combination of all three factors, because 

since 2010 CBOC model-builders and users have put much more time and effort into XMAS 

than into MEP. 

B. Underlying equilibrium variables 

53. One of the more profound difficult ies that policymakers, forecasters and 

macroeconomic model builders, alike, have had to face since the mid-2000s is increased 

uncertainty about underlying equilibrium variables for variables like potential output, the 

real interest rate, and real exchange rates (Summers 2015). Up to and including the period of 

the ñGreat Moderation,ò economists could reasonably assume that these fundamentals were 

stable. Since the global financial crisis, however, they have had to revise downwards their 

estimates of the neutral interest rate and potential output (growth and level). The recognition lag 

means that the revisions inevitably lag the actual developments.  

54. The CBOC should re-examine their process for forming  assumptions about these 

variables, and allow for an increased degree of uncertainty. The bank was quite quick to 

recognize a drop in potential growth during the commodities market recession of 2012-16. This 

implied a downward revision in the equilibrium interest rate, consistent with the XMAS model. 

However, this was relatively small compared to the extent of the estimated decline in the global 

equilibrium real rate, which affects directly a small open economy like Chile (e.g. Summers 

2015). A process that allowed for more timely adjustment of the assumed neutral rate, and for 

increased uncertainty about the assumption, might be advisable. We recognize that this may not 

be easy. Some difficult technical issues arise, because of the link between the real equilibrium 

interest rate and the growth rate of potential output in a DSGE model. 

C. Models for the future 

55. The central bank should drive model development with a defined purpose, rather 

than to incorporate latest techniques. This requires periodic re-assessment of the Boardôs 

needs. Validation criteria appropriate to the purpose of providing relevant macroeconomic 

forecasts and analysis for Board decisions would include:  

                                                 
8 An application to a U.S. model in Alichi and others (2015b) illustrates the technique. 
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¶ forecasting accuracy not just over time but relative to different shocks and states of 

the economy; 

¶ ability to consider, and efficiently implement, alternative scenarios for monetary 

policy meetings. 

56. Satellite models can provide detail on causal mechanisms, as well as on 

disaggregated components of the macro variables in the core models. For example, in the 

Chilean economy the exchange rate channel is a potent part of the monetary policy transmission 

mechanism. Core models capture this at the macro level with relatively high coefficients on the 

real exchange rate variable in output and inflation equations. They do not, however, attempt to 

provide detail on the causal mechanisms summarized in these coefficients. In reality, the timing 

and the strength of the overall responses depend on adjustments within various sectors which 

have differing degrees of sensitivity to the exchange rateðe.g. the tradables sector responds 

more rapidly than the non-tradables sector (Naudon and Vial, 2006). A satellite model could 

provide a description of the process. This would be preferable, in general, to building the 

increased detail into core models. Exceptions would be when it could be demonstrated that the 

increased complexity brought a payoff, in terms of the criteria mentioned above.  

57. The forecasting process has to deal with known or suspected weaknesses in the 

models. Forecasts based on better models may require less judgmental adjustment, but no model 

is designed to answer all the relevant questions. The FPAS should include a transparent process 

for defining the issues to which judgment must be applied, and for providing appropriate 

solutions. Examples for Chile might include: the exchange rate transmission mechanism (as 

discussed above); and a possible bias in model policy reaction functions. 

D. Integrated XMAS-MEP forecasting: 

Recommendations for future model development and use 

58. CBOC forecast production is efficient, streamlined, and speedy. There is not a steep 

hierarchy, and communications between the staff and the Board are cordial and frank. This 

environment is conducive both to sound macroeconomic analysis, and to informed decision 

making. Technically oriented staff make presentations directly to the Board and senior 

management.  

59. The central bank could, however, get more from its models in terms of risk 

assessmentsði.e. sensitivity analyses or alternative scenarios. This is very important, because 

this is where the major value of the model-based forecast lies. Good forecasting accuracyðand 

we underline that the CBOC model-based forecast performs relatively well in this regardðis an 

asset too, but alone not a sufficient basis for policy analysis and decision making. A useful model 

for monetary policy contains a coherent structure for the transmission mechanism from policy 

instruments to goals. This assists policy making, and in so doing it helps policymakers formulate 

a consistent macroeconomic narrative to communicate the rationale for their decisions. 

60. A modification of the forecast production schedule might help for this purpose. One 

option would be to extend the forecast-production calendar, which is much shorter than in other 
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IFT central banks like the Bank of Canada and the Czech National Bank. We would keep a 

relatively short schedule, because the current CBOC process is impressively effective as it 

stands. An additional week at the start of the process, after the Board has seen, and responded to, 

an early version of the staff baseline forecast, might be enough. An Issues Meeting would be 

used to discuss major topics, including the main assumptions for the baseline, versus alternative 

scenarios. In addition, this meeting would spell out the implications of any revisions to the core 

models. A schedule of this nature would give the forecast team the time necessary to use the 

models, with adequate thought and consultation, to produce alternative scenarios to the baseline 

in line with the directions given by the Board.9 The current compressed schedule does not permit 

thisðit allows just a few days to produce the requested alternative casesðand the forecasting 

team is forced to rely heavily on their own judgment. This means that under the current process, 

the central bank loses much of the power of the model-based approach in which it has invested. 

61. A complementary option is a modest increase in forecast team staff, to allow a 

couple of economists to focus on a few model-based risk scenarios, relevant to the present 

conjuncture, but substantially different from the baseline.  They would work in parallel with 

the rest of the team, which would be putting together the baseline forecast. The staff would then 

present their alternative scenarios at an early forecast meeting with the Board. In any case, the 

staff should be bold in the assumptions they explore as alternatives to the baseline. This may 

involve challenges for the projected paths of underlying theoretical equilibrium variables. For 

example, the forecasters might explore the implications of a persistent shock to the neutral real 

interest rate. Such a shock might conflict with the equilibrium rate consistent with the balanced 

long-run growth path of the core model. There is a payoff to exploring changes that do not fit 

easily into the mold of the model. After all, the purpose of these sensitivity analyses is to help the 

Board develop strategies for events and developments outside the normal rangeðroutine risks 

are covered by the confidence bands around the forecast paths for variables. 

62. Since the major macroeconomic risks confronting Chile often derive from complex 

shocks from the rest of the world, the CBOC might benefit from closer integration of its 

external forecasting with the model-based domestic forecasting. For example, at the time of 

writing, the large fiscal expansion enacted in the United States, with the US economy at near 

full -employment, could have sizable implications for global interest rates, activity, and 

commodity prices. Such vast implications can only be explored adequately with the assistance an 

explicit numerical model of the global economy.  A version of the GPM model, already used at 

the CBOC, might be used more extensively in this regard.   

63. An issue is whether the CBOC should continue using a two-model (XMAS and 

MEP) approach. In recent years, FPAS modeling has concentrated on XMAS, and MEP has not 

been consistently updated. The question therefore amounts to whether or not MEP should be 

dropped. 

                                                 
9 Adrian, Laxton, and Obstfeld, 2018, Chapter 4, contains a general 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, is a useful concept for analyzing and 

communicating how the central bank manages the short-run trade-off between output and 

inflation. Whereas this trade-off is clear and intuitive in the Phillips-curve equation in MEP, it is 

somewhat less so in the DSGE modelling of inflation used in XMAS.10 Thus, policymakers 

generally find it easy to explain their choice of policy trade-off in terms of a Phillips curve, but 

less easy to explain how pressure of demand on marginal costs relates to the trade-off that they 

have chosen. Indeed, in central banks using a DSGE core forecasting model policymakers often 

employ a narrative for public communications that translates the DSGE concept of demand 

pressure into the more intuitive concept of the output gap (examples are in the MPR of the Bank 

of Canada, and intermittently in that of the CBOC). This translation of concepts is valid, because 

within the structure of the DSGE models, potential output, and hence the output gap, is implicit. 

65. This would suggest integrating the Phillips-curve-style model (MEP) into the new-

Keynesian approach of XMAS.  Beneġ and others (2010) propose a systematic methodology for 

integrating different forecasts that can be adapted for this purpose. It essentially involves 

combining the model-based forecasts, with weights inversely proportional to their historical 

standard errors (Appendix 6). 

66. A similar  methodology can be used to integrate systematically the near-term and 

medium-term forecasts.  This would allow better recognition of the width of bands of 

uncertainty around short-term baseline forecast paths than under the current system, in which the 

near-term forecast is simply imposed as initial conditions. Figure 2 outlines the format: the 

arrows indicate direction of input. The central oblong nests XMAS, the output-gap Phillips-curve 

model, and the near-term forecast process. The red oblong inside it encompasses the 

recommended core model, which is the DSGE model XMAS integrated with the output gap 

Phillips curve. The thin arrow from the core model to the near-term 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 of headline 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

 
Source: IMF mission. 

 

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 management of the policy trade-off, 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 non-minerals GDP. Commodity-cycle dynamicsðespecially copper price 

changes, and investment in the mining sectorðplay a central role in Chilean economic 

developments (e.g. Fornero and Kirchner 2018). 

68. Changed long-run environmentðor 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 

quartersði.e. economic headwinds (adverse shocks) or tailwinds (favorable shocks). The 

challenge here for forecasters and policymakers 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, backward-looking, review. One way to moderate damage from 

the recognition lag would be to have a regular backward-looking review of the performance of 

monetary policy, with the participation on invited outside experts, at intervals of 5 years or less.11 

                                                 
11 In Canada the inflation-target agreement between government and central bank has a duration of 5 years (e.g. 

Bank of Canada 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 review would increase the accountability of the central bank for its own 

past actions. While it is a very good thing that monetary policy has become more forward-

looking, it is important for any organization to stop, once in a while, and take a hard look back at 

what it has actually achieved. 

70. The CBOC might consider publishing the path of the policy interest rate in the staff 

forecast. The Board wishes to provide a clear message about the future path of the interest rate 

following its policy rate announcements, yet longer-term market rates have not systematically 

reacted in the desired way. Several IFT central banks (e.g. Reserve Bank of New Zealand, Czech 

National Bank, and Sveriges Riksbank) have found that publication of a numerical path is the 

best way to avoid any ambiguity in this regard. The fact that the staff, rather the Board, is 

responsible for the forecast makes it quite feasible for the CBOC to take this step, as Board 

members may express reservations about a particular pathðthe staff forecast being the most 

important, but not the only input to policy decisions. 

V. CONCLUSIONS AND RECOMMENDA TIONS 

71. The CBOC has a sound, efficient forecasting and policy analysis system (FPAS). It 

compares well with any of the other central banks that have established successful frameworks 

for inflation-forecast targeting. CBOC staff employ state-of-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 meetings. The 

organization does not have a steep hierarchy; communications are easy both across sections 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 abreast of the developments in other advanced IFT 

central banks. Our recommendations for improvement are therefore for continued improvement, 

rather than radical changes to the tried and tested set-up. This said, any organization, even one at 

the forefront, must change to get the most from ongoing developments in technology and ideas, 

and to be ready to face the challenges that the ever-evolving environment may throw up. 

73. The two core modelsðMEP, the more traditional model, with an output-gap 

Phillips curve, and XMAS, the newer DSGE modelðboth have value and should be 

maintained. Forecasts derived with both compare quite well in terms of accuracy to those of 

Consensus Economics, and those of benchmark IFT central banks, the Bank of Canada and the 

Czech National Bank. While this may reflect good judgment, it does nevertheless provide some 

support to the models. More important is that the latter help provide forecasts that embody a 

coherent quantitative macroeconomic narrative. 

74. The gap model, by its nature, highlights the short-run trade-off between inflation 

and output in analyses of economic shocks and related policy options. It can therefore help 

policymakers to navigate the trade-off over a medium-term horizon, and to communicate their 
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strategy in terms of widely-understood macroeconomic theory. Gap models also can be used for 

risk analyses that would be technically very difficult for a DSGE model. 

75. The DSGE model can answer complex questions that the gap model is not equipped 

to answer. These include exogenous changes that may have important long-run implications for 

real variables, or for the accumulation of net assets or liabilities. These would include terms-of-

trade shocks or many aspects of fiscal policy (e.g. Kumhof, and Laxton 2009). 

76. We recommend a process to integrate insights from the two approaches. The mission 

team presented a technique to achieve this. A similar technique can be used to provide a 

systematic blending of the near-term forecast with the model-based medium-term 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 the baseline forecast each 

quarter, 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 from its considerable investment in models. 

After all, a major benefit of a model-based approach is the capacity to develop alternative 

scenarios consistent with standard macroeconomic thinking. 

78. Some operational risks are evident. The 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 staff, or a sudden increase in the 

demands of senior managements. This problem could be reduced by increasing 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 both functions, and 

hence provide back-up, as well as enriching the working environment. 

79. The CBOC might consider some changes to maintain a focus on medium-term, 

strategic issues in forecast production and presentation. An Issues Meeting, of Board with 

forecasters, 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 current forecast production scheduleðwhich would in effect be 

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

for more staff rotation, model-builders, 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 decisions, the central bank might consider publishing a regular, 

backward-looking review of performance. We would recommend such a review, with 

participation by invited outside experts, at least every 5 years.  

81. No radical reforms of the CBOC FPAS are desir able, as the positive results from the 

existing system speak for themselves. Despite some major terms-of-trade shocks, and 

fluctuations in the actual rate of inflation (both headline and core), long-term inflation 

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

employment.  
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APPENDIX 1. STRUCTURES AND PROPERTIES OF THE TWO CORE MODELS XMAS  AND MEP 

STRUCTURE AND PROPERTIES OF MEP 

82. Mini -MEP is a semi-structural 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). Okunôs law relates the unemployment gap to 

the output gap. There is an exogenous block for external variables. The model does not 

incorporate copper prices, and output in the model is restricted to non-mining GDP. This restricts 

the modelôs ability to provide forecasts and analyses of the effects of important terms of trade 

shocks on inflation and output in the economy as a whole. 

83. A backward-looking equation describes the evolution of the output gap. It relates the 

output gap to its past values, current and lagged real interest rate gaps, and foreign output gaps, 

and to the lagged real exchange rate gap and the non-copper terms of trade gap. Notably, the IS 

equation does not include the future output gap and is specified in terms of first differences. It 

essentially represents an error-correction process which 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 the output-gap equation through current and lagged foreign 

output gaps. The latter which refer to advanced and emerging-country trading partners. The 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 includes non-copper 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 curve is specified in terms of core inflation, defined from the CPIEFE 

index which excludes food and energy. Core inflation is determined by 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 inflation reflects the fact that core goods 

production uses non-core 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 up through its imported components.  

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

gap. The monetary policy reaction function is specified in terms of the deviation of the policy 

rate from its neutral level, the interest rate gap.  The lagged interest rate gap in the equation 

reflects policymakersô smoothing preferences. The policy rate reacts to one-quarter-ahead annual 

core inflation and current output gap. 

87. The UIP equation relates the US-Chile interest rate differential to expected 

USD/CLP exchange rate depreciation as well as country risk premium. The country risk 

premium is an observable variable, measured on the basis of JP Morgan EMBI index. The 
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equation is specified in terms of interest rate gaps. The US interest rate gap is the deviation of 

US nominal policy rate from its steady state value which is calibrated at 2 percent. 

Core Blocks of MEP 

IS curve 

Ўώ ὥ ώ ώ ὥ ώ ώ ὥ ὶ ὶὲ ὶ ὶὲ ὥ ώ ώ
ὥ ώ ώ ὥὸὧὶ ὥὸὭίὧȟ‮  

where ώ stands for output gap, ὶ for real interest rate in annual terms, ὶὲ for neutral real interest 

rate in annual terms,  ώ  for output gap of emerging economies,  ώ  for output gap of 

advanced economies, ὸὧὶ for real exchange rate gap with increase meaning depreciation, ὸὭίὧ for 

non-copper terms of trade gap with increase meaning favorable terms of trade change, and ‮  for 

stochastic disturbance which is an AR(1) process. The real equilibrium exchange rate is assumed 

to be constant. 

Philips curve 

“ ὦὉ “ Ўὸὧὶ ὦ“ ὦώ Ўὸὧὶ‮ , 

where “ stands for quarterly (non-annualized) core inflation in deviation from target, “  for 

quarterly (non-annualized) headline inflation in deviation from target, ‮  for stochastic 

disturbance which is an AR(1) process, and Ὁ is the expectation operator. 

Monetary policy reaction function 

Ὥ Ὥὲ ὧὭ Ὥὲ ρ ὧ ὧὉ “ ὧώ ‚ȟ 

where Ὥ stands for nominal policy interest rate (annual rate), and ‚ for Gaussian stochastic 

disturbance. 

UIP equation 

ὉὨὩόί  ‮ , 

where Ὥ  stands for deviation US monetary policy interest rate from its steady state value of 2% 

in annual terms,  ”  for country annual risk premium gap, which assumes a constant 

equilibrium risk premium (measured by the JP Morgan EMBI index), ὨὩόί for nominal 

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

 

IMPULSE-RESPONSE FUNCTIONS OF MEP 

88. Overall, the responses are fairly standard. A selection is in Figures A1.1-A1.4. All the 

charts show deviations from the steady state. The bottom right panel in all cases shows the time 

profile of the assumed shock.  
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89. The shock to the country risk premium  has a large but transitory  impact on 

inflation  (Figure A1.4). The absence of second-round effects may be questionable for Chile in 

view of the Unidad de Fomento price 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 higher headline 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 forward-looking, and looks 

through the one-off increase in inflation.   

 

Figure A1.1. Output Gap Shock 

 

 

Source: CBOC. 
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Figure A1.2. Core Inflation Shock 

 

 

 

 

Source: CBOC. 
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Figure A1.3. Monetary Policy Shock 

 

Source: CBOC. 

 

Figure A1.4. Country Risk-Premium Shock 

 

 

Source: CBOC. 
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STRUCTURE AND PROPERTIES OF XMAS 

90.  XMAS is based on the 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 

(extensive margin), 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 of the economy through 

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 variability. Figure A1.5 

illustrates the historical CBOC forecasts since December 2009. The chart suggests a tendency for 

mean reversion in the forecast. As the figure shows, there have been big surprises, a first-order 

concern for monetary policy.  

Figure A1.5. CBOC Copper Price Forecasts 

 

Source: CBOC. 

 

92. XMAS features an endogenous commodity producing sector with quadratic 

investment adjustment costs (specified in terms of investment growth) and time to build of 

6 quarters. The modeling of the commodity sector is based on Fornero et al, (2014). The sector 

has capital-intensive production, variable capital utilization, and sector-specific investment 
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efficiency. The government owns 33 percent of the sector and taxes profits of the rest, which is 

foreign-owned. 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 stabilization of domestic oil prices. The latter is a sort of variable subsidy with 

zero mean in the long run. The model includes a menu of taxes: consumption; labor income; 

capital income; dividend income; and private commodity profits. Government debt is in foreign 

currency.  

94. Government follows a structural balance rule, which reacts to the deviation of tax 

revenues from its potential and the deviation of the government income from the 

commodity sector from its long-term reference value. Tax potential is defined as non-

commodity tax revenues when economy is in the steady state. The long-run reference price of the 

commodity is in essence an average of endogenous price forecasts for the next 10 years. 

95. The inflation-forecast-based policy reaction function in XMAS reacts to deviations 

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

net of indirect taxes.  Monetary policy also reacts to deviations of GDP growth from technology 

growth. The latter makes up for the concept of the 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. Model-consistent concepts of potential 

output exist in theory, but the derived measures from typical DSGE models are sensitive to 

technical assumptions, etc. 

IMPULSE RESPONSE FUNCTIONS OF XMAS 

96. Figures A1.6-A1.9 illustrate impulse response functions for selected shocks. These 

relate to: international copper and 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.  

The figures represent the deviations of variables from their steady state values. The definitions of 

variables are presented following the figure A1.9. 

97. The figure A1.6 shows the impulse response functions for  international copper price 

shocks. These start at 12 percent in the first quarter, and taper off with different persistence 

parameters. The blue line is the baseline; the green and red dashed lines represent the contrasting 

cases of very high or of negligible persistence.   

98. The positive terms of trade shock, in the 2 more persistent cases, leads to a 

significant increase of investment in the mining sector. Investment builds up gradually due to 

adjustment costs and time-to-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 into surplus, 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 

consumption.  
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99. The same initial shock with  negligible persistence, has almost no effects. Notably, 

investment in the mining sector does not pick up as investors anticipate correctly that prices are 

higher only temporarily.  

 

Figure A1.6. International Copper Price Shock

 

Source: CBOC. 

 

100. The simulated persistent international oil price shock represents a negative terms of 

trade shock (Figure A1.7). The initial oil price increase is 15 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 to the persistence of the oil price shock.  
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Figure A1.7. International Oil Price Shock

 

Source: CBOC. 

 

101. Following the oil price increase, the simulated real-exchange-rate 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 A1.8, third quadrant, top row). Investment drops substantially, a classic 

crowding-out 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 opposite directions. 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 A1.9). The simulated shock 

translates to a 1 percent increase in the policy rate in 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. 

 

 

 

 

 

 

 


