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. . CNB Kariona
Inflation Targeting Framework 30

« Svensson’s (2010) definition of inflation targeting:

» “Inflation targeting is a monetary-policy strategy that is characterized by an announced numerical inflation target,
an implementation of monetary policy that gives a major role to an inflation forecast and has been called forecast
targeting, and a high degree of transparency and accountability.”

* Main feature of IT framework is its forward-lookingness:

* Monetary authorities must form views on future inflation developments and know characteristics of the monetary
transmission mechanism.

* There is a lag between monetary-policy actions and their impact on the central bank’s target variables, therefore,
monetary policy is more effective if it is guided by forecasts.

* Principles of inflation-forecast targeting (Svensson, 2010):

« Real-world inflation targeting is not strict inflation targeting where policy rate responds only to current inflation
* Policy rate responds to all information that affects the forecast of inflation and the real economy

* Announcing and explaining our forecasts enhances the impact on private sector expectations and the
economy and supports the effective implementation of monetary policy.



. . . CNB Rariona.
Forecasting and Policy Analysis System 30

* Vickers’'s (1999) presentation:
* Models are useful in forecasting.
* Models help understanding of where the economy has been and how it has worked in the past.

* Models try to explain the relationships between forecasts and policy (e.g. analyses of monetary policy reaction
functions, sacrifice ratio, uncertainty).

Timeline of CNB‘s model-based forecasting practice

Near-term prediction methods

phasing-in QPM phasing-out

phasing-in g3 phasing-out

phasing-in g3+

JAN 1998 JAN 2001 JUL 2002 JAN 2007/ JUL 2008 JUL 2018 JUL 2019




CNB Kaiona
Before QPM 360

* Prior to the introduction of QPM:

« Early stage CNB's models (Age of NTF): no simultaneous-
equations, no active monetary policy and no forward-looking . __
channels. | ///f’

: : : ' ’-:"’ 2 f’ 4] /H

» Lack of expertize in the real-time use of complex formal i i

tools. '

1‘;

s H{ f’j//f/f /f//// "'-*:

» ,Modeling” staff was challenged by lack of experience in
developing a complex micro-founded DSGE model.

* Insufficient experience of ,Non-modeling” staff
(communication specialists, editors) to communicate on the
basis of a highly formalized and structural paradigm.

* Forecast process/organizational challenges:
* Forecast integration:
» Core and satellite models

* New challengers: Integrating of the core model forecast with
other short-term and expert information into a single staft
projection.
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Quarterly Projection Model

* Objective: Create simple model

e Reasons to start with rather small model included.:

Staff did not possess experience with operating complex models: Tim
Insufficient data to calibrate more ambitious models.
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e to learn and develop their skKills.

Process of inflation forecast integration (i.e. combining core model forecast with other short-term and expert

information into a single staff projection) is considerably smoother wit
Less assumptions makes it easier to maintain consistency across too

N a simpler model.
S.

CNB board has expressed desire to participate in discussion of mode

» A small structural (calibrated) model built initially in 2001:
* Model captured essentials of general equilibrium nature of the system: mid- and long-run components

Ing.

» Used to produce inflation forecasts and for research on the monetary transmission mechanism.

« Set up a framework for developing communication tools: GRIP, forecast update decomposition,...

Early version framework: Coats et al. (2003)
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Components of QPM 30"

|
Patential output and Real GDP
« Block of long-run trends: - S o e
! ! ! ! '. ]
 real output, real exchange rate, real interest | | : | == Potential output | »
n T 1) — L R——— S —— ] wawe Real GDP S—
rate — natural rate, : : : :
* monetary decisions have a small impact on 597 ____________________ N N ________ V|
long term real trends, 5 5 ;
» history - satellite statistical model, forecast — 390 [omssmmeee A PN i R ;T :
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* Allows for expert judgement. § 5 : 5 A 5 5
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» Cyclical part: =2 X A R —— I R T _
» Agents' decisions influenced by expectations. . 5 5 5 5 5
 Basic blocks: o Y A [ A CTTTT T Vo CoTTTTT T -

 aggregate demand 530 beeoff - - --- I eeene e s asnnn e e _
» Phillips curve — price and wage E E E E E E

stickiness Sl Auaaana S cTTTT T [ oToTenee A ~
- exchange rate - | | | | | |

. 1994Q2  1995Q2  1996Q2  1997Q2  1998Q2  1999Q2  2000Q2  2001Q2
* monetary policy rule




Core Components of QPM

Early version of essential equations

 Aggregate demand:
yeap, =d,ygap, . —dr12gap,  —d rrdgap, . —d.gr rrgap, , —d lzgap,  + &7

* Phillips curve:
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o MexE e _eag . T
core, = a, [ﬂ'ilf +100* A, Iz ]+ a b w4, + (1 —a, —a, )FE'GGF"'EF_I +a,ygap, , + &,

o UIP:

j'?r — gugrfﬂr—l

(1-g,)s,, —2FE (71, — gr x1 )/400
+(rs — gr rs — prem)/400 + &

* Monetary policy rule:

2AIZ 7))

rs, = myrs, +(1=my)or + Ex4,_, +m(E x4, —7," )+ m,ygap,) + &



QPM Forecasting

* Forecast process flow

 ldentify long run trends in foreign and domestic
economy — initial state.

* Run the cyclical part to compute forecast.

 NTF forecast used as assumptions for conditioning
the QPM forecast + expert judgement.

* Integration of NTF and model forecasts
* Finalizing step: consistency

« Take NTF tools and extra satellite models to create
consistent projection of variables not included
forecast model.

 Communicate effects of factors forcing the
update of forecast trajectories

« Sequential forecast difference decomposition.
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April 2004 Forecast Round
Initial State
Real GDP Gap Real Monetary Conditions
0 15 |
m— RMCT Gap
— | I R Real Exchange Rate Contribution
&= RMCI Gap

i Ve -/ \,

s —
Ebbﬂﬂ:l 2002:1 2004:1 20100:1 2002:1 2004:1

Inflation CPI (y-0-y, %)

1106 i 107 m 108 m o9 in

== |nflation CPI (yoy, %)

= == = Previous forecast

== == = + effect of model changes, data revisions, taxes and expert judgements
+ effect of change in exogenous factors

= == = + effect of NTF and administered prices

10



. . CNB Kaiona
QPM Modifications 36"

Successful amendments in the model framework:
» 2004: primary and secondary tax effects,
« 2005: decomposing trend in real exchange rate follows inflation categories,

« 2006: wage Philips curve — real wage response to disinflationary and demand shocks, low wage
persistency vs persistency of inflation,

» 2006: effective indicators for Eurozone, Germany replaced by new aggregate, systematic deviations,

« 2007: complex inflation expectations structure; strong influence of administered prices induced changes
on all components of the inflation

. EO_PIE4 = alpha*(0.5*PIE{1} + (1-0.5)*PIE{-1}) + (1-alpha)*(0.5*PIE_NET{1} + (1-0.5)*PIE_NET{-1}) +
RES_EO_PIE4

* EXxpectations stickiness
« 2007: real exchange rate adjusted for domestic and foreign tax changes.

What did not work out very well:
« 2005: USD/EUR exchange rate in exchange rate part of monetary conditions,
» 2006: backward looking UIP condition.

11



QPM Scheme

Exchange rate

Monetary policy
Interest rate

Real monetary
conditions

H Qutput

Long-term
Interest rates

Inflation
expectations

Real marginal

Inflation

N

cost

Real wage

Nominal wage
growth
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 General scheme of CNB QPM at the
end of its service.

» Small open economy model: Also
included foreign components.

12
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CIND Nxrionac
g3 Model 364

» Benes et al. (2005): Desire to improve degree of theoretical coherence = development of new fully micro-
funded model.

* First gig of g3: Analysis of wage response to disinflationary and demand shocks, motivated extension of
our QPM.

* Introduced into service in Inflation Report [11/2008: Used simultaneously with QPM already since January
2007, Andrle et al. (2009).

 The CNB was one of the first central banks to use a DSGE (Dynamic Stochastic General Equilibrium)
model as a core policy tool: Sveriges Riksbank (RAMSES), Bank of Finland (Aino) or Bank of Canada
(TOTEM)
* g3 main features:
* small open economy model,
« consistent with quarterly national accounts,
* no use of ad-hoc detrending and/or pre-filtering,
* trends and cycles are not separable,
» technologies are introduced: labor-augmenting technology or export-specific technology,
* measurement errors,

* Initially 17 observable variables.
14



Structure of g3 Model

Rest
of
World

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Sticky

In Home :
Frices Importers

T o

Stickﬁ} in Foreign Frices

GDF Yalue
Capital
Goods, (J) ——p Capital
J=f(N), linear
Adjustment
Consumption Costs
Goods, (C)

C =fiN,Y), Leontief

Export
Goods, (X)
X =f{N,Y), Leontief

Gov. Consumption
Goods, (G)
G = f(Y), Loentief

J, C, G, N Sticky in Home Frices

Labor

Domestic
Intermediate
Y

Sticky Wages
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* Model includes following sectors:

Households: Decision on C and |,
offers L in exchange for W,

Domestic intermediate good:
L+ K->Y,

Importers: N,

Final goods producers: N + Yd — C, |,
G, X,

Government: fiscal rule,
Central Bank: MP policy rule,

Rest of the world: exogenous AR(1)
Y*, P*, I* - demand, prices and policy.

15
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Price Tree of g3 Model 30°

- T

Headline inflation . (?a_sc_a_de of wage and price
_ B rigidities, imperfect exchange rate
/\r _ pass-through.
LMWH:EFE-P“"F‘! J Indirect taxes | * Rich set of real rigidities and
relevant inflation

/‘\ l y frictions

d » Utilizes concepts developed while
Regulated prices | [ Net inflation j

| | using the QPM: handling primary and

/\ secondary effects of tax changes.

Prices of domestically i | :
produced goods Import prices

/\ N

[ Wages Gaprtal cnsts} Exchange ratej | Foreign prices |

o —

| Exogenous

E ndogenous
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* Cyclical indicators: Profit margins gaps and productivities

Marginal costs are indicators of inflation pressures in given sectors.
Nominal marginal costs in the consumer sector (g/qg, in %, ann.)

1/13 1/14 1/15 1/16 |/17 1/18 1/19
B Price convergence B Import prices Intermediate goods prices

Nominal marginal costs in intermediate goods sector (g/q, in %, ann.)

1/19
B Wages in market sectors B Price of capital B Labor efficiency

17
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Graph of Risks to the Inflation Projection 30™
1 ® inialcond » With the introduction of new simulating
@ Foreion prices techniques, the elasticity of forecast
0.75} 2 Foreign demand trajectory with respect to new data can
5 O Rew. prices be evaluated.
= O NTF net inflation
T D
o ¢ | | » Partial contributions can be identified
2 025} e without conditioning on ordering —
Z o 5 | easy to follow.
= | 5 5
E 0 RS
- | | | * New support tool became available to
< -025 s the public.
% 05
osb .......... _________ __________

-1 -0.75 =05 =025 0 0.25 0.5 0.75 1
Dev. of inflation in 201001 18



: : CNB rariona
Scenario Analysis 364

CZK/EUR * In Inflation Report 1/2018 CNB
resumed publication of the exchange

rate forecast

* This is standard symmetric exchange
rate sensitivity scenario.

0,0 0
/14 1/15 /16 1/17 1/18 1/19 /14 1/15 /16 1/17 1/18 I/19
== Baseline == Sensitivity scenario {(+3 %) Sensitivity scenario (-3 %)

19
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CNB Nariona:
g3+ Model 30"

CZECH

» g3+ model introduced in Inflation Report 111/2019, Brazdik et al. (2020).

Redesigned external block:
* Reduced-form structural neo-Keynesian model.

Introduction of energy-core price decomposition of foreign prices:
* Qil is a new a production factor in the domestic economy.

Heterogeneous households sector:
* Two types of households:

* Households with access to financial markets are able smooth their consumption.

* Households without access to the financial market, always spend all of their income on consumption.

Limited information rational expectations:
* New simulation method introduced.
* Assumes that agents are not able to process conditioning information over infinite horizon.

Model calibration:

« Changes include adjustments of steady-state levels and parameters of the model: e. g., a gradual decline in the
EA of steady state nominal interest rate from 3.5% to 2.5%.

21



g3+ Production Scheme

|
Domestic
economy Intermediate
goods producers
Households Government Investment Exporters
sector
| I
Other Energy
Importers importers
‘ Y
Foreign
economy
Imports Exports
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* Novelty is introduction of energy (oil)
as a production factor for final
goods:

* Leontief production function

* Domestic component of investment.

* |n this setup, price of oil does not
affect price competitiveness of Czech
exporters.

22



1 CNB Rariona.
New Structure of Production Costs 30"

Nom. marginal costs in the consumer sector (q/q, in %, contrib. in p.p., ann.) - g3 Energy as a new production factor:

: contribution of the energy cost in
> : — domestic marginal costs in
1 consumption.

| s mm HE B

* In consumer sector, inflation pressures
/17 /18 /19 out of imported costs are originating
from:

* Core (non energy) foreign producer
prices

* Energy price (QOil)

/16

1/15

Nom. marginal costs in the consumer sector (q/q, in %, contrib. in p.p., ann.) - g3+
4 /

3

1/15 /16 /17 /18 /19
B rrice convergence B core import prices
Domestic intermediate goods prices B Energy import prices

23
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3M PRIBOR (%, p. a.)

10 5 * With the g3+, the decomposition of
8 4 forecast differences is regularly
6 3 explained.
4 2
2 1
0 N 0 » Easy to follow as the contributions are
2 . . . . -1 not conditional on ordering as in QPM.
1120 1121 1122 123 1124 | |
» Brazdik et al. (2014) more details on
New forecast Previous forecast Bl Difference (right axis) decomposing forecast differences
3M PRIBOR, difference in percentage points . Used also for analysis of past forecast
0.8
performance.
0.4
00 e — e gy - Transparent handling of expert
0.4 o judgement of forecasting stafft:
0.8 | | e | | | « Expert judgement examples: Andrle et
] i v /24 | 1l \ al. (2009), Bruha et al. (2013)
Bl Initial state Exchange rate B Fiscal impulse
B Government consumption Short-term inflation forecast Expert judgement
Administered prices B Foreign environment

24
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Conclusion 30"

» Since introduction of an inflation targeting regime in 1998:

 CNB introduced, formalized and constantly improves its Forecasting and Policy Analysis System, Al-Mashat et al.
(2018) methodology.

« CNB made a considerable progress in developing formal tools for supporting FPAS.
* FPAS often reflects the feedback mechanisms for its validation.

20

Inflation-Forecast

18 & IT Lite > Targeting (IFT) > < Full-Fledged IFT >

2008: Endogenous interest rate  2018: Exchange rate forecast
forecast published and sensitivity scenarios

publication resumed

1z primary objective; press communication of ownership —_—
conferences held after and role of forecast
each policy decision / 7/
12 - < <

16 2002:Law amended, price 2005: Meetings with analysts
stability becoming the started on a regular basis; clear |

Transparency score

" \
. I
6 1998-2001: 2009: Alternative scenarios no 2014: Exchange rate
Started at a longer published; however, forec.ast no longer
low base. No - — exchange rate forecast published
4 FPAS 2003: Published the published
l FPAS book, providing the
2 foundation for increasing
T < < transparency over time
0o
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Thank you for your attention

FrantiSek Brazdik

Monetary Department

frantisek.brazdik@cnb.cz
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Models Classification 30"

* Following Pagan (2003) reasoning:

 DSGE models provide great
theoretical coherence as they are
build from well funded theoretical

Degree of components.
Theoretical Dynamic Stochastic General Equilibrium Models » Even in such models you can, with the
Coherence : .
Incomplete Dynamic Stochastic General Equilibrium Models use of expertlse, model the emplrlcal
puzzles.

Models with Explicit Long Run Equilibrium

Models with P
Implicit Long VAR
Run Equilibrium SVARs

VARs

Degree of Empirical Coherence
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Real Time Forecasting 30°

» Real time forecasting comes with
many process challenges:

AKTUALNI - 8. SZ 2002 « 2002: Floods
 Example — Evaluation of the forecast

predikce nebo CF skute&nost odchylka  Note the footnote

Inflace (Cervenec, mzr.) 0.40 0.60 0.20
nezamestnanost (Cervenec) 9.13 9.18 0.05
IPP (Cerven, mzr.) 6.00 1.30 -4.70
M2 (Cerven, mzr.) 6.50 4.40 -2.10
trzby v maloobchodé (Cerven, mrz.) Retail sales

PPI (Cervenec, mrz.) -0.60 -1.10 -0.50
CZV (Cervenec, mrz.) -13.80 -18.90 -5.10
KE/EUR (Cervenec, mrz.) -11.40 -12.10 -0.70
KE/USD (Cervenec, mrz.) -22.90 -23.80 -0.90
cena ropy (Cervenec, mrz.) -0.17 9.25 9.42
PPI SRN (Cerven, mrz.) 0.20 -1.10 -1.30
mzda v prumyslu (Cerven, mrz.) 5.10 3.70 -1.40

data za trzby nebyla kvuli povodnim dodana

Data for sales was not available due to floods
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Very First GRIP

» Graph of Risks of Inflation Projection:

+— dezinflacni rizika / inflacni rizika ——»

120 A
100 -
»
b
S
o 8.0 - cena ropy (Cervenec, mar.)
2
=
&
= 6.0 -
@
=
=1
=
= 20 A
—
7 r]
=
=
o
< 2.0 -
4 i . inflace (Cervenec, mzr.)
- nezamestnanost (Cervenec)
iﬁ r T I{E':I.ELIH iéewenen.l mzr-::l . hﬂ 8 * * - T T T 1
ﬁ -40.0 -30.0 -20.0 T * ** ‘U_ - 100 200 30.0
PPI SRN (Zerven mzr) — > # e « PPI (Cervenec, mar.)
. . -#0 - KE&/USD (Servenec, mzr.)
mzda v prumyslu (Cerven, mzr.) ¥
M2 (cerven, mzr.) CZV - ceny zemédélskych vyrobed
40 - MOPO - maloocbchod a pohostinstvi
* IPP - Index prumyslové produkce
* > PPI - index cen prumyslovych wrobe
IPP (Eerven, mzr.)
£60 -

CZV (Cervenec, mzr.)

+—  dezinflacni rizika / inflacni rizika ——»

N

CZECH
NATIONAL

39 BANK

33



CNB CZECH
NATIONAL

o BANK
40

Domaci nominalni menove podminky

Figalni impuls
Pocatecni podminky
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» Graph of Risks of Inflation Projection:

GRIP by QPM
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 QPM GRIP produced points conditional ordering
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GRIP by g3+ 364

» Graph of Risks of Inflation Projection:
1.0 -

0.8 -
0.6 -
0.4 -

0.2 - Inflation

> @

External Environment

0.0 - A » Exchange Rate
Interest Rates

0 Real Economy

Average deviation of 3M PRIBOR in 2023 Q2 — 2024 Q1

1.0 - | . | | | . . . |
-1.0 -08 06 -04 02 00 02 04 06 08 1.0

Inflation deviation in 2024 Q1

* g3 and g3+ GRIP points are not conditioned by ordering as in QPM
framework
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g3+ Foreign Block scheme

« Simple AR(1) processes were
replaced by complex structure

* Brazdik et al. (2020)

* Novelty: concept of shadow interest
rate to handle asset purchasing
programs of ECB.
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Expert judgement 30°

» Forecast are not just model
trajectories.

. Labour productivity shock
08
#® Wage-push shock

» Story telling is important.

0.6 - $ Foresgn-demand shock .

* Bruha et al. (2013) lists examples how
the expert opinions help to shape
forecast trajectories.

02

0.2} %
04 .
06
08}
A | | | | i | | ]
-1 0.8 -0 B -0.4 0.2 0 0. 0.4 06 0.8 1

Mean deviation of the policy rate from the steady state value (in p.p.) from t+2 to t+7

Deviation of inflation from target (in p.p.) at time t+5
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LIRE Scheme 30

» Detailed description Musil et al. (2021)
» Although the conditioning information

SpanS 16 quarterS ahead Rational Expectations with limited information - the current scheme for g3+
——forecast horizon|  yeary+1 year y+2 year y+3 year y+4
forecast quartf_:l-“ -“"'“---5___5 Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4 Q2 Q3 Q1 Q2 Q3 Q4
 Economic agents in each quarter of Information VARV AN ARV AV ARV AN v v v v
the simulation fully believe the outlook present 1111 1 0.8 06/04 02 0O 0 0 0 O
for six quarters quarter g+1 1 1 1 08|06 04 0.2 0 0
quarter g+2 1 1 8 06 04 0. 0 0
quarter g+3 1 08 06 04(02 O
» Additional six quarters are not utilized quarter g+ - ThAmy
: : quarter g+5 1 1 8106 04 0.2
in first quarter of forecast quarter g+6 - 0

Mote: The new scheme reflects the inflation targeting regime and the effort to more accurately capture expectations in reality, ie:

1) Full coverage of monetary policy horizon (6 quarters ahead)

Y A‘t the beglnnlng, deC|S|0n maklng IS 2] Fast decreasing confidence in the outlook after 1.5 years
. . 3) The gradual use of the entire available outlook (4 years) in the later quarters of simulation
mainly influenced by the close outlook,
but later on information from a more
distant outlook will become apparent
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Features: g3 model vs QPM 30°

o g3 model QPM
Explicit derivation based on "behavioral
principles” Reduced form
Model consistent expectations Model consistent expectations
Consistence of stocks and flows Flows only
Replicates national accounts No GDP structure
Works with level variables "gaps"
BGP, technology trends Equilibrium trends
Simple fiscal block Implicit treatment
Forward looking interest rate rule Forward looking interest rate rule
Carefully considered "structural shocks" Residuals in each equation
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