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| Macroeconomic projections: Philosophy of the modelling framework

To endorse by legal mandate

AlIReF Organic Law 6/2013

Art.14 Macroeconomic forecasts incorporated in
the draft budgets of all public administrations
[...] shall be subject to a report by AIReF and
indicate whether they have been endorsed by
AlReF.

n From point forecast to confidence interval

Point forecasts are not analyzed as isolated
objects. They are examined with respect to a
confidence interval

n From the very short to the long run

AIReF often recommends multiannual economic
and fiscal plans. Setting the bar high AIReF
produces and publishes forecasts from the very
short (Q-0-Q) to the very long (+50 Years)
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| . : .
Nowcasting as a central analytical piece

[ &

. Real time .
Forecasting monitoring Integrated vision
Short-term economic Interpretation of high- Fully-fledged
outlook based on frequency signals economic outlook,
GDP projections and along “surprise including all demand-
medium-term anchor events” side components

AlIReF’s MIPred Model

MIPred (2015) was the very first model of its kind in the Spanish forecasting ecosystem. A fully transparent nowcast tool which is updated
each time a new data point is released and whose results are published. It serves as a thermometer for the T+0 developments and
systemically reviews the economic situation. On the other hand, it poses some major communication challenges.



https://www.airef.es/en/document-center/working-papers/working-document-4-2015-integrated-model-of-short-term-prediction-of-the-spanish-economy-mipred-model/

| Nowcasting with MIPred

Example of MIPred Updates

Release of new indicator GDP Q-0-Q growth Spain 2022:Q2

Dynamic Factor Model: Why?

|

Common info about the cycle How does it compare with the model 1.2%
Stock and Watson (2002) tradition estimates? VGE-SI
Extended use in institutions ¢ 1 ) VGE / ,.|MPBA -.Hr PHIS
« Transparent 1.0% oyt
* Replicable: public data No surprise Deviation/surprise: ELE / ELE
» Use of high-frequency data positive (negative) AF1/

0.8% PMIS

if observation is

GDP qoq forecast is iP1 -

not revised larger (smaller)
n Which variables? than forecast 0.65%
Statistical selection process E*:ES_E-' i . 05?
Parsimonious version Upward (downward) How does it 0.4% ol
Add if correlation with GDP increases GDP revision compare with the
accompanying Upward
positive (negative) (downward) 0.2%
B Parsimonuous model surprises revision of the
indicators
Variable & (Publication lag -in months-) aqqompanyin_g OO T T . v w w ¢ ¢ & = = =
Social security system: registered workers (t-1) positive (negative) 5 85 5 ggg§¢g c:? c:? 3 g ;T 3
surprises? = - I T

Index of Industrial Production (t-2)
Large companies. Real sales and
Compensation of employees (t-2)
Services PMI (t-1)

Real Merchandise Imports (t-2)
Electricity Consumption (t-1)

In green positive surprises, in red negative surprises

Release on the same day of the publication
of the indicator in a reusable format




| Medium Term AIReF Model: writing narratives

Ex-post it is sensible to
model each component
theorically robust
variables

Despite the critique, it helps
to derive magnitude of
elasticities given some

economic policies

AIReF’s MTA Model

Story telling

Consistency

Macro
Identities

Lucas Critique »*

This model helps to
explain why besides what

It allows to bear in mind
identities and usual
realationships (Okun’s
Law, Phillips Curve, etc.)

.

A simple error correction equation

Ay
= Bo + B1Ax1: + -+ BiAx; ¢

+y (}’t—1 — (“1351,1:—1 + et aixi,t—l)) T V¢

Pros:

(1) Exploits cointegration relationships

(2) Allow to set fixed parameters for impact

(3) It creates some narrative on the whys & hows

Cons:

(1) For forecasting a t+h path for exogenous variables is
needed.

(2) Some mean reversion otherwise

AlIReF developed a medium-term model based on a system of error correction equations in the tradition of Granger and Weiss (1983). In
the MTA (Quarterly Model from AlIReF) each demand component has an equation that exploits the cointegration relationship of the
endogenous variable and a set of exogenous variables. This may be derived further. For instance, besides a consumption equation it is
possible to add an equation describing disposable income.




| . . . : . L
Policy and forecasting simulations in a general equilibrium framework

DSGE Models

AIReF takes advantage of DSGE models from EC (QUEST). The long
goal is to develop in-house DSGE model tailored for fiscal analysis.
These models allow to simulate policies and shocks encompassing all
dynamics of an open economy.

MEJORA DE UN 1% EN LA PRODUCTIVIDAD DE LOS
FACTORES (PTF)

DISMINUC’IC)N EN LOS MARK-UPS DEL 1% Y UNA
REDUCCION DE LOS COSTES DE ENTRADA EN EL
MERCADO DE BIENES FINALES DEL 10%,
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------ +Incremento de 2pp de los trabajadores de nivel
medio en 4 anos
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2 Approaching uncertainty




| To endorse or not endorse, that is the question

Fancharts as communication tool Real GDP Projections and AlReF’s Interval
Spain Stability Program Endorsement
In the tradition of Bank of England (1996), we use fancharts as the . 5.5 55
standard method to visualize uncertainty surrounding government . e
forecasts. 4 \
. . . 20 2| 24 1.8 1.7
Instead of comparing point forecasts our approach is to understand 2 0 eeeneeseneen LT [ L
whether government forecasts may fit our probability distribution of the \
future economy realization. 0 1
o . 2
n Uncertainity in our medium term models (MTA)
-4
Our medium-term framework is the most balanced tool. It is able to
reconcile the events with the standard economic relationships (Okun’s -6 Range 20-80 Range 30-70
Law, Phillips Curve, Output Gap) and, therefore, it is the tool used to
derive the fancharts. -8
Rango 40-60 —=&— Goverment
It has a practical advantage. Using an OLS estimator is straightforward to -10
derive confidence intervals using: 2 -11.3
o o - ~N o < N O
2 S g S g S S S

Yer1 £ tn_p'l_% . 6\/1 + X1 X' X)X 4y

Therefore we obtain symmetrical fancharts. Asymmetrical distributions CEEiE! [EUTS RIEATESENES (12 mest L) [p2in

may adhere better to observed data but there is a greater communication
challenge. Upward and downward risks might be better communicated e

using other tools. Uncertainty Level: Amplitude of the Fan Chart




| Black swans have made forecasting a tougher job

Pivot to scenarios
and supply-side
perspective to

Impact analysis
through input-output

analyse sectors tables
Recent challenges [ — Pandemic & Value Chains Ukraine War —
Analysis of
bottlenecks and their
spread

How AIReF was able to deal with this issues?

Energy Crisis

Incorporation of gas
prices into our scenarios
and greater emphasis
on analysing the impact
of inflation on
households and
businesses

It has been necessary to continuously adapt our forecasting exercises to these shocks and to be extremely transparent with forecasting

assumptions, and methods. On a practical level we have often resort to either input-output framework or to SVAR. |
the impact of energy shock or monetary policy SVARSs are very practical and quick to use as analytical tools.

n particular, to gauge

10



| Ex-post analysis of government and AlIReF forecasts

Accuracy in forecasting GDP growth in volume terms (RMSE)

Before the creation of AIReF (1999-2014) After the creation of AIReF (2014-2019)
Government

3.0 AlReF

2.5 25

2.0 2.0

15 o327 1.5

Bank of Spain .0 Government

2.734 .43 2.084 g 132 v

1.26

European Com.

s

Bank of Spain

1.638

Consensus European Com.

Consensus

OECD Recommendation: Following the OECD's recommendation, AIReF began in 2022 the publication of the assessment of its own
forecasts to improve its own models and try to shed light on the degree of goodness of its forecasts.

Good news: AlReF achieved a smaller MSE than other official forecasters and, more importantly, the Government reduced its error too.

Future tasks: In the case of AIReF's forecasts, it is found that the accuracy of the variables related to the foreign sector and employment
is lower compared to other institutions, which makes it advisable to review our in-house models.

11



3 Special Modules




' Special Modules (1): The very long-run

c AlIReF's mission is to ensure effective

compliance with the principle of
financial sustainability by the General
Government

There is a need for a comprehensive
approach and a move away from
fragmentation of the problem. Attention to
the long run

Focused on demographics, which from
2030 onwards have a strong impact on
sustainability: consensus on a prolonged
and certain effect

Inhouse demographic projections include
methodologies for fertility, mortality and
migration

Besides demographics the economic
model built on top is a simple production
function approach with effective labour.
The exercise includes baseline,
alternatives and sensitivity analysis.

Some example results from the

baseline scenario: pressure of ageing
and interest expenditure

After the present relatively favourable
decade, the decade of the 2030s marks a
turning point giving way to an accelerating
upward path. The debt ratio would reach
147% of GDP in 2050 (186% in 2070)

From the 2030s, AIReF's projections show
a deterioration of the primary balance as a
result of the ageing of the population that
pushes up debt

Growing pension expenditure is the single
largest contributor to the increase in debt
associated with ageing.

The contribution of spending on
healthcare and long-term care follows

an upward path, with their contribution
gradually increasing

125

100

75

50

-50

Impact of Ageing on public debt
Contributions of different components

- ‘-|06.2
ensions .
"MEN ’..L
2050 .0 53 4

Ageing 340

2050

444 358
,,..og!gg::_!!:-llllllllll
NV@NONV\OQONi\D@ONV\OCOON$\D®O
NANANANMOMOOMO MmO O T T TIT NN WMOUY O VN
OO0 0000000000000 0D0O00O0O0O0O0O0O0
ANAANANANANANANANANANANANANANANANANANANANANANANANN

Education MWHealthcare MWLT Care ®Pensions ¢ Ageing
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A regional mandate

>

AIReF must oversee regional budgets and
their macroeconomic forecasts.

To do so a regional quarterly economic model
for the autonomous regions was envisaged.

It allows consistency with the national and the
aggregate of regional GDPs.

It is a 3-sept process

>

| Special Modules (I1): The regional dimension

Sources of information

>

>

The METCAP model uses three
data sources:

(1) Regional accounting, (2)
National Quarterly Accounts, and
(3) Regional economic indicators.

Ensure consistency

Spain NUTS-2 economic growth estimation 2017:Q2
Source: AIReF METCAP model.

:Menos de 2.5%

First, using seasonally and calendar corrected | gne of the main challenges is to - Eggzzﬁ.imx
_reglonal economic indicators, synt_hetlc ensure a cross-sectional and ] ' _,‘ s el 35%
indexes for each autonomous region are longitudinal consistency. ® ( &
constructed nd
> This may create some friction
Second, a quarterly GDP for each meaning that is politically sensitive
autonomous regions is computed, which to forecasts region’s growth below
Is reconciled with the official national quarterly the average Spanish growth
GDP and the regional annual GDP.
@ 14



| Special Modules (Ill): The cyclical position

The estimation of the output gap had a great importance within the structural balance framework. Highly indebted countries had to closely monitor these
developments. The financial crisis and the Covid shock meant that may not be advisable to rely on only one model. AIReF’s approach to modelling cyclical
position relies in a suite of models to make sure the signal derived is comparable across methodologies. All have pros and cons and allow to offer some degree of
confidence around the estimations.

Data requirements a suite of OG models Observed and Potential GDP B.E. Output gap (% Potential GDP)
6
Provider UV PCA MV PF Inhouse . iz0n

projections 1,300 4
GDP INE X X X X X T+4 )
Real Interest Rate BdE 57 1,200 o A
Credit Growth BdE X
Housing Prices BdE X 1,100 2
Inflation ECB X X X T+4 -4

. 1,000
Wage Inflation EC X X T+4 PIB Real -6
Unemployment INE X X T+4 -8
900 = PIB Pot
Short-Term Unemployment EC X X -10
Current account BdE X 800 12
Moneysupply ECB oOoN ¥ VOO O AN T Vo O NN ¥ Vv o N ¥ VOV 0O O N ¥ VUV 0O NN ¥ Vv
National Savings INE X X X T+4
Investment in equipment INE X X X T+4
Investment in construction INE X X T+4
Stock de Capital CE X X T+4 __ 3
Hours Worked INE — Statistical Economic :
Mirat INE X X Model i Properties Properties Addlng.tm the
suite
|gr_at|on X X T+10 oCheck? «Check?

Business Surveys EC
Capacity Utilization EC X
Car Registrations INE X X
Soft Indicators Several X




Debt Sustainability
Analysis




(1) Dealing with decentralized debt sustainability analysis (l)

WHAT WHERE

— Autonomous
.\() Regions
Subsector
(NUTS-3)
Supervisory role
throughout the
Budget cycle
9 y Region 1
Region 2
Region n
Q Local
Corporations
on-demand Subsector
evaluation
function 24 Individuals

HOW

Analysis of budget documents

Analysis of compliance with budgetary
objectives

Sustainability analysis: debt projections

Macroeconomic forecasts and endorsement

Public policy evaluation studies at the request
of the regional governments

Several ACs have requested evaluations of
cross-cutting policies such as health and
education.

What’s different?

Comparative advantage over other
agencies due to its access to
granular information from all levels
of government

Differential characteristic with
respect to other IFls in having
supervisory powers over all public
administrations

Synergies between the supervision
and evaluation to analyze key
policies with competences across
different levels of government

* Duty to inform

«  Comply or explain

17



(1) Dealing with decentralized debt sustainability analysis (ll)

Macroeconomic & fiscal

forecast
Sustainability analysis: - C - DSA Total
debt projections — o 19 DSA p Consolidation Government
Interest rate projections
Microsimulation model
Autonomous Communities Debt, subsectors
z Local Regions
E AND ARA AST BAL Autonomous Communities 23.0
< CAN CAT CLM CNT 316.9 1%
30| CVA | CYL | EXT | GAL 9% ‘
%)
5 MAD MUR NAV PVA
Central Government O RIO
& Social Security Funds Central government & SSF

1358.8
80%

Local Regions




Uncertainty Option 1: Stochastic Fiscal VAR

Debt dynamics: a stochastic analysis Step 1: The unrestricted VAR(p) is estimated

e,
Vector of shocks to public debt (i) real public expenditure T‘i
(ii)) real net revenues .
/\ (iii) publicdebt/GPD X, =| | Xe = A+ A Xp g+ ApXep +uy
(iv) real GDP Yt
Derived from the Variance Simulated from a multivariate (v) GDP deflator pt
Covariance Matrix non-structural model (vi) Ten-year gov. bond yields * Y d
Step 2: Generate disturbances for the projection window
Good in short data samples Either normality or use boots
Approach of EC and IMF Consistent paths for macro var As joint normality was rejected, the stochastic simulations are

obtained by bootstrapping procedures, resampling with replacement

CONS CONS from the estimated error vector

Central scenario is given and Needs longer data samples
not true stochastic nature Not always a valid VAR model

Step 3: Generation of the projected endogenous variables

The resampled residuals , and the estimated VAR coefficients, enable
out of sample projections for the vector of endogenous variables,
which are consistent with the simulated shocks




Uncertainty Option 2: VCV Matrix in COM style

155 -

135 -

115 -

95 -

Debt

75
2021

/;622 2023 2024 25 2026 2027

Qb+ ddy

2 (3)

\

—
—
L

» 1,000 draws will be generated m

shocks on the variables of the debt

» To obtain 1,000 alternative debt paths

dynamics equation

on the inertial path

20 ~

GDP

'10 T T T T T 1
2021 2022 2023 2024 2025 2026 2027
> Interest in new issues
4 .
3 _
,j
s
1 .
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Communicating the result: medium term

Debt to GDP Projections: Government and AlReF Probability of reaching a ratio below the Government's
115
100
Very likely
1116 (80-90%)
80
110 Likely (60-80%)
O
Achievable
Very likely(80-90%) (40-60%)
Likely (60-80%)
105 o Achivable (40-60%)
Unlikely
mmmmm Unlikely (20-40%) (20-40%)
mmmm Very unlikely (10-20%)
© Central AIReF Very unlikely
(10-20%)
- «@= Goverment
100

2022 2023 2024 2023 2024
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Communicating the result: practical example

125

120

)

110

105

100

95

90

The fiscal path that would comply with the guidelines for calculating the technical trajectory of the legislative proposal to reform the governance framework,
according to AlReF's interpretation and projections, would require measures to be taken during the period 2025-2028 worth 0.64 points of GDP per year

This would meet the requirement of plausible debt reduction in the most demanding scenario which, according to AIReF's calculations, is defined by the "lower

primary balance" scenario

GOVERNMENT DEBT (%GDP)

2023 2033 ’
\ 107.8

2028
. 105.5

ctrcame=”

Baseline

2019

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

BASELINE DEBT PROJECTION (%GDP), FANCHARTS &

135

125

)

105

95

85

75

STRESS SCENARIOS

2022
1.6

\\ 2
~ 1
20-80%

30-70%
m 40-60%

Lower prim. bal.
Adverse r-g
| Financial stress

Baseline

L7
- 22038
14

TECHNICAL TRAJECTORY, FAN CHARTS AND

125

115

105

95

85

75

65

MOST ADVERSE SCENARIOS

\
\
N
\\
10-90%
20-80%
30-70%
F 40-60%
80
===« Baseline
b = =« LOwer prim. bal.
CO—ANMITNONDORNO —ANMITLNON O
—dacaaddadNdNMmMmmmaMmmmmmnm
0000000000000 00000O
NANNANNANNNNNNNNNNNAQ

3.0

25

2.0

0.5

0.0

ADJUSTMENT (PP GDP) IN THE MOST
RESTRICTIVE SCENARIO

Cumulative up to t-1

m Adjustmentint

2.56

2024 2025 2026 2027 2028 2029
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5 Practical issues




| Practical issues (1): Databases

Public economic
databases

Instituto
Nacional de
Estadistica

E GOBIERNO MINISTERICH
ﬁ DE ESPARA. DEASUNTOS ECONGMICOS
¥ TRANSFORMACION DIGITAL

BANCODE ESPANA

Eurosistema

eurostat
. R

AN
N

Cuadro
Macro

\ 24 )

AN
N

BVAR
70

<
S

MTA
280

v

Autopilot
322

ContSeclnst Output Gap HoézlzsAcal
3
368 285

Internal database

“ Laboral Pensiones

AlReF DB

Macro-Fiscal

AN
-

TiposInt
8

AN
1

Supuestos
externos

)

AN
N

METCAP
126

]

Deuda
800

Private data
aggregators

N——”’

REFINITIV'
omsar [

Practical management: Our internal database follows a simple relational framework. Each time series is uniquely labelled according to source,
frequency, seasonal treatment, area and unit. It stores +4.500 series which are extended up to t+h depending on the model. It takes form of E-Views
database and can be access with menus using a simple Excel Add-In. It is a data meeting-point for the macro fiscal branch of de institution.



https://serviciosede.mineco.gob.es/indeco/BDSICE/Busquedas/busquedas_new.aspx
https://www.bde.es/webbde/es/estadis/infoest/bolest.html
https://www.imf.org/en/Data
https://ec.europa.eu/eurostat/data/database
https://sdw.ecb.europa.eu/

| Practical issues (2): A model is only as good as its software implementation

AlReF
DB

E-Views —>

Standard workflow

Data acquisition

* Public economic databases
 Private data aggregator
 Internal databases

Forecasts and simulations
» Software: EViews, MATLAB,

X

Excel File

— R Code

Processing and modeling

e Estimation

» Software: R, EViews,
MATLAB, Stata, Excel

Communication
e Tableau

* Reports, website output, etc.

» Editors, Excel.

—

=‘=+_|_
- W + 4+
X it
AlReF
DB & +ableau
E-Views — Excel File — Reporting

Why MS Office? Why R?

Universal language Free open-source
Backwards support Large community of users

Nice suite: Excel, PP, Word Independent platfrom

Low learning barrier Robust visualization

Great add-ins to other software Balance data science-econometrics
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"Practical issues (3): How to think about the communication challenge?

1. Identification of 2. Selection of 3. Follow-up and
Stakeholders communication Channels assessment of
Sophistication (dedicated team) Effectiveness
A :
Academia
Peers Press Release S
Briefings oot No. of followers in X (Twitter) of main IFls
Politicians Website e
- us I 500
\ _ Infographics
Public Social media S=te= United Kingdom IR 13,700 20,38 |
Administration —
Netherland 10,700

o Netherlands [ .
—— . ;
- o [ o 2
(-]
[ £4 | ireland [l 3,632 g
Media Australia [l 3,203 —— ;E;
AR ustralia ’ 12 4 —
= =
\ [] ireland ] 1,606 32,15 g

WP - : General Public “ Portugal | 717 [ 69 |

eports
) - E Slovakia 231
Seminars Hearings | 4.2
Recommendations WXembourg 110 17,4
0 10000 20000 30000 40000

Outreach







Summing up

Economic forecasts are part science, part art. The sensible option is to use a suite of models that perform good on different
challenges.

It is advisable to have at least three tools: nowcasting, medium term and long term.

An IFI must set the bar high. To do so means being independent, transparent and accountable.

Uncertainty is a key element in the endorsement process. Fancharts are a great tool to communicate it.

DSA is relatively simple to produce. The more detail (subsectors, microsimulation of interests flows) the more intricate the system is.

Stochastic DSA are the way to go although the devil is in the details. A much prominent role it is assigned to this tool on the new
framework for fiscal rules.

To build a database to handle data and to automatize models is an investment with great return. Communication should always be
a top priority.




José Abascal, 2-4, 2.° planta
28003 Madrid
+34 910 100 599
info@airef.es
www.airef.es
Autoridad Independiente de Responsabilidad Fiscal (AIReF)

@AIREF es


mailto:info@airef.es
http://www.airef.es/
https://www.linkedin.com/company/autoridad-independiente-de-responsabilidad-fiscal-airef-/
https://twitter.com/AIReF_es




Background

AlIReF is ayoung, mid sized IFl, mandated to oversee the sustainability of public finances in Spain

History

Structure

The Independent Authority for Spanish Fiscal Responsibility (AIReF) is an independent agency for
fiscal monitoring in Spain.

It was created in 2013 by the Spanish Government, on the initiative of the EU and to implement a
constitutional mandate.

Macroeconomic government forecasts endorsement
Fiscal rules supervision, fiscal analysis, and autonomous region fiscal targets oversee
Costing of public policies and cost benefit analysis

Cristina Herrero, the President, has a six-year non-renewable term of office.
It has four divisions with 15 people each and an advisory board
AlIReF’s activity is expressed through reports, opinions and studies.
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