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Automatic variable selection for MIDAS
regressions: an application
Selezione automatica delle variabili per regressioni
MIDAS: una applicazione

Consuelo Rubina Nava, Luigi Riso and Maria Grazia Zoia

Abstract Many micro and macroeconomic studies need to estimate and forecast
time series using independent variables observed at higher frequencies than the de-
pendent one. Mixed Data Sampling (MIDAS) regression models prove useful to
model variables sampled at different frequencies. However, given that many time
series are not very long, identification issues can emerge. To overcome this prob-
lem, we propose a two step procedure based on: i) the use of the so called “Best
Path algorithm” for variable selection; ii) the identification and application of the
best MIDAS regression specification. The test bed focuses on the half-yearly born
of innovative start-ups in Italy, which are explained by using macroeconomic and fi-
nancial indicators via a MIDAS regression. The results so obtained how advantages
and powerfulness of the proposed approach.
Abstract Molti studi micro e macroeconomici devono stimare e prevedere se-
rie temporali utilizzando variabili indipendenti osservate a frequenze più elevate
rispetto alla variabile dipendente. In questi casi è opportuno utilizzare i modelli
di regressione Mixed Data Sampling (MIDAS) di recente sviluppo. Tuttavia, dato
che molte serie temporali non sono molto lunghe, possono emergere problemi di
identificazione. Al fine di superare questo problema, proponiamo una procedura in
due fasi basata: i) sull’uso del cosiddetto “algoritmo Best Path” per la selezione
delle variabili; ii) sull’identificazione e applicazione della migliore specifica di re-
gressione MIDAS. Il banco di prova è basato su dati semstrali relativi alla nascita di
start-up innovative in Italia, spiegati usando indicatori macroeconomici e finanziari
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2 Consuelo Rubina Nava, Luigi Riso and Maria Grazia Zoia

in una regressione MIDAS. I risultati ottenuti mostrano i vantaggi e la potenza dell’
approccio proposto.

Key words: MIDAS, U-MIDAS, automatic variable selection, Best Path algorithm,
Start-ups

1 Introduction

The use of data sampled at different frequencies to explain and forecast variables
that are emblematic in the many (micro and macro) economic sectors has increased
in recent years. In fact, the need to estimate and forecast time series, taking advan-
tage of independent variables observed (in may cases) at higher frequencies than the
dependent one, emerges. This is one of the reason for which the recently developed
Mixed Data Sampling (MIDAS) regression models has become extremely useful in
such contexts [1, 2, 3].

However, given that in many empirical applications the available time series may
be not very long and there may be a multitude of useful independent variables, iden-
tification issues can arise. To overcome this problem, together with the need to avoid
weak multicollinearity problems, we propose a two step procedure. i) First an auto-
matic variable selection algorithm, called the “Best Path algorithm” [6], is used to
undertake a selection of the most relevant variables among the the ones suggested
by the economic theory. Once a High-Dimensional Graph is built for the variables
of the data set, the notion of mutual information between the latter is exploited to
detect the path of the graph including the variables with the most explanatory power
for the one of interest. ii) Then, the best MIDAS regression model, that considers
different lags of the independent variables detected at the first step as well as differ-
ent functional distributed lag polynomials, is built.

The powerfulness and the advantages of the proposed procedure is showed
through an empirical application. The latter is based on the estimate of the born
of innovative start-ups in Italy and considers a set of multiple macroeconomic and
financial indicators as independent variables.

The paper is organized as follow. In Section 2 the methodology is proposed.
Section 3 describes the dataset used for the empirical application and provides main
results. Section 4 concludes the paper.

2 Methodology

In the following subsections, we describes in details the two steps characterizing the
here proposed methodology.
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Automatic variable selection for MIDAS regressions: an application 3

2.1 Best Path Algorithm

We take advantage of a new algorithm [6] for an automatic variable selection pro-
cedure, based on high dimensional graphical models, which exploits mutual infor-
mation. The algorithm first builds a high-dimensional graphical model by using the
[5] algorithm and then detect the path of the graph that includes the variables with
the most explanatory power for a node of interest by using the mutual information.
As well known, mutual information is a measure of dependence or “closeness” be-
tween variables. The Best Path Algorithm proves useful in a many application as it
allows to deal with mixed variables, either discrete or continuous. In case of linear
models, the possibility of establishing a connection between the mutual information
and the adjusted coefficients of determination (R̄2) makes the application of the al-
gorithm very simple. Indeed, in this case, the last step of the algorithm turns out to
be ultimately based on the analysis of the R̄2 of the models including the variables
of the paths of graph. All the methodological details on the Best Path algorithm are
reported in [6].

2.2 MIDAS regression

MIDAS regression models [1, 2, 3] can be usefully employed to avoid the ex-post
aggregation of high-frequency data, that can discard potentially useful information
in regression model devoted to the estimate and forecast of variables observed at
lower frequency. MIDAS models allow either the prediction or the nowcast of the
low-frequency variables as functions of higher-frequency ones. There are evidence
that MIDAS regressions represent a more parsimonious alternative and are less sen-
sitive to specification errors [2] with respect to other approaches such as State Space
and mixed frequency VAR models.

In MIDAS regression, in fact, the frequency alignment is achieved by using a
parametric functional constraint expressing the impact of the high-frequency vari-
able on the lower-frequency one. More in details, let consider a dependent (low-
frequency) variable yt as function of r regressors, x(i)! , i = 1,2, . . . ,r, observed at
higher-frequencies mi, that is observed mi times at time t, meaning ! = mit for all t,
can be specified as follows

yt = " +
r

!
i=0

Ki

!
k=0

# (i)
k x(i)tmi!k + $t , t = 1,2, . . . ,T (1)

where !Ki
k=0 # (i)

k = 1 for any i. To reduce the number !r
i=0 Ki of the unknown param-

eters # 0
0 , . . . ,# 0

K0
, . . . ,# r

0 , . . . ,# r
Kr

a weighting scheme of the type

# (i)
k =

%(k,&&& i)

!Ki
k=0 %(k,&&& i)

Lk (2)
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4 Consuelo Rubina Nava, Luigi Riso and Maria Grazia Zoia

is assumed. In Eq. (2), the function %(k,&&& i) depends on a low dimensional param-
eter vector &&& i, which allows a parsimonious parametrization. In general, the expo-
nential Almon polynomial and the beta polynomial are used for this scope. When
parameters in Eq. (1) are not constrained by a given function %(k,&&& i), the resulting
specification is called unrestricted MIDAS (U-MIDAS) [4]. The latter is particu-
larly useful in macroeconomic applications when the sampling frequency gap be-
tween the variables included in the model is not so high, as in the empirical example
undertaken in Section 3.

3 Data and Results

To show the powerfulness of the proposed approach, we have collected the half-
yearly number of innovative start-ups from 2013 to 2021. Since 17 December 2012,
the Law 221/2012 introduced in Italy this new class of firms defined as young com-
panies, with a high technological contents and strong growth potentials. In partic-
ular, companies classified as innovative start-ups must match specific requirements
to be inscribed into the special section of the the Italian companies register at the
Chamber of Commerce. We have, thus, built a dataset combining the half-yearly
number of innovative start-ups together with 28 macroeconomics and financial in-
dicators/variables.

From this database we notice that, at the end of 2021, the number of innova-
tive startups registered was equal to 14,083. They were principally firms providing
services with a prevalence of software production and IT consulting and R&D. In
fact, their Ateco 2007 classification principally refers to computer manufacturing,
software production and R&D. This is confirmed also by Figure 1a which shows
a text mining analysis, based on the description of the activity of each innovative
start-up born from 2013 to 2021. From Section 2, both MIDAS and U-MIDAS re-
gressions are suitable econometric models to estimate, nowcast and/or forecast the
number of innovative start-ups. Following the MIDAS approach, the low-frequency
variable consists of the number of innovative start-ups born every six months, while
the macroeconomics and financial indicators are observed quarterly or monthly. Fig-
ure 1b shows the high dimensional model obtained from our dataset. The complete
list of variables and the corresponding label node are summarized in Table 3. Ac-
cording to the results provided by the automatic variable selection algorithm, shown
in Table 2, only two variables form the best path. We have, then, run all possible
MIDAS (with the Almon specification) and U-MIDAS regressions that do not vio-
late any identification issues. The resulting optimal model is a U-MIDAS regression
specified as in Table 1. Finally, Figure 1c shows the forecasting performance of this
optimal model given the two-steps procedure here developed.
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Automatic variable selection for MIDAS regressions: an application 5

(a)

(b)

(c)

Fig. 1: (a) Word cloud based on the registered description of the activity of each
innovative start-up born from 2013 to 2021. (b) The minimal BIC forest for our
dataset. In yellow the node representing the number of innovative start-ups. (c) Pre-
diction performs of the optimal MIDAS model: in red the predicted values.

Parameters Estimate S.E. t-value Signif.
Intercept -9.23·103 1.68·103 -5.49 ***
Trend 5.06·101 9.99 5.07 ***
Seasonally adjusted export data 4.14·10!2 8.43·10!3 4.91 ***
Seasonally adjusted retail sales retail 7.76·101 1.63·101 4.77 ***

Table 1: Optimal MIDAS model (*** in-
dicates a p-value<0.001)

Path Steps R̄2 MSE
Path Step 1 0.886 46.1
Path Step 2 0.827 59.2
Path Step 3 0.821 106.3
Path Step 4 0.816 153.3
Path Step 5 0.832 114
Path Step 6 0.823 156.7
Path Step 7 0.823 146.1

Table 2: Output of Best Path Algorithm
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6 Consuelo Rubina Nava, Luigi Riso and Maria Grazia Zoia

Label Variable Freq. Label Variable Freq.
nodes names nodes names

1 Number of innovative start-ups h-y 15 Seasonally adjusted industrial production data m
2 Seasonally adjusted construction data m 16 Seasonally adjusted retail sales data m
3 Seasonally adjusted total industrial sales data m 17 Seasonally adjusted retail sales retail Sales - non food data m
4 Seasonally adjusted domestic industrial sales data m 18 Seasonally adjusted retail sales retail Sales - food data m
5 Seasonally adjusted foreign industrial sales data m 19 Seasonally adjusted information and communication services data q
6 Total Business Trust m 20 Seasonally adjusted total amount of hours data m
7 Total Manufacturing Trust m 21 GDP series m
8 Climate of trust m 22 Milan Stock Exchange index m
9 Climate of trust-Employees m 23 Exchange Euro\Dollar m
10 Climate of trust-Economics m 24 Oil price index m
11 Climate of trust-Construction m 25 Intesa San Paolo index m
12 Seasonally adjusted import data m 26 Unicredit index m
13 Seasonally adjusted export data m 27 Eni index m
14 Value added m 28 Price of raw materials m

Table 3: Name and frequency (m=monthly, q= quarterly, h-y=half-yearly) of the
considered variables together with the related identification code of used in label
nodes

4 Conclusions

The results obtained from the preliminary analysis, presented in Section 3, show
that the proposed approach allows to: i) overcome potential identification issues; ii)
identify the main relevant variables to be employed in MIDAS regression to estimate
and forecast the variable of interest; iii) reduce the redundant information collected
in the set of variables identified by the economics of innovation theory to explain the
number of innovative start-ups registered, given the use of the “Best Path algorithm”
which is grounded on mutual information.
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