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Early Warning System: Logit/Probit introduction for Ukraine

Abstract. Introduction. There have been several crises in the world economy since the end of the last century. The
developing economies were ones that have suffered the most considering the level of openness, the weak institutional
framework, and the market vulnerability to unpredictable shocks. One of the instruments widely used to prevent crises is the
Early Warning System models.

Purpose. The paper pursues the goal to develop Early Warning System model using logit/probit regression to
determine early warning arguments and their appropriate thresholds for Ukraine.

Results. The regression algorithm corresponds to the determination of the dependent binary variable associated
with the output gap followed by the selection of independent early warning components. The method of integral composite
coincident and leading indicators employs to reproduce the quarterly dynamics of real GDP.

1. The arranged coincident indicator depends on the industrial production, agriculture, construction, and the
domestic retail trade.

The expanded to monthly data quarterly GDP is exploited for the evaluation of the output gap using multivariate
filter and Okun'’s law definition. The 2% difference between the actual and potential GDP is applied for generating binary
data of the output gap.

2. The two components of the integral leading index, the world prices of wheat and Russian gas plus the world price
of steel figure out one independent variable of logit/probit regression marked as the world price of raw materials. Another
one independent variable is arranged by monitoring the demand-supply gap.

3. The obtained probit results are more statistically significant in comparison to the logit model. The marginal
effects are 1% for the world price of raw materials and 3% for the demand-supply gap.

Conclusions. Considering the higher marginal grade, between two early warning components the demand-supply
gap is more sensitive for predicting crises in Ukraine. In the following study, the other early warning components have to be
examined for higher predicting capability.

Keywords: early warning systems; logit/probit modeling; integral composite indicators; output gap; Okun’s law.
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IIBeub C. M., kKaHAUJAT €KOHOMIYHUX HAyK, AOLEHT, C.H.C. BilliJly MOJe/NIOBaHHS Ta NMPOTHO3yBaHHS
€KOHOMIYHOro po3BUTKY /IY «I[HCTUTYT ekoHOMIiKH i nporHo3yBanHa HAH Ykpainu», M. Kuis, Ykpaina

Cucrema paHHbOro nonepeaxeHHs: logit/probit anpo6anis gaa Ykpainu

AHomayisa. 3 KiHYs MuHysn020 cmoaimms y ceimosill ekoHoMiyi maau micye kinvka Kpus. Haiibinvuwe
nocmpadxcoaau KpaiHu, Wo po3eusanmscs, SKUM eaacmusi sucokull pieeHb 8idkpumocmi ekoHoOMikU, caabki iHcmumyyii
ma nidsuujeHa epasnugicms do HenepedbayyeaHux wokie. O00HUM i3 IHcmpyMeHmis, K WUPOKO 8UKOPUCMO8YIOMbCS 0415
3ano6ieaHHs Kpu3am, € Modeai paHHb020 nonepeoHCeHH.

Memotw cmammi € po3po6ka logit/probit pespecii 015 8usHaveHHs1 IHOUKamMopie paHHb020 NonepedsceHHss ma
8CMAHOB/1EHHS iX 2pAHUYHUX pIBHI8 045 YkpaiHu. Aazopumm no6ydosu pezpecii nepedbauac onepyeaHHs 3A/1€H#CHOH
6iHapHol0 8ubipkor, npedcmas.seHnorw BBII-pospusom, 3 nodasvwum 8i060pomM He3aJeHHUX KOMnoHeHmis. [Jlas
8i0meopeHHs1 KeapmaabHO20 po3nodiay peaavHozo BBIl sukopucmaHo Memod iHmMezpasbHUX KOMNO3UMHUX
cnignadawyvozo i eunepedicysanbHozo [HOukamopis. I[lo6ydosaHulli iHmezpasbHull chignadaryuill IHOEKC 0XONJE
npoMmucsio8e 8UpPOGHUYMBO, CiabCbke 2ochodapcmeo, 6ydieHuymeo i po3dpi6Hy mopezieat. PoswupeHy 0o MicsauHux
3HayeHb 8ubipky BBIl eukopucmaHo 0451 oyiHku BBII-po3pugy, 5Ky npogedeHO 3a 00nomMozor IHCMpyMeHmy
6azamosumipHoi gpinbmpayii ma 3akony OykeHa. Pisnuyro y 2% mixc pakmuurum i nomenyiiinum BBII sukopucmauo das
¢opmysaHHs 6iHapHoi eubipku BBII-po3pusy. /lea komhoHeHmu iHmezpa/1bHO20 8unepedicy8aibHo20 IH0eKcy ceimoai yiHu
Ha nuwieHUYr ma pociticbkull 2a3, @ Makoyc NOKA3HUK c8imoeoi YyiHu Ha cmaJb € ck1adogumu 00HI€i He3anaexncHOT 3MIHHOT
logit/probit peepecii ceimosoi yiHu Ha cuposuHy. BusnauenHns dpyzoi He3zasexcHOi 3MiHHOI no8’si3aHO 3 MOHIMOPUH20M
po3pusy Mixc CyKynHumu nonumom 1 nponosuyiero. OmpumaHi pezyabmamu probit peepecii € 6inbw cmamucmuyHo
3Ha4ywuMu nopieHsiHo 3 logit modenroganHsiM. [paHuuHe 3HaveHHs ckaadae 1% 015 nokasHuka c8imosoi YiHu Ha CUPOBUHY
i 3% 04151 nokasHuKka po3pugy misxc nonumom i nponosuyietro. [Ipu nopi8HAHHI 8U3HAYEHUX NOKA3HUKIB 3d XapAKMepuUCMuKoH
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2PAHU4YHO20 pigHs enausy, 6ilbW 8a20MuM iHOUKaAMOpom nonepedxceHHs Kpu3 8 YkpaiHi € pospue mix nonumom i
nponosuyier. Y nodasvwill po6omi HeobxidHo nposecmu 00CAIOHCEHHS HA nNpedMem MONCAUB020 BKAHYEHHS [HWUX
KOMNOHeHmMie paHHb020 nonepediceHHs 0415 nidguUWeHHs MOYHOCMi NPO2HO3Y .

Knamwu4oei caoea: cucmemu paHHbo020 nonepedicenHs; logit/probit modentosanHs; IHmMezpaabHi KOMNo3umHi

iHdukamopu; BBII-po3pus; 3akoH OykeHa.

Introduction. There have been several crises in the
world economy since the end of the last century. The
center of the crises and the velocity of spreading were
changeable and affected a lot of countries with different
levels of economic development. Among certain
countries, the developing economies were ones that have
suffered the most considering the level of openness, the
weak institutional framework, and the market
vulnerability to unpredictable external and internal
shocks. As a result, international financial organizations
headed by the IMF as well as central banks of developed
countries and private institutions have taken active steps
to counteract the devastating consequences of the crises.
In such a way, general attention of the academic
community has focused on the elaboration of efficient
instruments for avoiding destabilizing processes to come.
One of the instruments widely used because of its
effectiveness is the Early Warning System (EWS) models.

EWS models are classified into two main categories:
non-parametric (i.e. crisis signal extraction) and
parametric (i.e. regression-based). The non-parametric
method takes its origin after the notable work of
Kaminsky, Lizondo, and Reinhart published in 1998 where
scientists demonstrated the so-called signals approach to
examine empirical evidence on currency crises [1]. The
advantages of the method are the ability to analyze a lot
of variables for undertaking crises’ markers, determine
thresholds endogenously, and operate with limited
samples of binary data. The shortcoming of the signals
approach is a disability to check individual variables for
statistical significance because of a binary association
between the early warning arguments and the crises
markers.

The parametric method was developed by Frankel and
Rose in 1996 to predict currency crises [2]. The technique
employs logit/probit regression to determine early
warning arguments through the procedure of maximum
likelihood estimation. The dependent variable of the
regression is binary data. The strong side of the method is
an ability to test regressors for significance including
correlation and other statistical characteristics as well as
estimation of crises probability. The drawback of the
logit/probit modeling is a requirement to operate with
extended time series plus restriction imposed on the
number of individual variables due to preserving a degree
of freedom. The weak point of EWS models is a lack of
institutional and political factors. If the object of study is
country with a limited set of indicators, the parametric
method proves more appropriate [3].

One of the members of the developing world and,
according to the several extended classifications, the
emerging markets Ukraine didn’t stay aside the

mentioned above devastating processes and entered
crises in 2008 and 2014. The retardation of dynamics
induced by the following recessions has brought to GDP
drop by -30%. The negative consequences are so dramatic
that after four years of recovering the growth rate on
average has not surpassed the level of 2% 3% a year. At
the same time, the debt burden has increased from 9.7%
of GDP in 2007 to 61.5% in 2017 with outstanding
currency devaluation more than 3.5 times. The macro
stabilization measures, initiated to stimulate economic
growth, have not been very productive. The question is
still open whether Ukraine will be able to go through a
new crisis without much loss. In this regard, an urgent
issue for Ukraine addressed to the complicated economic
situation is to identify and monitor indicators of
macroeconomic imbalance for preventing negative
outcomes of feasible downturns.

The paper pursues a goal to develop EWS model using
logit/probit regression to determine early warning
arguments and their appropriate thresholds for Ukraine.
The distinctive points of the modeling technique are the
usage of the output gap as a dependent variable of the
logit/probit regression which follows crises events and
two-stage selection algorithm for fixing monthly sample of
the arguments. The output gap is evaluated using a
multivariate (MV) filter and Okun’s law definition. The
technique for expanding quarterly GDP to monthly data
employs a procedure of building the integral coincident
index. The following step of compositing integral leading
index is used for selecting EWS components. The selection
proceeding also considers country-specific patterns with
particular attention to the breakpoint issue.

Short literature review. The crises events can be of
different reasons. Regarding the latest classification
developed by Laeven and Valencia, there are three types
of crises: currency crisis, sovereign debt crisis, and the
banking crisis [4]. The vast majority of EWS study is
dedicated to currency crises with a substantial
contribution of IMF. The reasonable explanation of why
the scientific community pays more attention to the given
issue is the intensified currency dynamics often
accompanies the recession associated with crises events
and ordinarily ended in the excessive devaluation of the
domestic currency.

Counting numerous publications discussing the
development of practical EWS models, there are many
relevant studies which debate on the significance of
various macroeconomic indicators for interpreting crisis
events. The effectiveness of non-parametric and
parametric frameworks in many respects is due to the
accurate selection of EWS indicators. In this context,
Frankel and Saravelos have done a great job of
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summarizing analytical results of 83 papers to rate the
leading indicators of crises. According to their study, the
five most significant indicators in decreasing order of rank
position are reserves (relative to GDP, M2, short-term
debt, 12 months ch.), real exchange rate (change,
over/under valuation), GDP (growth, level, output gap),
credit (nominal or real growth), and current account
(Current Account/GDP, Trade Balance/GDP) [5, p. 218].

In the recent studies, it is a common rule to use “gap
indicators” which prove to give better results. The “gap
indicator” is a ratio between the actual and smoothing
data obtained in the vast majority of cases by performing
the Hodrick-Prescott (HP) filter. Csortos and Szalai have
completed well-grounded research to examine financial
and macroeconomic imbalances in 10 Central and Eastern
European countries using non-parametric and parametric
EWS models. The threshold value of credit/GDP gap was 3
4 percentage points depending on 1 3 years of the
forecast horizon. The similar values for the credit growth
gap, investment gap, real exchange rate gap, and capital
flow gap were respectively 7, 2 3, 2, and 2 percentage
points [6, p. 19 20].

Methodology. The methodology used in the paper
employs a logit/probit approach. Upon building EWS
model, the primary task is to select among the number of
predetermined indicators the ones which can be treated
as early warning components and divide them into two
main classes of dependent and independent variables.
Charging all known indicators as a potential dependent
variable of logit/probit regression to capture all types of
crisis, we have chosen output gap. The given indicator
follows expected dynamics of the business cycle and
responds well to economic downturns provoked by
unpredictable internal and external shocks [7, p. R36].

There are several well-known methods to evaluate
output gap. Considering simplicity and strong practical
issue to perform potential output dynamics, among the
most proficiently used are the technique utilizes a single-
variate filter (mostly HP), the “hybrid” solution as a
combination of single-variate filter and production
function approach, and the MV filter conducted by
separating trend component (former potential output)
from a cyclical one. The methodology keeps much
attention to relationships between output and other
macroeconomic variables, for example, the
approximation of “Okun’s rule of thumb” based on
empirical observation. The MV filter is proved to be more
reliable because of elimination of several obstacles native
to the single-variate filter operation, such as the end of
the sample problem and the misspecification of the
deterministic trend which has to comply with shock
responding [8, p. 4 5].

The applied in the paper evaluation of output gap
employs MV filter and Okun’s law definition. The latest
approbation of the method for the case of Ukraine was
presented by Bohdan in 2018 using direct calculation and
the Kalman filter on yearly data for 1998 2017 [9].

Considering a low discrepancy between the data of the
potential GDP obtained by two methods, the present
paper has utilized the simpler alternative of calculation.
From the practical point of EWS modeling, the validation
of the intersection of the baseline of potential GDP with
the actual data is more important than the level of
accuracy of the two methods.

The binary dependent variable of the logit/probit
regression constitutes crises events (Ct) defined as a
deviation from the specified levels (k1, k2) above and
below of output gap (GAPtY) dynamics:

{1, if KL<GAP," <-k2 (1)

0, if otherwise

Unlike the common practice to test the crises
indicators to be the independent variables of logit/probit
regression, we provide a selection procedure that consists
of two stages. At the first stage, we employ the method of
compositing integral coincident and leading indicators.
We follow the technique used in the applied study for the
composition of the integral coincident and leading
indicators for Jordan [10]. The general idea of the method
is to arrange arguments correlated with the dependent
component represented by the output or other aggregate
variables. The algorithm consists in creating ordinary least
square (OLS) regression by establishing independent
variables keeping in mind R2 value but also the
distribution of t-ratio statistics, the test for normality of
residuals, and the CUSUM test. The variables are
separated into two main classes counting a
presence/absence of delay. The variables correlated with
the dependent component without delay make up the
coincident indicator and the same results but with delay
are worked for compositing the leading indicator. The
ability to expect crises, from the one hand, is a matter of
test for a cyclical component, and, from the other hand,
the leading value can be used for predicting the dynamics
of the dependent variable keeping in mind the delay
interval.

In most cases, GDP data is published quarterly. There
are two regular ways to transform quarterly data into
monthly ones: by interpolating higher frequency values
and by composing regression using independent variables
of monthly data. The first mode demonstrates good
results but performing data smoothing. The second mode
takes into account the economic interpretation of
independent variables. We employ the second mode
where the constant coefficients of the regression built on
quarterly data are used to make the same regression but
built on monthly data.

The final selection of independent variables
performed at the second stage is a product of logit/probit
modeling. In such a way, the newly formed regressors
serve as early warning arguments obtained by
manipulating with an array of the leading components of
the integral composite index.
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Data description. The selected sample contains
quarterly and monthly data and covers the period 2005
2018. The quarterly data are used for compositing integral
coincident indicator. We manipulate with the data
published regularly by the State Statistics Service of
Ukraine and the National Bank of Ukraine as well as the
sources presented by the international organizations and
monitoring agencies. They are the Organization for
Economic Co-operation and Development (for quarterly
GDP data by countries), the European Union (for
production in the industry by countries of the euro zone),
the IndexMundi data portal (for the wheat price of FOB
Gulf of Mexico and Russian natural gas), and the
Steelonthenet.com steel portal (for steelmaking
commodity prices).

The data are seasonally adjusted using TRAMO
analysis. We apply econometric package Gretl for taking
TRAMO analysis and other statistical operations. The

dimension of the data is Y-0-Y in 2007 constant prices
apart from the actual and potential GDP measured in real
values. We check for stationarity using the Augmented
Dickey-Fuller test. We exploit HP filter to evaluate the
dynamics of the natural rate of unemployment (with the
smoothing parameter 14400, as is common for monthly
data) and, before generating the binary data of the output
gap, take moving average (MA) smoothing of the monthly
data of the actual and potential GDP.

Results. The GDP data is regularly published in Ukraine
on a quarterly base. We develop two OLS regressions of
integral composite coincident and leading indicators to
reproduce the quarterly dynamics of real GDP of Ukraine
(GDPy). The arranged coincident indicator depends on the
following components: industrial production (Prod),
agriculture (Argicr), construction (Constr), and domestic
retail trade (Commod;):

AGDP, =0.411xProd, +0.095 x Agric, +0.054 xConst, +0.013 xCommod, (2)

[13.72]*
Centered R2 = 0.97; F(4, 47) = 385.07
*t-statistics in brackets.

[5.54]

The integral leading index consists of five elements:
gross fixed capital accumulation, business outlook index,
exchange rate, and the world prices of wheat and Russian
gas. The constant coefficients of the given equation are
used to compose the same regression but manipulating
with monthly data.

We use Okun’s law definition to evaluate potential
GDP of Ukraine. The obtained monthly distribution of GDP

[3.98] [8.98]

is used as actual data. The elasticity of the change in
unemployment rate to change in GDP is 3. The dynamics
of the actual and the potential GDP are similar except the
marked difference before the crises in 2008 and 2014. We
take 2% level of the difference to generate binary data of
output gap, in such case, the qualitative response variable
[11, p. 21] (Fig.1).
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Figure 1 — The comparative dynamics of GDP and the output gap of Ukraine in 2007:M01 2018:M09

Source: the State Statistics Service of Ukraine and the author’s computation results

We proceed to the next section of logit/probit
modeling. The binary data of output gap associated with
crises employs as a dependent variable in the logit/probit
regression. We examine components of the integral

leading indicator built in the previous section of the study
to select independent variables of the logit/probit
regression. Among the variables, the most prompted ones
are the world prices of wheat and Russian gas. We modify
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the specification by adding data of the world price of steel
and obtain new variable titled the world price of raw
materials. The equivalent weights of the components of
the newly composed variable are determined by imposing
a linear restriction of the sum on the regressors’
coefficients which should be equal to 1. The dependent
variable of the regression is the monthly data of GDP of
Ukraine ranked as Y-o-Y; the independent variables are
the world price of wheat, Russian gas, and steel of the
same dimension. The values of the obtained coefficients
are respectively 0.24, -0.38, and 0.38.

Another one independent variable of logit/probit
regression is arranged by monitoring the relationship
between aggregate demand and supply. Regarding the
guantity theory of money and the equation of exchange,
the change in demand for real cash balances should be
equal to the change in real output if the change in money
velocity is constant. While breaking the given balance,
there is a way for detecting the destabilizing processes
which usually bring to crises effects. We employ the
difference between the change in real GDP ranked as Y-o-

Y, and the change in real M2 ranked as Q-0-Q. The newly
composed variable is marked as a demand-supply gap.
The comparatively lower period of change for the real M2
is used because there is less than the year, about three
months for Ukraine, is necessary for the money issued into
circulation and incorporated in economic transactions to
produce the final output of goods and services.

Gretl approximates ligit/probit regression using
technique of Maximum Likelihood Estimation that is why
the computer iterates before giving the results. The
captured probit results are more statistically significant in
comparison to the logit model. The marginal effects are
1% for the world price of raw materials and 3% for the
demand-supply gap. In other words, an additional percent
of the rise in the world price of raw materials increases the
probability of crises in Ukraine by 1% and for the indicator
of the demand-supply gap by 3% (Tab. 1, Fig. 2).
Considering the higher marginal grade, between two early
warning components the demand-supply gap is more
sensitive for predicting crises in Ukraine.

Table 1 Probit, using observations 2005:M01-2018:M10 (T = 166)
(dependent variable: GAPy, standard errors based on Hessian)

Coefficient Std. Error z Slope”
const -1.209 0.154 -7.846
Dem-Sup 0.146 0.030 4.901 0.032
RawM 0.040 0.011 3.603 0.009

Number of cases ‘correctly predicted’ = 141 (84.9%)
*Evaluated at the mean

Source: the author’s computation results
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Figure 2 — The actual/fitted plot of probit regression

Source: the author’s computation results

Conclusion. The paper pursues the goal to develop
EWS model using logit/probit regression to determine
early warning arguments and their appropriate thresholds
for Ukraine. The dependent binary variable of the
logit/probit model is associated with output gap. We set

up integral composite coincident and leading indicators to
reproduce quarterly dynamics of real GDP. The coincident
index depends on industrial production, agriculture,
construction, and the domestic retail trade. The constant
coefficients of the equation of the coincident index apply
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to compose the same regression but using monthly data.
The monthly data of GDP employ for the output gap
estimation using MV filter and Okun’s law definition. The
difference between the actual and potential GDP of 2% is
used for generating binary data of the output gap.

The obtained leading index consists of five
components: gross fixed capital accumulation, business
outlook index, exchange rate, and the world prices of
wheat and Russian gas. The last two components plus the
world price of steel make up one independent variable of
logit/probit regression titled as the world price of raw
materials. Another one independent variable is arranged

by monitoring the relationship between aggregate supply
and demand and marked as a demand-supply gap. The
obtained probit results are more statistically significant in
comparison to the logit model. The marginal effects are
1% for the world price of raw materials and 3% for the
demand-supply gap. Considering the higher marginal
grade, between two early warning components the
demand-supply gap is more sensitive for predicting crises
in Ukraine. In the following study, the other early warning
components have to be examined for higher predicting
capability.
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