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Abstract

Tracing businesscycle movementsin a timely way can help government.firms, and consumergo allocate
resourcesfficiently in the economy.However,analyticalsystemsdesignedo monitor the businesscyclesare
hard to find, especiallyin statelevel economiesand in emerging markets.In this paper, we presentthe

methodologyof constructiorof the BusinesCycle Tracerof the Stateof Rio Grandedo Suli Brazil (BCT-RS),

atool that focuseson the visualizationof a key subsewf financial and socioeconomialataandallows usersto

analyzethe interrelationshipsand the co-movementf thosevariablesover time. Specifically, we discussour

methodologicalprocedureto selectleading, coincidentand lagging indicators,including seasonahdjustment,
cycle extraction, crosscorrelation analysis and detection of turning points. We also describe the three
functionalitiesof the BCT-RS -- time series,table of variationsand macroeconomiaynamics.Overall, our

proposedsystemoffers a reliable representatiorof the currentstateof the businesscycle before information
about GDP becomesavailable. Importantly, our framework is generalizableto other states, especiallyin

developingeconomies.

Keywords: local businessycles,businessycletracer,developingeconomiesmonitoring,datavisualization
1. Introduction

Various institutions disseminateseveral economic indicators of subnationaleconomiesevery month. Such

information, which seekgo reflectthe shortterm fluctuationsof the economyi,is often volatile and canprovide

seeminglyconflicting signals.Besides,usersface costsof collecting and handlingthis scatteredunorganized
information. The BusinessCycle Tracerof Rio Grandedo Suli Brazil (Note 1) is atool thatsystematizethese
statelevel financial and socioeconomiwariablesand, by focusingon the visualizationof the data,allows users
to analyzethe interrelationshipsand the co-movementsof the variablesover time. Importantly, our testsand

applicationaregeneralizabldo otherstateeconomiesgspeciallyin developingmarkets,wheredataavailability

is scarce(similarly to our case).

Therefore, the purposeof this documentis to presentthe methodologyof the BCT-RS, emphasizingits
functionalitiesard defining some fundamentalconceptsfor its understandingWe also discussthe external
validity of this tool -- the implementationof similar businesscycle analytical systemsin other subnational
economiesfor which thesekind of applicationsare rare to find. Despitethis gap, monitoring the statelevel
businesscycle can help government firms, and consumerdo allocate resourcesefficiently in the economy.
Hence,it is importantto discussandto spreadknowledgeaboutthis kind of application.

Although the availability of statelevel economicand financial datais limited for Brazilian states(Note 2), we
collect informationfrom severaldifferent institutions,suchas the Economicsand StatisticsFoundation(FEE),
the Brazilian Institute of Geographyand Statistics(IBGE), the Federationof Industriesof the State of Rio
Grandedo Sul (FIERGS),the Federatiorof Commerceof the Stateof Rio Grandedo Sul (FecomercidRrS), the
Central Bank of Brazil (Bacen),the Brazilian Departmentof Labor (MTE), the Alphaplan Surveyson Real
Estate(Alphaplan), EconomicResearchnstitute Foundation(FIPE), and ZAP Properties(ZAP Iméveis). We
organizethesemultiple sourcef datain five distinctdimensiors -- economicactivity, labor market sentiment
indicators credit and delinquencyrate, and price indexes Together,this complementarygroup of indicators
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providesan overviewof the economybeinganalyzedln our case,all the informationrefersto the stateof Rio
Grandedo Sul (RS), Brazil -- the 4th largesteconomyamongthe twenty-six statesand one FederalDistrict of
Brazil (BrazilianInstituteof GeographyandStatistics 2017).

Theideaof providing a panoramahasto be clearfor usersasit representshe core of the BCT-RS. Think of a

doctor attendinga patient. To assesdis/her state of health,the doctor usually measureghe blood pressure,
performsroutine exams demandspecifictests,etc. In the caseof BCT-RS,thefi p a t is theetonomyof Rio

Grandedo Sul, and we are observingit under five distinct aspects:output level labor market sentiment
indicators creditanddelinquencyate, andprice indexesJustasno singlemedicalexaminatioris definitive, no

single economicindicator is capableof diagnosingwhat is happeningin the businesscycle. Therefore,to

monitor the economy it is necessaryo analyzea broadsetof indicators,complementaryto eachother,in the

sameway asa physicianevaluatesnultiple examsbeforediagnosinga patient.

In additionto describingthe elaboratioranduseof theresource®f the BCT-RS, this paperalsobriefly discusses
issuesrelatedto businessycle analysisin subnationakconomiesAlthough thesediscussionsusuallyapply to
the reality of countries,the focus is on the peculiaritiesand precautionsnecessaryto analyze statelevel
economies whose productive matrix is often more concentratedbesidesnot having macroeconomigolicy
instrumentssuchasthe control of the moneysupplyand exchangeate. Also, thereare few studiesconcerning
regional businesscycles, and, to our knowledge, BCT-RS is the first tool to evaluatethis information
systematicallyin the Brazilian states.Therefore FEE'sexperiencen this areaandthe guidelinesprovidedin this
documentcan serveas a basisfor other statesto developsimilar tools, which can supportdecisioamakingin
publicandprivateorganizations.

Although scarcein most developingeconomiesanalyticaltools of businesscycles can be observedin some
developedcountries.One is the BusinessCycle Tracer (Note 3) (Van Ruth, Schouten & Wekker, 2005),
developedand maintainedby the Departmentof BusinessCycle Statisticsof the StatisticsNetherlandsDutch
public institution equivalentto the Brazilian IBGE. The term tracer refersto the ideaof it r a ctkei n g o
movementsof the economy,allowing a systematicand timing monitoring in frequencythat leadsto more
accuratelydiagnoseof the performanceof the economybefore the releaseof the Quarterly GrossDomestic
Product(GDP). Anotherimportanttool to systematizea setof sparsenformationis the Eight differentfacesof
the labor market a tool madeavailableby the FederalReserveof New York (Note 4). From a setof indicators
thatsynthesizehelabor marketinto severali f a csachaslevel of employmentworkedhours,labordemand,
labor force participationand the match betweensupply and demandof workers and employers,it seeksto
provide a completediagnosisof that segmentBoth systemssharea commonobjective:to synthesizadifferent
socioeconomiinformationandto give the usera quick analysisjn asimple,interactiveinterface.

Giventhis internationalexperienceawith the systematizatiomf shortterm dataandinformationandits notorious
benefitsfor analysts,researcherand other economicagents,we realizedthat thereis this gap for statelevel
economiesTheideaof creatingthe BCT-RSis focusedon five mainpillars:

1 Objectivity;

1 Focusonthevisualaspect;

1 Complementarityf theresourcesavailablein thetool;

1 Representationf multiple dimensionsf thelocal economy;

1 Categorizatiorof variablesaccordingo the usualtiming concerninghelocal businesgycle.

Togetherthesefive principlesguidedthe developmenprocesf the BCT-RS, whichis summarizedsfollows.
In section2, we briefly discusssometheoreticalaspectf differentapproacheso measuringeconomiccycles,
aswell asthe statisticaltestsperformedto categorizethe variablesregardingtheir timing in the economiccycle.
In section3, we presentthe methodologicabspectsegardingthe procedureperformedthroughoutthe work --
seasonahdjustmentgrosscorrelationanalysis,cycle extraction,andturning pointsdetection.The resultsof the
categorizatiorof variablesare shownin section4. In section5, we detail the three featurespresentedn the
BCT-RS -- time series,table of variationsand macroeconomicdynamics.We discussthe generalizatiorof our
frameworkto other statelevel economiesn section6, and we draw our conclusionsin section?7. Finally, we
showthe coreresultsof the seasonahdjustmenimodeladoptedn this studyin the AppendixA 1 Assessmenbf
the Seasonaf\djustmentProcess.

2. Brief Commentson the Measurementof BusinessCycles
Justasthereis no consensusn the cause®f businesgycles,thereis alsono unanimityon howto measurghem
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(Van Ruth et al., 2005). The National Bureauof EconomicResearcha leadingeconomicresearchnstitutionin

the United States begansystematicstudiesof the cyclesin the US economyin the 1920s,publishingits first
businessyclesdating -- the namegiven to the chronologyof economicexpansionsaand recessions- in 1929
(althoughthe chronologyin the United Statesextendsup to 1854).In 1946two of its researchersirthur Burns
andWesleyMitchell, publishedtheir mostfamouswork, MeasuringBusines<ycles containingthe basesf the
methodologynow usedby the NBER for the definition and measuremenof businesscycles, as well asthe
identificationof recessie periodsin the Americaneconomy.This approacthasbecomeknownasthefic | as si c al
approachobusiness ycl es 0.

Usingthe classicalapproachthe NBER definesa recessiorasfia significantdeclinein economicactivity spread
acrossthe economy/asting more than a few months,normally visible in real GDP, real income,employment,
industrial production, and wholesaleretail sale® (Note 5). This conceptis importantbecauset servesas a
referencdor the NBER EconomicCycle Dating Committee-- andequivalentinstitutionsin othercountries-- to
differentiateeconomicrecessiongrom small declinesin the level of activity, which may occurevenin timesof
economic expansions.Analogously, in periods of expansion,the level of economic activity increases
substantiallyjn a generalizedvay, andthis phaseusuallylastsafew years.

The classicalapproach therefore,recommendghat the cyclical phases(expansionand recession)should be

identified from the analysisof the absolutdevel of economicactivity. This impliesthata recessionfor example,
should be associatedwith negativechangesin the absolutelevel of economicactivity. Some authors(e.g.,
Harding & Pagan,2002) defendthe classicalapproachto date the businesscycle becauset would be the

absolutevariationsin the level of economicactivity that would, at the end of the day, be important to

policymakersand the generalpublic. Also, alternativemethodsof cyclical measurementvould presentas a

disadvantagehe high degreeof complexity or poor definition of what is being evaluated Finally, thereis a

conceptuabjuestion:shouldthe focusbe on analyzingthe growth of aneconomyin absolutetermsor relativeto

its potentialgrowth?In economictheory,the objectiveis oftento analyzethe progressof aneconomyin thelight

of its potentialdevelopmentwhich would be a negativeaspectof usingthe classicalapproachin subnational
economieshoweverthedefinitionof i p o t &MtPid aok straightforward which would reinforcethe useof

the classicalapproacho analyzingbusinesgycles.

Thus, other definitions and, consequentlyforms of measurementan be found in the literature. Thefigr o wt h
cyclesa p p r o(grawth @yclesor deviationcycleg, for instance definesthe businessycle of the productas
deviationsfrom a potentiallong-termtrend. The cyclical componentis thereforecomputedasfluctuationsin the
so-called output gap (Note 6). This approachreceived much attention especiallyin placeswhere classic
recessiongabsolutefalls in economicactivity) were absentfor long periods.It is the case,for example,in
countriessuchasWestGermanyandJapanwhich experiencedhigh growthratesin the first decadesfter World

War Il (Zarnowitz,1994).In the contextof economicsocialandpolitical restructuringthe economicgrowth of
thesecountries, rather than being interruptedby periodsof contractionof the economy,oscillated between
periodsof greateror lessergrowth, alwayspositive.

The main disadvantagef the growth cyclesapproactis the arbitraryestimationof a long-termtrend. Although
there is a range of time series methodsthat serve this purpose-- such as a linear trend filter, structural
decompositiorof time serieswith Kalmanfilter, Hodrick-Prescotfilter, BaxterKing filter, ChristianFitzgerald
filter, and so on -- the chosenmethodoften imposesa particular interpretationon the cyclical phenomenon
(Canova,1998).Besidesit is not clearin the literaturehow thesetime seriescomponents- trendandcycle --
interactandinfluenceeachother(Zarnowitz& Ozyildirim, 2006).

To circumventsuchproblems someauthorschoseto try to identify cyclesdirectly in the economicgrowth rates
themselvessuch as Friedmanand Schwartz(1975), Mintz (1969), Chauvet(2002), amongothers.However,
even indicators with well-defined cyclical patternsin the level serieshave irregular componentshat often
dominatethe charactestics of the growth rate series,especiallyin higher frequenciessuch as monthly or
quarterly. An alternative to overcomethe problem would be applying some filter to smooth the series,
eliminating the erratic component(e.g., the use of moving averages)However,this procedurecan distort the
characteristic®f the cyclical series,in particularregardingthe timing of the turning points. Finally, it is worth
mentioningthat the cycle-threadingtiming in growth rates,in general,precedeghat of the cyclesin the level
series.

Hence thereis no consensuasto which approachis bestsuitedto measuringousinessycles.The fact is that
the specificcharacteristicef the analyzedeconomyshouldbe a decisivefactor for the analystto definethe most
appropriateapproachln statelevel applications,t is often more intuitive to follow the classicalprocedureln
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this paper,we usedboth the classicaland the growth cyclesapproache$o comparethe resultsregardingthe
cyclical analysis(Note 7). For a morein-depthdiscussionof economiccycle measurementye suggestreading
HardingandPagan(2002)andArtis etal. (2004).

3. Methodological Aspects
3.1 Definition of the Referencé&/ariable (Target)

A crucial aspectin the diagnosisof how the variablesof the system(variablespresentin the BCT-RS) behave
relativeto the local businessycleis to correctlydefinethe target variable,thatis, the variablethat synthesizes
the fluctuationsof the local economy.Basedon this "target" variable,we can categorizea given variable as
leading,coincident,or lagging,dependingon its movementsomparedo the local businessycle. For example,
if cyclesin the unemploymentate occuron averageafter the cyclesin the level of economicactivity, thenthe
unemploymentateis consideredlaggedvariable(Note 8).

In general, the literature highlights GDP as the variable that individually best characterizeghe cyclical
movementsof a given economy (National Bureau of Economic Research,2008). However, the main
disadvantagef this variableis thatit is only observedn quarterlyfrequency;moreover,not all stateshavean
availablequarterly GDP estimate.Sincethe BCT-RS variablesare releasedn monthly frequency,a monthly
indicatorcapableof reproducingevenif imperfectly,the fluctuationsof GDPwould be strictly preferred.

As desirablepropertiesof a goodtargetvariable,we highlight:

1  To be highly correlatedwith the quarterly GDP of the economybeing analyzed(quarterly reference
variable).More thansimple correlation,their peaksandtroughs-- which markthe beginningof periodsof
recessiorandexpansionyespectively-- shouldpresentsimilar patternrelativeto the peaksandtroughsof
the quarterlyGDP;

1  To berelesedwith a small lag relative to the period of competencdtiming is a key factor for business
cycle monitoring). For example,the datafor Feb/2018 shouldbe madeavailableas close as possibleto
Feb/2018.

Consideringthe desirablecharacteristicdor the referencevariable (targe?, a potential monthly variable to

representhe fluctuationsof the RS economyis the RegionalEconomicActivity Indicatorof the CentralBank of

Brazil - IBCR-RS (CentralBank of Brazil, 2009). This indicator, publishedmonthly by the Central Bank of

Brazil, seeksto aggregatgroxiesof the agricultural,industrialand servicessectorsusing asweighting factors
the value addedfrom the RegionalAccountsSystem(Note 9). Althoughit doesnot havethe samecoverageas
the GDP, its movementsappearto be adherentto the observedfluctuationsin the level of regionaleconomic
activity (Bragaetal., 2014).We performempiricaltestscomparingthe IBCR-RS with the quarterlyGDP of Rio

Grandedo Sul during the availableperiod (20022017), confirming that the IBCR-RS is a good proxy for the
quarterlyGDPof RS (seeFigurel).
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The coverageof the indicator, accordingto Central Bank of Brazil (2009), includesagriculture,forestry and
logging activities; livestock and fisheries;manufacturingndustry; tradeand repair servicescivil construction,
housingand food services,and markethealthand education;and public administration health and education.
Subsequentipdatesto the indicator were intendedto bring its adherencevencloserto the regionaleconomic
activity level variationreportedn the Systemof RegionalAccounts(CentralBankof Brazil, 2012).

3.2 Seasnal Adjustnent

Seasonahdjustments animportantcomponentn time seriesanalysis Seasonapatternscanbe foundin various
economicseries suchasagriculturalproduction,retail sales airline ticket salesamongmanyothers.In general,
thesepatternsare associatedvith specific eventssuchas harvestingperiods,yearend parties,schoolholidays,
holidays, etc. When analyzingthe behaviorof thesevariablesover time, especiallywhen the objectiveis to
capturecyclical patternsand long-term trends, it is necessaryo removethe effect of theseevents,sincethe
behaviorof interestcanbe maskedoy them.

Thereare severalprogramsthat allow the analystto isolate and removethe seasonabomponentfrom a time
series the mostcommonof which arethe X-12-ARIMA andX-13-ARIMA -SEAT Sdevelopedn the US Census
Bureau. The programsrepresentextensionsof the X-11-ARIMA program of the StatisticsCanadaand the
SEATS program of the Bank of Spain Currently, IBGE and FEE use the X-13-ARIMA in the seasonal
adjustmenbf the QuarterlyAccounts.

For the reasonsexplained,we performedthe seasonakdjustmentof the variablesin the BCT-RS using the
seasonalpackageavailablefor the R software (options we use include aubmatic ARIMA model searchand
outlier detection).Basedon the proceduresused by the IBGE for the seasonabdjustmentof the Quarterly
National Accounts,we adjustedthe programspecificationgo the monthly frequency.mplicit proceduresllow
automaticidentification of the model (additive or multiplicative), identification of worked days and Easter
holiday effectsin the estimationof the ARIMA model,automaticallyselectingthe bestalternative.For details,
we suggesteadingthe U.S. CensusBureau(2017)programmanual.

Regardingthe BCT-RS specifically, we performthe seasonahdjustmentestsusing X-13-ARIMA -SEATS.The
results of this application were then comparedwith the original seriesreleasedby the data sources,when
available(Note 10). With this comparisonijt is possibleto evaluatethe quality of the seasonaadjustmentwe
were performing. Resultsin fi A p p e A id Assessmenbf the SeasonalAdjustmentP r o ¢ ghewsthat our
seasonallyadjustedprocedurenearly replicatedthe movementof seasonallyadjustedseriesof IBGE and other
availablesourcesof data.For all the other seriesof the BCT-RS, where the sourcesof the researchdo not
provideseasonallyadjusteddata,we providean estimateof the variablefree of the seasonagffectsbhasedon the
applicationof the X-13-ARIMA -SEATS. In this case,the estimationof the seasonallyadjustedvariableis our
estimatespasedon the availableraw data. This distinction is establishedn the descriptionof the variables,
within the Time Seriesfeature in the BCT-RS.

3.3 CrossCorrelation Tests

Crosscorrelationtestshelp to identify possibleleading, coincident,or lagging variables,as they provide the
magnitudeof the correlationbetweena time seriesin a given month 6, andanotherin the samemonth o orin
anotherfuture month 6 "Q or past 6 "Q. Formally, it is the correlation betweend and «, where
"Q nh ph ¢f8. In this study we evaluatedthe correlationbetweenthe target variable (IBCR-RS) in a given
monthandall othervariablesof the BCT-RSin a window rangingfrom "Q =-25to 25) monthsin the future
(Q =+25).Assumingthat "Q is thelag or leadwherethe maximumcorrelationoccurs(in module),if "G
the maximumcorrelationbetweerthe two variablesoccursbetweenw andsomepastvalueof @ -- in this case,
® is a candidatefor leading;if "Q T, w is acandidatdor lagging;finally, when"Q 1, & and & appearo
be coincident(contemporaneous)n additionto the crosscorrelationanalysis,we also comparethe peaksand
troughson the variablesof the systemwith peaksandtroughsin the targetvariable.For example,one should
expectthat peaksandtroughsof leading(lagging) variableswould occur,on average before (after) peaksand
troughsin the aggregateeconomy.For more information on crosscorrelationtestsin the contextof business
cycleindicators,seeNYU Stern(2016).

3.4 DoubleHP Filter

We perform both crosscorrelationand cyclical dating testsfor the seriesexpressedn levels and also for the
cyclical componenbdf the series.To obtainthe growth cycle, we usethe doubleHP filter asproposedy Gyomai
and Guidetti (2008). This filter assumeghat a series © can be decomposediy the sum of one trend
component o andoneof cycle, & , asfollows:
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Q @ ®Q 1)
For 6 phcf8 RY It is assumedhat the componenbf the trend series(®) variessmoothlyover time with the
measuref smoothnesgiven by the sumof the squareof its seconddifference.lt is alsoassumedhatthe cycle
(&) understoodas the deviationsof & around @, hasan averagecloseto zero over long periods.The filter
allows usto obtainthe sequencef linear functions, @ B 0 ;®, which solvesthe following programming
problem:

AQEB © @ B o o AT )
Thefixed parametee-is chosento penalizethe variability in the growth seriesthuscontrollingits smoothness.
Despitethis, the cycle obtainedmay still be noisy. To obtain a smoothedcycle, Gyomai and Guidetti (2008)
proposethe useof a doublefiltration, removingcyclesgreaterthan120 monthsandlessthan12 months.This is
done using the valuesof &= 133.107.94and &= 13.93, respectively,in eachof the filtrations (Gyomai &
Guidetti,2008).In the former,the long-termtrendis removed while in the secondthe noiseis excluded Finally,
theextracteccycleis normalizedIn this work the following normalizatiorwasused:

-

& p T

3)

Where ¢ isthemeanandl the standarddeviationof the series.
3.5Cyclical Dating: TheBry-Boschamlgorithm

To detectthe turning pointsin the variables we usethe Bry & Boschan(1971)methodappliedto monthly data.
The Bry-BoschanAlgorithm is a way of mechanizingthe dating procedurein the tradition followed by the
National Bureauof EconomicResearciNBER). Basedon rules imposedon the behaviorof the series,it is
possibleto classifypeaksandtroughsand,consequentlyphase®f expansionandrecessiongNote 11). First, a
window is chosen in order to identify maximums « B ho ®w o B and local
minimums & 8 fo ®w o MR . Next,aminimum periodis requiredfor the durationof a phaseof
the cycle,i.e. thetime elapsedetweena peak(trough)anda trough (peak).Using the Bry andBoschan(1971)
approachwe alsoimposea minimum durationfor the completecycle, from peakto peakor troughto trough.
Theserestrictionsaim to purgeswingsandnoisesnot relatedto the businesgycle. The suggestegarametergor
monthlydataare(Bry & Boschan1971):

® Q¢ 'QOG 6 o £ EDQ v
0¢¢i QAW AH Qo Qi Ve Q@adDI Q OdE TQ 6 @G € ED 4)
0 Q¢ Qo w ®IQQ OAEINE Q1 6 @g w ¢ €D

Additionally, we imposea restriction of magnitudeso that falls very severe althoughrapid, are classifiedas
recessiongNote 12). Finally, it is noteworthythatin thesespecificationsthe algorithmdoesnot capturecycles
atverylow frequenciessuchasdecenniabr secular.

It is noteworthythatafterdatingthe seriesall identified economicdownturnsandupwardsin theindicatorswere
criticized by the authors.In this processwe evaluatedhe behaviorof the seriesin the light of the recessionén
the Brazilian economy (dated by the Brazilian Committee of Dating Cycles -- CODACE) and cyclical
movementobservedn the Brazilian GDP (IBGE). Finally, we alsousedindustry-level informationon the value
addedof the stateof Rio Grandedo Sul.

4. Resultsof the Stratification Procedure: Leading, Coincidentor Lagging Indicators

Using the methodsdescribedn section3, we obtainedthe categorizatiorof variablesconcerningthe timing of
their turning pointsin the economy:leading coincidentor lagging Theresultof the crosscorrelationtestsin the
seriesexpressedn level, first differenceand cyclical componenextractedby the doubleHP filter are shownin
Tablel.
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Table 1. Summaryof the teststo categorizeeachvariable of the BCT-RS accordingto its cyclical behavior:
leading,coincidentor lagging

A) Level B) 1stDifference
Opt.lag Max. Corr. Opt.lag Max. Corr.
Label (xcorr) Coeff. Category (xcorr) Coeff. Category
Industryi ConfidencgFIERGS) 12 -0,65 N -11 0.19 L
Intentionof HouseholdConsumptior(ICF - FECOMERCIO/RS) 24 -0.71 N -2 0.33 L
RealEstate- Expectationg|EMI/ALPHAPLAN) -12 0.57 L - - L
Industry- Production(PIM/IBGE) 24 -0.35 N 0 0.39 C
Retail SaleSPMC/IBGE) 0 0.96 C 0 0.22 C
IBCR-RS(CentralBankof Brazil) 0 1.00 C 0 0.70 C
Reallncome(PED/FEE) -2 0.91 C -1 0.26 C
Industry- CU (%) (FIERGS) 21 -0.55 N 1 0.18 C
Industry- Purchase§FIERGS) 18 -0.54 N 0 0.29 C
Industry- Performancg¢FIERGS) 22 -0.44 N 0 0.38 C
Employment Agribusines{FEE) 0 0.95 C 0 0.26 C
ServicefPMS/IBGE) 3 0.72 LA 5 0.13 LA
UnemploymenRate(%) (PED/FEE) 0 -0.96 C 0 0.29 C
Durationof Unemploymen{months)PED/FEE) -4 -0.90 L 4 -0.32 LA
Credit(R$ Millions, CentralBankof Brazil) 0 0.96 C 5 0.33 LA
DelinquencyRate(%) (CentralBankof Brazil) -10 0.34 N 2 0.26 C
SalesTax- Deflated(CPI) (StateDepartmenbf Taxationand
) 0 0.91 C -3 0.10 N
Finance)
Exports- Volume Index- RS (FEE) 24 0.43 N 20 -0.15 N
Ratiobetweerhiring andseparationwvagesBrazilianDepartment
-8 0.48 L 1 0.12 N
of Labor)
Returnon Exports- RS (FEE) 20 0.54 N 20 0.19 N
C) DoubleHP Filter D) AveragesandAssessment
Average Average
Opt.lag Max. Corr.
Label Category .lag Corr. Category
(xcorr) Coeff.
(xcorr) Coeff.
Industryi ConfidencgFIERGS) 12 -0,68 LA 4 -0,38 L
Intentionof HouseholdConsumptior(ICF - FECOMERCIO/RS) -2 0,84 L 7 0,15 L
RealEstate- Expectationg|IEMI/ALPHAPLAN) -11 0.48 L -11 0.52 L
Industry- Production(PIM/IBGE) -1 0.79 C 8 0.27 C
Retail SalePMC/IBGE) 0 0.84 C 0 0.67 Cc
IBCR-RS(CentralBankof Brazil) 0 1.00 C 0 0.90 Cc
Reallncome(PED/FEE) 3 0.70 LA 0 0.62 Cc
Industry- CU (%) (FIERGS) -1 0.47 C 7 0.04 C
Industry- Purchase$FIERGS) 0 0.63 C 6 0.13 Cc
Industry- PerformancéFIERGS) 1 0.70 C 8 0.21 Cc
Employment AgribusinesgFEE) 3 0.75 LA 1 0.65 Cc
ServicefPMS/IBGE) 6 0.82 LA 5 0.56 LA
UnemploymenRate(%) (PED/FEE) 2 -0.67 C 1 -0.45 LA
Durationof Unemploymen{months)PED/FEE) 6 -0.59 LA 2 -0.60 LA
Credit(R$ Millions, CentralBankof Brazil) 6 0.75 LA 4 0.68 LA
DelinquencyRate(%) (CentralBankof Brazil) 5 0.64 LA -1 0.41 LA
SalesTax - Deflated(CPI) (StateDepartmenbf Taxationand
) -2 0.28 N -2 0.43 N
Finance)
Exports- Volumelndex- RS (FEE) 17 -0.35 N 20 -0.02 N
Ratiobetweerhiring andseparationvagegBrazilian Department
of Labor) -1 0.52 C -3 0.37 N
Returnon Exports- RS (FEE) 10 0.40 LA 17 0.38 N

Note L = Leading;C = Coincident,LA = Lagging;N = None(Unclassified)Besideghecrosscorrelationresults pverallassessmetfPaneD)
alsoconsidergheturningpointsof eachvariablerelativeto theturningpointsin thetargetvariablei resultsshownin Table2 andTable3.
Sourcea u t helaomatin.
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In the crosscorrelationanalysisfor different ways of measuringthe series(level differencesor first cyclical
component)the Bry-Boschanalgorithmwas usedto identify phasesf expansiorandrecessiorin the system
variables.The resultof this applicationis outlinedin Table 2. From thesepeaksandtroughs-- which signalize
the beginningof a recessiveand an expansionaryphaseof the economiccycle, respectively--, it is possibleto
calculatethe averagdalifference(in months)betweenthesepointsof cyclical reversalin the referenceindicator
(IBCR-RS)andeachvariablein the system.

Table 2. Result of the dating procedureon individual variablesi peaksand troughs identified by the
Bry-Boscharalgorithm

Name/ Turningpointsin thetarget Jan05 Sep08 Jan09 Nov-11 Mar-12 Sepl3 Oct-16
variable(IBCR-RS) Trough Peak Trough Peak Trough Peak Trough
Industry- Production Apr-06 Sep08 Dec08 Decl11 Feb12 Feb14 -
Retail Sales Sep05 Jun08 - - Oct-11 Feb14 -
Services - - - - - Apr-14 -
UnemploymenRate(%) Mar-06 Dec08 Apr-09 - - Aug-14 -
Durationof Unemploymentmonths) Nov-06 Mar-09 Apr-09 Feb13 Juk13 Oct-14 -
Reallncome Aug-06 - - Janll Feb12 Janl4 -
Industry- Confidence - - - - - Nov-12 Mar-15
Industry- CU (%) Juk05 Sep08 May-09 Apr-11 May-12 May-13 Aug-16
Industry- Purchases Nov-05 Jun08 Jan09 Jun10 Feb12 Mar-13 -
Industry- Performance Mar-06 Sep08 Mar-09 May-11 Junl2 Oct-13 Oct-16
Intentionof HouseholdConsumption - - - Dec10 Janl2 Apr-13 Aug-16
Credit(R$ Millions) - - - Junl2 Sepl2 Janl5 Janl7
DelinquencyRate(%) - Dec08 Aug-09 May-11 Apr-12 Feb14 Mar-16
RealEstate- Expectations - - - - - - -
Employment Agribusiness - Jul08 May-09 Dec11 Mar-12 Aug-14 Jul16

Sourcea u t helabosatéon.

Intuitively, the leadingvariableswill showturning points, on average peforethe referencevariable (negative
differencein months);in turn, the coincidentindicatorswill presentturning pointsthat, on averagematchthe
economiccycle; finally, thelaggingvariableswill showcyclical reversiononaverageafter the turning pointsof

the referencevariable (positive differencein months).This information and the summaryof the classification
variablescanbe seenin Table3.

Table 3. Averagedifference(in months)betweenpeaksand troughsin the targetvariable (IBCR-RS) and the
othervariablesof the system

Name/ Turningpointsin thetarget Jan05 Sep08 Jan09 Nov-11 Mar-12 Sepl3 Oct16 Averagelead/ Final
variable(IBCR-RS) Trough Peak Trough Peak Trough Peak Trough Lag(months) Categorizaion
Industry- Production 3 0 -1 1 -1 5 - 0 Coincident
Retail Sales -4 -3 - - -5 5 - -2 Coincident
Services - - - - - 7 - 7 Lagging
UnemploymenRate(%) 2 3 3 - - 11 - 5 Lagging
Durationof Unemploymen{months) 10 6 3 15 16 13 - 10 Lagging
Reallncome 7 - - -10 -1 4 - 2 Coincident
Industry- Confidence - - - - - -10 -19 -10 Leading
Industry- CU (%) -6 0 4 -7 2 -4 -2 -3 Coincident
Industry- Purchases -2 -3 0 -17 -1 -6 - -5 Leading
Industry- Performance 2 0 2 -6 3 1 0 -1 Coincident
Intentionof HouseholdConsumption - - - -11 -2 -5 -2 -5 Leading
Credit(R$ Millions) - - - 7 6 16 3 8 Lagging
DelinquencyRate(%) - 3 7 -6 1 5 -7 1 Coincident
RealEstate- Expectations - - - - - - - - Leading
Employment Agribusiness - -2 4 1 0 11 -3 2 Coincident

Sourcea u t helabomatéon.
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The analysisof cyclical datinghereis moreimportantthanthe crosscorrelationbecausét providesevidenceof
the transitionof the variablesfrom onephaseto anotherof the cycle, somethinghat simplecorrelationdoesnot
capture.To categorizevariablesaccordingto the timing of their movementsvis-a-vis the movementsof the
regionaleconomyit is importantto focuson thetransitiondatesbetweeronephaseandanotherwhich aregiven
in Table3.

Although in some casesthe resultsindicate a consistentrelation of leadsand lags, in someindicators this
relationshipis not consistentandis often susceptibléo the way in which the variableis measuredif level, first
difference,or cyclical component)ln addition,manyserieshavea very shorthistory, which makesit difficult to
performandinterprettests.For ambiguouscaseswe useevidencefrom the literatureto classifythe variableas
leading, coincident or lagging. Comparisonsbetweenthe classification suggestedby our tests and the
categorizationfound in the literature are importantto ratify the classificationof somevariables,suchas the
unemploymentate (%) (Note 13). The fluctuationsover time of the variablesclassifiedasleading,coincident
andlaggingcanbeobservedn Figure?2.

20 40
40

0

f
\J / \ \>j// <

= \
& V
o o
Y T T T T T
1990m1 1995m1 2000m1 2005m1 2010m1 2015m1
Ano-Més 4
§ T T T T %
— BCRRS 1995m1 2000m1 2005m1 2010m1 2015m1 2020m
— Retalil Sales
———— IndUstria - Purchases IBCR-RS
Industria - Performance Credit (R$ Millions, deflated)
Industry - Production Delinquency Rate (%)
—— Industry - CU (%) Unemployment Rate (%)
Real Income Services
Employment - Agribusiness Duration of Unemployment

(a) Groupl: coincidentvariables (b) Group2: laggingvariables

o |
A3

o
? 1 T T T T T T T T
2004m1  2006m1 2008m1 2010m1 2012m1 2014m1 2016m1 2018m’

IBCR-RS

Industry - Confidence

Intention of Household Consumption (ICF)
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(c) Group3: leadingvariables
Figure2. Cumulativel?2 monthsgrowthrateof the variablescategorizedisleading,coincidentor lagging

Note In eachof the subfigureswe includethe IBCR-RS (CentralBankof Brazil) asareferencendicator(targef, asit wasthevariableused
asa proxy to the activity level of the state'seconomy.The classificationof the categorievariablesieading coincidentandlaggingtakeinto
accounffluctuationsin all variablesof the BCT-RSrelativeto thereferencevariable(IBCR-RS).

Sourcea u t helabomtin.

Oneshouldalsonotethatthe categorizatioraccordingto the timing is only usedin BCT-RS at the featurecalled
MacroeconomicDynamics,where co-movementsof thesedifferent variablescan be observedin detalil. It is
importantto notethat observingtheseco-movementsn macroeconomiwariablesis a key factor to understand
businesycle fluctuations(Chauvet,1998).More informationon usingthis featureof BCT-RSis exposedn the
subsectiorMacroeconomi®ynamics.

22



ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No.5; 2018

5. Componentsof the BusinessCycle Tracer of Rio Grande do Sul (BCT-RS)
5.1 Presentation

Whenone opensthe website<visualiza.fee.tche.br/bes> (retrievedJanuaryl0, 2018),he or sheis directedto

thetabfi P r e s e nltt cantainsthe @ssentialinformation aboutthe BCT-RS and a summaryof its features
(application characteristics) There is also information about the institution responsiblefor the application
creation(FEE),atutorial (video) ande-mail to contactin caseof questions.

5.2 TimeSeries

In i Ti Bie r iteeusercanreferto severalindicatorsthrough a time seriesgraphic. The indicatorsare
groupednto five dimensionof the state'ssconomy:

1) Economic Activity: composedf indicatorsfor the cyclical monitoring of the activity level of the state's
economylt includesproxiesof manufacturingndustry-- suchasphysicalproduction,Capacityutilization
(CU), purchasesetc.--, trade,servicesandthe generalctivity level (IBCR-RS).

2) Labor Market: representedy variablesthat indicate the cyclical trendsin the labor market. Several
sourcesof seriesare included (Employmentand UnemploymentSurvey- PED - and GeneralRegisterof
EmploymentandUnemployment CAGED / RAIS) to differentiateindicatorson the metrgolitan areaof
Porto Alegre (PED) and the whole state (CAGED), as well as the formal and informal aspectof the
occupation.Theseindicatorsinclude the unemploymentate, the averagetime spentin a job searchthe
massof real income,the level of formal employmentin agribusinessndthe total formal employmentin
the overalleconomy.

3) Sentiment Indicators: integratedby indicators of perception,representingdifferent segmentsof the
economy:industry (from FIERGS),real estate(from AlphaplanintelligenceResearchn partnershipwith
the SinduscorRS), and trade (Intent of HouseholdConsumptionfrom FecomercieRS). This dimension
seeksto capturethe feeling of economicagentsregardingthe presentsituationand alsotheir expectations
for thefollowing months.

4) Credit and Delinquency Rate: madeup of delinquencyrateandcreditindicators(credit portfolio balance
in RS), and representshe sum of the balanceof individuals and corporations Datais obtainedfrom the
Credit Information System(SCR) of the Brazilian Central Bank for the stateof Rio Grandedo Sul and
reflectthe presentvalue of loansrecordedn the final month(CentralBank of Brazil, 2017).This database
containsinformation on debtorsof an amountgreaterthan R\$ 1,000.00.The regionaldistribution of the
datais basedon thefiscal addres®f borrowers.

5) Price Indexes: consistsof variablesmeasuringhe price changein different sectorsof the stateeconomy.
For example this group containsinformation aboutthe ConsumerPrice Index (CPI) for the metropolitan
areaof PortoAlegre, the capital of the stateof Rio Grandedo Sul (overallindexandits mainresults).lt is
alsoexposedn this groupof variablesnformationonthe pricesof residentiandcommercialpropertiesn
PortoAlegre,bothannouncegbricesof saleor lease.

The purposeof classificationthesedimensionss to facilitate the organizationof information,arrangingthemin
alogical sequencesothatthe usercanmakeinferenceon how the stateeconomyis behavingn multiple aspects.
The choiceof indicatorswithin eachof thesecategorieqi.e., dimensionsaimedto give the usera broadpicture
of thatdimensionpy analyzingvariableshatarecomplementaryatherthansubstitutes.

5.3 Tableof Variations

The Tableof Variationsis a featurethataimsto complementhe analysisof the previousfeature,i Ti She@r i e s 0 .
While the purposeof that featureis the quick and orderly graphicalinspectionof variables the purposeof this
tool is to observeboththelevel of the seriesastheir ratesof changen a givenperiod(monthyear).

5.3.1Growth Rates

To provideanaccuratepictureof the stateeconomywe calculatethe growthratesin four differentways: month
againstthe samemonthof the previousyear,cumulatedtwelve months,monthagainstthe previousmonth,and
movingaveragef threemonths.The mannerof calculatingthe rateof changds explainedbelow.

1) Not seasonallyadjusted data

1 Month overthe samemonthof the previousyear (t/t-12): refersto the monthly changeconsideringthe
sameperiodlastyear,sofree of seasonahfluencegNote 14).

1 Accumulatedtwelve months([t, ..., t-11]/[t-12, ..., t-23]): refersto the cumulativechangein a twelve
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monthsmoving-averagavindow.
2) Seasonallyadjusted data

1 Month againstthe previousmonth (t/t-1): is the monthly variation of the seriesrelative tothe previous
month,consideringseasonafactors.

1 Threemonths moving averagevariation ([t, ..., t-3]/[t-1 ... t-4]) is the cumulative change in a
threemonth moving averagewindow, whereasthe denominatoris the immediately precedingthree
monthsperiod.

5.3.2ColorsandSignsof Variations

The purposeof thesevariousforms of variationcomputationis to makethe table asinformative aspossible.In
addition,two aspectareconsideredo showtheinformationin thetable:

1  Symbol: The first aspectis the representatiorof an arrow indicating the direction signal. For positive
variations the arrowpointsupwards;for negativevariations,downwards.

1  Color: The information containedin the colorsis different from that containedin the arrows(symbols).
Colorsexpresghe quality ideaof variation:greensignalsimprovementyed, worsening It is importantthat
this point is madeclearto the userbecausd¢he symbolsand colorscangive conflicting informationat first
glance butin fact, theyarenot. For examplefor countercyclicaberies(Note 15) (thosethatmovecontrary
to cycle of the economyof Rio Grandedo Sul), suchasunemploymentateandaverageime of job search,
positivevariationswill be indicatedwith the up arrow, howeverthe color will bered, sincethesevariations
indicatea worseningin the labor marketdimensionln the caseof pro-cyclical variables positivevariations
areaccompaniedby green.Therefore the interpretatiorbasedon colorsfocuseson the qualitativeaspecof
the variations,while the arrow indicatesif the seriesvaried positively or negatively. The informational
contentof the color is particularlyimportantin view of the possibility of giving actionto thetable:astime
goes by and information is being updated,the overall color of the table indicatesthe occurrenceof
expansionperiods (mostly greentable) and contraction(mostly red table), which is a kind of diffusion
indicator(Note 16).

5.4 Macroeconomi®ynamics

The MacroeconomidDynamicsis a featureof the BCT-RS inspired on the Dutch BusinessCycle Tracer (Van
Rutgetal., 2005).1t wasdesignedo achievethreeobjectives:

1 Assistin the analysisof the short-term fluctuations of the economyof Rio Grande do Sul: The focus
on the visual aspectallows a quick understandingof the behavior of important and complementary
economicvariablesat a given point in time (crosssection).For example how did the cyclical variablesof
RS behavein July 2017?The monitor makesa comparativeanalysisof indicators-- including GDP, which
actsasareferencdor othersystemvariables-- easierto visualize,compareandinterpret.

1  Allow visualization of the dynamics of key indicator fluctuations over time: With the functionality of
macroeconomialynamics,the user can observethe co-movementsof systemvariablesover time. This
analysids particularlyimportantif it is performedseparatelyn periodsof contractionandexpansiorof the
economicactivity of the stateof Rio Grandedo Sul, wherefactorssuchasthe degreeof diffusion andthe
asymmetryof thesemovementganbe analyzed Possibleneterogeneities variabkesrepresentinglifferent
dimensionof thelocal economy- includingregionalaspects canbe easilyidentifiedtoo.

1  Filtering variables according to the time profile relative to the local businesscycle: allows the userto
analyzethe movementsof variablescategorizedaccordingto their timing relative to the local business
cycle: leading,coincidentand lagging variables.Therefore the monitor also helpsin the prognosisof the
economy(focuson the leadingvariables),aswell asin the currentsituation(coincidentvariables)andin
the confirmatorymovementglaggingvariables).

From a slightly more formal perspectivethe monitor allows visualizationof systemvariablesin four different
quadrants.Let 'Q phB RE be the variable Qand 6 pfe& the time period 0, y-axis representsthe
accumulatedgrowth in 12 months (%) of the 'Q 6Qseriesin the 0 &Qperiod; the x-axis representgshe
accelerationi.e., the absolutevariation of the growth rate (Note 17). Thus,indicatorswith a positive (negative)
rate of changein the last 12 months,consideringthe period (month/year)will be above(below) the origin. In
otherwords, if the seriespresentsa positive variationaccumulatedn 12 months,it will be in the 1stor 2nd
quadrantsjf thereis a negativeaccumulatedvariation, it will be in the 3rd or 4th quadrantsConcerningthe
secondaspectconsideredoy the monitor (acceleration)the indicatorsthat show accelerationdeceleration)n
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the growth ratewill beto theright (left) of the origin. Putanotherway, in the 1stor 4th quadrantswill appear
the variableswhosegrowthrate ( ¢ig positive,thatis, acceleratingThe intuition is thatin thesequadrantswill
be the ratesof variation positive and accelerating1st quadrant)and negativebut accelerating/4th quadrant).
Similarly, in the 2nd and3rd quadrantwill be variableswhoserateof changeis showingdeceleratior{reducing
thegrowthrateor amplifying thefall). Thebasicvisualinspectionof the monitorcanbe seenin Figure3.

Dynamics in October of 2010 — 12 months cumulative variation

T ® Credit
20 @ Delinquency Rate
4 @ Duration of Unemployment
15 @ Employment - Agribusiness
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10 GDP X IBCR-RS
A -cu
x x Y W Industry - Performance
7 ° “ M n - Production
g Y 4 Industry - Purchases
£ o ¢ Real Income
] L @ Retail Sales
(5 X unemployment Rate

-2 0 2
Acceleration (p.p.)

Figure3. Pictureof the macroeconomidynamicsfeatureof theBCT-RST October2010

Sourcea u t helabosatéon.

Let us analyzea practical examplein which the BCT-RS photographhelps us to understancdthe degreeof
diffusion of the movementsn the selectedvariablesof the local economy.For this, we identify two periodsin
which the economyof Rio Grandedo Sul was expanding(continuedgrowth in the level of activity) and two
periodsin which the economywasin contraction(continueddeclinein activity level), accordingto the quarterly
GDP of RS (Note 18). Figure 4 identifies theseperiods.The ideais to showthe crosssectionof the rate of
growthandacceleratiorof the systenvariablesin thesespecificperiods,which helpsusto identify patterns.

(%)

06

00

02

Figured. Identificationof critical periodsin the Rio Grandedo S u IGBRT 12 monthscumulativegrowth (%)
Note We showthe cumulativetwelve-monthvariationin the volumeindexof quarterlyGDPof Rio Grandedo Sul, from 2003Q4to 2017Q1.
We highlight in circles (red signalstroughs, blue signals peaks)periodsfor which monitor variablesare displayedfor the purposeof
interpretingthetool.

Sourcea u t hemomtén.
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Figure5 showsthe movementof systemvariablesin the four periodshighlightedin Figure4: November2005
andMay 2016, that representjuartersof retractionof the economyof Rio Grandedo Sul; November2007 and
November2013,which represenperiodsin which the twelve-monthchangein GDP reachesa local maximum.
It canbeinferredfrom thesefour subfigureghatthe co-movementof the systenvariablesarein line with those
of the GDP, indicatingthat the systemof variables,on averagecoincideswith the cyclesof the stateeconomic
activity.

Dynamics in November of 2005 — 12 months cumulative variation Dynamics in November of 2007 — 12 months cumulative variation
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Dynamics in November of 2013 — 12 months cumulative variation Dynamics in May ot 2016 — 12 months cumulative variation
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Figure5. Pictureof the macroeconomidynamicsfeaure of the BCT-RSin expansiorandrecessiorperiodsof
thelocal economy

Sourcea u t helabosatéon.

Despitethe similarities, thereis someheterogeneityin the comovementgelatedto the natureand causesof
cyclical phenomenaand the macroeconomialynamicshelpsto identify them. For example,in the 20052006
recession(Figure 5.a), which had local factors causingthe recession(two consecutivedroughtson the RS
economy),labor marketvariablesin the metropolitanareaof Porto Alegre were not declining (1st quadrant),
which is consistentwith the ideathat the geographicaegionsmostaffectedby the recessionwere thosewhere
therewasa crop failure (ex., northwestof the state)and whereagribusinesgorrespondso a largershareof the
economy.The metropolitanregion, due to its concentrationof the servicesectorand industrial segmentsot
directly linked to agriculturalactivity, sufferedlessimpactregarding theeconomicactivity level.

The Figures5.b, 5.c of November2007 and November2013, respectivelyshowhow the time dynamicsof the
indicatorswerein periodsof economicexpansionlt is possibleto observethat practicallyall of themindicateda
good performancesince they were positionedin the greenquadrant(1st quadrant).Lastly, figure 5.d showsa
morerecentrecessiorperiodof May 2016.In this chart,all indicatorspoint to poor performancesincethey are
eitherin thered quadrani(3rd quadrant)r the orangequadrani{4th quadrant) confirming the informationgiven
by thelocal GDP.

Hence,with the macroeconomiadynamicsit is possibleto monitor the evolution of relevantvariablesof the
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economyon a monthly basis,andin two distinct aspectsaccumulatedyrowth rate and acceleratedrowth rate.
In addition, the user can selectto graphically evaluateonly variableswith a given time profile: leading,
coincidentor lagging.

6. Discussionand Generalization of the BCT-RSto Other Subnational Economies

Although severaleconomicandfinancialindicatorsarereleasednonthly, it is still a challengefor moststatesto
bring that scatterednformationin onetool. Improving datavisualizationis also an importantdevelopmenbn
businesscycle analysis.We designedthe BCT-RS to fill these gaps.The empirical testswe useto categorize
variablesaccordingto their timing -- suchas crosscorrelationtestsand the Bry-Boschanalgorithmto identify
recessionsindexpansions- areeasilydoneusingstatisticalsoftwaresuchasStataor R. Moreover,we showwe
can have an accurateview of the fluctuationson a statelevel economyby monitoring five complementary
dimensionsof the economy:outputlevel labor market sentimenindicators credit and delinquencyrate, and
priceindexes

Hence,one of the advantage®f our frameworkis thatit canbe easilygeneralizedo othersettings,and so we

hopethis papercan inspire the elaborationof tools designedto tracethe businesscycle fluctuationsin other
statesand countries.We believethat both public and private agentscanbenefitfrom suchapplications.Tracing

businesscyclesdevdopments before GDP is releasedisually, on a quarterlybasisi providespublic agents
importantinformation for policy interventions;for entrepreneurand consumersit helpsto decidehow much
theyshouldsave,consumeandinvest.

As areminder,evenif the theoreticalaspectandthe functionalitiesof the BCT-RS are presentecainddiscussed
in this paper,oneshouldalwaysconsideradjustmentso the economiccharacteristicef the statewherethis type

of analysisis beingapplied.For example asthe stateof Rio Grandedo Sul hasin its agribusiness significant
segmenffor both employmentand householdncome,we gave particularattentionto indicatorsregardingthis

sector.Different economicrealitieswill give rise to different specificitiesin the procesof selectingsignificant

variables. Hence, one should always consider sectoral or regional specific approachego deal with the

particdarities of the economyunderanalysis.

7. Conclusion

In this paper,we discussthe methodologicalaspectsand showthe core functionalitiesof the BusinessCycle
Tracerof the stateof Rio Grandedo Sul -- Brazil (BCT-RS). It is aninnovativetool designedor monitoringthe
shortterm fluctuationsof the economyof Rio Grandedo Sul (the 4th largesteconomyin Brazil). Importantly,
our frameworkis generalizabldo other statelevel economiesespeciallyin developingcountries wheredatais
alsolimited.

Specifically, the tool focuseson the systematizationof complementaryindicators that, together, allow an

inferencenot only of the currentstateof the economy,but also of cyclical movementdn the last twenty-five

years. The monthly updateof all BCT-RS featuresprovidesa continuousoverview of the evolution of the

economyin five complementandimensionsieconomicactivity, labor market sentimentndicators credit and

delinquencyrate, andprice indexesWe alsocategorizeall variablesaccordingto the timing of their movements
relative to the local businesscycle: leading coincidentor lagging variables.Justas a physicianexaminesa

patientthroughmultiple examinationsthe BCT-RS seeksto analyzethe economyfrom thesedifferentanglesto

providethe userconditionsto establishanaccuratediagnosis.

The BCT-RSfeaturesveredesignedo makethe analysissimple andobjective,yet robust. Therearethreemain
features:Time Series Table of Variations and MacroeconomidDynamics Takentogether,thesefunctionalities
seekto fill an existing gap for analysts,researchersstudentsjournalistsfrom the economicareaand others
interestedn betterunderstandinghe conjunctureof statelevel economiesTo gathelkey-economidndicaorsin

a single tool reducesnot only the time spentcollecting and analyzingthis information, but alsoimprovesthe
ability to view and interpret data. At the end of the day, it is the preciseanalysisof the businesscycle
developmentshatcantranslateinto bettereconomicdecisionsor people,companiesandgovernments.
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Notes
Note 1. Link: <http://visualiza.fee.tche.br/bes/>, retrievedJanuaryd, 2018.

Note 2. Most of the availableeconomicandfinancialtime seriesareshort(startingin the mid-2000's).Therefore,
it is a challengeto testthebusinesxycle behaviorof the series.

Note 3. Available at <https://www.cbs.nl/emgb/visualisaties/businegycle-tracer> retrievedJanuary2, 2018.
Note4. Available at <https://www.newyorkfed.org/labaronditions/index.htmI>tetrievedDecembef8, 2017.
Note5. For moreinformation,see<http://www.nber.org/cycles/recessions.htrfiletrievedDecemberl 2,2017).
Note6. Notethatnot only the productbut severalothermacroeconomimdicatorscanbe decomposethis way.

Note 7. In our tests, the cyclical analysis on series in both levels and cycle component yielded similar results in
most of the cases.

Note 8. Dueto the degreeof rigidity observedn the labor market-- dismissingandhiring is costly -- statistical
testsandeconomicheorysuggesthatthe unemploymentateis laggingrelativeto the economiccycle.

Note 9. The RegionalAccountsSystem,captainedby the IBGE, but in syncandin conjunctionwith statelevel
research teams&nnounceghe GDP resultsat currentpricesand constantpricesfor all units of the Brazilian
FederationTheseresults,however,arealwaysdisclosedwith two yearsof lag, representinghetime to compile
the information from the structural surveys(Industry, Retail Sales,Construction,Services,etc.) and others
relevantto the GDPcalculation(e.g.,anonymoug’ersonalncomeTax information).

Note 10. In our sample,only a few datasourcegprovideinformationwith seasonahdjustmentTheseare IBGE
(Industry - Productionand Services),Central Bank of Brazil (IBCR-RS), and FIERGS (Industry - Purchases,
Industry- CU (\%) and Industry- Performance)For thesevariables testsof comparisorand adequacyof our
seasonahdjustmentnodelwerecarriedout -- theresultsarepresentedn AppendixA.

Note 11.A recessioroccursfrom a peakto atrough;anexpansioroccursfrom atroughto a peak.

Note 12. We use this criterion based on Adrian Paga@® guide available at
http://www.ncer.edu.au/data/documents/BBQEXCELINSTRUCT(petfievedJanuary, 2018).

Note 13. For example the statisticaltestswith the unemploymentate of the metropolitarregionof PortoAlegre
(PED) suggestedhis variableis coincident(level and 1st difference)or leading(cyclic component)depending
on how the variablesare measuredIn the literature, however,there is broad evidencethat movementsin
unemploymentateoccurin a laggedfashionto the economiccycle. Giventhe ambiguity of the testresults,we
choseto categorizehevariablein a mannerconsistentwith theliteraturei alaggingvariable.We performedthis
procedurdfor all variableswhoseresultsweresensitiveto the way in which we measuredhem.

Note 14. Seasonalitys atermthatrefersto influencesderivedfrom the calendarwhich areregularlyrepeatedn
the years. This achievemenimay result from the numberof daysworked in seasonaklgricultural harvests,
holiday workersin certainseasonsperiodsof the yearwhereeconomicactivity is higher(dueto the 13th salary
andyearendsalesfor example) amongmanyothersfactors.

Note 15. There are three countercyclicalvariablesin the BCT-RS: unemploymentate (PED / FEE), average
time to searchfor employmen{PED/ FEE)anddelinquencyrate (BACEN).

Note 16. Diffusion Indicatorsmeasurethe proportionof variablesthat are varying positively in a given set of
variablesto theinterval[0,1], therefore Theseindicatorsshowthe degreeof spreadof cyclical movementsn the
economypeit betweersectorsactivities,segment®r dimensionof theeconomy.

Note 17. Rudimentarythe secondderivative of a function measureghe variation of the rate of changeitself.
Thus,wheng xis smallenoughthe acceleratioris approximatedy the absolutedifferencein therateof change.

Note 18. In the literatureof cyclical analysisof the economy,GDP is consideredhe main isolatedvariableto
measurehe performanceof the economy.ln general periodsof expansiorandrecessiorare confirmedby the
commonbehaviorof severalcovariatessuchasindustrialproduction tradesales employmentgtc.
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Appendix A
Assessmenbf the SeasonaAdjustment Process
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Figure6. Assessmentf the seasonahdjustmenprocedurgWinX13, U.S.Bureau)i performanceagainsthe
original seasonallyadjustedseries

Industry - CU (%) - Seascnally Adjusted (Authors)
Industry - CU (%) - Seasonally Adjusted (FIERGS)

Note The abovevariablesarethosein which the datasourcedisclosesnformationalreadyseasonallyadjusted We comparethe seasonally
adjustedseriesby the entity responsiblefor the data (Brazilian Institute of Geographyand Statistics- IBGE, Brazilian Central Bank,
Federatiorof Industriesof the Stateof Rio Grandedo Sul - FIERGS)andour estimatesto evaluatethe quality of our seasonaadjustment
models.We observefrom theresultsreportedin this Figurethatthe serieswerevery closeto eachother,suggestingan excellentperformance
of our seasonahdjustmenprocessTherefore we includein the BCT-RS our seasonallyadjustedestimatedor the seriesin which the data
sourcedoesnot provideseasonallyadjustednformation.

Sourcea u t helabosation.
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