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1 Introduction

COVID19 is seasonal. Historical and current evidence show that it has a strong wave in

the Fall, and a weak (or no) wave in the spring. Scientists believe that the seasonality

is driven by UV light. (Hölmstrom et al. 2020) The relation between COVID19 and

seasonality is examined by e.g. Merow and Urban (2020) and Engelbrecht and Scholes

(2021). However, this is not what we do in this paper.

The COVID19 crisis has a huge impact on the economy of the Netherlands and

other countries. Macroeconomic time series are typically seasonally adjusted to bring

to the fore important fluctuations. In this paper we study the impact of COVID19 on

seasonal adjustment.

Economic time series are typically seasonally adjusted before being used in economic,

econometric and policy analyses, where Seasonality is defined as systematic, although

not necessarily regular or unchanging, intrayear movement that is caused by climatic

changes, timing of religious festivals, business practices, and expectations. (Hylleberg

1986). Seasonal adjustment (SA) consists of the estimation of the seasonal component

and, when applicable, also trading day and moving holiday effects, followed by their

removal from the time series. The goal is usually to produce series whose movements

are easier to analyze over consecutive time intervals and to compare to the movements

of other series in order to detect co-movements. (U.S. Census Bureau Basic Seasonal

Adjustment Glossary); Wright 2013). For common guidelines for seasonal adjustment

within the European Statistical System, see Eurostat (2015).

Several SA methods exist, but we confine attention to the methods used in this pa-

per. For quarterly and monthly data we apply Census X13ARIMA-SEATS (henceforth

X13): the combination of Census X12-ARIMA and TRAMO-Seats which has become

the industry standard (Department of Commerce Census Bureau http://www.census.

gov/srd/www/x13as/), and a recent competitor CAMPLET (Abeln et al. 2019). For
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weekly data, Stock (2021) recommends to transform series to logs, annual or 52 weeks

differences, and manual adjustment for problem weeks (moving holidays etc.). In this

paper we use the STL method (Cleveland et al. 1990) and CAMPLET.1

In this paper we compare X13 and CAMPLET seasonal adjustments before and

after the COVID19 crisis. We carry out a Quasi Real-Time analysis, i.e. on the basis

of the most recent data vintage, for the quarterly series real GDP and the monthly

series Consumption of Households in the Netherlands. In addition we compare STL

and CAMPLET seasonal adjustments of the weekly series of US Initial Claims before

and after the COVID19 crisis and a QRT analysis based on the STL SAs.

We find that differences in SA values are small and that X13 and STL seasonal

adjustments are subject to revision. From the analysis of the weekly series US Initial

Claims we learned that STL SAs follow NSA values closely, that STL SAs are subject to

revision. In addition, the COVID19 crisis caused a structural increase in initial claims.

Before the crisis initial claims fluctuated around a lower level than after the crisis. STL

SAs capture NSA values in the COVID19 crisis period, whereas CAMPLET does not

pick up NSA values in the crisis period completely.

The remainder of this paper is organised as follows. Section 2 briefly discusses SA

methodology and describes the SA methods used in this paper. After the sources of

the data and SA methods settings in Section 3, the results are presented in Section 4.

Section 5 concludes.

1Ladiray et al. (2018) present some ideas to adapt the X11 family for daily data (not used in this
paper). Alternatives for daily data are Daily Seasonal Adjustment (DSA; based on STL (Ollech 2018)
and CAMPLET (Abeln et al. (2021).
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2 Seasonal Adjustment Methodology

2.1 Seasonal decomposition

An observed time series yt can be decomposed into a trend-cycle ytct , seasonal yst , irreg-

ular yit component, and deterministic effects due to the number of trading days ytdt , and

holidays yht , such as Easter and Christmas (Ghysels and Osborne 2001, Section 4.2).

Assuming the additive version of the decomposition, we get

yt = ytct + yst︸︷︷︸
seasonal effects

+ ytdt + yht︸ ︷︷ ︸
calendar effects

+yit, t = 1, . . . , T. (1)

The multiplicative decomposition yields

yt =τt × ct × st × it, (2)

where τt is the trend, ct is the cycle, st is the seasonal, it is the irregular component;

calendar effects have been omitted for convenience.

2.2 Brief description of SA methods used in this paper

X13 is based on the multiplicative decomposition, Equation (2).2 In a Pretreatment step

the series is extended forward and backwards using a regression model with ARIMA

residuals (a regARIMA model). In addition outliers, and trading-day and holiday effects

(calendar effects) are adjusted for. The actual seasonal adjustment consists of moving

average filters for the components moving average filters (X-11) or ARIMA model-based

adjustment from SEATS.

2To deal with COVID19, the additive decomposition is required instead of multiplicative decom-
position. In September 2020, US Department of Labor (DOL) switched from multiplicative SA to
additive. (Stock 2021).

3



For details see: U.S. Department of Commerce Census Bureau http://www.census.

gov/srd/www/x13as/ .

CAMPLET is based on an additive decomposition: yt = ySAt + ySt , t = 1, . . . , T ,

where ySAt are the seasonal adjustments en ySt are the seasonal components. In contrast

to X13, no pretreatment is required, neither for forecasting or backcasting nor for the

adjustment of calendar effects. CAMPLET does not employ moving average filters

or time series models for unobserved components. The program consists of a simple

adaptive procedure to extract the seasonal and the nonseasonal component from an

observed series. Once this process is carried out there will be no need to revise these

components at a later stage when new observations become available.

For details see Abeln et al. (2019). The package can be download at http://www.

camplet.net

STL decomposes a time series (yt) additively into a trend-cycle (τt), a seasonal (st) and

an irregular component (it) using Loess regressions and moving averages.

In Loess regressions, a weight is attached to each observation of the time series.

This weight is negatively related to the distance (in time) between a given observation

and the value that is to be smoothed. If the distance is too large, the weight is zero.

Thus, Loess regressions are local regressions because each value is regressed on a local

neighbourhood of a linear or quadratic function of the (weighted) observations.

For details see Cleveland et al. (1990, 2018)

2.3 Adjustments because of the COVID-19 crisis

In a methodological note to provide guidance on the treatment of COVID19 crisis effects

on data, Eurostat (2020) wrote :
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In the context of seasonal adjustment, a calendar adjustment corresponds to

a predictable and recurrent phenomenon linked to the calendar. In contrast,

the COVID-19 crisis is completely different and must be handled by means

of outliers. At this stage, the data point in question shall not be treated as a

seasonal outlier, since it would imply that the current COVID-19 outbreak

occurs each year in the same period with similar magnitude. For each

following observation, a change may occur in the seasonal pattern and/or a

discontinuity in seasonality.

X13 requires adjustments in the implementation of the standard procedure.3 CAMPLET

and STL, however, do not!

3 Data and settings of SA methods

NL data used in this paper are from Statistics Netherlands (CBS) Statline, the US

Initial Claims series comes from FRED, St Louis FED.

Seasonal adjustments are computed for the whole period the series are available.

All X13 and STL seasonal adjustments are done in Eviews 11, with default settings of

the procedures. CAMPLET computations are done with CampletExcel-v5s4.xlsm,

also with default parameters settings.

3Since X13 seasonal adjustment in Eviews with default settings produce quite good SAs, the changes
in the procedure need not be large.
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4 Results

4.1 Real GDP in the Netherlands (NLBBP)

Figure 1 shows the raw series of real GDP in the Netherlands, CAMPLET seasonal

adjustments, and three series of X11 seasonal adjustments: for NLBBP ending 2020Q1,

2020Q2 and 2020Q3, i.e. the quarter before the COVID19 crisis, the COVID19 crisis

quarter, and the quarter after the crisis. The values behind the figure are listed in Table

A.1 in the Appendix.

Figure 1: QRT analysis of X13 and CAMPLET SAs of real GDP in the Netherlands
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We observe that SA values produced by X13 and CAMPLET are close over the last

year, an observation that holds for the whole series of SA values. CAMPLET SAs are

not revised when new observations become available, whereas X13 SA shows revisions.

SA values in 2002Q2 are below raw values. CAMPLET SA value in 2002Q2 is above
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X13 SAs. Finally, X13 SAs are revised in downward direction when new observations

become available (cf. realBBP20Ql2d11 and realBBPd11).

4.2 Consumption of households in the Netherlands (CONS)

Figure 2 shows the corresponding monthly series for consumption of households in the

Netherlands. The values behind the figure are listed in Table A.2 in the Appendix.

Figure 2: QRT analysis of X13 and CAMPLET SAs of NLCONS
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Here SA values in the COVID19 crisis period 2002M4 are above NSA values. The

CAMPLET SA value in 2002Q2 is above X13 SA. X13 SAs are revised (a bit) in down-

ward direction when new observations become available (cf. NLCONSAPRIL20d11 and

NLCONSd11).
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4.3 US Initial Claims in the US

An initial claim is a claim filed by an unemployed individual after a separation from an

employer. The claim requests a determination of basic eligibility for the Unemployment

Insurance program. Figure 3 shows the weekly series of US initial series, based on weeks

ending Saturday, and official SA values as available at FRED, and STL and CAMPLET

seasonal adjustments for the period 1967w1–2021w4.

Figure 3: US Initial claims, weekly, ending Saturday. STL and CAMPLET SAs,
1967w1–2021w4
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The published SA values of the initial claims series are close to STL and CAMPLET

SA values. Raw, i.e., NSA, data are higher than SA values. In Figure 4 we exclude

the raw series but include QRT seasonal adjustments of STL for 2020w20, 2020w30,

2020w40 and 2021w4 and zoom in on the most recent two years. Since CAMPLET SAs

are not revised, we do have to compute QRT seasonal adjustments of CAMPLET. The

values behind the figure are listed in Table A.3 in the Appendix.
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Figure 4: US Initial claims, QRT analysis, STL and CAMPLET SAs, 2019w1–2021w4
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The US initial claims series is a peculiar series with a large spike in the COVID19

period between March and May 2020. It can easily put SA methods to the test! STL

SAs are close to CAMPLET SAs. Focusing on last two years of data we observe that

initial claims have become higher since the COVID19 crisis. STL SAs are subject to

revision. STL SAs capture NSA values in the COVID19 crisis period. So according

to STL SAa there is no evidence of seasonal effects during the crisis! In contrast

CAMPLET SAs underestimate NSA values in the COVID19 crisis. Finally, CAMPLET

SAs are less smooth than STL SA after the COVID19 crisis.4

4Setting one of CAMPLET’s parameters the multiplier M , which increments the adjustment length,
to 100 instead of 50 renders CAMPLET SAs after the COVID19 crisis close to STL SAs.
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5 Conclusion

The COVID19 crisis has a huge impact on economies all over the world. In this paper we

compared seasonal adjustments of X13 and CAMPLET before and after the COVID19

crisis in a Quasi Real Time analysis of the quarterly series real GDP and the monthly

series Consumption of Households in the Netherlands, and STL and CAMPLET sea-

sonal adjustments for the weekly series US initial claims.

We find that differences in SA values are small and that X13 and STL seasonal

adjustments are subject to revision. It is a puzzle why quarterly SA values are smaller

than the NSA or raw values during the COVID19 crisis, whereas for the monthly series

SA values are above NSA values.

From the analysis of the weekly Initial Claims series we learned that STL SAs

follow NSA values closely, and that STL SAs are subject to revision. In addition, the

COVID19 crisis caused a structural increase in initial claims. Before the crisis initial

claims fluctuated around a lower level than after the crisis. STL SAs capture NSA

values in the COVID19 crisis period, whereas CAMPLET does not pick up NSA values

in the crisis period completely. CAMPLET finds a seasonal effect. CAMPLET SAs are

less smooth than STL SA after the COVID19 crisis.

Further research is needed to validate these findings for more sophisticated SA meth-

ods parameter settings, other series and other countries, and to carry out a Real-Time

experiment because macroeconomic time series are subject to revision. But to really

understand the outcomes, simulation studies may be required. Seasonal adjustment

produces latent variables, so it makes sense to design experiments in which the pro-

cesses of the non-seasonal and seasonal are known, and possibly correlated (Hindrayanto

el al. 2019).

Finally, our analyses do not allow a pertinent answer to the question SA or not SA?.

Seasonal adjustment is feasible, even after the COVID19 crisis, it is a matter of taste
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whether one wants to analyse SA variables or to keep the seasonals in the models. But

in any case, one should allow for time-varying volatility (see e.g. Carriero et al. 2021)

to capture the extreme COVID19 shock.
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A Data behind Figures 1, 2 and 4

Table A.1: Data behind Figure 1

REALBBP REALBBP20Q1 D11 REALBBP20Q2 D11 REALBBP D11 REALBBP CAM

2019Q1 323663 330721.962 328815.058 329647.2047 330026.4063
2019Q2 339377 333972.491 335937.1642 335145.0249 333690.0938
2019Q3 332023 336056.0447 335957.103 335969.1979 335787.6563
2019Q4 343092 337122.2298 337456.5132 337211.1001 338102.9063
2020Q1 325432 332856.2744 329957.0619 331248.1189 334361.375
2020Q2 305847 303590.0123 302409.9464 304198.4375
2020Q3 320415 324013.3141 320311.3125

Table A.2: Data behind Figure 2

NLCONS APR20 D11 NLCONS D11 NLCONS CAM NLCONS

2019M07 108.2057433 108.5582231 108.213974 109.2
2019M08 108.3195611 107.7094862 108.1172028 106.8
2019M09 107.627193 106.9937382 107.736618 106.6
2019M10 108.7699511 108.5208417 108.9591446 107.2
2019M11 108.6579356 108.5656881 108.9968643 108.1
2019M12 108.0711209 108.08436 109.2213974 113
2020M01 108.1694771 107.995975 108.6974945 109.1
2020M02 111.1608853 111.3297269 110.3824387 106
2020M03 98.30995696 98.3145655 99.18599701 99
2020M04 90.93720016 90.59791883 93.29655457 89.5
2020M05 95.48584734 95.71723175 96.8
2020M06 100.3085844 99.17362213 100.8
2020M07 106.6342024 103.6055679 107.2
2020M08 103.3228853 102.3597412 102.6
2020M09 103.9573772 103.2582092 103.6
2020M10 101.786211 101.4243774 100.6
2020M11 99.31190599 99.7594986 99
2020M12
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