Inter preting and Smoothing Time Series

Repeatedneasurementsf thesame variable overalong
periodof timeis calledatime series. Examplesnclude:

1. Thenumberof U.S. exportspermonthfor thelast
60 months

2. The numberof traffic fatalitieseachyear for the
pastS0years

3. Measuremenbf a persons body temperaturesv-
ery hourfor 24 hours

Differentfrom measuringsaybodytemperaturgustonce
oneachof 24 people!

We will look at

e Graphing time series.We will useakind of scat-
ter plot calleda time series plot (alsocalledaline
plot.

e Interpreting time series.Whatarethe important
featurego look for in a time seriesplot? Why are
they there?

e Smoothingtime series.We can“smoothout” ran-
dom variability in the time seriesto seewhatthe
underlyingfeaturesare.



Interpreting Time Series

Randomvariationgivestime serieslots of small, short-
termfluctuationsWe wantto thethe overall pattern,and
ignorethe smallfluctuations:

Trend: Istherealineartrendin thedata(increasing
or decreasing?)® therea long-term,curvilinear
trend(e.g.down atfirst, up in themiddle,down at
theend)Why: What could cause these patterns?

Cycles. A patternthatrepeatsvery 3 minutes gev-
ery hour, every 2 days,every month,every quarter
every year etc.(or smalleror largerunitsof time).
Why is thatthecycle?

Seasonal Variation: In economidimeseriesyearly
cyclesarecalledseasonabariations Why arethey
there?

Small Scale Fluctuations. Smallerbut noticablede-
viationsfrom the patternestablishedy the trend
andthe cyclesor seasonabehaior. Why arethey

there?

Changing Variability: Whenthetime serieshascy-
cles,doesthe peak-to-alley distancechangeover
time?Why doesthevariability change?




CaseStudy:Airline Miles Flown

The table belov shavs the monthly total airline miles
flown in the United Kingdomfor the sevenyears1964—
1970.

United Kingdom Miles Flown, 1964—1970in Millions of Miles

Month 1964 1965 1966 1967 1968 1969 1970
Jan. 7.269 8.350 8.186 8.334 8.369 9.491 10.840
Feb 6.775 7.829 7.444 7.899 8.772 8.919 10.436
Mar. 7.819 8.829 8.484 9.994 10.894 11.607 13.589
Apr. 8.371 9.948 9.864 10.078 10.455 8.852 13.402
May 9.069 10.638 10.252 10.801 11.179 12.537 13.103
June 10.248 11.253 12.282 12.953 10.588 14.759 14.933
July 11.030 11.424 11.637 12.222 10.794 13.667 14.147
Aug. 10.882 11.391 11.577 12.246 12.770 13.731 14.057
Sept. 10.333 10.665 12.417 13.281 13.812 15.110 16.234
Oct. 9.109 9.396 9.637 10.366 10.857 12.185 12.389
Nov. 7.685 7.775 8.094 8.730 9.290 10.546 11.594

Dec. 7.682 7.933 9.280 9.614 10.925 12.161 12.772
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Features of atimes series
You canseethefollowing featuresn thetime series:

e Trend

e Cycles
e Seasonal Variation

e Small Scale Fluctuations

e Changing Variability




Smoothing Time Series

e We want to seethe “pattern” and not the small-
scalerandonfluctuationsWe candothiswith smooth-

ing.

e moving average: Replacesachobserationwith an
averagemadeup of 3 values:the obseration be-
foreit, theobsenrationafterit, andtheobsenration
itself.

CaseStudy:Cortisollevelsthroughoutheday

In this casestudy we will explore the scatterplot of a
time seriesof blood plasmacortisollevels (theresponse
variable)obtainedevery 20 minutesfor 54 consecutie
hoursstartingat 16:40(4:40p.m.) from a singlehealtly
volunteer This allows us to studythe circadian (daily)
rhythms of humans.

Thetime seriesplot is displayedon the next page.
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Thetime serieplot shavs cyclic up-and-davn behaior:

e Lows around10:20pmon the first day 10:30pm
thesecondday and10:20pmthethird day.

e Highsarearoundtime 5:40amonthefirst day, and
6:20amonthesecondlay.

Which of thesmallervariationsareimportant?



Smoothing: Moving average
Replotthe serieghreetimes:

e oncein its original position,

e oncewith every obsenation shiftedto theleft one
place,

e andoncewith everyobsenrationshiftedto theright
oneplace,

andthenaveragethem.
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This probablymakesyoureyescrazy



Now averagetogetherthethreeobsenrationsabore each
time point,

(smoothed obs)

_ (obsto theleft) + (true obs) + (obs to the right)
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Interpretation

e Minor variationshave beensmoothedway

e Lowsaroundl0:30pmandhighsaround6:30amareclearer

e Evenaftersmoothingsomesmallerfluctuationsarevis-
ible.



cortisol

Sometimeshe“simple” moving averages too smooth.

We can“roughit up” abit, by double-countinghe“real”
time series.

Thisis calledaweighted moving average.

(smoothedbs)

(obsto theleft) + 2 x (trueobs)-+ (obsto theright)
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Earlierin thesemestewe lookedat “mediantraceplots”
asanothemway to smoothout a scattemplot to seethere-
lationshipbetweerthevariables.

Hereis a mediantrace plot of the cortisol data. After
someexperimentation] divided the 162 measurements
upinto 9 groupsof 18 measurements3 hours)each.
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In generala moving averagesmoothpreseresmorede-
tail thanthe “medianfit smooths”that we did for other
scattemplots.



However, the boxplotsmale it very clear that thereis
changingvariability in this data—thevariability is much
lower nearthevalleys thannearthe peaks.

If wewantedthevariability to look moreequalacrosghe
time serieswe couldtransformthe datain someway.

For example,logarithms squasHarge valuesmuchmore
thansmallones.



