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I What is time series Data?

I What can you do with time series analysis (TSA)
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CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - BUSINESS INTELLIGENCE - SIMULATIONS - SMART APPLICATIONS

#snap4city
#kmdcity
#disitlab

@snap4city

5 N
) t ﬂ ) g‘
i - ‘ | W n ’i‘
— | s 2 . Pt \&% o .
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PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW
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S3main analysis types:

AJ)Access the i mpact of a single event (
B)Study the interaction between a set o
C)Forecast Future-Séall essusfi ng Thmeprevi
series (or also values from others) (
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EU Air Quality Directives

Pollutant Averaging period Objective Concentration Comments

24-hour Target value E . 2014
PM, 5 Annual Limit value g- e 2015
PM, Annual Indicative limit value £ 70 1 2016
. N, e 2007
PM,, 24-hour Limit value Not to be exceede § 60 1 2018
PM,, Annual Limit value k] — 2019
g — 2020
. Not to be exceede =2
0, Max. daily 8-hour mean Target value (averaged over 3y % 40 —_— 2021
>
0, Max. daily 8-hour mean Long-term objective 2 30 4
v
0, 8-hour Target value g 20 -
0, Peak season ® Target value g‘ 10 -
o
NO, Hourly Limit value Not to be exceede 2
0 T T L} T T L)
| NO, Annual Limitvalue 0 50 100 15'0 200 250 300 35’0
NO, 24-hour Target value day of the year
S0, Hourly Limitvalue Not to be exceeded on more than 24 hours/year
S0, 24-hour Limit value Not to be exceeded on more than 3 days/year
co Max. daily 8-hour mean Limit value
co 24-hour Target value
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60 minutes Cluster1 Bi-LSTM
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Gather data from Clean data to formats Find significant patterns
relevant sources
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Put the results into
good use

Construct models to
predict and forecast

that machine

and trends using
understands

statistical methods
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In which part of the OSEMNI pipeline, data
analysts will spend the maijority of their time?

® A) OBTAIN
B) SCRUB

o C)EXPLORE
D) MODEL

®E) VINTERPRET
not sure....
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https://www.snap4city.org/dashboardSmartCity/
view/Baloon.php?iddasboard=MzcxNw==
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File Maodifica Visualizza Inserisci Formato Dati Strumenti Guida  Ultima modifica: 2 minuti fa
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bike-sharing rack Weather Data Fefatures Engineered
2 DateTime freestalls | brokenBikes availableBikes | Temperature | Humidity | Pressure rain | dp | ds PwAB
3 0 2019-12-23 00:15:00 6 0 3 12,48 g7 997 0 3 3 3
4 1 2019-12-23 00:30:00 6 0 3 12,46 g7 997 0 3 ] 3
5 2 |2019-12-23 00:45:00 3 0 6 null “null null 0 3 6 6
6 3 2019-12-23 01:00:00 3 0 6 12,12 g7 997 0 6 3 6
7 4 2019-12-23 01:15:00 _ 12,14 76 593 0 6 3 3
& 5 2019-12-23 01:30:00 6 o] 3 12,14 76 998 0 3 3 3
9 6 2019-12-23 01:45:00 6 0 3 12,14 76 998 0 3 3 3
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® Did you know ... ?
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Mathematical formulation of Time Series
Autocorrelation
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For example, if one were to survey quarterly GDP in
[ - QUARTERLY GDP GROWTH SINCE 2010
millions of euros at chathnked values (reference year: «,

2000; raw data) from Q1 1981 to Q2 2008, one would piectes
have 110 observations, including: a

¥, : GDP at the end of Q1 1981 (193,505); 2

Y12 : GDP at the end of Q4 1983 (215,584);

Ys5 1 GDP at the end of Q3 1994 (263,660). Quarte cver uarter (sl

Sa urce: Macrobond, based on data from the U.S. Bureau of Economic Analysis, as of July 19, 2018. 02 2018 GDP data is a projection based on the current GDPNow data from the
ral Reserve Bank of St. Louis.
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The "moments" of a time series are statistical me a ¢
of the observed data over ti me. These moments are |
and correlations present in the time series.

1. Mean

The mean is the first moment of the distribution of data. It represents the central tendency of the

time series, i.e., the average value around which the data tend to cluster.

For a time series g; with T" observations (where £ represents the different time instants):

T
1
Mean:,u:?Zyt
t=1
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The "moments" of a time series are statistical measures that describe various characteristics of the distribution
of the observed data over time. These moments are important for analyzing the central tendency, variability,
and correlations present in the time series.

2. Variance

The variance is the second moment of the distribution and measures the dispersion of the data

around the mean. It indicates how much the values of the time series deviate from the mean.

The formula for variance is:

T
1
Variance = 0 = — —
T ; Yt
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3. Autocovariance

Autocovariance measures the correlation between values of a time series at different time points. In
other words, it tells us how much two values separated by a certain time lag are related to each

other.

The autocovariance between values y; and ¥y, (where h is the lag, or the time distance between

the two observati

T-h
_ 1
Autocovariance(h) = T—7 Z(yt — 1) (Yrn — 1)
t=1

In practice, autocovariance tells us how related the values of the series are over time (at different
lags). If the autocovariance is positive, it means that the two values tend to move in the same

direction; if it's negative, they tend to move in opposite directions.
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Practical Exampl e:

Suppose you have quarterly GDP data for a country over sever a
variance or autocovariance noefaatfhitsh eGOM.P Ivfalwoews ,c ayloau Igette tthhee a
GDP for the consvderi dackdder iyodi. hlowe much t he GDP values devi at e
t he GDP aiusg.ochvaealredlajmsc eyou understand whether the GDP in one qu
quarter. For example, whether an increase in GDP in one gquart

https://colab.research.google.com/drive/1sON bGmAwWYeLiOh-9GSRdLH5IJcpyls?usp=sharing
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The autocovariance divided by the p
standard deviations, i .e. the vari a



