Exploratory Spatial Data
Analysis

Part III

Analysis of spatial time series
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Types of Temporal Variance

Existential changes: appearing and
disappearing of objects; events

— e.g. earthquakes, traffic incidents, observations
of rare plants or animals

Changes of spatial properties: location, size,
shape, orientation, altitude, etc.

— e.g. movement of vehicles, urban growth
Changes of thematic properties (attributes)
— e.g. district population, daily temperature

Event Exploration: Major
Questions

How are the events distributed in space?

— at a particular time moment or all events that occurred
over a time period

How are the event occurrences distributed over
time?

— E.g. how does event frequency vary?

How does the pattern of spatial distribution of the
events change over time?

How are the events distributed in space-time? Are
there any spatio-temporal clusters or/and trends?




Spatial Distribution of Events

The small circles represent the earthquakes
that occurred in Western Turkey and the
neighbourhood between 01.01.1976 and
30.12.1999

Here we see only the earthquakes
that occurred during 30 days from
15.05.1977 to 13.06.1977

& 2 ; 7
By applying the temporal filter, we can
investigate the spatial|distribution on any
time interval
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Spatial Distribution of Event
Characteristics (2)

To explore the spatial et .
distribution of earthquake ~ "°; —
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characteristics, we can also F*7 Tt
apply the thematic filter

(dynamic query)

vy for Earthijuake epicenters
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[ Filter autmissing values  Clear allfiters | ¥ Display statistics [ Dynamic update

Now we see only the
earthquakes with
# magnitudes 4 and more that
occurred at depths not less
than 20 meters

Spatial Distribution of Event
Characteristics (3)
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[ Filter outmissing values  Clear alifilters | ¥ Display statistics [ Dynamic update

Now we see only the
earthquakes with
—~ magnitudes 4 and more that
| occurred at depths not less
than 20 meters during the
year 1999




Progress of Spatial Patterns over
Time

Map animation allows us to see how the spatial distribution of

events and their characteristics evolve over time
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Each animation frame in this example covers 30-days time interval. The step between the
frames is 10 days. Hence, there is 20 days overlap between the adjacent frames. 9

Controls for Time Filtering and
Animation

The slider can be dragged ~ The end of the currently
The start of the currently (“manual animation”) shown time interval
shown time interval S
EIRERN | |30.12.19d0

We may fix either

1 .
Interval length N i e N 1nteryal start, or end,
”””””””””””””””””” ~— or interval length

T i @ fix i
Starts automatic__— ¥/ | GRS e
animation semle IR T\ Step length
T Makes one step

Stops animation  pelay (decreases  forth or back
animation speed)

Fix interval start: on each step, step length is added to the interval end

Fix interval end: on each step, step length is added to the interval start

Fix interval length: on each step, step length is added to both interval start and end

If the step length is less than the fixed interval length, we will have a time overlap
between adjacent map states (animation frames) 10




Event Distribution in Space-Time

The perspective view (space-time

cube) uses the vertical dimensionto =/ .. .o e
represent time while two other . A
dlmenslons represent geographlc':al R
coordinates. Events are placed in | vt .e® . g
the cube according to their spatial . : s, |E

locations and time of occurrence.
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This is how a spatio-temporal

. » ,
. Je e % ‘\m cluster looks hke, L.e. sequence of
£ : "' “ events close in space and time
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Using Display Links for Exploring
Spatio-Temporal Distribution (1)

_ Let us select this e

’ +  “snake” in the - ' '

J cube and look ,‘*ﬂ’i‘f * o
i where these events » ‘”@" g
e o° areonthemap - - '9 —
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LR FaYC
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We see that all but one events really
occurred very close to each other.
We can conclude that this is indeed a
spatio-temporal cluster and, hence,
there may be a relationship between
these events




Using Display Links for Exploring
Spatio-Temporal Distribution (2)

This is a spatial

cluster of events. . ®., . :-.
Let us see whether L.
they are close in . y °

S

ST
. o S e
’% ¥ 1 oy We see that the events seem to split

“ %ﬁﬁ‘?@" . into two sequences with a certain
o ~ time lapse between them
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Manipulating Perspective View
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14




Exploring Thematic Changes:
Major Questions

* How are attribute values distributed over
the territory at a given time moment?

* How do the attribute values at a given place
vary over time? (local behaviour pattern)

» How does the overall spatial pattern of
value distribution evolve over time?

« How are different behaviour patterns
distributed over the territory? Are there
spatial clusters of similar behaviours?

Exploring Spatial Distribution

Time-dependent data may be represented on a time map, which is
manipulated through time controls and, in particular, allows animation

24
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For a time map, we
can use any
representation
method which is
suitable for time-
irrelevant data.

[

e o Thus, a choropleth
I~ Dynamic map update .
S map is good for

exploring spatial
patterns

Maripulate

Using the temporal controls, we can look at the spatial distribution at any time
moment. We can also run map animation and see how the pattern evolves
over time.
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Time Map Properties
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Exploring Distribution of Changes
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Other Useful Data Transformations

4 Data transformation

L
1 Temporal comparison:

off Change

| »

|~ Smoothing, value accumulation, residuals

Terparal agﬁegatmn
off Change

off Change |

( Caomparison: | ——— |

For each time moment computes differences or ratios
to a particular object or value, to the mean or median

Arithmetic transformation:
off =

among all objects at this moment

~

-

Mator vehicle theft rate

Compare to: I
Mac 1840

™ Value scale transformation, e.g. logarithmic

The transformations can be applied in a sequence. Thus,

temporal aggregation may be applied to results of

temporal comparison, general comparison — to the output

Manipulate . . . o
Reriac S of temporal aggregation, and arithmetic transformation —
to results of all previous transformations ’
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. . =
(behaviour) at each location.
s
Unfortunately, symbol overlapping [t : :} [
creates significant inconveniences, ‘
and zooming does not always help
22
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Exploration of Behaviours (2)

Temporal smoothing allows us to disregard small &@
fluctuations and see development trends. C

Here the values for each year have been Echa)
replaced by 5-year means. You can ‘

compare to the previous variant and see the e
effect of the smoothing. ‘ ‘
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Exploring Spatial Distribution of
Behaviours

. . Around the Great Lakes, the
This appears to be a spatial cluster .
. . theft rates are high, but tend
of similar behaviours

— to decrease in last years

There are also some
unusual behaviours
. (“behavioural outliers”)

The theft rates along
the western coast
are, in general, ~ The theft rates are
higher than inland relatively moderate,
but tend to grow

24
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Data Transformations for Behaviour
Exploration

As with time maps, various data transformations
can be applied to value flow maps.

EE

[ Representation
method: Value flow
diagrams

Crime statistics

Motar vehicle thef rate

1143

L 4 I
_-368
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Background
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Here we have applied the comparison to the mean: the values for each
moment are replaced by their differences to the country’s mean at the
same moment. Yellow colour corresponds to positive differences, and

blue — to negative. We have received a rather clear spatial pattern. 25

Comparing Behaviours and
Detecting General Trends

1995
11 District of Columbia: 1840

=
1960 1965 1955 1969 1972 1975 1675 1981 1984 1987 199h 1995 1995 1999
I Show only selected objects [¥ value flow [% value dasses [V Grig

Statistics: [ Average [ Median tuantiles: [2° =] save

\rime extert) Display o fEmanning ¥ feetecton SN

2907 2907

0
1960 1965 1995 1960 1972 1975 1975 1981 1084 1987 1990 1993 1995 1995
I show only selected objects [V Value flow [ value dlasses [V Grig

Statistics: [ Average [ Median Quantiles: [2 =] Save

\rime extent)Display o femaaing f ¥ festecion ]

Putting all behaviours together, as in
these time graphs, makes their
comparison more convenient. When we
point on any line, we may see the
corresponding object’s name and value.

Besides lines for individual objects, a
time graph can also show us the “mean
behaviour” (the line obtained by
connecting each year means) or the
“median behaviour” (obtained from
each year medians). This helps us to
understand the general development
trends for the whole set of objects.

26
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Comparing Variations and
Trends of Different Attributes (1)

Time graph 2: Crime statistics

Motor vehicle theft rate
1840 ‘ 1840

0 _ - - Lo
1960 1963 1066 1969 1972 1475 1975 1981 1084 1987 193D 1993 195 1983
I show only selested objests [ Value flow [V Value classes [ Grid

Statistics: [ average [ Median Quartiles: [2 ][ save

= -
Nrime extentDisnlay {Comparison {smaotring {Segmentation {Glassifcation fSelection

Time graph &: Crime stalistice

Burglary rate

.
1950 1953 1965 1985 1672 1975 1975 1981 1584 1987 19ab 1993 1995 1305
I show only selected abjects [ Value flow [V vaiue classes [% Grig

Statistics: [V Average [ Median Quanties: [2 ][ | Save

= -
Nrime extentyDislay {Comparison {mootring {Segmentation {Classifcation fSelection

Time graphs are suitable for comparing
temporal variations of two or more
attributes.

Here we observe that the attributes
“Motor vehicle theft rate” and
“Burglary rate” have quite different
trends of general development.
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Comparing Variations and
Trends of Different Attributes (2)

Time graph 2: Grime statistics

Motoy vehicle thef rate, Average(s moments)

1614

1614

970197210974107519781980158219841386198813901992158341996 13982001
¥ Temporal aggregation Depth: |5 time moments{ (" back (® centered ) or | Allsince |1060

Smoothing (value averaging

Oneration: @ Average ¢ Median ( Max ( Min (" MaicMin ¢ Sum [ Value minus agaregation over intCI'Vals) mitigates Small

fluctuations and exposed the
trends more clearly.

Time extent {Display (G th e et

0 0
10601052106410651665107016721874107615751820108219241085155515001093159315965 1995200

¥ Temporal aggregation Depth: |5 time moments{ (" back (® centered ) or | Allsince |1060

Oneration ﬁ'%\vevaue © wedian  wax C wmin  waemin ¢ sum [ value minus aggregation

28
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Varying Level of Detail in Trend
Analysis
e N SS T
mean median //quartlles
T e e e e
Statsties: [ iEFagel [ wedian ouanties: [T =] save Statisties: [ Average [ Median Quaniies: Wrm
Burglary rate
The mean or median behgvmur line 10, 20, ..., 90 percentiles
gives only a very coarse picture of the
general properties of value variation.
For a finer analysis, we may prefer to
look also at the quartile lines or even
smaller percentiles : |3
7 oy sasaso s ¥ vt [~ van s ¥ on p
statistics: [ average [ Median Quanties: WI— save
29
Combining Generic and Specific
Information Display (Example)
Burglary rate Burglary rate
1437 2007 1437 2907
152 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1933 1986 1999
[V Show only selected objects [V value flow [V value classes [ Grid

Statistics: [ average [ wedian Quanties: [10 ][ save

1980 1983 196b 108b 1973 1875 1076 1081 1083 1Be7 108h 1993 1095 1995
[7 show only selected objects [ value flow [7 value classes [7 Grig

statistics: [ Average [ Median uanties: [10 =]l save
1) We select the counties with burglary rates

2) ...and look how these countries behaved
in 2000 fitting in the bottom 10%... over the whole time period 1960-2000

Motor vehicle thet rate
948.9

1840

e

SRR
K

0
196

1965 13ph 190 1572 1975 1975 1981 1984 198¢ 1990 1393 139b 1998
¥ Show only selected objects [V value flow [V value classes [V Grid

Statisties: [ Average [ Median Quantiles: [10 ¥] Save
3) We also see where these counties are on

4) ...and how motor vehicle theft
the map...

rates progressed there 30
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Explanation of Some Controls

Burglary rate |
1437 2907

Focusing on a

/ value subrange

Selection box
(appears when

1}
1960 19B3 1HBG 19RH 1872 1875 187h 1881 1984 1987 1@e0 19sh 1omh 1gmh

|7 Show only selected objects |7 walue flow |7 Value classes |7 Grid the mouse 18
tatistics: | Average | Median Quantiles: IE"_ Save dragged)
Switches on/off Switch on/off Specifies the number
drawing of lines drawing of mean of quantiles

for individual not and median lines  (percentiles) to display
selected objects

31

Summary

This lection was supposed to

 explain what types of temporal variation
may happen to spatial phenomena

» demonstrate that different tools are needed
for analysing each type of variation

» show some state-of-the-art tools for
exploratory analysis of spatio-temporal data

« explain what tasks each tool 1s good for

32
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