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Types of Temporal Variance

Changes of thematic properties (values of attributes)
associated with places

— e.g. district population, data from stationary sensors

Existential changes (appearance and disappearance)
Events: objects with limited life time

— 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, growth of cities
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Example: crime rates in the states of the USA

year
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960

1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961

id

State
1 Alabama
2 Alaska
4 Arizona
5 Arkansas
6 California
8 Colorado

9 ConnecticL

10 Delaware

11 District of €

12 Florida
13 Georgia
15 Hawaii
16 ldaho

1 Alabama
2 Alaska
4 Arizona
5 Arkansas
6 California
8 Colorado

9 ConnecticL

10 Delaware

11 District of C

12 Florida
13 Georgia
15 Hawaii
16 ldaho

Index
offense
Population rate

3266740 1222
226167  1649.2
1302161  3013.7
1786272  1034.1
15717204  3474.3
1753947  2172.4
2535234  1156.5
446292  2160.5
763956  2712.9
4951560  2704.6
3943116  1407.9
632772  2298.3
667191 1771
3302000 1154
234000 1629.5
1391000  3133.9
1797000  1037.6
16397000  3410.1
1781000 2404
2614000  1244.7
458000  2109.4
763956  2825.3
5222000 2461.1
3987000  1497.7
657000 2522.2
684000  1862.3

Violent
Crime
rate
186.6
104.3
207.7
107.7
239
137.3
36.6
84
553.7
223.4
158.8
21.8
38.2

168.5
88.9
164.5
100.7
232.7
149.3
33.6
69.4
587.9
217.8
157.2
24.5
32.5

Murder and
nonnegligent
manslaughter Forcible Robbery Aggravated Property Burglary

rate

12.4
10.2
6
8.5
3.9
4.2
1.6
7.4
10.6
10.6
11.9
2.4
2.4

12.9
115

9.1
3.7
4.7

4.4
11.5

rape rate rate

8.6 27.5
20.8 28.3
16.1 54.2

8.9 24.8
18.2 97.3
131 77.7

4.1 9.3

9.2 35.2
145 140.3

8.1 80.9

7.5 24.7

3.3 10.9

7.2 13.8

7.6 191
13.2 12.4
14.4 56.5

7.2 24.8
18.5 90.5
12.9 91.7

2.4 9.1

5.9 27.1
131 176.4

7.6 71.7

9.5 28.3

3.8 10.7

6.4 9.4

assault rate crime rate rate

138.1
45.1
131.4
65.5
119.6
42.4
21.6
32.3
388.2
123.7
114.8
5.2
14.8

128.9
51.7
87.6
59.5

120
40
21.1
32.1

386.8

129.4

109.4

7.8
14.6

1035.4
1544.9
2806
926.4
3235.4
2035.1
1119.9
2076.4
2159.2
2481.2
1249.1
2276.5
1732.8

985.5
1540.6
2969.4

936.9
3177.5
2254.7
12111

2040
2237.4
2243.3
1340.5
2497.7
1829.8

355.9
332.1
685.5
302.2
910.5
569.9
333.4
596.2
600.4
807.1
392.1
525.9
301.4

339.3
380.8
737.7
308.1
894.2
655.9
364.4
591.9
641.7
720.5
437.4

595
322.1

Larceny-
theft rate

592.1
970.5
1782.2
573.8
1984.8
1251.4
656.9
1314.6
1296.5
1486.5
709.6
1480.6
1331.4

569.4
950
1876.3
568.2
1950.6
1322.3
715.8
1284.9
1273.9
1353
746.1
1597.9
1394.7

Motor
vehicle
theft rate
87.3
242.3
338.4
50.3
340.1
213.8
129.7
165.6
262.2
187.6
147.4
269.9
100

76.8
209.8
355.4

60.6
332.7
276.5
130.8
163.1
321.9
169.7

157
304.9
113

... 4



Data structure

Spatial references: states of the USA

Time extent:
1960 |2000

1960 1 1961

& iy " fix O fix

Temporal references: years from 1960 till 2000 (41)

Attributes: population + various crime rates
MWiurder and
Index Wiolent  nonnegligent hdator

offense  Crime  manslaughter Forcible Robbery Aggravated Froperty  Burglary  Larceny-  wehicle
Fopulation rate rate rate rape rate rate aszault rate crime rate rate theft rate  theft rate



Elementary (local) queries

Time controls Time controls
1960 I | 2000 1960| [ |2000

T —
-

0 |3EIIJEI 5000 9512

Colorado

Froperty crime rate; year=1874 B212.4
= e

What + when — where

Colorado ID=082




Higher level analysis 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?

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?



Question 1

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

Space as a whole Spatial distribution of attribute values

(spatial behaviour) at time ¢
. g .
} Sl _
=~ "
Specific time Synoptic (global) with regard to
> space but elementary (local) with
regard to time




Question 2

How do the attribute values at a given place
vary over time?

Specific place

o

Time as a whole

Temporal variation of attribute values
(temporal behaviour) in place [

f—"
o Synoptic (global) with regard to

time but elementary (local) with
regard to space




Spatio-temporal behaviour: two aspects

Time as a whole
N J

v

Space as a whole

v

Synoptic (global) with
regard to both space
and time

Spatial variation of the
temporal behaviour

Aspect 1:

Temporal variation of the
spatial behaviour




How does the overall spatial
pattern of value distribution

Question 3 .
evolve over time?

Time as a whole

J
Y

v

Synoptic (global) with
regard to both space
and time

Aspect 1:

Temporal variation of the
spatial behaviour
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How are different behaviour
Question 4 patterns distributed over the

territory? Are there spatial
S

=~ clusters of similar behaviours?
Space as a whole

Time as a whole
N J

v

Spatio-temporal beh@ Aspect 2:

Synoptic (global) with Spatial variation of the
temporal behaviour

regard to both space
and time

12



Time map

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

20 0 0 R
EESWBS W A ‘:,.ViolentCrimerate
Compare to: I
EA Representation methaod: Alacka !
Unclassified choropleth Mot |h245
Ll T [zazz
Crime statistics
Violent Crime rate
Dotz L
Orregom.
. Hibracks Tovra ‘Dhm“—‘
” W ’
1245
Total: 52 objects b .- 4 > of
Tertitany: LUSA .
4
Background
|:| hin: ID
T76m
Ti tral Dynamic map update
Ime cantrols
Compare by click in
1950 |2000 [
Manipulat
N ,

b
CommonGlS 1998-2003: LISA Crime statig

> 2]

Delay |0

ka2

faan

] ] ] el

For a time map,
one can use any
representation
method suitable for
static data.
Thus, a choropleth
map 1s good for
exploring spatial
distribution
patterns.
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When time map 1s useful

Time controls Time contrals Time controls

1960' 2000 1960 2000 1960 /\{SDDD
1960 14961 2000

v How did the spatial distribution pattern develop over
time?

v At moment ¢, how were the values distributed over the
whole space?

v' At what time moment were the values distributed over
the space in the given manner?

14



@USA Crime statistics: Time-5Series
File Dizplay Calculste Toolz  Options Help

_ll? {mlalslal &l @l 56
E“Btatea Burglary rate; year=1960 :

E Representation
rmethod: Multiple
choropleth maps
Crime statistics

Burglary rate; yvear=1960

Burglary rate; year=1974
Burglary rate; year=1990

0

2530
Total: 82 ohjects

Territory: LISA
I:I Backoground

12.83 m
—

1H

Map Series

4
o)

w [Data transformation

Alacka

Burglary rate; yvear=1974

Burglary rate; year=1990

b

L J
CommoniGls 1998-2003: USA Crime statistics: Time-Series

=

% Texas ‘1

Califarnia

Burglary rate; year=14960
Burglary rate; year=14974
Burglary rate; year=14940

1H

Burglary rate; yvear=1960
Burglary rate; year=1974

Burglary rate; year=1990

Compare to; |0

[ =

Win: |n

¥ Dynamic map update
[

Manipulate
A

To compare the spatial
distributions of attribute
values at two or more
time moments, we need to
see these distributions
simultaneously. Best of
all is to use multiple maps
displayed in a common
panel and manipulated
through a common set of
controls.
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Exploring the Distribution of Changes

o B [ tates W

4

Motar vehicle theft rate

1960| | 2000}
Compare ta: ID.D
EA Representation method: 4\&
Unclassified choropleth 19490 Mz |3QD'6
map .
Crime statistics
Matar vehicle theft rate
Dlcoitaria
Oregon
-408.2 | Hebraskia 102
0.0 L Easas %
3906 »
Total: 52 ohjects
T
Territary LISA
l:l Background =
Min: |-406.2
] !513199 | o Motor vehicle theft rate
1960 |2000
i Compare to: ID.U
1 Representation method: ’}S
Unclassified choropleth M IBQD'6
1091 =
map
Crime statistics
Motor vehicle theft rate
Dforiama
Cregaon
-408.2 | Hebraska 172
0.0 D Kansas
) 3906 »
Total: 52 objects
Texas
Territory: LSA
l:l Background =
Min: |-4DE.2
B L | States of Motar vehicle theft rate
1
1960 |2000
Compare ta: ID.D
1 Representation method:
Unclagsified choropleth M ISQD'6
19932 =
map
Crime statistics
Motor vehicle theft rate
i Mty
Oregon
-408.2 | Hebraska 173
0o G Kinsas
) 906 »
Total: 52 ohjects
Texas

Territory: USA

l:l Background

Min: I-:DE.E

Instead of original attribute
values, a time map or map
series can represent changes,
that 1s, differences or ratios to
the previous moment or to any
selected moment

Here the maps correspond to
years 1990, 1991, and 1992
and represent differences to
the previous years. Positive
differences (1.e. increased
values) are shown in brown
and negative differences (1.e.
decreased values) in blue



Other Useful Data Transformations

JData transformatian

Temporal comparison:
aoff Change

Temporal aggregation

off Zhange

|

i
\

__— Temporal smoothing and computing of residuals

For each time moment computes differences or ratios

Camparisan:

off Change

i

Arithmetic transformation:

off j

~—

Matarwehicle theft rate

Compare to:

Ml |1E4|:| ]

I

to a particular object or value or to the mean or
median among all objects at this moment

™~ Value scale transformation, e.g. logarithmic

=l

Manipulate
I



Comparison to country’s median

Buralary rate; year=1360

Alacka

Mloritata
Texas
Burglary rate; year=1875
Blacka
Ddoritana
Texas
Burglary rate; year=18490
Blacka
Ddoritana
Texac

Buralary rate; year=1965

Alacka

L
Texas
BEurglary rate; year=1480
Dlacka
Dloritaria
Texas
Burglary rate; year=149495
Blacka
Dlonitaria
Taxas

Burglary rate; year=1970

Alaska

Dlomtara
Tedas
Burglary rate; year=14985
Alacka
Dlomtara
Teaas
Burglany rate; year=2000
Alacka
Dlomtara
Texas

In this mode, the patterns of spatial distribution of attribute values may become more vivid
and their evolution over time better seen.
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Comparison to country’s median

Buralary rate; year=15490 Buralary rate; year=14490 Buralarn rate; year=2000
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Comparison to country’s median

Buralary rate; year=15490 Buralary rate; year=14490 Buralarn rate; year=2000
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Comparison to country’s median

Buralary rate; year=15490 Buralary rate; year=14490 Buralarn rate; year=2000
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Comparison to country’s median

Buralary rate; year=15490 Buralary rate; year=14490 Buralarn rate; year=2000
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Comparison to country’s median

Buralary rate; year=15490 Buralary rate; year=14490 Buralarn rate; year=2000
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Comparison to country’s median

Burglary rate; year=1960 Burglary rate; vear=1965 Burglary rate; year=1970
Blacka Dlacka DMlacka
Mloritata L Dlomtara
Texas Texas Tedas
Burglary rate; year=1875 BEurglary rate; year=1480 Burglary rate; year=14985
Blacka Dlacka Alacka
Ddoritana Dloritaria Dlomtara
Texas Texas Teaas
Burglary rate; year=18490 Burglary rate; year=149495 Burglany rate; year=2000
Blacka Blacka Alacka

California falls
Wbl Ui s out in 1999-2000 b

N

Texas Texas Teias

The original NW-SE “belt”
transforms into a cluster of
high values on the south
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Comparison to country’s median

Buralary rate; year=1360 Buralary rate; year=1965 Burglary rate; year=1970

Alacka Alacka Alaska

Burglary rate; year=1875 BEurglary rate; year=1480 Burglary rate; year=14985

46

Texas Texas

Alacla Alacka Alacka

Y
"

Texas Texas

Burglary rate; year=18490 Burglary rate; year=149495 Burglany rate; year=2000

Llacka Dlacka Dlacka

‘-

Teias

25



Value flow map

IEE States |:; A

F Representation /7 :ﬂlﬁ
method: Value flow === _—
diagrams

C?ime statistics — - ey "&
Motar vehicle theft rate
AN L T = S
_0 N — 1

Total: 52 objects N

Territory: 1S4 Jv—/i\j e

|:| Background i

201 m

— e —_—Ty

e
The value flow symbols show us the LN
evolution of attribute values (temporal & o
) ) sk’
behaviour) at each location.
el
Unfortunately, symbol overlapping ey n j :

creates significant inconveniences,
and zooming does not always help

26




Value flow map (2)

ﬂ f————
.

Temporal smoothing allows us to disregard small &@

fluctuations and see development trends.

Here the values for each year have been
replaced by 5-year means. You can
compare to the previous variant and see the

effect of the smoothing.

—————————————————————
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Exploring the spatial distribution of
the local temporal behaviours

Around the Great Lakes, the

This appears to be a spatial cluster
oL . " theft rates were high, but

of similar behaviours

)

L tended to decrease in last years
e .
= _—
ﬂﬂ*'ﬁ — | { N ] There are also some
. | c : ‘ \ unusual behaviours
S i \ : \\\\ (“behaVloural Outllers’
The theft rates along : : c .................... \\\ | ‘
the western coast - Tk
are, in general, The theft rates are &
higher than inland relatively moderate, —_
but tend to grow —y
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Data transformations for temporal
behaviour exploration

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

H ol Statas “' F
¢ ] o
Representation o —_— ,»—"_‘/\"I
method: Value flow R i <."
diagrams ¢ g {- . .
Crime statistics . . i .
Motar vehicle theft rate — - . -~
=, = <
1143 T— T o [
" ‘ T
e =
__-368 Mﬂ g ——
hl e —
Total: 52 ohjects e ———
Territary: LISA
|:| Background . Q
301 m
—
A L

Here we have applied the comparison to the country’s mean: the values for

ecach 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.
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Flow map disadvantages

v’ seeing the temporal
behaviours in the
space context

— seeing all behaviours
at once

— detecting behaviours
with particular
features

— noticing what sorts of

« The diagrams are perceived as separate entities — the features exist in the
map must be scanned and cannot be grasped as a data
single image

« Absence of ordering complicates seeking for specific
behaviour patterns

« Diagram overlapping is a serious problem

30



Time graph

Time graph 2: Crime statistics
Motar vehicle theft rate

1840 % 1840
1995

1960 1963 1986 1069 1972 1975 1978 1951 1984 1987 15990 1993 1936 1999
I_Shnwunlyselected ohjects FVaIueﬂUw |7\-falue classes FGrid

Statistics: |7A\rerage I_rlnedian Quantiles: |2 v"_ Sawe

kTime ex‘tentkDiSma\“Cnmparisnn‘SmDothing[SegmentatiDn‘CIassiﬂcatinn‘Selectinn-

Time graph 4: Crime statistics
Burglary rate
2807

2907

1960 1963 1986 1069 1972 1975 1978 1951 1984 1987 15990 1993 1956 1999
[~ showonly selected objects [ valueflow [¥ walue classes [ Grid

Statistics: [V average [ Median  GQuantiles: |2 vll_ Save

kTime extentkDiSD|SY‘CDmparisun‘Sm0athingKSegmentatian‘CIaSsiﬂcatiDnKSeIectinn-

Putting all behaviours together, as in
these time graphs, can make 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
cach year’s medians). This helps us to
understand the general development
trends for the whole set of objects.



Map + time graph

Froperty crime rate -
9512 9512

S000

1960 1963 1666 1960 1972 1975 1978 1881 1984 1987 1990 1993 14996 1898
v’ At place [, how did the values behave over the whole
time?

Froperty crime rate -
9512 9512

S000 - —
_‘—s\_\_\_\_\_

1960 1963 1966 1968 1972 1975 19758 1981 1924 1957 1890 1993 1996 1998

v’ Compare the temporal behaviours at places [z and [



Comparing variations and trends of
different attributes (1)

Time graph 2: Crime statistics
Motor vehicle theft rate
1840

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

1960 1963 1986 18960 1972 1975 1978 1981 1984 1987 15990 1993 1936 1999

Here we observe that the attributes
[~ show only selected objects [ value flow [¥ value classes [V Grid 5
Statistics: |i_Average II_Median auantiles: [2° 7| save “MOtOr VCthlC theft I'ate” and

“Burglary rate” have quite different

kTime extentlDiSD|S‘IKC0mparis0n‘SmanthingKSegmentatian‘CIassiﬂcatiun‘SelectiDn-

trends of general development.
Tirne graph 4: Crime statistics
Burglary rate
2907 2807
DI T T T T T T T T T T D
160 1963 1966 1969 1972 18745 1978 1881 1984 1987 15890 1993 1996 1899

[~ Show only selected objects [ value low [ value classes [ Grid

Statistics: [¥ awerage [ Median  Quantiles: |2 v"_ Save

\Time e}{tentlDiSD|SY“:C0mparis0n‘SmDuthing‘Segmentatiun‘CIassiﬂcatinn‘Selectinn-
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Comparing variations and trends of
different attributes (2)

Matar wehicle theft rate, Average(s moments)
1614 1614

; :
19601962196410661965197018721974197610751930192210541936 193510901992 1994199518552000

FTemporaIaggregation Depth: |5 time moments { ( back & centered 3, or |_Allsince |1%D
Operation; @ fyerage € Median € Max 0 min € Maxdin ¢ Sum [ Walue minus agaregation

il

kTime e}dent‘DispIay‘CUmparisnnhSm0DThinQ‘SegmentatiDn‘CIaSsiﬂcatiUnISBIectiun—

Time araph 4: Cr

Burglary rate, Average(d morments)

2713 2713
D 1 T T T T T T T T T T T T T T T T T T D

196019621 96419661 96819701 972197 41976 197819501 982198419861 98519901 99219941 99619952000

FTemporaIaggregation Depth: |5 time moments { ( back & centered 3, or |_Allsince 14960
Operation; G%Average  median € Max  Min  MaxMin  Sum [ walue minus aggregation

kTime e}dent‘DispIay‘CUmparisnnhSm0DThinQ‘SegmentatiDn‘CIaSsiﬂcatinn‘SeIectiun—

Smoothing (value averaging
over intervals) mitigates small
fluctuations and exposed the
trends more clearly.
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Varying level of detail in trend analysis

Burglary rate
2907 2907
D T T T T T T T T T T T T T T T T T T T D
19601962196419661965819701972197419761975195019582 195841 986198581990199219941996 199582000
|7 Show only sel

d abjects |7 Walue flow I_ Walue clagses |7 Grid
Statistics: [

Burglary rate
2907

i

0

median quartiles

;I_Median Quantiles: |1 vll_ Save

The mean or median line gives only a
very coarse picture of the general
properties of the value variation.

For a finer analysis, we may prefer to
look also at the quartiles or even

smaller percentiles.

0
1960196219641 06619681 970197215741676197519501 982159541586 195519901992199419961 8852000

|7 Show anly selected ohjects |7 Walue flow |_ WValue classes |7 Grid
Statistics: [ Average || Median GQuantiles: I@r Save

Burglary rate

2907

0

10, 20, ..., 90 percentiles

h. 4
1 ik

]
196019621964156K 10813701072 197418761575195010521054155613551990105215541395103952000

|7 Show only selected ohjects |7 Walue flow I_ Walue classes |7 Grid

Statistics: |_Average I_Median Quantiles: Wr Save
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Aggregation by value intervals
(time histogram)

% Time graph 1: Crime statistics - ||:||5|

r
2907

1960 1863 1866 1669 1872 1875 1878 1881 1834 1887 1690 1693 18496 1898

Y

¥ value classes [T Save Order:

Breaks: 0 |500 10001500 2000 oo [ [
kTime eﬂent‘Display‘Transfnrmatinn‘ﬁegmentatiDnkCHSSiﬂEatiDﬂKBelectinnI@uew_

We divide the value range of
the attribute into intervals

For each interval a specific
colour or shade 1s chosen

The time histogram below
shows for each time moment
(here a year) the relative
frequencies of the values from
each interval by the sizes of
the coloured segments

Here we see an increase of the
crime rates over the country
in 701es and early 80ies (note

2 peaks in 1975 and 1981-82)
and then gradual decrease
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Comparison of 2 (or more) attributes

£ Time graph 1: Crime statistics - |EI|5| 4 Time graph 2: Crime statistics 10| x|
Burglary rate . motar vehicle theft rate
Q07 1840

0 ( —— -
1960 193 1965 1969 1972 1975 1975 1981 1934 1957 1990 1993 1995 1999

1960 1953 1965 1969 1972 1975 1975 1931 1934 1957 1990 1993 1995 1999
—

¥ value classes [T Save Order.  * I value classes [ Save Order &

Breaks: 0 5001000 1500 7000 zor [ | W | goq o [100700400500 1940 [0 [
Py
kTime extent‘Displa\,r‘Transformatinn(SegmentationhClaSSiﬂCaﬁDn[SelectionIQuenr_ kﬁme ex‘tent‘Disp|ay‘Transfgrmatign[SegmentatignkC|aSSiﬂCatiDn‘Semctigm’Quen"—

Despite different value ranges, we can compare the overall temporal trends of the
attributes “Burglary rate” and “Motor vehicle theft rate”.

The second attribute also increased in 70ies, then slightly decreased (1980-1984),
then increased again (1985-1990). A slight decreasing trend appeared in the last 3
years. The first attribute had a much longer and more vivid decreasing trend.
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Time histogram of changes

The values of the attribute “Burglary rate” for each year have been transformed into relative
differences (ratios) with regard to the values in the previous year.

Burglary rate

W value classes [ Save Order

Breaks: 0,520 09000 0.8500 0.9800 1.0100 1.0500 11000 1 4300 EEEEG_—_—(] 0N

The aggregation by value intervals has been applied to the transformed values.

The intervals and respective colours have been chosen so that yellow means practical absence
of change (£1%), red means increase (up to 5%, from 5 to 10%, over 10%), and green means
decrease (up to 5%, from 5 to 10%, over 10%).




Time histogram of changes

3 good yearsin a

row (1982-1984)
but not a long-

|

term tendency

An occasional
good year (1976)
among bad ones

Burglary rate

r
1.430

R

High increase in most states
in 1961-1964 and 1966-1970

W value classes | Save Order,  *

A
Breaks. 06288 |0.8000 0.8500 08800 1.01001.05001.1000 1 4305 _H

1

An extraordinarily | | 1980 was not A good tendency

bad year (1974): || much better (prevailing decrease of the
increase in all but || than 1974 burglary rates) since 1992
one states, in 46

states over 10%




From generals to particulars

General principle of analysis:

1. See the whole
In our case:
. Evolution of the overall spatial distribution over time
e  Distribution of the temporal behaviours over the whole space
«  Evolution of the overall statistical distribution of attribute values
over time
2. Attend to particulars: outliers, unusual behaviours,
unexpected patterns, ...
In our case:
e  Particular time moments (e.g. years of extreme changes)

e  Particular places with uncommon behaviours
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Combining generic and specific
information display (example)

Burglary rate Elurg‘lgryrate -
1437 Tze07 1437 2907
-
-
I
D D D T T T T T T T T T T T T T D
I I T T I T I ' ! I T I I I 1980 1983 1966 1960 1072 1875 1878 1881 1984 1987 1090 1993 1995 1998 —
1960 1963 1966 1969 1872 1975 1978 1981 1984 1887 1950 1953 1996 1999

[¥ Show only selected objects [¥ value flow ¥ value classes [¥ Grid
Statistics: [ Average [ Median Quantiles: [10 «|[ Save

[¥ Show only selected ohjects ¥ value flow [ Value classes [ Grid
Statistics: | Average [ Median Quantiles: [10 | Sawe

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

Motoi_\rehicletheﬂrate
8488 T1a40
Dlacka
Oregen — — ‘
Utah Eamsas -
DD T T T T T T T T T T T T T 1‘0
Tems 1960 1963 1966 1969 1972 14975 1978 1981 1984 1987 1990 1993 1996 1994
[V Show only selected objects [V value flow [V value classes [ Grid
Statistics: [ Average [ Median Quantiies: [10 «|[ Save %
3) We also see where these counties are on 4) ...and how motor vehicle theft

the map... rates progressed there 41
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Detecting particular behaviours

I/NM

G512

1960 1963 1966 19691972 19751976 1981 1924 1987 1990 19931995 1999

1. Obtain simple counts for every
temporal behaviour:

 Number of times in each class
(quantile)

« Average class, variance
 Number of “ups” and “downs”

2. Visualise the counts on an appropriate display linked to a map
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Y. Class variation 1

A few more examples...

High variability
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Never in class 10
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Detect behaviours with extreme rises or drops

Froperty crime rate
2740

->
2740
2000

1000

-1000

-1612
1960 1963 1966 1969 1972 1975 1973 1981 15884 1987 15990 1993 1996 1994

Temparal smaathing Temparal compatisan: Campatisan: Arithmetic transformat

off  Change | ‘ |diﬁerencetn j ‘ off  Change | ‘ ||:|ﬁ j
previous moment Change |

-1612
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Detect behaviours with continuous increase

F'rnpngrhr crime rate

4512
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000
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0
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1960 1963 1966 1969 16872 1675 1975 1981 1984 1687 1990 1983 1996 1998 —

W Show anly selected line segments

wehere |1 == difference to previols mament == I increase | decrease

Segmentation criterion:  * difference © ratio € Walue range
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Detect behaviours with continuous decrease

Froperty crime rate

9512

2000
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bl )~

IIII III I” |
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->
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W Show aonly selected line segments

where I == difference to previous maoment == |1 increase | decrease

Segmentation criterion;  © difference © ratio © Walue range
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Summary

Different types of spatio-temporal variation:

— thematic data (attribute values) referring to places or static spatial objects
(spatial time series)

— appearance and disappearance of objects (events)

— change of spatial properties: position, size, shape
Structure of spatial time series:

— spatial references, temporal references, attribute values

Two complementary views:
— temporal variation of the spatial distribution (behaviour) of attribute values
— spatial distribution of the local temporal behaviours of attribute values

Visualisation techniques: time map, value flow map, time graph
Value transformations: change computing, smoothing, comparison
Statistics and aggregation: quantile variation, temporal histogram
Specific interactive technique: change-based selection
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See also

 Natalia and Gennady Andrienko
Exploratory Analysis of Spatial and Temporal Data
A Systematic Approach
Springer-Verlag, December 2005

Exploratory Analysis
of Spatial and

Chapter 4 Temporal Data
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