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Core decision points for modeling space-time objects

Space
geographic scope
fundamental geographic unit

Time
temporal range
temporal granularity

Description

names
ontologies




Time range and date definitions: an example from CHGIS

Space
geographic scope
fundamental geographic unit

Time
temporal range
temporal granularity

Description

names
ontologies




CHGIS - Fundamental Geographic Unit: County

Fife T

Historical map source for 1911 Historical locations pinned to modern basemap



CHGIS - Base layer of 1911 counties




CHGIS - time series of county boundaries

boundary changes annotated on printed maps




CHGIS - time series of county boundaries

sys-id hist-place begin end

333 Province T 1200 1350 |
334 Prefecture A 1200 1249
335 = Prefecture B 1250 1350 |
336 Prefecture C 1200 1350
337 County X 800 1500
338 County ¥ 1200 1320
33 | CountyZ 1321 1340 |
340 Town 1 200 1700
3 Town 2 100 1500

Each space-time object gets a new row
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CHGIS - time series of county boundaries

sys-id hist-place begin end

333 Province T 1200 1350
334 Prefecture A 1200 1249
335 = Prefecture B 1250 1350
336 Prefecture C 1200 1350
337 County X 800 1500
338 County ¥ 1200 1320
33 | CountyZ 1321 = 1340
340 Town 1 200 1700
3 Town 2 100 1500

334  Prefecture A 333  Province T 1200 1249
335  Prefecture B 333 | Province T 1250 1350
336 PrefectureC 333 | Province T 1200 1350
337 CountyX = 334  Prefecture A 1200 1249
337 CountyX =~ 335  Prefecture B 1250 1350
338 | County¥ = 336  PrefectureC 1200 1350
338 County Z 336 Prefecture C = 1200 1350

340 | Town1 | 337 | CountyX | 1200 1350
31 Town2 | 338 CountyY 1300 1320
341 | Town2 = 339 = County Z 1321 1340

Relationships for hierarchy & sequence



CHGIS - Resulting Time Series Vectors are Asynchronous Objects

Each object is a row with Begin and End Dates

_| SYS_ID NAME_PY NAME CH | BEG_VR END_YR

0 192250 Manhai Jun [EapaE -214 =207
1 |92351 Manhai Jun [Eaf=E -206 -111
2 |92352 Manhai Jun Hagr -110 264
3 |923253 Manhai Jun [Eaf=E 265 330
4 |92354 Manhai Jun Hagr EEi 419
5 92255 Manhai Jun Hagr 420 420
6 |92256 Manhai Jun gt 421 435
7 |92257 Nanhai Jun Ha 136 142
g |92258 Manhai Jun gt 443 a77
g 92259 Nanhai Jun s 478 510
10 | 92260 Manhai Jun gt 511 537
11 |92261 Nanhai Jun s 538 589




Time in GIS - Asynchronous Objects
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Time in GIS - #ime slices can be derived from Asynchronous Objects
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Time Definition - Format, Granularity and Fuzziness

format: day, month, year? ISO 8601 format: YYYY-MM-DD or YYYYMMDD
granularity: year [for CHGIS time range of 2,100 years]

date rules:

fuzzy > Rule 1: Year is set according to a pan-Dynastic period, such as "Qin
Han," or " Song Yuan"

Rule 2: Year is set according to a Dynastic period, such as "Tang," or "
Ming"

Rule 3: Year is set according to a Dynastic Title or Reign Period, such as
"Shundi," or "Zhizheng"

Rule 4: Year is specified, such as "13th Year of the Kangxi Reign Period"

Rule 5: Season or Month is specified, such as "4th month of the Lunar
year," or "autumn"

precise > Rule 6: Date is specified, such as "jiachen day”



Time Definition - Pre and Post buffers for fuzziness

Common Eras http://commoneras.ecs.soton.ac.uk/

rierass
r<eralkr
<era id>8</era id>
<primary name>The Fourth Doctor (Tom Baker)</primary namel
<primary name lang>en</primary name lang®>

Buffer between <start outer>1974-06-08B</=tart outer>

Outer and Inner > <3ta:t:izzer}1974—56—55{53ta:t:izzerb

time bands <end inner>1581-03-21</end inner>
<end outer>1981-03-21</end outer>

<dezscriptions/>
<labels/>
<regions/>
w<sameas>
<zamea/ >
</ Zameas>
rosucceeds>
<succeed>8</zucceaed>
</ zucceeds>
rv<proceeds>
<proceed>10</proceed>
</proceeds>
</era>
</eras>




Time Definition - Dates based on Named Time Periods or Chronologies

For the Placename:

Rutu-piae (lat) [ georeferenced to modern location: Richborough (eng) ]

Dates:

43 CE (begin) — 43 CE (end) (authority: X) (note: invasion landing site)
Period:

41 CE -54 CE (Claudius reign)
Context:

44 BCE — 395 CE (-0044 to -395) (Roman Empire)

0043

"

0041 0054




Time in GIS - Visualization methods

Time Slices

Time Series

Networks




Time in GIS - Time Slices
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Data: NHGIS https://www.nhgis.org/
http://ruralwest.stanford.edu/cgi-bin/web/Viz_DemographicChangePage.php



Time in GIS - Time Slices

>

Data: NHGIS https://www.nhgis.org/
http://ruralwest.stanford.edu/cgi-bin/web/Viz_DemographicChangePage.php



Time in GIS - Time Slices

C

Data: NHGIS https://www.nhgis.org/
http://ruralwest.stanford.edu/cgi-bin/web/Viz_DemographicChangePage.php



Time in GIS - Time Slices

C .

Data: NHGIS https://www.nhgis.org/
http://ruralwest.stanford.edu/cgi-bin/web/Viz_DemographicChangePage.php



Time in GIS - Point-phases

object |begin end precBy
A t1 t2

B t2 i3 A

C t3 4 B

D t4 ta C

X

z-axis as time (earliest at bottom)



Time in GIS - Point-phases and transitions

object |begin end precBy
A t1 t2

B t2 i3 A

C t3 4 B

D t4 ta C

Transition Table

VprevID " transition -subs/D

A

B

C

type 1

type 2

type 1

B

C

D

Transitions can have durations
and can be classified...



Time in GIS - Nodes in a sequence of movements

object |begin end precBy
A t1 t2

B t2 i3 A

C t3 4 B

D t4 ta C




Time in GIS - Nodes in a sequence of movements — Animation triggers

Ouyi Animation Demo

Animation triggers

1) Transition Vector Appear

2) Node Appear

3) Transition Vector Disappear

4) Transition Vector Trail Remains

5) Node Exist

6) Next Transition Vector Appears T

7) Node Disappear N 4

W0

; P2
g R

2o4=1-1 0:0:0 - 556-1-1 0:0:0

http://www.fas.harvard.edu/~chgis/work/docs/papers/ouyi_flash _demo.swf



Time in GIS - Nodes in a sequence of movements = spatio-temporal paths

z-axis as time (earliest at top)

_ 1600

GT_2
° line color can be changed,
as well as event node size,
vertical temporal axis width,
and labeling of nodes or
locations
Dec 14, 2009 11:25:48 AM
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Time in GIS - Proximity queries on spatio-temporal paths
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Combining both distance and time buffers



Time in GIS - Nodes as hierarchical elements of a network model

sys-id
333
334
335
336
337
338
339
340
341

Historical Instances Table

hist.place
Province T

County Z
Town 1
Town 2

Part-Of Table

334
335
336
337
337
333
339
340
341
341

begin end
1200 1350
1200 1249
1250 1350
1200 1350
800 1500
1200 1320
1321 1340
200 1700
100 1500

place-name partof partofname begin  end

Prefecture A
Prefecture B
F‘refect_ure C

Coiriiy
County ¥
County Z

Town 1
Town 2
Town 2

333
333
333
334
335
336
336
337
338
339

Province T
Province T
Province T

Prefecture C
County X
County Y
County Z

time 1
time 2
1200 1249
1260 1350
1200 1350
1249
1350
1350
1200 1350
1200 1350
1900 130 network model
1321 1340
.,
core area;j

| known subordinates

[estimated boundary|




Time in GIS - Spatio-temporal point objects -> network model in KML

Look up ParentID | ———> | find x, y coordinates of parent | $parent_xy

find children : for each child

find x, y coordinates of child $child_xy

find PartOf begin, end dates $begin
$end
create line feature <placemark>
<line>$parent_xy,$child_xy</line>

<Iplacemark>
<timespan>
<begin>$begin</begin>
<end>$end</end>
<[timespan>




Time in GIS - Animation of network model in Google Earth
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https://cga-download.hmdc.harvard.edu/publish_web/Geo_Tools/teKML/examples/



Time in GIS - Visualization of spatio-temporal polygon objects

time

Temporal Slice

T~




Time in GIS - Visualization in ArcGIS 10: Time Properties

| General | Source | Selection | Display | Symbology | Fields | Defintion Query | Labels | Joins & Relates| Time | HTML Popup |

Time properties
Layer Time: [Ead:feah.rehasas"gletimﬁeld v]
Time Field: ENT_DATE v Sample: '2005/01/25'
Selected field is not indexed. Index the fields for better performance.
Field Format: [YYYYﬂVM/DD v]
Time Step Interval: 1 Days v

Layer Time Extent: To:

[ pata changes frequently so calculate time extent automatically.

Advanced settings
—— ; CCRT .
["]values are adjusted for daylight savings —_— . — ]
Time Offeet: 50 = = | General | Source | Selection | Display | Symbology | Fields | Defintion Query | Labels | Joins & Relates| Time | HTML Popup |
Dispay datacomuatively Enable time on this layer
l Time properties
Layer Time: |[Ead'sfeauehasas";deﬁmeﬁeld v]|
Time Field: BEG_YR v Sample: 1293
I Selected field is not indexed. Index the fields for better performance.
Field Format: [YYYY I v]
Time Step Interval: 1 ,[Decades | v]
| S—

Layer Time Extent: To:

Data changes frequently so calculate time extent automatically.

Advanced settings

Time Zone: [none ']

[ values are adjusted for daylight savings

Time Offset: 0.00 Years Y

| [@/Bisplay data comuiatively. |




Time in GIS - Visualization in ArcGIS 10: Time Slider

NI -

: Georeferencing ~ | Layer.v
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Time Display | Time Extent | Playback | Other |

Time zone:

Time step interval:

Time window:

Display time format:

Display date format:

<None>

[7] Adjust for daylight saving changes

1.0 | Decades N I Restore Default
-
[ A ——— -

<none>




Time in GIS - ArcGIS 10 Time Slider cannot use negative years

Select By Attributes L _ M Time Slider |
_ Bl 136 to 0635 l=+«]R
Layer: }OVS_time_pref_pgn_gbk _'_I Ll l .l' ¥ z i —— | -
7] Only show selectable layers in this list —
Method:  [Create a new selection v [«] ooos
"TYPE_CH" A7 _
"LEV_RANK"
"BEG_YR" 3
"BEG_RULE"
|| | "END_YR" i
= <> ILi_(_e

L Lo (]
Get Unique Values | Go To: |

SELECT * FROM v5_time_pref_pgn_gbk WHERE:
"BEG_YR" >=1|

-

Cear | [ Vedy || tHep ][ Lload. |[ Sawe.. |

[ ok J[ 2 |[ Qose




Time in GIS - Asynchronous polygons for animations

http://www.youtube.com/watch?v=ew1xaUiBQC4




Time in GIS - Asynchronous polygons for animations

http://www.youtube.com/watch?v=ew1xaUiBQC4




Time in GIS - Asynchronous polygons for animations

http://www.youtube.com/watch?v=ew1xaUiBQC4



Event-based space time model
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See: Peuquet and Duan (1995) http://www.tandfonline.com/doi/abs/10.1080/02693799508902022



Temporal GIS model

C-DOMAIN
R RSN .- - . S
N TRAN 1
ABSTRACT | . TRAN 2
R-DOMAIN :
TRAN N
L o { 5™ X
CONCRETE CONCRETE CONCRETE
R-DOMAIN R-DOMAIN * R-DOMAIN
1 2 K
TRAN 11 TRAN 21 TRAN K1
TRAN 12 TRAN 22 TRAN K2
TRAN 1n TRAN 2n TRAN Kn
Conceptual and Representational Domain model [May Yuan, "Temporal GIS and Spatio-
Temporal Modeling," 3rd Intl Conf on Integrating GIS and Environmental Modeling].

http://ncgia.ucsb.edu/conf/SANTA_FE_CD-ROM/sf_papers/yuan_may/may.html



Extended Dynamic GIS Model - EDGIS

Thome Feature
ThemelD rF;eatureID
Neme
Features Thomas
Active
getThemelD() contains getFeaturelD()
setLhem?ID(id) m i ;zmﬁtggm(ld)
getName()
setName(name) Szgigse(()name)
gelFculinGa) getSTPs(st s)
setFeatures(features) getThemes‘())
getActive()
setActive(active) setThemes(themes)

m
contains
n
SpaceTimePoint
STPID
X
Y
TimeSiep
Attributes
Features
getSTPID()
setSTPID(id)
getX()
setX(x)
getY()
setY(y)
getTimeStep()
setTimeStep(timestep)
getAttributes()
setAttributes(attributes)
getFeatures()
setFeatures(features)

UML Diagram of EDGIS classes. [Pultar, Cova, Yuan, Goodchild. "EDGIS: a dynamic
GIS based on space time points," in Geographic Information Science, Apr 2012]

http://www.geog.ucsb.edu/~good/papers/491.pdf



Thanks!

mberman [at] fas.harvard.edu

http://www.fas.harvard.edu/~chgis/

http://www.fas.harvard.edu/~chgis/gazetteer/




