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&8 ¥ (I-Chun Fan)
TRAANARELETHAM

Institute of History and Philology, Academia Sinica

Introduction: The Time Tunnel

When Time

Where -- Space

‘Who did What? - Content

The elements of spatio-temporal information
How to display the information ?

The Concept of Spatiotemporal GIS

Introduction:
Retrieval and Integration of Spatiotemporal Information
Maps /
/
[BookJ { Travel Book | m
/ n
I'. ’/\ .
|

Integration of
Spatio-temporal Information .,

GPS Data l

Na&obal Geographic

Infggrmanon Investigation
Digita—.
Rata

The research group from Academia Sinica adopt
the latest GIS technology to integrate texts,
statistical information, historical maps, aenial
photos, and satellite imagery during different
periods of time.

Reconstruct historical geography and I Futore

i culture during different periods of time
Historical maps
fal photos & saellite imay

<Sp :uo~tcmpoul Information Platform

GIS and Spatiotemporal Information Platform

Design Concept of Spatiotemporal Information Platform

/Q—‘( . Digital Earth
cep collecting and -

” dlgmzu'!g texts, maps, Taiwan History and Culture
and aerial photos ia Time and §
(THCTS)
O ‘Chinese Civilization in
Time and Space
(=Y {CCTs) §
The rescarch group brought up
the concept of spatio-teroporal
informatigg platform

_, 4 FOHB Cultivation
O:¢5¥ = Crisis Management

Urban Planning

Hazard Preventio
and Relief
Poblicworks @O

Applications on the
part of industry,

government, and
cademia

e $33
Jiss6 Territoria] Planning

v Y
survey ‘Natural Resource Management

SRarewnesss
ERTPE R e

Using GIS technology to develop s Sinicn
spatio-temporal information A

platform for historical culture and £
the change of natura} environment 2=

ﬁ Establishing two integrated and
web-based applications in

™o AD.

mainland China and Taiwan - AP it T MRl Setellite
Tognnaraphut Maps Phisa Lt

Chmcﬁc Ciwilization in Time and
cpace and Taiwan History,and
lture in Time and Space

ﬁ WEBGIS integrates GIS and the
Internet. The users are able to
access web-based GIS over the
Internet. In addition, various
spatio-temporal databases in
Academia Sinica are integrated to
the systems mentioned above.




Chinese Civilization in Time and Space (CCTS)

RS

mOverlap {The Historical Atlas ypivy
of China) with {Arc/China)
(1 : 1,000,000) to construct the
spatio-temporal framework of
CCTS for more than 2,000
years

S T
User Interface

The Historical Atlas of China Ar¢/China

The Applications of CCTS
Capital Changes in Chinese dynastics

Boundary Changes in

Chinese dynasties
o3 ¥ {

Database Integration in CCTS

Taiwan History and Culture in Time and Space
(THCTS)

ﬁ {Atlas of the Historic
Administrative Pau Division of
Taiwan) (1904;, {Topographic
Atlas of Taiwany (1920), recent

{Topographic Maps of Taiwan}
(1990°s), and remote sensin,
imaéelrg constitute the foundation of
THCTS.

ﬁ Increase more than 300 maps,
including coastline change,
population data during the Qing
dynasty, language distribution, and
50 on.

m Integrate Scripta Sinica, Gazetteers,

and other data retrieval systems for Q’f"

history research, references, etc. [

The Applications of THCTS

The changes of administrative boundaries

The place-names in College locations in in Tai
northen Taiwan TaiNang during the Qing In Jarwan
during the Dutch and dynasty 00X RILE AW
Spapish pesiod

Migration and
distribution of aboriginal  factories during the
trbes Japanese ruling period

The distributioa of sugar

P

.
S

HERRETIRE

§ | Acrial Photos Retrieval System
| from Energy & Resources Lab.

Maps Retrieval

[Taiwan Who’s Who Database J

Taiwan Soutofuku Documents The

Taiwan Chronicles Applications of
I Taiwsn Studies over the Internet I THCTS

chligion Database from Academia Sinica l

o

[ Imagery Retricval System of
! Taiwan Atlas of Pau Division

Pingpu Village Distribution

The Verification of Great Taipei
from an Old Map

Taiwan Statistical Abstract from 1894 10 1945__ | [ Cultural Relics Distribution in Taiwan |




2.4 Integrated Platform of Digital Earth

ﬁ We integrate existing databases
with Google Earth to produce a
more intuitive and personalized
spatio-temporal information

The download site of Google Earth
http://earth.google.com/

The Characteristics of Google earth

Place names
Addresses
Coords
Events
Documeats
Thematic Maps
Satellite fmagery

3D display

CCTS V2.0 Architecture

CCTS V2.0 Features

ﬁProvide powerful application development environment

ﬁ Integrate with the professional GIS software-SuperG!S,

to GIS professionals and researchers

and offer comprehensive GIS functionalities
Enrich the Historical GIS data in Taiwan and Mainland
China

Support for multiple languages and Taiwan coordinate
system transformations

Add more map editing tools

Combine various SuperGIS extensions to perform spatial
analyses

Uses are able to connect exteral databases

Archiving Historical Map and Remote Sensing Imagery of Modern China

Establish spatial information

Establish WebGIS-based image management
retcieval system

system

—

s w1 1 oAt o

Digitization procedures
w

Remote Sensing Acrial Photos
25,788 acris} photos, covering mainland. China,
have been processed since the 50's.

833,892 acsial photos, covering Taiwan, have beca
processed since the 40°s.

®More than 3,000,000 filns are collected, which
are in 15,000 volumes.

Historical Maps

B 100,000+ maps coveriog mainkand China.
® 30,000+ maps covering Taiwan,

Tota) storage volume is areund 33TB




Spatio-temporal Information Platform and
Digital Archives

Research Projects

Distribution Database of
“ Deep-Sea Fauna in Taiwan
Taiwan Cultural Relics Retrieval System
Fu Ssu-nien Library GISystem
Historical Maps during
Qin and Han Dynasties
Formosan Language IMS
Formosan Language Spatial IMS
The GIS of World Muscums
Taiwan Muscums WebGIS
Yin Ruins at AnYang
People’s Authority WebGIS
Distribution Database of
Native Plants in Taiwan
National Museum of History in GIS
Aboriginal Culture Map

Cranges T Taipel Asl=y UISICT Quring TUU

Google Earth Application

R ST LA,
1896-1944

18965 ZERIIRED, 1/4500

19115 37T WSO IE FH 3, 1/6000
19165 SEFMETFIMG

19244 BERITH 218, 1/6000

1944 4E Tainan City Map, 1/10000
20044 Google Earth# 52 f2 (% E

R IR 200758

TEQraung vittuple vidps 1 OLUUIE

Topological Maps in 21s

Topological Maps in 20s

mages

Satellite Images in GE

) SPOT Satel

Various Presentations of Digital Map Archives

o

Multi-source Maps in GE

Combine Historical maps and Digital Earth

Mapplng Salling Route in Tim and Space (1405-1433)
1. 3-D navigation in 15s historical maps
2. Explore historical events (by combining index maps)
3. Detailed description and hyperfinks

Using Google Earth:
1. Muttiple views to explore oul
2. Inspieation for research




The Collaboration between A.S. and Library of
Congress

ﬁ The international collaboration formal agreement
between Academia Sinica and Library of Congress,
U.S.Ain 2004.

ﬁ The LOC made available in its Geography and Map
Division the China related map collection to be
inventoried and cataloged by the Academia Sinica
qualified employees. Academia Sinica provided the
digitization equipment and funding to support the
project.

ﬁ Total images are around 55,322 during 2004~2006.
The project will be continued.

The Collaboration between AS, CDDA and IUPUI

ﬁThe international collaboration formal agreement
between Academia Sinica (AS), the Centre for Data
Digitisation and Analysis (CDDA) at Queen University
Belfast, and Indiana University Purdue University
Indlanapohs (IUPUI) has resulted in its first research
project.
Academia Sinica has provided more than $40,000 to
work on a pilot project incorporating diary texts into the
AS China Historical GIS. The diaries, held by Queen
University, record Robert Hart experiences in China
serving the Imperial Court from the 1860s to the 1900s.
THe diaries have many spatial references, photographs
and other material that can be geo-located.

: GIS Development in Academia Sinica

NTowards an-Excellent GIS Center for .
Taiwan and China Studies R
31S Data and Map Archives
atabase for Satellite images of Taiwan and China

e(lncludlng hlstorical and modem periods)

- N:ollaborate with the Dept. of Geography and Maps, .
US Library of Congress (2004-) -

NGeospatlaI Applications in Humanmes and -
Soc«al Scxences . -;;f’

#

I Chun Fan
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¢ Introduction to GIS
e What's Special about Spatial?
o GIS Applications
¢ The Role of GIS in Humanities Research
e What is GIS-based Approach
e Case Studies

e Geographic information is readily defined as
information linking spatial locations on the Earth's
surface with specific properties, such as name,
feature, population, elevation, temperature.

o It is estimated that 80% of all data has a spatial
component —a component that has been largely
NEGLECTED.

. 825e. Mailing address-based approach gote,
Why Spatial Information Largely | 3333 g ess-based approac S50
o000 =
C500 2L
[l [

Neglected

o The key reason is

burglary case, HOW
do you describe that foca
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' How do we handle with spatial information|
*- @ Maps : showing its '
.. e Location - .-
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We need better tools
for spatial data
handling

Definition of Geographic
Information System (GIS)

A computer-based system for capture, storage, retrieval, analysis and
display of spatial (Iocationally defined) data. (The National Science
Foundation)

GIS are computer-based systems that are used to store and manipulate
geographic information. (Aronoff, Geographic Information Systems: A
Management Perspective)

An organized collection of computer hardware, software, geographic data,
and personnel designed to efficiently capture, store, update, manipulate,
analyze, and display all forms of geographically referenced information.
(Unknown source)

A computer system capable of holding and using data describing places on
the earth's surface. (Unknown source)

A computer system capable of capturing, storing, analyzing, and displaying
geographically referenced information; that is, data identified according to
location. Practitioners also define a GIS as including the procedures,
operating personnel, and spatial data that go into the system. (USGS)
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View Calculation : Visibility Analysis | g835° _ 5
0808 O.
Visible areas
Invisible areas
Cartographic Output
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Relaxation of contiguity and shape constraints
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Geometric Analysis
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GIS-based Approach to Historical Research
ot 8 $XFE. &&EJ{H)

The Role of GIS in
Humanities Research
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et 0000 (Chinese Civilization in Time and Space, CCTS) 3378
GIS-based Approach to Humanities Research | ogos hetpeects.asce et/ 8539
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Step 1 Spatial Thinking: T
. Building Spatial-Temporal Framework
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Summary: Mapring as the Thinking Process for
Humanities Research

Three key advantages that GIS can offer:

o (1) Discovering and managing histor ical
sources through the explicit use of location.

e (2) Creating a new medium for publish ing
historical data and substantive works of
historical sch olarship.

o (3) New analytic methodolo gies that
explicitly incorporate 1 ocation.

The application of GIS is limited
only the imagination of those who
use it.
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Geographic Information
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RABRFHETRASKIZNFAER
The Design and Application of the Geographical
Information System for Writers and Poems of Song Dynasty

BRx® R E BRés 2
Feng-ju Lo I- chun Fan Chin-Chuan Cheng
B RS Lz A & 8T A
[#%]

XEHARBETAFE B -HEALE > LA FHNITIEE
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[ Abstract]

Literature covers people, events, time, space, and objects. Spatial
environments affect literature as can be seen in the viewpoints of the author,
works, and style.  Different sceneries trigger various interactions between the
author and the objects. Relocation and gathering of writers may cause new
development of literature. ~ With regard to writings, it is often said that in
China northern literature is bold and unconstrained and southern literature is
subtle and implicit. In terms of style, writings originate from a certain locale
often show local characteristics.  Literature flourished in the Song Dynasty
(960-1279). Poems, Lyrics, and prose writings all shone brilliantly. ~ Men of
literature showed more notably the interaction between literature and geography
as they relocated because of moving, official appointment, exile, journey, or war.
Traditional literature studies used a quantitative method to tabulate the
geographical distribution of writers and the development of literature in various
places at different times. But they mostly used only the native places of the
authors and did not take into consideration the various places the authors visited.
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The "geographical information system for Song writers and poems "that we have
established takes into account the 25,589 records which we compiled on the
basis of the biographies of Song writers from the Index to Song Biography
Database by Pide Chang and Deyi Wang. It also includes the place names
from 35,696 Song poems. From these and other resources we compiled the
databases of the names of the administrative districts, places names in the Song
poems, place names in the Song biographies, and common place names. The
issues we deal with are problems in determining alias names, names in
abbreviation, old historical names, building names used as place names,
avoidance characters and confusion of personal names with place names.
Keywords: Biographies of Song writers, Song poems, geographical information
system
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The World as Viewed through a GIS
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Conter for GlSetonce,
Acadernia Sipica
Q0D 220
88880 23680
del geo| | SIS Data:
GIS Data Models 6308 Spatial (Geometric) & Attribute Data | ©3°3
¢ The real world can only be depicted in a GIS
through the use of models that define GEOGRAPHICAL DATA
phenomena in a manner that computer GEOMETRIC DATA ATTRIBUTE DATA
systems can interpret, as well perform [ Gulionedao |
meaningful analysis. E e
legatiiative cata
=
Wen, Tasi-Hung Wen, Tzai-Hung
Center for GlScience, Center for GIScience,
Acadeniniioica sy i
8850 2235
00000 Q0RCO
GIS Data Models Concept of
8383 Vector and Raster 8532
e Rater Data Model
o location is referenced by a Real World
grid cell in a rectangular
array (matrix) Raster Representation Vector Representation
o attribute is represented as a
single value for that cell d 0123145 6R7T8 9
e Vector Data Model 1 A T Q
» location referenced by x,y a0 E]
coordinates, which can be 3 R line
linked to form lines and p AR
polygons y &
o attributes referenced through 4 2 T q
unique ID number to tables 4 R T polyg on
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Why Using Raster Data ?

[o]e]elelele]s]
[eTalvlalolelnTe]

o Easier data structure

o Analysis operations are more easily
implemented

o Good for representing continuous variation
e Temperature
e Elevation
¢ Nutrient levels in soils

Wen, Tzai -Hung
Center for GlScience,
Asadcmia Sipicz
000 0a%
000 260
06000 JolalsTsle)
' 88580 85350
Jodsts] . : foTelalst
Raster Data Model 8853 Raster Data : Categorical or Discrete | 5553
o Everycell in a data set has a numeric value Columns
Depending on the type of data the cell values can be repres ented rows Land Use
as Integer, or Floating Point [ o Witk
1. Categorical/D iscrete Data (usually Integer) 1\
o Data that have well defined boundaries \
+ Land use and cover, Soils 1
« Cell values are related to a cate gorical description
2. Continuous, measured data (usual ly floating point)
e Temperature, precipitation, population density
y
x
Wen, Tzai-Hung Wen, Tesi-Hung
Center for GlScience , Center for GlScience,
Acdcmiasigica .| Academia Sinica
000 003
8900 5060
80660 86000
, sees
Raster Data : Continuous 5920 Resolution 2960
© 0 o5
‘Wen, Trai -Hung WTni-Hlmg
Center for GlScience, Center for GlScience .
AQICIEA SR o AsakmiaSinica
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The Coming
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The Coming
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The Coming
Data Explosion
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The Coming
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4,
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o
Vector Data Model 3
Representing Data using the Vector Model: e
formal application

o point (node): O-dimension
» single x,y coordinate paic 2]
e zeroarea
s e, oll well, tabel location 1
e line (arc): 1-dimension 7
* two {or more} connected xy 2
coordinates
¢ road, steam
« polygon : 2-dimensions
e three or more ordered and 7 8
connected X,y coordinates
« first and tast x,y pairs are the same
» enclosesanarea
= census tracts, county, lake

.,

Point: 7,2

Line: 7,2 8,1

Polygon:
72 81 71 72

‘Wen, Tzai-Hung.

Center for GlScience,

Acadeniz Siniea

Vector Data

Vector Data
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e . 5000
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Why Topology Matters 8855 Raster Data Structures/Models | 8553
e Advantages
¢ Connections & relation.ships bgtween objects o Simple data structures
are independent of their coordinates » Location-specific manipulation of attribute data
e Requires all lines be connected, polygons 1s easy
closed, loose ends removed. e Many kinds of spatial analysis and filtering may
be used
¢ Mathematical modeling is easy because all
spatial entities have a simple, regular shape
o The technology is cheap
¢ Many forms of data are available
Aszdemia Sinica Acadcmia Sinica
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Raster Data Structures/Models | 8558

¢ Disadvantages

o Large data volumes

» Using large grid cells to reduce data volumes reduces
spatial resolution; loss of information & inability to
recognize phenomenologically defined structures

o Crude raster maps are inelegant though graphic
elegance is becoming less of a problem

o Coordinate transformations are difficult & time
consuming unless special algorithms & hardware are
used and even then may result in loss of information
or distortion of grid cell shape.

Wea, Tzai-Hung
Center for GlScience,

0000000
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o Q

Vector Data Structures/Models

e Advantages

o Good representation of entity data models

e Compact data structure

o Topology can be described explicitly — therefore
good for network analysis

o Coordinate transformation & rubber sheeting is
easy

« 'Accurate graphic representation at all scales

o Retrieval, updating and generalization of
graphics & attributes are possible

Wen, Trai-Hung
Center for GIScience.
Aczdomia Sinicy
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Vector Data Structures/Models | 8353 Vector to Raster conversion 8382
o Disadvantages Polygons (ex: Land use)
o Complex data structures alalajalalafb]blb]blb
» Combining several polygon networks by intersection & a = alalala bt bibibLDb
o‘{erlayls dlfﬁC}llt; uses c?n51derab1e t::omputer powe'r alalalzalalblolblblbl b
» Display & plotting often time consuming and expensive; s loislnlo b
especially high quality drawings, coloring, and shading ajajala
» Spatial analysis within basic units such as polygons is agaja cly bibjb]b
impossible without extra data because they are considered alalclc]c]clclb]b
to be internally homogeneous s
. . . - . clcleje]ce]cjclc b
« Simulation modeling of processes of spatial interaction
over paths not defined by explicit topology is more difficult o Aeqcgcelcqejejeiede <
than with raster structures because each spatial entity has & clclclc]cfciclclciclc
a different shape & form. e, Tos-ung Wen,Tos-Hang
Center for GlScience, Center for GiScience ,
Acdemiasinia, Audeminsizica |
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Raster to Vector conversion 8358 (TIN) 8533
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e Vector model used to represent continuous surfaces
(elevation)
a b
9]
Wen, Tuai-Hung
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geos sees
Data Model: TIN 8353 Data Model: TIN 8335
e Advantages
¢ Can capture significant slope features (ridges, etc)
MMM i = o Efficient since require few triangles in flat areas
4 x M z S o Easy for certain analyses: slope, aspect, volume
el ¢ Disadvantages
S{X Y x
P—e— e Analysis involving comparison with other layers
. difficult
Figura 4.1 TIN wodel. v conugcting

s efevation

pridiits
jated

izngulated fat surfaces, To
rregutar stwork CTING Taodel, & sprectlic form of tessailat

e iy called a trias
(UHN

g

Wen, Teai-Hung
Center for GlScience,

Asademia Sinica

Wen. Tzsi-Hung
Center for GIScience,
Academia Sinica

Contour (isolines) Lines

Contour lines, orisolines, of
constant elevation ata

specified interval. °

valley hilltop

Advantages

Q000000

Familiar to many people

Easy to obtain mental picture of
surface

e Closelines = steep slope

e UphillV = stream

e Downhill Vor bulge = ridge

e Circle = hill top or basin

Disadvantages

Poor for computer representation: no
formal digital model

Must convert to raster or TIN for
analysis

Contour generation from point data
requires sophisticated interpolation
routines, often with specialized
software such as Surfer from Golden
Software, Inc., or ArcGIS Spatial
Analyst extension Ve, TuaieHomg
Center l?r !?l?dem,

Q00
. . QOoC
Thanks for your listening. 8%6 50
. QCO
Any questions are welcomed. | 35530
Q000
[elelolw]
O O
p- X £ #GIS Analysish R - B RANMS
PRAEREAECHER T ¢ Center for Geographic Information Science,
[ 5 SUE L 238 X184 RCHSS, Academia Sinica

E-mai): wenthung@gate sinica.edu.tw http://zis.sinica.edu.tw/
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(s3] [o]
O Mosquito Brcedi.ng Sites ::v:.:;:gx;?m
o000
E ple: Dengue Fever Epidemi 98550
4o % je 55 #l(green/red color) g ¥ b & » 2909,
RITUEXH GO 3383
e o 0

(O Common Exposure Sites
O Mosquito Breeding Sites

Wen, Tzai-Hung
Center for GiScience,

2. Mapping the Most & Least
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Q0Q [eluln]
[olelols] QCo
jelalslvle) [els]s1ele]
. 35860 83265
Why Mapping 8833 Why Map the Most & Least 8583
o See spatial patterns that help you better ¢ Mapping features based on quantities adds
understand the area you’re mapping an additional level of information beyond
e Then, explore causes for the patterns you see simply mapping the locations of features.
o Show you where you need to take actions, or
where areas are that meet your criteria
Wen, Tzai-Hung Wen, Tuai-Hung
Center for GiScience, Center for GlScience,
Al i i Aadomia Sinica
8380 222,
. 95990 Mapping Features based on gggo0
. Q0000 - O?OOO
The Process of GIS Analysis 8388 Quantities 8583
- e Non-continuous values
Exploring the data l .
. e Categories
e Ranks
See what patterns X
emerge e Continuous values
¢ Counts & Amounts
What questions ar ise I ¢ Ratios
Create a generalized
Map to reveal spec ific
patterns ) )
Comar o Gl Coner o i,
Asderis, Sipi Acdemiasigica |
000 005 _
. 86850 . 32380
Presenting the 9800 Issues of Mapping Features based on| 8333,
data values g982 o o228
accurately §°3 Quantities: Class Break 5°3
Generalizing the
values to see
patterns
Equal Interval Natural Breaks Equal Area
Wen, Tzai-Hung ‘Wen, Tzui-Hung
Center for GIScience, Center for GIScience,
Acdemia Sivip Asdemiasigicn ]
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20C
Steps of Mapping Features based on | 888
g T [elelelele]
Quantities 528t

IPlotting the distribution of data values

|

Deciding classificati on schemes

B!

I Deciding the number of class es

Wen, Tzai-Hung
Center for GiScence,

Academia Sinica

Distribution of sum of households
in each Li

Sum: 6768428

Count: 7726

Mean: 876

Maximum: 10336
Minimum: o

Range: 10336

Variance: 583099
Standard Deviation: 764

QOO0000
G000
Q0

[sXe]olelv]alsTe)
[eIbIvieleluie)

Valuss In Thousands

12
i-Hung
weme wr GlScience .
Acadmia Sizicy

QUO [eluTn)
Q000 [elslvlw]
ga82 gase0
QO000 . - jelulnislel
8358 Standard classification schemes 8338
e Natural breaks
e Quantile
e Equal Interval
o Standard Deviation
Waen, Tzai-Hung Wen, Trai-Hung
Center for GlScience, Center for GlScience,
Aras i i Amdemilm 'n
200 2230
8228 Quantile: good fo 2858,
00000 uantiie. T ... 0000
Natural Breaks: good for ... 8358 & 2988

If data values are not evenly distributed ...

Wen, Tzsh-Hung
Center for GiScience,

Academiz Sinicz,

Emphasizing the relative
position of a feature am ong
other features

Disadvantage:

1. Features with clos e value
may end up in different
classes.

2. Ifthe areas vary greatly in
size, it's easy to skew the
patterns

Wen, Tzsi-Hung
Center for GlScience,
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Equal Interval 8335

e Good for...
« Easy for non-technical audience
e Mapping continuous data

e Disadvantage
+ Not suitable for data values not

Standard Deviation

e Good for
¢ Seeing which features are above or
below an average value
o Suitable for data values normally
distributed (a bell curve)

evenly distributed o Disadvantage
o Doesn't show the actual values
e OQutliers can skew the mean.
Wen, Teai-Hung Wen, Tzsi-Hung
Center for GiScience, Canter for GIScience,
Academia Stnica Acadermiz <i|"ﬁ
o000
0000
. L. 00000
Standard Deviation 82830
1. Suitable for data values normally distributed 8§3§
2. Qutliers can skew the mean.
3.Mapping Density
Sum: 6768428 QQ0O
Count: 7726 [o]e]e]®)]
Maan: 876 000QOC
Maximum: 10336 (_)Q L:) (_3 _
Minimum: 0 o ? :J '(;)\ Q
Range: 10336 2 5 8 ;‘_’.’
Variance: 583099 - O ':)
Standard Deviation: 764 -
Wen, Tzai-Hung,
Center for GiScience,
Acld‘n'. §'nia
[ele]n) jeInlv]
Q00QGC [elalele]
283s g2%
33820 T £ ing densi
Why Map Density 3353 'wo ways of mapping density 8353

Population Density

Population

Wen, Tzsi-Hung.
Center for GlScience,

Asadcmia Sipica

e Mapping density for defined areas

e Shaped fill map
¢ Dot density map
o Creating a density surface
e Shaped density surface
e Contour map

Wen, Taai-Hung
Center for GiSeience,
Academia Sigica




Mapping density for defined areas §§8§

Q000Q00
CQOQ0000
CO0QO0T
Q030000
a0

Dot Density Map

Shaped fill map Dot density map Population deasity by Li Population density by town
Wen, Teai-Hung Wen, Tnai-Hung
Canter for GIScience, Center for GIScience,
Academia sinica ] ASadsmia Sizict
[elnTn] [eZuln]
. 880630 88300
Creating a dot map g8ss° gego”
- 0666 4 d 3 rf 0608~
; A v 3883 Creating a density surface 8352
) > i -] : 270
‘Api)ropriate
e i e ‘"’_I Wen, Tzai-Hung Wen, Tzai-Hung
Number of dot is too small  centerfor Giscience, Center for GiScience,
or G1S: Conterfor G
Q00 oD
[elalele} [elelele)
Q0000 o2220
000 Q530
: : 888 . Cri i
Issues of Creating a density surface | 8858 Example: Crime Analysis 8353
o Cell size
e Search radius
e Calculation method
e Units
e Displaying
e Graduated colors
e contours
Expetimeata) Crime Asalysis Syrtem
This wom equips wyent 0T sofhvas, st mibrar, et date, PO-omiecicr and plots. The experimenal Wen, Tuai-Hung,
cramm d el wrin nad wad paibvia. Center for GIScience,
Academin §mu
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Calculation Method

Appropriate

Simple Kernel
Too large Too small
Wen, Tzai-Hung Wen, Tzai-Hung
Center for GIScience, Center for GiStience,
AgdcminSinia ] Andoisigio
. . 3280
: From density summarized by 58820
. . . . onooT
Kernel Density Estimation defined area to a density surface 8383

Construction of Keael Density

3

H

%

H

&

i

g .

Population density summarized by defined area Population density surface
* ' owax * Wen, Tzai-Hung Wen, Trai-Hung

Canter for GIScience, Center for GIScience,
Adadenia sigi Academia Sigica ]

Q000000

QDOOQO0

QOGO
Q000000
o 0

3 ways of finding what’s inside

o Drawing the area and features
o Selecting the features inside the area
e Count & Frequency
e Overlaying the areas and features
e With discrete features
o eg. disease cases
« With continuous categories and classes
e eg.land use
o With continuous values
o eg. terrain

4. Finding What’s Inside

00000C0O
0000000
[e]elololelole]
oO00000
o O

Wen, Tzai-Hung
Center for GlScience,
Apademin Sinica
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Q000000

1. Drawing the area and features

Wen, Tuai-Hung
Center for GiScience,

e

2. Selecting the features inside the area

st

Q000000
[elslalslelele)
Q O

Wea, Texi-Hung
Center for GiScience,
Asademia Sinica

)
Q000
Li that are completely or partially §§§§2
. . . Q00
inside the 200-Yr flooding area 0353

£

Li that are completely
inside the 200-Yr flooding area

[eJeleleleele)
00000000
0200000
QQQO0CO
J 0

Wes, Teai-Hung
Center for GlScience,
Academia Sintcg

Wen, Tzai-Hung Wen, Trai-Hung
Center for GiScience, Center for GIScience,
a P A ia Sigi Acaderia Sinica

 th letel iall 2880 2380

20000 . QUROD

.Ll t at are completely & partially 35380 3. Overlaying the areas and features 08380
inside the 200-Yr flooding area 8388 8532
Wen, Tuai-Hung

Center for GlScience,
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000 ong
88580 Overlaying the areas with discrete features | 8538
. 99000 [ Overlaying town map with dengue cases ]
Overlaying the areas and features 3833 e P gu?{- o
o With discrete features
e eg. disease cases
e With continuous categories and classes
e eg.land use
» With continuous values
o eg.terrain
Wen, Tzai-Hung Wen, Teai-Hung
Center {or GlScience, Center for G1Science,
Acdenia Sipica ] Aademia Sigicz
[e]v]s)]
. . . . [o]e]ele]
Overlaying the areas with continuous categories| 3333°
[ Overlaying 200-Yr flooding area with land 1se map} §§§§°
[»Js]
© b ' 'g‘% o
Wen, Tzai-Hung
Center for Gls:m-

[s1¢lelelelale)
00000000
[elalelelatelw)
0000000
[CNv]

Reclassifying Inundation Depth

200-Yr Inundation Potential Map

Wen, Tzai-Hung Wen, Ttai-Hung
Genter for GiScience, - 4 Center for GlScience,
Acadlemiz Sigic Asadomia Sinica
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h b [ols]eTels]
.Summ arizing area by different 8§88°
inundation depth cg‘o’g

RARA DK ORE P %
' 55 ey

Summarizing land use patterns by
different inundation depth

0000
00900

200
. . . QOO0
Overlaying the areas with continuous- values g§ggo
[ Overlaying watershed map with terrain surface ] 89990
£akmim &AL mm) l?‘;{;;?ﬂ)
{73 8D,

5. Finding What’s Nearby
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[elelelele;
[e]eloze:
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o O
Center for GlSaeuce,
Acsademia Sipica
[e]e]n} [o]o1n)]
0000 oneo
00000 [e]alslele]
8822, : : gaago
Why map what’s near by 8358 Defining and measuring NEAR 8283
o Identifying the area -and the features inside the e Straight-line distance
area- affected by an event and activity. ¢ Distance and cost over a network
e Defining the area served by a facility. o Cost over a surface
¢ Delineating areas that are suitable for -or capable of
supporting- a specific use.
Wen, Tzsi-Hung Wen, Taxi-Hung
Center {or GlScience, Center for GlScience,
Asademia Sini A ia 5k
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2838°
Creating a Buffer 8833°
855&
575
Using Straight-line Distance
o Q00
® Finding What's Nearby | O0OO
QOOQO0
Q000
00000
OQQQ
0000
o O
Wen, Trai-Hang
Center for GlScience,
Asademia Sigica
000 c0D
: 5228, 2282,
. 83885 Create a Buffer from Freeway 85380
Creating a Buffer: the Result 8358 8333
Wen, Tzai-Hung
Center for GlScience,
Aczdemin Sigica
lecting thi di 88580 Feature to feature: 88330
Selecting features within a distance 89900 Finding the nearest tourist spot of each town. | §333°
680G 0058
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000 Q20
. . . 0000 . . . 3292,
Spider Diagram: . 82550 Spider Diagram: Tourist spots 28220
a line between each location and its nearest g533° 85557
sources 578 878
Wen, Trsi-Hung ] Wen, Tzai-Hung
Cznluf?r !?ls.ﬁem. AC::(CI’ f.gr Sl?ﬂ'tuee .
3280
Spider Diagram: Tourist spots §§§§2 Using Distance or
°8% Network
over a Network
e Finding What's Nearby 888@
00000
O2CO
QOQQO
0000
[elelolw
o 0
Wen, Trai-Hung
Cenlerﬁ_n L?l%dcm.

Finding the area within 9.5 km of
three stations

/ N

BN e

0000000
00000000

Wen, Taai-Hang.
Center {or GlScience,
o

Comparison
two methods

Creating a 9.5 km Buffer

Finding service area over
the road network
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OO§§O
. . [e]elelele]
Considering Travel Parameters 8358
e Using distance or cost USlI‘lg Cost over a Surface
e Time, money,and effort expended
e Setting stops or turns - oloTe}
o Stops, such as traffic lights * Finding What's Nearby (% S % <
s O00DC
o Turns, such as one-way street, closed segments OOCO
[e]elelelel
QCOoOC
QOCO
(D]
Wen, Tesi-Hung
Center for GiScience,
Acadzrin Sigica
[elsle] 00Q
0000 o000
2805° Starting Location & Cost Grid 85637
. 00000 arting Location ost Gri 29000
Cost Distance Measure: Least Cost Path | 3335 g _ 8358
Step } Step 3
Starting Point
e
Tzl Aty oy cost”
trows at points (o paint A
=
Terrain ::“':;3:':‘“;.' . g:; ;:ri};‘l“s:“enu.
Aspdomia Sigica, o] Amdemia Sinica
8580 6322
. . 00000 5 : . : 8050
Result: a Cost Distance Grid 8800 Creating Destination Grid ges0”
[s]alele] 20C0
5000 0600
] <0
Starting Point
Wen, Tai-Hung Wen, Tzai-Hung

Center for GiScience,

Asademia Sigica

Center for GiScience,
Axdemia Sinics,
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Result: The Least Cost Path

0000000

Starting Point

Wen, Taai-Hung
Center for GlScience,

Acaderia Sinica

Another Example of Cost Distance 883
. [oledelog

Modelmg 29550
Ogcg

LE: 61T

Wen, Tsi-Hung
Center for GlScience.
Liadima Sinia

Cost Distance From Road_o9a

0000000
[eJulalelolelole
QOOOQQ0
[slelelalelele)
9 0

Wen, Tzai-Hung
Center for GlScience,
oadents sin:

Q

How to Lie with Maps: Blunders that Mislead
The Range of Blunders

Q000000
Q

o Graphic Scales

e Incompatible Sources

e Misspelled place-names
¢ Poor printing or planning
e etc.

Wen, Tesi-Hung
Cemter lor GlScienes,
e

Cartographic Carelessness

0000000

Occurred on Derivative Maps

From large-scale to small-scale maps
Misrepresentation

Misspelied

Missing, misplaced, mis-indexed, mislabeled,
or badly misshaped...

Wen, Teai-Hung
Center for GiScience,
ALa ia Sini




Misrepresentation

Wen, Tzai-Hung
Center for GlScience,
e

Deliberate Blunders

e Copyright Protection
e “Trap Streets”

s AR ERELC )
31T L S I S R P 2 3

2 -
SRR

TR RASR RS S - AR TE 4 4¢
BN BEL@RE ¢
P

‘Wen, Tzai-Hung
Center for GlScience,
Asadcmia Sipics

[olale]
co00
QODGD
[slsdele]
[olalslsle]
DOCO
[o1aleled
o D

o000 QD
[slsle]e] GO0
[o]s]elele] Q000
88830 2650
Other Blunders 8358 835
1
o Distorted Gray-tones
¢ Poor printing
e Temporal Inconsistency
o The information portrayed is volatile, eg. temperature,
weather maps
« Statistical maps from surveyed data, eg. Dividing
1995 income totals by 1990 populations
o Silver polygons result from overlay of two
inaccurately digitized coverage.
Wa, Tzai-Hung
Center for GIScience,
Asademia Sinica
322 222
. - Ly
5800 Modifiable Area Unit Problem 83520
: 4 Q000 [slainisls]
How to Lie with Maps 885g _ 8aca
Data Maps: Making Nonsense of the Census 070 Scaling v
Original data 55K 5% '
(individuals
ivi i 3 35
e The effects of living in households) 375 | 375
e Areal aggregation 2]al6]1 hd ¢
3 3 3
e Zoning 3l6l3ls 375 | 375
e Scaling 45 as
. . 1(5)4]|2
o Data classification
5/]415]4
5 4 3
#HE 25 3
4.5
4.5 4 3.7
. 3 3
Zoning 45
Wen, Tui-Hung Wen, Tzai-Hung,

Center for GlScience,

Academia Sinica

Center foc GlStience,
Acxdomia Sigica ]




Q090 QTS
[e]o]ele] QLD
. . [s]slolele] CRDOO
Areal Unit: Scaling 83330 . 33520
8353 Point-data and aggregated data 8533
BTRR LTS HEA#
Households Households
Wea, Tzai-Hung
Center for GlScience,
Aademia Sinica
o0 [o]x]v]
o000 QQon
oQ00C [slekelsls]
[a]ele} [elelole]
: 8333° ; 2333°
Problems of Scaling 8558 Issues of Scaling 5533
e What scale is appropriate to study a « (1950) Robinson introduced concept of Ecological
. . "
particular geographic phenomenon? Fallacy.
¢ How can we adequately transfer information * (1984) Openshaw’s Modifiable Areal Unit Problem
. (MAUP).
from one spatial scale to another?
Wen, Taai-Hung Wen, Trai-Hung
Center for GlScience, Center for GlScience,
Academia Sini Academia Sinica,
QG0 [oTulv]
000D OQOQ
: 3385° : . 8328°
Ecological Fallacy 88830 Modifiable Areal Unit Problem (MAUP) | sscco
Robinson (1950) 0802 Openshaw (1984 ad infinitum) Ogég

o Describes the error
resulting from making
statistical inferences
from aggregate to
individual relationships.

Wen, Tasi-Hung
Center for GlScience,

Academia Sinica

e problems of zoning and problems of scale

e MAUP arises because there are many
possible system of zones for grouping
together individual level counts

o each zoning system will give different results

e it is important, but overlooked

¢ most geographers tend to ignore the problem
and assume it does not affect their analysis
‘Wen, Tzai-Hung

Canter for GlScience,
Academia Sini
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[olslelele]
. 00830
Areal Aggregation 8588
Gaoga
¢ Effect on the mapped patterns of rates and jdrad
ratios
o Spatial boundaries
e Polygon-based data vs. Point-based data
e Aggregated census data provide an average
for the place but say little about individual
data.
P a1 G s s, 5963 55 "
Wen, Trai-Hang Wen, Tzsi-Hong
Center foc GIScience, Center for GlScience,
Academia Sigg Asadcmia Sinicz |
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8883° o
[e]alele]
8% Mapping the
Changes
Tﬁ%ﬁ" . . o e QCO
Space, Time, and Geo-visualization | 5530
. DOOCD
2 0000
O0Q0GC
[eIvIole)]
QGO0
Cc O

e oy Seoneace,
Asademia Siniea

Why Mapping the Changes

¢ Gain insights of the behaviors
e Anticipate future needs
e Evaluate the impacts

Wen, Taai-Hung
Center for GiScienee,
Academip Sinica
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How to show the changes?

e Showing location/condition of features at
different dates
o Path of a typhoon

e Calculate the difference in values between
two or more dates
o with/without evaluation

Wen, Tuai-Hung
Center for GiScience,

[elals]
[olalele]
[slo]elele]
52885
Types of Change 8558
¢ Change location
¢ Population Migration
e Occurrence of Disease
e Change in magnitude and characters
¢ Spatial Diffusion of Epidemics
Wen, Tesl-Hung
Center for GlScience,
Agademia 1"“

Q0
00800
R 20000
Geographic Features 8335
o 0
e Features that move
e Change in location
e Features that change in character or
Magnitude
e Changes both in location and extent
Wen, Teai-Hung

Center for GlSciencs,
Academiz Sipicy,

Features that move

Q0Q0000
QQOQQOQ
000000

o Discrete features
e Point: Car, typhoon, animal
e Linear: River channel
e Area: Extent of a forest fire
e Events
e Crimes, disease, or earthquakes...

Wen, Trai-Hung
Center for GlScience,
Acadenia Sigica

Example: Animal Movement
T

Q000000

Wen, Taai-Hung
Center for GlScience,
Academia Sinica
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Change in Character and
Magnitude

Q000000

¢ Discrete features
o FHOGXLELGFPHFLIZY
o WAL ET (B)
o ABLERF ()
o LREHDE (&)
¢ Data summarized by area
e population
¢ Continuous categories
¢ land cover
¢ Continuous values
e pollution, epidemics
Wen, Tzai-Hung

Center for G1Science,
Academia Sipica

Population Concentration in
Europe

1870-1800 1500-1950

Wen, Tzai-Hung
Canter for GlScience,
AsademiaSinicy

Q0 {olnle]
{elolo] [s{slele]
. 000C0 [e3ulolsle]
. . . . . 3880 23380
Spatial Diffusion of Epidemics 8358
Wen, Tusi-Hung Wen, Tzsi-Hung
Center for GlScience, Center for GlScience,
e ror o Academis Sipicy
000 o
0000 o200
000C0O [slalslele]
38680 25280
Measuring Time: Time Patterns 8338 Identifying Space-Time Patterns 8838
¢ Trends Spatlal patterns !
e Change between two time points Space-Time
o Cycles
. . . Diffused
e Change over a recurring time period -
e Impact §
e Change between before and after E
&
£ 1 scue
=LAl
- - Wen, Tasi-Hung

Wen, Tzai-Hung,
Center for GIScience,
Acaddeia Sinica

Centes for GlScience,
Academia Sigica
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Flow Model: 83380
Net Migration in the United g388°
States

Geo-
visualization
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Wao, Trai-Hang
Canter for GISciance.
Academia Sinica
0020
39 . 89§8P
80d60 . . . . o 2860
Cartogram 8o, Virtual Reality & Digital City 8355
6000 Ittt
Relaxation of contiguity and shape constraints 0808 - Toward 4_D GIS Ogug
’ : ANTARCTICA www-personal.umich.edu hies
Centr o GlSeewe, Coa o GiSincn.
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o 002
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83¥23{1948) = BRI036(1961) &£ 131049{1974) i
o A L= < S L o~ i
o
i~ Wen, Tui-H\ln!
::nl;:; gl';?‘enn, i::;e:ﬁx slfamu.
Academia Sipica WAl ISHO L -

35




000 oI S)
0000 [s§stetel
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35535 82230
8332 4-D Landscape Changes 8253
Wes, Tesi-Hung Wea, Toai-Hung
Center f i Center for GiScience,
Academia §in'n
003 000
S000 6960
: o | s gece
Review of the GIS Workshop | sgss " §3220
0909 %i éﬁ%*ﬁ =] 0993
o
e GIS Basics: What is GIS
o GIS Data Model 1LAERTRE FREAK
e Vector, Raster . . s .
e GIS Basic Functionality 2RE R ﬁﬁﬁﬁﬁilﬁtff@ﬁ&éﬁ RE
« Mapping
« Where things are (Location)
» Where the most and least (Attributes)
e Density
e Finding
e What's inside (overlay)
« What's nearby (buffer)
e Space-Time Patterns
e Mapping the changes .
s Geo-visualization, 4-D GIS
Wen, Tzai-Hang Wen, Tzai-Hung
Center for GlScience, Center for GlScience,
A i3 Sini: Acsdermia Sipten
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E-mail: wenthung@gate.sinica.edu.tw http://gis.sinica.edu.tw/
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