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VWhat geography?

“Geography Is what geographers do"
“Geography Is the study of the earth and its features

and of the distribution of life on the earth, including
human life and the effects of human activity.”

“Geography is the study of physical and human

landscapes, the processes that affect them, how and

why they change over time, and how and why they

vary spatially. ~

Physical geography & human geography

= Physical geography : geomorphology, hydrology, climate
and meteorology , biogeography, soils, geology...

= Human geography: urban, regional, environmental
planning; cultural; economic; political; transportation ...
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« 20tHZ2HnTLAED
u Bﬁlﬁ‘l‘
« 18fH72 : Alexander von Humboldt: the systematic
* Carl Ritter, 1820, fHM AR (T
*  Oxford, 1899, School of Geography
*  Cambridge, 1919, BA degree
. =|F :
* 1870s S=[EESREIIHBEEIAGRIUE , 1898 I AFIXEMIER
*  1904FEEHIEZ2IIAAG
* Louis Agassiz, 53t 1848, uk)||FEi
William Morris Davis,l&{3t 1880s : MiR= , FRRE—| ] HAMIER
Ratzel; #ZBlG , BASIME
Semple 1903 : INEREIS
Richard Hartshorne 1939: ZS[g]254k,
« Carl Saver: AEIEENH
« 1947 : I§3EKZAHIIEZR , “not a university subject”

* Followed by Michigan, Northwestern, Chicago, and Columbia universities
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« 20T LA
= TT=eEnp , 1950s : “guantitative revolution”
%15 W s ) P Y =
» 1980sf5 =%
s G IS&{%;%s{’t
« I53EH=[A]F , 2006 : The Center for
Geographic Analysis (CGA)
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The nature of geographic knowledge

— R. Golledge (2002)

“In the latter part of the 20th century there has been a substantial
change in the nature of geographic knowledge. Throughout most
of the history of the discipline, geographic knowledge has been
declarative — I.e., it has focused on collecting and representing
the physical and human facts of existence. In the latter part of this
century there has been a change from inventory dominated
activity to the creation of knowledge generated by emphasizing
cognitive demands, such as understanding N
addition to . This has required a change from an
emphasis on form to an emphasis on process.”

‘Understanding Human-Environment Relations (HER) has been a
constant theme throughout the history of geography.”



he nature of geographic knowledge

— R. Golledge (2002)
Purposes of:developing geographic knowledge

1. Increasing our understanding of place-to-place
relations and variations;

2. obtaining a more complete base for interpreting
human-environment relations at scales ranging from
personal to global spaces;

3. assisting us to think about the spatial arrangement or
organization of features, interactions, and relationships;
4. facilitating the performance of efficient and effective
Spatial behaviors.
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Geegrapnic representation

Geographic representation plays a central role
o establish correspondences between
theories and the world (Raper 1999) and to
guide human actions within the world (Peuquet
2002)



GIS:: SOEEPE}:EI’JIEYBFE%

1980s: Raster vs. vector
1988, LLangran: In GIS
1992 , Couclelis:

- R\T%(object)- Ve | SR EE S

-

-

-

x 37 (field): Q}I}L% FoSrm
VS.
* 1988, 1994 Peuquet process
What/where/when
VS.
Where #=——————————— When H OW/ Why

Figure 2. The basic components of the Triad frame-
work.

1994



GIS -> GlIScience

= 1992, Goodchild: Geographic information
Science

= UCGIS long-term research agenda :

Spatial Ontologies, Geographic
Representation, Spatial Data Acquisition and
ntegration, Remotely Acquired Data and
nformation In GlScience, Scale, Spatial
Cognition, Space and Space/Time Analysis
and Modeling, Uncertainty, Visualization, GIS
and Society, Geospatial Data




“...the growth of GlScience has led to an
Increased interest in form, leaving inference
about process entirely outside the system.”

— Goodchild (2004)

Hh &
GIS #¥E

[ 2 H AR A - Form
418 (ontology) (RZF)

I8 Cuncertainty and fuzziness)

HAE1Z24E (data mining)
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Christopherson (2002) :

Process: “a set of actions or mechanisms that
operate In some order, governed by physical,

chemical, and biological laws.” (—Z&%ljiz—F

txl, &, ARERIEITRED)

Goodchild (2004) -
Form: “how the world looks” (F2%R)

Process: “how the world works” Gz{E)



gz = =% + i

(Process = Form + Mechanism)

— (Yu, 2005)
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Data

“ raw and uninterpreted facts
(REWFRERIE 5D

Infermation

© interpreted fromdata (AR
£ with meaning attached (& )
< what/where/when/who

€ fragmentary and less organized
(ZHD

Knowledge

© cumulative understanding of
information (AR5 E)

€ well organized (HZE)
“ how/why

© linked to judgmentand actions
(e AT HIBT AN TR SAT )




Throughout most of the history of the
discipline (i.e., geography), geographic
knowledge has been declarative — i.e., it has
focused on collecting and representing the
physical and human facts of existence. In the
latter part of this century there has been a

change from inventory dominated activity to
the creation of knowledge generated by
emphasizing cognitive demands, such as- . _
understanding 'why' and 'how' in addition to

'‘what' and 'where'. This khas required a

€ raw and uninterpreted facts

£ with meaning attached

€ interpreted from data

£ what/where/when/who

@ fragmentary and less organized

change from an emphasis’on Data
emphasis on ’ o

Information
— R. Golledge (2002)

Knowledge

£ cumulative understanding of
iInformation

© well organized
£ how/why
€ linked to judgmentand actions




How people understand the world How people play roles in the world

. Policies
*il Conceptualization e SN e plar_\s_ i
: "‘:'ril -~ e .'!' L N i ] Re||g|0ns :

e
1 P,

H"!]r i

o

o PR R - e . Morals
s P SN e  Beliefs
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Toward a new geographic
[epresentation framework

« GeoAgent

= GeoAgent as a basic representation
component for goal-driven, social behaviors

= Future GIS: Field , Object , GeoAgent , time

*« Data centered representation ->
knowledge-oriented representation







RGTiEmE

(Luck and d’Inverno 2001)

Environment

SE{R  (Entity) : acollection of attributes

ﬂ;iﬁ CEnvironment) : a collection of entities
¥J& (Object) :an entity with a set of actions
EEES (Agent) :an objectwith goals

3 B FEHEEEE (Autonomous agent) : a self-motivated
agent that pursues its own agenda




HREMS: oz, WAL, WME

® T4 = EEIN?

« Shoham (1993): have mental states, such as knowledge,
pelief, intention, and obligation

« Franklin and Graesser (1997): are systems situated within
and a part of an environment that senses that
environment and acts on It, over time, in pursuit-of their
Own agenda and so as to effect what it senses In the
future

= Jennings et al. (1998): are characterized with
Situatedness, autonomy, flexibility, and social ability



Object vs. Agent

® Y= (Object) S5E &M (Agent)
(Zambonellr, etal. 2003)

= EEER
« JisyBH=E (Autonomous)
« 5B8%s (Goal-driven)
« fE&1: (Social)

. X
« s, BE (Non-autonomous)
« ;B%r (No goals)

« 1TAMINSIBESN (Passive activities only driven by
external forces)




GlIScience A E

® X% (Object) vs.17 (Field)
= Couclelis 1992: {43 =[5 FF1i7
= Cova etal. (2002): =&l vs. EEZIR
< i RE, SEF
R (HEZE) : AR, BIRERSE

® B= ﬁkz% BRI ER AR AR S EEE, B
HY, <7 E , HEWME OBz BT




IR E EEIR (GeoAgents)

o EGIScienceEJﬁffE_S(‘f?R/iﬁE%u, R L
BRIS R BE 1T /AR E 7N LT
® [ x4%5= (Yu, Peuquet 2009)

o It Is a representation component (i.e.
designating something in the geographic world);

o It has goals;
o It Interacts with a geographic environment; and
o It Is used in a geographic application context.

5
=




— RIS FERIRAHELL: FOTAR

(Field, Object, Time, GeoAgents, Relations):

@

Object \/ Field

Time
Yu 2006, in submission



The FOTAR framework

* FOTAR (Field, Object, Time, GeoAgents,

Relations)
« Field: natural & social

= continuous space

= With driving forces GeoAgent
2

= Discrete features

= Passive reactions

* GeoAgents
= Special objects

= \With motivation and social
characteristics

* Time: dynamic




(A) (B)

How people understand the world How people play roles in the world

\ Policies

. plans .
. Religions :
. Morals |
. Beliefs

Conceptualization
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o HEHiRA.
» TR ERFR
» FITRMENZS A
o FUSEIEAT IR TR
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» FFFREHKKFR

® TRAG:
« AFFRIEIT AN AR . FH...”)
= AT B

o AT ERIK

= DHINHIAIIRFRIA

= MEITHS




FRILARHIAN

® Lkl Y =f(x1, x2, ...xn)
2% T

L)
* T

« NET
« FETERIEAL, A




R

FRILARHIAN

(EFRILKRZR, INETEFRIBIT)

Frames (Minsky 1975)

Semantic networks
(Collins and Quillian, 1969)

Concept maps
(Novak and Gowin 1984)

Conceptual graphs
(Sowa 1984)




FRILARHIAN

ERAG

« FIHITH

= HojiEE

= |F...THEN 0

« 1B EESEPINmAE
DI HIFIR ZR 5




o I HIE R AEAE, XImMERE, K

Erﬁ%

® B {ERE—3N A I H ZRs it 3
&E’J’E Lt

- BE

“To solve really hard problems, we’ll have to use
several different representations.”

— M. Minsky (1991, p38)
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S [ (X 7K Y S B i
® §t[XIKZ 5 “
(community water systems (CWSs)): W T’etent

= £ =3E554000 CWSs

n IRIR M NIRRT

= fE 1242, 6812 N\ OHY H = 7K
o« K BRFRIA R S

» EK R E TR B A B AL




MODFLOW

f_'.} . r:.}t'l ! r:_} .-
- = |T=—| K
X oxX | dy

>

cﬂ"i'"'"“ Zone b Aquﬁ_&r_ i

Confining Zone

Injection Zone

Figure from EPA, 1999.
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FHFOTAR#9iZ% RE A 535
HHEE{ERETE
o K =IEEE 91

E: Environmental Protection Agency
(BB REEEERENRIREAR)

D: Department of Environment Protection

(MEFRBEREEMNRERNBIEFER)

D
i
® NN C: Community water system(#: XK &%)
K ﬁ A ﬁ ﬁ ﬁ ﬁ F: Fire department (=X 5 Kk #B17)

P: Power company(B /1A E])

© (O M: water manager (/K RZ&3)
K A K K KK Kﬁ O: water operator K RZBIER)
P U: water users (FH7KF)



RA %%

o ETHHEREHIFIIE RS (GeoAgent—based Knowledge
System)
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& The Concept Map a id GeoAgents
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How people understand the world How people play roles in the world

. Policies
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Conceptualization

Geospatial databases
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Name of the C'WS: College Township CW3
Emergency: Fower outage
Corrective actions:

Station A and Btation B are considerably dependent upon electric power. The operator
should visually inspect the stations for smoke, fire, or alarms causing or resulting from power
failure. The operator should determine whether the entire station or only portions of the station are
without power. The operator should deterrmune 1f the station tself or the surrounding area is
without power. The operator should contact the local power company or an electrical contractor. If
the power failure 15 the result of the local power company, the operator should call the power
cormpany and inform the power company that a part or the whole public water system has been
effected, and find out how long the power outage 15 expected to last. If the power outage 15 short
term (less than two hours), the existing storage facilities should be able to supply the water
system. If the power outage 15 expected to last more than two hours, the following procedures
should be followed:

1. Emergency generator: obtain, connect, and use emergency generator to operate the Station A
If Emergency generator 15 not an option then,

2. Emergency interconnection: operate to the extent possible.

3.  Restrictive Water use: contact the local fire departments, local radio station, and newspaper.

4. If the system pressure drops below 20 PEI (Pounds per Soquare Inch), additional boil water
order restriction must be 1ssued and notification to the public.
Water hauling.




S T3

Name of the CWS: College Township CWS
Emergency: Power outage
Corrective actions:

[Sentence group 1: checking the causes of the power outage]
The station is considerably dependent upon electric power. The operator should visually inspect the
station for smoke, fire, or alarms causing or resulting from power failure. The operator should determine
whether the entire station or only portions of the station are without power. The operator should
determine ifthe stations or the surrounding areas are without power.

[Sentence group 2: determining how long it will last]
The operator should contact the local Power Company or an electrical contractor. If the power failure is
the result of the local power company, the operator should call the power company and inform the
power company that a part or the whole public water system has been affected, and find out how long

the power outage is expected to last.

[Sentence group 3: taking actions to recover water supply]
If the power outage is short term (less than two hours), the existing storage facilities should be able to
supply the water system. If the power outage is expected to last more than two hours, the following
procedures should be followed:
1. Emergency generator: obtain, connect, and use emergency generator to operate the Station A. If
Emergency generator is not an option then,
2. Emergency interconnection: operate to the extent possible
3. Restrictive water use: contact the local fire departments, local radio station, and newspaper.
4. If the system pressure drops below 20 PSI (pounds per square inch), additional boil water order
restriction must be issued and notification to the public.
5. Water hauling
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= Mo power: assert power cotiparsy
failure
= Power: assert station failure
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(1) the goal and high-level tasks of the power outage plan:
IF (Power == power_outage)
StateUpdating: (1) power_outage = true
(2) goal =water_supply_recovered
(3) goal_status = not_achieved
Tasks: (1) identify causes
(2) identify lasting time
(3) to recover water supply
(4) determine boil water order

(2) the task of recovering water supply:
IF (task == recover_water_supply && goal_status == not_achieved)
Tasks: (1) use the stored water
(2) check generator
(3) check interconnection
(4) restrict water use
(5) check system pressure
(6) water hauling
(7) withdraw the current task
(3) the actions of using generator (i.e., from the other part of the emergency plan):
IF (task == check_generator &&
emergency_generator == available &&
goal_status == not_achieved)
Actions:(1) check the generator's fuel and oil level
(2) connect generator leads to external terminal box
(3) put Off-Auto switches for High Senice pumps to the Off position
(4) use key interlock to open the main circuit breaker
(5) use key interlock to close the standby generator breaker
(6) start generator when the breaker is closed
(7) goal reached: water_supply_recovered
(8) withdraw the current task
(9) withdraw the current goal
StateUpdating: (1) goal_status = achieved
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(defrule check system_pressure
IF (task = = check_system_pressure && system_pressure ¥ = below_20_PSI)
Actions:
(1) query the names of the newspaper and radio station
(2) sendACLMessag to the newspaper and radio station =>
action: broadcast; content: boil_water needed_ for CollegeTownship_water users
(3) withdraw the current task
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Questions

Do wou understand the concept
maps?

S

Expected answers

Yes

Number of students
who addressed the
ans

7

wers
100%

Mo

0

0%

Zan you explain why the
Aaronsburg CWES was trying to
abandon its previous primary water
source, VWell #37

Limestone aguifer, sinkhole, poor
wiater gquality

100%

ERA SDWWAA 1996

71%

DEF SWIF test 1997

1%

New Vel 4 (2003

14%

Zan you imagine what problem the
Aaronsburg CWWS system now is
facing?

Financial problem

1%

Don't know

29%

Can you explain how Upper
Halfrmoon CWS has developed into a
modern CWS over the past 40
years?

Drought 1264 formation of the CWWs

57%

Tiny CWS, poor water quality before
1990

100%

Growth of State College since 18705

71%

Incorporation of the CVWS and the
developers in 1990

36%

Mew sources since 12390

6%

Fopulation growth, more income,
modernization, since 19380

100%

Zan you describe how the Millheim
CWWS responded to the snow storm
in 19957

Snow knocked down the tree, cut off
the power line: power outage

100%

Fower outage: lowerad the water
pressure, alarmed the operator

100%

Operator: using generators

100%

Can you explain why the smaller
Fhilips Creek, instead of the larger
Elk Creelk, is Uused as the primary
wiater source for the Millheim CWvS?

Fhilips: protected by forest, less
pollution

100%

Elk: exposed to farmland, natural and
agricultural pallution

100%

Wyith the spatial map, do you think
you can understand the concept map
better?

Yes

26%

Mot really

14%
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“|'guess the (geospatial) map will show me the ‘what’, the ‘what' of the
(water) systems, but not necessarily how things work: or the 'how' and
y'; (such as) where things are; why they are; and how things operate

Wlthln a (water) system. The (geospatlal) map will show me kind of ‘what'
and 'where', but not 'how' and ‘why’, really. "

“The (geospatial) map shows relationships based on space, but not
necessarily based on causes and effects. On the concept map, the
linkages show, you know, this IS required by that', 'this is equal to this',
this includes this', or ‘has this', or ‘is based on that'. And those terms add
knowledge to the concept map. But you don't get it in (geospatial) maps."

“The GIS software would not have much information on it. It is not very
meaningful ifyou only know where the location is. It is better to have both
Information (I.e. the knowledge layer) and location."

"You can see the story, the history, very quickly... So you can see the
history, why these things happened. For example, | can see here,
because of the vulnerability to drought (i.e. the drought of 1999 on the
Millheim concept map), they switched the source (from Philips Creek) to
Elk Creek. "

"I think It (I.e. the concept map) Is better than having a narrative
para%raph and then looking at the (geospatial) map. It allows seeing the
two things (i.e. the concept map and the geospatla map) It's very nice...
(1) could get a lot of knowledge very guickly."




#eRITE RIFIR

IS able to represent the complex process of
human-environment interactions

can be useful for policy makers to test their
operational rules

IS a very useful tool for training new
employees

can be valuable in supporting quick decision-
making In emergency situations
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* A universal geographic model?

FREE. B R 7

Universal natural rules
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Universal social behavioral rules?

ANZA) , 1EASE ;1B , ST

Individual motivations: Maslows hierarchy of needs
oK

Economic drivers: Cost/benefit
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Soclal fields: laws, customs, religions
AR I UL

Distance mrality

creativity,
= spontaneity,
EE % Yz l)_l IJ problem solving,
A lack of prejudice,
Self-actualization acceptance of facts
self-esteem, confidence,

achievement, respect of others,
respect by others

friendship, family, sexual intimacy

Love/belonging

security of: body, employment, resources,
morality, the family, health, property

breathing, food, water, sex, sleep, homeostasis, excretion

Physiological
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