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Systems.are dynamic}*
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pboth space and time remains elusive
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Archaeology.&.palececology

SEOCUS on long-term change
SRAISOTon human-environmental
i{eraction
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ow to integrate these Iin research protocols?




3,}- Ge-time ‘modeling: iSSUesHor.
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Space-time modeling: iSSUESHor.
ent methods
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Space-time modeling: ISSUesHorn.
Gulrent methods
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SIIESE ) Unwarranted regional
BELEIallzation across variable space

High'resolution spatial record for a few time
EDENIO0SS "mm) past as a sequence of snapshots
eee=ith change happening invisibly between (or
Stepwise change)

* Conceptualizing rich socioecological variation
across space and complex dynamics through
time desirable but difficult with current methods




dIrections In spacestime .

" state of modeled ecosystem at any given time (t) is in part a
function of ecosystem at prior time (t-1) and affects future state

(t+1)
— State of modeled ecosystem at any given locale is in part a
function of state in surrounding locales

* Test against archaeo-ecological record




difections In space-t
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< /W Hediterranean region
- Encompasses Wlde rapg(.—:- of &hlgh resolutlon study area
recological & social variation < |

Tracks initial spread of
agriculture & replacement of
foraging systems

Different trajectories to the

appearance of social 3| NI
2 - (s . ilometers franean region
complexity and urbanism P = e msoluﬂbnsmgyarea
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[lereranean Landscapess

mics Project =
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= *All'linked within a GIS framework so that change
In one module can affect state variables that
serve as Input to another

* Test and refine against rich archaeological and
paleoecological record




DYIamic spagg—timemad%hg‘"

eslinterlinked modeling
environments in GIS
platform

®=Dotential landscape
= model
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== — Reference landscape

= chronosequence o inital state

& validation

- Agropastora' at various stages
socioecology model




proecesses and Iandcover
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Terrain
modeling:
multi-yr. steps

Climate
model
(temp&precip)
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DYNIdMIC space-time mcadéﬁﬁg"’

SRElErence landscape chronosequence: surface
processes and landcover

— 1 |

Modern
DEM Paleo
terrains =
Geological (DEM’s)
data ¢
Archeological Prehistoric T
settlement
data
& landuse




Information Inputs
Temp. extremes
Precip. amt & dist

Terrain characteristics

Current vegetation

Decision
Algorithms

Aent Modelin

Settlement
Establish
Shrink/grow
Abandon
Location

Landuse
Location/extent
Cultivation (which crops)
Pasture (which animals)

Settlement &
landuse impacts
on terrain &
vegetation
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DYNEMIC space-time modeling ™
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IMate (—) surface processes &
landcover (= agent simulation
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Modeling \ - —
Settle}nent

& landuse
modeling
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Terrain
modeling: o
multi-yr. steps




\VL alization & analyzmg Space-..

= ,How can we represent n-dimensional data
In'2 dimensional media?

* How can we compare and evaluate results
quantitatively?
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ViStalizing-ecologicalsddynamics™
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* Alternative methods of visualization and
analysis to complement animation




coloéical-dwéﬁfc?’
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Example from
the Penaguila
Valley, Spain

Terra ASTER
iImagery for
2000-2004

— Decorrelation
stretch of bands
1-3

— Landcover
change

Analysis with
GRASS GIS
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Vistalizing-ecologicalsdynamics™

SSaCked surfaces/landscapes
=2Can evaluate change better than with animation
=2Good for major changes
BNistalalignment (cell to cell) difficult for detailed evaluation

SWroplematic with high temporal resolution--I.e., many stacked
o landscapes
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ViSUdlizing ecological dynamics

oStacked surfaces with a
cutting plane. Color
plends from each surface
INto next
=SSolves alignment problem &
! ..‘.-f‘—‘ “Allows detailed
visualization of change

across multiple time
Intervals

— Can only show a space-
time transect (i.e., one
dimensional space)
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ViStUalizingrecologicalsddynamics™

SRS tacked surfaces with movable cutting plane
SR ermits interactive viewing of multiple transects




siinterpolation

4D shapes that
—— = Simultaneously
~show...
— 2D space (x,y)
— Time (2)
— Socioecological
variable (w)
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ViStializingecologicalsdynamics™

SBSIV/S'showing
dynamics in
omponent 1 of PCA
erra ASTER vnir
=bands 1-3)
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~ \/alues = 200

* Proxy for barranco
vegetation, mostly
pine
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SIS Of spatialftemporalle =
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& across space and time together
* Brief survey of potential directions
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ARalysis of spatialtemporali =
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J/r mics

Ic.change analysis. Normally for
SUrface pairs

red=positive, blue=negative




Coefficient of variation (2000-2004). Terra
ASTER PCA component 1. Red=high, blue=low




ARalysis of spatial-t -
dlySIS Ol SPA |a-ernp0ra -

dynamics

S hiange analysis for STVs
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MARalysis of spatial‘temporalle -
o .‘
dyhamics =

Eenange analysis for STVs (STV[2002-2004]-
SIV[2000-2001])

2002-2004 > 2000-2001 2002-2004 < 2000-2001




= applied to surfaces and point distributions can
potentially be applied to volumes
* Example of ways to address new challenges
posed by modeling human ecology across space
and time
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SRASS 35 platform for eco=s
GUtL rI mOodeling -

4 Qurce
=S\odifiable, scriptable
= uti-‘platform
| PL licensing for access and dissemination
= nternationalization
4 |ch suite of modeling tools (e.g., r.le, r.neighbors, r.mapcalc)
:__,=-3D volumetric tools .
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RE Biocomplexity in'the Environment Program,
CS 0410269

_I:hternational Institute for Sustainability

=S Partners: Universitat de Valéncia, Universidad de
Murcia, University of Jordan, North Carolina State
University, University of Wisconsin, Hendrix College,
Geoarchaeological Research Associates, GRASS GIS
Development Team.




