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Applied 
omputational spatial statisti
swith RRoger BivandE
onomi
 Geography Se
tion, Department of E
onomi
s, NorwegianS
hool of E
onomi
s and Business Administration, Bergen, Norway.roger.bivand�nhh.noSummary. The R programming environment and language for data anal-ysis and statisti
s attra
ts many 
ontributions be
ause of its ri
hness and�exibility. The wealth of 
ontributions is however something of a 
hallenge,be
ause 
ontributions sometimes do not work well together, and may bedi�
ult to �nd. Admitting approa
hes that do not spring dire
tly fromBayesian prin
iples seems fruitful, be
ause sampling from the posteriordistribution of the parameters of a �tted model may also yield mu
h in-sight. Indeed, sampling from analyti
ally unwieldy problems has a longtradition in point pattern analysis, and both parametri
 and permutationbootstrap are o

asionally used in areal data analysis. Examples will begiven using data sets a

ompanying pa
kages, and an extended examplewill use garbage data.





Interfa
ing R and OSGeo proje
ts: statusand perspe
tivesRoger BivandE
onomi
 Geography Se
tion, Department of E
onomi
s, NorwegianS
hool of E
onomi
s and Business Administration, Bergen, Norway.roger.bivand�nhh.noSummary. Over the four years sin
e the previous StatGIS 
onferen
e,the handling of spatial data in R has advan
ed substantially. This hasinvolved the dire
t interfa
ing of OSGeo (open sour
e geostatisti
al) soft-ware proje
ts and 
ontributed R pa
kages, 
hie�y GDAL/OGR, and theimplementation of spatial data 
lasses in R (the sp pa
kage). A numberof ar
hite
tural 
hoi
es are available for pla
ing R and GIS software anddata storage 
omponents. An interfa
e has been written for GRASS 6,whi
h also allows R to be used with the GRASS plugin in QGIS; R 
analso be used in QGIS via Rpy and Python. Sin
e both GDAL/OGR andGRASS interfa
e databases, spatial data 
an be moved to and from R in a
lient/server framework, in addition to desktop operation. In addition, theaRT R-Terralib link will be mentioned brie�y.





Spatial E
ology: Putting the Myths intoPerspe
tiveMarie.-J. Fortin1 and Mark R.T. Dale2
1 Department of E
ology and Evolutionary Biology, University ofToronto, Canadamjfortin�zoo.utoronto.
a
2 Department of Biologi
al S
ien
es, University of Alberta, Canadamark.dale�ualberta.
aSummary. A major aim of in
luding the spatial 
omponent in e
ologi
alstudies is to 
hara
terize the nature and intensity of spatial relationshipsbetween organisms and their environment. The growing awareness by e
ol-ogists of the importan
e of in
luding spatial stru
ture in e
ologi
al studies(for hypothesis development, experimental design, and statisti
al analy-ses) is bene�
ial be
ause it promotes more e�e
tive resear
h, but it hasa negative aspe
t as we fa
e some problems if there is spatial auto
orre-lation in our data or other problems even if there is none. Here, we putthe 
on
eptual and statisti
al issues 
on
erning spatial auto
orrelation intoperspe
tive by presenting them as a list of myths and 
hallenges. We de-s
ribe the problems for in
orporating spatial 
onsiderations 
orre
tly in theanalysis of spatially heterogeneous e
ologi
al systems but we also outlineapproa
hes to solutions to those problems.





Spatial Asso
iation Between Spe
iatedFine Parti
les and MortalitySujit K. GhoshDepartment of Statisti
s, North Carolina State University, USAghosh�stat.n
su.eduSummary. Parti
ulate matter (PM) has been linked to a range of serious
ardiovas
ular and respiratory health problems, in
luding premature mor-tality. The main obje
tive of this resear
h work is to quantify un
ertaintiesabout the impa
ts of �ne PM exposure on mortality. A multivariate spatialregression model is developed for the estimation of the risk of mortality as-so
iated to �ne PM and its 
omponents a
ross all 
ounties the 
oterminousUnited States. Di�erent sour
es of un
ertainty in the data and model areexplored using the spatial stru
ture of the mortality data and the spe
iated�ne PM. A �exible Bayesian hierar
hi
al model is proposed for a spa
e-time series of 
ounts (mortality) by 
onstru
ting a likelihood-based versionof a generalized Poisson regression model that 
ombines methods for point-level misaligned data and 
hange of support regression. The results seemto suggest an in
rease by a fa
tor of two in the risk of mortality due to�ne parti
les with respe
t to 
oarse parti
les. This study also shows thatin the Western United States, the nitrate and 
rustal 
omponents of thespe
iated �ne PM seem to have more impa
t on mortality than the other
omponents. On the other hand, in the Eastern United States, sulfate andammonium explain most of the PM �ne e�e
t.





On the Importan
e of Being SpartanDionissios T. HristopulosGeostatisti
s Resear
h Group, Department of Mineral Resour
esEngineering, Te
hni
al University of Crete, Gree
edionisi�mred.tu
.grSummary. An
ient Sparta was a Greek 
ity state famous for its militaryprowess and the frugal lifestyle of its 
itizens. This presentation gives anoverview of the 
urrent state of development of Spartan spatial random�elds. The only 
onne
tion between Sparta and Spartan spatial random�elds (SSRFs) is the hope that the latter 
apture in their de�nition thespirit of frugality. The mathemati
al properties of the SSRFs that dis-tinguish them from 
lassi
al SRFs will be dis
ussed. Then, the distin
tpossibilities o�ered by the Spartan framework for parameter estimationand spatial interpolation will be brie�y presented and juxtaposed with the"
lassi
al" geostatisti
al approa
h, whi
h rests on variogram estimationand kriging. Links to Markov random �elds and statisti
al physi
s models(i.e., the Ginzburg-Landau model) will be dis
ussed. Some te
hni
al issues,su
h as sele
tion of a suitable step in
rement for the sample 
onstraints willbe highlighted. Case studies that involve real data will be presented. Fi-nally the talk will tou
h upon open questions and perspe
tives for futuredevelopment of the SSRFs.





Big Problems in the Spatial Epidemiologyof Can
er: Human Mobility, Empiri
alIndu
tion Period and TimeGeo�rey M. Ja
quezDepartment of Environmental Health S
ien
es, S
hool of Publi
 Health,University of Mi
higan, USAja
quez�biomedware.
omSummary. We live in a dynami
 and ever-
hanging world, 
hara
terizedby daily, weekly and seasonal 
y
les (e.g. air quality di�ers from night today; hospital admissions often peak on Mondays; vegetation 
hanges dra-mati
ally from winter to spring), longer term trends (e.g. global warming)and episodi
 
hanges (e.g. Katrina). When 
onsidering 
an
er, exposuresto potential 
ar
inogens 
an 
hange through time and vary from pla
eto pla
e, and people move through this exposure milieu on daily, weekly,annual and longer time s
ales. Until very re
ently analyses of 
an
er out-
omes su
h as in
iden
e and mortality have used pla
e of residen
e at timeof diagnosis or death to identify where and when the out
ome took pla
e.While this may be useful for assessing proximity to health servi
es (e.g.where s
reening and treatment fa
ilities should be pla
ed), it 
an yield apoor and even misleading view of where and when potential 
ausative en-vironmental exposures may have o

urred. This talk presents some of thesalient obsta
les in the spatial epidemiology of 
an
er, along with some pos-sible solutions at the interfa
e of Geographi
 Information S
ien
e, medi
algeography and spa
e-time statisti
s.





Data Pro
essing and Analysis ofUn
ertainty in Interpolation and InverseProblemsPeter K. KitanidisCivil and Environmental Engineering, Environmental Fluid Me
hani
sand Hydrology, Stanford University, USApeterk�stanford.eduSummary. In interpolation and inverse problems, the obje
tive is to iden-tify a distributed parameter (e.g., one varying in two or three spatial di-mensions) from sparse data. Although the true unknown is unique, the dataare insu�
ient to identify a unique answer. Probability theory utilized byan appropriate inferen
e method, su
h as Bayesian and geostatisti
al, as-signs weights to solutions 
onsistent with the data. In this talk, we dis
ussopportunities and 
hallenges in sto
hasti
 methods for interpolation andinversing, su
h as: The need for adopting a logi
al, self-
onsistent, andhonest system of inferen
e; the need to stay "
lose to the data", by apply-ing 
ross-validation and other tools that test the theory against the data;the need for pra
ti
al and e�
ient 
omputational methods that 
an solvea
tual problems without overly restri
tive assumptions.





Developing Distan
e Metri
s to ExamineE
ologi
al and Geographi
al FlowsDavid M. TheobaldDepartment of Human Dimensions of Natural Resour
es, Colorado StateUniversity, USAdavet�
nr.
olostate.eduSummary. Typi
ally both spatial analysis in GIS and spatial statisti
s(and geostatisti
s) rely on simple distan
e within Eu
lidean spa
e. Re-
ently, in an e�ort to shift analysis from form to a 
on
ern for pro
ess thatde�nes geospatial dynami
s, resear
hers are 
alling for the 
omputation ofdistan
e metri
s that better 
apture the pro
ess of interest (e.g., e
onomi
distan
e or hydrologi
 �ow/
onne
tivity). In this talk, we provide examplesof developing e
ologi
ally relevant measures of hydrologi
 �ow to predi
twater quality and salmon habitat, and geographi
ally relevant measures ofhuman intera
tion for a demographi
 model. Some traditional geostatatis-ti
al approa
hes may be inappropriate be
ause they rely on assumptionsof symmetry (in distan
es) and non-negative, de�nite 
ovarian
e matrix.We provide two options to avoid these di�
ulties.





Optimal Design, Management and EnergyConservation of Environmental SensorNetworks (ESNs)T. TsiligiridisInfoLab, Agri
ultural University of Athens, Gree
etsili�aua.grSummary. Environmental Sensor Networks (ESNs) usually 
onsist of alarge number of low-
ost, low-power, multifun
tional sensor nodes thatare small in size and 
ommuni
ate in short distan
es. One of the mostimportant limitations in their operation is energy 
onservation. Most ofthe existing approa
hes to optimal network topologies for power 
onserva-tion do not take into a

ount the prin
iples, 
hara
teristi
s and require-ments of the spe
i�
 appli
ation that sensor networks are used for. Whenthese fa
tors are 
onsidered, then the problem of optimal design and man-agement of ESNs be
omes mu
h more 
omplex. This is the reason whyseveral heuristi
 algorithms, 
apable of �nding good solutions in 
omplexsear
h spa
es where 
onventional analyti
al te
hniques may fail, have beenused in appli
ation-spe
i�
 WSN designs. In the past two de
ades, di�er-ent kinds of optimization algorithms have been designed and applied tosolve real-parameter fun
tion optimization problems. Some of the popularapproa
hes are real-parameter EAs, evolution strategies (ES), di�erentialevolution (DE), parti
le swarm optimization (PSO), evolutionary program-ming (EP), 
lassi
al methods su
h as quasi-Newton method (QN), hybridevolutionary-
lassi
al methods, other non-evolutionary methods su
h assimulated annealing (SA), tabu sear
h (TS) and others. However, in mostof these approa
hes, either very limited network 
hara
teristi
s were 
onsid-ered, or several requirements of the appli
ation 
ases were not in
orporatedin the performan
e measure of the algorithm.Geneti
 Algorithms (GAs) is one of the most powerful su
h heuristi
s. Theirsu

essful appli
ation in a sensor network design has led to the development



20 T. Tsiligiridisof several other GA-based appli
ation-spe
i�
 approa
hes in ESN design.More spe
i�
ally, network design 
an be investigated in terms of a
tivesensors pla
ement, 
lustering and signal range of sensors, while perfor-man
e estimation in
ludes, together with 
onne
tivity and energy-related
hara
teristi
s, some appli
ation-spe
i�
 properties of environmental mea-surements 
olle
tion, like uniformity and spatial density of sensing points.A more integrated GA approa
h will be addressed, both in the dire
tionof degrees of freedom of network 
hara
teristi
s and of appli
ation-spe
i�
requirements represented in the performan
e metri
 of the GA.


