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10 All politics is spatial 
Integrating an agent-based model with 
spatially explicit landscape data 

H al T . N elson) Nicholas L. Cain) and 
Z ining Y ang 

"A ll po li tics is loca l. " 

(O'Neill and J-l ymel1
) 

Ti p O' Neill 's fa mo us quote is a pith y way to int roduce the to pi c of inte­
gratin g rea l-wo rld data in to agent-based modeling resea rch. 2 O 'N eill 's 
trui sm st resses th a t po liti cians have to know their constituents in o rder to 
win electi o ns, and th a t these constituents a re prim a ril y concerned about 
loca l iss ues . Fo r exa mple, what matte rs to a person in Ca m brid ge, .M assa­
chusetts, ho me to H a rvard and MIT, o ften is very different fro m wha t 
matte rs to a res ident in blue-co ll a r south Boston , where up to 75% o f 
househo lds ea rn less th a n US$30,000 per yea r. 

If one accepts th e premi se th a t loca l iss ues a re defin ed in la rge measure by 
loca l insti tuti ons, demographi cs, a nd eco nom ic conditi ons- a ll o f which 
vary fr o m place to place-then the im pli ca ti o n is that a ll po liti cs is spatial. 
Seen thi s way, " loca l" is just a sy no nym for "spa ti a l," and thi s is es pecia ll y 
the case when it comes to iss ues of enviro nmenta l justi ce (EJ), fo r which 
geospa ti a l facto rs influence both the loca ti o n o f po lluti o n and th e "soci a l 
geography" of demographics .3 Anothe r im pli ca t io n is th at urban susta in ­
ability is inherent ly a spatia l iss ue. Beca use o f thi s, agent-based models 
(ABMs) designed to stud y E.J iss ues ca n benefit grea tl y by takin g loca l spa t ia l 
data in to acco unt. 

Fo rtun ately, as the previ o us chapters have no ted , new approaches to 
simula ti on a re now a ll owing th e integrati o n o f rea l-wo rld data with th e 

rul e-based logic of th e compu ta ti o na l enviro nment. Integrat ing geos pati a l 
da ta ge nerated by geographic inform at ion systems (G IS ) with agent-based 
modeling techni ques opens up new vistas fo r theoreti ca l resea rch a nd es pe­
cia ll y fo r applied ana lysis of use to practiti o ners. Thi s is pa rti cul a rl y the 

case w hen the inte racti o ns of agents in an ABM, and subsequ ent emergent 
behavio rs, a rc conditi oned by properti es th a t va ry by loca ti on. For th e.: 
po li cy ana lys t o r resea rcher, G IS- ABM models ca n improve th e empiri ca l 
validity of exp la nations and provide decisio n suppo rt to po li cy makers. 

In thi s chapter, our first goa l is to introduce basic th eo reti ca l considera ­
ti o ns for fu sing G IS data and ABMs. N ext, we hi ghli ght th e adva ntages o f 
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coupling the approaches and exa mine some re levant softw are packages. We 
then present a spa ti a ll y expli cit multi-agent s imu la tio n, w hi ch we use to 
simul ate two scena ri os and ma ke some infe rences rega rding EJ concerns over 
the sit ing o f loca ll y unwanted land use (LULU) fa ciliti es. We conclude with 
po li cy a nd resea rch im pli ca ti o ns of o ur findin gs fo r urban susta ina bility. 

Integrating agent-based modeling with GIS 

T o begin , we di scuss key definiti o ns and theo reti ca l consideratio ns for inte­
grating spa ti a l da ta and agent-based models. Spati a l data models represent 
geogra phica l pheno mena either as d iscrete o bj ects on a layer o f da ta , o r as 
continu ous fi elds th a t fo rm surfaces . Jn th e di screte o bjects app roach, houses 
may be represented as po ints, highways as lines, a nd Census trac ts as po ly­
go ns. These rea l-wo rld fea tures a re defin ed by a ttributes, such as popul ati on 
density o r landsca pe cover, a nd by loca ti o n in a fas hi on th at a ll o ws pl acement 
on a computer-genera ted map. 4 

ln contras t , age nts within an ABM may conta in loca ti o n informa ti on and 
va ri ous da ta a tt ributes, but agent interactio ns, acco rding to va ri o us rul es, 
a re the focus. ABMs a re p rocess o ri ented and dyn a mic in tha t th ey simu la te 
the in te racti o ns o f age nts ove r t ime and have deta il ed schedulin g mecha n­
isms that guide agent behavio r. 5 The foc us of an ABM is o ften o n emergent 
pa ttern s th a t a ri se out of m icro- level inte ract io ns (as is described in the 
ea rli er chapte rs). On th e o th e r ha nd , G IS models a re da ta o ri ented a nd 
express the structure of entiti es in th e rea l wo rld in rela ti o n to each o th e r.6 

G IS models usua ll y empl oy a sta ti c tem pora l representa ti o n consisting o f a 
spa ti a l "s napshot " of th e arra ngement o f o bjects a t a given time. In summa ry, 
ABMs a re /Jrocess oriented a nd G IS models a re spatially oriented . 

Integra ted ABM-G IS models can be ca tegori zed as " loose," " modera te," o r 
"tight" acco rdin g to ho w da ta and process ing a re sha red across the models.7 

Loosely co upl ed models sha re fil es, often across separa te soft wa re packa ges, 
asy nchronously. Tn a loosely coupled model, it is o ften the case that G IS is used to 
prepare data fo r the ABM simulation, and then results a re returned for visua li za­
ti on to the G lS. M odera tel y coupled models have the ability to remotel y access 
and sha re data base in fo rmati on across the modules . T ightl y coupl ed models 
a ll ow the G TS and ABM compo nents to communica te with each o th er 
d urin g the simul a ti o n run. Al though t ightl y coup led models may run fas ter, 
they are usua ll y mo re d iffi cult to progra m. 8 R ega rdl ess of the degree o f co u­
pling, a n integrated model req uires ca reful considera ti o n o f its adva ntages a nd 
cha ll enges, and of the relat io nships between model co mpo nents . 

Advantages and challenges 

There a re severa l theo reti ca l a nd po licy-relevant advantages- and a lso d istinct 
cha ll enges-th a t Aow fro m integra tin g ABMs and G ISs. The first adva ntage 
o f integra ted models is their a bil ity to simu la te di stinct ind ividua ls a nd to 
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model emergence. Emergence has bee n characte ri zed as patterns a risin g fro m 
the local interacti o ns o f individual entiti es. 9 Being loca l, agent interac ti ons 
a re, a t least partia ll y, dependent on th e spatial terra in. 10 Thus, in simul at ing 
emergent behav ior, th e built environment and natura l fea tures are often 
important factors- pa rti cul a rly in la nd- use plannin g and ana lys is of EJ 

iss ues. For insta nce, ca nyo ns and hi ghways can inhibit o r expedite th e 
movement a nd interact io n of agents and pollutants. O r, di scontinuiti es in 
terra in a nd the bui lt environment ca n lead to non-linea r in teract ions tha t 
result in emergence. Since space in a G IS model is based o n a geo- referenced 
coo rdin ate sys tem, an integrated model can model loca l interac ti ons and 
"the effects of stochastic tempo ra l a nd spatia l varia bility," w hi ch in turn ca n 
be used to generate "pheno meno logica ll y rea li sti c and complex behav io r. " 11 

The second adva ntage of integrat ing the two types of ana lyt ics is that 
rea l-world data a llow ri go rous va lidat ion of ABM results. Model verifica­
tion and va lidat ion (as discussed ea rli er) is the process of eva lua ting whether 
the va ri ous compo nents of the model behave as expected, and a lso whether th e 
results of the model co rres pond to o bserved phenomena. In an ABM-GIS 
model, si nce simul a ti o n outputs a re often presented in a geographi c context, 
th ey can be compared to rea l-world o utcomes and tes ted aga inst rea l-world 
data. 12 ln tegrated ABM-GlS models can be va lidated aga inst historical outcomes, 
demographi c inform atio n, and o the r empiri ca l data. 

The fin a l advantage of integra ting G IS data with agent-based models is 

that ABM-GIS models can hel p dec isio n makers optimi ze opera ti ona l a nd 
resource a llocation decisions. 13 ABM -G IS models ca n be constructed to 
crea te ri go ro us decision support systems (DSSs) which, in turn, can be used 
to ana lyze and plan projects and policies. DSSs a llow users to simul ate a 
range of poss ible poli cy inputs and outcomes, a nd can simul ate th e effects of 
a change in poli cy as com pa red to a bus iness-as- usua l path. A DSS ca n a lso 
be used fo r th eo reti ca l inq uiry, as we demonstrate la ter in this chapter. 

Our own experience w ith integrat ing agent-hased modeli ng a nd GIS 
models has shown that it is not a trivia l task-even th o ugh it may be cru cia l 
to work ing toward urba n susta ina bili ty. Even w ith software that integra tes 
the process and data models (as desc ribed below), cons iderabl e experi ence is 
needed in both agent-based modeling and c rs programming in o rder to get 
the integrated model to function properly. For exa mple, modelers must 
cl ea n a nd recode Census data so that the ABM softwa re can process them. 

The map pro jecti on system used by the G IS model to translate locat ion 
informa ti on needs to be recogni zed by the ABM softw a re. Most impor­
tantly, procedures in the ABM code need to be ca refull y developed to 
acco unt fo r the fo ur relat io nshi ps discussed below. 

What to consider 

In o rd er to achi eve the adva ntages di sc ussed above, which can help practi ­

tioners improve loca l susta inab ility, agent-based and geograp hi c models 
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must be ca refull y in tegrated. Brown et a l. identify four key relat io nships to 
conside r: 14 

It is cru cia l to establi sh val id identity re la tionships between agents and 
G JS data . Agents represent ing citi zens, for instance, can be insta nti a ted 
in the ABM o n a 1: 1 o r a l:many bas is. Representing the ci ti ze ns in a 
Census t rac t w ith fewe r agents in t he ABM ca n help the model run 

faster, but may harm model va li d ity, es pecia ll y if agent behavior is 
conditi oned on the frequ ency of agent interac ti ons o r their movements 
across tracts. 

2 Model in tegration requ ires ca reful attentio n to ca usa l relat io nships and 

feedback loops . Age nt behavio rs can affect spa ti a l fea tures and their 
att ributes, w hi ch in turn ca n influence agent behav ior. One example is 
readily fa mili a r to EJ researchers : an inc reasing number of polluting 
firms move into an a rea, which res ults in a change in the zo nin g of a 
parcel from commercia l to ind ust ri a l (cf. C hapter 8). In t hi s case, the 
res ults of the ABM (e.g., decisions by firms to move) must upd a te the 
GJS data model (e.g., th e zo ning att ributes fo r each trac t), which, in 
turn, may influence future decisions made by agents in the mode l. 

3 Once ca usa l rela ti ons hi ps have been spec ified, temporal relationships 
must a lso be delinea ted . C hanges to age nts a nd to t he fea tures of the 
G IS model need to occur within a rea li st ic timefram e and be updated as 
simulatio n time progresses . 

4 In integrated mode ls, ca reful at tention must be pa id to spa ti a l relation­
ships a nd interactions between ABM and G IS components. Spatial data 
include the loca ti o n of agents upo n model initi a li zat ion, the topograp hy 
of the model space, and the geographi c rules that govern how agents 

move. Model builders must consider how agent in te racti o ns t ranslate 
into movement, how far an d how fast agents move, and whether th ey 
ca n cross boundaries such as rivers o r roads. Simil a rl y, spatia l rules 
mi ght a lso req uire that ho uses ca nnot be built o n top of existin g ho uses, 
or agents ca nn ot occupy th e sa me place a t the same time. 

Once ana lysts have considered these fo ur types of rel a tionships a nd made 
efforts to plan their model, programming can begin using a growi ng ra nge of 
com pute r-based enviro nmen ts. 

So ftware fJlatforms 

T he good news for the ana lyst who wishes to combine geogra phic in fo rm a­
t ion with agent-based simul a t io n is that most ABM platfor ms have added at 
least bas ic spat ia l d ata capa biliti es. G iven thi s, th e mos t strai ghtforward 
approach to model fusion is to include spa ti a l data in o ne of the agent- based 
modeling platfo rms li sted in Table 10. L, a ll of which a re either open source 
or free. 
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Table JO. I Select: softwa re app li ca ti ons and plat fo rm s fo r G IS- ABM a na lys is 

ABM toolkit 

Net Logo 

MASON 

Repast 

Agent 
Ana lyst 

R 

GA MA 

Description and URL 

NetLogo includes bas ic raste r and vector G IS capabi liti es via a bu il t- in 
ex tens io n; ee l. no rth western .eel u/netl ogo/docs/gis. htm I 

T he GeoMason extension acids ad vanced vector a nd ras ter capabiliti es 
to MASON; www.cs.gmu. ed u/-ecl::ib/proj ects/mason/ 
extensio ns/ geo ma son/ 

Some G IS is prov ided within Repast by the GeoTools extension and 
J ava Topo logy Su ite, and Repas t ca n be linked with Es ri ArcG IS via 
Agent Anal ys r; repast.so urccfo rge. net 

Agent Analyst p rov ides a powerful integra ti o n o f Esr i ArcG IS w ith 
Repast ; reso u recs .a rcgi s.co m/en/hel p/agent-a na I yst/ 

T he R stat ist ica l environm ent has basic spat ia l fea tures, packages 
such as "sp" acid power, a nd ABM capa bility ca n be added through 
the " RNetLogo" package; c r:rn.r-project.o rg/web/v iews/Spatia l.h tml 

A new, clecli catccl ABM-G IS platform ; code.google.com/p/ga ma-p lat 
fo rm/wiki /GA MA 

Note: URLs provide links to addit iona l in fo rmation. 

The software li s t in Table 10.1 is by no mea ns comprehensive. N iko la i 

and M adey find over 50 different mult i-agent model ing toolki ts whi ch range 

from open -source progenitors o f agent-based model ing (such as Swa rm ), to 
commercia l softw are (s uch as AnyLogic) th at includes agent-based tools. 15 

However, accord ing to a n ana lysi s of research pa pers, th e programs most 

freq uentl y used by scho la rs in the past few yea rs a re NetLogo (used in pre­

vious chapters), Repas t , Swarm, and MASON. 16 Given that Swarm is 

increas ingly being suppl anted by eas ie r-to- use platforms s uch as Repast 
(w hi ch bo rrows many concepts fro m Swarm), we chose to hi ghli ght the 
app li ca ti ons p resented in T a ble 10.l. 

N etLogo is the fir st a pp li ca ti o n we li st beca use of its popu la rity and ease 

of use, and beca use it is used in prev io us chapters in thi s book. G iven that 
the mode l we descr ibe later in thi s chapter (the SEMPro DSS) was a lso 

au thored in NetLogo, we di scuss th e capa biliti es of th is platfo rm in mo re 

deta il below . Other ABM simul a tion pl a t fo rms a lso include G IS capabi liti es, 

but requ ire mo re complex programming. The MASON multi -agen t simul a­

t io n pla tfo rm , fo r insta nce, p rov ides ve ry powerful capabiliti es, but must be 
progra mmed in J ava . T he MASON environment is broken in to modcl ­

const ructio n and visua li za ti o n modul es, an d spat ia l d ata ca n be integrated 
using the GeoM ason ex tension. 17 The Repast (aka the Recursive Porous 
Agent Simul a ti o n Too lkit) p la t for m is another powerfu l multi -agent too l 
that can integrate spatia l data . Although G lS data ca n be handl ed nat ively in 

Repas t , mo re soph isti cated capabiliti es a re made ava ilable by usin g Agent 
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An a lyst to integra te w ith Es ri 's A rcG IS suite o f so ftw are . 18 R , a n opcn­

source statisti ca l a na lys is pl atfo rm , has the benefit of being a b le to run 

hundred s of different so ftw are modu les . Ava il a ble packages a ll ow t he add i­
ti on of G IS capabili ties within the R environment . Still other packages a ll ow 
th e integra tion o f NetLogo within R o r the use of R within NetLogo. 19 

NetLogo and spatial data 

As desc ribed in C hapte r 3, N etLogo has severa l adva ntages over o th er 
approaches : it is relat ively sim ple to program and includes a n intui tive, 

bui lt- in use r interface, g iving it both ease of use a nd transpa rency in design. 

In additi o n, N etLogo im ports GJS da ta using the now stand a rd Es ri 
"shape fil e" fo rm a t , o r rhe Es ri ASC IJ Grid fi le fo r ras ter data. The program 

ca n gene ra te e lements (such as age nts rep resenting peop le o r firms) based o n 

G IS data a nd ca n also genera te varia bl es based on the a ttributes o f t he spa­

ti a l d ata.
20 

T o use these ca pa bili ti es, spa tia l data must be created w ith a 
sta nd -a lone G lS a ppl ica ti o n o r im po rted vi a an ex ist ing shape fi le. After 

agents o r patches a re insta nti a ted using the spa t ia l data, agents w ithin 
N etLogo ca n become spa ti a ll y awa re a nd thus interact with G JS da ta. 

Altho ugh var io us attr ibutes within the G IS data (e.g., pop ul at ion density) 

ca n be trans la ted into elements within the NetLogo envi ron ment, mo re 
sophi sti cated k inds of geographic a na lys is a re not yet supported . N etLogo is 

a lso limi ted in its a bility to communica te w ith externa l da tasets and ca nn o t 

write back to sha pe fi les d irectl y. H owever, it can upd a te geographi c in for­
ma tion stored in the NetLogo program. Anothe r dra wbac k to using G IS 
data within NetLogo is th a t rhe GJS extensio n slow s NetLogo\ computa­
tiona l pe rforma nce. Also po tenti a ll y p roblema t ic is th e sma ll s ize of the 
graphi ca l use r interface (G UI) "wind ow " ava il able in NetLogo to vi ew geo­
grap hi c data. T hese limi ts as ide, NetLogo's ease of use makes it the go-to 

too l fo r ma ny a na lysts, a nd progra ms such as ReLogo a ll ow N etLogo code 
to be impo rted into mo re powerfu l enviro nm ents such as Repas t. 

The fusio n of agent-based simul at io n w ith spa ti a l data is a rap id ly evo l­
ving fi eld. As this sho rt introd uction ind icates, there a re many different 

so ftw a re app li catio ns and app roaches to in tegrat ion of ABMs and G ISs. In 
the next sectio n, we discuss the co nstru cti o n of the Susta ina ble Ene rgy 
Modeling Progra m (SE MPro) and delve into the res ul ts of some simul a ti o n 

scena ri os that ana lyze q ues t ions releva nt to enviro nm enta l justice a nd 
susta ina bil ity. 

A case of a GIS-enh anced ABM for decision support 

Power and environmental justice 

As a ny student of po li t ics w ill tell you, power mat ters . T he SEMPro model 

a ll ows us to simulate decision o utcomes und er d ifferent leve ls of citi zen 
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power. The model can represent a pro ject in a physical geography (including 

phys ica l constra ints) whi le accounting for the social geography of power, 
and then simulate the impact of interest-group bargaining on regulatory 
decisio n making. Our res ults ind ica te that despite all the mo ney spent on 
assess ing the engineer in g aspects of major infrast ructure projects, citi zen 
participat io n and po liti ca l power a rc mo re important to stakeho lder ba r­
ga ining outcomes than the level of loca l (phys ica l) disruption that a project 

causes. 
The SEMPro decision-support model presented here simul ates the com-

plexity of infrast ru cture sitin g by fus ing: GlS data for a spec ifi c loca le, with 
an agent-based model of citi zen att itud e and behavior diffusion, and spatia l 
ba rga ining models of stakeholde r and regul atory decisio n making. Users can 
simul ate the geospatia l, engineering, socia l, and poli tica l attr ibutes of each 
project (as expl a ined in mo re detai l in Abdoll ahi an et a l.

2 1
) . SEMPro can be 

cha racte ri zed as a loosely co upl ed ABM-GTS in tegrated with game-theo retic 

stakeho lde r ba rga ining mod ul es. Although the results a re not returned to a 
G IS appli cation, they :ire presented w ithin a real-wo rl d spatia l context us ing 

th e ABM graphi ca l interface. 
Below, we brieAy summ ar ize the basic a rchitecture of the current itera ti on 

of the SEMPro model, and then si mul a te two different scena ri os with the 

goa l of examining EJ iss ues. By ga ining insight into the dynamics of siting 
decisions, including how citi zens interact and stakeholders bargain, users of 
the SEMPro DSS can red uce sociopo li tical co nAi ct and integrate a wider ra nge 
of stakeholder conce rns into a LULU project's des ign. DSSs li ke SEMPro 
a llow users to improve planning outco mes by simulat ing tradeoffs and 
::i lternatives. 22 These capacit ies are key to susta inab ility, fo r the susta in able 

future wi ll st ill require LULUs within o r nea r urban env ironments. 

The SEMPro rnodel 

Agents and their decision-ma/zing modules 

The Sustainable Ene rgy Modeling Program is a decisio n-suppo rt software 
program specifi call y des igned fo r energy faci li ties sit ing, but which can be used 
fo r a lmost any la rge-sca le pro ject use ful for sustai na ble citi es. T he softwa re 
simul ates how co mpeting interests, a nd community and project attr ibutes, 
shape siting o utcomes. The citizen agents, stakeholders, and regulators in 
the model a re all t rying to maximize thei r own utiliti es, given the ass ump­
tion of bounded rat ionali ty. SEMPro has three seq uenti al sub-modules th at 
run for up to 25 time steps, with each time step representing 2 months of 
ca lendar t ime. Figure 10.1 dep icts the overa ll model a rchitecture and deta il s 

key modu le processes . 
C iti zens react to infrast ructure sit ing pro jects by fo rming opinio ns, inter-

act ing w ith their neighbors, multiplying their power by forming community­
based o rga nizations (CBOs), and engaging in extra-p rocess lega l or pol itica l 
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Citlzon & CBO Module Stakeholder Module Regulator Modulo 

Cilizen Data input \ { > Stakeholder Data input ( > Regulator Data 1npu1 
preferences, power prelerences. powe1 prelerencos, power 

v v v 

> Citizens calculate Stakeholders & CBOs Stakeholders CBOs & Regulators 
1nit1al utility calculate Initial utility I calculate Initial ulifity 

v v v 

Citizens calculate Slakeholders & CBOs I Stakeholders. CBOs & Regulators 
utility ol lorm1ng CBOs I calculate utility during bargaining 1 1 calculate ulihty dunng ba1gaining 

v v v 

Citizens decide Stakeholders & CBOs 11 S1akeholde1s. CBOs & Aegutalors 
whether to lorm CBOs updale prelerences. power I update prelerences. power 

~ ~ 

Citizens and CBOs .. . [~·T : I Remove Stakctiolders & CBOs 

t if· t 

update preferences. powe1 . . I 
I I ·' v 

J ) II 

( 

Outputs ) \ I I Regulators Vote 
Aggregate Opposition \.. Preference D1stribut1on 

Total Preferences 
Total Salient Preferences 

Ci1ize;1C~~ages Polley Levere 

CBO Prelerences ~ 1. Disruption 2. Utility Message 3. NGO Message 

Figure W.1 SEMPro model a rchitecture 
(Abdo ll ahi an et al. 20 13, used by permission) 

4. Need 5. Procedural Juslice 

acriviri cs .23 In rhc fir st mod ul e of SEM Pro (the C itizen & C BO Module), 
G IS-basccl data on the project size a nd ro ute, 0 11 la nd use, and 0 11 the loca­
tion o f res idents in forms age nt-based simulations o f indiv id ua l inte rac tions. 
Figure "IQ. I sho ws ho w these behav io rs can resu lt in rhc fo rm ation of C BOs 
that e ithe r support o r oppose such proj ects. (C BOs are show n in rhc bottom 
part of Figure 10.2 as red (op posed) or blue (supportive) "faces.") Because 
citi zens arc typ ica ll y o pposed to rhc proj ect , pro-development C BOs a rc 
uncom mon and, if rhcy do appear, not very influenti al beca use rhcy have few 
members. As citi zens inte ract to suppo rt o r oppose rh c project, new age nts 
rcprescnring ciri 1.cn-bascd org::inizatio ns may appea r in rhc ne ighborhood . 

The seco nd module of SEMPro, show n in the cente r co lumn o f Figure 

10. 1, focuses 0 11 ba rga ining betwee n C BOs and o ther o rga nized srakc­
holdcrs. 111 rhis com cx r, "s takeho lde rs" a rc non-CBO inte rest gro ups and 
government agencies rhar ha ve rh e potenti a l to influence the siring process . 
In th e siring of energy proj ects, rhc rc are usua ll y ar least a dm.en stake­
ho lde rs rhar can include loca l, state a nd fed e ral age ncies, enviro nmental 
o rga 11i 1.at io 11 s and othe r use r groups, and uriliri cs :i nd power produccrs. 24 

Srakcho ldcrs seek to inAucncc citizen opinio ns and cmcrgcm CBOs, a nd 
a lso o rh cr srak cho ldcrs, in o rde r to ma xi mi ze rhcir o rga 11i1.ariona l inrc rcs rs. 

(These stakeho lders arc shown in the circle in rhc top- ri ght secti o n of rhc 
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(a) Census and Engineering Data 
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(b) SEMPro Output 

Figure W .2 Stud y area and SFM Pro ourp ut 
Nore: Top panel shows rhe roure of rhe T eha chapi Renewable Transmissio n Proj ecr 
(T RT P) rransmi ss ion li ne, superimposed on rhe rel a ri ve power of Census bl ock groups, 
as ir runs rhrou gh Los Angeles and San lk rnarclino counties. C iri zen pow<.: r is rh..: pro­
duct o f ave r;1gc ho useho ld income: and ave rage ho useho ld educa ti on. T h..: bottom panel 
shows a similar a rea as seen rhrou gh the " wind shi eld" of rhe SEM Pro AL\M -G !S model, 
w ith C BOs depicted as eirh er reel (opposed) or b lue faces. O ne ponion of rhi s fi gure , 
from Abclo ll ah ian , Yang and Nelson (20 13), is used by permi ss ion. 
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bottom panel of Figure 10.2.) Preference data for stakeholders come from a 
web-based su rvey admini ste red between Jul y 2011 a nd M arch 20B. 25 T he 
use of such stakeholder in for matio n is not standard in GIS o r ABM, but 
shows another way in whi ch an ABM ca n be enri ched by rea l-wo rl d in fo r­
mation. Jn the model, stakeholder barga ining inco rporates non-cooperative 
ga me theory to reAecr competin g in te rests during the process . 

The fin al module of SEMPro, shown in the fa r-ri ght column of Figure 
10.1, simulates the regulato ry decisio n-mak ing process, which is based o n 
the interplay between CBOs (rep resenting the publi c), stakeho lders, and 
regul a tors. Th is module makes use o f the sa me no n-coopera tive ba rga ining 
theory as the prev io us modu le. Regulato rs participa te in the stakeholder 
barga ining process durin g time-steps 16-20. After time-step 20, regul a to rs 
ba rga in among themselves and decide the project's fate using a majority­
votin g ru le. (Regul ato rs and th eir preferences a re represented as chess p.ieces 
in Figure 10.2 in th e upper left-hand side of th e bottom panel. ) 

GIS data in SEMPro 

As d iscussed a bove, G JS da ta a re criti ca l for representing the real-wo rld 
attr ibutes of the project in the decisio n support system. As described in the 
next paragraphs, spatia l data used in the SEMPro model include project 
route and size, topographica l data, and US Census da ta. 

Dara on project route and s ize ca n rake the form of lines or polygo ns 
(representing power lines) or points (rep resenting power plants o r waste 
incinera tors). By overl ay ing G JS proj ect data o nto US Census data , the pro­
ject then follows, or is placed into, the rea l-life a ttributes of the community . 
The top panel in Figure 10.2 shows the transmiss io n line route for the 
SEMPro case study , as well as the varying levels o f citi zen power in the a rea . 
With greater resoluti o n, Figure 10.2 wo ul d revea l that the transmi ssion line 
mostly fo llows existing r ights of way through the region . These ri ghts o f 
way constitute the setback between the p roject and the houses a lo ng the 
route. The prox imi ty of the citi zen agents to the project is a key driver of 
a ttitudes to the project. We ass ume that the impo rta nce (sa li ence) of the 
project to cit izens is rela tive to the inverse of its di stance. Less proxim ate 
citi ze ns a re less li kely to get involved in the siting process because it is not as 
important to them. 

We have a lso included gridd ed, topographi ca l da ta into the model tha t 
rep resents the "viewshed, " o r the region where an age nt could view the 200 
foot-tall tra nsmi ss ion towers analyzed in thi s particular insta nce. The cur­
rent version of the model rakes a simple approach based o nl y on prox imity , but 
future vers ions could integra te a mo re sophisti cated use of topograph ic data. 

US Census block-gro up- level data on po pul at ion density a re used to locate 
citi zen agents in the ABM. C it izen agents a re instantiated in the model at a 
rate cons istent with US Census data and with one agent represe nt ing 1,000 
peop le. G IS-based Census data on education a nd income, by bl ock group , 
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are a lso included as a ttributes o f the citi zen agents. Hi gher levels of income 
and educa ti o n imbue citize ns with grea ter po li t ica l power, and mo re powerful 
citi zens, because they ha ve a stronger sense of self-effi cacy as well as more 
resources and access, a re mo re influenti a l in affectin g project outcomes .26 

After the geograp hi c in fo rm ati o n summa ri zed a bove is inpu t in to the 
model, d iffe rent pa ra meters and po li cy " levers" ca n be adjusted. One o f the 
prim ary poli cy levers simul ated in the model is the level of disruption tha t 
the pro ject im poses o n the community. Disrupti on is th e cumul ative effect of 
nega ti ve extern aliti es such as aes thetic im pact, ri sk of exposure to electri c 
and magneti c fields, and reducti o n in residenti a l property va lues . For t rans­
miss io n lines, di sru pti o n is measured as the height o f the transmiss ion 
tower, wi th 0 indica ting no change to the ex istin g landscape, a nd 1 indi ca t­
ing the maximum a bo ve-ground di srupti o n of a 200-foo t pylo n. Small er 
transmi ss ion towers are measured as values between 0 a nd 1 (e .g., 0.6). 

Need is the perceived project need . T he hi ghest value fo r need is when the 
proj ect has been approved by the state tra nsmission operator and it improves 
reli a bi lity fo r the communiti es affected by the power line. N eed is lowest 
w hen the power line ca rri es power to o ther regio ns w itho ut significa nt local 
benefit s. Need is assessed by subj ect-m atte r experts based o n publi c sta tements 
fr o m the project proponent and the independent system operato r. 

Procedure is a n indi ca tor of procedural justi ce, o r to what ex tent the 
cit izens think their prefe rences will be included in regul atory decision 
makin g. Gross has sho wn tha t the leve l o f trust res idents have in the deci sio n­
making proced ure is cri t ica l to sentiment rega rdin g a pro ject- a reason why 
susta ina bility is ass isted by trust between citi zens, including mino rity citi­
zens, a nd government.27 Although thi s can be di ffic ul t to control in prac ti ce, 
wo rk by Beierl e and Cayford has sho wn tha t ho w po li cy makers shape publ ic 
pa rti cipation and in tegra te publi c comment can have a substa nti a l effect on 

. . . 28 
c1n zen sennment. 

Utility message rep resents the num ber o f pro-devel opment messages the p ro­
ject sponso r sends to citi zens to shape pub lic a tt itudes . N GO message represents 
the number o f a nt i-development outreach messages tha t nongovernm ental 
o rga ni za ti ons (N GOs) send . 

One im porta nt pa rameter th at is a constant rath er than a poli cy lever is 
talk-span, whi ch is the di stance o r neighbo rh ood wi thin whi ch agents ta lk 
to each o th er and make decisions on whether to fo rm C BOs . 

Simulation study area 

SEMPro was initi all y des igned to simul ate th e siting o f high-vo ltage trans­
missio n lines (HVTL). The T ehachapi Renewa ble Tra nsmi ss ion Project 
(TRTP), located in southern Ca li fo rni a, was th e case used fo r model con­
structi o n. T RT P is a 173 mile-l ong HVT L project being constructed to 
connect wind genera tors in the T ehachapi -M ojave Wind Resource Area 
with customers loca ted in the Los Ange les metropo litan a rea . By using 
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extra -urba n a rea wind sources to provide power in Los An ge les, it sho ul d 
enha nce urba n susta ina bility, but the p roject has not been po pul a r. O ur 
model co rrectl y highli ghts the oppos itio n to Segment SA of the p roject, 
whi ch runs t hrough th e C ity of C hino Hil ls, loca ted in th e southwes t co rner 
o f Sa n Bern a rdin o County. 

The top of Figure 10.2 sho ws " po liti ca l power" data fo r the stud y regio n. 
We ca lcula te citi zen politi ca l power by multipl ying average ho useho ld 
income by average educa ti o n level a nd no rm a li zing the da ta. As shown in 
Figure 10.2, da rker colo rs represent hi gher levels o f educa ti on and income. 
The botto m pa nel of Figure 10.2 sho ws the model's predi cti ons for the spa­
ti a l loca ti o n of citi zen messages in hi gh-pop ul a ti o n-density Census bl ock 
gro ups. 

As one element of its va lida ti o n, the model's p redi ctio ns were compa red 
with actu a l p ubli c comments. The SE.MPro model's predi cti o ns match the 
comments submitted by res idents of C hino Hill s, a nd sli ghtl y over-predi ct 
comments fro m the Pasadena a rea (a noth er city in the regio n).29 Other 
model valida ti o n effo rts included com pa ring the modeling o utcomes with a 
priori theo reti ca l expecta ti o ns.30 

Adding an E] component 

G iven thi s model design a nd the va lid ity tests perfo rm ed , we now describe 
scena ri os of inte rest to environm ental justi ce resea rchers a nd susta ina bility 
pract it ioners . Altho ugh the SEMPro model was not explicitl y des igned for 
EJ ana lys is, we can use it fo r thi s purpose by simul a tin g outcomes under 
two di ffe rent scena ri os. In the refe rence-case scenario, the power o f age nts 
va ri es according to Census-derived data as sho wn in the top pa nel o f Figure 
10.2 and desc ribed above. We contras t thi s with a n ega li tar ia n case scena ri o, 
where a ll agents ha ve the sa me (maximum) level of power. In thi s case (not 
shown ), a power map of the regio n would be entirely da rk blue. 

Since the model's a lgorithm s di ctate th a t mo re po werful citi zens a re more 
influenti a l (beca use they a re mo re likely to send messages to regul ato rs a nd 
mo re likely to fo rm CBOs), in the reference case we ex pect fewer citi zen 
comments and less advocacy, as many citi zens have less tha n full power. In 
contras t , in t he ega litari an wo rld scena ri o, we expect th a t mo re messages 
will be sent and more CBOs will fo rm as a ll citi zens have a hi gh level o f 
po wer. Thus, compa rin g the refe rence (G JS-based) scena ri o to an ega lita ri a n 
scena ri o a ll o ws us to conside r wha t o utcomes wo uld look like in the 
absence of environmenta l injusti ce. 

Model outcomes 

We conducted a qu as i-glo ba l sensitivity a na lys is by varying a ll input pa ra­
meters across their entire ra nge in three steps (minimum, mea n, max imum), 
w hi ch res ul ted in 729 runs fo r each of the two scena ri os, or a tota l of J ,458 
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runs. Each run contained up to 25 time step s for a to ta l o f 29,154 observa­

t io ns . The simul a ti o n results were pooled togeth er and o rdin ary least 

squa res (OLS) estima ti o n w as used to c rea te stand a rdi zed P (beta) coe ffi cients 

fo r input pa rameter co m pa ra bi li ty and model perform ance.
3 1 

In T able l0 .2, M odel I shows th e impact of input pa rameters on citi zen 

oppos iti o n to th e pro ject , whi ch in turn dri ves form ati o n of CBOs and thus 

influences regul ators in th e subsequent modul es, as sho wn in Fi gure 10.l. 

The dependent va ri a bl e is the res ult of the interacti o n o f the total number o f 
citi zen messages and the medi an prefe rences o f citizen agents . This captures 

both th e di rect ion and intensity o f publi c sentiment a t th e level o f the study 

Table 10.2 Pooled O LS es tim atio ns o f cit izen, CBO, and stakeholder preferences 

Disrupti on 

Ta lk-span 

NCO message 

Utility message 

Need 

Procedure 

Po wer diff. 

T ime step 

Power di ff . ... d isrup t ion 

N 

Prob > F 

Ad j. R2 

Model .1 Model 2 Model 3 Model 4 

Citizen CBO Stakeholder Citizen 
preferences preferences preferences preferences 

(opposition) 

0.113"''''''' 

(0.000) 

0.609''"'"'' 

(0.000) 

0.024''"'"'' 

(0.000) 

0.013''""''' 

(0.000) 

-0.015''"'"' 

(0.000) 

0.015"'""'' 

(0.000) 

-0.125" 

(0.000) 

0. 632"'""'' 

(0.000) 

29,154 

0.000 

0.800 

0.001 

(0.506) 

0.904''"'"'' 

(0.000) 

0.008''"'"'' 

(0.000) 

0.003 

(0.2'11) 

-0.00T''"'. 

(0.001 ) 

0.002 

(0.428) 

0.001 

(0.509) 

0.251 ''"'"'' 

(0.000) 

29, 154 

0.000 

0.880 

-0.002 

(0.333) 

0.898 ''"'"'' 

(0.000) 

0.004'' 

(0.028) 

0.002 

(0.3 13) 

-0.008''' '''''' 

(0.000) 

-0.001 

(0.689) 

-0.004" 

(0.039) 

0.296""' 

(0.000) 

29,154 

0.000 

0.895 

0.1 46""'"'' 

(0 .000) 

0.609""'"'' 

(0.000) 

0.024''"' 

(0.000) 

0.0 13""' 

(0.000) 

-0.015''"'"'' 

(0.000) 

0.0 15" 

(0.000) 

-0.077''"'"'' 

(0.000) 

0.632"'''"'' 

(0.000) 

-0.067""'"'' 
(0.000) 

29, 154 

0.000 

0.801 

No te: Standa rd ized bera coeffi cients; p-values in pa rentheses. ,,. p< 0.05, ,,.,,. p< 0.0 .1 , ,,.,,,,. p<0.00 1. 

T he dependent va ri able fo r Model I is a measure of citi ze n o pposition. 
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a rea . Models 2 and 3 measure the impact o f th e dri vers on dependent va ri ab les 

that a re crea ted wi thin each modul e o f SEMPro. The dependen t va ri a ble o f 

M odel 2 measures CBO preferences and the dependent varia bl e o f Model 3 
measures stakeholder p refe rences in a simil a r fa shi o n. 

As shown in the first co lumn of T a ble 10.2, a ll M odel l dri vers a re sta­

tist ica ll y significa nt and a ll o f the signs a re in th e expected directi on (with 

the exception o f procedura l justice). Community a ttributes a nd o the r cont rol 

va ri a bles have a la rge impact on citi zen advocacy and act ivi sm. First, the 
va lue of talk-span (p = 0.61) in M odel 1 suggests th at citi zens co mmuni ca te 

their o pini ons to regul a to rs mo re frequentl y in well -connected communiti es . 

The impli ca ti ons o f thi s findin g a re di sc ussed in mo re detail below. As 

expected , each mod el time step, whi ch represents 2 months o f ca lend a r time 
(p = 0.63), has a pos itive and significa nt im pact on th e number o f citi zen 

messages. G iven th e structure of th e SEM Pro model , we expect a hi gh 

Adjusted -R 2, which we can see with M odel 1 a t 80%. 

The level o f di sru pti on has the most substa nti a l effects a mong th e pol icy 

levers in the SEMPro model. G iven th e va lue (p = 0.'1'1 3), we ca n say th at an 
increase of one stand a rd dev iati on in the level o f project di srupti on resul ts in 

a 0.11 stand a rd dev ia ti on increase in nega tive citi ze n response. Looking at 

the o th e r poli cy levers, a ltho ugh effect sizes a re sma ll , bo th NGO messages 

and utili ty messages increase cit izen oppos it io n. The rela ti o nship of utility 
messages to citi zen oppos itio n is counte rintuiti ve but logica l. The ha rder 

utili t ies " push" citi zens, the mo re citi zens push back. 32 The impact of project 

need in M odel l is negative (p = -0.015), whi ch is co nsistent with existin g theo ry 

tha t w hen a p roj ect is perceived as necessa ry, it will genera te less oppos iti o n. 

Perceptio ns o f procedura l justi ce have a pos iti ve effect (p = 0.015), whi ch 
suggests th a t citi zens who view the process as fa ir a re mo re likely to pa rti ­

cipa te by express ing oppos iti o n. Thi s fin d ing is counter to theo reti ca l 

expecta ti ons a nd previous resea rch, and requi res fur ther inves tigati o n.33 

Looking at the results fo r pow er diff. , we can ga in some insight in to the 

d ifferences between th e EJ scenari os. Reca ll th a t we have 729 simul ati ons fo r 

the refe rence case with pow er levels ca lcul ated fro m US Census data, and th e 

sa me number o f simula ti o ns w ith a ll citi zens ha ving max imum po wer. In th e 

regress io n models, power diff. is a dumm y va ri a bl e, with 0 fo r the EJ 
simula ti ons and l fo r th e reference-case s imul a ti o ns. The negati ve coeffi cient 

fo r power diff. indica tes that in the reference-case scena ri o where pow er 

levels va ry based o n Census d ata, fe wer messages a re sent to regul ato rs. 

This impli es th a t in a n ega lita ri an sitin g process mo re cit izens wo uld pa rti ­
cipate. The effect of power is st ro ng: the sta nda rdi zed coe ffi cient fo r po wer 

differenti a l is larger th an th e coe ffi cient fo r di srupti o n, one of th e prima ry 

d rive rs o f oppos iti on. 
In M odel 2, the coe ffi c ient fo r power diff. indi ca tes th a t va ryin g levels o f 

citizen power have no significant effects on CBO preferences . Va ri ati on in citi zen 

power impacts CBO influence in the siting process (as more powerful citi ­

zens a re more likely to crea te CBOs a nd more CBOs a re more effective), 
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but in our simula tions has no significant im pact o n C BO preferences. Turning 
to Model 3, th e power diff. coefficient indi ca tes a very sma ll (p = -0.004) and 
sign ifica nt (p<0.05) effect on stakeho lder preferences. In o the r words, we 
can expect sli ghtl y more opposition in a more egali ta ri an world. Since power 
differenti a ls d o not directly affect CBO preferences in the model, th e unequa l 
di stribution of citi zen power affects sta keho lders thro ugh other channels. 

Fina ll y, in M odel 4, we inte ract two of the most impo rta nt va ri ables from 
an E.J perspective, disruption and power differenti a l, and then assess th eir 
effects on citize n messages . The nega ti ve interaction coefficient indicates th at 
varia ti o n in citi ze n power in the reference case reduces th e effect of disrup­
tion on the number of citi zen opposition messages sent to regulators. The 
in teraction term predicts that, ho lding a ll o th e r va ri a bles constant, reduced 
eq ua lity of citizens red uces th e effect o f di s ruption on messages sent to reg­
ul ators. Ceteris paribus, we can predict that proponents of very dis rupti ve 
projects are mo re likely to get th eir projects approved in areas where citi zens 
have lo wer levels of inco me and edu ca tion. 

Discussion 

Our simul a ti o n ana lysis in this chapter find s th a t lo w levels of individual 
income and edu ca ti o n red uce publi c participation in energy faci li ty sit ing. 
Less powerful indi vidual s a re less inAuenri a l in inAuencing project outcomes. 
The findings o f the effects of power differential s a re not surpri sing as th ey 
a re coded in to th e SEM Pro model structure. What is surp ri sing is the rela­
t ively large effect size of power inequality. The sta nda rdi zed coefficient for 
power inequ a li ty is la rge r than that of project di s rupti on, holding o th er 
variabl es constant. 

Our findin gs may be o f use to seve ra l deba tes in EJ resea rch and practice, 
and thus have relevance to our pursuit of susta ina bl e citi es . First, we find 
support for sociopo li t ica l explanatio ns th at a rgue that poo r and/or uned u­
ca ted communities have mo re diffi culty develop ing effective oppositio n to 
d isruptive projects.J4 A second implication rela tes to the tempo ra l deba te 
about which ca me first: loca ll y unwanted land uses, or poor a nd mino rity 
communiti es . Whil e no t exp li citl y a panel analysis, o ur ABM res ul ts a re 
consistent w ith resea rch that finds th a t unwanted faci liti es a re im posed o n 
ex isting communiti es with a low a bility to oppose them. 35 T hi s is consistent 
w ith th e infamous Cerrell Associates report of 1984, which recommended 
th at new waste incinerat ion faci liti es be sited in poor communities. JG 

The res ults from the inte rac ti on between disrupti o n and power a lso show 
th at the inabili ty of less powerful comm uniti es to pa rti cipate in siting deci sions 
attenu a tes th e nega tive effects of a project 's disrupt ion on plannin g pro­
cesses. This supports resea rch sho wing that pro ject sponso rs a re awa re of 
the rela tive ease of siring pro jects in less powerfu l communiti es and that thi s 
has guided siting decisio ns.J7 The implicat ion is tha t whil e low-d isruption 
projects ma y be sited throu gh hi gh-educa ti o n a nd hi gh-income communiti es, 
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hi gh-d isruption projects a re more likely to go through less powerful com­

muniti es . More ega litarian residenti a l power rela tionships, or siting pro­
cesses that trea t groups in a more ega lita ri an manner, wou ld mea n that very 
disruptive projects wo uld face hi gher level s of oppos iti o n. This is troubling 
for practitioners who seek to develop mo re susta inabl e cities s ince, in this 
case, there is a tradeoff between siting an environmenta ll y bene ficia l project 
and impos ing its costs on the poorer and less well edu ca ted . 

We a lso find some methodologica l implica ti o ns from our simu la ti on a nd 
ana lys is. Some EJ resea rch has trea ted haza rdous waste fac iliti es and oth er 
environmentall y ha rmful projects as dichotomous units where the fac iliti es 
either ex ist or do not exist. JS Ho wever, this coding co uld ac tua ll y be 
understa ting the effects of race- and class- based biases on fac ility sit ing. For 
example, if sma ll facil it ies with few toxic emissio ns sited in wea lth y com­

muniti es a re coded th e sa me as la rge r, hi gh-emissions fac iliti es sited in 
poore r, more diverse neighborhoods, th en multivaria te regression wil l 
underestim a te the impact of race a nd inco me on polluti on exposure. Our 
model represents th e size o f the pro ject (measured as a variable taking on 
va lues between 0 a nd 1), as well as agent proximi ty to the project, as con­
tinuous vari ables within a spec ific physi ca l context. As we detail above, this 
provides grea ter precision in meas urin g disruption and unders tandin g the 

impact of geography on agent dec isio ns- key issues for dec is ion ma kers. We 
suggest improving meas urement o f di sru ption whenever poss ible. T hi s 
resea rch recommend a tion is consistent with socia l ep idemiology methodol­
ogies that use G IS and fac ili ty-leve l emi ss ions da ta to es timate individual 
hea lth impacts across spa ti a l sca les. 39 

There a re a lso seve ra l po li cy im pli cations from th e findin gs of o ur ABM­
G IS model. The first po li cy impli cat io n is that a more ega litari a n process for 
siring infras tructure would res ult in more cit izen o pposition , fewer highl y 
disruptive pro jects nea r citi zens and , poss ibl y, greate r social justice in the 

lo ng run . Our findin gs support the importance of institutiona li zed publi c 
participatio n, w hi ch tends to inc rease communica ti o n and ensure stake­
holders a re rep resenting co mmunity senriment .40 A mo re ega li tar ian planning 

process cou ld proacrively survey a ll the cit izens im pacted by a project , rath er 
th an emplo ying the passive notifi ca tion and comment peri od approach, 
which tends to favo r wealthi er a nd mo re edu ca ted indi vidua ls. Such an 
approach co uld enhance susta ina bility in mo re th an one way, by increas ing th e 
justice of LULU pl ace ments, and a lso enha ncin g government-citizen trust. 

The second po li cy implica ti o n is that ABM-GIS models can be an effective 
way to integrate soc ial justi ce iss ues into plannin g for specific pro jects. Siting 
issues a re quite complex, and decisio n makers must balance competing 
concerns whil e fo ll o win g a highl y institutiona li zed process . The Ca liforni a 
Environm enta l Protection Agency has created a web-based G IS tool show ing 
the com muniti es in Ca li forn ia with th e hi ghest burden of pollution from a 
variety of sources .

4 1 
Adding the ab ility to simul a te the manipulation of po li cy 

levers, such as di srupti on or project location, cou ld result in better 
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unde rstandin g o f the costs a nd benefits of different pro ject scenarios, which in 

turn can red uce conAict a nd d elays, lower pro ject costs, a nd a ll ow mo re suc­

cessfu l implementatio n of susta in a bility-suppo rting p ro jects such as TRTP. 

Using th e SEMPro DSS to s imul ate EJ issues as is d o ne herein is not 

without limitat io ns. The current version of t he SEMPro DSS o nl y includes 

parameters for the s imul a tion of cl ass- based EJ o utco m es, a nd does not 

include Census data on race a nd ethni city. Since it has been shown th a t 

min o riti es often a lso have less ed uca ti o n a nd income, o ur findin gs could be 

genera li zable to th ese demographics-but ea rli er chapters indicate the re is 

so methin g pa rti cul ar abo ut being in the min o rity.42 G iven the findin gs of 

C hapte r 6, which show that min o riti es m ay cluster near a meniti es as well as 

di sa meni t ies, there is room for further stud y of how race, educatio n , a nd 

inco me i nAuence infrastructure sit in g. Nonetheless, the case illust rates the 

use of an ABM-G JS, a nd these considera tions suggest how poli cy a na lys ts 

a nd p la nn ers, researche rs, a nd practitioners ca n develop models that are 

a p p rop ri a te to their ow n loca les a nd iss ues. 

T hi s chapter has presented so me co re co ncepts, iss ues, a nd pl a tforms for 

integra tin g agen t- based models with spatia ll y exp li ci t G TS data. After di s­

cuss in g som e of the ad va ntages and chall enges associa ted with ABM -GIS, 

w e have described the design of th e SEMPro DSS a nd shown how it ca n 

provide insight into q uest io ns of re leva nce to t he E.J community-and , in 

turn, to sustai na bl e citi es . 

The integrat ion of these two technologies ca n yield substanti a l benefits to 

resea rche rs, a nd to policymakers a nd practitioners. For the resea rch com­

munity a nd concerned p rac titioners, use of the ABM -GTS SEMPro provides 

suppo rt fo r the theory that haza rd o us fac iliti es a re imposed o n communiti es 

that lack as mu ch power to res ist them. M eth odol ogica ll y, our simula ti o ns a lso 

p rov ide suppo rt for the importa nce of a na lyzi ng extern a liti es us in g co ntin uo us 

(ra ther than discrete) varia bl es in a geograp hi c context . 

Future resea rch co uld a lso ana lyze siting cases for which the sca le o f the 

disruption of harmful projects was red uced a t the design phase a nd com pa re 

t hese to proj ects that w e re approved w ithout modifications. The predictors 

of th is o utcome variable co uld then be in vest igated fo r bi ases in race a nd 

class, which could provide evidence regard ing the propos iti o n th at mo re 

powerfu l communiti es a re a ble to reduce project impacts m o re success ful ly 

tha n less powerful communiti es. 

For p ract iti o ners who want to integrate EJ co nce rn s into ex isting fra m e­

wo rks, spatia l DSS a nd ABM-GIS p la tforms show considerable promise. At 

th e beginning of this chapter w e posited that "a ll politics is spatia l. " Whil e 

this m ay be a s li ght exaggeration, the th eo ry a nd empiri cs p resented here 

show strong suppo rt for the conclusion that spatia l heterogeneity is a n 

importa nt factor in s iting o utco mes. In other word s, what m atte rs to indi ­

vidua ls va ri es by phy sica l locatio n , as wel l as by other fac to rs such as 

income. Therefore, integra tin g G lS data in to environmenta l just ice a nd 
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susra inab ility research a nd simul a ti o n is c riti ca l to mod elin g, :i n:il y'l. in g, .11 HI 
address ing these issues in specific loca les . 

In o ur s imul ations, individua l-level at tributes, such as inco m e a nd 1..:du c:1 
tion, have effects of a magnitude s imil a r to th a t of the level of di s ru pt io n 

ca used by a p ro ject. We a lso find that the effect of t he project 's disrupti o n 

on the numbe r of citizen m essages is dependent o n citizen attr ibutes t h::tt 

va ry geograp hi ca ll y. All of these fac to rs st ress the va lue of coupling age nt­

based modelin g with G fS data for loca l policy a nd p la nnin g. As a ny student 

o f pol iti cs will te ll you , power m a tters. Despite a ll the money spent o n 

assess ing the engineerin g aspects of s iting projects, c iti zen power and parti­

cipa ti o n a re more im porta nt to srnke ho lder barga ining o utcomes than p ro­

ject di s ruption- th e p hysica l nature of the project- in o ur modelin g. Our 

research hi ghli g hts how the spa ti a l attr ibutes of power can be integrated 

with agent-based s imulat io n to provide acti on a bl e in s ights for po licy m a kers, 
resea rchers, a nd citi zens. 
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