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making, comprehensive and easily accessible sustainability

information will be needed to assist policy analysis. As visual Most r.no:.lels flc:>.r s:stalpablllty |Pcillcat9rls us(e]I t/wo basic concepts for ; 'rll'hoggh tTere is a IZICh set of s;llsterpﬁ fgr d?flnlng.SUij[alnab(I::It)./ mo:!ca‘:.ors,t?%r]e

analytics emerges as a major tool of policy analysis, sustainability  girectly or in some normalized fashion to create indicators or a trend analysis.  indicators (Williams, 2004). Each model is typically presented with one method of Th tual f K of sustainability indicat ot

. : : : rer e L. g - r - , T , e concepuual TrameworkK Oor sustainaplil INaicator organiZation : : .

information, particularly sustainability indicators, will need to be For example different types of crimes for an area may be reported, and then reporting its indicators. This may vary from a simple table such as used in the The calculation of an indicator is ! p . ! . 4 J Public policy decision makers must are faced
structured to work with visualization methods and tools. combined to create a crime index, such as total crimes per capita. Second LEED system to maps that show index values for varies geographic units such as typically based on some rule and visualization includes five components. with a wide range of complex Issues for

.. . : - Y - - - - - : : : it hich defi hat data | d, . . . . .
Numerous models for defining and organizing sustainability these indicators are organized into categories, usually hierarchical, based on those used in The Wellbeing of Nations. None of the models utilize advanced wh:';t thg ::r;?c?u\ll\;tﬁ)n ii ?If'z;:;)e o 1) A data organizational system that defines indicator data based

some topical or systems classification scheme. For example a Crime index may methods for displaying and analytically exploring hierarchical data.

which sustainability will be only one of many
factors that will be considered. The

dofining a theoreticalframework for organization of such data 5o b6 ombined wih Healthndex e he category A MI on hierarchies of topical, spatial, and temporal attributes:  EoNISARUARES AL
: : : : : : of Human Welfare. In some cases, these indices for Figure 1: Dashboard Display of the United States Currently the only published tool for > U : e o : aotic, _ _
that it can be eas||y ana]yzed using visual ana]y’uc tools.This each of the topics may be combined to create an T — =Wl visually displaying and exploring _create a numerlc_lndex or 2) Methods for aggregatlon of Indicator indices at various levels sug,talnablllty are |mporta_nt to an issue may
project is developing a framework for organizing and visualizing index for the category as a whole. Table 2 shows the | |6l EW,"{ &% |<5[o | 5| @/ |l sustainability data is The Dashboard of Indicator. In addition to this of topical, spatial, and temporal hierarchies, shift over the course of discussion of an
hierarchical based sustainability indicators within three scales organization structure for Prescott-Allen's The Well [Unted statcli 5 21 Sustainability developed by International numeric, these indicators have : : : L : : : Issue. Thus there is a need for tools with

: Being of Nations Sustainability Indicators.(Prescott- =l |nstitute for Sustainable Development attributes of scope: topic, space, C)MVIIVEET (STelaTal (e [V[SER (el e [Nl VAT o [[or=N o] o Y =M g MVA[CIVER d eV TN ag (STl high degree of flexibility providing both

topical, spatial, and temporal. This will include quantitative and
gualitative concepts and methods for analyzing large sets of

sustainable data. Desktop and Internet based Visual Analytic Generally, there is little consistency among these
indicator models in how indicators are developed or

o
I n t rO d u Ct I O n aggregated functionally, spatially, or temporally.
Some indicators system just focus on natural

environmental indicators(Esty et al., 2006; Heinz

- - and time. These other attributes . .
(Consultative Group on Sustainable re not static and can describe as are topically, spatially, or temporally focused,

Development Indicators, 2006) _ ; _ _ { _ - : . .
(http://www.iisd.org/cgsdi/dashboard.asp). a hierarchical structure. Space 4) Visual Analytic techniques to analytically assess indicator data, BiSSaulteiEtER U TER Ry Sll)
can be defined as a single parcel maker to explore sustainability indicators

This tool uses the motif of a vehicle dash : : . 2 :
of land, or aggregated into a and and analysis to find information relevant to

board to display sustainability status _ _ _ _ _ _
single block, or to a square mile, 5) A simple and intuitive visual interface that allows the decision their needs and interests is proposed. Using

information as various gauges and allows _ : . ) :
amore in depth and interactive or to a city, state, nation, this proposed framework of topical, spatial

summarized and details in a variety of levels

Allen, 2001) : . . g
of place and time. A simple and intuitive
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Sustainability concepts now span such a broad range of topical areas that few, Center, 2002: Venetoulis et al.. 2004), while most exploration. The tool is a windows based Een;isph_ebredand pla}ne’lt. Topic can NELGIe explore sustainability Indicators and analysis to find and temfporalhhiera“rchicalhdata orgagization,
o 0 C O 0 . 1 . oG 5 - - Gender i 2 m ™ gl e . .
if any, individuals can be experts in all aspects of sustainability. Most others include some human condition indicators. Eradicate womenl cqualiyand | s [CFCs Snette eooo" Il stand alone application that allows the € descriped as a single inf ti | t to thei d d int t an interface tnat allows the user to browse
A - - e - sty e employ-ff empower. g e B - T - measurement, such as CO2 levels information reievant to tneir needs and INterests. the data based on each hierarchy could be
sustainability researchers and advocates either focus on a broad context of Generally at the highest topical hierarchical level NNGET  /poverty B ment;of dary P ainability “ user to interact with a hierarchical combined 'tﬁ others to describe : constructed. Such an interface would
sustainability, environment, economy, etc, or they focus on a one particular Child gap oo polution structured database of indicator data. | ol | '
.’ - ! / / malnutrition i i ) . h bined Wlth
area of sustainability, such LEEDS. These approaches are useful when the focus : : - - S Girls Urban Urban Dashboard is able to display indicators for green nouse gases, com _ _ _ _ _ _ _ _ _ _
f decision making?/ssustainability ol hFZJF\)Neversuch opportunities in public Table 2: Sample Hierarchial Structure for Indicators Poorest “emale - various topical, spatial and)’;emporal e other measures (Particulates etc) to describe air quality, or provide a main display frame, in which the user would browse data based on one of the hierarchies,
olicy making are rare. If sustainabilit i; 6 be successfully inserted into Level 1 Level 2 | Lovel 3 Level 4 Nieasures Figure 3: Dashboard Data Scatter Plot data in a variety of ways including the as part of a summary of environmental health or general based on single or multiple attributes selected from the other hierarchies. Figure 5 provides an
POIICY MAkINg are fare. Y Y P b 0 ey oo v e e D o global well being. Time can be described as now, or the day, overview of such and interface. Also conceptual frameworks and prototypes are being developed on this
public decision it will need to be one of many factors that may be of eat nd bl GRS ¢ [% [€5)o EE@ ] er Figure 2: Dashboard Map View or the month, year, decade, century or as the difference basis and are located at www.public.asu.edu/—mcquay/sivp
importance to policy makers (EUROCITIES, 2004) and sustainability e e R T .. between two points in time
. . R . o . Knowled 4 . MDG [-)ashnard i© 11/UNSD :201 view - Index I:EE Develop. Countries i} & o _ _ _ _ _ _ _ _ _ _ _
information will have to be relevant to a wide range of specific economic, ity (TR R Visualization research is rich in methods to display hierarchical and nodal based data. Visual analytics
social orrights issues (Clark, 2003; Nyerges, 2002). Given the complexity of h Rt ([IEETEE These hierarchy schemes of scope can be described research is also rich in methods to analyze hierarchical and network data. However, use of these
these issues and sustainability, decisions makers will need sustainability colitical Hohts S . ’Phi'if:m;icawu“{;ﬁgi - independent of the data with in a a nodal network. Each techniques will require that that
information simplified to a manageable level so that they can be considered Civil libertes 5 e e Lnainurition node may be linked to Figure 5: Interface Concepts sustainability indicator data be
Press freedom - bl i = . I . . .
along with the other factors of importance to the decision at hand (Forester, Corruption £ e ®SiTomeand one or more other organized to facilitate visualization,
i i perception 0 Fangladesh e L Swaziland el _ . ] . . . .
1989.; Lindblom, 1995). Indicators are one tool that can be used to help Peace & Order S e it P e cune N o e nodes which can be TOPICAL HIERARCHY XML Select an Indicator Browser: Topical, interactive exploration, and analytical
m ntli _ A anzaniy Zambia 090 enegal NNMOS. uaan . . . . 1 1
simplify the understanding of sustainability issues (Gudmundsson, 2003). % efense 3 il RN T described in XML L Nt et Wellbeing ndex Spatial or Time. Each allows the Attribute selectors can display assessment.
. . . . expenditureof | | N A=  rew clRwanda eria | alawi - - < = EXT > ] ) ; : !
Across most topics of sustainability there are a variety of measures that can be 6P £ el Z WS Do e (which is well SHUMAN NAMESHuman Well Being Index™ user to explore the indicator data t'_’e attributes b_ased on C'_'ffere”t
used as indicators of sustainability and a variety of models for organizing Eoc i T et bets e structured to represent <FREEDOM NAME="Fredom Index”> based on a Topical, Spatial, or Timeline views of the heirarchy: List, Map, | Further Research Needed
. . Guinea-Bissau < =" oting Rights Index>< >
these measures and indicators have been proposed (See Table 1). _rlloglal g)ler’i\/lrchles Sdee . SIFREEDOM> classification heirarchy. Tree s tainabilit "
Siera Leore able 3). Measure </HUMAN> ome sustainability schemes are
<ECOSYSTEM NAME_:”Ecos_ystem Wellbeing Index”> - - _
In general most sustainability indicator models report or summarize . . . . e i ) data can then be 02 NAMES"CO? Levels s <1CO2> not hierarchical, organizing
information across three basic scales: topical, spatial, and temporal. The Figure 4: Nodal Display of Indicator Heirarchy j UNICEF estimates | - described where it lies <0Z NAME="0zone Levels"></0Z> Indicators In hierarchical structures
. .. ’ ! ! ) fMDEDashhuard{[ﬁ:n]],.-"UNED}:Znumﬂew—IndEHtrEEDE?EIup.EULmI:ﬁF*_‘i ] 10| x| Within these SCOpe </ECO<S/¢ISI?|_>EM needs to be researChed' (Gallopllnl
interests and needs (?fdef:|5|on makers can vary across these scales based on DL O [& [ [ @]t o vy o v 5 . N T LeLonals Visualization of Sustainabilily Indicators concest 1 2004: Nyerges, 2002
the nature Of the various issues the are evaluatlﬂ (PreSCOtt-A”eﬂ 2001) d ]Unitt:d Stﬂtfjﬂ . <HIERARCHY> Demonstration of Sustainability Indicators Visualiz§tion Project Conceptual Framewark . ) )
y o5 et ol ’d ar Lard. ' more than just a . 2) Most indicators are not normalized
ectively deliverin Species & ' ' SPATIAL HIERARCHY XML =eieck Uts Browesr: ew nidostops oy e UL 8 ' ' indi
Ve J denes ers cnver counryana (NG (OO COMBNVARS) 1o uron dashboard guage, maps, scatter plots and value hierarchical - - 2] B making comparison of indicators
guag P P
- o : sustainability Resource curtna lots b Sl unit. Th I g low th classification scheme. <HIERARCHY NAME="SPATIAL"> | Indicators by Contry/ Region View [TresVow ] View [Trsview B} from different units of measure
ablel: Sustainability Indicator Models information to A e ——— P OLs Dy spatia unit. he too’ does 210w the In this case, each level O FEMISPHERE NAME-"Northem Herisphere"> oeect Deta View e den = select Topic select Time Perioc difficult. (Allard, Cherqui, Wurtz, &
—— - - Cocal Al Ouality s user to view data summarized at different levels ase, R A= Northen riemisphe Indicator 3 Year 2000 | " : : qult, :
Canada Sustainability Report (SRP, 2004) decision makers will : : of the hlerarchy <US NAME="United States”> [‘"“'“m”i B 1590 - 193 Mora, 2004 ; Nyerges 2001)
Central Texas Sustainability Indicators Project (Central : : : : | of the toplcal hlerarChy and does aggregate the <TEXAS NAME="State of Texas”> W28 - ki - L : :
Toxas Sustainabillty Indicators Project, 2004) require visualization o it data internally for each grouping of indicators. represents a summary <BEXAR NAME="Bexar County”> 3) Most indicator system define
- - | ‘ - <SA NAME="City of San Antonio™></SA> <= ndicator 4 Indicators one geographic scale
Ecological Foot Print techniques that allow R Three levels of hierarchy are supported, lower of all the values below </BEXAR> = geograp
(Venetoulis, Chazan, & Gaudet, 2004; Wackernagel et al., decision makers to data level, group data indicator level, and then a this level. S TEXAS> r;“":;g,.;‘*ﬁ“”“ —(indicator s W 1505 - 199 becfaus_e_of the |nconS|stent _
1997) i i : S R : - - availability of data for all indicators
Interagency Working Group on Sustainable Development easily explore simple single aggregated indicator. Figure 1 shows the e o INHEMISPHERES —(indicetor 35 1227 1 4 hi |
Indicatc_)rs SUStaInablllty The Well Being of Nations Sustainability Indicators (Prescott-Allen, 2001) typ|Ca| DaSthard diSOIay Of the Unlted States 'S ata 1 f <H|ER<,£\IG?IE2(|)—I%2L> u iﬁ altl aL Lgecl)(g ra'g\)d ~ Scaes’ & B ”
(Sustananie Yeasures, 2002) indicators at these e | with the indicator gauges. Each colored part of ?C,un_ﬂmarlza}tlon O (o) | g2 g > eake, Adamowicz, oxall,
cighborhood Plans Manlan & Bk various topical, spatial ) (e @R (e ’ the gauge corresponds to a data indicator, with Indicators from one TEMPORAL HIERARCHY XML | Gamrs) | QNG 002) .
(Crossroads Resource Center, 1999; Manglani & Pijawka, " T | -l - : level to another is <HIERARCHY NAME="TEMPORAL"> = 4) Most indicators do not provide
2003) and temporal scales these indicators models have two main indicators, : each center being the group aggregated = TEMPS , (- : Lt
g : : : L : based on rules of how o ODEe NAME Dot R - rules for summation of indicators
Oregon Benchmarks : 1 Human and Ecological. Below this level what data is indicator value. Different gauges can be -H - <1990DEC NAME="Decade 1990-1999"> al _ _ ;
(Sustainable Measures, 2002) (Gl AT plin, e : : S the indicators or data <1990 NAME="1990"></1990> {2005 - 200 to higher topical and spatial levels
Sustainability Counts 2004; Nyerges, 2001). used and how it is aggregated to different levels varies f | | s <1991 NAME="1991"></1991> Y opes :
(SDU, 1998) This project is widely. Each model creates its own standard classification, weighting, and selected for viewing. Figure 2 Shows a similar data display but in map view. In fol Owe';j evehs e <1999 NAME="1999"></1999> B | ﬂﬂ (Tﬁ’erg‘?s’ )I lack of hi .
Sustainable Seattle | exploring the two key aggregation standards but the rules for such aggregation or weighting are this view the map is interactive and data from any country can be displayed in the ﬁgghregf‘te | at th € ooy I990DEC> S) d_ere k= genera ack ofr historica
(Best, Dusen, & Conlin, 1998; Sustainable Measures, 2002) . - seldom presented. For example, in The Wellbeing of Nations Prescott-Allen dashboard by clicking on the map and data values for any country can be Igher level. These <HIERARCHY> Indicator data.
The Montreal Process factors in providing bY e - gl : Jele e : ) 4 rules will be different 6) There currently appears to be
(MPO. 1995) this level of flexibility: does provide rules for topical aggregation of the indicators but not rules for displayed by clicking on the dash board gauge. Dashboard gauges can also be for diff H hical sch 4 indi : | i) - y pﬁ :
The Natural Step Process 1 th thod d)’;. spatial aggregation. In the presentation of the data, tables of country displayed side by side with other countries (up to eight). Other views include a o al el_rent lerbarc _'Cal 5% e:jnes abn Inaicators. ;ﬁ'pca Ittle resif_zll[’c _Inc’lc_o the use cr)]
(Natural Step, 1997) € method used to indicators indices are grouped by region, however, no method is provided to scatter plot of all countries (figure 3) based on values for two indicators, and a AIr quality may be simply be done by averaging while . . sustainability indicators wit
The State of the Nation’s Ecosystems organize the S > P : : spatial aggregation may be weigthed by size of the countr Indicator Data Browser Display futures analysis
o Comter 2000 y org create an aggregated index for a region. There has been some work on the nodal view (figure 4) of the hierarchy itself for one country. P clojg]retofElilo o/ lole iy y Y- , _ _ Sl
Measures, 2002) techniques used to indicators to create composite indicators for different hierarchical indicator Though Dashboard provides a rich interactive environment, it structure around be developed tor how each indicator Is aggregated These Lists
itat) indi isuali - o : e : : L rules can either be defined as part of the hierarchy, or i i i
EJA'\l'ng';? %%b?';at) Indicators program visualize the levels (Nardo, Saisana, Saltelli, & Tarantola, 2005) the dashboard concept is limiting when try to explore the hierarchical data within u I culated and includ dp' e G 3 Yy, 9 Maps Indicator Attribute Selection
. indicators. the three scales, topical, spatial, and temporal is difficult and no tools (visual or simply calculated and included in the data and associate Trees Select what attributes are displayed
vale Environmental Performance Index - : - : - - with the aggregated node. Averaging and weighted
(Esty et al., 2006; Heinz Center, 2002) otherwise) are provide for doing analytical analysis nor is any method to produce _ d be th : | Such si | Graphs by the indicator browser
a report at any selected topical, spatial, or temporal level avetrﬁg(;ng WO|3 " = tﬂ = ;n%st C(;(T/ITon s esh'_ oJE h?'mp = Topic, Spatial, Time
metnoas cou e reriected iIn SCOope nierarcnies. ' '
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