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EXECUTIVEBUMMARY

With the effects of climate changeowing more apparentommunities across theaile
are increasingly worried abouter vulnerability to the worst of thémpacts In Los Aigeles
County, a place that is particularlgusceptible tgresentand future climateelated hazards
(Wilson et al. 2010; Wilder et al. 201@ksearch over the & decade has attempted to better
define and quantify® Y X O Q H U WihLtii2 Lhdpes of infming policymakers anémpowering
community membersAs a means towards this enstudies havestrived towards greater
sophistication and aecracy in theirmodellng of climate vulnerability Across the boardthey
have found thatexisting environmental nequities between demographic groups (.e.,
3environmental injusticé will only intensify under a changing climateThis exacerbated

inequalty between communites DV EHHQ WHUPHG WKH SFOLPDREBDiteDS”

this important conclusioncertain elementof current
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INTRODUCTION

While climate changeés aglobal phenomenon withast implicationspot all regions and
communitiesare experiening its consequencesqually (Moss et al. 2001Kersten et al. 2010
Furthemore,on both large and small geographic scales-income communities of color (i.e.,
SGMDGYDQWDJHG FR P P Kayd iWwdmepedteRyJsHdws Wisproportionatelysuffer
from growingclimaterelatedhazards an@mpacts(Gwynn and Thurston 200Pastor et al. 2010;
Wilson et al. 2010; Paolisset al. 2012; Shonkoff et al. 201TThe reasons for thigdispaity
between privileged and disadvantaged communatiesyumerousaselinedifferences in current
exposure SHQ Y LUR Q P HQWdzlod reQdur¥eg Wi Imitiglatand adapt to rising cliate
related threatsn DACs, andlow political will and prioritizatiorto 3V D | HJ X D Ur@rgindlig&lV H

(Ibid.). Both worldwide and in the United States,



strong politicalwill on the state level, California hlasen trying to ameliorat®me of thexisting
disparities &ndprevent futuremagnification)across all counties, including Ldsgeles(Pastor
et al. 2010; Cooley et al. 200 Accordingly,community organizations, migipal agencies, and
academic institutionen the local levelas well,havebegun tostudy this issue morhoroudly
over thelast decad¢lbid).

Stakeholdershave since developedver a dozen tools for modelingnalysis and
policymaking but most opeate within theunified framework ofa climate change vulnerability
assessment (CCVAThe popularityof the CCVA approach stems from trensparency, user
friendliness,computationakbility, and policy influence(English et al. 2013Flssel and Klein
2006; Tonmoy et al. 2014lts ability to more fully dissedhe vulnerability and equity dimensions
of the climate gapnake it a utilitarian choicéor many inclimate policy researchmore so than
methodological alternatives like groundtruthing acwmmunty-based participatory search
(Sadd et al. 2011)n fact,thanks taheirspatial analysis and its ability teneralizevast quantities
of datg CCVAs have beethe keyinstrument in detailing theontemporaryintricacies of the
climate gap in Los Andes (Hinkel 2011; Tonmoyet al. 2014; English et al. 2013)s our
understandingn the field has growiover the last decadeowever, the assessment framework has
increasingly failed to explain the mechanisms behind the countywide trend towards escalation
mostly arising from itscrosssectionaland narrow 3Y X O Q H Ufbcad.(OdoMA et al. 2012;
English et al. 2013).

Therefore, thegoal of this project iso beter understandhe main drivers of Los Angelés
growing climate gapl will addressthis cental inquiry in two parts First, XVLQJ D 3IUDPHZRL
D Q D O \\tbngiderwhetherexisting vulnerability assessmentven provide he appropriate

toolkit toanswerVSHFLILF TXHVWLRQV DERXW /Ravid # €J hb@)th\tfe FOL P D W



secondandmorequantitative sectign usespatial analysiso look at the (statistical) significance
of expanding the dataset longitudinalgecause the climate gapy defnition, links together

climate change and demographicadd both countywide population



LTERATUREEVIEW

In the following sectin, | delve deeper into literature about the climate gamrder for

us to understand cum



(Morello-Frosch and Jesdale 2006; Paolisso et al. 2012; King6lEy Wilder et al. 201§ Pulido
(2000)asserts thathis inexorabldink betweenidentity andenvironmentaburdenextend back

even earlier thamften recognizedin the case of Los



and susceptibility to deterioration, lack ahsurance access, disproportitmacosts of
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third process thatould potentiallyaffect the severity of the climate gegpftenharderto measure

and examine population dynamic¢Samson et al. 2012; Jiang and Bi& H H 2Y91HLOO HV
2014;Tonmoy et al. 2014While not generallyalked aboubn the state level in Californithere

are neverthelesgjlobal andnationwideanalyses that havexplored thisoption. For example,

Samson et al. (201&escribe how20" centurydemographic changésthe UStsuburbanization,

Sunbeltcity growth and coastal developmerimost ofwhichwereunrelated talimatic changes,
inadverently amplifiedclimate burden$or the averagédmerican(equivalent taadditionall.3°C

of warming) Jiang and Hardee (201D Q G 2 fet &l. (2012 parrived atan analogousonclusion

in their own studies, as wedixcept they loo&dat demographic treas worldwide and theeffect

on SHRSOHTV Hl\&evhdzatdsNakBn togetherthis literature
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WHAT ARELIMATECHANGB/ULNERABILITASSESSMENTECVA)?

A climatechange vulnerability assessm¢€GLVA) is oneof the most ofutilized tools in
trying to dmeasure the climate gapysually on small scaleshere vulnerability differentials are
large (Hinkel 2Q1). By ddinition, CCVAs rely heaviy on computational analytics @n
guantification to give stakeholders a better idedaf dig " the climate gap in a given area is.
The foundational scheme is usually a mapramework, or a scientific document, which draws
upon concrete measureswfinerabiity known as indicators” and compiles them into a single,
userfriendly instrument as is the case in Sadd et al. (2011), English et al. (2013), and Cooley et
al. (2012) Together, thee dndicators’ can work simultaneously titesh outseveraffaces of the
word dulnerability” and the inevitable differentials that we see: pe§pébility to adjust, their
ability to cope, their exposure to increggsclimate variabity, and their baselinsensitvities to
shortterm and longerm weather evest{Hinkel 2011).As such, CCVAffer some of the best
hope for those who seekitgimately undestand how climge change impacts people and in what
ways, especiallypolicymakers and their ostituents

Unfortunately,given the complexity of the ichategapand its multidimensional nature,

theory dictates that CCVAs are alway G [(t70.9992re W*n BT /F3 12 T:7(ke)4(r0Og 0 G [(a)4(nd )-






> JQIMATEGAP. CONTEMPORARJNDERSTANDINGS
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more localized thawther weather phenomena athdis ca more strongly highlighdifferential
climate burdengMorello-Frosch and Jesdale 2006; Marshall 20@&yshall and Nguyen 2018;
Jerrett et al. 20052ulido 2000;Houston et al. 2004Drury et al. 1999 Marshall (2008) and
Marshall and Nguyen (20183l spatially, determinethe spefific disadvantaged communities
that are at stake durirghronicand acutgoor air quality While the léter paperfound that there
were meteorological considerations whassessinglisparities across theos Angeles Basin
demographics still largelyeteminedthe location of emissive sources, thereby exacerbssngs
of environmentainjustice and inequityLikewise, Jerrett et a{2005) took a similar approachut
they focused less oV KH 3H 1L F L H sBlutioRsitoShe Olimate gapather theymeasured

public health effectas a proxyWith results everbleaker
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point, they developed a screening tool, the Environmental Justice Screening Method ,(EJSM)
which focusedn air quality and land usd heir overallconclusionwas thathigh-impact areaare

not alwaysnecessarily highly vulnerablgvhile the link has beerpreviously demonstrated to be
true on larger scales, and even generatyoss Los Angeles Countthere ae still notable
discrepancies (Figure.IThe researchetsad to make aorrectionto their modeln order tomore
realistically representongoing environmental injustice 3F X P X O D W L YTHie l[céhSdptFaivV vV -~
Tumulative impactsis longitudinal andakesinto accounta cR P P X Q d&khofjndphic profile,
chronic exposuréather than acuteandadaptive capacitiy order to truly assestsivulnerability.

Their findings reiterate* DOORSLQfV theveVdida o LsRyokidik o Sirethat

determnean individualf V. YXOQHUDELOLW\ (QJOLVK HW DO

g L
- _. A“ '3"

East Lo RN s\8
~ - ek CaR

Figure 1. A comparison betweeoalculatedhazardexposure(1l=lowest, 5=higbst)for census
tractsacross the Countyefft) and 3 F X P X O D W L Y(kbhtt) _abibhFadbitonally weighs social
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and environmental vulnerability factors (Sadd et al. 2Q1Mpte that the correction shifts the
distribution oftotal impact tahe core intaor, centered around Downtow

Later studies such as English et al. (2013)ave attempted to extenthis notion of
SIXP XODWLY HeyoRdsdlr lfvelNy anthnd useto otherclimatic factors such a#ooding,
wildfire, extreme heatadaptive capaty was included, too, using proxies such as air conditioning
ownership, tree canopy cover, and impervious surface cédweadding this dataprevious
conclusions from thé&environmental Justice Screening Methgdined addedcredibility and
analytic accuraz. As can be seen in Figure 2, which visually summaribes resultsa face
value approach to climate vulnerabilitylios Angeledalsely suggests théhe climategap here
is rather VPDOO RU 3HJD O L \(tdp parelRIindde inGonw Xnstates, privileged
communities suffer the brunt of the impacts, like when there are inundations in Del Rey or wildfire
at thefringes of the San Fernando Valley (Figure 1). Since these advantaged popuiatjoiften
be situated at the geogtsc boundaries fothe County, whether at the beach or at the urban
ZLOGODQG LQWHUIDFH B3IRRWKLOOYV igh ekpkiddie DbigiH. HOReV€,G WR U
we must remember that exposure is just one piece of the ppoplelation vulnerabity and
adaptive apacity are equally as importariinglish et al. (2013gxplaired their findings by
detailingwhat cumulative impactental, includingconsistent patterns of DACs sufferinlpser
proximity to industrialareashigher poverty andworse health outcomés.g., emergency room
visits during heat waves)hesemetricswere heavily weightedl herefore factoring intenetsof
environmentainjusticein this caseexemplified as® F X P X O D W L YaBndlishDaF. Wodonly
made a moral rgument for considering marginalized communities, but alsmade a
methodologicabreakthrough bgxamining/ RV $ Q JH O H Vindrabilitfdniycdpehrough
D 3FOLPDWH I3 h8 way,kh€@n/nodel is inherently morereflective of the current

circumstances abkey play ait inthe real worlgdand as a result it hagtter predictive powers than
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mostvulnerability assessments preceding framework for Addressing Climate Change in Los
$QIHOHYV ;&Ki& 2pm).”
Since thepmanyclimate change vulnerability assessmd@€VAS) in Los Angelefiave

adopted this
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Figure2. (QJOLVK HW cbracthivto their Climate Change Population Vulnergpihdex

(top) XVLQJ 6DGG HWEnR©OnMéntal Justice Screenindethod (bottom) Equity

concerns andi®*FXPXODWLYH LPSDFWV™ VLJQLILRDIEEity sckred W WKH
across the Cay, much like in Figure 1
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> JQLIMATEGAP. ALTERNATIMBONSIDERATIONS

Given that population dynamicgarevery importantin understandinghe climate gapas
empiricallydemonstrated on the national and global le¢g@tnson et al. 201djang and Hardee
291HLOO H\Wwhdpwportedon the local leve(Cooley et al. 2012; English et al.

2013),
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Valley, San Fernando Valley, and San Bernardino Co(Bigg et al. 2004Marshall 2008
Mitchell and Chakraborty 2015And, if they do manage stay in theLA Basin and combat
pervasivedemographic trendshey often have to contend withorseningpollution, crowding,
infrastructural degradatiorand job scarcity (Pastor et al. 2011)As such,when the various
componentsR1 /RV $QJH O peddgraphy BrBtqlied togethe larger picture ofyrowing
inequadity transpires (Ibid.).

Inevitably, climatic factorshaveonly further compouned the demographic trends of the
last thirty yearsMorello-Froschand Jesdal€¢2006) and Marshall (2008),looked at how, for
example, reinforced (re)segregationamong commuties has only entrenchegublic health
disparities that result fromair pollution and poor air qualityEven after controlling for
socioeconomic status (SE®lacks ad Hispanics werenuch more likely tcsee elevatetlng
cancer risks than their White counterparts, espedialdyeas tht areincreasingly segregated (as
measured per the Segregation Index [MorEllosch and Jesdale 2006]jkewise, residential
segregtion correlated with environmental inequality gglluW LR Q 3SKRWVSRWV ~ ZKLFK
(2008) contendd canincreasemeanexposure by 1:80%for 3 Q RADites” over WhitesBased
the latest dat&rom the California Department of Public Healthese truth&iave held relatively
constant over the past three desfie., 2 O L Qtrebdd. Of course, there are othaorlinear
considerationss well, such athe effectof capandtradefV L P S O H PtHeg\DH/ bl Qos

AngelesLong Beach Port Compleandautomobile/cargo trafficand increasing development in
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up withvariousand creative ways tocrease the capacity and accuracy of cumerdels As can

be seen in Table 1 i, the
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"Climate Change *RYHUQPHQW
Vulnerability
Screening Mdtod" (QJOLVK HW
"Health Impacts $FDGHPLF
Index"

3DVWRU HW
"Climate  Impact &RQVXOW
and Social *RYHUQPH
Vulnerability
Analysis" &RROH\ HW

"Environmental *RYHUQPHQWD
Justice Screen(n 6DGG HW DO
Method"



| will include some nonlinediactorsthat have not
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the censudract level for Los Angles County the base geographic unftontrolled for
equivalency. Basedon methodtogies devised in English et al. (2011) and Cooley et al. (2012),
climatic and demographic indicatongere therevaluated over th study periodn a longitudinal

fashion Since climate vulnerability is a function of exposure and risk, vulnerability indese

maps were overlaid with a time series of maps of past exposure to extreme heat, particulate matter,
coastal flooding, and wildfire in order to identifyeas vith coexisting high social vulnerability

and high exposure to climate change disturbandegh vulnerability here is defined as '66
percentile Zscores othigher, ascomputed pedl9 sociodemographic indicators (Cooley et al.
2012). The areas ofverlapindicated those locations with heightened risk of being impacted by
these climate changes asesult of exposure and social vulnerability.

From there, | consolidatéaggregate both climatic and demographic data into a respective
SLQGH[" IRU HDFK 8VL®&6VIKD 6 HULG SanditeNdubtwoX MidHAngeles
for a canprehensivelanate risk raster4{indicators) and analogous data from the Pacific Institute
and U.S. Census (2010) for sociodemographic profill'®gr(dicators),| then importedhe layers
into ArcGIS. These indices were methodologically duplicatedtfa following four temporal
datapoints: 19801990, 2000, and 201@fter visually representing different configurations for

various component layers, noting potential patterns that emeeygoltedthe dataand begn
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where | foundstrong correlation and convincing causalityyvas of interest toextrapola¢ the

current time series (climitF DQG GHPRJUDSKLF WUHQGYVY LQWR WKH IXW:

RESULTS

QLIMATIANDICATORS

Extreme
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responsibleNeverthelessextreme heat risk increased in all areas of the Codeagyee of severity

merelydependd on geography.

Figure 3. Thefour panels abovehow the progressioof extreme heat risk in the Los Angeles
Basin over the paghree deades, as measd in days above the ©%ercentile temperature
thresholdduring the hottest months. Note that the main area of inengaseverity isthe inland
portion of the San Gabrieind Pomona Valleys.

Given that the nature of risingtgeratures and extreme heat burdens was pervasive across
the boarda large portion of the Counfyy UHVLGHQWY ZHUH WKHa HdRgUH LQFU
highly exposednd highly vulnerable tahis climatic indicatorln fact, 6 million, or 59%, of the
ERXQW\YV FXUUHQW SRSXODWLRQ UHVLGHV LQ DUHDV WKDW

during the summer months, considered a medium exposure by IPCC and CalEPA stAbdaids

460,000 pople, or less than 5% of the Cabsh\fV SRSXODWLRQ OLYH LQ DUHDV W
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Bernardino are oén downwind of the most-aisk areas. Thus, figres for social vulnerability and
exposure extent might actually be underestimated using current available data.

Air Quality: Using data from Kleeman et al. (2010) &®GAQMD, average particulate
matter conentration and correlated factors were assessethé County during the same study
period. Under historic climateaditions, an estimated 6.6 million Angelenos lived in census tracts
with PM2.5 levels above the California Air Resources Board (CARB) atdn@/hile that number
has decreased quite sifjcantly going into 2010 (4.7 million affected), the distribution of
reductions was not uniform spatially across the County. Coastal areas (including the Port of Los
Angeles), as well as southern portionshef San Gabriel and San Fernando Valleys, fangte,
saw much greater percentile declines (ca. 40%) than the Baytor Gateway Cities (2R0%).
Nevertheless, baseline PM2.5 concentrations normally positively correlated paghited inland
locales vith high Zscores, so the South Coast Air Baaimd the Valleys (San Fernando, San
Gabriel, and Pomona) still expeniced the highest exposures during this time period. As a result,
about 75% of those with high exposure also lived in areas with high sadrerability. In
addition, those in areas witligh exposure and high vulnerability saw correlation of particulate

matter with extreme heat, as defined in the previous sectitrO @4). Furthermore, trends






SOCIODEMOGRAPHNDICATORS

Sociodemographic indicators
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exhibited positive (more vulnerable) baseline scordstically. Heterogeneity and noncardinality
of the sampled census tracsgores di not change as drastically as with race over time. Therefore,
one can assume that, espdygiédr those with annual incomes higher than $75,000, that financial
stabilty ( WHDOWK LQIHUUHG KDV UHPDLQHG DQ LPSRU%WDQW KDUI
FOLPDWLF LQGLFDWRUV ,Q OLQH ZLWK (NVWURPcd&s@@ ORVHU
socioeconomic capital are often the best assurances of general safeguwendiher in adaptation
or mitigation.

Disability: As both qualitatively anduwgpntitatively assessed in the literature, disability is
often correlated with age fR0.67 br disabled vs. 65+ years old in Los Angeles County in 2010),
as well as other amographic predictors. As such, disability and itscores cannot be quite
distilled without accounting for autocorrelation, which is beyond the scope of this project.
Nonethéess, similar spatial treatment for the County during the study period hasbgesakral
LOQWHUHVWLQJ UHVXOWY &RLQFLGLQJ edteWinarabttiedinereH YV F
seen in similar hotspots, namely industrialized Central anchagt Los Angeles, as well as in
marginalized communities along the coast (Venan Pedro, and parts of Long Beach). Beyond
that, however, there were unexpectedions of the County that demonstrate the complexity of

FOLPDWHYV LPSDF W eRaghpke RVakbO, BodtHiiI@dént fommunities (e.g. ET Q nf(S)-3(air’
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individual sociodemographic indicators is @ftemportant n distilling specific demographic

climatic interactions for policy purposes, as in the case of disability and wildfire.

ANALYSIKDISCUSSION

Given the resultdrom this longitudinal study, this expanded CCVA elucidates new
findings that havaot been reaanted before in previous literature. The central tiafetred from
the data is that the average Angeleno became less socially vulnerable, but more hagdy &xp
climatic changes between 1980 and 2@49noted, Zscores for the sociodem@phic indiators,
pretty much across the boardb(af 19) decreasedsubstantially, yielding that baseline social
vulnerability, as purely calculated from sociodemograpipats, has alsdecreasedAt the same
time, climatic factorgextreme heat, floadg, wildfire, and poor air qualitgseemed to get much
worse (in some cases, like extreme heat, nearly doubly) and affect more highly vulnerable people
disproportionatelyThis opens up an interestithggical conundrum: if in the aggregate, average
vulnerability scores are going down, can general exposure simultaneously increase?

One culprit, it seems, is that lewulnerability communities have seen disproportionately
large reductions in their risk since 1980, outweighing the heightened risk aareagyhigh-
vulneraility populations In other words, those disadvantaged have seen their vulneraipitity
exposure grow, while those privileged hayenerallysafeguarded theselves from the same
worsening climate hazard$his distributiontherdore suggests stratified hierarchical system,
whereby the mean or median community (averaged over the whole County) sees improvements in
their climaterelated riskswhile at either ed of the vulnerability spectru(mery high or very low,)
there was an intensification of theteemes!W LV GLIILFXOW WR DVFHWOUMWDLQ ZK
the PLOO" QHLJKERUKRRGmitHcity, LakBnbodgHalsoRparblleled the aggregate

averag
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LIMITATIONS

While thisresearch projedhas its strengths, there were also some methodological and
categorical limitations. The main isselecountered was data missing from 1980. In that, yedy
5 of the19indicators were complete enough to be aggted into the Social Vulnerability Index
(SoVI). For that reason, there might be a skew in Hsedes due to missing values in the other
14 indicators. Additionally, it was difficult to intgolate yearly for the Social Vulnerability Index,
given thatthe interval between each datapoint was delcaon the other hand, there was an
overabundance of climate data over the same time period, which was difficult to map in ArcGIS.
In future researckchemesit would be advisable to fill in any of the data gapither by using
interdecadal data, or lextending the timeline to tH2020 U.S. Census. With a longer time series
spanning more decades, the assumption that the climate gap is wideacansatant rate could
also be corroborated or corrected.

More mesoscale and microscale evaluations of theur®p (focusing on the City, a
particular neighborhood, etc.)acilitated by progressivelyimproving climate recording
instruments and finegrid rager aggregation, could also prove to be useful, since indibated
climate change vulnerability assessitsework best on smaller resolutiofidis current in lapse
in the dataset was most appar@rtair quality, one of the nre importantclimatic indicators,
where raster anditeractive maps for theeof the dbur decade studied werelengether absenEor
the other climatic andociodemographiéndicatoss, better data collectiorepresentation and
groundtruthingcould increasecredibility and capacityor future studiesand assessmerit the
findings here are toebreceived more broadly,rgat care should be takéo ensure thathis
quantitative procedure isplicatedaccurately and effectivelp a different site or on a larger scale

giventhetheoretical guidelines laid oum the Literature Review section.
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For Los Angeles Policymakers The County already recognizes thabntemporary
CCVAs, as theyare incorporated into policy debates and action, are inadequate given statewide

and natimal climate equity goals. Recently,
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considerations over the wellbeing i$ highly vulnerableconstituents (Muraida et al. 2015)
Second, the SG@mgdoyed CalEnviroScreen as a screening method totsslecFDQGLGDWH 3WDU
neighborhoods, which accordingli@vanos (2018and Murada et al. (2015)s an outdated tool
that has recently retroactively taken race and ethnicity out of its algorithihis kvay, we can see
how limited and myopic models that fail to take into account a full array of faaspecially
racéethnicity, may havdong-lasting consequences fordinary peopleln the end, City Council
Districts 8 and 9 in South Los Angelesldiot receive much GGRF funding and had to resort to
alternate grantse(g.,the Transformative Climate Communities plan,ickhgives much les
money) in order to move forward with some of its projects, including Rail to River along the
Slauson Corridor (Mraida et al. 2015)Such financial and sociopolitical debaleould be
avoided in the future by investing in smarter tools Bkiengitudinal CCVA(which better portray
reality), as well as byetteraligningspeific tacticaland policymaneuversvith thelargerjustice
oriented ancekquity goals of bs Angelegclimate action

For the Broader Audience CalEnviroScreemndthe Franework areonly a symptom of
a much larger problem in the County and the Stadejever,wheredozens of these etrics are
either too crossectional, technical, or incomplete in their understandings of the baseline

vulnerabilities of specific areas and the region as a wseke Case Study sectioifherefore, the
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Program (SHOPP), LTF, and Local Roa@sven that none of the derlyingassessmemhodels

for these bills and programs are yralynamic, realist, or
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uncontroversia | advocate that the County and the State of California atteptew framework

found herein and continue to build on Rurthermore, | hope that this conversation about the
temporal connection betweetontempoary changes in bothlimate and demographs can be
further studiedwhether here in Los Angeles or elsewhere. Dependent on further research on this
subject, population growth, demographic composition, and geographicitedish of human
communities cold all prove to be some of the biggestatatinants of equity, wellbeing, and even
survival itself under a changing climatie. that context, policy measures might be the most

effective tool to mitigate and adapt to the n@mwumstances.
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