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| ntroducti on

ThMeat i ©@enmatler f or Stati stdiedsamedds fannayapmsias ( N
person on foot, walking, running, jogging,
i n a motor velildlPee dcersatsrhi aonrs eavreentconsi der ed
users of the highwilhyi Itea aenrsi@owereaag STpognd tsaytsit oenm
(i .®&ny means of tnreagvaetli vtehl ayt idmopeds@,n otthe envi r
concerniemefges i ntthpmed&att edn Nfcarteaabsietdi e s |
drasticalelcenduryiermgs. According to the Nat.
Admini stration (NHTSA) Traffic Safety Fact
fatalities acrodsdrmdtmdsdnilfege8eatesan deat
which represents the hafgdateslti tain@as asihmeaea ol W
Fi glufre] Though the total tra c¢c deathsg adecr ez
fatalitiegs %.decr ¢ aeed am2018 meas Theeykiaftth ¢
year in which pedestrians accounted for 15

Figure 1. Pedestrian fatalities by year at the national leve{19962019

7.000 -

6,500 -

£ 6,000 -

&

5500

g

£ 5.000 -

Ak

(-

4.500 1

4,000

3=jm T T T T T T T T T T T T T T
1= =1 =+ o o (= 1 e Oy & E l_'_: : E E
g & & & &8 &8 8 &8 &8 88 =z B2 =B =2 =
— — — — — =l (] -~ Lo | =1 -~ (o | = (] ~

Year

Pedeas an safetythasi mege mpra bAlamhgoiung hL a thies it aont e
tra ¢ deaths have dlecddrBAB80sBgen i pywamh éd sys ov

0 119



t he isnt arteeduci ng pedestrian fatalititeéal has ©b
tra c¢c fatalities.inThenepeadldtPerdfanalflattarld td ec
20I8A tottédl 3888 pedestrian cr asdhuersi nwge rteh er elpO
yeperofodwh, xd9 7. 3%, were fatal <crashes. Lo
signilyygalpiedlest r iraant ef a(tfaaltiatlyi t i e st tpaermr tlH0ed, 00
nati onahsaveéelt aFgegradteed sitmt e hasormheenf itdleent |
mo s t g edrasnu aftoers pe f df ¢ acoradchisn gl ittoy tArealFyasias Rep
Syst(é&émMRS) 2018 database, tthHumi dteat Stias esank
considering pedestrian .fatalities per 100,

Figure 2. Pedestrian fatalities rate (per 100,000 populationn Louisiana and U.S. average (2009
2018)
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ni gwits.i bility of td&esedtdiifd hom etdh eatd rniiwvgenrt |,
dawn,anfdkogot her heavy weeahtided ra nadcarr di tl ioom sh.e aTdh
i I | ustimeatreoad, naamo g &t]t Thhains 5d0i0s tfance i s no
for the pedestrian ordrbiibDagywad Inigs tb atdo wee t sheee n
darkhbes@risveght di stance .,oht elhe sdss otphsa nb etl hoew
|l ightened by the vehAcdoer dhiemag,| tiagr AObUsT A ow b
pedestrian fatalk tdoemnsd ®ffciDaurd gsa(uh@®@EY dar

2018)about 47% of pedestrian fat@mlmndes in
12:a0.0ma.nd% 2Bet wean anxh2: &§0BOt ween 2009 and 201
approxi mately 90% of the ri se[ TThh ep egdreoswirniga
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preval ence of ni ghttetiigrpa eped e s tzriinagn cooruanst heer sir
i mprove pedestrian safety at night.

To mitigate the impact of traffic on pedes:
recommended. I n the Feden &lHWAS)tghovavy® i8A dsnaifneit
countermeasures, the following pedestrian s
pedestrian i,peeesalrs anmedioass ng i sl ands in

crosswal k visipededstyr ieamamgememgbbacogapi d
beacromad diets, 8@hBHWARYV &wpnyDba(yECSafat s
Transportation forpEovmoye®Reedremeas ameg SITIEIRP¢
visibility enhancssmpatiestr ag 8 epdeedteusgt srsiinaanl khny
beagsommdadedtdieduce pedes[t9] As arpaht rat eshe
STEP recousmenngdetder measures to | mpricsve iniidhy
crosswal k marking, patrdapingilad @&s hgsctindns| ga
strseetpi slidyns, and curb extensions.

To achievé IDewitdsinand on Zsroe®emsadstyheé of at al
and prevent furtherspeedealdhleryiedtic roestgudile s
understand the factors that conelrabubasthop
bet ween | ighting conditions and pedestrian
i mproving pedestrian safety
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Literature Revi ew

The | it er adiusrceu $réeeve eiwo age ner al gui delines a
Il i ghtthneegt efnfodfchté i ghti ng on mpedédoriti secen N
di f feeateammtamalt hodoaeguesnt | y uwsteudlilbes .purepad soal
of this whtool el esaercnt iaosn musc h as possi bl e fron

| nf or mation on Roadway Light

Standards of RionaHdWSA alnidg h&uirnogp e

Thaaqptitati vensedommegn cigiein alne weahhallrue)

di stri buwahking hotfi mgpaadr e provided in differer
bywpanel o[f life]lk.Alec o sdtihReB WA ol i ghti ng handbook
roadwayngl iigshtaiapebyeaount ecramme arseudruec et hna ght t i
especially fatal §A@ASHITOr Hiigmjwaryy Sar &g tye Mz«
repaCMB value of 0. 72whiocah hiingdiwcaayt dsi gah t2 8%
nighttime | bhffiheyecnonasgshegveral design crite
Gi bboanl@ 0dddo c u me ntdeecs itgmr ecer i t er i aasf ofr r oadwa
(pedegteneanl | y, (Pedprneomimaty) pr #6dat ¢ty and
security safndpeddstsmpiean f i[cldhl]lkye,winkser olpe adr i v
ss andarcd mmends t(hMCgaen dooalFs)idce ssi eftasdmpbll eer i a
summatftighsi ng defsorgnbhosiat egaviia&Eesopasan st a

Table 1. Lighting class withrecommendedareas(Source:[15] and [16])

Standard Lighting Class Recommended areas
H Roadway lighting
uU.S. Streetlighting
Residential/Pedestrian ardaghting
Motorized traffic

European Conflict areas

T O Z T oWw

Pedestrian and lowpeed areas
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Il n 1t90ebf er nati onal Commi ssion on Il 1l uminat
cat edorri eoesdve attarvieamge val ueél amrmagicmgmt al
1.5 | ux[ 1.b4dt2e0r liumx 2 BO&@Bn drd&gudoonpeeanmd s dx si mi | ar
| i gictliamgs e b ea edit ( & atn@geXI 3 [ luumd )aa np esthd $thr
2014, a report published by FHVWAavercagnane nd
i ImMiwnmancs avnagliuneg of rI®mid 2 xesd & Sthrb2smnmmar i zes

l ighting |l evel s r esbammiéid\WAa da uf borp epaendceasrtd i an
Letd®e n t hiend atbheee pedestr i Romr |axamglng, cdlasss
more | ighting and P6 the | east.

Table 2. FHWA and European Standard of Lighting Class

FHWA Standard [15] European Standard[16]
Lighting Class | Average lluminance (lux) = Lighting Class Average luminance (lux)

P1 10 P1 15

P2 5 P2 10

P3 4 P3 7.5

P4 3 P4 5

P5 2 P5 3

¢ - P6 2
Guidelines for Lighting at Pedestrian Cros
The FHWAp utelpiomh@® 08 rtelceo mpeanadesmersts wafl k | i gh
with | @ mr nvbaot étorma frifad awd wehyosut .Baa sneedd ioann t he r e
the | i ghtbiencghtbedo ul i r om t he cros22Walvlerwi tchalt

| uuxo make t he pdadadgottrhiean Fudi\vsbil bilsghax@ g est s
pl astdnggtht sfid wadvabhce af K dteh ct oorsesosteil kn s
t het ghtni fg ont ofandhei pedielshpl.&dint e | i ghting

AASHTQO004) r ddgrhme mhs castie otnhse ainnd pedestrian
during dusk. aflnhde rneiegphoiméinmoesad umgfi et mobut i on
|l ighbng wide artdr2i0gmMbewrohdwagewabhksi ng d
AASHTO )( 20i0cbhl i ght ed that asplheultdvieecoonsic
durti imdeggesi gn ofsbiyntperove dthiggm hi gddvandg¢ég.l1of t he

0 159



Epecitaloinadout,thechi gbohe ngl tsd e300k Hito n e
crosgdswalilmcbaakgkmpdiaidtoinvje2adsite NCHRP20&pdrt
on r ounrdeachoomuntesn d sa dperqouvai tded nl gi pgehdteisntgr ifans and
those [@2BdTFHaVMENdbook f ora dweasyisgnfionrg tRoe Agi
Popul (@20 ) isnusgtgbelsktesd gd ti gihrt ti gergspeecatiii doliml sy
potentivady wnowegme nhisgh ni ghttim24pedestrian

The FH2MAKU3ospdaisfi c gui deddaptsi ferl gifgorstt iad d i

roadlwiagghTthenlge c ttihbeav @ fhielolf umbohanhbhe shased]!| i gh
on pgérek hour p eadnedstttyrlmiea no fc orumma cswa & nldqontag lo)r., ¢
The area can be classified as high, medium

couretBesvol wewet er t han 10h0i gihs vcollausnsei,f ibeedt waese
100 as vmoddianmmedn | els@ss tvhaamy méeThe recommendati or
average |l uminance based on rpoaodvwdiyehlBl ype an

Table 3. Recommendedaverageluminance for roadwaytype andpedestrianvolume (Source [15])

Type of Road Pedestrian Area Classification Average Luminance (cd/nd)

High 1.2

Major Medium 0.9
Low 0.8

High 0.8

Collector Medium 0.6
Low 0.4

High 0.6

Local Medium 0.5
Low 0.3

The t abtl lkeradsahdswnasy hi g h € enseheide rnaorrcehFlou miex a mp é e,
a maj or r olaadweadye swirtihana area needs more i1l 1wu
wi thi mbdestrkFiagdsdeoenas. an asxameltd igfht over t
pedestri anO&ered s upvdelk @ntl ean@®,9.190Wi4Hi23 n a

90. 0794242
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Figure 3. Streetlight over pedestrian crosswalk (Source: Google Map

Strleiegghgi Pol i cies/ GmiLdel shahBractice i

Regarldigrhg i n gwigtuth hdee Itsilireetse si ana Di vi si on of

(DOA) provides Loui si ana trdstti nbe tfrartmalel yCos
byoui &stbanei.agskpneci fi c requirementfsalflor | i ¢
under titl e 7n0d (Drervaenl sopponmetmattdihoonv aat AlGa st a men
Decembe[r2.R]0f28fw stthree e telqiug hdennde ngtasa d el as: f ol | o\

T Theeaagei lilnunmiinaalt i ogqr d eetveerl tsthaard | 0 .b& and
fooandl es

T The ratio of average initial il 1l umi nat:.
point on the roadway shalll not be great
T Veiling Luminance Ratio (Glare) shall n
T Mini mum mounti hneu nmh eniag hrtest sthaarl | be 30 f

T Light poles shall be manuf aotrurodcdc efrr om
corroeisostant materials

f Light wirtehs shuirggHR®) i amd i nducti on

T Light pol eesfwihé@éinodwéy shall conform
breakaway supports

T Light poles shall .hoombehéeoedgedoiwi t hen
except when the posted speed | i mit is b
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To meown the sourcesommehédglseh®O®FEDre sodiu
(HPS), met al hali de-efnMH}Y j ngntloodeb A LE®RDgh
[ 26]1't al soamaed aoname rcddd or t e Kp &Keedvufn®@erof 40
LED and i ndRicart iloingHtiigrhng sdesign and construc
must be warranted by DOTD and FHWA policie:

Strleiegrhg iPolicy in Few Cities within Louisi

| n addivtairdmuishlcéet $ eat eiacvhhisiog hhtaivreg ht ghoesitrad ¢ s .
choasew major citi esemt tdinonetrthdeieldetpatrd memd o
requesti ng la gchotpiyn gaafpdetithiecniae dlriegsht i n g

pol i cy/ gusiodnee ionfetst éfeo rwi T hgmo jt dhdt dtt . r ec e

any such | ightthheag opoltiycbkegsheomst i @fn.t he i
t he taasbxlter act ed from dsf semendof webhesoutces
policies direcTthley satvuadiyl adbilde noontl i@afreov unhg oirn f
cities, as no such information on |lighting

Table 4. Lighting policy in afew cities within Louisiana

City Lighting Policy Source

Lafayette Residential areas [27]
9 Lamps on vertical, round, tapered black, aluminanfiberglass poles
9 High-pressure sodium lamps with 70 veatt
1 Themounting height of the pole shall be 23 ft. maximum.

Nonresidential areas

Lamps on round tapered steeles, black in color, with mast arm.
Archetype fixtures with higipressure sodium lamps.

The mountig height shall not exceed 40 f

Bossier
City

The light source shall be higiressure sodium or metal halide lamp; [28]
Streetlights shall be located at siteet intersections and on the right
of-way spaced not to exceed 3fi0intervals.

=A== =44

Monroe 1 Pedestrian scale lighting shall define pedestrian crosswalks, [29]
connections, bicycle parkingndother pedestriagbicycle areas withil

the development.

Pedestriarscale lighting shall ba maximunof 14 f. in height.

All lighting shall be shielded from the sky and adjacent properties
structures, whether through exterior shields or optics within the fix

= =
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City Lighting Policy Source

Lake 1 Lighting shall be 10@vatt highpressure sodium bulbs with a metal =~ [30]
Charles pole.
1 Lights shall be spaced at 180rheasured alongith the road plus or
minus 20 f.
Layout shall incorporate lights at all intersections.
In cases where spacing canbetachieved with an intersection, 250
watt bulbs may be specified.

The teight o the light pole shall be 3Q.fmaximum. [31]
LampLumens shall be 25@att equivalent. The equivalent shall me

the nominal delivered lumens while reducing the wattage by a
minimum of 50%.

9 Electrical Service shall be 120/240 volts, single phase, center
grounded. 480 volts acceptable at interstate intarges only.

Hammonc ¢ Standard wattage shall b 75watt metal halide or 15@att high [32]
pressure sodium and 120 or 240 solt

9 Bulbs $all be encased in an approved deflector head to direct ligl

downward.

1 There shall be one standdighting installed at each intersecticmd
thespacing of standards shall not exceed 158nid shall not be less
than 100 ft.

All lighting shall beshielded to direct light downward only.
Aluminum or fiberglass street light standards shall be approximate
25-30 ft. in length and shall be furnished with pole cap, anchor bas
bottom, and designed for mounting @noncrete base with anchor
bolts.

=A =4

Baton
Rouge

=A =

=a =

Whetnhi s séemaylt ©e mtarjeoqu esitgihregs nghpoélt sd g s
requesfedmapteideston anBad gdn i ihlyeeddtthiaeprotni sees,
do nosudadatcabase for pedestrianoli glhtei ng or
database 1 s manasgpeedc ibayl lay tah Ffpeev vpadtret yceormp any
responded wictitesnawidhd hHagwécd @G d yemdi 8at on F
antdhCGe ty of NewasQrrleeshaltsatitfeetste ocpaenn Ibye darc c e s s
theiwemgagewhi ch the studycdwue®aead during the ¢

Loui sianaBiStpat Pedadedri an Master Pl an

Loui siiattsaahéBaiicdyec| e and PedpsbrisahgdilBgne? 0@
Somagenci es wdehk e htdpebawdn | shtlod toevihreg Loui si ana
st at efiBi dg c PedeaesMarsiteen. TP aoycl e amdMaPtdesrst r
Pl@anevel oped by the City of Lake Charles re
intersection ,anmdbspedgst rilamhgii gqarggad f§ge3Itdhd 1 mp 1
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Simil&aBi ¢gycPedamharsitaedi nPIEaanst Bat on Rouge P
auni fdeegd!l opmment( UDC) t hat proposes the apprc
considerationfg3@d@hthiRe gdromianhgg Pdoesrmmi ssi on ( RF
Ci tof New pOubleitahilde d r orpBoilciytcal e and oPedestri an
Septembadd2@86i ngalsp et oafnide ycelgd eS8s6tsiThan s epor t
suggested strtahsa ggihds dti s tianipoeo taenrd wd tsii dblids t
pedestrioafnst.h eSsoemepr opeoavistdoagwgl Esa&mdanceme
impl ementation of | ighting bdatlagebsswlMekrop
Pl anning Organi zatth2ed835( MRQe sd e Vv ealnoPéédn pub
Ths pldasiwgposseidmpr ov,andp b i bamnidtaer zdess &adhocaatd r e s u
pedestrian] Wve ntGn modn tB hdseeweelpanpi effdi e d

devel oppdent(,&dDE€)t hi s repomaki mamoineenmobds nt i ng
hei ght wofah% ovi giomrt dofann@.i2nem) at the cent e
Straenaedt uni f or dttafaveart ageofp3.8] mi ni mum)

LighPohigci esd Buahndgieéen cOteher St ates

| n additthieomt udy c¢ olilnetcetresde citnifoonr/ntartoisosnw aol nk |
from severahdosbemaemabstre | i hher mag i on w
coll ected from a report published by the N
Program [ BZ2HRP)

Table 5. Lighting installation guidelines

State Lighting Guidelines

Texas Safetylighting-complete iterchange/intersection lighting.

Started using LED luminaires in 2010.

Light poles should have affsetof at least 2.5t. from the curb face.
Average maintained illuminance: 2.0.

Iluminance emittance ratio 3:1

New York High-pressure sodium (HPS) lamps.

Desirabldength of the pole to under 16.#% where sidewalks are presel
or proposed, pokshould be placed to allow continuous passage

1 Installation of highway lightings based on the facility type, aceidt rates,

and taffic volumes.

A=A |44 _a _a_49
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State Lighting Guidelines

Delaware 1 No less than 5tffrom the shoulder, not blockinthe sidewalk.
I Luminaires at least two lighting units poles, not placed on channelizin
islands, medians if applicable.
1 0.8 footcandle.
9 A light poleshould be located 40 to 30ft. beforethe crosswalk
Arizona 9 High-pressure sodium (HPS) light soesc
9 Pedestrian level light can be provided by poles shorter than streetligh
to 15ft.; 3m to 4.6m) or by bollard lights.
I Provide a minimum of 1 foetandle of light from grade tofs (1.5m)

above the walking surface

New Jersey = The mnimum average maintained illuminance wittie crosswalk area
shall be between 1.2dtcandles and 2.0 foatandles.
I Luminaires shall belaced approximately 10 fheforethe edge of the
crosswalk in the direction of travel.

The ypical standard pole height is 40(fts. 2549 ft. in the U.S.).

Mast arm length for standard poles is often 15 ft

The distance to the luminaire is fisther than 6 ftfrom the edge othe
nearest traffic lane ithecurb and gutter section, or 2 ftom the shoulder

Kansas

== =4 =9

Minnesota 1 The level of illumination at an intersection should be 1.0 greater than
between intersectionsithr continuous lighting1.5m) above the walking
surface.

I DOT recommends that the illumination levels of conventional intersec
should be approximately 1 feoaindle greater than that between
intersections where there is continuous lighting

Colorado Pedestrian luminaire mounting height-19ft.

A mounting leight of 12ft. is most common.

Spacing: Begin with a 5:1 spacing to mountinggheratio.Modify
accordingly to meet lighting criteriand other critical design issues.

9 Pedestrian luminaires adjacent to residential properties should be shi

to minimize light trespass and glare.

== =1

lllinois 1 Typical mounting heights for conventional highway lighting purposes
range from 30 ftto 55 ft.(9.1 mto 16.8m).
9 Typical parameterfor conventional lighting (interstataje aluminum or
steel pole, single or twiarm mounting, and5 ft. to 55 ft (13.7mto 16.8
m) mounting heght.
9 LED Horizontal Mount Luminaire

LighPohigci es/ Gui dé&lewn®©t Rreac Cil tuésdia®dwt si de

To provide additional imédmrontaheéeompewmel ygihart
maj or, ctihasestdudywnl i ne resources and expl ore
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detas | shdavbelTehreajnor i ty of tBeaidnf gomaattahiedim bw
webpage.

Table 6. Lighting guidelines inbig cities

City Guidelines Source

Mounting heigh 12-14 ft.

Spacing should be less than roadway streetlights space. [40]
Light directed to the sidewalk.

It can be used alone or as a combination with the roadway.

At intersectionsthe streetlight should be located 10 ft. from the
crosswalk.

9 Lighting should be located on the approach side at the midblock
locations.

Seattle, WA

= =4 =8 =8 -9

1 St r e edhdll begnbuntesl on existing or future utility poles o
Lewiston light poles. [41]
ME The height of the streetlight depends on the roadway type.
The height of the streetlight shall be based onllilveinating
Engineering SocietyES) Roadway Standard.
9 The streetlights shall be of the sernitoff type to reduce the glare
and sky illumination.

= =4

The illumination typds to be highpressure sodium (HPS) or LED
Grand Streetlight shall be placed alt intersections and curves ofleasta = [42]
Chuteg WI 45-degree deflectioangle (evel J).

1 The ypical height of the street lightingples shall be 30 ft.
minimum (Level 2).
Spacing (22800) ft. between fixturesLevel 2.
Spacing between 26800ft., andit shall consist of a smooth
fiberglass pte with an acorn style fixturd_ével 3.
The ypical height shall be 1f. (Level 3.
12 to 15foot decorative pole with full cutoff fixture ata spacingof
100 to 125t. (Level T).

=a =

= =4

=a =

*Level depends on materials used taldblighting poles. Foexample,
level 1 for wooden poles, level 2 for aluminum or fiberglass poles, le
for smooth fiberglass pateand level T for decorative poles.

1 Light intensity & the pedestrian areas shall be-D.8 footcandle.
Minneapolis §  The wniformity ratio at pedestrian areas shall be 3 to 1 maximurr [43]
» MN 1 Glare (Veiling Luminance) at pedestrian areas shall be 0.3 to 1

9 Lights should be installed staggered or soldiered.

Sacramento  Intersections shall va a minimumof one streetlight.
County, A | { Streetlights shall be placed at both ends of pedestrian lanes [44]
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City Guidelines Source

1 Thelight sourceshall be highpressure sodium, Metal Halidar
Denvet CO LED. [45]

1 At high pedestrian activity aredbe spacing between streetlights
shall be 1500 ft with atypical pole heighof 30-40 ft.

1 In pedestrian areas, pedestrian lights should be loaagethinimum
of 30ft. from an adjacent streetlight.

Effect oConhdigptntoPegdesashan C

Ef fefctLi ght Paedestrian Crosswal ks

Bul | ough &20d)S$ kidn reedr tohbeo | ploatredn tciraols swal k | un
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above the ground and a maximum of 1 [ ux fr
the Il ength o#61he crosswalk

Nambi s a20®edv adluat edftheiefgfemart | ighting s
l ocations with an automatic pedewsitdeé-anhidgh
i ntensity tlhieghdtr itvesresodwhfeyr ttsh a pedestri an.
collweeldldyi ng the morni ng samdieagenihmgep avale
bef-aftteer studgyvedlh3esp esrtcuednyd r i Gyeéred adseng t o
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t he er @af@05 vieor bhcakdkaskr isang nswafretaymtcdFse dve d

in the gltady wevaehd Ipamestypeaean icnldoitchaitnegd. T
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visibility [04.&]t b4s hpoendse spt erd easnswiiatahk sand wi t ho
streedarldwrhd st he university area in Lafayett

Figure 4. Streetlight over pedestrian crosswalk (SourceAhmed Hossain, University of Louisiana at
Lafayette)

(a) Pedestrian crosswalk without streetlight (b) Pedestrian crosswalk with streetlight

SafBegefits of BtPedestrghhi @gashes
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Table 7. List of countermeasuresto mitigate pedestrian crashes

Countermeasue Location Features Source

Automatic pedestrian |Midblock | The automatic pedestrian detection detect  [47]

detection device and pedestrians and prongihcreased illumination
smatrt lighting (without the need for the pedestrian to press
button)
ARMS (Active Road |Embedded | The system detects pedestaaearthe [78]
Marking System for in pavemeni crosswalk zone and warns drivésemploying
Road Safety) flashing lights embedded in the pavement.
In-pavement flashing |In- In-pavement lights flashes as vehicles approz [79]
lights pavement | the crosswalk.

In-roadway warning | In-roadway The flashing lights can be activated by either [80]
lights push button or a paive detection technology,
suchas bollards, video, or microwave sensors

Pedestrian crosswalk Midblock  Drivers were observed to apply thenakes [81]
warning system earlier with the flashing crosswalks.

Crosswalk illumination  Crosswalk | A Built-in 250-Wattlamp and projectoprovided [82]
illumination at 30 lux on the roadway suréa
across therosswalk'sntire length.

Brewer and?2 F)lcicomnpadbreiéedr eer study to evaluat
effectiveness of Rectangul ar Rapid Fl ashin
Gar | andl,heTerxeassear chers coatésdefd dhiavercs mplil
staged pedestrians i mproved noticeably fro
approxi mat el yi n3sOt sphBeREBgn v (| ®lé d verr gib)ii 8.3 ]

Figure 5. A crosswalk with RRFB and streetlight [83]
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ContribactamgBedestri an Crashes
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areopi ded8 Teme upwa(opy)ndi amhesease in the |il
pedestri ant hcovsaes h,avl itéhdedb tvn wa r ¢ Zyhrorwosw t he r eve

Table 8. List of pedestriancrash contributing factors

Contributing Examples Study
Factorg/Variables
Lighting condition Daylight( Zdark( § dusk/dawr( ¥ ) [86]1[88]

Pedestrian factors Alcohol/drug impairmen{ § pedestrian distractian § ) [89], [90]
pedestrian with disabilities ¥ pedestrian volume and
mix, pedestrian behavigrgedestrian agand gender,
walking direction, crossing type, moving violati¢ny )

Driver factors Distracted drivind § Young/novice ¥ 3gnd older [87], [91]
drivers( ¥ 9peed and unsafe driving practi¢e§ )
alcohol/drugimpaired driving( § driver skills and
vision, driver age and gendertider distraction( § )
driver action (failure to yield, runningred light ) ()

Vehicle factors Type of vehiclevehicle speed, impact speed, vehicle [92], [93]
volume

Demographic factors | Enforcement practices, land use and zoning, public | [84], [94]
parking policies and desigtravel characteristics,
income, race

Roadway/Environmenti Roadway design, midblock crossing issues, intersect [95], [96],
factors geometrics, roadway lighting, weather condition, traff [97]i [99]
and pedestrian signals, signs and markingsather
condition, location (urban/rural, near school
residential/nofresidential),

Other factors Day of the week, month of the year [100]
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Table 9. List of methodologies forpedestriancrashanalysis

Methodology Studies
Multinomial logisticregression [93], [116]1[119]
Mixed logit model [120]i[122]
Nested logimodel [123]

Ordered probitodel [86], [124], [125]
Bivariate ordered probinhodel [126]
Heteroskedastic ordered logiiodel [127]

Bayesian spatial model [109], [128]

Logistic regression, binary logistiegressionmultiple logistic regression [92], [129], [130]
Log-linear model [98]
Othermodels(Neural Nework, Machine learninggeneralized mixed linegi [69], [131], [132]

Roadway Locati oRedwst hielssneGuanh

Adequate nighttime | ight iapgrctanocilbhap.fopnv e pe
|l nterpedestrmisshres at night are pfi7vdfrily as
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lighting and f | afsthe atgnpaoeodongesompold oy t sénst yi sf b
pedes[tY34aPi Maggi o(2 @ Rcdo nDouerdk ian descrfiagtli ve an
mot or vehicle crasmhewveni Y88&SY)r k oCiidend v &
factors related dloi Ipckerdeerstan danad a2 @aydeeast s0)f.( ¢
The stuadolfesnant s mMmomaanttiekesleyc ttioonbeat ni gh
younger children ar eniddd oe k| idkuerla ynigo odsabyel isgthrt
hourls35]9g wWed RO DPebY al t Aeedssoci ati ons of cros
l ighting conditpedeasst mi dmei sjewiredyeinttryiafoifieeds .t h
the probabilatgl ofi @& b sdtbhliogchniet fh aastladé § o n

i ntersection nfdart i somy whiegehhtsitcifdeedtco by sa repor

daylight reduces the odds of fatal iinjury
l ocariespe¢OBtyedeymathdst i nt er d wtciko mer ean d nmi
more | i kéehyat opxhecesgttersiaarnk compared to dayli

Site Sel ecftaronPeCddstterriiaan Crash Anal ysi s

Thet sduynmrtadihe site selecdéeen girilpedeattrdan
crash famamypasédes auddse alraebll Par to vii da&mayn th o f

information revuswd whrehetrknsesft odlyhiet s se
most frequently used i nfldeyrpet iodn gfeacersttbei 8

treatment, c¢crossing distance, presence of

density, presence of refugeand| pnsit acidspge @«
Thi s Gsnmauidny crrtied ec h ec k t h dsetptr eoavri spi eodne sotfr i an |
the vicinity of crash | ocations.

Table 10. Site selectioncriteria for pedestriancrashanalysis

Site Selection Criteria Number of Sites Study
Type of pedestrian crossing treatmenimber | Total 61 sitesincluding [136]
of lanes posted speed limit 7 traffic control signal sites, 22

Rectangular Rapi#flashing Beacons
sites, and 3pedestriarhybrid beacons
sites

Crossing treatmentrossing distangemedian Total 66 sitesincluding [137]
presencepedestrian presenckghting, speed 40 uncortrolled midblock crosswalks
limit, access point density and 26 signalized intersections
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Site Selection Criteria Number of Sites Study

Vehicular traffic flow pedestian density Total 7 sites (all intersection) [138]
speed limit conflict causing agents (lighting,
crosswalks, signend signals)

The average length of any segment selected Total of 372 sites (188 segments, 18.[139]
the analysis is 0.10 mile intersections)

Ranking and selecting intersectidsy volume | Total 4467 pedestrian crash location: [140]
of crashes

Road width number of traffic lanegnaximum Total of 25 selected locations [96]
number of crossing stagesimber of traffic

directions presence of refuge islandsnd

presence of marked crosswalk
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The
on

Objective

primary objwatsbi vavestilgias est deyi mpact

pedestrianobfj askeagseesThe main

Learning and documentishgr scghtengspaha
and other states. Emphasissrwiekt!l | bghgi v
policies.

|l nvestigating alti dmttsenm ¢ eossastdatiskogyme nt s
with frequent ptlhempaperdest ashas samet)
Loui siana.

Recommending the targietemeprachasad on
anal ysi s.

Maki ng suggestions onn icnr atshhe cpoedd ensgt rm oad
report (lighting condition, type of |
residenti al houses, etc.)

Ov elr,alrtehsiesa r cvhadpersa jgencetd t o perform an extens
pedestrian cfwshirdgedltaatnegdo fiadcetnotris associ at ed
crashes in Louisée@anapetdlkiss$r pgaaojoewnaesdh easnude n
|l ocally owned roadways in Louisiana.
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Scope

The studoynby caimseeldyzi ng t hathiagdbd ¢/ wamg hcirna s h
the .stlaatteer st ate pedestrian crashes were ta
model ing though u.selhaduwwghd att hae teaxtpgheeyr satt ti boeEnmp t
l ighting from mulrtetdpl 8 s s@ @ é& etelmev tagntde wpyrueafl e ry
used the cost provided by Lafayetteotall it
cost for. streetlights
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Met hodol ogy

Thehapter i ¢ hddiedifdeatendgd@the o i 2D gpdaantc | tuhdee s
crash datea ssdwercdd,o fsdatrmatt @ ®idrage@mdciit catrns ect i o
and s elghmee nnte x¢ o s ®icas issumorfiitahey at a reducti on.
secti ona ilrcil eufdoefsvenr ais teavmioda i 8§ a mée ohowsidd 09 i
determine the i mpact of | ighting co#sdition
benahnat ysdTshed eVildagahits ed t hirefetrgsdy o disfferen
or |ight pol es

Dat a

Cr abBat a

The study edxattraa cftreodm ctrhaes hL o ua rs9 mporat Dteip@am t anre
Devel op@&b) ¢r acheds achat Abase. Crash 1 dat :
row of i nf oegamah immadhhcclesscadbhthbhdbateetshe hae
each occupantdelteaviells Wwiathhe pepdeskpemanence. T
Access database was only wused when additior
Each of theiorabdk datbbast was accompani ed
The studypeedsdd i & ,nldudr afsilgy elaart aper i o® 0flr8ocm 20
Out ,df498 crashes, 2, 434 natcecrusrercetd owist,h iwh il 50
5,717 occurrFedgbdeepsegmenthse. di stri bution of
intersections and segments, aSegméht asre¢he
any roadwmnoap & e@n oif t er secti on, such as a |
segmhd ghtly | arger propor tiayghcioomep atroetda It oc r
nighttime conditions. C rtaasghgeesd dausr idnAgy tdianwen c
a note, hereafter, the term crashes within the report implies pedestrian cragdresah
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Figure 6. Pedestrian crashes with intersection and segment

1,228 MNighttime
2432 at crashes, 50.49%
intersections, ] .
0 -
29.84% 1,204 Daytime
. crashes, 49.51%
8.149 pedestrian
crashes (2014-2018) 2433
Nighttime,
5,717 at 42 56%
segments, .
0, -
70.16% 3,284 Daytime
crashes, 57 44%

Thetudy furthemtexmeaat éesdelplaneetnld on pedestria
dur i mag otrtreemefnityiecamrepketrudoyd. The f ol l owing sec
deteagpirlocedure showing how the stgalryd came up
segmsao be udad af amatl lysi s.

l ntersection Dat a

A total of 2, 432cdeadesdt§r h e gpbhtdhree snlaée 9¥00ang 1, 2
at dacyrtaismmeerse, used. Because the study only
ni ghtti maeflomgtdpmmapmosfe ,iwhénhssasnlges nf or mat i
remowmaki ng nightti fhe? 8 r wdsdhaedfumdtosin 0t3d
intersections as multiple Attashesioteuseed
ranked according totthltae c u ot aeda cahu Mhoecna toifo nc rc
t heen tfiiryeeper.Tabdll®hoavesndi vi dual l i st of inter
pedestrian crashes by fatalities, 9213t shows
(aund 90%) ohatywmenéocoauddstlrnisng f i v.ahgears pe
remai ni ng sliOt% so fwearhee f ose md miigo o ma 2 etoourr@ s h e
intersections were foundraoshdaveéumomeg it han:
ltndi cates t he ago tr edsiteeasa Icnhe esdt wes plee i awdrye datf
the modeling.
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Table 11. Number of crashes by severity

Severity Crash Count on Sites
1 2 3 4 5 6 Total
Fatal 79 12 5 0 10 97
Severe injury 110 20 3 3 0 O 136
Moderate Injury 366 66 22 11 7 4 476
Complain 274 42 24 5 2 353
No Injury 94 18 6 2 0 120
Total Number of crashes 923 158 | 60 | 20 | 15 |6 1,182
Total Number of Sites 923 79 20 5 3 1 1,031

Af tagual ity check of each ltdheatsicomoyfaedd t he
l ocaduentso missunh asteambinpghtsevwrapededtr
crossowala&ny of t het roatchtecGod ovgheepaaghd @ASIScdh e

St udyt heeseetd vi ew f hGootgil eanbafmanual 'y lwent t hi
103i ntersecttionc h @acl tatiblolelisgthya ionfg at Afttherse | o
spending a significant amouwitb Bibhter mectt oa
(76wWi t h Gwidt hlobut | i ghting)Sfoce dtenegCMée qeud trien
amqguamber of wilthghtbdsawiiesdowctal (SMA)Svaysi s Sy
used to randsoimleys sferloentltv glB6tOswibtematvitd h1 6 0 s
witHowthThis way, a tot al ofei 2@l efootreds ect i
mo d el i n g-1p0withdightaadsthe remaining 160 with no lighti g Gisr heo w s

the spatial distribution of ped23G18 i@aearicoad
in Louisiana.
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Figure 7. Pedestriancrashes atintersectionin Louisiana from 2014to 2018

* Intersection Crashes
All 8,149 Crashes

Segmeantta D

As mentionegreviously out of the5,717segment crashethe studydentified segments

with only nighttime crashegount = 2433) The study then checked thmear

Reference System (LRShapefilefrom the DOTDdatabasewhichdepicts all the

control sections on Louisiana roadways. Both th82mghttimesegmentrashes and

LRS shapefilesvere projected in ArcGlSnd the sections with crashes were only

filtered. The study considered a linear segme®0dfft. with 1 or more crashes and

extracted LRS segments within a segment offa00ith crashes of more thaw equal to

the thresholdFinally, the studgortedthe datanto 398 segment$134 with andthe

remaining264 without a lighting sourcePue to some missing attributes required for the
modeling, the study took a fesut of the list and selected 371 segments (121 with and
250without lighting source) for the modeling purpokel. g 8issheows t he spati al
di stribution of pedestriaf20dBaplkeesodt i aedgm
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Figure 8. Pedestrian crashes asegment in Louisiana from2014to 2018
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Data Reduction

Once &8RD pbiénetnetrigael@Asieqgmme nt weorcea tiidaemsbtiisfti eodf
attributes wasu bddwvedtf fppekcht gtsh ati Ame wir e defs .

i t ervaasurcecondugteedt he fpomwoptehD mecireen hywa etse d
mostt gmbeOTD Waad etdhree mai ni ng f r oFno rGoeoxgalmep | Ma p s
dat aaMearkege annufAD@ad | yoadwdyi Cufcti onal c
obt ai ne dOTrDo d att aeb a 58 matt hpe re sleinlcee owap&i nt ed

pedestrg acroisgmnalg i sl and, median ,dt,ei ded,
were extractedAppemd@Gaed gilie sWa pEe xattrtarcitbeudt e s
from each intersection and segment | ocatio

Anal ysis

The anakygpsidscwaes i n fooguern edriaflf ecrreansth faonladlsy s i
modi fication factor, modredgrnegsnstihcdmat a nmi oide
ando-benahnat ysi s.
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Gener alAnGirlaysshi s

Cramsmhl ystceondacstiadflL 48 paedasttr @a@ie@s018The
pedestrian cr absyh edsi fweerreehnatn dthiynzeesd eadfe st ri an

severity, crash severity by |lighting condi
area type, crash o@aé¢rictl mslsy rcoacdcway fbyncto
and | ightiamgd comash ioeawer ity by |Thgihs itnags ke «
expltoreesdat aset to check i f any correlatior
especially with the |lighting

Crash Modification Factor

A crash modi f i eesttiishra efea etdtamnet (" MF )i owh ecr a s h e
a countermeasure is I mW ehmecgekdvate atadryt a
' ighting is consiTdhaGHA s ec otaledx@remd axdu rce .as h
frequency wi ¢oh [ inmgdexopveecnibend rcerqgause ncy wi t hout
i mpr oveermemd COMdrgehathioiursaes] s hequma tiimMnCMBE Jofal ue
greater t haaenx ple cstuegdg eisn csw le earse aionf adsnsa sthheasn 1
suggemxpected decThasmegal«ME-Fgadhdd0 shows t
percent reduction in crashes.

I OAOATGIAAIABOA OEARE OBRQECEO
I OA OATCIAATAAO A OEARE OB OE, 1 EOEE O P

Binary Logistic Regression Model

One hwfbjtesotfi vehiwapriog eeval uate the PpsecEiNTt

of | ighti ntghsd-y e fimfzit carsd separ asaabdysbtgmenhtt
The dichotomous naitaubrlee o(ffd riehsed nfcees poofnk et & & e
appliclaitmnamy olfogi stic regression. I'n this 1

of the iomddwthhdemipeodent Iiagiabhe)tad dgpposed
yed)l inear relationship betes&m,antdhen expl

| eogd dfs tohe eventi 8ht) Pcapnp benexpressed as,

&Y wmwa DY U L& .
wasQﬂoaspGTTwEToo C

T hestzatciamnt ib@ esti mated by the following eq
I
NG

a o
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Hefaes the estimatée@® ishtbteebftianidanide retn.d or

Thelde ratio can be estimated by the foll ow
0 s U :
~ AP o E 1 ® T
p U
Thelde ratio in the | ogit modspeciefpiresent s

contributingkehcthoons omhathehl fiplaebesstnrcieam fc
al i ght .

Machine Learning Model

Associ ati on Rul ea-bMigne en gma cAlRiIM) e hledétgosni ng me't
identgfoup hef iIitems tHdat.Agmp evafl 9tdDd3g @atl her i |
pr opbobbkiemr dadrgiott iot mmcover the pattern in sup
determine which itemfldAfet eorf tyeea rbs oamfg hmo d iof
ARMas bemorme capmoonach for recognizing var
and i nt erichornanfefcitce bsaasfeedfadyr 4c2h]

Let HOB88HQi s a seh aftnibuaes called it
characteristics for eac{ldhpBe8dBdrs tirsi aan dcart aasbha s

of pedestrian crash information such that

crash ODG®xamnml i fies each pedestrian crash
items (chosen from I). An assocYiation rule
ConsequwemeéradnkdA K are two separate subsets o
crash datases. oThsegniméasance are utilized
rulTehse.se are support, confpdewicegedaind 1 heétfH

equations (Equation [5] to Equation [9]).

G — [ 5]
YO — [ 6]
ARG — [ 7]
6 600 - [ 8]
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0 60 0 i [ 9]
38

where, N = number fofequrasclye®f, 0i= cfirdeeqnut esn owi 1
of incidemwmts =wiftrreguiency of i nciYd@®wmt=s with
support of th®° @asdtsdcli ticonmfidleace of the a
000 ando20 = lift of th®& @ssociation rule

The support (Sant emp(lkAdead hoe(qhd) ndefn a parti ct
appear together in the dat atbhaes e gonfy hthhl ee rtuhlee
The ot her memdcéiuaogaet dg ftthg LrnNnel ati-oosseqpueéert we
camccurrence freqeqne[plcs3df]al, eixmpelciteed gasi ti v
i nterdewbntbdencle i ndicates negative interdep
and conls dduevaadl alle stuog gheastt € cedent and consequ
i ndepemdenther e i[sl4HH ec arnrad lyati isb nwaist hc atrird eh
of theowmpemamprRRgversion 4.&r Wllaflbd t he R pac

Cost and Benefit Analysis

Aco-benahntiyssias systematic process for calcu

and costs of. cDhiest ceoogmienaisd wm ewiit o fa | cost, ope
and maintenance cost, and wutiflart yt lce slti dhetli
Ot hceorst s such daed atyr alwel ttoi me,ashes, vehicle

air pondidnrdntisnpacts on natwemédt habnsatennd
this Arojeet gdlmenefiime,i ncludes a reduction
monetary value. The term CMF would dictate
counterime&ther e Aghtuicng.on i n crashes,ain mon
reduction arrrdaacdiinduodat ospeablizZZ2h cws rtalsen a oy Pt
per unit crash by diff erTehnet isnefvoerrmattyi otny poens
cost by severity types was extr alciitddedlef r om
total esti maiterda coesgp Ifeoxidhabtueblsyl | Da7per ye
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Table 12. Louisiana specific cost of crashesby severity level[147]

Crash Severity Type Crash Report Injury Code Unit Cost Per Crash
Fatal A $1,710,561
Severe Injury B $489,446
Moderate Injury C $173,578
Complaint D $58,636
No Injury (Property Damage) E $24,982
The major part of the benefit analysis is
of reduced crashes dubee tdoe rliivgehdt ifnrgo.m GMFe cdas
bef oreamr el i abl e s®ame ea mBieghiutaied fh e tdhreas h

study preferred to use CMKI ear i nngetbspiagdee st r
The study Cchbercikeghtahrgde expl ored CMFs avail a
pedestrian | ightilntg wats ddiiffffeirceunltt I|tooc agteito nCsh
pedestrian andUIntiignattelme, carfatsehresan extensi v
avail able CMFs, the sithudly4i8d]le ¢ ind eidnastt@aslulsidnagt
I i gmwhotul d reduce traffic cnashbhesal atrehsat | oc

Regardi ngi ndladuhde® s sitam ¢das $ th g dtlel isghccé @ di ng t h
cogstrenchbagk facnédh d migto nwiutdli oe st i onal |y bor ec
wi tbndu28&drisght polsi mdleaninhfamudn dan d o n

Il umi nai rsghi2ghhOe swsautrtd heedi oms$ i snearcc e suwnsiet Al |t
cosotf all tdamreedn ifiredmsy evt t e UoDr |l thei Bysmbem r
project wi,t hass tsthedelitBé nighddt iceossnhi, nglmudeage
operationanod ®hastt 8Br petelri gyletara,s wahl iscoh
provided by Laf aayseader rUiAsd rewstSeedhitdé€&b 810ge
per month was taken fromitthkee b @&l egtanidci ay c
uti btfegrrreet | i ghprngatéeladioye dbaoldle st he requi
cosstaornst al | i nga a:idn glpes r aatt ri enlgt #1lin g ot 5f aarr eo roen e
ti mes,cowhtielmrs 6 and 7. are recurring costs
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Item
No.

1

Description

Trenching &
Backfilling

Conduit W/
Conducto
Sch.40 w/3#6 & 1#8

Directional Bored
Conduit W/
Conductors

2806 Ligh
(Aluminum) (single
86arm & F

Luminaire (250 watt
(High Pressure
Sodium)

Cost of Maintenanci
per fixture per year
average

Streetlight Charges
per Month

Cost
Type

One Time

Recurring

Quantity Unit
Measure
307.5 @ Linearft.

305 Linearft.

25 Linearft.
1 Each
1 Each
5 years Each
12 Each

Average Price
Per Unit

5.16

8.97

24.94

4,310

525

150.93

10.3

Thetotal cost of installing and maintaining one streetlight for five yea

Total cost of installing and maintaining eight streetlights for five year:

intersection

Total cost of installing and maintaining twelve streetlights for five yee

for 500ft. segment
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Table 13. Construction and maintenance cost o streetlight at intersection and segment

Total Price
(for five years)

1,587

2,736

624

4,310

525

755

618

$11,155
$89,240

$133,860



Thi s sewda

Di scudsiRemrsul t s

sfodephbl doscgsesseoal ;&CMF scha lacnuall aytse d
from the cirtassdhnidfsit aad @ecd i cdaalt amondi enliamagh dr e s ul t

cobéenahat ysbhldehows the summary of the sampl
For exampl e, al | 8,149 crashes were utiliz
pedestrian cr ashtehgeewer aa mealmasgiesd. alOnleyr ni ght
data wer e bisredirgfi e gC®BE gangdtmnef i t anal ysi s,
data from daylight, dawn, and dusk. For th
severi{fyatabvel sevewee fainldt ence e r famemwe,rked 9
utilized.

Analysis

General Crash Analysis

CMF

Binary Logistic

Data Mining

Cost and Benefit Analysi

Table 14. Size and type of data used for @alysis

Analysis With Without

Based On Locaten Light = Light '@

Crash All 8,149 crashes

Intersection 765 160 925
Site

Segment 121 250 371

Intersection 160 160 320
Site

Segment 121 250 371
Crash 4,401 crashes of fatal, sevea@d moderate injury crashe

Intersection - 160 -
Site

Segment - 250 -

General Crash Analysi s

The general crash analysis explores the possible association of pedestrian crashes with
many crash attributes related to the vehicle, roadway, environment, and-relatad

factors. Special focus

was givamlighting condtionsinvolved in the crashe$ to

evaluate whether any lighting or a specific type of lighting condition contributed to
pedestrian crashes. A total of 8,149 pedestrian crash data from 2014 toezél8ea#
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for the analysis. The total numbaf crashes includes 622 (7.63%) fai@l4 (9.50%)

severe, D48 (37.40%) moderat@,869 (35.21%) complaintand 836 (10.26%) no

injury types. Of the total 8,149 pedestrian crash@€)71(18.49%) occurred in 2014,

1,622 (19.91%) in 2015,,687(20.70%) in 2016, 656 (20.32%) in 2017, and the
remaining 1677 (20.58%) crashes occurred in 2018. Due to the unavailability of data at
the time of conducting the analysis, pedestrian crash data from 2019 was not used. The
crashes were analyzed for sealggarameterbke day withnight conditions, the severity

of the crash, time of the day, roadway functiariass, and intersection wition

intersection crashed: i g fIshaevs pedestrian crashes in Louisianeording to

lighting conditionsfrom 2014 to 2018As a note, the study did not consider éfiect of
pedestrian volumendtheintroduction of several new treatments during the analysis.

Figure 9. All pedestrian crashes within the state from 2014 t@018

b -
[ & e
*s 4, 8149 crashes
< Pl - « Dark
: 2 ? v Dayhght Dusk/Dawn, Other/Unkown
o= o Ve
t t.l..\
- - ~ .
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Cr ashtyisf f et ene aDa ¥

All 8,149 crashes were clustered in thtemir time intervals to visualize the distribution

of crashes at d¢rent times othedayfor eachyear, ashown inF i g LI @Tkeplot

helps to identifytimeframes associated with peak crashes. As discussed previously, 1507,
1622, 1687, 1656, and 1677 crashes occurred each year from 2014 tO201&8,149
crashs, 44.93% occurred at nighttime or darindtheremainings5.0®6 occurred
duringthedaytime. Dawn and dusk data wéaneluded in daytime crashdsi g1 @ e
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shows that above 18% crashe®ccuredbetween 15:00 to 20:59 in each of the five

different years. For example, 25% of crashes oedlretween 18:0 to 20:59 during

2018, whichindicates atotal of 418 crashes of 1677 during that year. Crashes between
15:00 to 18:00 can be attributed to the rush hour traffic and increased pedestrian
movement compared to other times of the dayddition, crashes after 18:@fight be

due to the poor lightip conditions. Overall, the crash statistics show that around 49% of
crashes occurred after 18:00 and before 6:00 in the morning. However, pedestrian crashes
were minimal during the morning traffic peak hours.

Figure 10. Crashesby various times in a day

Times of a Day

0:00-2:59 3:00-5:59 6:00-8:59 9:00-11:59  12:00-14:59 15:00 -17:59 18:00 -20:59 21:00-23:59

30% 7]
2014

2015
M 2016

W 2017
20%- i 2018

25%

15%

5%

The same time frame was then used to explore the trend of the severity of crashes. The
objective was to show how severity levels change at different times in a day. Due to
limited crash dat&an some categories, severity levels wexplored using allhe crash

data from fiveyearperiodsinstead of conducting by each year. The detail is shown in

Fi g 1 ltshowsthat14.79% of fatal crashesebetweermmidnightand 3a.m.The
percentage was estimated as an average of 92 cadld$22 total fatal crashes within
that timeframe. Overall, the figure shows significant proportions dfdesishes occurred
after 18:00, for whiclighting might bea contributingiactor. The imeframe letween

18.00to 23:59 recorded the most fatal crash@8.79% and 22.03% in two different

time frames. Overall, the crash statistics show around 74% of fatal crashes occurred after
18:00 and before 6:00 in the morgisignificantly low fatal crashewere observed

during the daytime= i g L Indicatest hseverity levels at different times tdieday.

Percentage of crashes

-

=

Ed
1
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Figure 11 Severity levels at different times of a day

Times of a Day
0:00-2:59 3:00-5:59 6:00-8:59 9:00-11:59  12:00-14:59 15:00 -17:59 18:00 -20:59 21:00 -23:59

0% Fatal - 622

B Severe Injury - 774

B Woderate Injury -3,048
B Complaint - 2,869
20%- [ Mo Injury - 836

25%

15%

EMmMﬂm

Pedestrian Crashes by Severity

Percentage of crashes

Next, the study explordgbe severity of crashes by each year rather than combining
everything. The objective of this section is to show the yearly trend of pedestrian crashes.
T a bll showsthe percentage of crashes in each category in different years. It shows
fatal crashes increased from 6.97% in 2014 to 9.84% in Zai&l. and severe injury
crashes made up 16.46%, 18836.12%, 15.88%, and 20.27% of total crashes for
2014, 2015, 2016, 201and 2018respectively. The individual percentages in the tables
were estimated using total crashes within that year as a bas@imexample, 6.97% of
fatal crashes during 2014eveestimated as total fatal crashesl 06 during that year
divided bythe total number of crashes during that year, i.e., ITB@&tableshows that
though fatal and severe crasiséghtly declined from 2018ntil the endbf 2017,2018
recorded the highest fatal and severe crashes of around 20.27% since 2014.

Table 15. Percentage of crashes in each year by severity level

Severe Moderate . No Total Fatal and
Years Fatal v ; Complaint .

Injury Injury Injury Crashes Severe
2014 | 6.97% 9.49% 35.30% 36.23% 12.01% 1507 16.46%
2015 | 6.72% | 10.11% 37.30% 34.65% 11.22% 1622 16.83%

0 479



Severe Moderate No Total Fatal and

Years Fatal Complaint

Injury Injury Injury Crashes Severe
2016 7.59% 8.54% 37.46% 34.62% 11.80% 1687 16.12%
2017 6.94% 8.94% 38.95% 37.08% 8.09% 1656 15.88%
2018 9.84% | 10.44% 37.81% 33.57% 8.35% 1677 20.27%

Crash Severity by Lighting Conditions

The study grougdcrash data into different clusters, as showh in g 1 2tacecheck the
distribution of severity of crashes by different lighting conditiddst of8,149 crashes
55.07%occurred during daylight conditions, lmlved by44.92% (13.58%plus 31.34%)

of crashes during dark conditior@3ut of 622 fatal crashes, the numbers are low at
daylight (2058%), dawn (1.77%), and dusk 82%).Most ofthe fatal cralses ocurred

in thedark(75.41%) - darkwithoutlights (38.59%) andark withlights (36.82%). Since
moderate, complaipand no injury crash typegererecordedn more than 50%f
crashesluring the daytime, it shows crashes during daylight are less fatal and severe.
Overall, he percentage was estimated based on the total crashes oategry
Sometimes, the total percentage did not sum up to 100% because the crash da¢a with
missirg time of a day was not included.

Figure 12. Crash severity by different lighting conditions

Severities, in %

Lighting Conditions Total - 8,149 K - Fatal, 622 A- Severe Injury, 774; B - Moderate, 3048 . C - Complaint, 2669 | O - No Injury, 836

Dark-no-light 1358 - 3858 17.96 . 1M 10.39 I 73

Dark-with-light 3134 36.82 4238 - 3287 2656 - 2787
Dawn ; 1.14 | 177 078 |1.25 112 ‘ 072
Dusgk § 2.12 ‘ 032 245 |2.26 227 |2.15

The study also went through all 622 fatal and 774 severe crash logat®asgle Maps
and determined if lighting information exéstat thhose locations by checkirights

within 150ft. peripheryof the crash locationg he study used the street view feature in
Google Maps to get the required information. Overall, the study foliedtehcted
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information onlights matcledwith the lighting information from the crash data source.
This also provides information on the accuracy of the crasheatgtacially on the
lighting information.

Crash SeveritandylLiAghtai Ty p@ondi ti ons

Out of 8,149 crashes, 90.01% (7,336¢uwrred in urbajand7.46% (608) occurred in
rural area. The area type was unknown for around 2% of the crashilatag U Bhews
the severity of crashes for two different area types instance, out of 608 total crashes
within the rural area, around 20% wdatal compared to about 709 of 7,335)
crashes in the urban area. Overall, it shows a higher fatality rate lith@aman urban
area. Other remaining types of crashes are similar in both the area types.

Figure 13. Distribution of total crashes by severity levels at urban and rural areas
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Out of 608 and 7,335 crashes in rural and urban areas, respectively, the study explored
the effect of lightingon the crash severiin each area separately. The detail is shown in

F i g 1 4lteshows around 25% of crashes in rural asra fatal during daylight

compared to 19.64% mrban area During dark conditins, both with and withouight
conditions, rural areaecorded a fatality rate of 70.34% compared@@8% in the

urban areaMost pedestrian fatalities (62.71%) occurred in the dark without lighting
conditions in rural area However, the urban area recordedilar fatality rates with
(43.69%) and without lighting (33.07%) conditions. In bothdhea ypes, complaint and
noinjury types are dominant during daytime conditions.
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Figure 14. Severity of crashes by lighting conditions in the rural and urban aresseparately
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Crash Severity by Roadway Functional Cl ass

The study alsexplored crashes by different roadway functional classesT a bll 6&
shows that most crashes occuroedocal roads (28.43%), followed by principal arterial
(23.01%), minor arterial (22.37%), and major collector roadways (14.93%). The data also
recorded few crashed interstates though more likely it might be vehicle occupants
standing on the side of roadways during crashes or workers tagged as pedésiians.
study went through the crash reports of all fatal crashes to explore the exactardson
the detail is included in a separate sect®uchcrashest freewaysvere not included in
the dataset foEMF andmodeling.Though local streets recorded gler cash rate, the
fatality rate ishigher at arterial$ 23.01%at principal arterial and 22.3@at minor
arterial. It shows roadways witbhigher speed limit, except freewaygich show a
higher fatality rate. Other severity levels of crashes likerse moderate injury,
complaint, and no injury types are dominant in local roadways.

Table 16. Crash severity by roadway functional class

Roadway Type Total Fatal | Severe Injury  Moderate Injury | Complaint = No Injury
Interstate/Freeway | 4.41% | 12.86% 5.17% 3.71% 3.07% 4.55%
Principal Arterial 23.01%| 34.57% 26.23% 23.33% 20.36% 19.38%
Minor Arterial 22.37%| 22.99% 22.48% 22.41% 22.24% 22.13%
Major Collector 14.93% 13.50% 15.12% 15.22% 15.75% 11.96%
Minor Collector 4.32% @ 3.86% 4.65% 3.84% 4.78% 4.55%
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Roadway Type Total Fatal | Severe Injury  Moderate Injury | Complaint | No Injury

Local 28.43% 11.41% 23.51% 28.81% 31.47% 33.85%
Not Available 2.53% 0.80% 2.84% 2.69% 2.34% 3.59%
Total 8,149 622 774 3,048 2,869 836

The same functional class werdahen classifiedy different lighting conditions to check
if any specific crash trend exists in a particular type of roadway. Thesdateshown in

F i g 1 pardtheyshowthat crashes were dominaont local and principal arterial roads
regardless of the time of the day. However, crashes at interstates were higher during
dawn and dark conditigespeciallyat locations with no lights.

Figure 15. Crash rate by different lighting conditions and functional class of roadways
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Crash SeetveDiiftfyerent Roadway Locations

To study the effect of intersection and Aatersection locationand thelighting

conditions on the severity of crashes, crashes were analyzed separately at both locations
as shown ik i g L 8Cait of 8,149 crashes, 2,432 (29.84%) were recorded at
intersections or within 15f. periphery, and the remaining 5,717 (70.16%) crashes were
recorded at nointersections. Nointersection implies any roadway features othant
intersections and might be a linear roadway segment, curve, dylockl segment.

Intersectios recorded a fatality rate of 9.09% compared to the 7.01% at non
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intersections. Overall, the crash distribution across two different locationsk-as gpu r e
1 6shows no significant difference between the crash seveatities different places.

Figure 16. Crash severities by location type§intersection vs. Nonrintersection)
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Similarly, the studyexploresthe effect ofdifferenttimes of the day at both locationas

in Fi g 1 TAeound 14.48% of the falities occurred during daylight conditions at
intersetions compared t@3.94% at nofintersections. Most of the fatalities at ron
intersection are fatal during dark without light conditions (42.39% during dark without
light and 29.4%0 during dark withiight) compared to 31.67% and 50.23% at intersection
locations.The disparity could be attributed to the fact that most intersections have lights
as opposed to nofintersection aread he percentage was estimabgdthe severity level.

For instance, out of 221 fatal crashes at the intersection location, 32 or 14.48% occurred
during daylight conditions.

Figure 17. Crash severities by location types (Intersection vs. Neintersection)
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