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ABSTRACT

National Highways (NHs) in India traverse the length and breadth of the country
connecting national and state capitals, and so forth. NHs in India represent less than 2%
(114,158 km) of total road length (5.89 million km as on March 2017), and carry almost
40% vehicular traffic. During the last one decade, numbers of NHs are upgraded from
single- to two-lane, two- to four-lane and four- to six-lane by the concerned authorities.
The improvement in road infrastructure with respect to increase in number of lanes, riding
quality, and so on has helped to reduce travel time between cities, improved productivity of
freight transport and so on. However, on the other side increase in traffic crashes (number
of road fatalities on NHs are observed to be to the tune of 34-39% during 2000 to 2017) has
partially nullified the positive impact of NHs development. The other motivation is due to
lack of adequate research on highway safety for developing countries in general and
specially in India. Some of the results of research studies on highway safety or road safety
strategy adopted for developed (high-income) countries are less relevant owing to
significant variation in local circumstances. Hence, there is an urgent need to study fatal

crashes pattern on NHs to identify factors.

It is in this context, an attempt is made to identify factors contributing to fatal crashes for
short-listed NHs through statistical techniques such as, logistic regression and generalized
linear modeling. Three NHs having varying lanes configuration: two-lane paved shoulder
NH-8, four-lane NH-24 and six-lane NH-1 are short-listed for in-depth study of fatal
crashes for past 4-5 years. Total 1,534 fatal crash first information reports (FIRs) are

collected from the respective police stations for three NHs, and are examined for the study.

Based on data analysis, fatal crashes/km/year is found to be highest (3.08) on six-lane
NH-1, followed by 2.42 on four-lane NH-24, and 0.72 on two-lane NH-8. The distribution
of victims’ mode by striking vehicles in fatal crash shows that on two-lane NH-8, share (%)
of striking vehicle as truck and car against the respective victims’ vehicle (motorcycle) is
44%, and 21% respectively. Similarly, fatal crash analysis is done for four-lane NH-24 and
six-lane NH-1. The distribution of fatal crashes by collision type shows that share of fatal
crashes involving pedestrians is highest (45%) on six-lane NH-1, followed by 34% on four-

lane NH-24 and 19% on two-lane NH-8. High share of pedestrians in fatal crashes on four-
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lane (NH-24) and six-lane (NH-1) could be attributed to densely populated land use, as part
of these two NHs fall in close proximity to Delhi.

As per the logistic regression models developed, the likelihood of motorcycle fatal crash
versus non-motorcycle fatal crash model showed that ‘collision type’: 45-times, 30-times
and 25-times higher for ‘rear-end’, ‘sideswipe’ and ‘head-on’ than ‘hit pedestrian’
respectively. Similarly, factors contributing to fatal crashes on NHs are estimated for other
dependent (fatal pedestrian versus fatal non-pedestrian crash and fatal truck-involved

versus fatal non-truck involved crashes) and independent variables.

The results of the safety performance functions (SPFs) showed that out of seven
explanatory variables examined for each NH (segments), the significant explanatory
variable is found to be ‘segment length’ in km for all three models of NHs (segments).
Other significant variable is ‘land use’ along NHs for both two-lane NH-8 and six-lane
NH-24. The response variables ‘presence of service road’ and ‘terrain type’ are found
significant for four-lane NH-24 and two-lane NH-8 respectively. ADT is not found

significant variable, hence it is taken as an offset variable owing to its importance in SPFs.

Spatial analysis of fatal crashes on NHs (two-lane NH-8, four-lane NH-24 and six-lane
NH-1) has been carried out employing spatial autocorrelation, kernel density estimation
method, and hot spot analysis using Getis-ord Gi* through ArcGIS. The fatal crash analysis
at the intersection influence area showed that intersection(s) is/are observed to be one of
the most dangerous spot (about 15% of fatal crashes) on NHs having two-, four- and six-
lane configuration, and the study results suggest that due care need to be taken while
designing and executing works of intersections and non-intersection segments at NHs
including safety measures for pedestrians movement. The study results for spatial
autocorrelation showed that the spatial pattern of fatal crashes (all modes) on studied NHs
are found to be clustered, and statistically significant at P = 0.00, and for only fatal
pedestrian crashes the pattern is observed to be ‘clustered’ for four-lane NH-24 and
‘random’ for two-lane NH-8 and six-lane NH-1. The spatial analysis (KDE and Getis-ord
Gi*) of fatal crashes on NHs is found to be very effective technique for highway engineers

to identify accident prone locations for short- and long-term remedial measures.



Finally, the screening of studied NHs segments for fatal crashes employing empirical
Bayes (EB) method has helped to define and prioritize blackspots for each NHs. Through
EB method, screening of the three NHs segments for fatal crashes was carried out, and it
revealed that for two-lane NH-8, of the total 5 segments caught in the 10 or more fatal
crashes net, 3 segments are expected to ‘correct positive’. Similarly, for four-lane NH-24 of
the total 1 segment caught in the 9 or more fatal crashes net, 0 segment is expected to
‘correct positive’. For six-lane NH-1, of the total 9 segments caught in the 16 or more fatal
crashes net, 5 segments are expected to ‘correct positive’. Furthermore, review of identified
NHs segments with correct positive obtained through EB method at Google Earth map and
corresponding NHs segments with hot spots map using KDE is done to appreciate the EB
results and the review showed matching pattern of recurrence of fatal crashes with respect

to both cited figures.

Key words: National Highways, fatal crashes, logistic regression, negative binomial
regression, spatial analysis, empirical Bayes.
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L3108

R H TSI TSATET (NH) o &7 afers 3R dlss &t ¢ 3k = $r
Terenfadl 3R Agcaqol e & Shsd &1 HRA & NHs Fel Hseh T oldls i
2% (114,158 T+ (AT 2017 Y 58.9 or@ ) & FH F TAHADT I
g, 3 T 40% argdAl T EEHT o 2 e T g & g,
T RFMAT g@RT TATT AT FE&AT &I Th F al-oled, al- T IR-oed, 3R
UR- ¥ BF-ofl # 9IS fohar 741 §| Fsoh AR @l H FUR S fob o &
TEA # gig, FART Hr U, $eAG, & HROT AT & ST AT & FHT FI
HHA FA, Al TRAEA H ScHlahdl H FUR §IT & | §Tell(eh, ghI RE T5H
gHesr # (2000 & 2017 & &R NHs WX 34 - 39% W ©lceh gHe3l) o
HifF T & NHs Ahd & TFRIcAS THIT H FF H AT §| 3T 9RO
AT &9 F 3R AT &0 & #4Rd & fashraeher <of & fow woramet guen w
gacd MY FH AT & HROT gl GefAa (E=a 39) ¢of & v 3qas a8
TASTATT FRET AT FSh GI&T WEAfd R MY HEATA & F& IRUMA TN
aRTEATAl # Hgcaqul fAeeidl & SROT &A YEES gl ATV, HRep &
TEdleT Fel % fIU NHs W blcish geeal ¥esi (pattern) & HEAT kel &I
dcohlel AT g

Jg 39 Tl H g TfIPT dodel o difeifes ufaeda  (logistic
regression) 3 AHASHT Y@ AlsTolar (generalised linear modelling) &
AH ¥ Yo AT & AU Ol gueaAsit # ITee #e dlel hRehl i
gl ael T WA fhar &1 37eer-31aeT ofd fa=am@ (configuration) arer i
TATT: & ofd alel Ydh S (paved shoulder) TATT -8, IR-oldd AT -24
3R BF-ofT TATT -1 WS 4-5 I8 § ©iceh GHSAB & gl IHETTA & faw
geeg &1 e Tva & fav ddfed gfod w@eeel @ e 1,534 °ide gHe
TEel oo RAIC (VHASIN) Tehd &1 ¢, 3R e & v s #r gl

ST TaReNUT (data analysis) & 3R W, ©icde gHea3il / fhelt / a¥ og-o
TAUT -1 W 3=ddA (3.08) 9T SATAT g, 3% 91 AR-oled TATT -24 X 2.42,
IR @-oT TaTg -8 W 0.72| "Idsh gticm H AR drell digell garT ffsdr fr
faer & AROT & uar golar § & &g ARt & ara (@easted) &
Tord ¢ 3R FR & T & - T -8, M (%) FAM: 44% 3R 21%
gl | 38 g, IR-olel TATT -24 AR Sg-f Tivd -1 & v ardeh geear
faReISuT fohaT ST &1 ToFehl YehR & ®lcieh GEICI3i & facRor & ool welar §
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fF Yeor Ioed arell H =T %tic‘.a-lld-ﬁ' a1 ffear 3Tadda TR (45%) B o
TATT -1 W §, 38 &6 IR-oT TATT -24 G 34% 3 - Tava- W
19% 81 8] IR-A= (NH-24) 3R ©g-oed (NH-1) R ardeh geleamsit & deof
Telel dTell & 3Td B8R H Gell WG aTed A 39T & foiv fFFAeR g
ST TehdT &, Fifh 37 & NH &1 v REar el & Adear & &1

ofaT T difoiiees RaeT Al fahfdd fear r §, Aexangiha ards geear
a7 IRN-Aremsied ade %ticm HASA I THGAT & 9T Il g & e
YR 'RIT-Ts-rear-end’, 'ATgsEUSY-sideswipe' & T 45 @71, 30 T 3R
25 91 318 g1 3R 'gs-3iicA-head on' H#EA: 'Tge Yeer IME-hit pedestrain’ A
g g, NH W oide el # INee Fitel dld HRel T IHed 3Gt
(& Yeol AT S Gl IR-Ueel AR gEeAT IR idw Toh-AMA FATH
gideh IR-geh AT ) IR T@dT =W (variable) & AT AR SRR STl
el

T Jeelel Sl (TaNTH) & qGRUMET & gar For § & 936 vy (Q9ee)
& foT S 91T 91 SAEdTcA S W H T TATT (AIHC) o T dieT HAisall &
o fhell 7 FgcaqUl SaredTeHs: W WS FNIg 9T STl §1 3 HAgeaqul X
aleil-oel NH-8 3R ©g-olef NH-24 & T NHs & &y '$ff 3uater g1 widfhar
W 'Fiaw U3 Fr IuRAT 3R s gER' FAA: IR-oA TATT -24 AR G-
el Uv" -8 & ToIv Hgcaqul v S g1 ADT @I Hgedqul =T ( significant
variable) F& 9T STAT &, SHfAIT 38 SPF & 3H% HAgcd & HRUT iTHAC W
(offset variable) & &0 & T ST £

NHs 9 ©Tcde gHEH3 HT TUMioteh faeelvor (- NH-8, TR-olel NH-24 3R
Og-od NH-1) Taifas autocorrelation, @eiel Helcd 3ol (kernel density
estimation) faf®, 3R ARY-31TE (Getis-ord Gix) T ITART & gl Tie (hot
spot) faRevoT FI NI fhar ar=am &1 ArcGIS & ATETH A Gi +| IR 989
& # ulceh gueaT faRelwor & uar "o § o dRmEEh) @ ar uR-, 3R oF
o dTel TAUT R FIH WRATh o9 H ¥ U AT STl g, 3R 3eqaqd &
IRUTAT & IdT oIl ¢ b 3[R c@se &1 SId § g I3t & 3aneraed
& foIv ge 3urdl digd vATd X Rl AR IR-TRigH st & @EAr A Berge
(design) 3R fasifed wId THY foam S| wurfas faRgerar & fav segye
& gRUmHAT & gar Iar & & 3eyua v v vavg 9w grde %l'fICo-lld-ﬁ (Tsfr
daigd Mode) & TS Ul FI Forrer fhar amr g 3R P = 000 W
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IR ® § Agcdl g, 3N Had gas Yga ol ail & for def
'‘Foleel' (cluster) gl & foIT AATAT AT g1 IR-olel TATT -24 & foIvw 3R ‘ot
& U o TATT -8 3R ©g-old TATY -1| TAUvd Wl %tjCo-lldﬁ &
e faeeivor ($FE15-KDE 3R AfRT-3TE SSx-Getis-ord Gix) @I ISTATN
Solfee’t & v oy 3R Jewfad 3TaricAs Ut & fav geear ganfad
T HY Jgdled A & AT Igd JHIA Fehellsh & FT H IR ST §

3id H, yA9fA€ § (empirical Bayes) faf&r & fAaiffd =<t arar gide
gHeA & faT 3eggel U av UoATT @St H BRI (screening) & Ted®
TAUT & folT selehedic (blackspot) &I IRATRNT &t 3R grafdedr ¢ 7 #Ace
$r g1 st fafr (EB method) & #AETH &, °ids gHea3 & fav e vy
s (NH segments) #r Thifeier &T a8, 3R I8 gar ger & 10 ar 3if8e+
uldchg&cmsﬁﬁtﬁmm;ﬁS@?ﬁﬁﬂa—éﬂW%#ﬁE31§i‘s'fr
T 35 § ' T8 HERIcHAS (correct positive)l 3HT g, 9 a1 3if¥% ards
gHeAII Ac # 9ehg T Fol 1 WS & IR-of TATT -24 & AU, 0 QoA 'TQr
hRIcHS gl i 371 gl 16?1T34ﬁ138u|dqogélcmdﬁﬁ€ﬁm?m§m9
Tl § ¥ Bg-old T -1 & U, 5 @3l & 'TEI THRICHAS' gld T 371G ¢
3% 37edl, Google &RdT & A (google earth map) W EB faf¥r & aAregs
T 9t 8T GhRIcHs & 1T 9gdlel W NHs @sr fiT gaem &1 15 § 3R
KDE &I 39&iT #kd §U gl Ticq #T & &y NHs @si & EB aRomsi &
TG el o oI fomar aram & 3R @elem & Qi & d9 & oide gHes3i
T GeRTgied &1 [Here deet fe@mr a3 § 3¢ s

FET s I ISTAI, HIdedh GHeaT, diloliecsd JIdaHAs, deRIcH® glave
gfdai#T (negative binomial regression), &M% [F9eYUT (spatial analysis),
SFHasT=a @rst (empirical Bayes)!
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