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RISK Theory

* “Risk surrounds us, it envelops us. It is our
personal and societal preoccupation and our
salvation. Without understanding it we risk
everything, and without capitalizing upon it
we gain nothing” (Breakwell, 2007, p. xi)

IR
N

ICTCY

RISK Theory

* Objective Vs. Subjective Definitions of RISK

— Safety: “The expected number of accidents or of
accident consequences (perhaps classified by
kind or severity) occurring on an entity per unit
of time during a specified time period” (Hauer,
1990)

— Risk defined as “Probability multiplied by
consequence” (Drotts-Sjgberg, 1991) as a
mental (Subjective) evaluation.

Risk Perception as a subjective phenomenon

because risks are future events.
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RISK Theory

* Perceived RISK

— A given hazard may be perceived at different risk
levels by different people. (How do people

perceive RISK?)

— Individual and group differences in risk
perception acknowledged in the literature.

— Degree of risk perceived determines the degree

of actions to be taken (Adams, 1995).
— Vulnerability, central to risk perception

concept.

— Risk is socially constructed.
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RISK Theory

* Accepted Risk

&

¥, = expected gain

wy = expected net benefit

optimal [target] lewel \\ lewval of exposure

s toHsk

e = expected loss

(Malnaca, 2008)
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RISK Theory

* Risk Homeostasis Theory (RHT)

1 Comparator,
] a summing point €
Perceived costs m Desired
apd benefits _of — Targethlevel adjustment:
action alternatives of risk la-bj=0 2
- Decision making
4 b d / skills
Perceptual | .| Perceived Adjustment
skills level of risk action 3
\ Vehicle
handling skills
e
f
Resulting
e accident loss

feedback
Homeostatic mechanism (Wilde, 1998)
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RISK Theory

* RISK Homeostasis Theory (RHT)

Accepted Risk Level Perceived Risk Level

Behavioral
Behavioral Adaptation

Adaptation (Safe Action)
(Unsafe Action)

Perceived Risk Level Accepted Risk Level

Disregarding Behavioral Adaptation: Less or even

no effect by engineering countermeasures in
practice!
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* RISK Homeostasis Theory (RHT)

Accepted Risk Level Perceived Risk Level

Behavioral
Behavioral Adaptation

Adaptation (Safe Action)
(Unsafe Action)

Perceived Risk Level Accepted Risk Level

Risk Perception is usually measured through surveys:
*How probable is it that you would be injured in a

road crash?
*If a road crash should happen to you, how severe
would be the consequence?

‘EW% ‘ISK Theory

* RHT in Engineering Applications

o B
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* Greater SM means Safer car following.

* Based on recent research, “Safety Margin (SM) suitably
guantifies homeostatic risk perception. Perceived risk
fluctuates around a constant target level” (LU et. al.,
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Aim of the Study

* Quantifying situations under which the
drivers perceive the risk of rear-end collision
at a HIGH/LOW level, based on
Observational Data.
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Method

* Communicating the risk levels with drivers
at different situations and then
guantifying the situations where the
behavioral adaptations were statistically
significant.
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* Freeway Instrumentation
— Location:

* A basic freeway segment (3 lanes in each direction),
with minimal influencing factors (Speed limit signs,
speed camera, nearby on or off ramps, etc), in a
suburban area in Tehran

— Instrument:

* Automated Inductive Loop Detectors (ILDs)
— Communicating Device:

* Variable Message Sign (VMS)
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Materials
Verification
Short Message |
Message on " VMS "
VMS GPRS Modem
¥
Effects on
Traffic Flow Remote Central
Server
X
.| Loop Sensor Data Logger
" GPRS Modem

Mechanism for Generating Near Real Time Messages
including Risk Levels
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Materials

* DATA

— Control Sample:

* Traffic data obtained when null messages (with
presumably no effect on vehicular interactions)
displayed on VMS. Control sample was drawn 24
hours a day, on 22nd and 23rd Sep 2012. Sample size
was 39315 vehicles.

— Experimental Sample:

* Traffic data gathered when the proposed messages
(including near real time level of risk) displayed on
VMS. Experimental sample obtained 24 hours a day
on 10th and 11th October 2012. Totally, 43047
vehicles registered during the sampling.
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Findings (Quantifying High Risk Perception)

Headway
Lane Number Obse?'vation Messag H<=2 H<=3 H<=4
Time [Averag| sD Averag| sp Averag| D
N | eSM N | eSM N | eSM
Null 37 | 091 [0.403| 102 | 0.937]|0.332| 199 |0.943|0.277
Night High Risk 41 |1.327|1.238| 129 |1.056|0.763 | 231 |0.988| 0.599
1 Level
Null 92 [1.041]0.950| 330 | 0.917]0.564 | 595 | 0.925 | 0.445
Day High Risk 83 |1.162|1.556| 259 | 1.002|0.928| 482 |0.975|0.698
Level
Null 301 |0.838| 0.402| 729 |0.875]| 0.325| 1077 | 0.891 | 0.290
Night High Risk | 288 |0.829|0.413| 740 | 0.872 | 0.317| 1124 | 0.885| 0.279
2 Level
Null 546 |0.835| 0.417| 1280 | 0.873 | 0.332 | 1875 | 0.888 | 0.295
Day High Risk | 647 |0.828|0.412| 1654 | 0.865 | 0.327 | 2522 | 0.886 | 0.287
Level
Null 114 [0.918]0.485| 205 | 0.92 | 0.402| 290 | 0.925 | 0.353
Night High Risk 139 [1.105| 0.620 | 267 | 1.024| 0.509 | 361 | 0.999 | 0.463
3 Level
Null 174 | 0.85 | 0.324| 354 | 0.886|0.273 | 467 | 0.899 | 0.252
Day High Risk 269 |0.883|0.439| 550 | 0.911|0.364| 742 |0.922 | 0.332
Level
Null 452 | 0.864)0.425| 1036 | 0.89 | 0.342 | 1566 | 0.904 | 0.302
Night High Risk 468 | 0.955| 0.615| 1136 | 0.928 | 0.445| 1716 | 0.923 | 0.383
Total Lanes LeVE]
Null 812 | 0.861) 0.495| 1964 | 0.883 | 0.373 | 2937 | 0.897 | 0.325
Day High Risk 999 |0.871|0.607 | 2463 | 0.889 | 0.440 | 3746 | 0.904 | 0.375
Ipw
%% Findings (Quantifying High Risk Perception)
Headway
Lane Number Obse?'vation Messag H<=5 H<=6 H<=7
Time [Averag| sD [Averag| D [Averag| sp
N | eSM N | eSM N | eSM
Null 287 10.928|0.255| 378 [0.939)0.238| 459 |0.942|0.223
Night High Risk | 336 |0.978|0.507| 438 [0.974|0.448| 512 |0.974 | 0.419
1 Level
Null 863 | 0.93 [0.382]| 1112 |0.929 | 0.344 | 1320 | 0.932| 0.321
Day High Risk | 700 |0.9570.593| 944 [0.954|0.516 | 1172 | 0.955 | 0.467
Level
Null 137510.902| 0.267 | 1618 | 0.91 | 0.252 | 1817 [ 0.914 | 0.241
Night High Risk | 1453 | 0.899 | 0.256 | 1683 | 0.907 | 0.243 | 1873 | 0.912 | 0.233
2 Level
Null 2381 0.897 | 0.271 | 2767 | 0.905 | 0.255 | 3072 | 0.911 | 0.245
Day High Risk | 3187 | 0.9 |0.265| 3681 [ 0.906 | 0.251 | 4081 | 0.911 | 0.241
Level
Null 352 | 094 [0.327| 399 [0.945]0.310| 424 | 0.946 | 0.302
Night High Risk | 442 [0.991|0.427| 486 [0.987|0.411 | 528 |0.988 | 0.396
3 Level
Null 580 |0.912|0.234| 653 [0.917|0.224| 722 | 0.923 | 0.215
Day High Risk 911 [0.927|0.308| 1026 | 0.931| 0.294 | 1127 | 0.935| 0.282
Level
Null 2014 1 0.912 0.277| 2395 | 0.92 | 0.261 | 2700 | 0.924 | 0.249
Night High Risk | 2231 | 0.929 | 0.345| 2607 | 0.933 | 0.323 | 2913 | 0.937 | 0.309
Total Lanes Level
Null 3824 [0.907 ) 0.295| 4532 [0.913 ] 0.276 | 5114 | 0.918 | 0.263
Day High Risk | 4798 [ 0.913 | 0.341 | 5651 [ 0.919 | 0.319 | 6380 | 0.923 | 0.303
Level




5 Findings (Quantifying High Risk Perception)

IR
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Compared Lane |Time P-Value |P-Value|P-Value|P-Value|P-Value|P-Value|
Messages H<=3| H<=4| H<=5| H<=6| H<=7
1 i 0.143 1 0.333 | 0.13 | 0.163 | 0.134
Hiah -Null 2 0.843 | 0.645 | 0.807 | 0.767 | 0.842
R:gk I-_eeel 3 |Nightf: 1247 0.066 | 0.09 | 0.07
Total 0.073 | 0.115 | 0.077
Lanes 3
1 0.542 | 0.194 | 0.177 | 0.298 | 0.211 | 0.147
Hiah -Null 2 0.792 | 0.517 | 0.782 | 0.7 |0.873| 0.95
R:gkLe\L,’el 3 | Day| 0.393 | 0.288 | 0.198 | 0.309 | 0.299 | 0.352
Total 0.716 | 0.58 | 0.415| 0.331 | 0.318 | 0.3
Lanes
%ﬂ% Findings (Quantifying Low Risk Perception)
Headway
Lane No Observat|Message H>=2 H>=3 H>=4
ion Time| Type N Average| SD N |Averag| SD N |Averag| SD
Speed e Speed e Speed
Null | 1740 | 69.35 [15.94] 1700 | 69.4 [15.95] 1632 | 69.37 |15.94
Night | v | 497 [ 7349 |188] 493 | 7358|1885 484 |7361] 19
Nu 2732 | 80.18 [14.29) 2621 | 80.19 |14.32 2382 | 80.17 |14.48
1 Day ma | 537 | 6884 |18.77] 524 | 68.86 [18.7] 489 | 68.72 [18.39
Null | 3304 | 93.01 [11.31] 2978 | 93.27 [11.3| 2545 | 93.52 |11.39
Night = ¥ 651 | 9525 [12.29] 625 | 9547 [12.29] 593 | 95.69 [12.35
Null | 4898 | 94.13 [10.56] 4315 | 94.4 [10.57] 3581 | 94.78 |10.61
2 Day | v | 1122 | 91.87 [12.14] 992 |92.18 [12.26] 825 | 92.51 |11.35
Null | 1070 | 97.61 [15.25] 950 |97.83 [15.08 855 | 97.9 |151
Night | lowrisk _ 116 | 87.1 [23.9| 93 |89.84 |23.05| 87 |90.13 [23.05
Null | 1859 | 98.12 [10.23] 1680 | 98.53 [10.24] 1498 | 98.86 |10.25
3 Day | v [ 411 [ 96.56 [15.09] 362 | 97.15 [15.36] 329 |97.74 [15.05
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Findings (Quantifying Low Risk Perception)

Headway

H>=5 H>=6 H>=7

Lane No Qbser.'vatMcb 5 N Average| SD N |Averag| SD N |Averag| SD
ion Time| Type
Speed e e

Speed Speed
Null 1533 69.3 |15.87] 1445 | 69.15 |15.81] 1354 | 68.99 [15.82
Night ;?Svlz 469 73.52 [19.06| 455 |73.19 |18.84 437 | 73.4 |19.01
Null | 2116 | 80.14 [14.68 1848 | 80.27 [15.2] 1599 | 80.09 [15.06]
1 Day | Risk 454 68.76 |18.55 410 | 68.98 |1843 379 | 68.81 [18.86|
Null | 2197 | 93.85 [11.41] 1899 | 94.13 [11.42] 1656 | 94.46 [11.41
Night | LowRisk 556 95.92 |12.45 526 |96.01 |12.48 497 |96.16 [10.79
I\Egvl} [ 2985 | 95.11 [10.72] 2479 | 95.3 [10.77] 2093 | 95.56 [11.79
2 Day Risk 673 93.07 |11.28/ 556 |93.51 |11.44 453 |93.91 [11.79
I\{g‘}} [ 770 98.13 |14.91] 708 | 98.56 |14.83| 661 | 91.36 [14.33
Night Risk 82 91.13 [22.48 81 91.1 [22.61] 80 |91.36 |22.63]
NL(l)l‘}’l | 1385 | 99.07 [10.27] 1272 [ 99.24 [10.38 1199 | 99.32 [10.27]
3 Day Risk 295 98.39 |14.42| 275 |98.28 |14.53| 254 |98.52 [14.53

75 Findings (Quantifying Low Risk Perception)

IR
N2

compared |Lane No| Time | P-Value | P-Value | P-Value | P-Value | P-Value | P-Value
Messages H>=2 | H>=3 | H>=4 | H>=5 | H>=6 | H>=7

1 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Low -Null 2 Night| 0.000 | 0.000 | 0.000 | 0/000 | 0/002 | 0.007
Risk Level 3 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

1 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Low -Null 2 Day | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.004
Risk Level 3 0.011 | 0.035 | 0.102 | 0.345 | 0.197 | 0.293




% -scussion and Conclusions

Quantifying High Risk Perception Situation based on
Safety Margin (SM):
- Risk levels perceived Higher in night time than in day
time
- Risk levels perceived Higher in fast moving lanes than
in slow moving lane
- High level of risk perception at night time
corresponds with car following in highways:
* Less than 2 sec for slow moving lane,
* Less than 4 sec for fast moving lane,

* (Message had no statistically significant effect on
drivers in Middle Lane, i.e. The most confident
drivers select the middle lane

% -scussion and Conclusions

Quantifying Low Risk Perception Situation based
on (Free Flow Speed):

- A single message including low risk of collision
induces two different concepts onto drivers at
different lanes in days and nights:

o At night, drivers on middle and slow moving
lanes adapts towards increasing the risk.

o At night drivers on fast moving lanes adapts
towards decreasing the risk.

o At day drivers on all lanes adapts towards
decreasing the risk.







