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28 June 2012 
 

Our Client, Esq. 
Client’s firm, LLC 
Corporate Center 
 
Re:  SUV driver v. Loader Owner 
 
Dear Client Attorney: 
 
 I have analyzed weather and visibility issues in this case to determine (1) if Loader 
Operator and Spotter should have detected SUV’s headlights before the loader began to cross the 
roadway and (2) SUV driver’s ability to detect the loader as he approached it.  My analysis is 
based in part on these materials: 
 

• Pennsylvania State Police report, 
• National Weather Service (NWS) surface weather observations, 
• transcript of the 21 March 2012 deposition of Loader Operator, 
• transcript of the 21 March 2012 deposition of Spotter, 
• transcript of the 21 March 2012 deposition of Witness One, 
• summary of interviews of Loader Operator, Spotter, and eyewitnesses (Plaintiff’s Exhibit 
1 dated 21 March 2012) 
• expert’s report by Steven J. Becker of Robson Forensic, Inc. dated 28 June 2012, 
• published references cited below. 

 
Introduction 
 The police report indicates that SUV driver’s 1997 Chevrolet Blazer struck a 1989 
Caterpillar 980F front loader owned by Loader Owner and operated by Loader Operator.  Loader 
Operator was crossing SR329 at the Loader Owner’s plant at ~ 0629 EDT on 10 October 2007 
when the crash occurred, and Spotter was acting as his spotter for approaching vehicles.  In his 
report, the Trooper noted that fog was present and that the crash site was dark and had no 
streetlights (report, p. 5).  Eyewitnesses variously described crash-scene weather as some 
combination of mist, fog, or very light rain (Spotter deposition, pp. 28, 44; Loader Operator 
deposition, pp. 36, 58; Witness One deposition, pp. 7, 31).  How did these weather and lighting 
conditions affect visibility for SUV, Loader Operator, and Spotter? 
 
Weather and Visibility Conditions at the Crash Scene 
 From 0551-0651 EDT, NWS records for nearby station indicate an overcast ~ 200' above 
the station, mist (but not fog) at the surface, and a horizontal visibility distance of 0.5 statute 
miles.  By comparison, visibility distances are ~ 10 miles on very clear nights.  Surface winds 
were calm at NWS Station and the air temperature was 62° F with 93% relative humidity 
throughout this period.  U. S. Naval Observatory calculations (Michalsky 1988) for 0629 EDT at 
the crash site show that the sun was ~ 8° below a level horizon then, meaning that morning civil 
twilight had not yet begun.  Thus both SUV and Loader Operator were effectively driving under 
nighttime conditions. 
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 Because the crash site is quite close to the NWS Station (~ 3.5 miles) and their elevations 
differ only slightly, their horizontal visibility distances are nearly the same for the weather 
observed at the crash time.  The NWS uses moderate-intensity lights at known distances to 
determine nighttime visibility distances, and the 0.5-mile distance reported by NWS Station 
indicates a specific density of the mist or fog that reduced visibility then (Glickman 2000, p. 31).  
Because NWS target lights are less intense (and thus less visible) than the headlights on SUV’s 
Blazer, both Loader Operator and Spotter should have seen these headlights along the entire 800' 
of unobstructed sight distance to the north (Becker report, p. 3).  Although both Loader Operator 
and Spotter stated that they did not see SUV’s headlights (Spotter deposition, p. 46; Plaintiff’s 
Exhibit 1, p. 3), their failure to do so cannot be explained by adverse weather or lighting 
conditions. 
 
 However, the front loader and Spotter were much less visible to SUV driver.  Both 
Loader Operator and Spotter testified that (1) the loader lacked any side reflectors or lights and 
(2) Spotter’s rain suit had no retroreflective material on it (Loader Operator deposition, pp. 56, 
73; Spotter deposition, pp. 26, 36-37).  In addition, the crash scene had negligible ambient 
illumination and no streetlights (Witness One deposition, pp. 14-15; police report, p. 5).  Thus 
SUV had to depend solely on his headlight luminances1 reflected by the loader’s side in order to 
detect it.  My calculations show that the SUV driver could not have detected the loader in time to 
avoid the collision or even in time to apply his brakes.  This likely explains why neither of the 
following witnesses saw the SUV’s brake lights illuminate (Plaintiff’s Exhibit 1, p. 1). 
 
 To detect objects under such dark conditions, drivers depend chiefly on brightness 
differences between an object and its immediate visual surroundings.  Researchers quantify this 
by measuring an object’s contrast  C, where C = (Lobj – Lsurr)/Lsurr (e.g., Zwahlen and Schnell 
1999, p. 58).  Lobj is the object’s luminance, and Lsurr is the luminance of its surroundings.  In 
this case, Lobj was the headlight luminance reflected by the loader toward SUV, and Lsurr was 
the luminance reflected by the loader’s pavement background.  Because mist at the crash scene 
also scattered some of SUV’s headlight luminance back to him, this increased Lobj and Lsurr and 
so reduced the loader’s contrast. 
 
 If the absolute value of an object’s contrast C (i.e., C’s magnitude independent of sign) 
exceeds some minimum or threshold value Cthresh, then a driver can detect the object (Adrian 
1989).  Cthresh depends on (1) the luminance Lsurr of the object’s immediate visual surroundings 
and (2) the object’s angular size, which is determined by its linear size and distance from the 
driver.  Cthresh also depends on (3) a driver’s reasonable expectancy about whether a particular 
hazard might occur (Triggs and Harris 1982, pp. 6-7; Olson et al. 2010, pp. 22-24; Zwahlen and 
Schnell 1999, p. 49).  For SUV, having a large excavating vehicle that lacked any side lighting or 
reflectors in his travel lane during predawn darkness would constitute an unexpected hazard.  
Drivers like SUV who do not expect to encounter a particular hazard are said to be “unalerted” to 
that hazard.  Whenever driver expectancy is violated, the Cthresh required for such unalerted 

                                                 
1.  Luminance is closely related to the everyday term “brightness,” and its metric unit is the 
candela/meter2 or nit. 
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drivers to detect the hazard increases greatly (Bhise et al. 1977, pp. 26, 47; Olson et al. 2010, pp. 
22-24, 272-274, 407-408). 
 
 My quantitative analysis of the loader’s visibility for SUV also includes (4) some 
attenuation of his headlight luminances by mist sufficiently dense to reduce the nighttime 
visibility distance to 0.5 miles (Glickman 2000, p. 286) and (5) his pre-collision speed as 
calculated from crush damage (Becker report, p. 5).  Considering all of these factors, I calculate 
that the loader’s C was still below SUV’s minimum required Cthresh at 125' from impact.  As a 
result, he could not have detected it at that distance.  Even if a driver detects such a low-contrast, 
unexpected hazard at night, the time required to interpret and react to the hazard can exceed the 
time left before impact (Sens et al. 1989; Triggs and Harris 1982, p. 44; Zwahlen and Schnell 
1999).  Thus the SUV driver likely did not have time to begin braking before the crash, which 
would explain the absence of brake lights noted by the two following witnesses. 
 
 However, if both the front loader and its spotter had been made much more conspicuous 
by the use of side lighting and retroreflective material, the SUV driver should have detected them 
in time to avoid the crash.  For example, compared with the loader’s existing body paint, typical 
red-and-white retroreflective conspicuity tape would have increased its reflected luminances by a 
factor of ~ 40 times or more (CIE 1987, pp. 40-41).  This increase alone would have made the 
loader’s  C  exceed SUV’s required minimum Cthresh at distances substantially greater than 125'. 
 
Conclusions 
 In my professional opinion as a scientist, my visibility calculations for the available 
weather and lighting data indicate that the SUV driver would not have been able to detect the 
loader in time to avoid the crash, or even to begin braking before impact.  Contributing directly 
to the crash were:  (1) the lack of side lighting or retroreflectors on the loader, and (2) Spotter’s 
failure to wear any retroreflective material or use any warning lights.  For the weather and 
lighting conditions existing at the crash scene, taking these precautions would have given the 
SUV driver sufficient visual warning to avoid the crash. 
 
 My opinions and conclusions are based on the information available to me as of today 
and are accurate to within a reasonable degree of scientific certainty.  If new or changed data 
becomes available, I would need to determine whether that data affects the conclusions given 
above. 
 

Sincerely, 

 

 
Raymond L. Lee, Jr., Ph. D. 
Research Professor 
Mathematics and Science Division 
U. S. Naval Academy 
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