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ABSTRACT
The purpose of this effort is two‐fold: (1) To map out locations along Colorado State Highways where sun
glare may be severe by time‐of‐year and (2) To identify locations where an increase in accidents can be
attributed to sun glare. In a state with over 300 days of sunshine each year, the Colorado Department of
Transportation (CDOT) is looking for ways to proactively address sun glare related crashes. Solar
calculations provided by the National Oceanic and Atmospheric Administration (NOAA), CDOT GIS
roadway alignment data, and terrain/elevation data were combined to identify ranges of dates and times
during which sun glare is a potential problem.
While this alone has the potential to be useful, the primary goal of the project was to identify locations
where sun glare can be shown to be a significant contributing factor in vehicle collisions. CDOT maintains
a comprehensive accident database for all State Highways with over ten years of data that can be queried
by elements such as route, milepost, date and time. The results of the solar calculations and this database
yielded a set of parsed data that was reviewed in greater detail to determine the correlation between sun
glare and crashes and to further refine the parameters (elevation, altitude angle) used in the sun glare
calculations.
This paper discusses the methodology used to identify the locations where sun glare may be a potential
factor, the progress made thus far in developing a definitive correlation between sun glare and crashes,
as well as the potential mitigation measures CDOT is considering to mitigate the impact of sun glare on
crashes.

INTRODUCTION
Sun glare is not a new problem. It is part of the environment that drivers must contend with as part of the
driving task. Most of the time, it is an annoyance that can be overcome through the use of the car visor,
wiper fluid, or squinting. There are, however, times where the sun is simply blinding, creating a sudden
loss of visibility that may lead to a collision which would not occur under normal circumstances. The CDOT
Traffic and Safety Engineering branch was contacted by a concerned citizen regarding a crash on US 36. In
response, CDOT looked into the issue and found that crashes occurred annually at this same location
within a tight time window on certain days. More anecdotal discussions of places where sun glare is a
blinding issue led CDOT to search other locations where the accident data showed a possible pattern.
CDOT initiated a study to explore this apparent pattern more thoroughly and determine if sun glare
locations could be identified by utilizing available data sources.
The purpose of the sun glare study can be broadly defined as, “To identify locations where sun glare is a
potential factor in vehicle crashes and if there is a correlation with CDOT’s crash database.” There are
several aspects of these two discreet tasks (1) locate, and (2) correlate, that bear further definition.
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Locate
The scope of the sun glare study specifically identified roadway locations where sun glare is a known issue,
however, it was important that any methodology developed to associate these locations with the position
of the sun be done in such a way that it could be applied elsewhere. Not only would this allow CDOT to
search for correlations on other state highways, it also provides the data necessary to create a dynamic
map that shows, for any particular day or week, the state highway segments where sun glare could be an
issue.

Correlate
The correlation task was somewhat more difficult to define in great detail. One reason is that there is no
data field for sun glare on a standard accident report form. This makes statistical analysis significantly
more difficult, and even the most exhaustive review of accident records would not be able to conclusively
state how many accidents involved sun glare. The initial focus of the correlation task was to ensure that
the locations of known sun glare accidents were properly identified by the “locate” task.
The other difficulty inherent in the correlation task is that there are a significant number of factors that
can contribute to any given accident; sun glare is only one of them. It is quite likely that sun glare is a
secondary factor in many accidents. Determining the degree to which sun glare contributes to general
accident patterns was not specifically a goal for this project, but it was important to explore potential
ways to search for such a correlation as a continuation of the project.

DEFINING THE SUN GLARE PROBLEM
There a number of ways that the sun might make the driving task more difficult. The sun can affect the
driving task at a wide range of angles relative to the driver. The sun can interfere with drivers even when
coming through a side window or reflecting off a mirrored building or other vehicles. The condition of the
driver’s windshield can also play a strong role as to how much sun glare interferes with driving. A dirty or
pitted windshield causes the sun to refract within the glass, causing an almost blank‐out effect at larger
angles than normal. A cracked or chipped window can exacerbate this condition. The car’s visor can
effectively block the sun at very low levels, which limits the field of view but accomplishes the critical job
of allowing the driver to see the roadway immediately ahead (if not much else). However, there are
extreme cases where the sun can be so low on the horizon that the car’s visor cannot block it, or where
the transition between shade and direct sunlight occurs unexpectedly, both resulting in sudden blindness.
THE DRIVER
Sun glare doesn’t affect vehicle performance, it only affects the driver. When drivers encounter reduced
visibility situations, such as heavy snow, fog, or intense sun glare, the most common reaction (intuitively)
is to slow down. This may be compounded when visibility is suddenly reduced as a driver enters a
horizontal curve, vertical curve, or other roadway features.
THE OTHER DRIVERS
In low traffic areas, blinding sun glare may cause a driver to slow down, but as long as there are no other
factors such as a sharp curve or a deer in the road, there isn’t likely to be an accident. Conversely, in
congested conditions, speeds are already reduced, and drivers are expecting to adjust their speed based
on the cars in the immediate vicinity. Where congested conditions are a matter of routine, sun glare
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accidents can be extremely difficult to isolate from “background accidents”. In high traffic areas, if a crash
occurs due to sun glare, it is quite possible for it to happen farther upstream, where the sun is not a factor
but drivers come up to the back of queue with no direct indication as to why it formed. However, there
appear to be certain situations where sudden blindness resulting from sun glare could directly result in a
crash.

LOCATE SUN GLARE ACCIDENTS
The methodology to identify locations where sun glare issues may exist along Colorado State Highways
was developed using a combination of ESRI ArcGIS’s capabilities and Excel spreadsheets with customized
macros to execute the solar calculations. Locations were defined by creating “observer points” located at
1/10 mile increments along the study highways using CDOT’s geo‐referenced GIS datasets. Before it was
possible to assess the potential severity of the sun glare at the observer points, three critical details
needed to be calculated:




The coordinates, grade, and alignment of the road at the observer point.
The angle to the horizon from the observer point relative to the roadway alignment.
The position of the sun around sunrise and sunset from the observer point.

OBSERVER POINT DETAILS
CDOT’s GIS datasets provided the roadway alignment, which was used to approximate the direction of
the roadway in the primary (direction of increasing milepost) and secondary direction. An associated
dataset also provided the grade and elevation of the roadway at the observer point.
HORIZON DATA
In the grand scheme of celestial bodies, the minutiae of such trivial things as mountainous terrain are lost.
In reality, terrain is a critical component in defining whether or not sun glare exists for drivers at a
particular location. Google Earth’s ground level view, with and without the terrain activated, provides a
good illustration and reinforces the importance of factoring in the terrain (Figure 1).
Figure 1: Terrain Example (from Google Earth)

On the left, with no terrain displayed, one can imagine that the sun glare would be significant at this
location on I‐70. However, as shown on the right, with normal terrain shown, the Continental Divide blocks
the sun until later in the morning. The calculated angle from the observer point to the horizon is a critical
piece of information when determining whether or not the sun is in the field of view.
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SOLAR POSITION
The calculations used to determine the position of the sun relative to a point on the Earth’s surface are
available from the National Oceanographic and Atmospheric Administration’s (NOAA) website1. The
calculations, provided online or as a downloadable Excel file, are theoretically accurate within one minute
for locations ± 72° latitude2. Although the computations are complex in nature, once the spreadsheets are
created, all that is required is to input the coordinates, date, and time to calculate the azimuth (clockwise
from north) and altitude (angle from level) of the sun (see Figure 2).
Figure 2: Altitude and Azimuth of Sun

Applying the Calculations
The data from the first two sets of calculations, the observer point details (including grade) and the
horizon angle, were compiled into a data table for each observer point along the study highways to
provide the main inputs to the solar calculations spreadsheet. The table includes data for both the primary
and secondary direction so that for any given roadway segment, the sun glare potential can be calculated
for times around both sunrise and sunset. Figure 3 graphically shows these observer point details.

1
2

www.esrl.noaa.gov/gmd/grad/solcalc/
www.esrl.noaa.gov/gmd/grad/solcalc/calcdetails.html
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Figure 3: Observer Point Details

SUN GLARE LIMITS
As discussed earlier, sun glare can interfere with drivers at a large range of angles; intuitively, sun glare is
more likely to cause problems when it is directly in front of the vehicle, and low enough to the ground
such that the car’s visor is of less (or no) use in blocking the sun. The farther the sun is to the side, the less
likely it is that the driver will be blinded such that they cannot see the road ahead.
That said, it is important to recognize that sun glare interference can be detrimental to driver performance
even when it is not blinding. Therefore, five severity levels were defined to provide the framework for this
initial look at the sun glare conditions. Limits were set for the altitude relative to the grade, and the
azimuth relative to the local angle at the observer points. As an initial cut, the azimuth limit was set based
on distances to the adjacent lane at increasing stopping sight distances for the first four levels and to the
same lane at the highest severity level. The altitude limits were set in a logical progression between 0.5°
and 10°. It is important to emphasize that the altitude limits are relative to the roadway surface (adjusted
for grade) and not to the level plane. A simulated “windshield view” of the sun glare limits (produced using
Trimble SketchUp) as well as details on the defined limits is shown in Figure 4.
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Figure 4: Severity Levels

RUNNING THE CALCULATIONS
Using these limits, the solar calculation spreadsheet finds the dates and times that the sun is within the
azimuth and altitude limits (and above the horizon) and outputs the results in a table that can then be
used in post‐processing. These tables can be quite long as they include a line for each date in which the
sun is within the various limits at each observer point (1/10 mile increments) for the primary and
secondary directions at sunrise and sunset.
REVIEWING THE RESULTS
One of the important things that still needs to be done is to evaluate the results and determine if sun glare
is truly possible at the locations identified using this methodology. There are several ways that the data
can be aggregated to make this task easier. For example, the data can be grouped by week to produce a
table that highlights locations where severity is high by milepost.
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Figure 5: Example of Severity by Week (Primary Direction, Sunrise)

This table‐view helps highlight possible locations where sun glare could be problematic, in this case along
I‐70 heading towards Denver in the morning. From here, the locations can be reviewed to determine
whether or not sun glare is a concern. The methodology, in its current state, can still generate “false
positive” results for a variety of reasons. These can be reduced with future refinements, but at present
anomalous locations (where sun glare is unlikely) need to be eliminated manually.
For example, cut and fill slopes are not typically reflected in the terrain data used to determine the
horizon. With fill slopes, the elevation of the observer points can be increased based on the CDOT
elevation data and still generate a line to the apparent horizon. However, observer point elevation at cut
slopes cannot be artificially reduced because ArcGIS will see this as an “underground” point with zero
visibility to the horizon.
The results thus far have been promising, with relatively few locations incorrectly identified as having
severe sun glare. There are several possible ways to overcome the known deficiencies that can be
implemented as the project moves forward.

CORRELATE SUN GLARE ACCIDENTS
For the initial stages of this project, three specific roadways were selected to determine if the
methodology correctly identifies locations with severe sun glare. These three locations were selected as
there are known sun glare accidents that were identified within the accident data prior to the beginning
of this project.
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Eastbound US 36 Southwest of Boulder
- Sun rises on crest of vertical curve along roadway alignment.
- Confirmed crashes with sun glare cited as cause in the accident report.
Eastbound I‐70 at “Floyd Hill”, west of Denver
- Sun rises on crest of vertical curve along roadway alignment.
- Very few opportunities for severe sun glare issues approaching this location.
- Confirmed crashes with sun glare cited as cause in the accident report.
Eastbound US 6 through Lakewood, west of Denver
- Heavy traffic with a significant number of accidents.
- A few confirmed crashes with sun glare cited as cause, but many other accidents without.
- Potential for patterns to be identified upstream of severe sun glare locations.

Difficulties with Correlation
As the study progressed, there were several difficulties encountered when attempting to correlate historic
crash records and with the dates/times identified using the sun glare calculation spreadsheet. The
problem is that the search for correlation is a several dimension problem. Searching for an accident at a
very specific milepost within the specific date/time period did not reveal the known accidents. In part,
this is due to the fact that the calculations are, by nature, precise while the same precision is not available
in the accident reporting. In addition, even if a crash is caused by severe sun glare, it may not occur right
at the calculated milepost.
REPORTING INACCURACIES
It is unlikely that the officer filling out the accident report will record time of the accident accurately
unless they are physically present at the time of the collision. This is important since severe sun glare may
occur for only a few minutes. It is also common for vehicles to be moved following an accident, leaving it
to the officer to fill in the location based on the word of the drivers if there is no physical evidence. Even
if an accident shows up at the precise location within the sun glare window and was caused by blinding
glare, the officer may not list “sun glare” as a contributing factor in the narrative report.
LOCATION UNCERTAINTY
As discussed earlier, one reaction people may have to the sudden loss of visibility is to react by reducing
their speed. This causes trailing vehicles to slow down as well. Thus, in near free flow conditions, the actual
collision may be some distance upstream of the severe sun glare. Variation in driver reactions may result
in crashes at the actual sun glare location or farther upstream.
In higher traffic areas with congested conditions, the uncertainty increases as accurate reporting becomes
even more difficult. It becomes even more likely for sun glare related accidents to occur upstream of the
target location as the group slowdown may shift the back‐of‐queue to an unanticipated location with little
warning to approaching drivers.

Correlation Results
The results of the correlation effort thus far are promising. Locations with known sun glare problems are
generally identified within severity levels 4 or 5. However, where heavy traffic exists the impact of severe
sun glare is more difficult to identify.
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Search Parameters
The sun glare data generated through the locate efforts provide the date and the minimum and maximum
time during which sun glare is within each severity level. The accident database was searched for any
collision that occurred within ±1 day of the sun glare date and ±10 minutes of the min/max time to account
for annual differences (e.g. – leap year) and for reporting inaccuracies, respectively. In addition, accidents
were parsed to determine if they occurred 0.3 miles upstream or 0.2 miles downstream of the sun glare
location to account for reporting inaccuracies and the potential for accidents to occur as a result of the
sudden change in traffic flow. These parameters are still in testing and will be refined as the sun glare
study continues. The results of the correlation efforts using these parameters are summarized for each of
the initial study locations below.
EASTBOUND US 36 SOUTHWEST OF BOULDER
This is a spot location where sun glare is known to cause accidents located around MP 41.7, approaching
a hill crest where US 36 is on an angle to the southeast. The locate methodology identified several
locations where sun glare is expected to be severe between MP 41 and MP 42. There were 36 eastbound
accidents within these limits between 6 a.m. and 9 a.m. during an 11 year period (2003‐2013). Table 1
shows the breakdown of accidents by sun glare severity level only.
Table 1 ‐ US 36 Accidents by Severity Level

Sun Glare
Accident Count
Severity Level
None
10
1
1
2
1
3
1
4
8
5
15
Total
36
These accidents were then reviewed in detail to determine whether or not sun glare was likely a significant
contributing factor in the collision. The full results of this review are shown by milepost and severity in
Table 2.
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Table 2 ‐ US 36 Sun Glare Accidents by Milepost/Severity

Non‐Sun Glare Collision

Sun Glare Collision

MP

Total
0

1

2

3

4

5

0

1

2

3

4

5

41.0 2
1
2
5
41.1
4 3
7
41.2
1
2
3
41.3
0
41.4 2
1 1 2
6
41.5 1
1
2
41.6
1 3
4
41.7 1
2
3
41.8 2
1
3
41.9
0
42.0 2 1
3
Total 10 1 1 0 1 2 0 0 0 1 7 13
36
Note: Severity Level “0” used to indicate accidents that occurred outside
the dates/times calculated for any of the five severity levels.
As shown, in 21 of 36 accidents sun glare was a potentially significant contributing factor. In most cases,
the collision occurred in the date and time windows identified within severity levels 4 or 5 and only one
in severity level 3. There were a few accidents within severity levels 4 and 5 that were not sun glare
related, but the majority of non‐sun glare related accidents occurred outside the severity levels
altogether. It is important to note that when the roadway was dry and there was no indication of adverse
weather, 20 of 27 accidents between 6 a.m. and 9 a.m. were likely sun glare related, indicating a strong
correlation between the accident pattern and severe sun glare.
EASTBOUND I‐70 AT “FLOYD HILL”, WEST OF DENVER
This spot location is located near the crest of a significant uphill grade where I‐70 is angled southeast, near
MP 246. The locate methodology identified this as a location where sun glare is expected to be severe in
late December and early January. There were 26 eastbound accidents between MP 245.5 and MP 246.5
(1 mile) over an 11 year period (2003 – 2011). Table 3 shows the breakdown of accidents by severity level
for this segment.
Table 3 – I‐70 Accidents by Severity Level

Sun Glare
Accident Count
Severity Level
None
5
1
0
2
1
3
2
4
13
5
5
Total
26
The accident records were then reviewed in detail to determine if sun glare was likely a contributing factor
leading to the collision. The full results of this review are shown by milepost and severity in Table 4.
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Table 4 – I‐70 Sun Glare Accidents by Milepost/Severity

Non‐Sun Glare Collision

Sun Glare Collision

MP

Total
0

1

2

3

4

5

0

1

2

3

4

5

245.5
0
245.6
0
245.7 1
1
2
245.8 1
1
245.9 1
7 4
12
246.0 1
1
1 2 1
6
246.1
1 3
4
246.2
0
246.3
0
246.4
0
246.5 1
0
Total 5 0 0 0 1 0 0 0 1 2 12 5
26
Note: Severity Level “0” used to indicate accidents that occurred outside
the dates/times calculated for any of the five severity levels.
At this location along I‐70, sun glare was a potentially significant contributing factor in 20 of 26 accidents.
The majority of the sun glare collisions occurred in severity levels 4 and 5, with only a few accidents
occurring in severity levels 2 and 3. Of the non‐sun glare related accidents, only one accident reviewed
did not appear to be sun glare related in severity level 4, while the remaining 5 accidents were outside of
the date and time windows identified in the locate effort between 6 a.m. and 9 a.m. over the study period.
EASTBOUND US 6 THROUGH LAKEWOOD
The results of the analysis on US 6 are still unclear at this time, in no small part due to the fact that sunrise
coincides with the heavy AM peak hour traffic flow that occurs through this segment. While the locate
effort did indicate several locations where sun glare may be significant, there were far more accidents
during the 6 a.m. to 9 a.m. time period outside the severity limits. For example, between Golden and
Denver (MP 276 to MP 284) there were 814 accidents during a 9 year study period (2005‐2013)3. The
breakdown of accidents by severity in one mile increments (prior to accident record review) is shown on
Table 5.

3

Accidents that occurred in 2003 and 2004 were excluded because the accident reports were not consistently
available along this segment.
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Table 5 ‐ US 6 Accidents per Mile by Severity

Severity Level
MP
276
277
278
279
280
281
282
283
284
Total

Total
None

1

14
7
30
31
63
59
106
321
91
722

1

2

3

4

5

1

2
1 5 1 2
3 4 6 3
1 3 1 1
6 5 3 2
10 12 4 2
1 2 2
25 31 17 11

1
1
1
5

8

16
7
32
41
80
66
127
349
96
814

Accident records for collisions that occurred within severity levels 3, 4, and 5 were reviewed to determine
if sun glare was a potentially significant contributing factor. Only 5 of the 36 accidents reviewed indicated
sun glare as a potential factor. In many cases the accident report did not contain sufficient information to
make a determination one way or the other.

POSSIBLE MITIGATION MEASURES
There are several practical applications for the results of this study. Maps may be created of locations and
severity along state highways where sun glare may be a factor on any particular day throughout the year.
The methodology used to correlate accidents to severe sun glare locations can be applied to any state
highway and the associated accidents reviewed to determine if sun glare was a significant contributing
factor. There are several possible mitigation measures that CDOT has considered to address sun glare.

Information





Maps can be generated and made available on websites such as CoTrip.org that show locations where
sun glare may be an issue, and levels of severity
- This information could also be provided to the news media for morning traffic reports.
Variable message signs could be used to warn motorists.
Campaigns for cleaner windshields could be implemented at times where sun glare accidents are
prevalent in a wide area, such around the spring/fall equinox on east/west highways.

Enforcement







Sun glare may be added on accident reports At locations with severe sun glare:
Increase police presence to:
- Make drivers more alert or conscientious.
- Improve response times in case of incident.
In extreme cases, shut down the highway for a brief period of time.
- This has been implemented on I‐70 at Floyd Hill.
Use pace cars to moderate and slow down traffic for brief periods.
Develop road closure policies for sun glare incidents.
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Manage operations, signals and queuing to minimize sun glare impacts.
Implement new technologies that address sun glare impacts

CONCLUSIONS
Overall, the results of the sun glare correlation study are positive. The methodology developed to identify
the location and potential severity of sun glare along Colorado highways is very promising, and the
resulting data can be mapped by location and time. The locations of severe sun glare show a positive
correlation to the known sun glare related accident locations on US 36 and I‐70 that were identified prior
to the study, and it should be possible to apply the same parsing methodology to other state highways to
search for other locations with sun glare related crashes.
For the congested US 6 corridor studied, the results were less favorable as the accidents that occurred
within the higher severity levels represented a relatively small proportion of the total accidents during the
study period. However, these results don’t preclude the possibility that sun glare accidents contributes to
accident patterns along the corridor. A more sophisticated pattern recognition methodology may be
required to determine if sun glare contributes to accident patterns in areas with high levels of congestion.

13

