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Abstract 

When faced with poor visibility weather conditions such as thick fog and heavy 

rain, a driver may experience the feeling of uncertainty and discomfort when 

waiting to pull off to either cross or join a highspeed through road from a stationary 

position at a stop-controlled intersection. Poor visibility weather conditions have 

the ability to reduce the ability to correctly perceive speed and distance which 

proves difficult during pull off decision making, especially when vehicles 

approaching at highspeed become visible a lot closer to an intersection. 

This study has a focus on the improvement of unsignalized intersections faced with 

poor visibility weather conditions on South African regional routes. The study 

aimed to find an acceptable and implementable solution that would improve 
safety of road users by reducing the chance of collision. The solution should also 
improve the comfortability and certainty at an intersection when driving under 
poor visibility weather conditions while also maintaining the flow of through traffic 
and allowing the stationary vehicle to safely join the traffic. 

The study achieved the aims by collecting data for a solutions proposal. The data 
collection was carried out by selecting a study area from a fog and rain weather 
data analysis, performing a crash data analysis to validate the study problem and 
select intersections for traffic data observations that were later completed while 
also circulating a questionnaire for local residents that provided further validation 
of the existing study problem and provided insight into what local residents would 
view as an acceptable solution at dangerous intersections faced with poor visibility 
weather conditions in their area. 

The study concluded with a proposal that could be applied to any area that faces 

similar issues with poor visibility weather conditions and not just for the study area 

that was observed. The proposal acknowledged the challenges faced by regional 

route intersections (such as no access to a power supply, unlit, often poorly 

maintained and possibly budget constrained after the recent pandemic) and 

provided a range of solutions that could improve an intersection but ultimately, with 

further research, the proposed solution that would meet all aims of the included a 

hybrid model of a warning stop sign and an interactive stop sign that would be able 

to sense approaching vehicles and indicate to a stationary vehicle when it is safe to 

turn in a particular direction. 

Other key findings included the conclusion that drivers feel more discomfort and 

uncertainty at intersections under fog conditions compared to rain conditions and 

intersection approach speeds of vehicles are significantly decreased if a vehicle is 

waiting at a stop sign compared to when no vehicle is waiting at a stop sign. 
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Opsomming 

Wanneer 'n bestuurder met swak sig weerstoestande soos digte mis en swaar reën 

gekonfronteer word, kan 'n bestuurder die gevoel van onsekerheid en ongemak 

ervaar wanneer daar gewag wordom weg te trek om óf oor te steek óf by 'n 

hoëspoed-deurpad aan te sluit vanaf 'n stilstaande posisie by 'n stop-beheerde 

kruising. Weerstoestande met swak sigbaarheid lei tot die verminderde vermoë om 

spoed en afstand korrek waar te neem, wat moeilik is tydens aftrekbesluitneming, 

veral wanneer voertuie wat teen hoë spoedbeweeg , baie nader aan 'n kruising 

sigbaar word. 

Hierdie studie fokus op die verbetering van ongeseinde kruisings wat gekonfronteer 

word met swak sigbaarheid weerstoestande op Suid-Afrikaanse streekroetes. Die 

studie het ten doel gehad om 'n aanvaarbare en implementeerbare oplossing te vind 

wat die veiligheid van padgebruikers sal verbeter deur die kans op botsing te 

verminder. Die oplossing moet ook die gemak en sekerheid by 'n kruising verbeter 

wanneer daar onder swak sigweerstoestande gery word, terwyl dit ook die vloei van 

deurgaande verkeer behou en die stilstaande voertuig toelaat om veilig by die 

verkeer aan te sluit. 

Die studie het die doelwitte bereik deur data vir 'n oplossingsvoorstel in te samel. 

Die data-insameling is uitgevoer deur 'n studiegebied uit 'n mis- en reënweerdata-

analise te kies, 'n ongelukdata-analise uit te voer om die studieprobleem te valideer 

en kruisings te kies vir verkeersdatawaarnemings wat later voltooi is, terwyl 'n 

vraelys vir plaaslike inwoners gesirkuleer is om verdere validering van die 

bestaande studieprobleem te verskaf asook insig in wat plaaslike inwoners as 'n 

aanvaarbare oplossing sal beskou by gevaarlike kruisings wat gekonfronteer word 

met swak sigbaarheidsweerstoestande.. 

Die studie is afgesluit met 'n voorstel wat toegepas kan word op enige gebied wat 

soortgelyke probleme ondervind met swak sigbaarheid weerstoestande en nie net 

vir die studie area wat waargeneem is nie. Die voorstel erken die uitdagings wat 

streekroete-kruisings in die gesig staar (soos geen toegang tot 'n kragtoevoer, 

onverligte, dikwels swak onderhou en moontlik begroting beperk na die onlangse 

pandemie) en het 'n reeks oplossings verskaf wat 'n kruising kan verbeter, maar 

uiteindelik, met verdere navorsing, die voorgestelde oplossing wat aan alle 

doelwitte van die sal voldoen insluitend 'n hibriede model van 'n waarskuwing-

stopteken en 'n interaktiewe-stopteken wat in staat sal wees om naderende voertuie 

waar te neemen aan  stilstaande voertuiguie aandui te dui wanneer dit veilig is om 

in 'n bepaalde rigting te draai. . 

Ander sleutelbevindinge sluit die gevolgtrekking in dat bestuurders meer ongemak 

en onsekerheid by kruisings onder mistoestande ervaar, in vergelyking met 

reëntoestande, en kruisingsbenaderingspoed van voertuie word aansienlik 
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verminder wanneer 'n voertuig by 'n stopteken wag in vergelyking met wanneer 

geen voertuig by 'n stilhouplek wag nie. 
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1 

Chapter 1: Introduction 

1.1 Background 

Many South Africans make use of an extensive road network in order to get themselves 

and their goods from point A to point B. The expectation of these drivers is to always get 

there safely which places a great importance on the safety of South African transportation 

systems. A significant challenge to safety occurs when poor visibility weather conditions 

affect a driver’s ability to see. This compromises their perception of their surroundings 

and can cause a feeling of discomfort and uncertainty. A particular area where discomfort 

and uncertainty may be felt when driving under poor visibility conditions is at stop-

controlled intersection where a driver is faced with needing to join a high-speed through 

road from a stationary position but cannot see whether vehicles are approaching. 

This study is centred on finding an implementable solution to the prevalent issue of 

discomfort and uncertainty faced during the situation described above. Areas prone to 

poor visibility weather conditions such as thick fog and heavy rain create danger zones at 

high-speed, unsignalized intersections that are unlit and often poorly maintained where 

drivers are forced to join high-speed traffic from a stop sign – unaided and unable to see. 

The poor visibility weather conditions may cause drivers to misperceive the distance and 

speed of approaching vehicles and be the cause of misjudgement during driving decision 

making.  

Therefore, the project focuses on developing a proposal for the improvement of 

unsignalized intersections faced with poor visibility weather conditions on South African 

regional routes. These intersections are typically located outside of cities and towns with 

high-speed approaches of +100 km/h. Most commonly at these intersections, the regional 

route is a through road where vehicles are not required to slow down on approach. 

However, intersecting with the regional route are two stop-controlled approaches where 

drivers waiting at the stop-controlled approach will either cross over the regional route or 

join the highspeed traffic when safe to do so. However, safety is compromised due to the 

poor visibility conditions when the driver is faced with the uncertainty of not knowing if 

there is a vehicle approaching the intersection at high speeds. 

This study will aim to provide a solution that reduces driver discomfort and uncertainty 

while also increasing safety to ultimately reduce the chance of collision and number of 

crashes that occur at these intersections during poor visibility conditions. And by doing 

so, the solution will provide an immediately implementable solution that is able to 

overcome the limitations of the current South African context discussed in the study. 

1.2 Aim and Objectives 

The aim of this study is to find an acceptable and implementable solution that is suitable 

for the improvement of an unsignalized intersection faced with poor visibility weather 
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conditions on a regional route within the South African road network. The improvement 

aspect of the aim is centred around the following focal points: 

• Improving the safety of road users by a finding solution that significantly reduces 

the chance of collision. 

• Improving the comfortability of driving under poor visibility conditions for all 

road users making use of the intersection. Where discomfort is caused by the 

uncertainty of when to safely join the regional route while unable to see 

approaching vehicles. 

• Maintaining the traffic flow of the through regional route while allowing the road 

user at a stop sign to safely join the regional route under poor visibility conditions 

(of any severity) that may cause a misperception of approaching vehicles. 

The study aims will be carried out by a set of objectives that are as follows: 

• Select a suitable study area that includes a road type and intersection type that has 

a history of visibility-related traffic risks, and which can be improved by a solution 

that addresses problems faced from poor visibility during certain times of the year. 

• Develop an understanding of the conditions that cause poor visibility for drivers, 

including how visibility during these conditions is measured and how it affects 

drivers. 

• Explore how South Africa and other countries have previously approached similar 

problems with poor visibility. 

• Validate the need for a solution through crash data analysis and local resident 

questionnaires for the study area. 

• Develop a solution to the problem of visibility-deficient road intersections which 

is fit for purpose within the South African context and which acknowledges 

current South African limitations for immediate implementation. 

1.3 Study Scope and Limitations 

The study will cover a start to finish process of finding suitable solutions that match the 

aim of the study for improvements of unsignalized intersections faced with poor visibility 

weather conditions of South African reginal routes. While the title of the study indicates 

South African regional routes, the study itself will be carried out in the Saldanha Bay 

Municipality. 

The area will be selected with the use of fog maps and crash data analysis during the 

study. The chosen municipal area is one that experiences thick fog and heavy rain and 

was nearby for physical observation during the data collection period. Although the study 

was carried out in Saldanha Bay Municipality and may seem to limit the finding of the 

study, the method followed in the study allows for application to any regional routes in 
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South African areas that experience thick fog and heavy rain. This is because the study 

follows a process of careful area selection, then collects data through physical observation 

and through local resident questionnaires that allow for area specific needs to be identified 

that a fit-for-purpose solution can solve. The study will show that a blanket solution 

cannot be created for implementation at every intersection but rather the process of 

identifying dangerous intersections and finding fit-for-purpose solutions will be most 

effective. 

The study was limited by having only one observer which resulted in shorter observation 

periods at intersections as the observer was required to capture observation data from both 

directions of an intersection under fog and rain conditions that rapidly change or clear. 

However, even with a smaller set of data, the study was able to find pleasing results. The 

study was further limited at one of three chosen intersections for observation as two 

observation periods were interrupted by locals staying in a nearby abandoned building. 

The final limitation of the study involved the lack of detailed information for crash data, 

this will be discussed at length in the study. 

1.4 Chapter Overview 

The study has been compiled into 7 chapters, each of which can be described as follows: 

• Chapter 1: Introduction 

This chapter introduces the problem that the study aims to propose a solution towards. 

The aims of the study are stated and the objectives on how to achieve the stated aims are 

described. 

• Chapter 2: Literature Review 

The literature review will discuss the cause of the presented problem – poor visibility 

weather conditions, and will further discuss how it is measured. Other topics discussed 

through literature include how poor visibility affects drivers’ behaviour, previous studies 

on driving and poor visibility, crash statistics, approaches and the limitations that South 

Africa face.  

• Chapter 3: Methodology 

The methodology will outline in detail how the data collection of the study was 

performed. The study area selection through weather data analysis, intersection selection 

through crash data analysis, local resident questionnaire and traffic data collection 

procedures will be described and later followed. 

• Chapter 4: Results and Discussion 

Application of all procedures described in the methodology will be carried out and then 

recorded under the results chapter where important findings will be highlighted and 

discussed. 
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• Chapter 5: Solution Development 

The findings from the results and discussion will be used to gather information on 

possible implementations that will form the basis of solutions which carry out the aim of 

the study. 

• Chapter 6: Proposed Solution 

All relevant solution options will be gathered and sorted to form a solution proposal that 

can be used for any given area that is faced with the same issues as the study problem. 

The selected intersections from the study will also be assessed in terms of the proposal 

solutions. 

• Chapter 7: Conclusions and Recommendations 

The findings from chapter 4 are revisited to conclude on the outcomes of the study while 

the proposed solution is also discussed to formulate recommendations for further 

research. 
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Chapter 2: Literature Review 

This chapter introduces literature used to elaborate and compliment the background and 

objectives of the study. Through the consolidation of literature relating to the study 

objectives, the literature review introduces the following topics: 

• Weather conditions affecting visibility 

• Measuring visibility 

• Driving behaviour under poor visibility conditions 

• Statistics of accidents caused by poor visibility 

• Limitations of a solution for the South African context 

2.1 Weather Conditions Affecting Visibility 

The Merriam-Webster online dictionary describes visibility as “the quality or state of 

being visible” while continuing to describe visibility as the clarity of something, how 

easily something is noticed or whether something can be impeded by an obstruction 

(Merriam-Webster, 2020). 

Visibility is critically important with regards to road safety. Poor visibility impairs the 

vision of a driver which could cause the driver to possibly miss important road signage 

indicating changes to the road. Poor visibility will also hide obstructions lying on the road 

surface. Both cases lead to possible accidents putting the safety of all drivers at risk when 

certain weather conditions affect visibility. 

There are different types of weather conditions that affect driving but those that affect 

visibility specifically include: mist and fog, rain, snow and ice (DriversEd.com, 2019). 

For this study, mist, fog and rain weather conditions will be looked at as they are the most 

common occurring weather conditions to affect drivers in South Africa. Ice (hail) and 

snow will be addressed as further research.  

2.1.1 Poor Visibility Weather Condition: Mist and Fog 

2.1.1.1 Definition 

Mist and fog, according to the United States Office of the Federal Coordinator for 

Meteorological Services and Supporting Research, are both described as weather 

conditions that consist of small suspended water droplets that form near a surface 

(NOAA, in press). Mist and fog differ in terms of their visibility characteristics (different 

visibility and fog densities shown in Figure 2.1), whereby, in mist, visibility is measured 

between 0.625 and 7 statute miles (1 005 and 11 263 meters) and, in fog, visibility can 

only reach a maximum of 0.625 statute miles (1 005 meters) (NOAA, in press). Jarošová 

and Vojtková further backed this by stating that fog will reduce visibility to below 1 000 

meters and can be rated from weak fog (visibility from 500 to 1 000 meters) to strong fog 

(visibility reduced to below 50 meters) (Jarošová & Vojtková, 2019). 
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Figure 2.1: Investigator's comparison photograph of different fog densities 

In terms of colour description, fog would mostly be white (unless affected by dust or 

smoke that would slightly change the colouration), while mist would appear as a grey 

colour (World Meteorological Organization, 2017a). 

For mist or fog to form, water in its vapour state must be present in the atmosphere which 

means that the humidity must be high for either to form (National Geographic, 2011). 

Mist will occur when the vapour condensates (note that condensation requires either dust 

or salt particles to be used as a solid for the vapour to condensate around) to form small 

and light water particles that will remain suspended in the air as they are not yet heavy 

enough to precipitate and return to the ground (Jarošová & Vojtková, 2019). As the 

particles become bigger, the area becomes denser with particles and the visibility 

decreases resulting in the formation of fog (National Geographic, 2011). 

Fog formation is largely dependent on three variables. The water vapor pressure, the 

temperature at which condensation occurs (dew point) and the state (or super state) of 

saturation each play a vital role of the fog formation process (Jarošová & Vojtková, 2019).  

Fog types can be described by how it is formed. For this study specifically, the most 

important types of fog are those that could cause the formation of fog near a road which 

would affect the visibility of drivers. The fog types that have been determined to fit this 

criterion (and will be further discussed) include radiation fog, advection fog, fog formed 

from surrounding terrain (upslope fog and hill fog) and frontal fog. 

a) Radiation Fog 

Radiation fog is the formation of water particles as a result of condensation of absorbed 

heat obtained over the course of the day leaving a ground surface at night when the surface 

begins to cool (National Geographic, 2011). Better cooling conditions for radiation fog 

include slight winds or evenings where there is no cloud cover overhead (van Schalkwyk 

& Dyson, 2013).  

Radiation fog occurs near ground level and will not affect horizontal visibility higher than 

2 meters above land nor 10 meters above the sea, which explains why radiation fog may 

also be referred to as “ground fog” and “shallow fog” (World Meteorological 

Organization, 2017b). This type of fog formation could affect roads in any location as all 

areas are subject to heat leaving the ground as the earth cools. 
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b) Advection Fog 

Advection fog is formed oppositely to radiation fog. In this case, air movement with a 

high temperature and moisture content will condensate when blowing over a surface with 

a lower temperature than the wind (National Geographic, 2011). 

This form of fog formation is common to areas with water bodies such as above oceans 

or dams, which also explains why it is also known as “sea fog” (World Meteorological 

Organization, 2017c). Advection fog may also form over land when the necessary air 

moves over land that is considered to be frozen or is under snow cover (World 

Meteorological Organization, 2017c). This could affect roads in mountainous areas that 

receive snowfall along the length of a mountain pass road. 

c) Fog from Surrounding Terrain (Upslope Fog and Hill Fog) 

Fog can form because of the terrain of its surroundings. This fog formation is common in 

mountainous areas with low-lying valleys between mountains because the mountains that 

surround each valley prevent dense air from escaping – this causes fog to be trapped and 

disappear at a slower rate (National Geographic, 2011). 

Fog formed by terrain can be further classified upslope fog and hill fog. Upslope fog 

formation is caused by air flow moving to a higher altitude because of an incline of terrain 

which causes the air to cool and form fog (World Meteorological Organization, 2017d). 

Hill fog differs from upslope fog because it does not require air to move, instead, hill fog 

is the result of a low cloud that sits below the top of high altitude terrain (World 

Meteorological Organization, 2017e). Both upslope and hill fog would affect roads in 

mountainous areas. 

d) Frontal Fog 

Frontal fog would affect roads that are found in areas that experience frequent frontal 

rainfall. The fog is formed when droplets of rain reach saturation point just above ground 

level when falling into a stable, cold air zone from a warm air zone high above (World 

Meteorological Organization, 2017f). 

e) Other Fog Types 

Other fog types that would not directly affect the visibility of drivers and only briefly 

described below include evaporation fog, freezing fog and ice fog.  

Evaporation fog forms only over water bodies and can be referred to as “sea smoke” or 

“steam smoke” (World Meteorological Organization, 2017g).  

Freezing fog is the result of normal fog conditions but at temperatures below freezing 

point which allows for the formation of a frost/ice cover on a surface but even if a cover 

is not formed, the fog will still be referred to as freezing fog when below freezing point 

(World Meteorological Organization, 2017h). 
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Ice fog is only present at very high altitudes and temperatures below -30 °C where water 

vapour that is created mostly from humans has risen, condenses, and then quickly freezes 

over forming ice fog that greatly affects the visibility pilots but will not affect drivers on 

the ground below (World Meteorological Organization, 2017i). 

2.1.1.2 Effect of Fog on Perception of Drivers 

Fog is known to cause accidents on roads for two reasons. One is vision impairment and 

the other is a change in perception (Green, 2013). According to a 2013 article by Dr Green 

on accidents relating to rain and fog, fog causes vision impairment for drivers which 

increases the likelihood of accidents due to the inability of the driver to have a full view 

of their immediate surroundings. The second reason fog causes road accidents is due to 

fog causing the lowering of contrast of visible objects, which results in a change in 

perception to drivers in terms of the speed they are travelling and the distance that 

approaching objects are relative to their vehicle (Green, 2013). 

a) Lowering Contrast 

Dr Green’s article further explains how fog and rain act similarly in terms how it affects 

light. Since fog contains moisture, the light (of a vehicle’s lights in this case) would scatter 

when meeting the suspended moisture that makes up fog (Green, 2013). It is important to 

note for this section that contrast (in terms of visual sensitivity) is described as being able 

to perceive that there is a change between an object and the background that the object is 

found in (Shiel, 2018). 

The scattering effect that occurs when the front lights of a vehicle are turned on while 

driving in fog conditions can be described as Mie scattering (Bendfeld, Balluff & Krauter, 

2015). Mie scattering describes the light scattered by the suspended moisture particles as 

non-uniform and multidirectional, where most light will be scattered forward (through 

the particle) and a smaller portion of light will form backscatter (Bendfeld et al., 2015). 

Backscatter is light that has been scattered by a moisture particle and has reflected back 

into the eye of a driver (Bendfeld et al., 2015). This furthers the visibility impairment 

caused by fog because fog had already caused poor visibility before the addition of a light 

source and now, the added light source adds to the visibility impairment by reflecting 

light back into the eyes of a driver and not illuminating the road surface ahead. 

The backscatter effect is the main cause of lowering of contrast as the backscatter of light 

causes the effect of a “veil” to the driver because the backscatter forces the light of other 

objects coming back to the driver to be impeded by the light scattered from the headlights 

which results in the lower contrast of everything that the driver can see (Green, 2013). 

Glare is a product of the backscatter effect caused by the use of headlights in fog 

conditions, and occurs when there is a light source that has a brightness that exceeds the 

brightness of the surroundings of a task that is taking place (Richards, 1970). In terms of 

the driving context, the light source could be a street light or a traffic light. But when 

driving in fog, the source of the glare is the light emitted from the headlights, 

backscattered from the fog (Bendfeld et al., 2015).  
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Glare can result in two outcomes for a driver, either causing a driver discomfort glare that 

does affect vision but rather causes distraction to the driver and can also cause them to 

blink more often or squint. The other outcome glare can result in is disability glare (glare 

that does affect vision) and can be separated into 3 types, dazzle, photostress and veiling 

glare (Mainster & Timberlake, 2003). Dazzle disability glare can be caused by the 

headlights of an oncoming vehicle at night which lowers the contrast between light and 

dark objects and may cause difficultly viewing the characteristics of the road, while 

photostress disability glare is caused by a more intense light directed onto the eye and 

could result in disorientation similar to when a camera flash occurs or when a laser pointer 

is accidently aimed at the eye (Mainster & Timberlake, 2003). The final disability glare 

is veiling which was also mentioned and described above and is the most common form 

of glare when driving under fog conditions. Another example of veiling disability glare 

occurs when  attempting to read a book outside when direct sunlight hits the pages of a 

book and creates a veil effect that makes it difficult to read (Mainster & Timberlake, 

2003). 

Driving while visually impaired causes drivers to direct their focus onto what is directly 

ahead of them and causes a loss of noticing what is happening in their peripheral vision 

which decreases the possibility of seeing and then reacting to another vehicle or a 

pedestrian on either side of the vehicle (Green, 2013). This becomes a larger threat as the 

driver ages because vision performance decreases with age whereby, the field of vision 

becomes smaller, recovery time required for glare increases and sensitivity to contrast 

becomes more prevalent (Mainster & Timberlake, 2003). The decrease in vision 

performance directly affects the other key areas associated with driving (cognitive and 

motor skills performance) because the reduction in vision performance with age, results 

in a higher demand on cognitive and motor abilities which also reduce with age and leads 

to dangerous situations, especially with poor visibility conditions, because an aging driver 

will have slower eye movements and take longer to make decisions (Mainster & 

Timberlake, 2003). 

The effect of backscatter causing veiling disability glare has led to the use of fog lights 

on a vehicle to reduce the effects of backscatter. It is suggested to not make use of your 

bright lights (high beams) when driving in fog as lighting during fog is based on the 

principle of reflection which describes that the angle a beam of light will create, will be 

the same angle created by the reflected beam of light (Green, 2013). This shows that the 

high beams will reflect at a larger angle and create a backscatter that is more likely to 

impair vision under fog conditions. 

Fog lights, in comparison to the high and low beams of a vehicle, should only be used in 

weather conditions that result in poor visibility. Fog lights are set at a much lower angle 

to the ground and will produce a smaller angle of reflection (Laukkonen, 2019). The 

smaller angle of reflection reduces backscatter and resulting glare, while also increasing 

the amount of road surface that is illuminated compared to the high beams of a vehicle 

(Green, 2013). The lower positioned fog lights are in the shape of a bar in order to only 

direct the light onto the road ahead and not into the eyes of oncoming drivers. Fog lights 

are designed specifically to reduce glare and should only be used in poor visibility 

conditions and not under normal visibility conditions because the intense light of the fog 

lights illuminate the immediate space in front of a vehicle and cause the effectiveness of 
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the standard headlight beams to reduce as a driver’s eyes would see the areas lit by the 

standard headlights as darker than if the fog lights were turned off under normal visibility 

conditions (Laukkonen, 2019). 

The reduction of contrast is different in every fog situation as it is dependent on the 

distance between the driver and the object that is in view, the density of the fog particles 

as well as the size of each droplet, the coefficient describing the light scattering, all of 

which differ based on where the fog is located, how much dust is in the air (dust particles 

reduce fog particle size) and many other variables (Green, 2013). From this, it is important 

to note that fog is an issue that can change form due to its constant changing nature. Fog 

affects every driver in a different manner and any solution that would promote better 

safety while driving in fog conditions will need to adapt and accommodate for many 

situations and different drivers. 

b) Change in Perception of Speed and Distance 

A change in perception of speed and distance is a direct result of contrast reduction which, 

as mentioned above, causes humans to see something at a lower brightness compared to 

the background it is found in which makes it seem to be faint and blurry (Green, 2013). 

In fact, before even relating the work to driving scenarios, testing was carried out with 

same speed visual gratings moving parallel to each other and are shown at the same time 

but at a different contrast percentage. The results of the tests showed that a lower contrast 

visual grating will be perceived as slower as the higher contrast visual grating, even 

though they are in fact moving at the same speed (Stone & Thompson, 1992). The results 

were described as a misperception of speed and this misperception was recorded over a 

significant range of contrast differences with the lower contrast perceived as slower by 

up to 50% less than the higher contrast visual grating (Stone & Thompson, 1992). 

This misperception can be seen in various studies that have been carried out in either 

driving simulations or real time driving. These studies, as well as their methods results, 

will be further discussed in a later section as the studies reveal important findings in terms 

of how a change in perception of speed and distance can alter drivers’ driving behaviour 

when driving under poor visibility conditions. 

However, in terms of general findings on perception of speed and distance in fog, the 

multiple studies conclude that there is a decrease in how drivers sense and interpret visual 

speed when travelling under fog conditions (Owens, Wood & Carberry, 2010; Pretto, 

Bresciani, Rainer & Bülthoff, 2012; Snowden, Stimpson & Ruddle, 1998). In fact, one 

study concluded that for multiple accidents in fog, the accountability of the cause of 

accident should not completely fall on that of the irresponsible driving that occurs in fog 

but can also share blame with the unfortunate manner of how humans perceive speed and 

tend to drive faster in foggy weather conditions (Snowden et al., 1998). 

Other perception, speed and distance findings that will be discussed further in a later 

section showed that the uniformity of contrast change plays a role in terms of how speed 

is perceived (Pretto et al., 2012), headway distance is shortened when driving in fog 

(Saffarian, Happee & de Winter, 2012), adapting to speed is more difficult than adapting 

to headway distance (Kang, Ni & Andersen, 2008), and distance estimation becomes 
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more difficult when driving under poor visibility conditions (Cavallo, Colomb & Doré, 

2001). 

2.1.2 Poor Visibility Weather Condition: Rain 

2.1.2.1 Definition 

Rain (shown from behind a vehicle windscreen in Figure 2.2), according to the United 

States National Oceanic and Atmospheric Administration (NOAA), is described as any 

precipitation forming a droplet that is greater than 0.5 mm in diameter but can also be 

labelled as drizzle if the droplet diameter formed is less than 0.5 mm (NOAA, 2017). Rain 

droplets are described to fall with a large space between droplets while drizzle droplets, 

can be described as more uniform with smaller space between droplets and appear to float, 

but unlike fog, these droplets will reach the ground (NOAA, 2017). 

 

Figure 2.2: Investigator's photograph of heavy rain conditions 

Further reading of the Surface Weather Observations and Reports document put together 

by the United States NOAA show that rain can be described by intensity. Table 1 below 

summarises the documents values of how rain can be classified by rate of fall intensity 

and also by visibility (NOAA, 2017). The values for the light, moderate and heavy 

intensities of rainfall have been converted from the imperial system to the metric system 

for the purpose of this research. 

Table 2.1: Summary of Rain and Drizzle Rate of Fall Intensity and Visibility 

(converted to metric values) (NOAA, 2017) 

 

Rain is the result of clouds becoming too heavy to keep water droplets suspended in the 

air. Once a cloud becomes too large a collection of water vapour (that has evaporated 

from all water sources located on the terrain below and gone through condensation to 

form water droplets), the cloud will release the water droplets back down to the earth’s 

surface in the form of rain and other precipitation forms (SciJinks, 2020). 

Intensity Rate of Fall (mm/h) Visibility (m)

Light < 2.54 804.672 <

Moderate 2.794 ≤ RoF ≤ 7.62 402.336 ≤ V ≤ 804.672

Heavy 7.62 < < 402.336
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What makes rain dangerous to road users, according to the Dutch Institute for Road Safety 

Research, is the reduced friction between a vehicle and the road due to precipitation 

forming a layer of water thar causes a vehicle to have less contact with the road and results 

in dynamic aquaplaning (Wetenschappelijk Onderzoek Verkeersveiligheid, 2012). 

Visibility in rainy weather conditions is also an issue to road users because the 

simultaneous humid conditions cause vehicle windows to fog and the rain itself can also 

be splashed onto windscreens by other vehicles (Wetenschappelijk Onderzoek 

Verkeersveiligheid, 2012). Further issues regarding rain affecting the visibility and 

perception of drivers will be discussed in section 2.1.2.2. 

2.1.2.2 Effect on Perception of Drivers 

As mentioned in section 2.1.1.2 a), Dr Green mentions how fog and rain act similarly in 

terms of how it reacts to light. Rain and fog are both made of water particles but differ in 

size and motion. Due to having a build-up of the same substance, light from headlights 

reacts act exactly in the same manner for both weather conditions which means that rain 

will also cause the filtering of light beams, causing some light to scatter and resulting in 

backscatter (Green, 2013). 

Rain also brings in other aspects of vision impairment that is different to fog. Rain has 

bigger particles that will create a thicker film of water that collects of a vehicle’s front 

lights and further reduce visibility by having more water that light will be filtered through 

(Green, 2013). 

Rain further affects vision by hindering visibility on a windscreen. Rain will collect on a 

windshield which requires the use of windscreen wipers that can cause distraction and 

blocks areas of vision when in operation (Green, 2013). The wipers do not clear the whole 

windscreen of rain but only partial areas that collect more rain until the wipers return 

again when in operation. This allows for certain areas of the windscreen to always have 

a film of rainwater, similar to that on the front lights mentioned above which creates 

distorted vision for a driver (Green, 2013). 

Rain also affects the road surface and not just the actual vehicle. Rain tends to collect on 

the road surface, just as it does on the windscreen, however, it will fill the voids of the 

asphalt surface and create a thing film of water which gives the road surface a shiny finish 

which can result in glare from shop signage and street lights as well as glare from other 

vehicles approaching from the opposite direction (their front light beams will reflect 

further forward because of the water film creating more glare) (Green, 2013). 

The same film of water created on the road surface also affects the road markings. At 

night under weather conditions with no precipitation, paint used on the road surface with 

be able to reflect back to the driver when placed under illumination from a vehicle’s head 

light but will seem less visible with wet conditions because the water film will cause the 

light to scatter and in extreme cases, will not even be visible to a driver (Green, 2013). 
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2.2 Measuring Visibility 

In the previous section, visibility was defined with a definition from the dictionary and 

the different types of weather conditions that affect the visibility and perception of a 

driver were mentioned. Mist, fog and rain were described in further detail as these are the 

weather conditions that will have the biggest effect on this particular study as it will be 

carried out in South Africa. In the following section, it is important to understand how 

visibility is measured and understood. 

2.2.1 The Concept of Visibility 

A more in depth look into visibility will show varied descriptions in terms of how 

visibility is measured.  William Malme (1979) wrote a paper titled “Visibility: A Physical 

Perspective” in a report titled “Proceedings of the Workshop Visibility Values” put 

together for the United States Department of Agriculture that discussed the variables that 

are involved with measuring and obtaining results for visibility. Malme described how 

visibility is traditionally described as a “visual range” which is simply determined by an 

observer moving further away from an object until it can no longer be seen, but Malme 

argues that a visual range is actually not simply measured because the traditional method 

is based upon what each individual observes and may differ from observer to observer 

(Malme, 1979). This could be interpreted as referring to how different observers have 

different eyesight strength and will interpret environments differently based on their own 

perception. Taking note of the previously discussed literature on how different weather 

conditions affect how a driver perceives road conditions, it is made clear that attempting 

to accurately measure visibility can prove to be difficult. 

Continuing from the work of Malme, he suggests that a more effective way of 

categorising visibility would be to record colour or contrast changes (Malme, 1979). This 

can be confirmed to be an effective method because the International Civil Aviation 

Organization described visibility for aeronautics in their July 2007, sixteenth edition of 

International Standards and Recommended Practices for Meteorological Service for 

International Air Navigation as being either the larger value between: 1) the distance that 

a black object is noticed when observed with a bright background, or 2) the distance at 

which lights close to 1 000 candelas (unit of luminous intensity) can be noticed when 

observed with an unlit background (International Civil Aviation Organization, 2007). 

In fact, the World Meteorological Organization (WMO), describes traditional visibility 

in a meteorological sense as an estimation by a human observer that is influenced by 

physical and subjective factors such as luminance, illuminance, contrast and transmission 

power (World Meteorological Organization, 2018). The WMO states that visibility is an 

essential meteorological quantity and describes how transparent the atmosphere is. 

Finally, the organisation states that it can be measured with MOR (Meteorological Optical 

Range) which will provide an objective determination of visibility as is defined as “The 

length of path in the atmosphere required to reduce the luminous flux in a collimated 

beam from an incandescent lamp, at a colour temperature of 2 700 K, to 5% of its original 

value.” (World Meteorological Organization, 2018). 
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2.2.2 Methods of Measuring Visibility 

Dr Marc Green, who was referenced earlier when discussing the perception of drivers, 

also wrote an article on the determination of visibility. In his article, he describes that the 

best way to measure visibility is to account for contrast, between luminescence of an 

object and its background compared to the viewer contrast sensitivity (Green, 2018). Dr 

Green continues that an object becomes visible to an observer if the contrast of the object 

is larger than that of its background but also states that it is important to mention that even 

if an object becomes visible, it does not guarantee that the observer will perceive the 

object (Green, 2018). This view on visibility becomes highly important in terms of this 

study as driving behaviour would be altered by how drivers perceive danger and hazards. 

Dr Green concludes his opening remarks of the article by stating that measuring visibility 

is a challenging topic but can be simplified by describing visibility as focusing only on if 

an objected is possible to perceive and describing perception to have the requirement of 

obtaining an observer’s attention which is similar but not the same as visual function 

(Green, 2018). 

Although Dr Green described the best way to measure visibility is through contrast, there 

are other methods that can also make use of different variables and equipment. The most 

relevant optical methods of measuring visibility, as described by the World 

Meteorological Organization, will be briefly discussed (World Meteorological 

Organization, 2018). 

a) Human Observation 

Accurate human observation is dependent on a multitude of factors. The WMO states that 

visibility is complex and is mostly dependant on a function of extinction that occurs 

because of the scattering of light in particles suspended in the air when observing an 

object in the distance (World Meteorological Organization, 2018). Other factors that 

affect the ability to perceive an object’s distance and force human observation methods 

to become a subjective estimate include: the visual ability of the observer, the 

interpretation of the observer, the lighting characteristics around both the observer and 

the observed object, and finally, a transmission factor that describes how much light 

passes through a given medium (World Meteorological Organization, 2018). 

It is important to note that visibility is also affected by day time and night time observation 

because the change in light characteristics affect the observer because the observer is 

required to adapt to the lighting difference and each observer’s eyes will have a different 

reaction to amounts of illuminance (World Meteorological Organization, 2018). 

In terms of the actual physical measurement of visibility for human observation, the 

WMO suggest in their 2018 edition of the ‘Guide to Instruments and Methods of 

Observation’ that MOR can be estimated with the use of objects such as trees, rocks, 

towers, lights and buildings. An observer should have what is considered to be normal 

vision (no visual impairments) and be trained to make observations. Observations should 

be made approximately 1.5 meters from the ground with no devices to improve the 

observers vision, while also ensuring that there is nothing that would impair or alter their 
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line of sight (for example, no observations should be done through a window glass in a 

control tower) (World Meteorological Organization, 2018). 

Human observation is advantageous in terms of being flexible due to determination 

depending on judgement but as advantage in terms of having a large set of base data as it 

was used to traditionally measure visibility for a long period of time (Environmental 

Protection Agency, 1979). Unfortunately, it does require a lot of labour for observations 

and is not considered the most accurate for of measurement as the perception of different 

observers is not always the same (Environmental Protection Agency, 1979). 

b) Photography and Cameras 

Another method of measuring visibility is through taking images. Dr Green believes that 

this is not an accurate method to determine visibility because he believes that most 

cameras are unable to capture the true light conditions in many instances. Dr Green also 

believes that cameras should not be used to capture perception because an observer will 

have a still frame to look at for as long as they please while also knowing where and what 

to look for which will not truly capture the same perception as an observer would if they 

were in the same place that the photograph was taken (Green, 2018). 

However, according to the WMO, modern cameras are fast becoming a reliable source 

for determining visibility as they stated that in 2018, development for cameras that can 

determine fog conditions and estimate visibility is following good progress. Camera 

quality has increased with a decrease in price, while photograph distribution is easily 

attainable with the use of the internet (World Meteorological Organization, 2018). 

The visibility is determined from photographs by examining whether objects of a known 

distance can be seen in the photograph. Checking a change in contrast is also a common 

technique while also using dehazing software, or comparing two images taken in the same 

direction but at different distances can also be used (World Meteorological Organization, 

2018). 

Photography is an advantageous method in terms of capturing a still moment to be 

analysed further, whereas, real time measuring can be difficult as weather conditions 

constantly change (take fog for an example). However, this method also has its 

disadvantages as cameras do not always capture the correct lighting and any photographs 

that are required to be stored for later examination have a tendency to lose image quality 

(Environmental Protection Agency, 1979). 

c) Instruments that Measure the Extinction Coefficient or Transmission Factor 

It was mentioned earlier that the WMO states that visibility is mostly dependant on the 

function of extinction which represents how light is scattered in suspended particles in 

the air. This can be measured with certain instruments that use a photodetector and a light 

source through a horizontal cylinder of air and can determine the function of extinction 

to calculate the MOR (World Meteorological Organization, 2018). 
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There are a few types of these instruments that can achieve this measurement but the most 

common instrument that would be used in a situation similar to this study is called a 

transmissometer (see Figure 2.3) (World Meteorological Organization, 2018). 

 

Figure 2.3: Transmissometer (Vaisala, 2022). 

A transmissometer calculates the mean extinction function and estimates the MOR once 

the transmission factor has been determined from the instrument. It uses a light source 

that cannot be disturbed by sunlight at its transmitter unit and has a photodetector at its 

receiver unit with the horizontal cylinder of air located between the two units (World 

Meteorological Organization, 2018). The determined transmission factor at the 

photodetector end of the transmissometer results in a highly accurate MOR estimation if 

the transmissometer is in a good working condition (World Meteorological Organization, 

2018). 

The advantages of a transmissometer according to the United States Environmental 

Protection Agency include being able to provide an accurate measurement over a medium 

distance (10 km to 25 km), being able to measure total extinction, absorption and 

scattering, and also being able to work under night conditions or cloud cover 

(Environmental Protection Agency, 1979). 

The disadvantages include having issues with calibration, only using one wavelength and 

not being suitable for distances over 50 km (Environmental Protection Agency, 1979). 

d) Instruments that Measure Scattered Light 

In natural fog (precipitation formed and not pollutant related), light will scatter and the 

absorption of light will become a negligible quantity, and it is because of this that under 

fog conditions, the MOR can be estimated with the use of a scatter coefficient because it 

is assumed that with negligible absorption, the scatter coefficient will equate to the 

extinction coefficient (World Meteorological Organization, 2018). 
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It is under these conditions that instruments that measure scattered light can be used to 

measure MOR and there are three methods that can be used to measure scattered light: 

backscatter, forward scatter and scatter over a wide angle (all of which also use a light 

source and a photodetector, similar to the transmissometer) (World Meteorological 

Organization, 2018). 

A backscatter instrument will contain both the transmitter and the receiver in the same 

instrument and not separate parts like with the transmissometer. A light beam is emitted 

to shine on the volume of air located in front of the transmitter, while the receiver will 

receive the light that has scattered backwards off of the emitted light (World 

Meteorological Organization, 2018). According to the WMO, research has shown that the 

relationship between the backscatter coefficient and visibility is not a strong correlation 

and is not considered an accurate nor accepted measurement for visibility (World 

Meteorological Organization, 2018). 

A forward-scatter instrument, also known as a forward-scatter meter, accounts for the 

scattering of light from smaller particles being angular dependant (World Meteorological 

Organization, 2018). The angular dependency is based on the characteristics of the 

particles such as: shape, size, type (dust or sand) and chemical properties (like the 

concentration of salt). The measuring scattering angle should therefore be selected 

specifically to reduce the angular dependency and represent the scattering coefficient (the 

optimal angle range being 20° to 50°) (World Meteorological Organization, 2018). 

During placement, the transmitter and the receiver be set up to have their beams intersect 

within the optimal angle range and can then proceed to calculate an accurate scattering 

coefficient and estimate an accurate MOR (World Meteorological Organization, 2018). 

Finally, scatter over a wide angle is achieved with an instrument called an integrating 

nephelometer which attempts to measure the scatter in a range between 0° and 120° in 

practice but an optimal measurement from the method would lie between 0° and 180°. 

The receiver is set up at a 90° angle to the light source that emits light over the wide angle 

(World Meteorological Organization, 2018). The integrating nephelometer is not often 

used to measure MOR and is more likely to be used to measure air pollutants (World 

Meteorological Organization, 2018). 

2.2.3 Summary 
 

This section has highlighted how difficult it is to accurately measure visibility and with 

this study requiring measurements in fog, an issue arises. The problem with fog is that it 

quickly changes and can vary in its density when looking in a different direction while 

standing in the same position. For this study, visibility measurements would be required 

at a roadside to gain an understanding of the visibility levels that intersections face. This 

will need to be done with the use of human observation and measurable distances between 

objects at each intersection. 

 

Due to the highlighted issue of varying visibility, a solution will need to be developed 

with the knowledge that any solution should be applicable under any visibility conditions 

that may negatively affect the perception of drivers in any way. Whether it be a light mist 
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or dense fog, the solution should be able to aid drivers who can see approaching vehicles 

but may misperceive them but also aid drivers that have no indication of oncoming traffic. 

2.3 Driving Behaviour under Poor Visibility Conditions 

The weather conditions for this study, the formation thereof and how visibility is 

measured has been discussed. The following section highlights how these discussion 

points affect the driving behaviour of vehicle users when faced with poor visibility 

conditions by looking at previous studies. 

2.3.1 The Mandelbaum Effect 

Before discussing studies that have been completed on perception and driving behaviour, 

it is important to introduce a human visual effect that is present during poor visibility 

conditions. This effect is known as the Mandelbaum Effect which states that humans will 

tend to have their eyes focus on what is close in a visual scene and forget the background 

of a visual scene when under poor visibility conditions (Owens, 1979). The Mandelbaum 

Effect provides an explanation as to why humans tend to change their driving behaviours 

under poor visibility conditions as, under clear conditions, a driver would take note of 

background conditions and be able to pay more attention to approaching risk areas or 

situations while having more reaction time as the driver would notice it from a further 

distance away. The effect will be further discussed in a study presented in section 2.3.2.6. 

2.3.2 Perception and Driving Behaviour Study Results 

Multiple studies have been carried out in an attempt to better understand driving under 

poor visibility conditions. How speed and distance perception are altered and how driving 

behaviour changes are major themes that are unpacked by the studies that were earlier 

mentioned and will now be summarised and discussed in order of the year thar they were 

published. 

2.3.2.1 Snowden, Stimpson and Ruddle Study (Published in 1998) 

The Snowden, Stimpson and Ruddle study explored the changes of speed perception due 

to visibility changes that can be caused by fog. The authors explained that while a 

speedometer would show the current speed of a vehicle accurately, it requires drivers to 

take their eyes off the road ahead to check speeds which drivers tend to do less during 

poor visibility conditions as drivers would not want to risk missing dangerous objects or 

road changes under poor visibility conditions  (Snowden et al., 1998). 

The aim of the study was to show that an increase in fog would reduce the contrast of the 

visuals seen by the driver and simultaneously reduce the apparent speed of a vehicle This 

was carried out with two simulator experiments. In the first experiment, scenes were 

shown to participants that simulated a view from the driver’s seat at a set driving speed. 

Participants were shown two scenes consecutively, the first in clear conditions and the 

second in either clear, misty or foggy conditions. Participants were asked to estimate the 

vehicle speed of the scenes and the results showed that a driver’s sense of speed decreased 

in fog. The fog scenes were perceived as significantly slower than the clear scenes, while 

Stellenbosch University https://scholar.sun.ac.za



 

19 

the misty scenes were perceived as slower than the clear scense but faster than the fog 

scenes which confirmed that speed would be perceived as slower as contrast decreases 

(Snowden et al., 1998). 

In the second experiment, participants were taught how to drive the simulator in clear 

conditions and at set speeds on roads with many turns in order to test the findings of the 

first experiment in the form of a task. Participants were then required to drive at given 

targeted speeds for different visibility conditions when completing the simulated road. 

The participants were allowed to accelerate and decelerate on their own accord and 

signalled when they felt as though they were driving at the targeted speed. The results 

showed that under foggy conditions, participants were driving at faster speeds which 

again showed and concluded that drivers’ sense of speed decreases in fog and produces 

an impression of slower movement. The authors also stated that crashes under poor 

visibility conditions may be as a result of a human perceptual system flaw and not only 

due to irresponsible driving under poor visibility conditions (Snowden et al., 1998). 

2.3.2.2 Cavallo, Colomb and Doré Study (Published in 2001) 

In 2001, Cavallo, Colomb and Doré published a study that focused on the distance 

perception changes under poor visibility conditions and also made reference to the 

Snowden et al. 1998 study where the authors stated that the 1998 simulator study 

supported higher occurrence for crashes in fog due to perceptual hinderances when 

perceiving speed and distance in fog (Cavallo et al., 2001). 

The study aimed to determine the effect of fog on the perception of headway distance 

between an observer (driver) and the rear lights of a leading vehicle. The study was 

performed through two experiments in a fog chamber that replicated night-time fog 

conditions with a visibility distance that could range from 5 m to 15 m. The first 

experiment had participants estimate the distance of different fog light arrangements. The 

arrangements included: one fog light (250 candela), two fog lights (250 candela each) and 

then two standard rear lights (10 candela each). Each arrangement was set at five different 

distances from the participant (between 8 m and 28 m) in the fog chamber while the 

position of the participant included the addition of two standard headlights (either set on 

dim or turned off). The participants were required to estimate the distance of the light 

arrangements under the different lighting conditions for both clear and fog weather 

conditions made in the chamber. The first experiment resulted in an average increase of 

60% for the perceived distance in fog conditions compared to the clear conditions with 

the perceived distance noticeably more overestimated for the light arrangement of only 

one fog light which led to the introduction of a second experiment (Cavallo et al., 2001). 

After the findings from experiment one, the second experiment was similar except the 

experiment was performed with new participants and only in fog conditions. The 

experiment also only used the two fog light configuration and had the participant’s 

headlights turned off. The aim of experiment two was to determine if there are any trends 

when changing the height of the fog lights off the ground or changing the distance 

between the fog lights as it was seen in experiment one that the highest overestimation of 

distance occurred when only one fog light was present. The experiment still showed the 

same trend of an increased perception of distance, as shown in the first experiment which 
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validated the results. However, the second experiment showed that the height of the lights 

had no effect of the distance estimations which was predicted as drivers are aware that 

height changes according to the slope of the road ahead. Interestingly, the results showed 

that decreasing the distance between the fog lights increased the overestimation of 

perceived distance. The study could therefore conclude that distance is perceived as 

further under night-time fog conditions compared to clear conditions and this could be 

improved by ensuring that vehicles are assembled with two rear fog lights that are placed 

at a maximum distance apart (Cavallo et al., 2001).  

2.3.2.3 Horswill and Plooy Study (Published in 2008) 

The Horswill and Plooy study made extensive reference to the Snowden et al. study from 

1998. By performing two experiments, the authors stated that they wanted to extend the 

findings of Snowden et al. by showing that vehicle speeds would be harder to discriminate 

and then show that vehicle speeds would appear slower (Horswill & Plooy, 2008). 

The first experiment followed the same as the Snowden et al. experiment where 

participants were shown two consecutive scenes in different visibility conditions and 

were asked to state whether the second scene occurs at a faster or slower driving speed. 

However, Horswill and Plooy pre-recorded actual driving scenes (recorded at 40 km/h 

and was video edited to increase at 2 km/h up to 70 km/h) that occurred during clear and 

foggy conditions where as Snowden et al. made used of a simulator that added a contrast 

change to imitate fog. This was done to extend the findings of Snowden et al. with the 

use of a more realistic approach. The results of the experiment matched that of Snowden 

et al. as well as their own hypothesis that the fog would result in vehicle speeds being 

more difficult to discriminate compared to clear conditions (Horswill & Plooy, 2008). 

The second experiment followed the same as the first except the recorded scenes did not 

increase in speed from one recorded scene, instead, each scene was recorded separately 

which added the effect of possible light changes between speeds. The second experiment, 

which included different participants, showed similar results to the first experiment and 

the authors were able to conclude that under lower contrast conditions (fog), vehicle 

speeds are more difficult to discriminate and vehicle speeds appear slower (Horswill & 

Plooy, 2008). 

2.3.2.4 Kang, Ni and Andersen Study (Published in 2008) 

A further simulator study was carried out in 2008 by Kang, Ni and Andersen. The study 

focused on the task of keeping following distance compared to the Cavallo et al. study 

which focused on the perception of the actual distance between vehicles (Kang et al., 

2008). 

The simulator required participants to drive behind a lead vehicle on a straight road. The 

participants were asked to keep a set following distance behind a lead vehicle that would 

change its speed over the course of the track and participants would therefore need to 

react to these changes and still maintain the same following distance. The simulation was 

run under different fog density levels, lead vehicle speeds and different frequency changes 

to the lead vehicle speed. The results of the study were based on car-following 
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performance which used “distance headway, variance of distance headway, root-mean-

square (RMS) velocity error, control gain, phase angle, and squared coherence” as 

performance indicators (Kang et al., 2008). 

Of the performance indicators, the two standouts were distance headway and RMS 

velocity error (the speed of the driver relative to the speed of the lead vehicle). The results 

showed that distance headway would only show a significant decrease during the densest 

fog condition on the simulator, while RMS velocity error increased as fog density 

increased – meaning that that drivers found more difficulty matching the speed changes 

of the lead vehicle as the density of the fog increased (Kang et al., 2008). It was therefore 

shown that drivers found more difficulty with lead car speed changes compared to 

distance headway changes under varying visibility conditions. 

2.3.2.5 Owens, Wood and Carberry Study (Published in 2009) 

The study carried out by Owens, Wood and Carberry took the testing methods to the next 

level by moving away from simulators and placed participants on a track with a vehicle 

that had diffusing filters attached to the windscreen and side windows by Velcro which 

could reduce visual contrast and mimic the effects of poor visibility experienced in fog. 

The aim of this study was similar to previous studies already discussed where the authors 

wanted to test the misperception of speed while also testing the control of speed under 

poor visibility conditions during a lifelike situation away from a simulator (Owens et al., 

2010).  

The experiment was done by allowing participants to drive around a 2.85 km track to 

familiarise themselves with the course. Each participant then had to drive around the track 

with the view to the speedometer blocked for a total of nine times - three laps for each 

visual condition (clear, then windows covered with a thinner diffusing filter, then 

windows covered with a thicker diffusing filter) where lap one would require participants 

to estimate their current speed, lap two would require participants to alter their speed to 

match a given target speed and lap three would require participants to estimate the 

minimum stopping distance at any given time (Owens et al., 2010). 

The results of the experiment showed that for all three types of test laps, the participants 

would drive at a slower speed as contrast lowers when driving without the aid of viewing 

the speedometer. The lower contrast conditions did not have a large effect on the speed 

nor minimum stopping distance estimations as participants were driving slower, however, 

the lower contrast conditions showed significant results in terms of speed adjustment as 

comparing clear condition speed adjustment to lower contrast speed adjustment showed 

that participants would adjust their speed much slower when driving under lower contrast 

conditions (Owens et al., 2010). 

It is important to note that this study made use of uniform contrast lowering apparatus 

which, while enabling the participants to experience fog-like conditions, the method does 

not account for the changing nature of fog and heavy rain. This could explain why there 

were no significant differences when asking for estimations of speed and minimum 

stopping distance. 
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2.3.2.6 Pretto, Bresciani, Rainer and Bülthoff Study (Published in 2012) 

Pretto, Bresciani, Rainer and Bülthoff noticed that previous studies included simulator 

and real-life experiments that would focus solely on uniform contrast and therefore aimed 

to provide findings under contrast reductions that better mimic actual fog. The authors 

acknowledge previous studies that report on findings that used uniform contrast and then 

state that in order to better understand a phenomenon such as fog, an improved model 

should be designed. Since fog is the occurrence of water droplets between an observer 

and an object, the further an object is from an observer, the more water droplets are 

between the two points of reference which therefore explains why the contrast lowers the 

further ahead an observer focuses when in fog conditions (Pretto et al., 2012). This also 

links to the earlier discussed Mandelbaum Effect states that humans will tend to have their 

eyes focus on what is close and forget the background when under poor visibility 

conditions (Owens, 1979). 

The study was carried out over three simulator experiments. The first experiment (similar 

to previous studies) showed participants a clear simulated scene followed by either a 

moderate or a severe poor visibility simulated scene and the participants were then asked 

to estimate the perceived speeds of the scenes. The poor visibility scene was either a scene 

with the contrast decreasing over distance to better capture fog or with a scene of uniform 

contrast was used to confirm the results of previous studies.  In experiment two, the same 

mimicked weather conditions from experiment one were used on new participants who 

were then asked to drive in the simulator rather than view scenes and were tasked with 

attempting to drive at target speeds (as done in the real driving study performed by 

Owens, Wood and Carberry in 2009). Both experiments had clear results for both 

moderate and severe levels of contrast reduction – experiment one showed that perceived 

speed was underestimated for uniform contrast reduction and perceived speed was 

overestimated during the simulated fog of decreasing contrast over distance. Experiment 

two showed that drivers would drive faster than the target speed under uniform contrast 

reduction and would drive slower than the target speed under the simulated fog of 

decreasing contrast over distance (Pretto et al., 2012). These results match the previously 

discussed studies that looked at uniform contrast reduction and showed a break-through 

for understanding driving under poor visibility as the results indicated that fog-like 

contrast reduction provides the opposite effect to uniform contrast reduction. 

Finally, to further prove their findings, the authors performed a third experiment which 

introduced a final type of contras reduction called “anti-fog”. This type reduced contrast 

in the foreground and increased over distance in the background (the opposite effect of 

fog). The experiments were run again to provide speed estimations and driving to target 

speeds for the anti-fog contrast reduction in order to conclude if speed perception and 

changes are dependent on where the contrast reduction is located. This was proved to be 

true as anti-fog results showed the opposite effect of fog. Speed was perceived as lower 

than the actual speed under anti-fog and perceived as higher than the actual speed under 

fog. Driving speed was higher than the target speed under anti-fog and driving speed was 

lower than the target speed under fog. This again proved that perceived speed is dependent 

on the distribution of the contrast reduction of a scene instead of a uniform contrast 

reduction (Pretto et al., 2012). All experimental simulated visibility conditions can be 

seen in Figure 2.4. 
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Figure 2.4: A visual description of the simulated weather conditions an their 

respective Visibility vs Distance graphs (Pretto et al., 2012) 
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2.3.2.7 Saffarian, Happee and de Winter Study (Published in 2012) 

Saffarian, Happee and de Winter attempted to try understand why drivers keep a short 

headway during poor visibility conditions. This study also had the introduction of driver 

risk while driving under poor visibility conditions. The authors discuss how keeping 

shorter headways during fog compared to clear conditions are not well understood and 

state that previous studies show that headway distances begin to reduce when visibility 

reduces (Saffarian et al., 2012). 

The authors made use of a driving simulator in an experiment to evaluate the feeling of 

risk and the movement of steering during vehicle following under poor visibility 

conditions. Each participant completed four sessions of driving behind a lead vehicle on 

the simulator – two automated attempts (in clear and in simulated dense fog conditions 

where the distance to the lead vehicle was regulated and participants only had control of 

steering) and two manual attempts (in clear and in simulated dense fog conditions where 

the participants had control of steering, acceleration and breaking). While completing the 

sessions, participants were asked to indicate their feeling of risk on a touchscreen that 

was attached to the steering wheel at regular intervals during each session (Saffarian et 

al., 2012). 

The results of the study matched that of the authors’ hypothesis. They predicted that the 

feeling of risk and the recorded amount of steering activity was recorded as significantly 

higher when the lead vehicle was out of sight due to the fog. It was concluded as a possible 

explanation for drivers keeping a short headway – a driving behaviour to ensure that the 

lead vehicle is kept in sight under poor visibility conditions (Saffarian et al., 2012). 

2.3.2.8 Rosey, Aillerie, Espié and Vienne Study (Published in 2017) 

The last study discussed is that of Rosey, Aillerie, Espié and Vienne who aimed to 

determine if fog effects driver behaviour differently based on road type. With the use of 

a simulator, participants were required to drive on a two-lane rural road and a highway 

under clear conditions, 60 m visibility and 30 m visibility for two different headways (i.e., 

roads experiencing traffic and road with no traffic), see Figure 2.5 for all simulated 

visibility conditions. The simulator was able to replicate realistic fog conditions as well 

as realistic headlight ability and corresponding glare conditions (Rosey, Aillerie, Espié & 

Vienne, 2017). 

Participants were required to drive a 15 km route and drive as if they would usually on a 

normal road. This meant that participants were required to obey traffic rules, make use of 

signage, overtake and park as they would under real circumstances. Speeds, headway 

distances and headway times were recorded for analysis which resulted in the finding that 

drivers would decrease their speed as visibility decreased, which matches previous 

studies. It was also found that vehicles would travel faster on highways compared to rural 

roads, even during poor visibility conditions where the vehicles were found to be 

travelling faster than the speed limit of the road (Rosey et al., 2017). 
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Figure 2.5: The simulated weather conditions of the 2017 study (Rosey et al., 2017) 

2.3.3 Suggested Driving Techniques to Improve Driving Under Poor Visibility 

Conditions 

While research has ben carried out in an attempt to try and understand the behaviour of 

drivers under poor visibility conditions, there is still an opportunity for improvement in 

terms of safety features and devices that may aid drivers during poor visibility condition. 

However, most government approaches to road safety under these conditions are an 

educational approach. As seen on the United States National Weather Service website, 

the following safety tips are listed (in summarised format) for drivers who are faced with 

fog (National Weather Service, 2020): 

• Reduce speed and ensure to allow for added time to reach destination. 

• Turn on headlights (ensure rear lights are on as well) and use fog lights if 

available. 

• Use headlights on dim only (low-beam) as high-beam lights will cause glare. 

• Increase following distance to account for sudden stops. 

• Check that you are in the correct lane and follow painted lines with your eyes. 

• If fog has reduced visibility close to zero, turn on hazard lights and pull over to a 

safe location such as a parking lot. 

• If there is no safe place to pull over into, pull over to the side of the road as far as 

possible. Turn on hazard lights only and ensure all other lights are off. Keep 

handbrake on to ensure that the brake light is not illuminated. 

As can be seen, under the densest fog conditions, the recommended suggestion is 

avoidance of driving. This shows that there is an opportunity to improve safety to ensure 

that trips do not have to come to a halt due to dense fog. While pulling over may be a safe 

option for the driving pulling over, a following vehicle may see the rear lights and 

misperceive the speed of the vehicle reducing speed to pull over, this would create a 

higher risk for crashes to occur. 

In terms of South African safety tips, the South African Government page was down at 

the time of writing and therefore the South African Arrive Alive webpage was used for 

suggested driving techniques and it was noticed that all of the above from the United 
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States National Weather Service website was listed on their website with the addition of 

more points relating to thought processes that should take place during poor visibility 

such as (Arrive Alive, 2020): 

• Remain calm and patient, do not overtake. 

• Remember that fog may cause the road surface to be slippery and one should 

remember that braking distance will need to increase. 

• Reduce distractions. 

• Signal earlier and brake slower. 

Overall, most countries would recommend pulling over rather than continuing a trip. 

Unfortunately, the waiting period cannot be predicted and heavy fog that sits for a longer 

period of time would disrupt traffic and could cause more crashes if multiple vehicles 

were pulling over in areas that were not visible. Ideally, a safety implementation that 

could improve the feeling of safety and reduce driver risk under poor visibility conditions 

would prove to be highly beneficial. 

2.3.4 Summary 

To consolidate the important ideas highlighted in this section, it is important to understand 

the Mandelbaum Effect and how it causes humans to focus on the foreground over the 

background during poor visibility conditions. From this understanding, unpacking 

previous studies and noticing how the studies were improved over time until reaching the 

finding that lowered contrast scenes that mimic fog obtains different results to the earlier 

studies that made use of uniform lowered contrast. The studies were also able to show 

similar results for both simulator and real driving. 

The most important findings of the studies were that driving under poor visibility 

conditions increase the feeling of risk, increase the feeling of driver discomfort while also 

producing dangerous driving situations as drivers tend to misperceive speeds and keep 

closer following distances. These findings acting together can create very dangerous 

conditions that may lead to crashes. While driving techniques to combat these dangerous 

conditions are suggested, not all techniques completely remove the danger of driving up 

poor visibility conditions. 

2.4 Statistics of accidents caused by poor visibility 

Crash statistics provide valuable insight into causes of crashes and problem areas on road 

networks. The following section briefly mentions some important poor visibility related 

crash statistics from the world and then discusses a 2018 State of Road Safety Report 

from South Africa. 
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2.4.1 Important Crash Statistics from the World 

There are many areas around the world that are affected negatively by crashes occurring 

due to poor visibility conditions, it is not an issue that parts of South Africa face alone. 

Reported during the 1970s, the United Kingdom had crash statistics that showed fog 

causing 39% more fatalities per crash compared to clear conditions and were 700% more 

likely to have more than five vehicles involved in a crash and this could be due to drivers 

driving faster than the optimal speed for a given visibility that provides enough time for 

a vehicle to break (Sumner, Baguley & Burton, 1977). Multiple vehicle pileups are not 

uncommon as Shepard wrote that the United States National Transport Safety Board 

reported four multiple vehicle highway crashes in 1990/91 which involved 240 vehicles 

which accounted for 21 deaths and close to 100 injuries. The same board also reported 

that the 1980s resulted in approximately 6000 fog-related highway deaths (Shepard, 

1996). Considering crashes alone and not just fatalities, a Florida study showed crashes 

increased by 3.1% in low speeds when comparing clear visibility conditions and poor 

visibility conditions (Das, Brimley, Lindheimer & Zupancich, 2017). 

It is important to note that fog does not occur in every area and also does not occur 

throughout the full period of a day. As seen in Table 2.2 below, a shortened tabulated 

summary taken from a 1994 report for the European Conference of Ministers of Transport 

(ECMT), all countries have a percentage of fog crashes below 3%, however, the 

percentage of fog crash related fatalities compared to the total number of fatalities is 

higher for six out of the seven countries (Denmark the exception) (Organisation for 

Economic Co-Operation and Development, 1994). This reinforces the earlier literature 

that stated that the United Kingdom showed fog related crashes showed a higher 

percentage of fatalities compared to clear conditions in the 1970s (Sumner et al., 1977). 

Table 2.2: Summary of fog crash and fatality statistics for road and motorway 

networks in different European cities (Organisation for Economic Co-Operation and 

Development, 1994). 

 

While the percentage of fog related crashes may seem low, it must be remembered that 

fog occurs sporadically, throughout the year and even throughout a day. And with 

evidence that fog related crashes show an increase in the chances of causing a fatality, 

fog related crashes should be addressed. 

Year (1991)

Country

Portugal 401 0.8 47 1.8

United Kingdom 2 858 1.2 64 1.4

Netherlands 563 1.4 39 3.0

Belgium 662 1.14 26 1.58

Denmark 222 2.53 14 2.31

Switzerland (92) 1 648 1.98 28 3.36

France 1 760 1.2 186 2.4

No. of Fog 

Crashes

%Fog Crashes to 

Total Crashes

No. of Fatalities 

from Fog Crashes

%Fog Fatalities to 

Total Fatalities
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2.4.2 South African 2018 State of Road Safety Report 

The 2018 State of Road Safety Report: Calender (January to December 2018) compiled 

by the Road Traffic Management Corporation for the South African Department of 

Transport reported a total of 12 921 fatalities from 10 564 fatal crashes for the 2018 year 

(Road Traffic Management Corporation, 2018). 

The most frequent fatal crash time slot was 18:00 to 19:00 (9.2%) while the four most 

common fatal crash types were: accident with pedestrian (35%), single vehicle overturned 

(20%), hit and run (10.7%) and head-on (9.5%) (Road Traffic Management Corporation, 

2018). 

Focusing on fatal crashes caused by roads and environmental factors (applicable to this 

study), ‘sharp bend’ accounted for the highest factor causing fatal crashes (17.4%) 

followed by ‘visibility poor’ (14.5%) in second. Other factors important to this study 

include ‘road surface wet/slippery’ (12.6%), ‘lighting: poor’ (7.6%), ‘visibility 

smoke/fog/rain/etc.’ (6%) and ‘road markings’ (2.4%) (Road Traffic Management 

Corporation, 2018).  

Understandably, ‘visibility smoke/fog/rain/etc.’ would not rank as high as other factors 

due to fog not affecting all parts of South Africa. However, that fact that it mentioned in 

a nationwide report indicates that there is an issue with poor visibility causing fatal 

crashes and correctly identifying areas that are affected the most would be beneficial in 

terms of finding solutions that are area specific. 

2.5 South Africa vs The World: Approaches to safety 

during poor visibility driving conditions 

When researching approaches to safety during poor visibility driving conditions, it was 

found that most approaches aim towards addressing highway driving or driving behaviour 

through signage or driver education. There are not many examples of implementations 

aimed towards intersection safety improvement. This section will look at literature that 

shows safety implementations from across the world and then mention what is found in 

South Africa. 

2.5.1 Visibility Warning Systems 

Visibility warning systems combine the use of visibility sensors and variable message 

signs (VMS) to warn drivers, mainly on highways, of poor visibility conditions or other 

adverse weather conditions (Hassan, 2011). 

Visibility warning systems discussed by Hassan (2011) include systems implemented in 

England, the Netherlands, Finland, Saudi Arabia and multiple systems in the United 

States. Hassan reported through literature that the existing systems had many limitations 

that included: the systems being fixed (could only be set up at a single road location), 

expensive to acquire and have high maintenance costs, and finally, the systems are power 
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dependant and require fibre-optic cabling for communications. He therefore concluded 

that a portable visibility system should be developed (Hassan, 2011). 

While Hassan did report on the limitations of the systems, the systems did provide 

positive results as well. In 1990, a London fog warning system was implemented on a 

major highway. The sign could only display the word “fog”, however, it was found that 

in six different tested locations, traffic speeds would reduce by 6.5 km/h when the sign 

was turned on (Cooper & Sawyer, 1993). 

A twenty-sensor system was built for a stretch of road on a Dutch highway in 1997 which 

would constantly measure visibility and warn drivers if fog was ahead on the road. The 

system was also used o calculate a maximum safe speed limit based on the visibility which 

was displayed to drivers. Two years after the system was built, the system was evaluated 

which found that the system resulted in an overall reduction of 8 to 10 km/h in speeds 

during fog conditions (Hogema & Horst, 1997). 

The 1999 implementation of a low visibility warning system for fog in Alabama was 

proven to improve safety, reduce average speeds and reduce crash risk under poor 

visibility conditions when conducting a before and after study of the implementation site 

(Goodwin, 2003). 

2.5.2 Driving Regulations 

In the same 1994 report for the European Conference of Ministers of Transport (ECMT) 

mentioned in section 2.4.1, driving regulations implemented in European countries are 

summarised. 

At the time of the report, Finland lowered speed limits for 120 km/h and 100 km/h roads 

by 20 km/h for the winter months (November to February) each year. France had road 

type related speed limit reductions that were enforced as soon as precipitation began to 

fall and windscreen wipers were required (between 10 and 20 km/h depending on the road 

type). Finally, France and Germany had regulations based on visibility distance where 

visibility below 50 m would reduce speed limits to 50 km/h on roads. Germany also had 

an implemented regulation where heavy vehicles were not allowed to overtake when 

visibility was reduced to less than 50 m (Organisation for Economic Co-Operation and 

Development, 1994). 

Nordic countries such as Finland, Sweden, Norway and Denmark required the use of low-

beam headlights throughout the day where as Belgium required the use of low-beam 

headlights when visibility becomes less than 200 m. The same applied for less than 100 

m of visibility in the United Kingdom and Portugal (Organisation for Economic Co-

Operation and Development, 1994). 

2.5.3 Implementations in South Africa 

South Africa does have variable message sign (VMS) technology available that has been 

seen to provide instruction, information or traffic updates. As reported in 2010, SANRAL 

operate VMS in Gauteng, Kwa-Zulu Natal in Cape Town while VMS are available to 
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local municipalities and agencies. The 2010 SANRAL National VMS Usage Policy 

prepared by Kimley-Horn and Associates, Inc. states that the variable message signs may 

be used for displaying of adverse weather information that plays an impact on visibility 

and safety (for example fog) (Kimley-Horn and Associates Inc., 2010). The policy states 

that the message must be restricted to only a VMS that is close to the reported weather 

condition and it was therefore assumed that the VMS are not fitted with weather detection 

devices and are instead updated manually from a traffic control centre based on weather 

reports. 

No before and after studies were found for South African implementations of VMS for 

poor visibility conditions, however, it was found that South Africa have a sign called 

Reduced Visibility Road Sign (W354), see Figure 2.6, placed in areas where poor 

visibility is known to be a concern. 

 

Figure 2.6: W354: Reduced Visibility Road Sign (Safety Signs & Equipment, 2020). 

2.6 Limitations of a solution for the South African 

Context 

The discussion of visibility warning systems and driving regulations from around the 

world that aim to combat poor visibility related crashes in the previous section provide 

valuable insight into possible solutions for a South African context that does not have the 

same advancement as European countries and the United States. A visibility warning 

system implemented in South Africa could aid in the reduction of crashes and fatalities 

caused by poor visibility related factors in areas that are most affected, however, as a 

solution in a South African context, there are some limitations to consider. 

The discussed limitations brought forward by Hassan (2011) regarding high costs and 

reliance on power supply for visibility warning systems may hinder the applicability of a 

similar system in a current South African context as the country is currently in the middle 

of a worldwide pandemic which provides difficulty for future monetary budget 

predictions. Government and municipalities may be unwilling to spend a portion of a 

possibly pandemic-reduced budget on new poor visibility technology. While, in terms of 
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an attempt to implement new driving regulations, the other option carried out in other 

countries may prove difficult to implement as South Africans are notoriously prone to not 

always adhere to driving rules and regulations. 

To add to the discussion of limitations, although it is difficult to quantify through 

literature, South Africa faces other limitations. Power supply to solutions may prove 

difficult with loadshedding issues. According to a report South Africa is experiencing 

increasing loadshedding hours per year with 127 hours experienced in 2018, 530 in 2019, 

859 in 2020 and 1136 hours experienced in 2021 where December had not yet been 

accounted for (CSIR, 2021). A possible solution would possibly require its own power 

supply. 

Further areas of limitation include poor maintenance and theft that plague the transport 

sector, both difficult to quantify as most reports on theft are fed through the news. BBC 

News reported that the 2020 pandemic allowed for thieves to destroy and steal a large 

portion of the rail network. With the rail network reportedly 30 000 km long, the 

pandemic had seen 3 000 km of the railway tracks had been looted for scrap metal while 

cables had also been stolen (BBC Africa Business, 2022). This has not yet been replaced 

nor maintained. 

With this in mind, a solution for an unsignalized intersection of a South African regional 

route that may be isolated from a town or city and possibly a power supply should attempt 

to best consider the current situational limitations of possible budget loss, lack of power 

supply, theft and poor maintenance faced by South Africa and should therefore be 

considered as fit-for-purpose for the current South African context. Thus, simply 

implementing the European and United States solutions discussed in the earlier sections 

would not be beneficial as they may not work in a rural South African context. 

2.7 Summary 

Through the use of existing literature, own opinions were able to be formed over the 

direction of the study and gain a greater understand of the topic at hand. The literature 

review began with the description of poor visibility weather conditions and defined mist, 

fog and rain – the weather conditions that the study will focus on. How these weather 

conditions affect drivers in terms of lowering contrast and creating misperception of 

speed and distance were then discussed in order to formulate an understand of how the 

problem is created. Methods of how to measure the visibility effects were also discussed. 

The focus then shifted to driver behaviour under poor visibility conditions where previous 

studies were unpacked to find that driving under poor visibility conditions increase the 

feeling of risk, increase the feeling of driver discomfort while also producing dangerous 

driving situations as drivers tend to misperceive speeds and keep closer following 

distances. These factors contribute to crashes which was the next section discussed. 

Crash statistics showed that fog increases the risk of fatalities occurring compared to clear 

conditions. South African crash statistics also showed that poor visibility conditions cause 

issues in some but not all areas. A comparison was then made between South African and 
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other countries’ approaches to safety during poor visibility. The literature showed that 

South Africa does not make use of visibility warning systems and speed change related 

driving regulations as in done in Europe and the United States, instead South Africa has 

adopted a manual variable message sign approach together with standard signage. 

The literature ends with a look at the limitations faced in a current South African context. 

These limitations included possible budget loss due to the ongoing pandemic, lack of 

power supply, theft and poor maintenance. With this in mind, a solution for an 

unsignalized intersection of a South African regional route that may be isolated from a 

town or city and possibly a power supply should attempt to best consider the current 

situational limitations of faced by South Africa and should therefore be considered as fit-

for-purpose for the current South African context. 
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Chapter 3: Methodology 

This chapter describes the methods used to carry out the data collection process for the 

study. The methodology consists of five sections that were carried out, these include: 

• Determination of a study area and data collection period. 

• Validation of the study area and study problem with crash data. 

• Selection of intersections for solution development with crash data.  

• Validation of the study area and problem with local resident questionnaires. 

• Traffic data collection at intersection. 

3.1 Determination of a study area and data collection 

period 

The study area and data collection period were determined with the use of fog related data 

maps provided by the South African Weather Service. These maps of South Africa 

included information relating to fog seasons and fog days per year for all areas of the 

country. Although the study includes both fog and rain weather conditions affecting 

visibility, only maps with fog data were used due to all areas of South Africa experiencing 

rain but not all areas experiencing numerous days of fog per year. Therefore, fog was the 

primary weather type to use for determining a study area while rain data was used for 

validation of the study area. This is because choosing an area based on fog data would 

allow for selection of a study area that can have data collection of both fog and rain 

conditions but, using only rain data could result in selecting an area that does not receive 

many fog days per year. Rain data was served as a validation to correctly selecting the 

time of year to carry out testing. 

The determination of the study area and data collection period from the fog related data 

maps was carried out in the following manner: 

1) The Spatial Fog Distribution in South Africa map (see Appendix A.1, Figure 

A1.1) showing the fog days per year was first examined to determine which areas 

of South Africa have the highest occurrence of fog in terms of fog day frequency 

(in fog days per year). The areas with the highest fog day frequency were selected 

and noted. 

2) Once the areas with the highest occurrence of fog were determined from the 

Spatial Fog Distribution in South Africa map, the information on the Fog Seasons 

in South Africa map (see Appendix A.2, Figure A2.1) regarding which months 

have the highest occurrence of fog (in days per month) was analysed for the 

previously noted areas. This map also indicated the seasons that the different areas 

of South Africa experience fog. All data was then tabulated for analysis. 

3) Upon analysing the monthly and seasonal fog data for the selected areas, a final 

study area within South Africa was selected according to which area would be 

accessible to the investigator in conjunction with determining a two-month data 

collection period that was determined by ensuring that the possible chosen study 

area had a high fog occurrence during months that would match the timeline of 
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the study so that data collection would be carried out during the correct period of 

the year. 

4) The selected study area and data collection period was then validated by using 

rainfall data. The earlier selected two-month data collection period was compared 

against rainfall data for each of the months, this would ensure that the accessible 

study area would have a high probability of both fog and rain occurrence during 

the selected data collection period. From this, one month was chosen where it was 

decided that data collection must be carried out within that short period. 

5) The selected final area would later be used to request crash data for a municipal 

area that sits within the selected final area. This crash data was later used for 

validation of the study area and study problem and selection of intersections for 

solution development. 

6) The selected final study area was then visited during the selected data collection 

period which ensured a high possibility of fog and rain occurrence in order to 

collect vehicle data under poor visibility weather conditions. 

 

Note: The available fog and rainfall data was only readily available in terms of days of 

occurrence per month or per year. As earlier discussed in section 2.4.1, fog and rain do 

not occur for a whole day and what may be considered as a day of fog occurrence might 

actually be a day that fog was present for two hours and then clear for the rest of the day. 

A better unit for measurement for the analysis would have been fog or rain hours per 

month or per year which would provide a better insight into the number of crashes under 

poor visibility compared to clear conditions. Unfortunately, the use of fog or rain days 

per month dilutes the data which may come across as understating the impact of crashes 

during poor visibility conditions and possibly indicating that crash occurrence is high 

under clear conditions, however, if more information was available then that would most 

likely not be the case. Therefore, the approach to the study was done with a simplified 

approach where trends that used fog or rain days per month were deemed sufficient to 

draw conclusions when analysing which areas and intersections posed the highest danger. 

The simplified approach was due to a lack of data. 

3.2 Validation of the study area and study problem with 

crash data 

The determination of a study area and data collection period was carried out before 

validating the study area and the extent of the study problem within it. This was done with 

the use of crash data requested for a municipal area found within the selected study area. 

Analysis of the crash data would be able to indicate if the study area has a history with 

crashes occurring due to visibility issues induced by fog or rain and would also be able to 

provide evidence that the study problem discussed in the earlier literature is prevalent and 

needs to be addressed. 

The validation of the study area and study problem with crash data was carried out in the 

following manner: 

1) Crash data was requested for the municipal area selected from within the study 

area. Crash data was requested from the Transport and Public Works sector of the 

Stellenbosch University https://scholar.sun.ac.za



 

35 

Western Cape Government and was then received in Microsoft Excel format for 

analysis (see supervisor’s letter of confidentiality for crash data submitted to the 

Transport and Public Works sector of the Western Cape Government in Appendix 

B for proof of legitimate crash data acquisition) 

2) The total number of crash entries from the data set were recorded and grouped 

according to the authority areas within the municipal area where the crashes occur. 

Each authorities’ total number of crashes and their first and last dates of crash data 

capturing for all crash entries were tabulated.  

3) Validation of the study area was done by sorting through all entries according to 

weather conditions and junction type. Weather conditions were considered first. 

The full data set was summarised and tabulated according to weather conditions 

at the time of the accident. Each weather condition was shown as a percentage of 

total crashes.  

4) The weather conditions pertaining to the study were then selected and the entries 

that did not meet the correct weather conditions for this particular study were 

removed. Each weather condition pertaining the study was shown as a percentage 

of total crashes for all weather types used for the study. 

5) The same process of analysis completed for weather conditions was then carried 

out for junction type with the use of all the original data entries. Each junction 

type for the crashes was shown as a percentage of total crashes after the data 

entries.  

6) The junction types best suited for the study were then selected and the entries that 

did not meet the selection for this particular study were removed. The tally of each 

remaining junction type was shown as a percentage of total crashes for all selected 

junction types used for the study. 

7) All the original data was then analysed again but with the constraints for both the 

weather condition and junction type mentioned above added to the data. 

Therefore, only the chosen weather conditions and junction types were selected 

to create a resultant data set. 

8) The resultant data - after all constraints were implemented - was considered to be 

the final crash data set used for validation. This data set showed all crash entries 

that were present in the selected municipal area that occurred during desirable 

weather condition for the study and at relevant junction types. The resultant data 

was then discussed in terms of percentage of total crashes occurring during the 

chosen weather conditions and at the chosen junction types. 

 

 

Having a large and meaningful set of data at the end of the above-mentioned method 

validated that the study area is a viable option for further analysis and intersection 

selection as there was evidence of crashes occurring at intersections during weather 

conditions that met the aims of this study. It also indicated that the study problem, 

discussed through literature, had valid crash data evidence of a possible need to be further 

analysed and find solutions to issues that were discussed.  

 

Note: The available crash data has many limitations, most of which are later discussed, 

however, it is important to note that the crash data does not indicate traffic flows nor 

direction flows for any of the intersections under analysis. It was therefore not possible 
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to observe which directional flows pose the most danger nor was it possible to obtain 

information on gap acceptance. If the information was available then a more detailed 

approach would have been possible, however, with the limited knowledge of each crash, 

a more simplistic approach was taken when analysing the crash data which ignored the 

more complex traffic flow components and this was due to a lack of detailed information. 

3.3 Selection of intersections for traffic data collection 

with crash data 

The final crash data set from the study area and study problem validation was used for 

further analysis in the determination and selection of intersections for traffic data 

collection. The purpose of intersection selection was to identify similar intersections 

(junction types) that have common issues related to crashes occurring during poor 

visibility weather conditions. One intersection for each junction type that the crash data 

indicated a repeated experience of common identifiable trends at multiple intersections 

of similar junction types was selected and prepared for traffic data collection which was 

then used for the solution development for each junction type. 

The selection of intersections for traffic data collection with crash data was carried out in 

the following manner: 

1) The resultant crash data set from the study area and study problem validation was 

used to continue the crash data analysis for the selection of intersections for 

solution development. 

2) The resultant data set was tabulated to show the count of crashes and the first and 

last recorded crash date for each authority within the municipal area. The first and 

last recorded crash date for each authority from the original crash date was also 

included for comparison.  The sorting of data in this manner was completed to 

determine which authorities were not suitable for intersection selection.  

3) Authorities with low crash data counts or not in close proximity to the majority of 

recorded crashes were removed from the data set. 

4) The remaining data was then analysed by looking at the locations of the crashes 

as this study only deals with the use of regional road intersections. Google Maps 

was used to determine where each crash was located with input data in the form 

of the given road and node names for each crash entry or with the longitude and 

latitude data if it was given for the crash entry. All crash entries that were not 

located on regional roads were removed from the data set. 

5) The remaining data was then sorted with the use of assumptions where necessary 

by describing each remaining regional route crash entry as being located “In 

Town”, “Edge of Town”, “Out of Town”, “Not in Municipality” or “Unknown”. 

These descriptions of location allowed for improved differentiation between low 

speed and high-speed intersections. 

6) The remaining crash entries were then sorted by node name to group all crashes 

located at the same intersection together. It was noted that groups of crashes at the 

same intersection may be recorded by different node names. Therefore, all crashes 

described by different node names that represent the same intersection were 

grouped together before selection. 
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7) Selection of intersections for later traffic data collection was then carried out by 

selecting the intersections that indicated the highest number of crashes occurring 

during poor visibility weather conditions at different junction types. The selected 

intersections must have met all other aims set out at the start of the study. 

Intersections that indicated a high number of crashes occurring during poor 

visibility weather conditions but were not suitable for the study were also 

discussed. One intersection for each junction type was selected to represent all 

similar junction types during solution development. Reasons were given for the 

selection of one intersection over another intersection with similar characteristics. 

8) Finally, each selected intersection (comparison to the original data crashes 

occurring during each weather condition, month of the year to match the South 

African Weather Service maps to provide further validation of the study area, time 

of day, crash type, crash cause and light conditions). Important findings were 

noted for later use during solution development and for comparison to the results 

obtained from the local resident questionnaires. 

3.4 Validation of the study area and problem through 

local resident questionnaire 

A questionnaire was created for local residents of the study area to participate in. This 
was done to specifically obtain information from road users that make use of the chosen 
intersections or road users that have knowledge of nearby intersections that are faced 
with poor visibility conditions. 

The questionnaire data obtained was used to provide further validation of the study area 

and study problem in a different form from the crash data The questionnaire data would 

also provide vital insight into how locals cope with driving under poor visibility 

conditions and how they feel about what should be done to address the problem. 

3.4.1 Sampling Technique 

Due to the effects of COVID-19 and the unpredictability of South African lockdown 

regulations, it was determined that the questionnaire should be distributed and completed 

online in order to protect the safety of the investigator as well as all the participants 

involved by reducing contact and not handing out hard copies of the questionnaire. 

Therefore, the questionnaire was completed electronically with no face-to-face 

interaction. 

The pandemic situation also played a vital role in terms of finalising a means to distribute 

the questionnaire to the correct respondents. It was decided that setting up a distribution 

network would be required and would also be done online in order to avoid face-to-face 

contact. The set-up of the distribution network was carried out using the following 

methods: 

• Requesting the input of the local municipality of the study area via email to assist 

with the distribution of the questionnaire to local employees and residents. 
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•  Use of social media platforms such as Instagram to request if any of the 

investigator’s social media followers is a resident of or has connections to 

residents of the local municipality of the study area.  

• Use of social media platforms such as Instagram to submit post requests to 

Instagram pages that had a high probability of followers who were residents of 

the Western Cape. These included unofficial University pages (i.e., 

@SUJustKidding) that had no official ties to any tertiary institutions but which 

were able to make the same request for followers to contact the investigator if 

they are residents of or had connections to residents of the local municipality of 

the study area. This had the same effect as the post on the investigator’s personal 

account mentioned above. 

The aim of the distribution network set-up was to use the help of the Municipality to 

generate the majority of respondents for the questionnaire. The use of social media 

was aimed to create a secondary method of reaching the required sample size by 

relying on word of mouth from social circles to generate a list of individuals who 

have connections with local municipality of the study area (either residing in, 

previously residing in or knows of residents from the study area). Those reached by 

the secondary method were asked to help identify key gatekeepers to the community 

that may have access to multiple members of the community (i.e., business owners 

and employees, religious group members, parents or teachers from a local school 

etc.) who would be able to distribute the online survey by sharing the link to the 

Google Forms document to as many community members as possible. Those reached 

by the secondary method were also asked to complete the questionnaire themselves 

and further distribute the questionnaire via email to friends and family who can also 

continue to distribute to as many community members as possible so that a snowball 

effect can be created until the desired sample size is met while doing so safely and 

online. Therefore, based on the method described above, the sampling technique used 

for this study could be labelled as a snowball sampling technique. 

3.4.2 Sample Size Determination 

The sample size was determined with the use of Cochran’s formula for sample size 

(Cochran, 1963). The formula, as described by Israel (1992), was developed to yield a 

representative sample for proportions. The formula is shown below: 

𝑛0 =  
𝑍2𝑝𝑞

𝑒2
 

Where, according to Israel (1992):  

n0 = Sample size 

Z = Standard normal distribution (based on a chosen level of confidence – 1.96 for a 95% 

confidence level) 
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p = Estimated proportion of an attribute present in the population (Degree of variability 

– 0.5 for maximum variability within a population) 

q = 1 – p 

e = Desired level of precision (Margin for error) 

The formula can be used on large populations, however, if a small population is used then 

the sample size may be corrected with the finite population correction for proportions 

(Israel, 1992). The correction formula, as described by Israel (1992), is shown below: 

𝑛 =  
𝑛0

1 +
(𝑛0 − 1)

𝑁

 

Where, according Israel (1992):  

n = The corrected sample size 

n0 = Sample size for large populations 

N = Population size 

Therefore, once the study area determination was completed, the population size for the 

survey was determined as follows: 

1) The total population of the study area was defined with the use of a National 

Household Travel Survey (NHTS). 

2) The total population was further defined by splitting the total number population 

into age brackets. This was done to determine the approximate percentage of the 

study area population that was over the age of 18 (the legal age of a fully licensed 

South African driver). 

3) Once the approximate population over the age of 18 was determined for the study 

area, the number was reduced by a percentage to approximate the total population 

over the age of 18 that are in possession of a full driver’s license. 

4)  The final value represented the survey population size as the approximate number 

of residents within the study area that are over the age of 18 and in possession of 

a full South African driver’s license. 

 

Based on the unpredictable nature of the sampling technique (discussed earlier), the 

Cochran formula was applied with a range of margins of error to determine the most 

desirable sample size as well as the lowest acceptable sample size. 

 

3.4.3 Question Topics 

The following topics of questioning were asked of the participating residents from the 

study area: 
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1) General information of respondents. 

2) Experience of driving under poor visibility weather conditions. 

3) Situations and Comfortability Ratings. 

4) Additional questions for feedback. 

 

Each section was specifically included to provide relevant information to the study that 

would help gain first-hand knowledge of the study area, understand how residents of the 

area view and manage the problem and gain insight towards the population that are 

answering the questionnaire. 

a) General Information of Respondents 

After reading through the project information and signing a consent form, each 

respondent was first asked if they meet the requirements to take the questionnaire. 

Respondents were then asked to answer general information questions about themselves 

that would be relevant to the study. This included age, gender and where in the study area 

they are from. These questions were asked to formulate a basic understanding of the who 

the respondents are. 

Respondents were then asked about the nature of their vision while driving (normal, 

corrected-to-normal with either glasses or contact lenses). This was included to later 

reference if respondents’ answers about perception correlated with their eyesight. 

Finally, respondents were asked how many years of driving experience they have in total 

and how many years of driving experience they have in the study area. This was included 

as an introduction to the second section that elaborated on the respondents’ driving 

experience. 

b) Experience of driving under poor visibility weather conditions. 

This section was aimed at quantifying the driving experience of the respondent as well as 

requesting first-hand knowledge of the study area that weather maps and crash data may 

have missed. Respondents were asked to rank their level of experience of driving under 

poor visibility conditions where 1 was considered to be little experience and 5 was 

considered to be very experienced. Respondents were also asked how they react to 

needing to drive under poor visibility conditions. 

First-hand knowledge of the study area was gained by asking respondents to select exactly 

two months and all time periods within a day that experience the most fog and were asked 

to do the same for the periods with the most rain. Respondents were also asked to estimate 

how far ahead of their vehicle do they think they could see when driving in the thickest 

of fog and heaviest of rain. 

Finally, in this section, respondents were asked to express their feelings towards the issue 

of driving under poor visibility conditions and include what they think the biggest 

concerns are of the problem. Respondents were also allowed the opportunity to add any 

further comments at the end of the section. 
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c) Situations and Comfortability Ratings. 

The reason for the inclusion of this section was to scale and quantify the feelings and 

actions taken by respondents in situations related to the problem. This was done with the 

use of a comfortability rating where 1 represented the least desirable feeling (most 

uncomfortable, unsafe and/or uncertain) and 5 represented the most desirable feeling 

(most comfortable, safe and/or certain). 

The comfortability ratings were applied to four situations. Firstly, how safe the 

respondent feels while driving under poor visibility conditions. Secondly and thirdly, how 

comfortable and certain a respondent feels when needing to pull off at an intersection 

under poor visibility conditions, for fog and rain respectively. And lastly, how safe would 

the respondent feel if a solution was implemented at the intersection that aided them with 

when to pull off during poor visibility conditions that cause them to be unable to see 

oncoming traffic. 

d) Additional questions for feedback. 

The final section of the questionnaire contained one question that asked the respondents 

what they would like to see improve the safety of intersections faced with poor visibility 

conditions and then allowed for further feedback from the community with the addition 

of another opportunity for comments. 

3.4.4 Questionnaire 

See Appendix C.1 for the English version of the full extent of questions discussed in 

section 3.4.3. The questionnaire was presented and distributed with the use of Google 

Forms and had a consent form that preceded the questionnaire questions. 

Note that submission of the questionnaire was not possible unless all questions were 

answered with the exception of Question 3 in Section 2 (as it was only applicable if a 

specific answer was selected on a previous question), Question 12 in Section 2 (additional 

comments were not made compulsory for submission) and Question 2 in Section 4 

(additional comments were not made compulsory for submission). 

Also note, Questions 4 and 7 in Section 2 had a requirement of only selecting two months. 

Therefore, it was not possible to spoil the response with more than or less than two 

selections for each of these questions. 

 

3.4.5 Effect of Questionnaire on Participants 

The questionnaire took no longer than 15-20 minutes of a participant’s time. The 

questionnaire was distributed electronically towards the end of the fog and rain season so 

that participants recent experience of driving under poor visibility conditions. This was 

done to improve the accuracy of questionnaire answers. 

The questionnaire did not have any crash related questions but did include questions 

asking how comfortable participants feel when driving under poor visibility conditions. 
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The questions are provided in Appendix C as an English version, however, in order to not 

discriminate against any participants with language of choice, the questionnaire was made 

available in Afrikaans, isiXhosa and English as those three languages are the most used 

in the Western Cape. 

Participants needed to be older than 18 years of age and have possession of a driver’s 

license. There was no reward or physical incentive for completing the questionnaire. 

Participants were also required to be from Saldanha Bay Municipality or at least have 

experience with driving in the area. 

The study was positively advantageous to a member of the Saldanha Bay Municipality 

area because the study was based on finding a solution to a major problem for an area that 

they would be familiar with. A participant would feel the satisfaction of providing 

meaningful input into the solution as the final question of the questionnaire allows for the 

participant to leave an additional comment on what they think would improve the problem 

that the study was aiming to solve. This allowed for the participant to feel involved in the 

study and positively add to the study rather than only having to provide designed 

questions that do not leave from opportunity for additional input. 

In terms of personal information, the questionnaire did not ask for any identification 

information such as name, identification number or driver’s license information. Age, 

gender, eyesight ability and years of driving experience were the only person-related 

information asked of the participant in order to keep identity anonymous. 

3.5 Traffic Data Collection at Intersection 

The selected intersections from the crash data analysis were required to undergo traffic 

data collection. This was to aid with the developmental process of finding a solution to 

the study problem. Traffic data collection was also carried out to allow the investigator to 

experience the poor visibility weather conditions that each of the intersections face. 

Permission to perform traffic data observation was requested from both Saldanha Bay 

Municipality and the Western Cape Government Department of Transport and Public 

Works. Attached in Appendix D is the Letter of Permission for undertaking traffic data 

collection on provincial roads in the West Coast District Municipality granted on behalf 

of District Roads Engineer: Paarl, Mr Stewart Bain, signed by Liesel Maakal. Note that 

West Coast District Municipality contains Saldanha Bay Municipality as well the local 

municipalities of Swartland, Bergrivier, Cederberg and Matzikama. 

Traffic data was recorded through observations of both vehicle users of the intersection – 

the vehicle users that approach the stop signs of the intersection and the vehicle users that 

make use of the through road. The traffic data collection took place during clear 

conditions and also during all poor visibility weather conditions considered for the study. 

3.5.1 Traffic Observation Safety 

The investigator, with the help of a fieldworker for stopwatch speeds only, carried out the 

traffic observations. Safety was considered as high priority when carrying out the traffic 
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observations at each intersection. The following points were adhered to during each traffic 

observation period, in both normal/clear conditions and during all poor visibility weather 

conditions considered for the study: 

• The investigator and investigator adhered to COVID-19 protocols. For example, 

social distancing and wearing a mask when travelling to/from an intersection and 

when observing an intersection. 

• The private vehicle used to travel to the intersections was parked off of the 

intersection at a safe distance away from the road surface. This ensured no 

physical obstruction to the road users and utmost safety for the investigator and 

fieldworker.  

• The investigator and fieldworker remained at a safe distance (approximately 5 m) 

away from the road surface when using a speed gun or stopwatch. 

• The investigator and fieldworker wore high-visibility reflective vests at all times. 

• No observations were made during night-time conditions. For personal safety and 

for the safety of road users who may not see from a distance that observations 

were taking place 

3.5.2 Traffic Observation Procedures 

Once the investigator was safely set up at an intersection according to the discussed terms 

in the Letter of Permission (see Appendix x), the following was recorded at the start (or 

over the duration) of each observation period at each intersection: 

1) Month of the year. 

2) Time of the day. 

3) Reported weather conditions. 

4) Reported visibility if under poor visibility conditions.  

The following method was used to record the visibility approximations of the intersection: 

1) As discussed through literature, visibility can be challenging to accurately record, 

even with the correct instrumentation. Therefore, for the purpose of this study, a 

visual approximation by the investigator was performed at regular intervals to 

record an updated value of visibility that will account for the frequently changing 

visibility conditions that were also discussed through literature. 

2) The following section from the literature chapter was used to set out a method of 

visibility approximation: 

 

“In terms of the actual physical measurement of visibility for human 

observation, the WMO suggest in their 2018 edition of the ‘Guide to Instruments 

and Methods of Observation’ that MOR can be estimated with the use of objects 

such as trees, rocks, towers, lights and buildings. An observer should have what 

is considered to be normal vision (no visual impairments) and be trained to make 

observations. Observations should be made approximately 1.5 meters from the 
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ground with no devices to improve the observers vision, while also ensuring that 

there is nothing that would impair or alter their line of sight (for example, no 

observations should be done through a window glass in a control tower) (World 

Meteorological Organization, 2018).” 

 

3) With the use of Google Maps measuring function and driving through 

intersections and measuring with the use of a vehicle’s measuring instruments, 

distances from the point of observation to known, unobstructed objects around 

each intersection were noted. The investigator used these reference points to 

approximate a visibility distance each time the conditions noticeably changed 

when performing observations. 

For all recorded traffic observations, a vehicle type was noted due to different vehicle 

types travelling at different speeds and pulling off from the stop sign at different rates. 

The following vehicle types were recorded and denoted according during all observation 

periods: 

1) LV – Light Vehicle (Car, Pick-up, Light Delivery Vehicle) 

2) MB – Minibus Taxi 

3) B - Bus 

4) HV ST – Heavy Vehicle Small Truck (10 or less wheels) 

5) HV LT – Heavy Vehicle Large Truck (10 or more wheels) 

6) + T – Trailer (if previous any mentioned vehicle had a trailer attached) 

7) S – Special (Any less common mode of transport such as Motorcycle and TLB) 

In order to understand the interaction between road users at each intersection under 

normal and poor visibility conditions for later use during solution development, the 

following speeds, times and observations of vehicles entering and exiting the intersection 

were recorded for later analysis: 

For traffic approaching the intersection without stop sign: 

1) Approach speed (used to determine average, maximum and minimum approach 

speeds). First completed with the help of a fieldworker who used a stopwatch to 

time cars over a 20 m distance and speed was calculated with distance and time. 

This was replaced with approach speeds captured with the use of an acquired 

speed gun as stopwatch speed was significantly lower than the speed gun times 

due to speed guns capturing speed at a point while speed with a stopwatch was 

captured over 20 m with high chance of human error and could not account for 

acceleration and deceleration. 
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2) Observed whether another vehicle was waiting at the stop sign during approach 

and note any changes to average approach speed compared to without a waiting 

vehicle. 

For traffic approaching the intersection at a stop sign:  

1) Wait time and observations of initial intersection entry behaviour (normal 

conditions with no approaching vehicle vs normal conditions with approaching 

vehicle vs poor visibility conditions and unknown information of approaching 

vehicle). 

2) Time to enter intersection and turn left, or to enter intersection, cross over the 

intersection and turn right. 

3) Observed pull-off behaviour (wait until totally clear of approaching vehicles or 

pull off with approaching vehicle) 

Data was recorded for all intersections under clear, fog and rain conditions for both 

directions of travel, therefore, one direction of travel and one stop street were observed 

per observation period before switching sides under the same weather conditions.  

Clear data was collected for 45-to-60-minute periods per direction to obtain a large base 

set of data to compare against poor visibility data sets. Poor visibility data was collected 

for 15-to-20-minute periods per direction. This was due to fog visibility improving within 

an hour after sunrise. Time was needed to observe both sides of the intersection before 

the fog had lifted. In terms of rain, high intensity periods would not last longer than 2 to 

3 minutes and the variation in rain intensity would reduce to no rain if observation periods 

were longer than 20 minutes per direction. 

3.5.3 Traffic Observation Analysis 

All traffic data would either be hand-written or voice recorded during the observation 

periods. This data would then be transferred to Microsoft Excel spreadsheets as raw data 

for later analysis. The data that is shown in the appendices include the sorted and 

summarised raw data. The sorting included finding the following per weather type, per 

direction: 

For all traffic approaching the intersection: 

1) Count (total vehicles passed during the observation period). 

2) Record (while all vehicles had their vehicle type and direction of travel recorded, 

not all vehicles had speeds or times taken. This was either due to speed and stop 

street vehicles approaching at the same time and only one could be recorded, two 

vehicles approaching at the same time in the same direction and only one could 

be recorded, or a mistake was made during the stopwatch timings). 
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For traffic approaching the intersection without stop sign: 

1) Number of high-speed vehicles travelling faster than the speed limit. 

2) Average speed for all vehicles in that direction. 

3) Maximum speed and vehicle type allocated to the maximum speed. 

4) Minimum speed and vehicle type allocated to the minimum speed. 

For traffic approaching the intersection at a stop sign:  

1) Number of vehicles that did not stop. 

2) Average crossover/turning time for all vehicles in that direction. 

3) Maximum crossover/turning time and vehicle type allocated to the maximum 

crossover/turning time. 

4) Minimum crossover/turning time and vehicle type allocated to the minimum 

crossover/turning time. 

5) For intersection 2, a dual carriageway, the crossover and crossover movement, as 

well as the over and right turn movements were recorded as separate 

crossover/turning times as the movements were separated by a median. 

After all data was sorted, trends relating to visual observations, through speeds, turning 

speeds and stop street turning data were identified and discussed. 
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Chapter 4: Results and Discussion 

This chapter records and discusses the results obtained from all methods described in 

chapter 3. The methods were used to carry out the data collection process for the study so 

that a study area could be determined, suitable intersections for traffic data collection 

could be selected through crash data analysis, an understanding of local residents’ 

thoughts on the study problem could be obtained through a questionnaire and finally, 

traffic observation data could be collected to aid with solution development.  

4.1 Determination of a Study Area 

Following the method discussed in section 3.1, a study area was determined with the use 

of fog related data maps provided by the South African Weather Services (see Appendix 

A.1, Figure A1.1 and Appendix A.2, Figure A2.1) and then with the use of rainfall data. 

4.1.1 Fog Related Data Maps 

a) Results 

The data for all areas graphed on the Spatial Fog Distribution Map (Olivier & van 

Heerden, 1999) found in Figure 4.1 (and again in Appendix A.1 (Figure A1.1) for ease of 

use) has been summarised in Table 4.1 below. Table 4.1 shows all eight areas’ years of 

recorded data, year with the highest fog days per year recorded and year with the lowest 

fog days per year recorded. The data has been sorted by the highest fog days per year 

column (‘Fog Days/Year (High)’). 

Table 4.1: Summarised data from the Spatial Fog Distribution Map (Olivier & van 

Heerden, 1999) 

 
 

The sorted Table 4.1 indicates that Woodbush (220 days in 1921), Port Nolloth (175 days 

in 1967 and 1971), Alexander Bay (145 days in 1979) and Cape Columbine (130 days in 

1963) are the areas with the highest recorded fog days in a year and were selected and 

noted for further analysis. It was also noted that Cape Columbine (80 in 1975) had the 

highest number of fog days compared to the other areas in the year with their lowest 

recorded fog days. This was assumed to be a positive indication of favourable fog testing 

conditions even in the event of the worst possible year for testing in fog conditions. After 

the analysis of the first map, Cape Columbine was deemed to be the best viable area for 

testing based on the area having the highest low number of fog days in the year while still 

having the fourth highest high number of fog days per year. Therefore, Cape Columbine 

Location Years of Recorded Data Fog Days/Year (High) Year (High) Fog Days/Year (Low) Year (Low)

Woodbush 55 (1906-1960, excl. 1908, 1913) 220 1921 55 1947

Port Nolloth 26 (1960-1980, excl. 1982) 175 1967, 1971 60 1984

Alexander Bay 25 (1960-1984) 145 1979 45 1966

Cape Columbine 31 (1960-1990) 130 1963 80 1975

DF Malan (CT) 31 (1960-1990) 85 1980 25 1966

Jan Smuts (Jhb) 29 (1960-1989, excl. 1964) 52 1975 9 1983

HF Verwoerd (PE) 31 (1960-1990) 43 1985 8 1962, 1968

Bloemfontein 28 (1963-1990) 32 1976 7 1985
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was followed by Woodbush, Port Nolloth and Alexander Bay as the next three most viable 

areas. 

 

 

Figure 4.1: Spatial Fog Distribution in South Africa Map provided as an 

attachment from the South African Weather Services (Olivier & van Heerden, 

1999). 
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Figure 4.2: Fog Seasonality in South Africa Map provided as an attachment from 

the South African Weather Services (Olivier & van Heerden, 1999). 
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The data for all areas graphed on the Fog Seasonality Map (Olivier & van Heerden, 1999) 

found in Figure 4.2 (and again in Appendix A.2 (Figure A2.1) for ease of use) has been 

summarised in Table 4.2 below. Table 4.2 shows all eight areas’ years of recorded data 

shown on the previous map, with the addition of data for PW Botha (George) as a ninth 

area. For each area, the highest and lowest number of fog days in a month are shown. The 

data has been sorted by the highest fog days in a month column (‘Fog Days/Month 

(High)’). 

Table 4.2: Summarised data from the Fog Seasonality in South Africa Map (Olivier 

& van Heerden, 1999) 

 
 

The sorted Table 4.2 indicates that Port Nolloth (20 days in March), Woodbush (20 days 

in January), Cape Columbine (14 days in March) and Alexander Bay (11 days in May) 

are the areas with the highest recorded fog days in a specific month and were compared 

against the selected areas from the first map. It was also noted that Woodbush (7 in July) 

and Cape Columbine (6 in September) had the highest number of fog days compared to 

the other areas for their respective month with their lowest recorded fog days. This was 

assumed to be a positive indication favourable fog testing conditions even in the event of 

the worst possible scenario for testing in fog. Analysis of the second map alone showed 

that Port Nolloth was deemed to be the best viable area for testing, followed by 

Woodbush, Cape Columbine and Alexander Bay. 

b) Study Area Selection 

After the analysis of both fog related data maps, there were four areas that would be 

accepted as a viable study area. The four areas that were selected from both maps were 

(in alphabetical order): Alexander Bay, Cape Columbine, Port Nolloth and Woodbush. 

In terms of carrying out the study, the investigator needed to be situated close to the study 

area in order to travel to the study area at short notice for testing under favourable weather 

conditions for the study. During the time of the study, the investigator was based in 

Stellenbosch, Western Cape and a study area located in the Western Cape or surrounding 

areas was preferred for selection. This resulted in the removal of Woodbush, Limpopo 

from the possible study areas. 

Alexander Bay, Northern Cape ranked as the least suited of the four areas based on the 

highest number of fog days in a given month (11 in May) and also ranked lowest of the 

Location Fog Days/Month (High) Month (High) Fog Days/Month (Low) Month (Low)

Port Nolloth 20 March 7 July

Woodbush 20 January 4 May

Cape Columbine 14 March 6 September

Alexander Bay 11 May 2 November

DF Malan (CT) 7 May 0.5 January

Jan Smuts (Jhb) 4.5 April 1.5 February

PW Botha (George) 3.5 October 0.5 January

HF Verwoerd (PE) 3 March 1.5 February

JBM Hertzog (Bloem) 2 June 0.1 January
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four areas in terms of lease amount of fog days in a year (45 in 1966). This resulted in the 

removal of the area from the possible study areas. 

Between the remaining areas of Cape Columbine, Western Cape and Port Nolloth, 

Northern Cape, Port Nolloth ranked higher based on the fog seasonality data while Cape 

Columbine ranked higher on the fog days per year based on having a higher number of 

fog days during its worst year for number of fog days recorded. Therefore, with both areas 

a viable option in terms of fog days, the decision was made based on the area’s proximity 

to the investigator. Cape Columbine is approximately 180 km from Stellenbosch while 

Port Nolloth is approximately 700 km from Stellenbosch, therefore, Cape Columbine was 

selected as the final study area as it provided suitable fog data while also having the 

benefit of having better accessibility for making multiple trips to collect data. 

c) Study Area Description 

Cape Columbine is situated 5 km west of Paternoster and lies within Saldanha Bay 

Municipality. It was decided that the entire municipal area was to be considered for data 

collection so that all surrounding roads faced with similar weather conditions would be 

considered when selecting specific intersections for analysis. Therefore, all crash data 

was requested for Saldanha Bay Municipality and all questionnaire questions were aimed 

at local residents of the study area or to the general public that had experience with driving 

under the weather conditions faced by the study area. 

Figure 4.3 shows where Saldanha Bay Municipality is situated within the Western Cape 

Province. The red marker in Figure 4.3 indicates the exact location of Cape Columbine 

in relation to the surrounding towns that form part of the study. 
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Figure 4.3: Map of Saldanha Bay Municipality with Cape Columbine Highlighted 

in Red (Western Cape Government, 2017) 

d) Suitable Fog Data Collection Period for the Study Area 

After selecting Cape Columbine as the final study area, the graphical data relating to Cape 

Columbine on the Fog Seasonality Map (Olivier & van Heerden, 1999) found in 

Appendix A.2 (Figure A2.1) was tabulated to show the monthly fog data (see Table 4.3 

below). As shown earlier in Table 4.2, Cape Columbine’s highest fog days per month 

occurs in March while the lowest fog days per month occurs in September which is again 

shown in Table 4.3 below. 
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Table 4.3: Cape Columbine Average Fog Days per Month (Olivier & van Heerden, 

1999) 

 

Table 4.3 indicated that the best two-month period for data collection occurs over March 

and April (an average of 14 and 13 fog days per month respectively). However, it is 

important to note that fog can occur in each month, and thus, if need be, on an average 

year, fog data collection could be possible for any month of the year. 

4.1.2 Rainfall Data for Selected Study Area 

a) Average Monthly Rainfall for the Selected Study Area 

Saldanha Bay Municipality has many towns within its borders and it may be possible to 

use the rainfall data of any one of these towns in order to obtain an idea of the amount of 

rain that falls on average in the area for each month of the year. 

For this study, it was decided to use a town that is located centrally within the municipal 

area. This is an assumption that a centrally located town will provide an approximation 

of average rainfall amongst other towns located on the coastal areas and towns that are 

located just inland of the coast. Langebaanweg was selected for use of rainfall data as it 

meets the criteria of a centrally located town within the municipal area. Figure 4.4 

indicates where Langebaanweg is situated within Saldanha Bay Municipality with a red 

marker. 

Months of the Year Fog Days/Month

January 9.5

February 11

March 14

April 13

May 12

June 8

July 8

August 6.5

September 6

October 7.5

November 7.5

December 9
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Figure 4.4: Map of Saldanha Bay Municipality with Langebaanweg Highlighted in 

Red (Western Cape Government, 2017) 

In a 2014 report compiled by the Council for Scientific and Industrial Research (CSIR) 

for the Western Cape Government, rainfall, humidity and cloud cover data between 1961 

and 1990 provided by the South African Weather Service for Langebaanweg was 

tabulated. Table 4.4 below summarises a portion of the original table and presents only 

the average monthly rainfall data (in mm) and the average number of days for each month 

that would have ≥1 mm of rainfall (referred to as ‘rain days’). 
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Table 4.4: Langebaanweg Average Rainfall 1961 to 1990 (CSIR, 2014) 

 

Table 4.4 indicated that for the observed period, Langebaanweg (and in terms of the 

assumption made for this study – Saldanha Bay Municipality) has its highest average 

rainfall and highest amount of rain days between May and August and its lowest average 

rainfall and lowest amount of rain days between October and March. 

b) Suitable Rain Data Collection Period for the Study Area 

Based on the data presented above in Table 4.4. The best two-month period for data 

collection, based on rainfall only, occurs over July and August (an average rainfall of 47 

mm on 7.1 rain days and an average rainfall of 45 mm on 6.8 rain days respectively). 

Although the data indicates that rain can occur in each month, December, January and 

February should be completed avoided in terms of collecting rain data, while March, 

October and November provide a chance for rain data collection but may not be reliable 

months for data collection. 

4.1.3 Determination of Study Area Discussion and Summary 

After analysis of fog related data maps, Cape Columbine was chosen as the selected study 

area for this study. Due to Cape Columbine falling within the Saldanha Bay Municipality, 

it was decided that crash data would be requested for the road network of the whole area 

due to the municipal area being likely to experience similar weather conditions to Cape 

Columbine. Similarly, a questionnaire would be aimed at residents of Saldanha Bay 

Municipality and to the general public that had experience with driving under the weather 

conditions faced by the selected study area. 

Closer analysis of the fog data for Cape Columbine between 1960 to 1990 showed that 

the best two-month period for fog data collection would be March and April while it was 

also noted that it is possible to have fog occurring in all months of an average year.  

Closer analysis of the rainfall data taken from Langebaanweg (selected for its central 

location within Saldanha Bay Municipality on the assumption that it would provide the 

Months of the Year Ave. Monthly Rain (mm) Rain Days/Month (1 >= mm)

January 8 1.9

February 4 1.2

March 11 2.2

April 24 3.9

May 40 6.3

June 41 6.4

July 47 7.1

August 45 6.8

September 24 4.9

October 12 2.8

November 12 2.4

December 10 2.4
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best average rainfall data for the study area) between 1961 to 1990 showed that the best 

two-month period for rain data collection would be July and August. It was noted that 

December, January and February would not be suitable for rain data collection and that 

March, October and November may be unreliable for rain data collection. 

Comparing both fog and rainfall data, there is no direct overlap between the best two-

month periods for each weather type, however, it was noted that fog may occur each 

during each month of the year with September having the least average fog days per 

month at 6 days which still accounts for 20% of the month. Therefore, it was determined 

that the best two-month period for testing occurs during the best months for rainfall which 

was July and August but it is important to note that if the study timeline needed to be 

moved due to delays or for any other reason, then the data collection should fall between, 

at earliest April and at the latest September based on the months that were not discussed 

as a cause for concern when analysing the rainfall data. 

Finally, it was noted that while the fog and rainfall data observation periods (1960 to 1990 

and 1961 to 1990 respectively) were very similar in time frame, the data collection period 

of this study was carried out in 2021, which is 31 years after the final year of observed 

weather data. There is a possibility that the averaged data may have changed since the 

observation period. This possibility for changed was mitigated during the questionnaire 

data collection where two questions were posed to the respondents about which two 

months of the year that they feel experience the most fog and the most rain in the Saldanha 

Bay municipal area. 

4.2 Determination of intersections and validation of the 

study area and problem through crash data 

Following the method discussed in section 3.2, after the determination of a study area and 

ideal data collection period, the determination of intersections and validation of the study 

area and problem were completed with the use of crash data. 

As discussed in section 4.1, the Western Cape’s Saldanha Bay Municipality was selected 

as a study area. Crash data was requested from the Transport and Public Works sector of 

the Western Cape Government and was then received in Microsoft Excel format for 

analysis (see supervisor’s letter of confidentiality for crash data submitted to the 

Transport and Public Works sector of the Western Cape Government in Appendix B for 

proof of legitimate crash data acquisition). Due to the confidentiality of the data, the raw 

data set will not be shown in the Appendices and the following analysis contains the 

sorted, grouped and summarised information relating to the study only. 

4.2.1 Crash Data Set Information 

The Saldanha Bay Municipality crash data received from the Western Cape Government 

included 28 483 crash entries from 7 different authorities within the municipal area, 

dating from 4 September 1999 until the last recorded entry on 3 November 2017. 
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All crash entries were further described with the use of 41 columns of information relating 

to each crash. The titles of all 41 columns of crash data information are shown in Table 

4.5 below. 

Table 4.5: Crash Data Entry Information Labels 

 
 

The crash data information columns were used during analysis to sort the received data 

set to include usable crash entries and to remove crash entries that were deemed irrelevant 

to the study. 

4.2.2 Crash Data Limitations, Guidelines and Assumptions 

a) Crash Data Limitations 

Analysis of the original crash data set showed that there are limitations to the 

interpretation of the crash data which restricts the full potential of crash data use. The 

limitations range from missing data to data that may not be accurate. All the limitations 

can be related to the crash data information labels listed in Table 4.5. Each of the 

limitations and their repercussions are discussed below: 

1) ‘Authority’ could seldom contain a crash from outside of Saldanha Bay 

Municipality when analysing the road name and coordinates of the crash. 

# Crash Data Information # Crash Data Information

1 Authority 22 Road Direction

2 Accident Type 23 Road Marking Condition

3 Date of Accident 24 Road Marking Type

4 Day of Week 25 Road Sign Condition

5 Timeslot 26 Road Sign Visibility

6 Weather Conditions 27 Road Surface Condition

7 Flat or Sloped 28 Road Surface Quality

8 Junction Type 29 Road Surface Type

9 Light Conditions 30 Road Type

10 Number of Dead 31 Specified Animal

11 Number of Not Injured 32 Specified Cause

12 Number of Unknown 33 Specified Object

13 Number of Pedestrians Involved 34 Specified Obstruction

14 Number of Serious Injuries 35 Speed Limit

15 Number of Slight Injuries 36 Control Type

16 Number of Vehicles Involved 37 Road

17 Number of Cyclists 38 Node

18 Number of Pedestrians 39 Traffic Kilometer Value

19 Liquor 40 Latitude

20 Obstructions 41 Longitude

21 Police Station
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When working with smaller sections of the crash data, it was noticed that there were 

seldom cases of a crash reported to fall under an authority that is within Saldanha Bay 

Municipality but, at closer inspection of the exact location of the crash, the 

coordinates or the road name indicated that the crash occurred outside of the 

municipal area.  

The implication of this meant that, of the given 28 483 crash entries, it must be 

assumed that the total crash entries are an approximation of the total number of 

crashes that occurred. The exact number of recorded crashes would only be possible 

to determine if the crash data from all municipal areas in the country were analysed 

and consolidated to ensure that all data relating to Saldanha Bay Municipality was 

correctly recorded. 

2) ‘Unknown’, ‘Other’ and blank information feature prominently. 

For a number of columns of the crash data set, any given crash entry would often have 

missing data that was either left as a blank cell on the Excel spreadsheet or recorded 

with an entry of ‘Unknown’ or ‘Other’. These entries were found to occur for accident 

types, weather information, junction types, road surface conditions and many others. 

The recording of crash data in this manner implicated the accuracy of the data when 

analysing the data as a full set. This meant that when the analysis led to removing 

crash entries that did not pertain to this study, any entries that had a blank cell, 

‘Unknown’ or ‘Other’ recorded for a column of data that was in the process of being 

analysed had to be removed even though there may be a possibility that the crash entry 

did meet the requirements for the study but was simply not recorded correctly. As 

with the first point, this limitation meant that the number of crashes recorded for 

further analysis may in fact be higher than the number stated in this report. 

3) Gaps in the ‘Date of Accident’ occur. 

Although this limitation will be discussed in more detail later, it is important to 

mention that there was a noticeable difference between the first and last recorded 

crash date for each authority within the municipal area. From the received data, the 

first recorded crash in Hopefield was over a year earlier than the first recorded crash 

in St. Helenabaai, while the last reported crash in Vredenburg PAWC (Provincial 

Administration of Western Cape) came almost two years after the last recorded crash 

in St. Helenabaai. It was also noticed that the date of last recorded crash entry for the 

entire data set was 3 November 2017, however, the next earliest crash entry was 31 

May 2017.  

These findings made it difficult to decide on the best start and end date of accurate 

recording of the received data. The varying recorded dates and noticeable gaps within 

the crash data created further doubt (added to the doubt mentioned in both points 1) 

and 2)) on the accuracy of the total amount of crashes recorded compared to the exact 

number of crashes that actually occurred at these locations. 

4) Lack of description for weather conditions. 
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While 98.44% of all crash entries (28 039 out of 28 483 crash entries) had a weather 

condition recorded (425 unknown conditions and 19 left blank), there was no further 

description or indication of the severity of adverse weather conditions. 

This was a limitation to this study in particular as there was no record of the level of 

reduction of visibility during the ‘Mist/Fog’ condition and no record of the intensity 

of the ‘Rain’ condition. Therefore, an assumption was needed when analysing by 

weather condition. 

Furthermore, there were 40 crash entries that had a weather condition recorded as 

‘Rain’ but the road surface condition was listed as ‘Dry’ which does require further 

explanation to understand the weather conditions at the time of each crash. During 

603 crash entries with ‘Overcast’ weather conditions, 474 crash entries had a ‘Wet’ 

road surface condition, 128 crash entries had a ‘Wet in areas’ road surface condition 

and 1 crash entry had a ‘Water: standing or moving’ road surface condition. It is 

unclear if these were the conditions at the time of recording for the crash at the exact 

time of the crash. With rain intensities constantly changing, it is possible that the wet 

road surface conditions may indicate that rain occurred at the time of the crash but 

during recording of the crash, the rain may have stopped. Therefore, an assumption 

was needed when analysing by weather condition. 

5) Gaps in recording of ‘Specified Cause’ for crashes. 

Only 11 168 crash entries (39.2% of total crash entries) contained a recorded crash 

cause. The following years had less than ten crash entries with a specified cause: 1999, 

2003, 2004, 2005, 2007 and 2008. Consistency in recorded crash causes for each entry 

only began to show towards the end of 2009 and start of 2010. 

This was a concern as it was important to understand if the weather added to the cause 

of an accident for the study. A lack of crash description limits the understanding of 

crash trends in the data. 

6) ‘Flat or Sloped’ road surface. 

The ‘Flat or Sloped’ column was provided in the received crash data, however, no 

data relating to the nature of the gradient of crash location was recorded for any crash 

entry as all entries were left as blank cells. 

While not an important limitation for this study, it was noted that this missing 

information could be useful for studies that wish to correlate the crash data to different 

gradients. 

7) Issues with road marking and road sign data. 

The ‘Road Marking Condition’ data column was not descriptive enough for detailed 

analysis. The road marking condition at the site of the crash was either recorded as 

‘Good’, ‘Not good’, ‘N/A’, ‘Unknown’ or the cell was left blank. ‘Road Marking 

Type’ was recorded as ‘Unknown’ for all 28 483 crash entries.  
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The issue was replicated with the ‘Road Sign Condition’ data column as it was also 

not descriptive enough for detailed analysis. The road sign condition was either 

described as ‘Good’, ‘Not good’, ‘Damaged/missing’, ‘N/A’, ‘Unknown’ or the cell 

is left blank. 

This limited the understanding of each crash as there was not enough data to 

understand what road marking and road sign information was available to drivers at 

the time of each crash. 

8) Speed limit was only first recorded in 2012 and only more consistently recorded 

from 2016. 

Only two crash entries from 2012, two crash entries from 2014 and fifteen crash 

entries from 2015 had the speed limit of the road where the crash was recorded. The 

speed limit of roads could therefore only be determined by individually reviewing 

each entry. This limited the understanding of the crash site for each crash entry as 

there was no indication of the usual speeds that occur on each road. 

9) Location of crash entries. 

There was a limitation on the understanding of location for each crash entry as the 

exact location of the crash entry was often not clear. This could be due to a mismatch 

of data (which is the next point to be discussed) or due to insufficient recording of the 

crash site data. Out of the 28 483 crash entries, only 9 150 crash entries (32.12%) 

were recorded with specified longitude and latitude coordinates and there was no 

correlation between having location coordinates and the date of the recorded crash 

entry. For the entries with no recorded coordinates, only 1 795 crash entries (6.30%) 

had a recorded kilometre value that would identify how far along the mentioned road 

that the crash occurred. Therefore, only 38.43% of total crash entries received had an 

exact location identifier. The remaining crash entries either had their location data left 

as blank cells or would indicate that the recorded kilometre value was 0. This would 

be suitable for crashes that occurred at intersections where a road begins and the 

kilometre value is 0, however, if the exact location of the crash was not known and 

the crash was stated to be ‘Not at junction’, very often the recorded kilometre value 

would still be recorded as 0 and this was assumed to be an unreliable kilometre value. 

A lack of recorded data for the exact location of crashes hinders the ability to fully 

capture the extent of a problem for a given intersection or for any stretch of road 

between intersections. The incorrect recording of location may lead to the 

approximation of crashes at a given intersection and not an exact number of crashes. 

10) Mismatch of data. 

There were two instances of a mismatch of data with this study. The first being that 

intersections were not homogenously named. For example, the R399 is a regional 

route that passes through Vredenburg and is also referred to as the MR238. Referred 

to as the R399 and the MR21 on either side of Vredenburg, it was recorded as Main 

St inside of the town but recorded as Hoof Weg (the Afrikaans equivalent) and 
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sometimes Hoof St as well. The changes of intersection labelling increase the 

likelihood of errors made when correctly recording crash data. 

The second instance of a mismatch of data with this study occurred with the ‘Junction 

Type’ and ‘Control Type’ data labels. The ‘Junction Type’ had a range of selections, 

including the option of ‘Not at junction’. However, there were instances of crash 

entries where the ‘Junction Type’ indicated ‘Not at junction’ and the ‘Control Type’ 

should have also indicated ‘Not at junction’ but instead indicated a designated control 

type. The mismatch in the data again limited the reliability of the crash data and 

resulted in the necessity of an assumption to be made (discussed later).  

In summary, it was concluded that the limitations mentioned above negatively affect the 

reliability of the data to provide accurate values regarding the exact number of crashes 

occurred and recorded as well as their exact locations and descriptions. It was therefore 

decided to use the all of the received crash data given to the investigator, regardless of 

gaps in the crash data. Therefore, no crash entries would be excluded based on the year 

that each crash was recorded and this was done to make use of all available data for better 

approximation of at-risk intersections. The crash data would therefore be considered as 

an approximation of the number of crashes in Saldanha Bay Municipality and that all 

resultant data that came from further analysis of the original data would be deemed to be 

an approximation of the number of crashes but a reliable indicator of trends for crashes 

in the study area by the investigator. 

b) Crash Data Guidelines and Assumptions 

Due to the use of the crash data as an approximation, after considering the limitations of 

the crash data discussed earlier, the following guidelines and assumptions were made and 

used when analysing the received crash data: 

• The resultant crash data would be used for a validation of the existence of the 

study problem occurring within the chosen study area and not to report on an exact 

number of crashes that occur within the chosen study area. 

• The resultant crash data would be used for the selection of intersections based on 

evidence of crashes occurring due to the study problem and not due to the number 

of crashes alone as it was concluded that each number is an approximation and 

that the crash data may not be accurately recorded. 

• All crash entries that had a weather condition recorded as ‘Mist/Fog’ or ‘Rain’ 

were considered for analysis when determining the number of crashes during each 

of these weather conditions regardless of crash cause. Analysis in this manner 

would result in an inaccurate exact number of crashes, but due to the limitations 

mentioned earlier regarding a lack of recording for specified crash causes as well 

as a lack of description for the severity of each weather condition, this was decided 

to be the best approach to finding an appropriate approximation for where 

accidents occurred during these weather conditions. Therefore, again based on the 

discussed limitations, it was assumed that the specified crash cause listed as 

‘Severe weather conditions/vis’ accounted only for crashes that occurred in the 
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worst possible weather conditions but did not account for the crashes that occurred 

during the less severe weather conditions that would still contribute to the cause 

of the crash and would perhaps instead be listed as ‘Driver Error/Other’, ‘Driving 

too fast’, ‘Entered traffic while unsafe’ or other causes that there were highlighted 

through earlier literature. 

• Crash entries were analysed based on the weather condition and not on the road 

surface condition. Therefore, all crash entry examples mentioned in the limitations 

were dealt with as follows: 

o  The 40 crash entries that occurred during rain but with dry road conditions 

were assumed to be ‘Rain’ related crashes. 

o The 603 crash entries that occurred during overcast weather but with a 

‘Wet’, ‘Wet in areas’ or ‘Water: standing or moving’ road surface 

condition were assumed to have occurred after rainfall and were not 

considered to be influenced by the visibility effects of rain. The same 

reason for the exclusion of all overcast condition crashes, there is no 

certainty that the overcast condition crashes were directly affected by poor 

visibility conditions and with multiple crash data limitations already part 

of the study, the decision was made to eliminate the uncertainty of overcast 

condition crashes by removing them from the study. 

• Crash entries that had unclear location information and a mismatch of data 

regarding occurrence at a junction (‘Junction Type’ and ‘Control Type’ data labels 

- discussed in point 7) were assumed to have occurred at a junction if indicated 

under the ‘Junction Type’ data label and that ‘Control Type’ would only 

determine the control of a crash indicated by ‘Junction Type’ to be at a junction.  

4.2.3 Crash Data Analysis 

a) Crash Data Sorted by Authority and Recorded Date 

Once the requested crash data was received for the Saldanha Bay municipal area, the total 

number of crash entries (28 483 crashes) were sorted by authority. Table 4.6 below shows 

all seven authorities represented in the crash data along with their respective total crash 

entries and their first and last recorded crash dates. 

Table 4.6: Summary of Crash Data Totals and Recorded Dates for the Authorities 

within Saldanha Bay Municipality 

 

Authority Crash Entries First Recorded Crash Date of Data Set Last Recorded Crash Date of Data Set

Hopefield 311 06 October 1999 01 December 2015

Langebaan 2307 10 November 1999 28 November 2016

Saldahna 1893 10 August 2000 28 March 2017

St. Helenabaai 529 10 January 2001 22 November 2015

Velddrif 1012 05 October 1999 31 December 2015

Vredenburg 7242 01 October 1999 31 March 2017

Vredenburg PAWC 15189 04 September 1999 03 November 2017

Total Crash Entries 28483
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Table 4.6 indicated that the most crashes (15 189) are recorded under the Vredenburg 

PAWC (Provincial Authority Western Cape) authority, followed by the Vredenburg 

(7 242 crashes), Langebaan (2 307 crashes) and Saldanha (1 893 crashes) authorities. 

Based on the earlier discussed limitations, these figures may not provide an exact number 

of crashes within each authority due to some crashes recorded with locations that fall 

outside of the municipal area. However, Table 4.6 was considered to be an acceptable 

approximation of crashes in each authority based on the crash data received. 

The first and last recorded crash dates indicated in Table 4.6 showed that there was not a 

similar start and end date of crash recording between all authorities. The first recorded 

crash date in St. Helenabaai was 10 January 2001, which is 1 year, 4 months and 6 days 

after the first recorded crash date for Vredenburg PAWC (4 September 1999). Similarly 

with the last recorded date of a crash occurring on 31 May 2017 (3 November 2017 was 

considered as an outlier – see limitations) under Vredenburg PAWC, 1 year, 6 months 

and 9 days after the last recorded crash from St Helenabaai (22 November 2015). 

Due to the limitation of possible recording gaps for different authorities between the first 

and last recorded crash dates, it was decided to not select a start and end date of crashes 

to analyse and instead make use of all crash entries received, independent of the start and 

end recorded crash dates. This was done to ensure that all available data was used for 

intersection selection analysis. Standardising the first and last recorded crash dates to be 

the same for all authorities would result in the removal of all crash entries before the latest 

first recorded date (St Helenabaai – 10 January 2001) and the removal of all crash entries 

after the earliest last recorded date (St Helenabaai – 22 November 2015). This would have 

resulted in the removal of approximately 2 years and 9 months of available data that could 

be useful for intersection analysis. With this decision, any analysis regarding the year of 

crashes would be for extra information to the study, however, analysis of the month of 

each crash would be important for comparison with the fog and rainfall data analysis 

carried out in section 4.1.1 and section 4.1.2 respectively. 

b) Crash Data Sorted by Weather Type 

Since all 28 483 crash entries were determined to be available for analysis during the 

study, all crash entries were first sorted by their reported weather condition.  
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Table 4.7: Summary of all crash entries sorted by 'Weather Condition' 

 

The analysis by weather condition is summarised in Table 4.7. Table 4.7 showed that 

81.02% of crashes occurred during clear weather conditions. This was to be expected as 

clear weather would be the most likely weather condition to occur for the area and would 

therefore be the weather condition with the highest number of crashes.  

In terms of non-clear weather conditions, rain (5.70%), overcast (5.64%) and mist/fog 

(5.13%) are the three weather conditions that hold the most relevance regarding the 

number of crashes occurring while all other weather conditions had less than 0.33% of 

crashes occurring during their conditions. 444 crash entries (1.56%) were either recorded 

with unknown weather conditions or left as blank. 

After considering the aims of the study, the weather conditions that were deemed to cause 

low visibility while driving and also indicated a significant number of crashes were 

selected as weather conditions relevant to the study. Table 4.8 shows the selected weather 

conditions were mist/fog and rain. Based on the earlier discussed assumption of overcast 

weather conditions, overcast was not selected as a relevant poor visibility weather 

condition. 

Table 4.8: Summary of all crash entries relevant to the study selected after 

'Weather Condition' sorting 

 

The selected weather conditions accounted for 3 083 crash entries (10.82% of the total 

28 483 crash entries). Table 4.8 shows that 1 460 crash entries occurred during mist/fog 

weather conditions while 1 623 crashes occurred during rain weather conditions. This 

represented a split of 47.36% of selected crash entries had occurred in mist/fog and 

52.64% of selected crash entries had occurred in rain. 

Weather Condition Crash Entries % of Total Crashes

Clear 23077 81.02%

Dust 154 0.54%

Fire/Smoke 11 0.04%

Hail/Snow 12 0.04%

Mist/Fog 1460 5.13%

Overcast 1607 5.64%

Rain 1623 5.70%

Severe Wind 95 0.33%

Unknown 425 1.49%

(Blanks) 19 0.07%

Totals 28483 100.00%

Weather Condition Crash Entries % of Total Crashes

Mist/Fog 1460 47.36%

Rain 1623 52.64%

Totals 3083 100.00%
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c) Crash Data Sorted by Junction Type 

The same analysis applied to weather conditions was applied to junction type for all 

28 483 crash entries. The data was therefore sorted by junction type and revealed that 

crashes could be sorted into 14 different junction types. 

Table 4.9: Summary of all crash entries sorted by 'Junction Type' 

 

The analysis by junction type is summarised in Table 4.9. Table 4.9 showed that 69.17% 

of crashes occurred at locations that were not at a junction. This was to be expected as 

junctions make up a far smaller percentage of area of an entire road network compared to 

the percentage of area the of all roads linking each junction within an entire road network. 

Therefore, considering the area of a road network that junctions occupy, 30.83% of 

crashes occurring at junctions represents a significant value. 

In terms of crashes occurring at junctions – crossroads and T-junctions each had the 

highest proportion of crashes occurring (11.76% and 10.01% respectively). 

After considering the aims of the study, relevant junctions were selected as relevant to 

the study while irrelevant junctions were removed from the analysis. The removed 

junction types and reasons for removal were as follows: 

• Circles - These junctions designed for slow approach speeds by vehicles and will 

not require a solution for poor visibility crashes). 

• Level crossing – These junctions intersect with railway lines. 

• Slipways/On and Off Ramps – These junctions were deemed to be low risk due 

to the low number of accidents occurring (9 and 12 crashes respectively). 

Junction Type Crash Entries % of Total Crashes

Circle 59 0.21%

Cross Roads 3351 11.76%

Level Crossing 89 0.31%

Not a Junction 19701 69.17%

Off ramp/Slipway 12 0.04%

On Ramp/Slipway 9 0.03%

Other 801 2.81%

Pedestrian Crossing 22 0.08%

Property Driveway/Access 132 0.46%

Staggered Junction 626 2.20%

T-Junction 2852 10.01%

Unknown 696 2.44%

Y-Junction 75 0.26%

(Blanks) 58 0.20%

Totals 28483 100.00%
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• Pedestrian crossing – There were only 22 recorded crashes at pedestrian 

crossings. 

• Property access/Driveways – These junctions do not have high volumes of 

vehicles entering roads at each junction and a solution would need to be 

implemented at every property access to reduce an already small number of 

crashes (132) which would prove to be costly. 

• Not a junction – Does not meet the aims of the study. 

• Other, Unknown and Blanks – Do not provide enough information to be 

considered for the study. 

Table 4.10 below shows that the selected junction types that were deemed relevant to the 

study were crossroads, staggered junctions, T-junctions and Y-junctions. All four of these 

junction types were considered to be relevant to the study because the junction type 

showed a history of crashes occurring, had the possibility of higher vehicle volumes than 

that of a property access and had the possibility of being located at a junction with regional 

route that is not designed for slow approach speeds. 

Table 4.10: Summary of all crash entries relevant to the study selected after 

'Junction Type' sorting 

 

The selected junction types accounted for 6 904 crash entries (24.24% of the total 28 483 

crash entries). Table 4.10 shows that 3 351 crash entries occurred at crossroads while 2 

852 crashes at T-junctions. This represents a split of 48.54% of selected crash entries 

occurred at crossroads and 41.31% of selected crash entries occurred at T-junctions. The 

remaining 10.16% of selected crashes occurred at staggered junctions (626 crashes = 

9.07% of the split) and Y-junctions (75 crashes = 1.09% of the split). 

d) Resultant Crash Data Set for Validation - Sorted by Weather Type and Junction 

Type 

After the weather condition and junction type analyses were carried out separately, a 

combined weather condition and junction type analysis was completed. This was done by 

selecting the weather conditions and junction types that were deemed relevant to the study 

(earlier summarised in Table 4.8 and Table 4.10). Table 4.11 below shows the summary 

of results of the combined analysis. The summary shows the total number of crash entries 

for each junction type while also indicating the number and split of the crash entries 

Junction Type Crash Entries % of Total Crashes

Cross Roads 3351 48.54%

Staggered Junction 626 9.07%

T-Junction 2852 41.31%

Y-Junction 75 1.09%

Totals 6904 100.00%
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between crashes that occurred in rain conditions and crashes that occurred in mist/fog 

conditions. 

Table 4.11: Summary of combined analysis with ‘Weather Condition’ and 

‘Junction Type’ relevant to the study 

 

Table 4.11 indicated that a total of 769 crashes occurred at crossroads, staggered 

junctions, T-junctions or Y-junctions under either rain or mist/fog conditions after all 

limitations mentioned earlier were considered. However, due to staggered junctions and 

Y-junctions only resulting in 54 and 10 crashes under the relevant weather conditions 

respectively, compared to the 350 crashes that occurred at crossroads and 355 crashes that 

occurred at T-junctions, it was decided that staggered junctions and Y-Junctions should 

be removed from the analysis. It was decided that crossroads and T-junctions would be 

more relevant due their higher number of recorded crashes. Therefore, the resultant data 

set for combined analysis is shown in Table 4.12 below. This included the two weather 

conditions and two junction types most relevant to the study – rain and mist/fog, and 

crossroads and T-junctions. 

Table 4.12: Summary of the resultant data set for the combined weather condition 

and junction type analysis 

 

The resultant data set (summarised in Table 4.12) showed that 350 crashes occurred at 

crossroads during rain or mist/fog conditions. This was split by 58.29% of the crossroad 

crashes (204 crashes) occurring under rain conditions and 41.71% of the crossroads 

crashes (146 crashes) occurring under mist/fog conditions. 

Similarly, the data set showed that 355 crashes occurred at T-junctions during rain or 

mist/fog conditions. This was split by 55.21% of the T-junction crashes (196 crashes) 

occurring under rain conditions and 44.79% of the T-junction crashes (159 crashes) 

occurring under mist/fog conditions. 

With 705 crashes occurring under the discussed conditions, it was deemed an acceptably 

large and meaningful set of data which provided validation that the study area does 

experience crashes under poor visibility weather conditions and should be further 

explored. 

Junction Type Total Crash Entries Rain %Rain Mist/Fog %Mist/Fog

Cross Roads 350 204 58.29 146 41.71

Staggered Junction 54 35 64.81 19 35.19

T-Junction 355 196 55.21 159 44.79

Y-Junction 10 6 60.00 4 40.00

Totals 769 441 57.35 328 42.65

Junction Type Total Crash Entries Rain %Rain Mist/Fog %Mist/Fog

Cross Roads 350 204 58.29 146 41.71

T-Junction 355 196 55.21 159 44.79

Totals 705 400 56.74 305 43.26
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For further analysis of the resultant data, the resultant data set has been presented by 

crashes per month and crashes per time slot in Table 4.13 and Table 4.14 respectively. 

The crash patterns for each weather condition in Table 4.13 match the earlier discussed 

weather data that showed fog is most frequent in March and April and then into the winter 

months while rain is most frequent over July and August. A total of 197 crashes occurred 

in July and August (selected as best observation period in section 4.1) which represents 

27.94% of all crashes that occurred during poor visibility weather conditions over the 

months of the year. This showed that there are a higher number of crashes poor visibility 

crashes in the months where the poor visibility weather condition is more frequent. 

 

Table 4.13: Resultant data set crashes per month for each weather condition 

 

The time slot data shown in Table 4.14 will be used later when looking at each selected 

intersection individually and then also compared to questionnaire responses relating to 

which time periods are perceived to most frequently have the thickest fog and heaviest 

rain. The table has therefore been added as additional information to the resultant data 

section. Although, it was noted that mist/fog related crashes occur most frequently 

between 06:00 and 08:00 while rain related crashes are spread throughout the time slots 

of the day. 

Month Total Crashes Recorded Mist/Fog Rain

January 16 6 10

February 26 16 10

March 30 17 13

April 74 31 43

May 126 64 62

June 127 51 76

July 109 45 64

August 88 33 55

September 43 18 25

October 34 9 25

November 17 9 8

December 15 6 9

Total 705 305 400
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Table 4.14: Resultant data set crashes per time slot for each weather condition 

 

 

4.2.4 Determination of Intersections and Validation of the Study Area and 

Problem through Crash Data Discussion and Summary  

After Saldanha Bay Municipality was selected as the study area is section 4.1, section 4.2 

covered the analysis of received crash data for the area. Limitations for the crash data 

were discussed and assumptions were made to better the analysis of the crash data. 

Analysis of all crash data by weather type, by junction type and then combined weather 

type and junction type resulted in the selection of mist/fog and rain as relevant poor 

visibility weather conditions and the selection of crossroads and T-junctions as relevant 

junction types (intersections) for the study. The combined analysis ended with a summary 

of the resultant data that showed 705 crashes occurred at either a crossroad or T-junction 

under mist/fog or rain weather conditions which represented a large and meaningful data 

set which was considered as validation that the study area does experience crashes under 

poor visibility weather conditions and should be further explored. The resultant data set 

would be further analysed and be used for the selection of intersections solution 

development in the study. 

Further findings showed that crashes were evenly split between junction types with 350 

having occurred at crossroads and 355 having occurred at T-junctions. While 56.74% of 

crashes in the resultant data set occurred during rain and 43.26% of crashes in the resultant 

data set occurred during fog. 

When validating the time periods of crashes, 27.94% of resultant data crashes occurred 

during the best 2-month observation period of July and August, selected in section 4.1. 

Furthermore, the crashes occurred in a similar pattern to the earlier discussed months with 

the highest occurrence of fog and rainfall showing that the study area does have more 

Time Slot Total Crashes Recorded Mist/Fog Rain

00:00-02:00 61 29 32

02:00-04:00 38 27 11

04:00-06:00 32 22 10

06:00-08:00 125 80 45

08:00-10:00 74 40 34

10:00-12:00 55 15 40

12:00-14:00 48 7 41

14:00-16:00 48 4 44

16:00-18:00 52 5 47

18:00-20:00 65 24 41

20:00-22:00 54 27 27

22:00-00:00 53 25 28

Total 705 305 400
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crashes during the winter months which may be due to the higher occurrence of poor 

visibility weather conditions. 

4.3 Selection of intersections for solution development 

with crash data 

Further crash data analysis was required to select intersections from the resultant data 

obtained at the end of section 4.2. Before selecting intersections, the type of intersections 

that were chosen for selection needed to be discussed. Following this, the crash data was 

analysed to aid with selecting intersections and finally, each selected intersection was 

analysed individually. 

4.3.1 Types of Roads and Intersections 

For the purpose of this study, it was decided to only select intersections that were found 

on regional routes. Regional routes are a class below national roads and are used to link 

towns to one another. Often, these routes will also pass-through towns as main roads 

which will be subject to in-town speed limits of 60 km/h but will then increase in speed 

limit to between 80 km/h and 120 km/h under rural settings when linking towns. This 

makes regional route intersections outside of in-town settings considerably more 

dangerous as, already faced with higher speeds, many intersections are not subject to 

lighting, are poorly maintained and do not have access to fully signalized intersection 

power supply compared to the regional route sections that run through towns as main 

roads. 

When analysing the crash data in the section that follows, it was noticed that the majority 

of crashes under poor visibility conditions occurred on regional routes compared to in-

town streets and roads. This was assumed to be related to the difference in speed limit 

when comparing each road type but also the lack of lighting, exposure to poor 

maintenance and possessing stop controlled high-speed intersections. Based on this, it 

was predicted that unsignalized regional routes would show through later questionnaire 

response to be a cause for discomfort and uncertainty when approached under poor 

visibility conditions. 

4.3.2 Selection of Intersection Analysis 

Following the method discussed in section 3.3, the crash data analysis for the 

determination of intersections was completed in order to select the intersections for 

solution development. The continued crash data analysis also served as further validation 

of the problem faced with poor visibility driving in the study area. 

a) Resultant Crash Data Set from Study Area and Study Problem Validation 

The continued analysis of the resultant crash data from section 3.2 (shown in Table 4.15 

below) was first carried out by sorting the resultant crash data crash entries by their 

respective authorities once again. 
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Table 4.15: Reminder of earlier Table 4.12 - Summary of the resultant data set for 

the combined weather condition and junction type analysis 

 

The 705 crash entries contained within the resultant crash data are shown in both Table 

4.16 and Table 4.17 below after sorting by authorities (labelled as location in the tables). 

Table 4.16 also includes the first recorded crash date of the original crash data set and the 

first recorded crash date of the resultant crash data set, while Table 4.17 includes the last 

recorded crash date of the original crash data set and the last recorded crash date of the 

resultant crash data set. This was included to further indicate the earlier mentioned 

limitation of possible date gaps in certain authorities’ recording of crashes. 

Table 4.16: Resultant and original crash data first recorded crash dates after 

sorting by authority (location) 

 

Table 4.17: Resultant and original crash data last recorded crash dates after 

sorting by authority (location) 

 
 

The mentioned resultant data from section 3.2 represents all crashes that occurred at 

crossroads or T-Junctions under mist/fog or rain weather conditions. Therefore, Table 

4.16 and Table 4.17 highlight that there may be possible gaps in recording of crash entries 

from the resultant data in certain authorities. Saldanha, for example, has the first recorded 

crash from the resultant data on 10 February 2007. Saldanha then had 33 crashes recorded 

during mist/fog or rain weather conditions over the next 9 years and 8 months until 22 

October 2016. Even with weather conditions being unpredictable, there is an indication 

that there may be a gap in recording of similar crashes to the authority as there were no 

records of similar crashes for the 6 years and 6 months between the first recorded crash 

date of the resultant data and the first recorded crash date of the original data which was 

Junction Type Total Crash Entries Rain %Rain Mist/Fog %Mist/Fog

Cross Roads 350 204 58.29 146 41.71

T-Junction 355 196 55.21 159 44.79

Totals 705 400 56.74 305 43.26

Location Crash Entries First Recorded Crash Date of Original Data Set First Recorded Crash Date of Resultant Data Set

Hopefield 8 06 October 1999 09 June 2001

Langebaan 39 10 November 1999 14 July 2002

Saldahna 33 10 August 2000 10 February 2007

St. Helenabaai 7 10 January 2001 11 April 2008

Velddrif 28 05 October 1999 27 May 2000

Vredenburg 253 01 October 1999 17 November 1999

Vredenburg PAWC 337 04 September 1999 10 December 1999

Total Crash Entries 705

Location Crash Entries Last Recorded Crash Date of Original Data Set Last Recorded Crash Date of Resultant Data Set

Hopefield 8 01 December 2015 19 August 2014

Langebaan 39 28 November 2016 18 July 2016

Saldahna 33 28 March 2017 22 October 2016

St. Helenabaai 7 22 November 2015 16 June 2015

Velddrif 28 31 December 2015 31 December 2015

Vredenburg 253 31 March 2017 24 February 2017

Vredenburg PAWC 337 03 November 2017 27 June 2016

Total Crash Entries 705
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on 10 August 2000. St. Helenabaai followed the same trend with no resultant data crashes 

for 7 years and 3 months after the first recorded crash from the original data and then 7 

recorded crashes over the next 7 years and 2 months. 

When comparing the last recorded crash dates of the resultant data set and the original 

data set, the longest gap out of all the authorities (with the exception of the earlier 

mentioned single crash outlier for the Vredenburg Provincial Administration of the 

Western Cape (PAWC) where the last recorded crash occurred on 3 November 2017, 

however, the next earliest crash entry was 31 May 2017) was 1 year and 4 months for 

Hopefield, followed by 9 months for Vredenburg PAWC. 

Analysing all 705 crashes by year of occurrence, as shown in Table 4.18 below, showed 

that less crashes were recorded towards the start and the end of the crash data period. This 

may be a further indication of gaps in the recording of crash data but could also be 

considered as coincidence based on driver behaviour dictated by possible less severe 

weather conditions during the start and end periods of the given crash data.  

Table 4.18: Total crashes recorded for each year from the resultant crash data  

 

Regardless of the reasoning for the lower number of recorded crashes in the first and last 

years, the limitation of possible gaps in the record of crashes was earlier mitigated by 

including all crash entries with no exclusions based on the year that each crash was 

recorded and that all analysis of the crash data would be considered an approximation and 

reliable indicator of trends for crashes in the study area. 

Year Total Crashes Recorded

1999 3

2000 39

2001 22

2002 20

2003 26

2004 52

2005 61

2006 49

2007 68

2008 66

2009 43

2010 46

2011 40

2012 41

2013 47

2014 34

2015 22

2016 25

2017 1

Total 705
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b) Removal of Unsuitable Authorities for Intersection Selection 

Reducing the area for selection of intersections was important as authorities with a low 

number of crashes indicated that they contained low risk intersections faced with poor 

visibility weather conditions. Therefore, authorities with a low number of crashes were 

deemed unsuitable for intersection selection. 

The total crash entries for each authority shown in Table 4.16 and Table 4.17 are shown 

without the first and last recorded crash dates information in Table 4.19 below. 

Table 4.19: Total resultant crash data crash entries for each authority 

 

While Vredenburg and Vredenburg PAWC represented the majority of crashes reported, 

337 and 253 crashes respectively, St. Helenabaai and Hopefield represented the least 

crashes reported with only 7 and 8 crashes respectively. This represented a very low 

number of crashes that, on closer inspection of the data, were located at multiple 

intersections and not a singular, high-risk intersection. This resulted in the removal of the 

St. Helenabaai and Hopefield authorities from the data set for intersection selection. 

The crashes located under the Vredenburg and Vredenburg PAWC authorities remained 

in the analysis based on the high number of crashes reported for each authority. The 

remaining authorities with less reported crashes (Langebaan – 39 crashes, Saldanha – 33 

crashes and Velddrif – 28 crashes) were judged for inclusion of the intersection analysis 

based on their location within the Saldanha Bay Municipality. 

Referring to Figure 4.5 below, all the authorities have been indicated with a designated 

coloured dot. Hopefield is purple, Langebaan is dark blue, Saldanha is orange, St. 

Helenabaai is light blue, Velddrif is yellow, Vredenburg is red and Vredenburg PAWC is 

not designated a colour as in is not a specific area but largely the provincial roads located 

within the municipal border. 

Location Crash Entries

Hopefield 8

Langebaan 39

Saldahna 33

St. Helenabaai 7

Velddrif 28

Vredenburg 253

Vredenburg PAWC 337

Total Crash Entries 705
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Figure 4.5: Map of Saldanha Bay Municipality with authorities highlighted in 

different colours (Western Cape Government, 2017) 

Since Hopefield and St. Helenabaai were already excluded from further analysis based 

on a low number of crashes and Vredenburg and Vredenburg PAWC were already 

included for further analysis based on a high number of crashes, the remaining authorities 

of Langebaan, Saldanha and Velddrif were either included or excluded from further 

analysis based on their proximity to Vredenburg, the town with the highest number of 

reported crashes. It was important for the investigator to minimise travel distance between 

selected intersections as weather conditions and visibility would drastically change when 

driving long distances between intersections during traffic data collection periods. 

Based on a visual check of Figure 4.5, it was determined that Langebaan and Saldanha 

were authorities located close to Vredenburg and that each of the authorities should be 

included in further analysis for intersection selection. It was noted that the Velddrif town 

is located outside of the municipal borders and the crashes reported by the authority may 

lie on minor roads inside the municipal border. This was deemed to provide a possible 

explanation to the lower number of crashes reported under Velddrif in the resultant data. 

Due to the proximity of Velddrif to Vredenburg, Velddrif was excluded from further 

analysis for intersection selection. 
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Table 4.20 below indicates the final number of crashes in suitable authorities that would 

be analysed for intersection selection. The 662 total crash entries were then considered to 

be the updated resultant crash data. 

Table 4.20: Total crash entries located in suitable authorities for intersection 

selection 

 

c) Location of Intersection Analysis 

The updated resultant crash data represented all 662 crashes that occurred during mist/fog 

or rain weather conditions, at a crossroad or T-Junction and were located in a suitable 

authority for intersection selection. The next step of the analysis process required looking 

at the location of each crash entry individually and removing the crashes that occurred at 

intersections that did not form part of a regional route. This was done with the use of 

Google Maps and the crash data recorded location data (longitude and latitude 

coordinates, road name, node name and kilometre value) for each crash entry. 

If a crash entry was not removed from the analysis, then the crash entry was given a 

general description for its location. These descriptions were used to describe the location 

of the intersection in relation to towns. This provided an improved differentiation between 

low-speed and high-speed intersections. One of the following descriptions were given to 

each included crash entry: 

• Out of town – The intersection is located away from the in-town speed limit of 60 

km/h. 

• Edge of town – The intersection is located on the outskirts of a town or intersects 

with a low-speed road that leads to an outer suburb of a town but the speed limit 

of the regional route has not yet reduced to the in-town speed limit of 60 km/h. 

• In-town – The intersection is located within a town, often a main road or through 

road, that has had the speed limit reduced for the section that the intersection is 

located. 

• Not regional – For the purpose of special mention. The intersection is currently 

located on a high-speed (100-120 km/h) through road that has been recently 

upgraded to similar characteristics of a regional road or is a high-speed (100-120 

km/h) main road that links a coastal town to a regional route. 

• Not in municipality – The intersection meets all the necessary regional route 

requirements but lies outside the municipal line for Saldanha Bay Municipality, 

Location Crash Entries

Langebaan 39

Saldahna 33

Vredenburg 253

Vredenburg PAWC 337

Total Crash Entries 662
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highlighting the earlier mentioned limitation of recorded crashes occurring 

outside of the municipality. 

• Unknown – Intersections that are confirmed to be on a regional route but the exact 

location of the intersection is not known. 

The crash entries recorded without longitude and latitude coordinates and with a 

kilometre value recorded as 0 (discussed earlier under crash data limitations) could only 

be analysed according to their road name and node name data. With this in mind, the 

following location assumptions were required for these crash entries: 

• Road name and node name recorded with the same name of a regional route: The 

road name and node name confirm that the crash occurred on a regional route and 

at a crossroad or T-junction, however, there is no record of which intersection 

along the regional route that the crash occurred. Therefore, the crash was included 

in the analysis but given the location description of ‘Unknown’. 

• Road name and node name recorded with the same name that is not a regional 

route: The road was searched for on Google Maps and if the road intersected a 

regional route at either the start or end of the road described by the road name and 

node name, then the crash entry remained in the analysis. It was assumed that the 

crash occurred at the intersection with the regional route provided that the 

intersection matched the junction type recorded for the crash entry. If a crash entry 

did not intersect with a regional route, then it was removed from the analysis. 

After both assumptions were considered and all crash entries were analysed by their 

location individually, the crashes that occurred on local municipal streets or national roads 

were removed from the analysis leaving the crashes that occurred on regional routes to 

remain for further analysis. The total number of crash entries reduced from 662 crash 

entries to 426 crash entries after the location of intersection analysis. The remaining crash 

entries are presented in Table 4.21 below and are sorted alphabetically by authority. 

Table 4.21: Remaining crash entries located on reginal routes by authority 

 

In comparison to the total number of crash entries in Table 4.20, the results from the 

location of intersection analysis in Table 4.21 show that the number of crashes in 

Langebaan reduced from 39 crashes to 8 crashes, Saldanha went from 33 crashes to 13 

crashes, Vredenburg reduced from 253 crashes to 147 crashes and the Vredenburg PAWC 

went from 337 crashes to 258 crashes. 

Location Crash Entries

Langebaan 8

Saldahna 13

Vredenburg 147

Vredenburg PAWC 258

Total Crash Entries 426
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As earlier described, each of the remaining crash entries in the analysis were given a 

location description. The location description totals are displayed in Table 4.22 below. 

Table 4.22: Location description totals for the remaining crash entries 

 

From the remaining 426 crash entries, 142 crashes were located at intersections on 

regional routes in town that would be considered low-speed approach intersections. High-

speed approach intersections occurred on the edge of town and out of town and had 19 

crashes and 113 crashes respectively. 

45 crashes were reported on regional routes that did not provide enough information to 

describe their intersection of occurrence. These were crash entries that were allocated a 

junction type and were described only by a regional route name for both the road name 

and node name but did not have any coordinate data recorded. 

76 crashes were reported to have occurred on regional routes outside of the municipal 

boundary. While the entries were recorded as Saldanha Bay Municipality authorities and 

met all junction and weather type requirements, the location data for these entries placed 

the crashes outside of the study area. This occurrence highlighted the earlier mentioned 

limitation regarding location of crash entries. It is therefore unknown how many crashes 

have occurred within Saldanha Bay municipal area but have been recorded amongst data 

for another area. 

Finally, there were 31 crashes that were recorded at an intersection is currently located 

on a high-speed (100-120 km/h) through road that has been recently upgraded to similar 

characteristics of a regional road or is a high-speed (100-120 km/h) main road that links 

a coastal town to a regional route. For an example of an upgraded road, the TR8501 is not 

shown as a regional route on Google Maps but on maps shown to the investigator by 

engineers of the municipality that cannot be shared for this study, the section of road 

underwent upgrade between 13 November 2017 and 13 February 2020 and is also referred 

to as the R79, which designates the road to be considered as a regional route (Jarvis, 

2021). For an example of a high-speed main road linking a coastal town to a regional 

route, Langebaan does not have a regional route passing through the town, however, a 

high-speed (100-120 km/h) main road (Oostewal Rd) links the town to an intersection 

with the R27 and continues on the other side of the intersection as Langebaanweg an 

intersection with the R45. The 31 crashes were therefore included as a special note of 

intersections that may in future also be required to undergo consideration for 

Location Description Crash Entries

Out of Town 113

Edge of Town 19

In Town 142

Not Regional 31

Not in Municipality 76

Unknown 45

Total Crash Entries 426
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improvement under poor visibility conditions, but were not included for the selection 

process of this study. 

d) Selection of Intersections from Remaining Data 

Once all 426 crashes were allocated a location description, the data was sorted by these 

descriptions and further grouped into individual intersections. The grouping was 

necessary as crash entries occurring at the same intersection were often described by 

different road names or different nodes. For example, according to Google Maps, the R45 

leading into and through Vredenburg is then named the R399 after the left-hand side T-

Junction intersection with the Southern Bypass Rd. The R399 through the centre of 

Vredenburg is also listed as “Hoof Weg (MUN MR21)” (Afrikaans for Main Road) and 

“TR021”. It was therefore important to go through each crash entry individually to ensure 

that all crashes located at the same intersection but under different names were grouped 

together. 

Presented in Table 4.23 below are notable intersections that showed a number of crashes 

that occurred at each intersection compared to the other intersections that appeared in the 

analysis. The notable intersections table only included intersections selected from the ‘In 

town’, ‘Edge of town’ or ‘Out of town’ location descriptions as the ‘Not in municipality’, 

‘Not regional’ and ‘Unknown’ described intersections were deemed not suitable for 

notable intersections. 

Table 4.23: Notable intersections obtained from the location of intersection 

analysis and sorted from most crashes to least crashes 

 

As seen in Table 4.23, the list of notable intersections showed that the most affected 

intersection had a total of 31 crashes that occurred. It was noted during analysis that some 

intersections had crashes recorded at the same intersection but listed with different 

junction types. This was deemed to be a recording error and the junction type listed in 

Table 4.23 above represents the majority of junction types recorded for each intersection. 

Note that three intersections have been highlighted in blue in Table 4.23. These 

intersections represent three similar and consecutive T-junctions on the same stretch of 

road along the R45 towards Vredenburg which were deemed to represent the same issues 

at the same junction type. The R45 intersection with Toermalyn St (also Traffic Services 

Rd) is the first intersection approaching Vredenburg. The intersection of the R45 (labelled 

the R399 after the intersection) and Southern Bypass St is 550 m from the intersection 

Intersection Name Junction Type Road Names Node Names Location Description Total Crashes

R27 x R45 Crossroads 2 2 Out of Town 31

Vredenburg R399 Intersection Crossroads 1 2 In-town 20

R399 x Jacobsbaai Rd x TR8501 Crossroads 3 5 Out of Town 18

R27 x TR8501 T-Junction 2 2 Out of Town 12

R399 x R45 x Southern Bypass St T-Junction 2 4 Edge of Town 8

R399 x Anemone St T-Junction 3 4 Edge of Town 5

R45 x Toermalyn St T-Junction 1 1 Edge of Town 2

R45 x Langebaanweg T-Junction 3 4 Out of Town 7

R27 x Langebaanweg Crossroads 2 4 Out of Town 6

R399 x Hospital Rd Crossroads 1 1 In-town 6
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with Toermalyn St. The last intersection of the consecutive T-junctions, R399 and 

Anemone Street, is located 730 m from the intersection with Southern Bypass St. 

Together, the three intersections were referred to as similar T-junctions. 

After analysis of all crossroads and T-junctions, the following intersections were selected 

for later traffic data collection (reason indicated in brackets): 

1) Crossroads: R27 and R45 (Meets all earlier crash data analysis requirements. 

Highest number of crashes for junction type, unsignalized, out of town and high-

speed through road approach) 

2) Crossroads: R399, Jacobsbaai Rd and TR085-1 (R79) (Meets all earlier crash data 

analysis requirements. Variation of a crossroads as it has a dual-carriageway 

unsignalized intersection. Highest number of crashes for junction type variation, 

unsignalized, out of town and high-speed through road approach) 

3) T-junction: Similar T-junctions (Meets all earlier crash data analysis 

requirements. Highest number crashes for junction type, unsignalized, edge of 

town, high-speed through road approach)  

Below is the list of the intersections that were not selected for later traffic data collection 

(reason indicated in brackets): 

1) Crossroads: Vredenburg R399 Intersection (In town which meant low approach 

speeds, already fully signalized) 

2) T-junction: R27 and TR8501 (Upgraded to a bridge between 13 November 2017 

and 13 February 2020 where TR8501 was extended to join the R27 to the R45 

(Jarvis, 2021)) 

3) T-junction: R45 and Langebaanweg (Upgrade between 13 November 2017 and 

13 February 2020 (Jarvis, 2021), the T-junction no longer forms part of the R45)  

4) Crossroads: R27 and Langebaanweg (Similar intersection to R27 and R45 but had 

a significantly lower number of crashes) 

5) Crossroads: R399 and Hospital Rd (In town which meant low approach speeds, 

already fully signalized but a notable mention for signalized intersections still 

faced with issues relating to poor visibility weather conditions) 

4.3.3 Selected Intersections Crash Data Analysis 

From this point of the results, the selected intersections will be referred to as intersection 

1, intersection 2 and intersection 3. The intersections and their common names are listed 

as follows: 

• Intersection 1 – R27 and R45 

• Intersection 2 – R399, Jacobsbaai Rd and TR085-1 (R79) or Jacobsbaai 

Intersection 

• Intersection 3 – Similar T-junctions 

Each intersection’s (or group of intersections’) crash entries were analysed to note trends 

and common findings. Each analysis included sorting the crash entries for each 

intersection by weather type and comparing the percentage of crashes per weather type to 
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the original crash data. The analysis of each intersection continued by assessing the 

crashes occurred in each month for each poor visibility weather condition and then 

compared the results to the most frequent months of fog and rain occurrence discussed 

earlier. The time slots of each crash as well as the crash type, crash cause and lighting 

conditions were also discussed for each weather type at each intersection. Analysis for 

each selected intersection is presented and discussed below.  

a) Intersection 1 - R27 and R45 

 

Crash data analysis presented in Table 4.24 for Intersection 1 indicated a total of 19 

crashes (13.77% of total intersection crashes) occurred during mist/fog conditions and 12 

crashes (8.70% of total intersection crashes) occurred during rain conditions. Combined 

with 95 clear condition crashes (68.84% of total intersection crashes), it was determined 

that the intersection showed through crash data that it faces an issue with poor visibility 

weather conditions and becomes more dangerous, especially during mist/fog conditions, 

compared to other intersections in the study area. This was determined by comparing the 

intersection crashes per weather type to all original data crashes per weather type. Based 

on all original crash data from the analysis of the study area, 81.02% of crashes occurred 

in clear weather conditions, 5.13% of crashes occurred in mist/fog conditions and 5.70% 

of crashes occurred in rain conditions. At intersection 1, however, clear condition crashes 

decreased by a significant 12.18% while mist/fog condition crashes more than doubled 

with an increase of 8.64% and rain condition crashes also increased by 3%. 

Table 4.24: Intersection 1 crashes per weather conditions compared to original data 

crashes per weather condition 

 

When analysing the poor visibility weather condition crashes at the intersection only, see 

Table 4.25, 11 mist/fog crashes (57.89% of total mist/fog crashes) occurred during the 3-

month period of June to August. While 7 rain crashes (58.33% of total rain crashes) 

occurred during June and July. No crashes were recorded for either weather type between 

November and February (extends to March for rain). This matches with the earlier 

summarised fog and rainfall data, where fog occurrence was recorded highest in March 

and April but still frequent in the months of June and July and rain was most present in 

July and August and least present in October, November and March. 

Weather Condition Crash Entries % of Total Crashes Original Crash Entries % of Original Crashes

Clear 95 68.84% 23077 81.02%

Dust 2 1.45% 154 0.54%

Fire/Smoke 0 0.00% 11 0.04%

Hail/Snow 0 0.00% 12 0.04%

Mist/Fog 19 13.77% 1460 5.13%

Overcast 10 7.25% 1607 5.64%

Rain 12 8.70% 1623 5.70%

Severe Wind 0 0.00% 95 0.33%

Unknown 0 0.00% 425 1.49%

(Blanks) 0 0.00% 19 0.07%

Totals 138 100.00% 28483 100.00%

Stellenbosch University https://scholar.sun.ac.za



 

81 

 

 

Table 4.25: Intersection 1 crashes by month per weather type 

 

Analysing the intersection’s time of accident, the time slots have been summarised into 

two-hour time slots. The crashes in rain are scattered throughout the day and show no 

correlation whereas the crashes in mist/fog occur most frequently during the morning 

time slots of 06:00 to 08:00 and 08:00 to 10:00 with 7 and 6 crashes respectively, 

representing 68.42% of total mist/fog crashes for the intersection. 

Table 4.26: Intersection 1 crashes by time slot per weather type 

 

Table 4.27 summarises the crash types that occurred at the intersection. While the most 

frequent crash type for total crashes is due to vehicles approaching at an angle where both 

Month Total Crashes Recorded Mist/Fog Rain

January 0 0 0

February 0 0 0

March 1 1 0

April 4 2 2

May 2 2 0

June 9 5 4

July 5 2 3

August 5 4 1

September 3 2 1

October 2 1 1

November 0 0 0

December 0 0 0

Total 31 19 12

Time Slot Total Crashes Recorded Mist/Fog Rain

00:00-02:00 2 1 1

02:00-04:00 2 2 0

04:00-06:00 0 0 0

06:00-08:00 9 7 2

08:00-10:00 6 6 0

10:00-12:00 3 1 2

12:00-14:00 2 0 2

14:00-16:00 0 0 0

16:00-18:00 0 0 0

18:00-20:00 2 0 2

20:00-22:00 4 2 2

22:00-00:00 0 0 0

Total 30 19 11
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are travelling straight (10 crashes in total, 5 for each weather type), collisions with a fixed 

or other object occurred 6 times under mist/fog but did not occur during rain. This could 

be due to lower visibility during mist/fog conditions although this was considered to be 

inconclusive based on the given crash data. 

Table 4.27: Intersection 1 crashes by crash type per weather type 

 
 

The earlier mentioned limitation of gaps in recording of ‘Specified Cause’ for crashes is 

clearly shown when looking at Table 4.28 showing the crash causes per weather type for 

intersection where 61.29% of total crashes were not assigned a crash cause. Other crash 

causes do not show a most frequent cause, however insufficient following distance, 

driving too fast and losing control, animals and objects in the road are all causes that can 

be linked to perception issues faced when driving under poor visibility conditions 

highlighted in the literature for the study. 

Table 4.28: Intersection 1 crashes by crash cause per weather type 

 

Lastly, light conditions of the crashes were analysed and are presented in Table 4.29. The 

analysis shows that majority (54.84%) of crashes occur during daylight which could be 

predicted as more traffic occurs during daylight hours. However, with 35.48% of crashes 

still occurring during the night at the unlit intersection, there is evidence that poor 

visibility conditions combined with night-time driving still pose an issue. 

Crash Type Total Crashes Mist/Fog Rain

Approach at angle - both straight 10 5 5

Head/Rear End 8 3 5

Fixed/Other Object 6 6 0

Animal 2 2 0

Approach at angle - one or both turning 2 1 1

Other 1 1 0

Single Vehicle Overturned 1 0 1

Unknown 1 1 0

Total 31 19 12

Crash Cause Total Crashes Mist/Fog Rain

(Blank) 19 12 7

Ignored Stop Sign 3 1 2

Insufficient Following Distance 3 1 2

Wild Animals in Road 1 1 0

Lost Control 1 1 0

Entered Traffic while Unsafe 1 1 0

Object in Road 1 1 0

Driving Too Fast 1 1 0

Cut In Front of Other 1 0 1

Total 31 19 12
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Table 4.29: Intersection 1 crashes by light conditions per weather type 

 

b) Intersection 2 - Jacobsbaai Intersection 

 

Intersection 2 was analysed identically to intersection 1. Comparison of the intersection 

crash data and the original crash data, shown in Table 4.30, indicated an increase of poor 

visibility weather conditions with mist/fog crashes increasing by 2.37% and rain crashes 

increasing by 1.8%. The clear condition crashes reduced a lot less significantly compared 

to intersection 1 with only a 1.02% decrease compared to the 12.18% decrease found at 

intersection 1. This suggested that the intersection remains just as dangerous under clear 

conditions compared to when it is faced with poor visibility weather conditions. 

 

Table 4.30: Intersection 2 crashes per weather conditions compared to original data 

crashes per weather condition 

  

Table 4.31 shows poor visibility weather condition crashes for Intersection 2 only. There 

is an equal split of 9 crashes each occurring during mist/fog conditions and during rain 

conditions. April (3 crashes) and May (2 crashes) had the highest fog/mist crashes 

occurred, representing 55.55% of total mist/fog crashes which similarly represents the 

earlier reported highest occurring fog months for the area, March and April. Similarly to 

intersection 1, intersection 2’s rain crashes occurred during around the winter months 

with 88.89% of crashes occurring between May and August. This again is in line with the 

reported highest rainfall months of July and August. 

Light Conditions Total Crashes Mist/Fog Rain

Daylight 17 10 7

Night: Unlit 11 7 4

Dawn/Dusk 3 2 1

Total 31 19 12
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Table 4.31: Intersection 2 crashes by month per weather type 

 
 

Assessing the intersection’s time of accident in two-hour time slots presented in Table 

4.32, it was noticed that again, similarly to intersection 1, the majority of mist/fog crashes 

occur during the morning period. 2 crashes occurred between 04:00 to 06:00 while a 

further 3 crashes occurred between 06:00 and 08:00 which represents 55.56% of crashes 

during the morning period. Interestingly, all other fog crashes occurred at night. Rain 

crashes again showed variation between time slots but could be described as occurring 

during early morning (04:00 to 10:00 – 4 crashes) and afternoon (14:00 to 16:00 – 3 

crashes) showers.  

Table 4.32: Intersection 2 crashes by time slot per weather type 

 

Month Total Crashes Recorded Mist/Fog Rain

January 0 0 0

February 0 0 0

March 0 0 0

April 3 3 0

May 5 2 3

June 2 1 1

July 3 1 2

August 3 1 2

September 1 1 0

October 0 0 0

November 1 0 1

December 0 0 0

Total 18 9 9

Time Slot Total Crashes Recorded Mist/Fog Rain

00:00-02:00 1 1 0

02:00-04:00 0 0 0

04:00-06:00 3 2 1

06:00-08:00 5 3 2

08:00-10:00 1 0 1

10:00-12:00 0 0 0

12:00-14:00 0 0 0

14:00-16:00 3 0 3

16:00-18:00 1 0 1

18:00-20:00 1 0 1

20:00-22:00 2 2 0

22:00-00:00 1 1 0

Total 18 9 9
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Intersection 2 indicated no outright most frequent crash type. It can be seen in Table 4.33 

that no crash type for either weather condition occurs more than twice. What was noted 

was that, again similarly to intersection 1, crashes with a fixed or other object occurred 

only in mist/fog but not during rain. Also, even though not a stand out crash type for this 

intersection, head and rear end crashes and vehicles approaching at an angle where both 

are travelling straight both feature at the top of the table in terms of frequency. 

Table 4.33: Intersection 2 crashes by crash type per weather type 

 

Intersection 2 also showed that crash causes were not well recorded for crashes. The 8 

remaining crashes each featured a different crash cause, as seen in Table 4.34. No 

correlations were able to be made for crash causes at the intersection 2, however, similar 

crash causes were seen for intersection 1. 

Table 4.34: Intersection 2 crashes by crash cause per weather type 

 

The reported light conditions shown in Table 4.35 match the data discussed for Table y 

where rain crashes were most seen during a morning or afternoon shower (daylight) and 

fog crashes occurred either during the early morning or at night. It was noted that both 

intersection 1 and intersection 2 are unlit under night-time conditions. 

Crash Type Total Crashes Mist/Fog Rain

Head/Rear End 4 2 2

Approach at angle - both straight 3 2 1

Single Vehicle Overturned 3 1 2

Fixed/Other Object 2 2 0

Single Vehicle Left the Road 2 1 1

Turn Right in Face of Oncoming Traffic 1 0 1

Approach at angle - one or both turning 1 0 1

Sideswipe Opposite Direction 1 1 0

Animal 1 0 1

Total 18 9 9

Crash Cause Total Crashes Mist/Fog Rain

(Blank) 10 5 5

Driving Too Fast 1 0 1

Entered Traffic while Unsafe 1 0 1

Falling Asleep/Blackout 1 1 0

Ignored Stop Sign 1 1 0

No Sign of Turning 1 0 1

Sudden Stop 1 1 0

Swerving 1 1 0

Wild Animals in Road 1 0 1

Total 18 9 9
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Table 4.35: Intersection 2 crashes by light conditions per weather type 

 

c) Intersection 3 - Similar T-Junctions 

The last intersection to be analysed was intersection 3, a single analysis on a combination 

of 3 similar T-junctions that are located consecutively along a single stretch of road. When 

comparing the intersection crash data to the original crash data, see Table 4.36, as was 

done for both previous intersections, the results again show a similar trend with poor 

visibility weather condition crashes showing an increase. Compared to the original crash 

data, mist/fog crashes increased by 2.01% to 7.14%, while rain crashes more than tripled 

with an increase of 13.94% to make up 19.64% of intersection crashes. Similarly to 

intersection 1, intersection 3 saw a significant decrease in clear condition crashes with a 

decrease of 11.38% in clear condition crashes. The decrease in clear condition crashes 

with a significant increase in poor visibility weather condition crashes, especially rain, 

indicated that the intersection becomes more dangerous during rain conditions compared 

to other intersections in the study area. 

Table 4.36: Intersection 3 crashes per weather conditions compared to original data 

crashes per weather condition 

  

Analysis of the poor visibility weather conditions only, presented in Table 4.37 below, 

showed that the mist/fog crashes are similar at intersection 3 when compared to 

intersection 1 and 2 as all mist/fog crashes occurred between the months of May and July. 

Interestingly, when analysing rain crashes, while the majority (54.55% of total rain 

crashes) also falls between the months of May and July, the other crashes occur during 

months that were not found to have crashes occurring at intersection 1 and 2. This may 

Light Conditions Total Crashes Mist/Fog Rain

Daylight 8 3 5

Night: Unlit 8 6 2

Dawn/Dusk 1 0 1

(Blank) 1 0 1

Total 18 9 9
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indicate that the intersection lies within an area that would receive the sporadic rain that 

occurs in the drier months of the year. 

Table 4.37: Intersection 3 crashes by month per weather type 

 

Intersection 3 again showed similar trends when analysing time slots of the crashes, see 

Table 4.38. The majority of both the mist/fog crashes (50% of total mist/fog crashes) and 

the rain crashes (72.73% of total rain crashes) occurred during the morning hours of 06:00 

to 10:00. Different to intersection 1 and intersection 2 was that rain crashes did not occur 

during afternoon showers. 

Table 4.38: Intersection 3 crashes by time slot per weather type 

 

Similar trends to both previous intersections continued for both crash type and crash 

cause, see Table 4.39 and 4.40. As with intersection 2, intersection 3 showed that head 

Month Total Crashes Recorded Mist/Fog Rain

January 1 0 1

February 1 0 1

March 0 0 0

April 1 0 1

May 3 1 2

June 5 2 3

July 2 1 1

August 0 0 0

September 0 0 0

October 0 0 0

November 1 0 1

December 1 0 1

Total 15 4 11

Time Slot Total Crashes Recorded Mist/Fog Rain

00:00-02:00 2 1 1

02:00-04:00 1 0 1

04:00-06:00 0 0 0

06:00-08:00 5 1 4

08:00-10:00 5 1 4

10:00-12:00 1 1 0

12:00-14:00 0 0 0

14:00-16:00 0 0 0

16:00-18:00 0 0 0

18:00-20:00 0 0 0

20:00-22:00 0 0 0

22:00-00:00 1 0 1

Total 15 4 11
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and rear end crashes and vehicles approaching at an angle where both are travelling 

straight were not the outright most occurred but did feature. Crashes with a fixed or other 

object again only occurred during mist/fog but not during rain. And finally, shown in 

Table 4.40, unrecorded crash causes dominated the list while all other causes were spread 

evenly but can be related to issues with perception when driving under poor visibility 

conditions, as mentioned with intersection 1. 

Table 4.39: Intersection 3 crashes by crash type per weather type 

 

Table 4.40: Intersection 3 crashes by crash cause per weather type 

 

Finally, analysis of the light conditions for crashes at intersection 3, see Table 4.41, 

showed that there was no correlation between lighting conditions as crashes were evenly 

distributed between lighting conditions for both mist/fog crashes and for rain crashes. 

However, it was noted that intersection 3 is similar to both intersection 1 and intersection 

2 in terms of remaining unlit under night-time conditions. 

Crash Type Total Crashes Mist/Fog Rain

Head/Rear End 3 0 3

Approach at angle - one or both turning 2 0 2

Fixed/Other Object 2 2 0

Single Vehicle Overturned 2 1 1

Accident with Pedestrian 1 0 1

Head on 1 0 1

Reversing 1 0 1

Sideswipe Opposite Direction 1 0 1

Sideswipe Same Direction 1 1 0

Single Vehicle Left the Road 1 0 1

Total 15 4 11

Crash Cause Total Crashes Mist/Fog Rain

(Blank) 9 3 6

Driving on Wrong Side 2 0 2

Animals in Road 1 1 0

Bypass a Vehicle that Turned 1 0 1

Object in Road 1 0 1

Sudden Stop 1 0 1

Total 15 4 11
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Table 4.41: Intersection 3 crashes by light conditions per weather type 

 

d) Selected Intersection Analysis Summary 

Selection of intersections was carried out with the continued use of crash data analysis. 

The resultant data from section 4.3 was used to firstly select the most relevant authorities 

by removing authorities with low crash count and then further removing authorities that 

were not in close proximity to the authorities with the highest crash counts. The remaining 

authorities included Langebaan, Saldanha, Vredenburg and Vredenburg PAWC. 

Remaining crash entries were assigned a location description after analysing all 

remaining crash entries by location with the use of given geographical data and Google 

Maps. Crash entries were grouped together, ensuring that those recorded with different 

road names and node names were not discarded.  

Intersections were selected by choosing an intersection for each different junction type 

that showed a high number of crashes and had not yet been affected by recent upgrades 

completed in the area. A single carriageway crossroad (R27 and R45), a dual carriageway 

crossroad (Jacobsbaai Intersection) and similar T-junctions just outside of Vredenburg 

were selected as the three intersections that would undergo later traffic data collection. 

Each intersection was then analysed individually in terms of crashes per weather type, 

per month, per time slot, per crash type, per crash cause and per light condition. It was 

found that the intersections match the earlier discussed weather time and month patterns 

for crashes that occur under poor visibility weather conditions. 

4.4 Validation of the study area and problem through 

local resident questionnaire 

The method in section 3.4 described how a questionnaire was electronically distributed 

to local residents of Saldanha Bay Municipality with the use of a snowball sampling 

technique. The following section discusses the respondent data, sample size and findings 

of the answered questions from the questionnaire found in Appendix C.1 (English 

Version).  

4.4.1 Respondent Data 

The questionnaire was closed for respondents after 155 usable submissions were 

completed online. It was found that the snowball sampling technique was not as effective 

as originally expected due to the breakdown of further distribution to known friends or 

family for each respondent. The questionnaire was closed on 155 usable submissions after 

Light Conditions Total Crashes Mist/Fog Rain

Daylight 6 1 5

Night: Unlit 7 1 6

Dawn/Dusk 2 2 0

Total 15 4 11

Stellenbosch University https://scholar.sun.ac.za



 

90 

the distribution network was deemed to be saturated. This came after an original request 

to complete and distribute the questionnaire and two follow up requests were sent to each 

relevant main distributer of the questionnaire (local municipality and individuals 

identified through social media). 

Table 4.42 below summarises the total usable questionnaire submissions. 162 respondents 

submitted the questionnaire, 158 respondents accepted the opportunity to participate 

while 155 respondents accepted the opportunity to participate and met the conditions of 

being over the age of 18 and in the current possession of a South African driver’s license. 

Table 4.42: Summary of usable questionnaire submissions 

 

Table 4.43 summarises the total unusable questionnaire submissions. 162 respondents 

submitted the questionnaire, 4 respondents declined the opportunity to participate while 

3 respondents accepted the opportunity to participate and but did not meet the conditions 

of being over the age of 18 and in the current possession of a South African driver’s 

license. There were no erroneous submissions as the Google Forms interface was set to 

not allow incomplete submissions. 

Table 4.43: Summary of unusable questionnaire submissions 

 

4.4.2 Sample Size, Margin of Error and Confidence Level 

Due to the use of the snowball sampling technique, the sample size was dependent on 

how many responses were submitted. With 155 submissions confirmed as the final 

sample size, a population size was required before the margin of error was calculated with 

the use of the Cochran Formula. 

Therefore, once it was determined that Saldanha Bay Municipality was the study area, 

Statistics South Africa’s (SSA) 2011 Census showed that the total population (100%) of 

Saldanha Bay Municipality accounted for 99 193 people, with 69.5% of the population 

Respondents English Afrikaans isiXhosa Totals

Total Submissions 95 66 1 162

Accepting Participation 93 64 1 158

Meeting Both Conditions 90 64 1 155

Usable Submissions 90 64 1 155

Language of Instruction

Respondents English Afrikaans isiXhosa Totals

Total Submissions 95 66 1 162

Declining Participation 2 2 0 4

Not Meeting Both Conditions 3 0 0 3

Erroneous Submissions 0 0 0 0

Unusable Submissions 5 2 0 7

Language of Instruction
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aged between 15 and 64 while 5.2% of the population aged 65 and older (Statistics South 

Africa, 2011). The populations for each age group are shown in Table 4.44. 

The assumption that the population was distributed proportionally by age was made to 

remove the total of the population that was aged between 15 and 17 which would 

determine the population aged 18 to 64. The calculation can be seen in line 5 of Table 

4.44.  

By adding the population aged 18 to 64 and the population aged 65 and above, the total 

population aged 18 and above (the legal age to acquire a South African driver’s license) 

was determined to be 69 963 people. Then, in 2013, Statistics South Africa released in 

the National Household Travel Survey that the total percentage of the Western Cape 

population aged 18 and above who were in the possession of a driver’s licenses was 

36.4% (Statistics South Africa, 2013). The 2013 driver’s license statistic was deemed to 

be in a similar timeframe to the 2011 population statistic and was applied to the 2011 

population number. And since Saldanha Bay Municipality is located in the Western Cape, 

the same percentage was applied to the population aged 18 and above for the municipality. 

The answer represented the population size for the study and was a total of 25 467 people 

(shown in yellow in Table 4.44) who are from Saldanha Bay Municipality, over the age 

of 18 and are in possession of a driver’s license. 

Table 4.44: Population size determination 

 

With a sample size of 155 submissions and a population size for the study of 25 467 

people, the margin of error was calculated with the use of Cochran’s Formula (described 

in section 3.4) for a 95% and 90% confidence level. 

Microsoft Excel’s solver function was used to calculate the margin of error (e) for a 

sample size (n) of 155 responses and a population size (N) of 25 467 people. Shown in 

Table 4.45, are the final results of the calculation for a 95% and 90% confidence level. 

Appendix C.2 shows the calculations of the sample sizes required to reach a margin of 

error (e) of 1% to 10% with the margin of error for a corrected sample size of 155 

responses (see Table C2.1 for a confidence level of 95% and see Table C2.2 for a 

confidence level of 90%, results of 155 responses shown in yellow for each). A p-value 

of 0.5 was chosen (where q = 1 – p) for the calculation as it represents the maximum 

degree of variability within a population (Israel, 1992). 

Description Given / Calc. Population Source

Saldanha Bay Municipality Population (2013) 100% 99 193 (SSA, 2011)

SBM Population (age 15-64) 69.5% 68 940 (SSA, 2011)

SBM Population (age 18-64) = A x 47 / 50 64 804

SBM Population (age 65+) = B 5.2% 5 159 (SSA, 2011)

SBM Population (age 18+) = C A + B 69 963

Population of Western Cape Aged 18+ with Drivers License = D 36.4% (SSA, 2013)

Population Size Size C * D 25 467

Assumption: Population Distributed Proportionally By Age
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Table 4.45: Sample size and margin of error calculation for both 95% and 90% 

confidence levels 

 

Comparing the n0 and n values, the change is less than 1 response which indicates that 

the population of 25 467 people is a larger population that is not significantly affected by 

the finite population correction for proportions. 

In summary, with selection of the higher confidence level (95%) for more certainty of the 

data, any percentage of the population discussed in the results of the questionnaire may 

be considered as 95% confident that the stated value lies within a bracket of ±7.85% of 

the percentage. For example, if the results indicate that 60% of the sample size chose a 

specific option, then the actual statistic can be considered with a 95% certainty that 

between 52.15% and 67.85% of the entire population size represented by the 

questionnaire sample size would choose the same option. 

4.4.3 Questionnaire Results – Section 1 – General Information of Respondents 

a) Age, Gender and Area 

Figure 4.6 depicts the ages of the 155 respondents. The ages were grouped into 10-year 

brackets with the except of the first bracket and one respondent who listed their age as 

60+. The most frequent age brackets were 46 to 55 years of age with 43 respondents and 

56 to 65 years of age with 33 respondents. Combined, the two most frequent brackets 

made up 49% of the total respondents. There was representation from all age brackets, 

from 18 to 25 years of age to 76 to 85 years of age. 

95% 90%
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Figure 4.6: Summary of age of questionnaire respondents 

Gender, shown as a pie chart in Figure 4.7, was coincidentally an even split between male 

and female with 77 responses each. The remaining respondent preferred not to say their 

gender. An further option was provided for a respondent to state the gender that the 

respondent identifies as, however, no further options were chosen. 

 

Figure 4.7: Summary of gender of questionnaire respondents 

The area where each respondent currently resided is shown in Figure 4.8. 148 respondents 

were from Saldanha Bay Municipality while 7 respondents were from outside the study 

area but had experience with driving in the area. Vredenburg, Langebaan and St Helena 

Bay had the highest representation with 36, 35 and 31 respondents from each respective 

area. Hopefield, with the lowest representation of the crash data authorities, only had 6 

Stellenbosch University https://scholar.sun.ac.za



 

94 

residents who completed the question while 1 participant indicated that they were from 

Elandsfontein Mine which is also situated in Saldanha Bay Municipality. 

 

Figure 4.8: Summary of area of questionnaire respondents 

b) Vision 

The majority (54%) of respondents indicated that they had normal vision and did not drive 

with visual aid in the form of glasses (41%) or contact lenses (5%), this has been presented 

in Figure 4.9. This indicated that the submitted responses came from respondents with a 

wide range of visual performance. 

 

Figure 4.9: Summary of respondent’s vision when driving 
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c) Years of Driving Experience 

The final questions of the general section were used to gain insight on how experienced 

the drivers were in terms of how many years they have experienced driving in total and 

how many years of driving they have experienced in the study area alone. These have 

been graphed in Figure 4.10 and 4.11. 

While the most frequent number of years spent driving in total are between 31 and 40 

years (39 responses) and 21 and 30 years (31 responses), as seen in Figure 4.10, the most 

frequent number of years spent driving in the study area are significantly less 0 to 5 years 

(47 responses, compared to 16 responses for total years of driving experience in the same 

year bracket) and 11 to 20 years (43 responses), seen in Figure 4.11. This may suggest 

that many of the respondents recently moved to the study area and would have had to 

experience the poor visibility weather conditions common to the area for the first time 

within the last 5 years. 

 

Figure 4.10: Summary of total years of driving experience of questionnaire 

respondents 
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Figure 4.11: Summary of total years of driving experience in Saldanha Bay 

Municipality of questionnaire respondents 

4.4.4 Questionnaire Results – Section 2 – Experience of driving under poor 

visibility weather conditions 

a) Experience of and Approach towards Driving in Fog 

The focus of the questions was then shifted to focus purely on the respondents’ experience 

of driving under poor visibility conditions. Figure 4.12 summarises the respondents’ own 

rating of their experience of driving during fog conditions. A rating of 1 indicated very 

little experience of driving during fog, where a rating of 5 indicated very experienced 

when driving during fog. With 43 respondents choosing a rating of 5, very experienced 

and 84 respondents choosing a rating of 4, a fair amount of experience, 82% of 

respondents felt as though they had more than some experience (a rating of 3) of driving 

during fog. There were no respondents who had no experience in fog and only 3% of 

respondents said that they had little experience (a rating of 2) of driving in fog. 
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Figure 4.12: Respondent’s experience of driving in fog 

Respondents were then asked on their approach to driving between towns during thick 

fog or heavy rain. Respondents could choose one of three options, a) - not risk driving 

and wait for the weather to pass; b) - drive but take extra precaution; or c) - drive and not 

let the weather determine your decision as you feel comfortable to drive under poor 

visibility conditions. 115 respondents (74%) chose option b), as illustrated in Figure 4.13. 

This shows that almost three quarters of respondents feel that driving under poor visibility 

requires necessary extra precaution and a further 10% (15 respondents) would rather not 

risk driving during poor visibility weather conditions at all. 

 

Figure 4.13: Respondents approach to driving in poor visibility conditions 
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For the respondents who selected option b) in the previous question, they were asked to 

further explain what precautions they take when driving under poor visibility conditions. 

There were no template answers given and respondents were required to type their 

answers which meant that they were able to mention more than one precaution. Table 

4.46 shows each precaution that was mentioned and the number of times that it was 

mentioned. With 94 mentions from 115 responses, reducing their speed was by far the 

most mentioned precaution. Turning on lights, hazard lights and fog lights were the next 

three most mentioned precautions with 48, 47 and 29 mentions each which indicated that 

most respondents found it necessary to improve their own driving visibility by turning on 

their lights. 

Many respondents chose to only mention one or two precautions as there was no 

indication of how many precautions should be listed, it was therefore still important to 

acknowledge the precautions with lesser mentions. Important themes that were 

highlighted through responses included intersection precaution (rolling down windows at 

intersections, checking for cars at an intersection more often when in fog, approaching 

intersections with more caution and using a GPS to locate intersections), vehicle checks 

(clean wipers, clean windows, use of demisters on windshield, checking seatbelts are used 

by all passengers), driving behavioural changes (maintaining necessary following 

distance, leaving for destination earlier, using the yellow line as a guide/avoiding driving 

near the centre of the road and avoiding the trip entirely if possible and travelling further 

to a circle rather than cross lanes at an intersection), and personal behavioural changes 

(being more aware and vigilant, drive with more patience, ensure they are relaxed before 

driving, ensure that they have their glasses). 

While many precaution responses were expected, the mention of choosing to turn left at 

an intersection to travel to a roundabout at the next intersection was a standout response 

with two mentions. This interesting option was completed in order to take the third exit 

of a roundabout to change direction of travel and then return to the initial intersection so 

that crossing lanes could be avoided under poor visibility conditions. This indicated a 

clear avoidance of dangerous intersections that are faced with poor visibility. 
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Table 4.46: Count of all mentions for precautions taken if answered b) for approach 

to driving in poor visibility conditions 

 

b) Fog and Rain Months, Time and Visibility 

From the questionnaire, Questions 4,5 and 6 of section 2 for fog and questions 7, 8 and 9 

of section 2 for rain were used as further validation of the weather data discussed in 

sections 4.1 and 4.2 of the study. For each weather condition, 3 questions were asked to 

aid with the validation of the weather data, the first question asked respondents to choose 

which 2 months of the year will experience the most fog and rain. The second question 

then asked respondents to choose all applicable times of the day that they believe will 

most likely experience fog and rain. The third question asked respondents to specify, in 

meters, how far ahead they believe can be seen in front of them when the fog is the 

thickest or the rain is the heaviest. 

Firstly, the fog data. Figure 4.14 shows that respondents felt that June and July would 

experience the most fog with 57% of the total respondents choosing July as one of their 

two options and 53% of the total respondents choosing June as one of their two options. 

Based on the responses, the period with the highest occurrence of fog lies between May 

Precautions Taken Mentions

Drive Slowly/Reduce Speed/Lower than Limit 94

Turn Normal Lights On 48

Turn Hazard Lights On 47

Turn Fog Lights On 29

More Aware/Focused/Vigilant/Careful 12

Roll Down Windows at Intersection to Hear 7

Maintain Necessary Following Distance 5

Ensure Wipers are in Good Condition 4

Leave For Destination Earlier 4

Unuseable Answer/Left Blank after Selecting b) 4

Ensure Clean Windscreen 3

Stick Left/Drive Along Yellow Line 3

Use De-Mister and Wipers 3

Approach Intersection with Caution 2

Avoid Trip if not Essential 2

Ensure Passengers are Buckled-In 2

Travel Further to Circle to Avoid Crossing Lanes 2

Use GPS to Locate Intersections 2

At ease/Relaxed 1

Check Intersections More Often Before Crossing 1

Have More Patience 1

Lower Sound of the Radio 1

Strain Eyes and Pray 1

Wear Glasses for Driving 1
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and August which matched the highest occurrence of crashes during mist/fog shown in 

the resultant crash data from section 4.2 (see Table 4.13) which occurred between April 

and August. According to the fog weather data, which showed that the months with the 

highest occurrence of fog included March and April, there is an overlap in fog periods 

shown in the weather data, crash data and local response, and as such, the validation of 

an issue was accepted to be true. 

 

Figure 4.14: Summary of 2 months of the year with the most fog 

Figure 4.15 shows the response to the time of day with the thickest fog. Responses clearly 

showed, with 86% of respondents choosing the time as a selection, that the thickest fog 

occurs between 06:00 and 08:00 which matches the data shown in Table 4.14 where the 

most crashes in fog occurred between the same time period. Again, comparing to Table 

4.14, both the responses and crash occurrence spiked in the morning, disappeared during 

the day and showed a steady increase during the night-time hours. Therefore, based on 

the crash data and the responses from locals, a correlation between the thickest fog 

occurrence and the number of crashes can be seen. 
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Figure 4.15: Summary of time of day with thickest fog 

Finally, when asked to specify (no options given, must type an answer) the distance one 

can see ahead of them in the thickest of fog (see Figure 4.16), 60% of respondents said 

that visibility remains less than 10 meters ahead of them, while a staggering 93% stated 

that the visibility remained less than 50 meters ahead of them. This shows that seeing 

oncoming high-speed traffic when waiting at a stop sign becomes almost impossible 

under fog conditions and at least 60% of respondents would struggle to see any further 

than the intersection itself. It was concluded that visibility of oncoming vehicles is a major 

concern. Furthermore, it was seen that even locals who experience the fog season each 

year have very different perceptions of the visibility in fog as the answers showed such 

variability between distances perceived under thick fog. This proves important when 

developing a solution as it should cater for all forms of visibility perception. 
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Figure 4.16: Summary of respondent's visibility distance perception in fog 

Secondly, the rain data was assessed. Figure 4.17 shows that respondents felt very 

strongly that rain occurs during the months of June, July and August. With a total of 286 

out of 310 possible selections (92%) allocated to these 3 months. This matched with the 

highest occurrence of crashes during rain shown in the crash data (see Table 4.13) which 

occurred between April and August. According to the rain weather data, which showed 

that the months with the highest occurrence of rain included May and August, there is an 

overlap in rain periods shown in the weather data, crash data and local response, and as 

such, the validation of an issue was accepted to be true. 

 

Figure 4.17: Summary of 2 months of the year with the most rain 
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Figure 4.18 shows the response to the time of day with the heaviest rain. Responses 

showed, that the rain occurrence is variable and is possible to be spread across the day 

which was also shown in Table 4.14 where the most crashes in rain occurred throughout 

the day but with a higher spike in the morning and afternoon/early evening periods. 

Therefore, based on the crash data and the responses from locals, a correlation between 

the heaviest rain occurrence and the number of crashes can be seen where crashes during 

rain and rainfall may occur throughout the day but are slightly more likely to occur during 

the morning and afternoon/early evening periods of the day. 

 

Figure 4.18: Summary of time of day with heaviest rain 

When again asked to specify (no options given, must type an answer) the distance one 

can see ahead of them but this time in the heaviest of rain (see Figure 4.19), it was noticed 

that visibility was perceived as worse during fog compared to rain. Only 48% of 

respondents said that visibility remains less than 10 meters ahead of them (60% for fog 

in Figure 4.16), while 80% stated that the visibility remained less than 50 meters ahead 

of them (93% for fog). This shows that seeing oncoming high-speed traffic when waiting 

at a stop sign is easier when in rain compared to fog but is still viewed as an issue due to 

the lowered visibility. One respondent noted that one can see a vehicle from a further 

distance if the other vehicle had their headlights turned on. This is not always possible 

during fog. It was again seen (both fog and rain) that locals have very different 

perceptions of the visibility as the answers showed such variability between distances 

perceived under thick fog and heavy rain. Therefore, as mentioned previously, this finding 

proves important when developing a solution as it should cater for all forms of visibility 

perception. 
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Figure 4.19: Summary of respondent's visibility distance perception in rain 

c) The Issue and Concerns of Driving under Poor Visibility Conditions 

Respondents were asked how they feel about driving under poor visibility conditions in 

Saldanha Bay Municipality. With three options to choose from (results shown in Figure 

4.20), 121 respondents (78%) believed that it is an issue and it needs to be addressed. 28 

respondents (18%) felt as though it is an issue but does not need to addressed, while only 

6 respondents (4%) felt as though driving under poor visibility conditions is not an issue 

and should not be addressed. 

 

Figure 4.20: Summary of issue of driving under poor visibility conditions 
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Contrary to the results shown from the previous question, when asked what the biggest 

concern with the issue of driving under poor visibility conditions in Saldanha Bay 

Municipality is (and given the opportunity to select more than one option), 0 respondents 

chose the option of no issue. This showed that while 6 respondents said that it is not an 

issue and should not be addressed in the previous question, they were still able to identify 

the biggest concerns relating to the issue. 

Summarising the results shown in Figure 4.21, as mentioned, no respondents chose the 

option of no issue while the most chosen concern, with 132 responses (85% of all 155 

respondents), was option c – ‘I worry about other drivers driving recklessly’. 74 

respondents chose d – ‘I cannot see other vehicles well’, 64 respondents chose b – ‘I feel 

unsafe and uncomfortable driving in fog and heavy rain’, 45 respondents chose e – ‘I 

cannot judge how far away other vehicles are when I see them’ and a further 27 

respondents used the option to provide their own biggest concern. This meant, that with 

342 selections, the average respondent would choose 2.2 selections each. 

 

Figure 4.21: Summary of biggest concerns when driving under poor visibility 

conditions 

Of the 27 own answer selections, the biggest concerns could be grouped into four themes. 

Firstly, the biggest concern was intersections. Respondents made mention of too many 

intersections on the main higher-speed roads; intersections not well lit, poorly marked, 

do not have warning signs; intersections need to be fully signalised; intersections are 

made more dangerous under these weather conditions with Jacobsbaai intersection 

mentioned twice and the R27 and R45 intersection mentioned once – both of which were 

selected through crash data already; intersections should have approaches reduced to 80 

km/h as 100 km/h is too high, especially for stationary vehicles attempting to cross the 

intersection; and wet roads reflect headlights at night causing poor visibility of the road. 
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The second theme was drivers, most notably those who do not turn on their lights at night 

or during poor visibility conditions. Then also mentions of other drivers driving 

irresponsibly; with excessive speed and taking chances; lacking spatial awareness and 

driving skills for conditions; and pulling over/stopping/slowing down when it is unsafe 

to do so which creates hazards for other vehicles. 

The third theme was vision, one respondent felt that they were often unsure if they were 

driving in the correct lane and also felt as though they were unaware of approaching 

vehicles. Another respondent stated that their biggest concern was the misting of their 

windshields when driving under poor visibility conditions. 

The fourth and final theme was work, as one respondent stated that their biggest concern 

is that they only take the option to drive under poor visibility conditions because they 

have to be at work. 

d) Additional Comments and Information 

The final question of section 2 had multiple informative and useful additional comments 

and information. However, it was noticed that many comments related to the final 

question of section 4 of the questionnaire. Therefore, all mentions regarding this question 

were discussed in section 4.4.6 of the study. 

4.4.5 Questionnaire Results – Section 3 – Situations and Comfortability Ratings 

Section 3 of the questionnaire presented four situations to each respondent where they 

were asked to scale and quantify their feelings and actions taken when in each situation 

related to the problem. This was done with the use of a comfortability rating where 1 

represented the least desirable feeling (most uncomfortable, unsafe and/or uncertain) and 

5 represented the most desirable feeling (most comfortable, safe and/or certain). 3 

represented a neutral feeling for each situation. 

a) How Safe Drivers Feel while Driving during Poor Visibility Conditions 

For the first of four situations, respondents were asked to rate how safe they feel when 

driving on the road during poor visibility conditions. Shown in Figure 4.22, 32 

respondents (21%) chose 1 and felt very unsafe and would try to avoid driving. The most 

chosen answer (72 responses – 46%) was 2, unsafe. While 43 respondents (28%) felt 

neither safe nor unsafe. Which meant that only 8 respondents (5%) felt a sense of safety 

when driving under poor visibility conditions with 3 respondents feeling safe and 5 

respondents feeling very safe. This meant that with 28% of respondents feeling neutral in 

terms of being neither unsafe nor safe, 67% of respondents felt a sense of being unsafe 

when faced with poor visibility conditions. 
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Figure 4.22: How safe drivers feel when driving during poor visibility conditions 

b) Comfort and Uncertainty when Pulling Off from an Intersection during Fog 

Given the situation of being stopped at a stop sign (the already chosen intersection of the 

R27 and R45 used as an example) during thick fog and waiting to pull off and enter the 

intersection when they are unable to see oncoming traffic, 91% of respondents stated that 

they feel a degree of discomfort and uncertainty (the majority feeling very uncomfortable 

and very uncertain because they worry about not seeing oncoming vehicles – 95 responses 

= 65%, and 46 responses = 30% feeling uncomfortable and uncertain). This is represented 

in Figure 4.23 with only 10 respondents (6%) feeling neutral, 3 respondents (1.9%) 

feeling comfortable and certain and 1 respondent (0.6%) feeling very comfortable and 

very certain when faced with this situation. This confirmed that the stop sign pull off is a 

major concern under thick fog conditions. 
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Figure 4.23: Comfort and uncertainty when pulling off from an intersection during 

fog 

c) Comfort and Uncertainty when Pulling Off from an Intersection during Rain 

Similarly to the previous question, the exact situation was posed except for the situation 

occurring during rain conditions. While the sense of feeling uncomfortable and uncertain 

remained as the majority for the situation during rain, when comparing the same situation 

under fog, the number of respondents choosing the same level of discomfort and 

uncertainty decreased and more respondents chose a higher feeling of comfort and 

certainty.  

As shown in figure 4.24, 50% of respondents felt very uncomfortable and very uncertain 

(down from 61% for fog) and 31% of respondents felt uncomfortable and uncertain 

(similar to 30% for fog). Then 12% of respondents felt neutral to the situation (up from 

6% for fog). While, 6% of respondents felt comfortable and certain (up from 1.9% for 

fog) and 1% of respondents felt very comfortable and very certain (similar to 0.6% for 

fog). 

This showed that while respondents found both situations to cause feelings of discomfort 

and uncertainty, the feels are worse for the same situation during fog compared to rain. It 

must be noted that for both situations, the most desirable feeling of very comfortable and 

very certain are both similar at ≤1% of responses. This showed that under both poor 

visibility conditions, pulling off from a stop street is very dangerous due to feelings of 

discomfort and uncertainty. 
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Figure 4.24: Comfort and uncertainty when pulling off from an intersection during 

rain 

d) How Safe Drivers Would Feel if an Indication was Given at an Intersection 

during Poor Visibility Conditions 

The final situation presented to the respondents was related to the previous two situations. 

Respondents were asked, if an indication at the stop sign indicated that it was safe to pull 

off, how safe would they feel relying on the indication compared to when there was no 

indication given (a normal stop sign) under poor visibility conditions that still make them 

unable to see oncoming vehicles. 

As shown in Figure 4.25, the levels of safety increased compared to the majority of least 

desirable responses for the previous question. 54% of respondents would feel safer (51% 

safe and trusting enough to rely on the indication to pull off, with 3% very safe and totally 

trusting of the indication). 10% of respondents felt neutral while 23% would feel unsafe 

and still feel uncomfortable. 13% of respondents would feel very unsafe and would not 

trust the indication. 

This question showed a significant increase towards the feeling of safety at a stop sign if 

an indication were to indicate when it is safe to pull off with 54% of respondents feeling 

safer. Although there were still 36% of respondents still feeling unsafe or very unsafe, 

this was to be expected as it is not something that is currently being used in South Africa 

which would expectedly still cause feelings of uncertainty towards new technology. 
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Figure 4.25: How safe drivers would feel if an indication was given at an intersection 

during poor visibility conditions 

4.4.6 Questionnaire Results – Section 4 – Additional Questions for Feedback 

The final section of the questionnaire asked two questions of the respondents. Firstly, 

what improvements that would improve the safety of intersections faced with poor 

visibility weather conditions in Saldanha Bay Municipality and secondly, an opportunity 

was proved to add any further comments.  

It was noticed that between the two questions (and the added question mentioned section 

4.4.4 – d), analysis of all responses could be sorted into two separate themes, intersection 

improvements suggested by respondents and additional comments. The improvements 

and comments were grouped and counted by number of mentions and have been discussed 

accordingly. The suggestions and comments were further unpacked during solution 

development. 

a) Intersection Improvements Suggested by Respondents 

The intersection improvements were tabulated in Table 4.47, 4.48 and 4.49 for discussion. 

Table 4.47 shows all changes that require construction or installation, Table 4.48 shows 

human intervention options, speed reduction and general improvements while Table 4.49 

shows all new ideas that aren’t seen in the area.  

1) Intersection Changes, Road Changes and Lighting and Signage Installation 

As seen in Table 4.47, a change of intersection was the most common suggestion with a 

total of 85 mentions. 42 mentions of traffic light installation and 30 mentions of a 
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roundabout construction were the two most common intersection change suggestions with 

also mention of either the construction of a bridge at the intersection, adding stop signs 

to the through roads as well or construction of more acceleration lanes to aid with turning. 

Lighting and signage installation received 75 mentions with street lighting and flashing 

warning lights the most asked for while lit or high visibility signage, high accident zone 

signage and variable message signs reminding drivers to turn on lights were also 

mentioned. 

Changes to the road surface were also mentioned as respondents hoped to have rumble 

strips added to the through roads, many suggesting that it would aid with hearing 

approaching vehicles that may not yet be seen due to poor visibility. Cats eye (road studs), 

new road paint and speed bump construction were also mentioned. 

Table 4.47: Intersection improvements suggested by respondents 

 

2) Speed Reduction, Human Intervention and General Improvement Suggestions 

Respondents made 19 mentions that require human intervention in order to improve 

safety at intersections, see Table 4.48. Most suggestions require the input of local traffic 

police to either direct traffic or be on site to fine vehicles either speeding or not driving 

with their lights on during poor visibility conditions. Other suggestions included 

improving driver education or testing of skills more often. 

Speed reduction at intersections were mentioned a total of 17 times. 10 respondents 

mentioned a speed reduction in general while a further 3 respondents suggested that a 

general speed reduction could be implemented with the aid of a fixed camera. The 

Improvements Mentions

Intersection Change 85

Traffic Light Installation 42

Roundabout/Circle Construction 30

Interchange/Bridge/Flyover/Overpass Construction 8

Stop Sign 3

Slip/Acceleration Lane 2

Lighting and Signage Installation 75

Street Lights 35

Flashing/Warning Lights for Approaching Intersection 27

Lit Signage/High Visibility Signage 8

High Accident Zone Sign 3

Turn Lights On Sign/VMS 2

Road Surface Changes 36

Rumble Strips 17

Cats Eyes 10

Clear/High Visibility/Wet Weather Road Markings 7

Speed Bumps 2
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remaining 4 respondents included a new suggested speed limit as they felt that the 

dangerous sections with an approach speed of 100 km/h was too fast. 

Finally, respondents also suggested general areas that require improvement with no 

specifics. These included improving the intersection through upgrades of either visibility 

or traffic control, improving the awareness to dangers and implementing traffic calming 

measures.  

Table 4.48: Intersection improvements suggested by respondents (continued) 

 

3) New Ideas 

The final addition to the suggested improvements included 27 mentions of new ideas that 

are not used in the area, see Table 4.49. There were 7 mentions of an indication to pull 

off when safe to pull-off when at a stop sign (as suggested in one of the earlier questions). 

Ideas with more than one suggestion included interactive stops signs, warning oncoming 

traffic of stopped vehicles, weather activated warning signs (3 mentions each) and 

flashing cat’s eyes (2 mentions). 

Other interesting suggestions included the inclusion of a bell to ring when safe to pull off, 

electronic indication of approaching vehicles, fog lights to light an intersection, an 

addition to hear oncoming vehicles, thermoplastic line marking and sensors to activate 

oncoming vehicles warnings. 

Improvements Mentions

Human Intervention 19

Better Policing from Traffic Officers/Directing Traffic 14

Regular Testing of Driving Skills and Attitudes 2

Driver Education on Road Ettiquette in Fog 2

Fines for Vehicles without Lights Turned On 1

Speed Reduction 17

Speed Reduction 10

Speed Reduction with Fixed Cameras 3

Speed Reduction to 80 km/h 1

Speed Reduction to 60 km/h 2

Speed Reduction to 40 km/h 1

General Improvement Suggestions 14

Improve Visibility of Intersection 5

Improve Traffic Control 3

Extra Danger Awareness 2

Intersection Upgrades 2

Traffic Calming Measures 2
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Table 4.49: Intersection improvements suggested by respondents (continued) 

 

b) Additional Comments 

 The final question to the questionnaire allowed for additional comments were grouped 

into the following six themes: 

1) Mentions of Specific Intersections 

Respondents mentioned the dangers of the Jacobsbaai intersection 15 times without the 

intersection being used as an example in the questionnaire. This highlighted the local 

residents’ thoughts towards the intersection that was already selected through crash data 

statistics as negative and in need of improvement, one respondent also mentioned that 

they prefer to use the roundabout intersection that follows the Jacobsbaai intersection.  

While the intersection of the R27 and R45 was used as an example during the 

comfortability ratings, the intersection was still mentioned to be an issue due to the bridge 

from the Langebaan approach causing sight distance issues. 

Other intersections to be mentioned as an issue include the St Helena Bay turn off and the 

R45 Elandsfontein Mine turn off that will have four heavy trucks per hour make use of 

the intersection in 2022. 

2) Other Drivers on the Road 

Many respondents used the opportunity to address their worry about other drivers on the 

road. Of the 46 mentions, 10 mentioned reckless drivers who do not have the necessary 

skills to adhere to the signs and rules of the road. 7 mentions were towards concerns of 

drivers who drive without their lights on while a further 4 mentions of worry towards 

safe, slower drivers clashing with aggressive drivers were also noted. This contrasts 

Improvements Mentions

New Ideas 27

Indication of Safe/Unsafe to Pull-Off 7

Interactive Stop Signs 3

On-coming traffic must be warned of stopped vehicles 3

Weather Activated Warning Signs 3

Flashing Cats Eyes 2

Bell that rings when safe to drive 1

Change roads to not have intersections 1

Electronic Indication of Approaching Vehicles 1

Fog Lights 1

On-road addition to hear when cannot see 1

Research Economical, Effective and Innovative Solutions 1

Road Studs and Thermoplastic Line Marking for Circles 1

Sensors that activate on-coming vehicle warnings 1

Spray Lights 1
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another respondent who mentioned that slower drivers need to be addressed as they cause 

other drivers to drive irresponsibly. 

Other interesting mentions were towards how visitors to the area struggle with driving 

during fog due to inexperience; taxi drivers, older drivers and reckless drivers cause a lot 

of insecurity when driving during fog; better education is required as a driver’s license is 

obtained without ever going over 60 km/h or learning about different stopping distances 

in different weather conditions; the colour of a vehicle impacts the visibility of the vehicle 

and larger vehicles are more dangerous due to poor, small or no rear lights. 

Finally, another reoccurring theme related to driver interaction directly related to poor 

visibility driving, with 5 mentions of poor visibility exacerbating poor driving, however, 

the real issue is poor driving from the start. 

3) Issues with Weather and Night-time Driving 

Mentions of weather and night-time driving were noted as some respondents felt that 

thick fog combined with dark lighting conditions make intersections impossible to cross, 

to a point where they are taking a chance crossing an intersection. Furthermore, it was 

mentioned that fog even causes experience drivers to misjudge distance before an 

intersection and, combined with night-time conditions, intersections are difficult to use 

due to poor markings and also cannot be seen from a distance. 

Some respondents showed concerns towards finding a solution as they felt that 

implementing an idea against nature is not always feasible especially as fog occurrence 

and rain downpour times often change. Another mention of problem areas varying too 

often due to weather changes also resulted in a respondent’s cause for concern. All 

mentions of implementation concerns would need to be addressed during solution 

development. 

An interesting mention was that late afternoon travel is also a cause for poor visibility as 

the sunset may also cause a blinding effect when travelling towards the coast.  

Finally, the last mention for the theme was that every driver should ensure that their vision 

is good and that they are well rested because focus is required during thick fog. 

4) Road and Intersection Design, Lights, Signage and Road Markings 

19 mentions of concerns towards intersection design, lighting, signage and road markings 

were noted. Similar to the improvement suggestions, the following mentions were noted 

– the importance of hearing oncoming traffic, speed limits being too high, and improving 

the visibility of intersections are a necessity as roads are busy. 

Contrasting thoughts were also noted as one respondent felt that traffic lights are more 

visible while another suggested that traffic lights are not visible in dense fog and a third 

suggested that a traffic signal could not be implemented due to theft, poor maintenance 

and loadshedding. 
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Others took the opportunity to promote their suggested improvements by adding that 

roundabouts should be used to keep traffic moving but slow it down enough to allow for 

safe turning and joining of traffic. Another mentioned that any roundabout construction 

requires angled approaches on all sides to slow down traffic. A third mentioned that cat’s 

eyes should be added to the centre and the edge of all roads. A fourth added that the 

addition of acceleration lanes would aim to avoid T-boning and rear end collisions.  

The final mentions for this theme included the idea that the roads are already unsafe 

without the addition of rain or fog, while another suggested that adaptions do not need to 

be made to the road, drivers just need to be more careful and patient. However, the 

respondent did add that locals know the roads but need to be more vigilant towards 

visitors. 

5) Local Road User Concerns and Issues with Authorities 

Many respondents used the additional comments to raise their own concerns and also 

their issues with authorities. Some respondents worry about how many deaths will occur 

on their roads during holidays while others also felt that road deaths were a big issue and 

that unroadworthy vehicles are also a cause for concern.  

One respondent felt as though they are forced to drive even when the weather is not to 

their liking. Another wanted to improve their feeling certainty of oncoming vehicles, 

while a third wanted to feel confident enough to continue driving without being in harm’s 

way. 

In terms of issues with authorities, responses were made regarding intersections and West 

Coast roads being poorly managed and that Province have not made enough precaution 

with intersections that are a major concern under poor weather conditions. It was 

mentioned that concerns have already been put forward to road authorities and that 

upgrades should be prioritised as urgent with quicker action for decisions on 

implementation to be made.  

One respondent hoped that civil engineers would come up with better solutions than just 

street lighting while another hoped that the municipality would have more input and 

address the issue. A suggestion was also made for a bus service or service similar to Uber 

to be made available to the area as locals want to be responsible but are forced to drive 

home which puts more reckless drivers on the road at night. 

Final thoughts included a mention of poor police presence and road side assistance occurs 

when there is an accident and another mention of more accidents occurring during heavy 

rain due to poor road maintenance. 

6) Important Research and Interest 

The final theme contained 6 mentions of this study being important research with some 

mentions pleading to please ensure that improvements are made. There was also interest 

in the final solutions for the research.  
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4.4.7 Questionnaire Summary 

Completion of the questionnaire produced results that were able to validate the findings 

from the weather data and crash data analyses. Respondents identified the fog and rain 

periods to match those that were found through the weather data and crash data analyses 

with respondents stating that fog and rain were most present in June, July and August. 

Comfortability ratings showed that respondents feel the most discomfort and uncertainty 

when needing to pull off from a stop sign during fog conditions (91% feel some level of 

discomfort and uncertainty) compared to during rain conditions (80% feel some level of 

discomfort and uncertainty) while both situations regarding pulling off from a stop sign 

had higher levels of discomfort compared to only 67% of respondents feeling unsafe 

while just driving under poor visibility conditions. It was predicted in section 4.3.1 that 

regional routes would be a cause for discomfort and uncertainty when approached under 

poor visibility conditions and this was proven through the results of the questionnaire. 

Among other findings, the most standout  include: majority of respondents would feel 

more comfortable and more certain if an indication were given to them to safely pull off 

an turn at a stop sign; the biggest precaution taken when driving under poor visibility 

conditions is to reduce speed; 93% of respondents stated that they see less than 50 m 

ahead of them during fog while only 80% stated that they see less than 50 m ahead of 

them in rain; and common suggestions for intersection improvements include a change 

of intersection control to either fully signalized or to a roundabout. 

4.5 Traffic Data Collection at Intersection 

After the selection of intersections was made with the use of crash data and the local 

resident questionnaire was used to gain an understanding of road users outlook towards 

using intersections under poor visibility weather conditions, traffic data collection was 

performed by following the method discussed in section 3.5. The traffic data collection 

was performed at all three intersections under clear, fog and rain conditions for later 

analysis. 

4.5.1 Intersection Descriptions 

Before discussing the results of the traffic data collection, the intersections have been 

further described to indicate where the intersections are located within Saldanha Bay 

Municipality and to also describe the physical characteristics of each intersection. 

The selected intersections and their respective geographic coordinates are as follows 

(Note: The travel distance from Intersection 1 to Intersection 2, through Vredenburg and 

past intersection 3, is approximately 15.83 km – measured with the use of Google Maps 

measure distance function): 

a) Intersection 1 - Intersection of the R27 and the R45. Indicated on Figure 4.26 with 

a purple dot. Coordinates: (-32.936503, 18.083933) 
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b) Intersection 2 - Intersection of the R399, Jacobsbaai Rd and TR085-1 (R79). 

Indicated on Figure 4.26 with an orange dot. Coordinates: (-32.952884, 

17.964821). 

c) Intersection 3 - Similar T-Junctions. Indicated on Figure 4.26 with a red dot: 

• Intersection of the R399 and Anemone St. Located 0.73 km from intersection 

of R399, R45 and Southern Bypass St. Coordinates: (-32.909388, 18.014080) 

• Intersection of the R399, R45 and Southern Bypass St. Located 0.55 km from 

intersection of R45 and Toermalyn St. Coordinates: (-32.912216, 18.021118) 

• Intersection of the R45 and Toermalyn St (Traffic Services Road). Located 

5.93 km from intersection of R27 and R45 (purple dot). Coordinates: (-

32.914382, 18.026423)  

 

Figure 4.26: Map of Saldanha Bay Municipality with selected intersections 

highlighted in different colours (Western Cape Government, 2017) 

a) Intersection 1 – R27 and R45 

Intersection 1, see the basic diagram in Figure 4.27, is a crossroads with four approaches. 

The R27 is a regional route through road with no stop signs and intersects with the R45 

that is stop sign controlled on either side.  
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When carrying out the traffic data collection, as described in section 3.5, session 1 

included capturing speeds on the R27 from the St Helena Bay/Velddrif approach and 

taking timings at the Langebaanweg/Hopefield stop sign on the R45, see red markings on 

Figure 4.27. Session 2 involved swapping sides and collecting data for the blue markings 

on Figure 4.27. The intersection can also be seen in the photograph in Figure 4.28. 

  

Figure 4.27: Basic diagram of intersection 1 
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Figure 4.28: Investigator’s photograph of intersection 1 at the Langebaanweg/ 

Hopefield (R45) stop sign 

Recent upgrades: 

• None from available data. Saldanha Bay Municipality indicated that perpendicular 

approaches were changed to angled approaches over 20 years ago and data on the 

upgrade was not available (Jarvis, 2021). 

Approaches and Speeds: 

• Langebaanweg/Hopefield (R45) and Vredenburg (R45) have the same 

characteristics: Single lane with shoulder approaching and leaving the 

intersection. Approach is 120 km/h with signs to limit speed to 100 km/h and 80 

km/h during angled approach to intersection stop sign. Approach to stop sign has 

7 installations of 2 m x lane width rumble strips. Leaving the intersection includes 

signage of increasing speed limit, 100 km/h then 120 km/h. 

• Langebaan (R27): Single lane with shoulder between intersections, approach 

widens to two lanes at intersection (through and left lane and through and right 

lane). Approach is 120 km/h with signs to limit speed to 100 km/h when reaching 

intersection. No rumble strips. Leaving the intersection includes signage of 120 

km/h speed limit. 

• St Helena Bay/Velddrif (R27): Single lane with shoulder between intersections, 

approach remains as a single lane and turning vehicles cause through vehicles to 
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slow down. Leaving the intersection has two lanes that accommodate both through 

lanes from the other approach, these soon join into a single lane again. Approach 

is 120 km/h with signs to limit speed to 100 km/h when reaching intersection. No 

rumble strips. Leaving the intersection includes signage of 120 km/h speed limit. 

b) Intersection 2 – Jacobsbaai Intersection 

Intersection 2, see the basic diagram in Figure 4.29, is a dual carriageway crossroads with 

four approaches. The R399 is a regional route through road with no stop signs and 

intersects with the Jacobsbaai Rd and TR8501 that is stop sign controlled on either side 

and has a median that is used when turning or crossing over the intersection that has no 

sign control (i.e. – right of way is given to the vehicle waiting in the median ahead of the 

vehicle at a stop sign).  

When carrying out the traffic data collection, as described in section 3.5, session 1 

included capturing speeds on the R399 from the Saldanha approach and taking timings at 

the Jacobsbaai stop sign on Jacobsbaai Rd, see red markings on Figure 4.29. Session 2 

involved swapping sides and collecting data for the blue markings on Figure 4.29. The 

intersection can also be seen in the photograph in Figure 4.30. 

 

  

Figure 4.29: Basic diagram of intersection 2 
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Figure 4.30: Investigator’s photograph of intersection 2 at the Jacobsbaai 

(Jacobsbaai Rd) stop sign 

Recent upgrades: 

• The intersection was repainted and rumble strips added in early 2021 (Maakal, 

2021). 

Approaches and Speeds: 

• Jacobsbaai (Jacobsbaai Rd) and Langebaan (TR8501) have the similar 

characteristics: Single lane with shoulder (Jacobsbaai Rd does not include a 

shoulder) approaching and leaving the intersection. Approach is 120 km/h with 

no signs to reduce speed but does have an intersection ahead warning on approach. 

Approach to stop sign has 9 installations of rumble strips. Leaving the intersection 

includes signage of 120 km/h speed limit. 

• Saldanha (R399): Double lane with shoulders between intersections, approach 

widens to four lanes at intersection (two through lanes, left turning lane and right 

turning lane). Approaching and leaving the intersection is limited to 100 km/h 

throughout. No rumble strips. 

• Vredenburg (R399): Double lane with shoulders between intersections, approach 

widens to four lanes at intersection (two through lanes, right turning lane and left 
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turning slipway with a painted, unraised island). Approaching and leaving the 

intersection is limited to 100 km/h throughout. No rumble strips. 

• Median is single lane in each direction and can safely accommodate 

approximately two light vehicles in each direction at a time. 

c) Intersection 3 – Similar T-Junctions – Southern Bypass Rd 

Intersection 3, see the basic diagram in Figure 4.31, is the T-junction of the R45/R399 

and Southern Bypass Rd. While the crash statistics look at three similar T-junctions, 

traffic data collection was only carried out at one intersection, Southern Bypass Rd, as it 

showed the highest number of crashes. 

The intersection is a T-junction with three approaches. The R45/R399 is a regional route 

through road with no stop signs and intersects with the Southern Bypass Rd that is stop 

sign controlled.  

When carrying out the traffic data collection, as described in section 3.5, session 1 

included capturing speeds on the R45 from the Langebaanweg/Hopefield approach and 

taking timings at the stop sign on Southern Bypass Rd, see red markings on Figure 4.31. 

Session 2 involved swapping sides and collecting data for the blue markings on Figure 

4.31, where only the speeds were taken and no times were taken for the same stop sign 

again. The intersection can also be seen in the photograph in Figure 4.32. 

 

  

Figure 4.31: Basic diagram of intersection 3 
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Figure 4.32: Investigator’s photograph of intersection 3 from the Vredenburg 

(R399) approach, facing the Louwville stop sign 

Recent upgrades: 

• Single lane to double lane from Langebaanweg/Hopefield (R45) approach. 

Approaches and Speeds: 

• Louwville, Vredenburg (Southern Bypass Rd): Single lane and no shoulder 

approaching and leaving the intersection. Approach is 60 km/h as normal with in-

town speeds. No rumble strips. Leaving the intersection includes signage of 60 

km/h speed limit. 

• Langebaanweg/Hopefield (R45): Double lane and shoulder between intersections 

(through lane and through and left turning lane). Leaving the intersection has one 

lane and a painted, unraised island due to the turning right lane from the other 

approach. There is no signage on approach, assumed 100 km/h. No rumble strips. 

Leaving the intersection includes no signage until 60 km/h speed limit sign when 

entering Vredenburg, assumed 100 km/h. 

• Vredenburg (R399): Single lane and shoulder between intersections, approach 

widens to two lanes at intersection (through lane and right turning lane). Leaving 

the intersection has two lanes that accommodate both through lanes from the other 

approach. There is no signage on approach, assumed 100 km/h. No rumble strips. 

Leaving the intersection includes no signage, assumed 100 km/h. 
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4.5.2 Data Summary 

The weather data analysis and crash data analysis concluded that the best period for data 

collection would fall between July and August based on occurrence of poor visibility 

weather conditions, however, it was still possible to collect data in other months but 

would most likely be more sporadically throughout the month. 

Based on the timeline for the study, observation periods were pushed later into 2021 but 

still began in mid-August with a 3-day observation period from 17 August until 19 

August. Shorter observation periods were carried out towards the end of August until 

October. Decisions to travel to Saldanha Bay Municipality were based on the monitoring 

weather reports and leaving at short notice. The shorter observation periods were due to 

poor visibility weather conditions becoming more sporadic and only lasting either one 

morning or one afternoon at a time. The observation periods for each intersection have 

been shown in Tables 4.50, 4.51 and 4.52 below. Each table contains all information 

pertaining to the observation carried out for each weather condition, in each direction 

(session) and also records the date, start time and duration of the observation. 

Table 4.50: Data observation period summary per observation information for 

intersection 1 

 

Table 4.51: Data observation period summary per observation information for 

intersection 2 

 

Observation Information Date Start Time Duration Date Start Time Duration

Clear - Stopwatch 17-Aug-21 9:27 60 min 17-Aug-21 10:58 60 min

Rain - Stopwatch 18-Aug-21 7:19 20 min 18-Aug-21 7:54 20 min

Clear - Speed Gun 25-Sep-21 9:04 45 min 25-Sep-21 10:04 45 min

Rain - Speed Gun 26-Aug-21 16:07 20 min 26-Aug-21 16:42 20 min

Fog - Speed Gun 25-Aug-21 7:11 20 min 25-Aug-21 7:36 20 min

Intersection 1 - R27 and R45

Session 1 Session 2

Observation Information Date Start Time Duration Date Start Time Duration

Clear - Stopwatch 19-Aug-21 7:53 45 min 19-Aug-21 9:00 45 min

Rain - Stopwatch - - - - - -

Clear - Speed Gun 25-Aug-21 14:59 45 min 27-Aug-21 9:15 45 min

Rain - Speed Gun 20-Sep-21 8:11 20 min 20-Sep-21 8:43 20 min

Fog - Speed Gun 25-Aug-21 8:15 20 min 25-Aug-21 9:03 20 min

Intersection 2 - Jacobsbaai Intersection

Session 1 Session 2
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Table 4.52: Data observation period summary per observation information for 

intersection 3 

 

While all observations required the use of a stopwatch for timings at the stop signs, 

through speeds required the use of a speed gun. However, during the first observation 

period, a speed gun was unsuccessfully acquired for the trip and through speeds were 

taken at all 3 intersections under clear conditions (with intersection 1 and 3 having rain 

conditions recorded as well) with the use of a stopwatch where times were recorded over 

a measured length of 20 m close to the intersection. This proved to be problematic as 

distance over time was used to calculate speed and this did not account for acceleration 

or deceleration close to the intersection. Another issue faced was that high-speed cars 

would cross over a 20 m distance in a short amount of time. Even with the fieldworker 

standing at the midpoint of the 20 m distance, human error from reaction time to start and 

stop the stopwatch would cause inaccurate results. It was therefore decided to wait for the 

acquisition of an appropriate speed gun before travelling for a second observation period. 

The speeds recorded by stopwatch during the first observation period were only taken as 

a guideline, rather than an accurate recording. However, in the case of intersection 3, even 

with multiple trips to the intersection, rain data was unable to be obtained with a speed 

gun and the stopwatch data was used as a placeholder. 

Furthermore, when looking at the duration for the first clear observation periods on 17 

August, they were 60 minutes in duration. However, when observing intersection 3, 

community interference forced the investigator and fieldworker to leave the clear 

stopwatch session 2 observation period at 45 minutes. When assessing the data after the 

observation period, it was decided that a clear observation period would be sufficiently 

long enough if ended at 45 minutes for future observations. However, on 13 October, the 

second session of clear speed gun observation at intersection 3 was again disrupted by 

community intervention which again forced the investigator to leave only 10 minutes into 

the observation. 

Poor visibility data was collected for 15-to-20-minute periods per direction as this was 

due to the varying visibility conditions. For the earlier stipulated safety reasons, 

observations were not carried out when dark which meant that time in fog was limited 

after daybreak as it would quickly lift and improve visibility. This required a maximum 

of 20 minutes for observations in each direction at an intersection.  

The number of vehicles recorded and counted at each intersection have been summarised 

by stop sign and through road in Table 4.53 (see Appendix E1, Tables E1.1-E1.3 for 

Observation Information Date Start Time Duration Date Start Time Duration

Clear - Stopwatch 17-Aug-21 14:39 60 min 17-Aug-21 15:56 45 min

Rain - Stopwatch 18-Aug-21 8:33 20 min 18-Aug-21 9:17 20 min

Clear - Speed Gun 13-Oct-21 10:28 45 min 13-Oct-21 11:15 10 min

Rain - Speed Gun - - - - - -

Fog - Speed Gun 13-Oct-21 7:47 15 min 13-Oct-21 8:05 15 min

Intersection 3 - Southern Bypass T-Junction

Session 1 Session 2
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weather type and direction breakdown for each intersection). Every vehicle to pass during 

the observation period was assigned a direction of travel and a vehicle type, therefore, 

every vehicle was counted. However, not every vehicle had a crossing/turning time or 

speed recorded. This was due to either too many vehicles approaching at once, vehicles 

blocked by one another or a recording error (stopwatch error or unable to hear playback 

of observation recordings). 

Table 4.53: Summary of vehicles counted and recorded at stop signs and through 

roads for all intersections 

 

While Table 4.53 presented the counted and recorded vehicles for each intersection’s 

observed stop sign and through road, Table 4.54 shows the total number of vehicles 

counted and recorded at all intersections (all observations mentioned in Table 4.50 – 

Table 4.52) as well the counted and recorded vehicles used for analysis of the traffic data 

collection (removed are the intersection 1 rain stopwatch counted and recorded vehicles 

and the through vehicles that did not have stops recorded during the session 1 clear 

stopwatch observation at intersection 1). A total of 4 178 vehicles were counted while 

3 164 vehicles were recorded during the study.  

Table 4.54: Total vehicles counted, recorded and used in the study 

 

4.5.3 Weather Summary 

Due to the varying weather conditions, analysis could not be carried out in terms of 

findings per incremental change of visibility distance. Even under 20-minute intervals, 

the visibility distance was constantly changing.  

Figure 4.33 and Figure 4.34 show the usual weather conditions at the start of a fog and 

rain weather condition observation from inside a vehicle. The fog visibility was worsened 

by the poor light conditions as the photograph was taken at daybreak once it was safe to 

carry out observations at an intersection.  

I Count -SS Record -SS Count -Through Record - Through

I1 644 372 534 478

I2 327 147 1535 1242

I3 236 132 902 793

Totals 1207 651 2971 2513

Counted Vehicles 4178

Recorded Vehicles 3164

Used Counted Vehicles 3992

Used Recorded Vehicles 3010

Totals
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Figure 4.33: Investigator’s photograph of fog conditions before observations at 

intersection 1 

 

Figure 4.34: Investigator’s photograph of rain conditions before observations at 

intersection 2  

Fog visibility was measured by measuring the distance between the investigator and fixed 

objects during clear weather conditions and then performing human observation when 

visibility noticeably changed during fog observations. The visibility distances and durings 

for all fog observations have been summarised in Table 4.55. The lowest recorded 

visibility distance was 150 m, which, according to local residents in the questionnaire, 

can be reduced a lot further as 93% of respondents mentioned that fog at its thickest would 

reduce visibility to less than 50 m. 
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Table 4.55: Fog visibility distances and durations for all fog observation periods 

 

 

Rain visibility was determined as a relationship to intensity. Ranging from no rain to light, 

moderate and heavy rain, the investigator recorded the intensity of rain throughout each 

observation period. The reduction of visibility stems from the spray of the rain on the 

windscreen, as shown in Figure 4.34. Therefore, when standing on the roadside taking 

observations, the visibility distance was much further than if sat inside a vehicle that had 

a windscreen obstructed by rain. Table 4.56 summarises all intensity readings and their 

durations taken during the rain observation periods. All intensities were experienced 

during the observation periods. 

Visibility Dur. Visibility Dur.

175 m 12:20 250 m 15:50

150 m 7:40 220 m 2:50

- 250 m 1:20

250 m 4:50 350 m 8:10

±280 m (sun) 15:10 320 m 11:15

- 370 m 0:25

150 m 2:26 800 m 4:15

200 m 5:43 1000 m 7:35

250 m 0:44 >1000 m 1:55

200 m 4:41 Clear 1:15

300 m 1:26 -

I3
 -

 F
o

g

Direction 1 Direction 2

I1
 -

 F
o

g
I2

 -
 F

o
g

Stellenbosch University https://scholar.sun.ac.za



 

129 

Table 4.56: Rain intensities for visibility reference and durations for all rain 

observation periods 

 

 

4.5.4 Visual Observations 

An integral part of the traffic data observations was the collection of visual observations 

made at all of the intersections. Not all data can be shown through captured speed and 

time data, and therefore all visual observations were noted. The following was observed 

while performing traffic data observations: 

• Not all vehicles turned on their lights during fog and rain conditions – an issue 

mentioned often in the questionnaire was ever present during observations. 

• Some drivers would stop at the intersection and either roll down their windows to 

hear oncoming vehicles during fog conditions or take a few moments extra at the 

intersection to clean their windshield – both habits were mentioned in the 

questionnaire. 

• More vehicles would stop and take extra time at the intersection to observe before 

pulling off during fog and rain conditions – vehicles in clear conditions would 

approach slowly, not come to a dead stop and pull off as they could see further, 

while vehicles would tend to stop more often and for longer during poor visibility 

conditions. Some extent of uncertainty was still observed even under clear 

weather conditions. 

• Similarly to the previous point, in clear weather, a vehicle at the stop would still 

pull off when able to see an approaching vehicle as they were able to judge the 

Intensity Dur. Intensity Dur. Intensity Dur. Intensity Dur.

Moderate 3:48 No Rain 8:52 Light 4:33 Light 4:29

Light 10:12 Light 11:08 Moderate 1:37 No Rain 1:11

Heavy 1:59 - Light 0:51 Light 7:47

Moderate 1:43 - Moderate 3:08 Moderate 2:54

Light 2:18 - Light 7:36 Heavy 2:10

Light 3:46 Light 11:54 Heavy 1:33 Moderate 1:29

Moderate 9:33 Moderate 1:56 Light 0:42 -

Light 6:41 Heavy 1:25 Heavy 4:38 Light 6:08

- Moderate 2:42 Light 1:12 Moderate 4:43

- Light 2:03 Moderate 2:17 Light 5:17

Light 3:02 No Rain 4:52

No Rain 3:47 -

Light 2:31 -

No Rain 2:33 -

I3
 -
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n
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W
I2

 -
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n
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G

Direction 1 Direction 2Direction 1 Direction 2
I1
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n
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W
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G

Stellenbosch University https://scholar.sun.ac.za



 

130 

approaching vehicle’s speed. Under fog and rain conditions, less chances were 

taken and any sight of an approaching vehicle would cause the vehicle at the stop 

to wait for the through vehicle to pass before pulling off. 

• Fog conditions are noticeably more dangerous in the dark – when driving to 

intersections in the dark to ensure fog observations could take place as soon as the 

sun had risen, it was found to be a lot more difficult to see which provided the 

investigator with more discomfort and uncertainty at intersections when travelling 

to take observations. The fog was noticeably thinner with the sun illuminating 

through the fog. 

• Traffic police were parked off with their blue emergency lights on at intersection 

1 for the final minutes of the second session of fog observations – no vehicles 

were recorded to have gone over the speed limit during that short time. 

• Near miss was observed at intersection 3 which required vehicles to hoot at one 

another to avoid pulling into eachother. 

• Issues with intersection 2 – Jacobsbaai intersection. Following numerous 

complaints in the questionnaire responses, the following dangerous visual 

observations were observed at intersection 2: 

o During fog conditions, a right turning light vehicle approaching from 

Saldanha missed the turn onto the median and reversed during poor 

visibility to make the turn. 

o Confusion was twice seen at the median between vehicles who did not 

understand that right of way belongs to the vehicle on the median over the 

vehicle at the stop street. This resulted in an exchange of hoots for the first 

instance and a low speed near miss for the second instance during clear 

conditions. 

o A light vehicle tried to join onto the median during rain from the stop sign 

while the median was already occupied by two light vehicles. The light 

vehicle was left stranded in the middle of the through lanes. 

o 22-wheeler and 26-wheeler trucks (recorded as heavy vehicle, large truck 

– HV LT) were deemed to be dangerous for the intersection. Seen in 

Figure 4.35, the back of a HV LT was never safe when waiting at the 

median, the rear extends into the road area. This becomes a dangerous 

hazard during fog conditions as vehicles will need to slow down and could 

cause further crashes as discussed through literature. Similarly, HV LT 

turning from the through roads will cover the start of the opposite side of 

the median as well, blocking off opportunity for vehicles to pass until it 

has moved off. Another HV LT attempted to pull off while vehicles were 

approaching and they were forced to slow down as the back never reached 

safety onto the median until the heavy vehicle had pulled off again. 
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Figure 4.35: Investigator's photograph of a heavy vehicle, large truck (HV LT) 

occupying the median at intersection 2 and not having the rear of the vehicle safely 

off the road space 

4.5.5 Speed and Timing Observations 

Following the methods described in section 3.5.2, traffic observations were carried out 

and all data was recorded. While all raw data sheets have not been included in the 

appendices, the relevant summaries indicating the number of vehicles observed at each 

intersection have been included in Appendix E.1, Table E1.1 to Table E1.3. The method 

for traffic observation analysis was carried out by following section 3.5.3 for through 

speed data observations, turning speed data observations and stop street turn data 

observations. 

a) Through Speed Data Observations 

Appendix E.2, Table E2.1 to E2.3 show all through speed data captured for each 

intersection. This includes the weather type observed, count of vehicles, recorded 

vehicles, the average speed of all vehicles and the maximum and minimum speeds along 

with the vehicle type that was recorded for the maximum and minimum speed. From these 

tables, it was noticed that all average speeds were dependent on the mix of vehicles that 

passed through the intersection during an observation. Heavy vehicles would travel 

slower than light vehicles and the more heavy vehicles observed, the slower the average 

speed. It was therefore determined that in order to find more accurate average speeds, a 

longer period of observation would be required to perform observations based on vehicle 

types. 

With the data that was obtained, this was not possible and the analysis was reworked to 

look at the percentage of highspeed vehicles travelling through each intersection. 

Analysis the data in this manner showed a very common trend that can be seen throughout 

each intersection in Table 4.57, Table 4.58 and Table 4.59 below. 
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Table 4.57: Combined through speed data observations for intersection 1 - no stop 

and with stop separated 

 

Table 4.58: Combined through speed data observations for intersection 2 - no stop 

and with stop separated 

 

Table 4.59: Combined through speed data observations for intersection 3 - no stop 

and with stop separated 

 

It can clearly be seen, when using only the speed gun data for each intersection and 

combining both directions of the same weather condition observation that the percentage 

of highspeed vehicles (vehicles travelling over the speed limit of 100 km/h) would be 

highest for clear weather speeds (with the exception of just the no stop data for 

Weather Condtion Count Record High Speed %HS

Clear 37 36 21 58.33%

Fog 9 7 1 14.29%

Rain 11 11 5 45.45%

Weather Condtion Count Record High Speed %HS

Clear 65 60 25 41.67%

Fog 40 36 2 5.56%

Rain 31 24 7 29.17%
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Intersection 1 - Both Directions

Weather Condtion Count Record High Speed %HS

Clear 278 248 52 20.97%

Fog 98 90 14 15.56%

Rain 110 104 26 25.00%

Weather Condtion Count Record High Speed %HS

Clear 209 183 36 19.67%

Fog 83 71 7 9.86%

Rain 52 41 7 17.07%

Intersection 2 - Both Directions
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Weather Condtion Count Record High Speed %HS

Clear 176 166 17 10.24%

Fog 77 77 4 5.19%

Rain - - - -

Weather Condtion Count Record High Speed %HS

Clear 48 47 4 8.51%

Fog 76 73 0 0.00%

Rain - - - -

Intersection 3 - Both Directions
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intersection 2), followed by rain weather speeds and then fog weather speeds would have 

the least highspeed vehicle percentage.  

Even more interesting was that the exact same pattern was followed for instances where 

there was a vehicle waiting at the stop and when a vehicle was not waiting at the stop. 

Furthermore, for every weather condition where the pattern was followed and at all 

intersections, the percentage of highspeed vehicles would decrease in the same pattern 

when a vehicle was at the stop sign compared to when no vehicles were waiting at the 

stop sign. 

Based on these findings, it was determined that having the presence of a vehicle at a stop 

sign when travelling on a highspeed through road would cause an overall decrease in the 

number of highspeed vehicles approaching the intersection. This aligns with earlier 

questionnaire responses to ensure that oncoming vehicles are also warned of vehicles 

waiting at a stop under poor visibility conditions. 

b) Turning Speed Data Observations 

Appendix E.3, Table E3.1 to E3.3 show all turning speed data captured for each 

intersection. This includes the weather type observed, count of vehicles, recorded 

vehicles, the average speed of all vehicles and the maximum and minimum speeds along 

with the vehicle type that was recorded for the maximum and minimum speed. 

When analysing the turning speed data, it was determined that the turning speed of 

vehicles would have no effect when designing to improve an intersection faced with poor 

visibility conditions as this was due to the main points of conflict would be the highspeed 

vehicles moving across the vehicles waiting at a stop sign. Turning through road vehicles 

would be decelerating and would reach an intersection at very low speeds that would 

result in less severe crashes if conflict were to occur. 

c) Stop Street Turn Data Observations 

Appendix E.4 (left turn - Table E4.1 to E4.3), E.5 (right turn - Table E5.1 and E5.2) and 

E.6 (over cross - Table E6.1 to E6.3) show all crossing/turning time data captured for 

each intersection’s stop sign. This includes the weather type observed, count of vehicles, 

recorded vehicles, number of vehicles that did not stop, the average crossing/turning time 

of all vehicles and the maximum and minimum crossing/turning time along with the 

vehicle type that was recorded for the maximum and minimum crossing/turning time. 

Analysis of all the turning times showed one clear finding. If a heavy vehicle, large truck 

was recorded to be turning for a particular direction, the likelihood that it would record 

the maximum crossing/turning time would be very high. Table 4.60 summarises the 

maximum crossing/turning time for each turn possibility at each intersection which shows 

that the heavy vehicles, large trucks feature prominently. 
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Table 4.60: All maximum turning speeds and allocated vehicle and weather type 

observed at each intersection for all possible turning options 

 

Furthermore, it was noticed that poor visibility weather conditions did not play a major 

role in influencing the crossing/turning times of an intersection as most maximum times 

were even recorded during clear weather. Crossing/turning times would remain quite 

similar under all weather conditions, the poor weather conditions only influenced the 

number of vehicles that would visually show more uncertainty about pulling off from the 

stop sign. Note that the DNS (did not stop) values in Appendix E4 to E6 did not accurately 

represent the increased uncertainty for pulling off under poor visibility conditions as the 

number of DNS vehicles was influenced by how dense the flow of through traffic was at 

the time of observation, i.e. – more vehicles passing the stop sign would result in a higher 

chance of waiting at the stop sign with no opportunity to not stop. 

The main finding was that any future plans to incorporate turning times on all vehicles, 

not based on vehicle types, should be done with the use of turning times (plus an added 

safety factor) for heavy vehicles, large trucks. However, times would need to be taken at 

each intersection as time would depend on the number of lanes needed to cross. 

4.5.6 Traffic Observation Summary 

The traffic data observations presented two major findings, firstly, the percentage of 

highspeed vehicles passing through an intersection is lower for fog and rain compared to 

clear weather conditions, with fog showing the lowest percentage of highspeed vehicles 

travelling over the speed limit. Additionally, the percentages further decrease when a 

vehicle can be seen waiting at a stop street at the intersection. This suggests that speeds 

would decrease if on-coming traffic is made aware of a waiting vehicle that they cannot 

see during poor visibility conditions. 

The second finding, more predictably, was that 22-wheeler and 26-wheeler trucks will 

take the longest to cross an intersection and this would be due to their length. 

Turn Max. Max. Veh Weather Type

Left 10.42 HV LT Clear SW

Over 14.16 LV Clear SW

Right 13.95 HV LT Rain

Turn Max. Max. Veh Weather Type

Left 09.10 HV LT Clear SW

Over 1 10.00 LV Rain

Over 2 06.32 HV ST Clear SG

Right 10.67 HV LT Clear SG

Turn Max. Max. Veh Weather Type

Left 07.44 LV+LV Clear SG

Right 08.23 HV ST Clear SG

I2

I1

I3
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Finally, through visual observation, it was noticeable that more uncertainty was present 

under poor visibility conditions. Also, intersection 2 was noticeably a dangerous 

intersection under all weather conditions. 
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Chapter 5: Solution Development 

This chapter introduces the development of a functional solution that meets all aims and 

objectives stated at the beginning of the study. This chapter will aim to develop a possible 

solution for all possible regional route intersections faced with poor visibility weather 

conditions and not just the intersections selected for the study. The developmental process 

aims to produce a proposal that can be applied to any study area faced with the same 

issues faced as the chosen study area. Therefore, this chapter will also discuss the 

development of alternative possible solutions that would still add improvement to 

intersections faced with poor visibility conditions but do not meet all aims as, budget 

dependent on the area looking for solutions, not all solutions are financially feasible.  

5.1 Areas to Address after Questionnaire Data and 

Traffic Data Collection 

Possible solution elements will be discussed in terms of specifically addressing the 

solution suggestions and solution issues brought forward in the literature, and together 

with the knowledge observed from data collected in the previous chapter, a solution will 

be formed for a final proposal. 

5.1.1 Requirement of Improvement Solution 

Analysing crash data to find crashes occurring at unsignalized regional route intersections 

and discussing local resident response led to the conclusion that an improvement solution 

is required. Suggestions of unpredictable, varying weather causing an improvement 

solution to not be feasible can be mitigated by applying a solution to the intersections that 

face the highest levels of danger when faced with poor visibility conditions. As done 

through crash data and local questionnaire, dangerous intersections were found within a 

study area and the same methods could be applied to any area undergoing a study for 

dangerous intersections. 

5.1.2 Intersection Control 

After results from the questionnaire had confirmed the earlier predicted high levels of 

discomfort and uncertainty faced at unsignalized regional route intersections. A change 

of intersection control was deemed to be important to discuss. Suggestions that came 

through the questionnaire included a traffic light installation, roundabout construction, 

bridge construction, 4-way stop street and acceleration lanes. 

As mentioned through literature, irregular driving is a major cause of crashes under poor 

visibility conditions, it was therefore added to the aims that the through road traffic flow 

should not be halted. Adding a 4-way stop would not be an effective improvement 

because of this. If correctly timed, a traffic light installation could be possible but this 

should be further explored. 

Also mentioned through literature, the unknown extent of the pandemic on future budgets 

would mean that very high-cost improvements would most likely not be feasible, 
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especially if required at more than one intersection. This means that the option of a bridge 

would not be a feasible improvement due to high construction costs. 

Acceleration lanes, while a welcome addition to the through road turning vehicles, would 

not aid to the reduction of discomfort and uncertainty felt by the users of the current stop 

signs and will therefore not be further explored. 

Roundabout construction will need to be further explored as it does keep the flow of 

traffic of the through road and allows vehicles to join the traffic at low speeds without a 

stationary halt. 

Of the mentioned intersection control options, traffic light installation and roundabouts 

will be explored. 

5.1.3 Signage 

Lack of warning signage was a major concern for many local residents and will need to 

be further explored in terms of what may feasibly be added to improve an intersection. 

5.1.4 Lighting 

On-street lighting was suggested by many local residents, however, with the intersections 

located on rural roads (with the exception of the T-junctions located on the edge of town), 

powering on-street lighting would be expensive as cabling would need to be run over a 

long distance at a high cost. Furthermore, the cabling would also prove to be a prime 

target for theft. Another negative, with the already mentioned active concern of 

loadshedding, is on-street lighting would prove ineffective during a power outage. 

5.1.5 Road Surface Changes 

Road surface changes included the addition of rumble strips, cat’s eyes, improved road 

markings and speed bump installation. While speed bumps would be impractical on a 

high-speed road that would need to reduce the chance of irregular driving during poor 

visibility weather conditions, the remaining road surface changes will need to be further 

explored as all have possibilities of feasible intersection improvement. 

5.1.6 Policing 

Local residents indicated that they would like to see better policing of reckless driving, 

unroadworthy vehicles and vehicles driving without their lights on. While this may not 

directly result in the improvement of a single intersection but rather an area as a whole, 

the effects that police vehicles have on speed reduction will need to be further explored. 

5.1.7 Indication of Safe Pull-Off 

The increased level of safety, comfort and certainty shown by the answers in the 

questionnaire show that an indication of when it is safe to pull-off would improve the 

safety of an unsignalized intersection. Ways to implement this will need to be explored. 
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5.1.8 Warning On-Coming Traffic 

A mention in the questionnaire was made that warning on-coming traffic about vehicles 

at the stop sign would make road users feel safer and, adding to that statement, analysis 

of the traffic data collection showed that the number of vehicles travelling faster than the 

speed limit decreased for all weather conditions when a vehicle was waiting at the stop 

sign of an upcoming intersection. This should be considered when exploring possible 

solutions. 

5.2 Possible Solution Implementations Literature 

After discussing which areas need to be addressed during solution development in section 

5.1, each element and consideration that were determined to be viable for further 

exploration will be discussed in this section by means of a brief summary of description, 

application to safety, cost to implement and feasibility or required adjustments for 

feasibility. 

5.2.1 Intersection Control 

Personal communications with Dr Louis Roodt, an expert road safety engineer; Mrs 

Liesel Maakal, a production engineer working with the Regional Roads Network 

Management sector of Western Cape Government Transport and Public Works; and Mr 

Jeremy Jarvis, Manager of Roads and Stormwater at Saldanha Bay Municipality have all 

shown that the cost to upgrade an unsignalized 4-approach intersection with 2 stops to 

either a fully signalized intersection (traffic signal) or roundabout would cost a similar 

price (Jarvis, 2021); (Maakal, 2021); (Roodt, 2021). This, however, is dependent on the 

cost of land acquisition for the roundabout but would fall in a similar bracket (Jarvis, 

2021).  

In terms of specific cost, a recent project to upgrade a similar intersection resulted in the 

cost of approximately R3.7 million, inclusive of VAT and exclusive of professional fees 

(Jarvis, 2021). Based on previous experience of in-town upgrades where power supply is 

readily available and in-town intersections require less space, upgrades would cost 

approximately R1.75 million so a fair estimate would perhaps lie between figures at R2.75 

million for an upgrade that would fairly represent construction costs that vary from each 

site (Maakal, 2021). 

Based on knowledge that the cost to upgrade to either option remains similar, a decision 

between which intersection control upgrade would be best suited would need to be based 

on safety and alignment with the aims of the study. 

It has been reported that roundabouts have approximately between 30% and 50% of total 

crashes reported at fully signalized intersections (Meijer, 2000). It has also been reported 

that the best locations for roundabout construction include but are not limited to, 

intersections with safety concerns and intersections where power supply is not readily 

available (Meijer, 2000). 
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Aligning with the aims of the study, a roundabout would improve the safety and 

comfortability of the intersection and has also been asked for by the community in the 

questionnaires. A roundabout would also ensure the flow of traffic without halting the 

through traffic, merely slowing it down. This therefore makes the roundabout a superior 

choice compared to the traffic signal as a traffic signal would halt the through traffic and 

not meet the requirements of the aim. 

5.2.2 Intersection Visibility Improvement Package 

While not providing a solution that meets all aims of the study, an improvement of 

visibility of intersections was requested by many respondents of the questionnaire and an 

intersection visibility improvement package that contains cat’s eyes, high visibility 

signage, repainting of an intersection and rumble strip additions would provide an ideal 

option for intersections with low crash count but are still perceived as a possible danger 

due to poor maintenance and are in an area that does not have the budget for substantial 

improvement such as an intersection upgrade. 

All of the above would cost an approximate R150 thousand (Maakal, 2021). The cat eyes 

would provide better visibility of the intersection at night and during poor visibility 

weather conditions, as would the new paint and high visibility signage. The addition of 

rumble strips on the highspeed approaches would aid with slowing down the approaching 

traffic, alert them of danger approaching at an intersection which would then provide a 

stronger feeling of safety for road users making use of the stop-controlled approach. 

5.2.3 Police Involvement 

While the questionnaire suggestion of having a police officer directing traffic during poor 

visibility weather conditions would prove to be very dangerous, it was noticed during the 

last minutes of a fog observation carried out at intersection 1 that the presence of a police 

vehicle resulted in no vehicles surpassing the speed limit over the very should period of 

time. 

Reviewing some literature, it has been shown through a study on police presence at a 

work zone that the number of highspeed light vehicles and heavy vehicles decreased by 

14% and 32% each, which showed that a number of vehicles would ensure to decrease 

their speed when passing an area where a police vehicle was visible (Benekohal, Resende 

& Orloski, 1992). 

In another study, an unmanned police vehicle was deployed in an attempt to decrease 

vehicle speeds in a certain area. It was found that, while road users realised after a few 

days that the vehicle was unmanned, initially vehicles driving over 45 mph decreased by 

30% compared to when the vehicle was not deployed and while the percentage decreased 

over the next few days, it was only after the unmanned vehicle was removed that usual 

speeds returned (Kaplan, Wright, Lazarus, Congemi, DuTreil, Arnold, Mercante, Diaz, 

Vrahas & Hunt, 2000). 

Both studies show that police involvement could be important towards reducing speeds 

during poor visibility conditions. 
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5.2.4 Interactive Stop Signs and Possible Future Solutions 

An exciting product has recently emerged that may aid in finding a solution to many of 

the issues raised through the questionnaire and noticed during the traffic. Interactive stop 

signs may be the future for a solution to the study problem. 

A web article written by a member of The University of Texas at San Antonio Today was 

posted in 2019 that covered a Masters in Electrical Engineering thesis was submitted with 

the title “Rural Area Self Powered Passive Infrared Vehicle Detection, Traffic Parameters 

Estimation, and Traffic Control Warning System” by Zachary Balcar (thesis not 

available) which included the design of an interactive stop sign that is solar powered and 

fitted with an infrared thermal sensor that is able to detect vehicle types and their approach 

speeds (Nazir, 2019). The design is used to detect approaching vehicles at unlit, rural 

intersections (similar to in the study problem) and warn the vehicles that an intersection 

is approaching (Nazir, 2019). A similar system would aid with warning vehicles of an 

approaching intersection as well as be able to function without a power supply that is 

reliant on electrical power, however, provisions would need to be made to alter the 

position of the power source as it would be vulnerable to theft. At the time of presentation 

in 2019, the system had a 90% success with vehicle detection and 72% success with 

vehicle classification and came in at a cost of $60 to $100 for each stop sign 

(approximately R950 to R1 550 each) (Nazir, 2019). Until the software and detection 

system are improved, the system could be used to power flashing warning signs that are 

activated by the sensor aimed at the stop street. A flashing light could be triggered on 

either side of a high visibility sign that could warn oncoming traffic of which stop street 

is currently occupied and, as seen in the traffic data observations, would slow approaching 

vehicles down. 

 

Figure 5.1: Article image of The University of Texas at San Antonio traffic control 

warning system (Nazir, 2019). 

Stellenbosch University https://scholar.sun.ac.za



 

141 

If the infrared sensor capabilities were improved to achieve better accuracy, then a fully 

interactive stop sign controlled intersection could be developed that would keep the flow 

of the through traffic and make use of the observed stop turning times to predict how long 

a vehicle would need to safely cross an intersection each time the sensor correctly 

identifies the vehicle classification of the vehicle at the stop sign and also reads the 

approach speed of the highspeed vehicle. Software would need to be developed to 

implement the technology but it would move towards a cheaper solution compared to 

supplying power to a fully signalised intersection or constructing a roundabout. The 

system already has basic vehicle detection and vehicle classification capabilities, but if 

multiple units could be synchronised then an off-the-power grid system could be 

developed for future implementation that would both, warn oncoming vehicles of vehicles 

waiting at a stop sign but also successfully provide an indication to the vehicle at the stop 

street that it is safe to pull off based on the presence or speed of on-coming traffic. 
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Chapter 6: Proposed Solution 

After addressing the areas of concern and solution suggestions brought forward from the 

questionnaire and traffic data collection, and then further discussion of feasible solutions, 

the following chapter is a proposal aimed to aid any authority or area that are concerned 

with a similar problem to Saldanha Bay Municipality regarding intersections that are 

faced with poor visibility weather conditions such as fog and rain. The proposal comprises 

of four sections: 

1) Identification of intersections. 

2) Importance of budget, area limitations and role of fit-for-purpose. 

3) Implementation options and recommendations of when to use them. 

4) Recommendations of implementation options for selected intersection types 

observed in Saldanha Bay Municipality. 

6.1 Identification of Intersections 

The starting point of finding solutions to improve intersections is data collection for 

intersection identification. Based on the data collection carried out in this study, it was 

possible to identify problematic intersections through crash data analysis and then 

validate the selections through local resident questionnaires. The questionnaires proved 

to be a valuable form of data collection as local residents were able to identify issues 

faced and at which intersections they face these issues without being prompted to answer 

in a particular manner. 

Linking crash data to weather patterns and then analysing the highest number of crashes 

at intersections during particular weather conditions resulted in a fair approximation of 

dangerous intersections. While crash data in South Africa is often unreliable for highly 

accurate data representation, it still provides a strong enough approximation that was 

validated through local resident questionnaires. 

It is important to realise that a solution at all intersections in the area is not a feasible 

manner in which to tackle a weather-related issue faced at multiple intersections. It is 

therefore important that intersection selection for possible solutions should be kept to 

only the most dangerous intersections and overall traffic safety in the area should improve 

with a reduction in poor visibility weather related crashes at intersections. 

6.2 Importance of Budget, Area Limitations and Role of 

Fit-for-Purpose 

Importance must be placed on budget, area limitations and the role of fit-for-purpose 

when implementing solutions at selected intersections. Budget plays an important 

consideration in terms of which solution can implemented at a given intersection based 

on the budget allocated to an area where the intersection is located. Therefore, after proper 

assessment of an intersection, the appropriate local budget allocations should be made in 

order to ensure that the best suited solution is implemented rather than a cheaper solution 
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that will not solve the major issues faced by any specific intersection. During this phase 

a cost-benefit analysis should be carried out after locating dangerous intersections and 

deciding which implementation would meet the required safety needs. 

Area limitations also play an important role in solution implementation as the location of 

the intersection determine what elements are able to function in that area. An intersection 

on the edge of town has easy access to electrical supply while a rural intersection will 

either require an expensive installation cost with lengthy cables or require an alternative 

power source. 

Finally, it must be understood that any selected solution should only be implemented as 

fit-for-purpose. It becomes easy to over design the safety features for an intersection as 

often the most expensive solution, although most likely to work, would not be best fitted 

for the situation. 

6.3 Implementation Options and Recommendations of 

When to Use Them 

After development of possible solution implantations, and ensuring that the importance 

of section 6.2 is understood, the following options are proposed to improve the safety of 

intersections to a degree (which will be discussed) even if not all aims of the study were 

met with the solution. With the final option presented as an option that meets all aims but 

requires further research. 

6.3.1 Intersection Control – Roundabout: High Cost and Slow Implementation 

With a cost of approximately R2.75 million (Maakal, 2021), the roundabout does prove 

to be costly and construction would ensure slow implementation rather than an immediate 

effect. However, the safety benefits, as earlier discussed, does make the implementation 

an attractive option but cannot always be afforded. 

This option should be chosen for high volume traffic intersections that do not always 

allow vehicles at stop signs enough time to enter the intersection especially during poor 

visibility conditions. The option should also be chosen when the intersection already 

poses as a danger during clear conditions or is located away from a power supply, as 

already discussed.  

6.3.2 Intersection Visibility Improvement Package: Medium Cost and Fast 

Implementation 

At a cost of R150 thousand (Maakal, 2021), an intersection visibility improvement 

package is suitable for areas that do not have the budget for large improvement but will 

come at a cost of not significantly improving the feeling of discomfort and uncertainty of 

the stop street user. The improvement is also suitable for intersections that have a low 

crash count but are still considered to be dangerous or at risk. 

Traffic flow will still be maintained; however, no indication is provided to users of the 

stop sign to pull off but will feel a better sense of safety knowing that on-coming vehicles 
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have been alerted to the approaching intersection. The rumble strips will also act as a 

traffic calming device for on-coming vehicles that would reduce approach speeds. 

Finally, the improvement package contains technologies that are readily available in 

South Africa and at medium cost the package is attractive due to its fast implementation. 

6.3.3 Police Involvement – Minimal Cost and Immediate Implementation 

As shown through literature, police involvement is a viable option in terms of speed 

reduction and traffic calming. As it would only cost the wages of the officers, deployment 

on either side of an intersection would be recommended on days that expect thick fog or 

very heavy rain for intersections that have been classified as very dangerous and are 

planned to undergo improvement changes. Police involvement provides immediate 

implementation for high-risk areas at short notice that would then require the reduction 

of speed to ensure better safety at intersections. It must be noted that this solution is based 

on a short-term assignment, for example, during the planning and construction of longer-

term solutions. This is due to the solution not having a fixed initial cost but rather a cost 

that accumulates over time. Attention would need to be focused on the length that the 

solution would need to be implemented in order to determine if the cost becomes 

beneficial. 

The solution has been considered as minimal cost statement based on the assumption that 

existing traffic police officers would be asked to station themselves at a dangerous 

intersection during poor visibility and would not require the hiring of more traffic officers 

by the police. The cost would therefore already be budgeted for in the police budget as 

existing staff in the police would only be asked to station themselves in a different 

location within the municipal area for the few hours of poor visibility weather conditions. 

6.3.4 Warning Stop Signs as Flashing Signs – Low Cost and Slow 

Implementation 

The low-cost interactive stop sign technology could be implemented as low-cost flashing 

signs that alert on-coming vehicles of other vehicles waiting at the stop sign, as mentioned 

in Chapter 5. With each unit costing approximately R1550, the price of import costs, 

adaption of technology to warning signage and placement of solar power panels out of 

reach for theft would need to be considered, hence the slow implementation but still low 

cost. 

Implementation of this solution would be ideal to work in conjunction with the 

intersection visibility improvement package as an additional option for low-cost warning 

signage that ensures speed reduction based on the findings from the study that show speed 

reduction when vehicles are known to be waiting at stop signs. 

6.3.5 Interactive Stop Sign Hybrid Option – Unknown Cost and Future 

Implementation 

As earlier discussed in Chapter 5, the ultimate goal would be to meet all study aims with 

a hybrid option of the interactive signage. The cost would be unknown as further research 
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is required to find an optimal safety system that combines the warning system of the 

University of Texas San Antonio warning stop sign and makes use of an improved 

accuracy to its vehicle speed and classification capabilities and result in a 2-way stop sign 

controlled intersection that allows for the through road traffic to move while tracing 

approach speeds and relaying the information the  stop signs that would provide indication 

that there is enough time to safely cross or turn the intersection. Use of the crossing and 

turning times from the study would need to be applied with an optimal safety factor to 

ensure complete safety. 

6.4 Recommendations of Implementation Options for 

Selected Intersection Types Observed in Saldanha 

Bay Municipality 

Based on the observations from the study and the solutions developed and proposed for 

any area that faces an issue with poor visibility weather conditions, and understanding 

that the hybrid option that meets all study aims is not available without further research, 

the following recommendations for implementation can be made for the selected 

intersections observed in the study.  

6.4.1 Intersection 1 – R27 and R45 

Warning stop signs as flashing signs would be a welcome addition to the intersection to 

reduce speeds on approach, furthermore, the addition of an intersection visibility 

improvement package would aid with the uncertainty faced by vehicles at the stop signs 

of the intersection as rumble strips that are currently not implemented on the through 

approaches would be act as a traffic calming device to reduce approach speeds and 

provide a better feeling of safety for those at the stop-controlled approach who would 

know that approaching vehicles have been alerted to the approaching intersection. While 

the planning and construction of the recommended improvement takes place, the 

intersection would benefit from a short-term police presence involvement during days 

with severe fog and rain until upgrades are complete 

6.4.2 Intersection 2 - Jacobsbaai Intersection 

As discussed in the visual observations, intersection 1 should be classified as very 

dangerous and the construction of a roundabout would be suggested. The effects that the 

many heavy vehicles have on the median of the intersection make the intersection a 

dangerous area for all other road users. Again, police presence involvement would aid on 

days with severe fog and rain until upgrades are complete. 

6.4.3 Intersection 3 – Southern Bypass Rd T-Junction 

The T-junctions were chosen due to the intersections showing the highest number of 

crashes at that particular junction type. However, since the crash count is so low, large 

upgrades would not be recommended. If an upgrade were deemed to be necessary then a 

repainting of intersection lines to aid with road marking visibility would be the 

recommended addition for improvement. 
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Chapter 7: Conclusions and Recommendations 

This section summarises the results, discussions and proposal by highlighting the 

important findings that were discovered while carrying out the study. Final remarks will 

be made and suggestions for further research are discussed. 

7.1 Important Findings 

This study showed that it is possible to identify areas that contain intersections that are 

faced with poor visibility weather conditions with the use of weather data that can be 

validated through crash data analysis and local resident questionnaire. With the selection 

of Saldana Bay Municipality as a study area, three types of intersections were found with 

the use of crash data to issues with adverse weather conditions that cause discomfort and 

uncertainty to the users of the intersection as proven through the questionnaire. Each 

selected intersection showed an increase for crashes occurring under mist/fog and rain 

weather conditions compared to the percentages shown for the rest of the municipal area. 

A successful questionnaire showed that locals to an area faced with poor visibility find 

that waiting to pull off at a stop street provides a higher sense of discomfort and 

uncertainty compared just driving under poor visibility conditions. The questionnaire also 

found that respondents felt more uncomfortable under fog conditions compared to rain 

conditions which matched with the response that fog was seen to reduce visibility more 

than rain. Finally, respondents responded positively to providing solutions to the issue 

and showed that they would feel safer if given an indication of when to pull off. 

Through traffic data observations, the percentage of highspeed vehicles passing through 

an intersection was found to be lower for fog and rain compared to clear weather 

conditions, with fog showing the lowest percentage of highspeed vehicles travelling over 

the speed limit. Additionally, the percentages further decrease when a vehicle could be 

seen waiting at a stop sign at the intersection. This suggested that speeds would decrease 

if on-coming traffic was made aware of a waiting vehicle that they cannot see during poor 

visibility conditions. Through visual observation, it was noticeable that more uncertainty 

was present under poor visibility conditions. Also, intersection 2 was noticeably a 

dangerous intersection under all weather conditions and this was due to a short median 

that could not accommodate longer heavy vehicles. 

After considering all findings, a proposal was formulated for any area that may face a 

similar problem. Focus was put on correct intersection selection and acknowledgement 

of fit-for-purpose solutions that take into account the area that the intersection is situated 

and the budget that can be spent on solutions. Solutions were suggested that covered a 

range of implementation time and budget costs. 

7.2 Final Remarks 

The aim of the study was to find a to find an acceptable and implementable solution that 
would improve safety of road users by reducing the chance of collision. The aim of the 
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solution was to also improve the comfortability and certainty at an intersection when 
driving under poor visibility weather conditions while also maintaining the flow of 
through traffic and allowing the stationary vehicle to safely join the traffic. It was found 
that there are currently no solution options in South Africa that can currently fulfil all 
the aims first set out by the study, however, a solution was put forward that could meet 
all the stated aims, however, further research would be required for that to be possible. 

7.3 Future Research 

The solution that would meet all aims but required further research was described as a 

hybrid model of a warning stop sign and an interactive stop sign that would be able to 

sense and calculate the speed of an approaching vehicle and indicate to a stationary 

vehicle when it is safe to turn in a particular direction with the use of collected turning 

time data from this. This would be possible with an enhancement of accuracy for a sensor 

that detects speed and vehicle classification and is currently being used to warn vehicles 

of an approaching stop-controlled intersection that is unlit and found in rural areas, similar 

to the location of the intersections observed in this study. A cost-benefit analysis of the 

development would be recommended for further research as it would be a pioneer in road 

safety. 
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Appendix A: South African Fog Data Maps 

A.1 Spatial Fog Distribution in South Africa Map 

 

Figure A.1.1: Spatial Fog Distribution in South Africa Map provided as an 

attachment from the South African Weather Services (Olivier & van Heerden, 1999). 
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A.2 Fog Seasons in South Africa Map 

 

Figure A.2.1: Fog Seasonality in South Africa Map provided as an attachment from 

the South African Weather Services (Olivier & van Heerden, 1999). 
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Appendix B: Supervisor’s Letter of 

Confidentiality for Crash Data 
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Appendix C: Questionnaire 

C.1 English Version of Questionnaire 

 

 
 

STELLENBOSCH UNIVERSITY 
ELECTRONIC CONSENT TO PARTICIPATE IN RESEARCH 

 

TITLE OF RESEARCH 
PROJECT: 

Improvement of Unsignalized Intersections Faced 
with Poor Visibility Weather Conditions on South 
African Regional Routes 

REFERENCE NUMBER: ING-2021-22744 

PRINCIPAL 
INVESTIGATOR: 

Jonathan Hunter 

ADDRESS: 

University of Stellenbosch 
Department of Civil Engineering 
 
Current temporary address due to renovations: 
LGS Decanting Building (next to CSIR) 
Hammanshand Road 
Stellenbosch 7599 

CONTACT NUMBER: +27 76 481 3061 

E-MAIL: 19774249@sun.ac.za 
__________________________________________________________________

__________________ 
 

Dear Prospective Questionnaire Participant, 
 

Kindly note that I am a MEng student at the Department of Civil Engineering at Stellenbosch 

University, and I would like to invite you to participate in a research project entitled - 
Improvement of Unsignalized Intersections Faced with Poor Visibility Weather Conditions on 

South African Regional Routes. 
 

Please take some time to read the information presented here, which will explain the details of 

this project and contact me if you require further explanation or clarification of any aspect of the 
study.  This study has been approved by the Research Ethics Committee (REC) at Stellenbosch 

University and will be conducted according to accepted and applicable national and international 
ethical guidelines and principles.  

 

1. INTRODUCTION: This study is centred around driving under poor visibility weather 
conditions (mist, rain and fog) and improving the use of intersections between towns 

and cities that are faced with these conditions (for example: The intersection of the R45 
and R27 between Langebaan and Vredenburg).  
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2. PURPOSE:  The aim of the study is to find an acceptable and implementable solution 
that is suitable for the improvement of unsignalized intersections faced with poor 

visibility weather conditions on regional routes within the South African road network. 

The solution should reduce the chance of collision, improve the comfortability of driving 
under poor visibility conditions, and maintain the traffic flow of regional routes while 

ensuring the safe use of the intersection. 

3. PROCEDURES:  As a prospective questionnaire participant, a once off questionnaire 

would be required to be completed. There are no follow-up questions or further 
involvement in the study. 

4. TIME:  The survey should take no longer than 15-20 minutes of your time once you 

accept the Electronic Consent and begin with the survey. 

5. RISKS:  None – the questionnaire is completed online (no in-person contact). 

6. BENEFITS:  A direct benefit to a participant could arise if the local authorities make 
use of the study and implement the solutions to driving under poor visibility that will be 

suggested from this study.  

7. PARTICIPATION & WITHDRAWAL:  A participant will only be required to answer 
one 15-20 minute online questionnaire. If a participant wishes to withdraw then the 

participant may close the questionnaire and the answers will not be saved. 

8. CONFIDENTIALITY:  The information gathered during this questionnaire will only be 

used for research purposes, specifically related to this study. The prospective 
participant will not be requested to provide any personal information during the 

questionnaire, which can identify them as an individual. The identity of prospective 

participants will not be disclosed or published.  The questionnaire uses Google Forms 
which does not reveal the identity of each participant to the Google Form creator and 

therefore, each questionnaire participant shall remain anonymous during the study. The 
only form of personal data required is the participant's age, gender, location, vision, 

total years of driving experience and years of driving experience in Saldanha Bay 

Municipality. The research report will contain no direct quotes or links to any personal 
identifiers. 

9. RECORDINGS:  No voice or video recordings will be made use of.   

10. DATA STORAGE:  The online questionnaire has been created on Google Forms. All 

responses will be stored and accessed on Google Forms from the principal investigator’s 

personal Google Account. The principal investigator’s personal Google Account is 
username and password controlled for safe storage of electronic data. Google Forms 

responses are anonymous and participants cannot be identified from their submission, 
resulting in the safe storage of the electronic questionnaire responses. Only the 

principal investigator will have access to the electronic questionnaire responses which 
will only be used in this study. 

 
If you have any questions or concerns about this research project, please feel free to contact 
the Principal Investigator, Jonathan Hunter (email: 19774249@sun.ac.za or cell: +27 76 481 

3061). Study Supervisor: Prof. Marion Sinclair (email: msinclair@sun.ac.za). 

 
 

RIGHTS OF RESEARCH PARTICPANTS:  You may withdraw your consent at any time and 

discontinue participation without penalty.  You are not waiving any legal claims, rights or 
remedies because of your participation in this research study.  If you have questions regarding 

your rights as a research subject, contact Ms Maléne Fouché (mfouche@sun.ac.za / 021 808 
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4622) at the Division for Research Development.  You have the right to receive a copy of this 
Consent form. 

 

If you are willing to participate in this research project, please select the relevant 

box in the Declaration of Consent below and proceed with the questions of the 
questionnaire. 
 

DECLARATION BY THE PARTICIPANT 

 
As the participant I hereby declare that: 

• I have read the above information and it is written in a language with which I am fluent 

and comfortable. 

• I have had a chance to ask questions and all my questions have been adequately 
answered. 

• I understand that taking part in this study is voluntary and I have not been pressurised 

to take part. 

• I may choose to leave the study at any time and will not be penalised or prejudiced in 

any way. 

• If the principal investigator feels that it is in my best interest, or if I do not follow the 

study plan as agreed to, then I may be asked to leave the study before it has finished. 

• All issues related to privacy, and the confidentiality and use of the information I 

provide, have been explained to my satisfaction. 

As the participant I hereby select the following option:  

 

 

I accept the invitation to participate in your research project, and if I decide to 

complete the questionnaire it would automatically mean that I have given 

consent for my responses to be used confidentially and anonymously. 
 

 
 

I decline the invitation to participate in your research project. 
 

 

 

 

 

 

 

DECLARATION BY THE PRINCIPAL INVESTIGATOR  

 

As the principal investigator I hereby declare that the information contained in this document 
has been thoroughly explained to the participant.  I also declare that the participant has been 

encouraged (and has been given ample time) to ask any questions.  In addition I would like to 

select the following option:  
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The questionnaire with the participant was conducted in a language in which the 

participant is fluent. 
 

 

 
 
 

QUESTIONNAIRE QUESTIONS FOR THE GOOGLE FORMS FORMAT: 

 

Before you continue, please ensure that you meet the following: 

 

1) You are over the age of 18 and currently in the possession of a driver’s license. 

2) You are from or have experience of driving in Saldanha Bay Municipality 

(Saldanha, Vredenburg, Langebaan, Hopefield, Jacobsbaai, Paternoster, St 

Helena Bay). 

 

If you do not meet the above statements, please do not continue and close the 

questionnaire. Thank you! 

Section 1 – General Information: 

1) Age: 

2) Gender: 

3) I am from: (Options: Saldanha. Vredenburg. Langebaan. Hopefield. Jacobsbaai. 

Paternoster. St Helena Bay. Other – Specify) 

4) Vision: (Options: Normal, Corrected-to-Normal (drive with glasses), Corrected-

to-Normal (drive with contact lenses). Other – Specify) 

5) Total years of driving experience: 

6) Years of driving experience in Saldanha Bay Municipality: 

Section 2 – Driving Under Poor Visibility Conditions (Mist, Fog, Rain) in Saldanha 

Bay Municipality: 

1) The towns in the Saldanha Bay Municipal area are known for experiencing heavy 

fog during certain times of the year. In a rating from 1 to 5, how much experience 

do you have driving in heavy fog? I have ___ driving in heavy fog: 

1. No experience. 

2. Little experience. 
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3. Some experience. 

4. A fair amount of experience. 

5. A lot of experience. 

2) When needing to travel between towns (for example: Langebaan to Vredenburg) 

under heavy fog or under heavy rain conditions, do you? (a. Not risk driving and 

wait for the weather to pass. / b. Drive but take extra precaution. / c. Drive and not 

let the weather determine your decision as you feel comfortable to drive under 

poor visibility conditions). 

3) If your answer to Question 2 was b), please explain what precautions you may 

typically take. 

4) Which 2 months of the year do you feel that your area experiences the most fog? 

(Options: List all months and participant choses 2). 

5) What time of day do you feel your area will most likely experience fog when it is 

at its thickest? Choose all applicable. (Options: List all times of the day) 

6) When the fog is at its thickest, how far ahead (in meters) do you think you could 

see in front of you? (Specify). 

7) Which 2 months of the year do you feel that your area experiences the most rain? 

(Options: List all months and participant choses 2). 

8) What time of day do you feel your area will most likely experience rain when it 

is at its heaviest? Choose all applicable. (Options: List all times of the day) 

9) When the rain is at its heaviest, how far ahead (in meters) do you think you could 

see in front of you? (Specify). 

10) Do you feel that driving under poor visibility conditions in Saldanha Bay 

Municipality is an issue and should the issue be addressed? (Options: a. Yes, it is 

an issue and should be addressed. / b. Yes, it is an issue but does not need to be 

addressed. / c. No, it is not an issue and should not be addressed). 

11) What would you say is the biggest concern with the issue of driving under poor 

visibility conditions in Saldanha Bay Municipality? Please select all applicable. 

(a. There is no issue. / b. I feel unsafe and uncomfortable driving in fog and heavy 

rain. / c. I worry about other drivers driving recklessly. / d. I cannot see other 

vehicles well. / e. I cannot judge how far away other vehicles are when I see them. 

/ f. Other - Specify). 

12) Any comments or added information for Section 2? 

Section 3 – Situations and Comfortability when Driving Under Poor Visibility 

Conditions (Mist, Fog, Rain) in Saldanha Bay Municipality: 
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The following questions will work on a scale of 1 to 5 where 1 represents the lowest or 

least desirable feeling and 5 represents the highest or most desirable feeling. 

1) How safe do you feel when driving on the road during poor visibility conditions?: 

1. Very unsafe and try to avoid driving. 

2. Unsafe. 

3. Neutral, neither unsafe nor safe. 

4. Safe. 

5. Very safe and not bothered by poor visibility when driving. 

2) When you are stopped at a stop sign at an intersection between towns (for 

example, the intersection of the R45 and R27 between Langebaan and 

Vredenburg), waiting pull off and enter traffic, how uncomfortable and uncertain 

do you feel when the fog is at its thickest that you have experienced and you are 

unable to see the oncoming vehicles due to poor visibility?: 

1. Very uncomfortable and uncertain because I worry when I cannot see 

oncoming vehicles. 

2. Uncomfortable and uncertain about pulling off. 

3. Neutral, neither uncomfortable and uncertain nor comfortable and certain. 

4. Comfortable and certain about pulling off. 

5. Very comfortable and certain because I am confident that I am not in 

danger. 

3) When you are stopped at a stop sign at an intersection between towns (for 

example, the intersection of the R45 and R27 between Langebaan and 

Vredenburg), waiting pull off and enter traffic, how uncomfortable and uncertain 

do you feel when the rain is at its heaviest that you have experienced and you are 

unable to see the oncoming vehicles due to poor visibility?: 

1. Very uncomfortable and uncertain because I worry when I cannot see 

oncoming vehicles. 

2. Uncomfortable and uncertain about pulling off. 

3. Neutral, neither uncomfortable and uncertain nor comfortable and certain. 

4. Comfortable and certain about pulling off. 

5. Very comfortable and certain because I am confident that I am not in 

danger. 

4) If, at the same intersection and under the same conditions mentioned in Section 3 

– Question 2 and Question 3, there was an indication from the stop sign to indicate 

that it is safe to pull off in the direction that you need to turn and there are no 

oncoming vehicles, how safe would you feel relying on the indication from the 

stop sign compared to when there was no indication given to you, even though 

you are still unable to see the oncoming traffic for yourself?: 

1. Very unsafe, I would not trust it and would feel as though it is the same as 

when I had no indication at all. 
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2. Unsafe, I would still feel uncomfortable and uncertain when attempting to 

pull off. 

3. Neutral, neither unsafe nor safe. 

4. Safe, I would not totally trust it but trust it enough to feel comfortable and 

certain to pull off. 

5. Very safe, I can rely on the indication to pull off even though I cannot see 

if there is an oncoming vehicle for myself. 

Section 4 – Addition Participant Input: 

1) What would you like to be seen done to improve the safety of an intersection faced 

with poor visibility in Saldanha Bay Municipality?: 

2) Any further comments?: 

Questionnaire completed! 

Thank you again for your participation! I urge you to please forward the 3 questionnaire 

links (Afrikaans, isiXhosa and English versions) to anyone you may know from within 

Saldanha Bay Municipality or with experience of Saldanha Bay Municipality as I am 

relying on your social networks to get my questionnaire around, please. Thank you! 
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C.2 Questionnaire Margin of Error Calculations 
 

Table C.2.1: Calculations of margin of error (e) for a confidence level of 95% 

 

 

Table C.2.2: Calculations of margin of error (e) for a confidence level of 90% 

 

 

 

 

 

 

CL z p q = 1- p e n0 N n n (Rounded-Up)

95 1.96 0.5 0.5 1 9604 25467 6974.196 6975

2 2401 2194.218 2195

3 1067.111 1024.234 1025

4 600.25 586.4506 587

5 384.16 378.4658 379

6 266.7778 264.0224 265

7 196 194.5106 195

7.85 155.8522 154.9102 155

8 150.0625 149.1893 150

9 118.5679 118.0231 119

10 96.04 95.68292 96

CL z p q = 1- p e n0 N n n (Rounded-Up)

90 1.645 0.5 0.5 1 6765.063 25467 5345.336 5346

2 1691.266 1586.001 1587

3 751.6736 730.1514 731

4 422.8164 415.9273 416

5 270.6025 267.7678 268

6 187.9184 186.5492 187

6.59 155.7762 154.8351 155

7 138.0625 137.3234 138

8 105.7041 105.2713 106

9 83.51929 83.24954 84

10 67.65063 67.47404 68
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Appendix D: Letter of Permission for Traffic 

Data Collection 
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Appendix E: Traffic Data Collection Tables 

E.1 Intersection Count Tables 

I – Intersection; SS – Stop Sign; T – Through Road; C – Count; R - Recorded 

Table E.1.1: Intersection 1 Vehicles Counted and Recorded 

 
 

Table E.1.2: Intersection 2 Vehicles Counted and Recorded 

 
 

Table E.1.3: Intersection 3 Vehicles Counted and Recorded 

 

 

 

C - SS R - SS C - T R - T C -  SS R - SS C - T R - T

Clear - Stopwatch 111 64 66 58 123 70 97 86

Rain - Stopwatch 54 28 31 28 31 20 27 27

Clear - Speed Gun 67 49 65 61 75 57 97 88

Rain - Speed Gun 35 22 26 24 47 21 38 34

Fog - Speed Gun 53 21 43 35 48 20 44 37

Totals 320 184 231 206 324 188 303 272

Direction 2Direction 1
I1

C - SS R - SS C - T R - T C -  SS R - SS C - T R - T

Clear - Stopwatch 68 28 274 183 65 35 245 176

Rain - Stopwatch - - - - - - - -

Clear - Speed Gun 40 17 323 281 70 26 278 233

Rain - Speed Gun 24 14 100 93 17 11 90 79

Fog - Speed Gun 22 7 116 103 21 9 109 94

Totals 154 66 813 660 173 81 722 582

Direction 1 Direction 2
I2

C - SS R - SS C - T R - T C -  SS R - SS C - T R - T

Clear - Stopwatch 100 48 175 155 - - 154 124

Rain - Stopwatch 38 19 74 57 - - 70 53

Clear - Speed Gun 59 46 200 190 - - 42 41

Rain - Speed Gun - - - - - - - -

Fog - Speed Gun 39 19 110 101 - - 77 72

Totals 236 132 559 503 0 0 343 290

Direction 1 Direction 2
I3
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E.2 Intersection Through Speed Tables 
 

Table E.2.1: Intersection 1 Through Speeds Summary 

 

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW - - - - - - -

Clear SG 17 16 99.69 124.00 LV 69.00 LV

Fog 6 5 96.40 111.00 LV 85.00 LV

Rain 6 6 100.83 128.00 LV 78.00 HV LT

Clear SW 34 28 68.23 101.41 LV 42.60 LV

Clear SG 20 20 103.25 128.00 LV 78.00 LV

Fog 4 2 78.00 87.00 S Motor 78.00 HV ST

Rain 5 5 103.20 131.00 LV 86.00 LV

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW - - - - - - -

Clear SG 28 27 90.00 119.00 LV 66.00 LV

Fog 29 25 80.68 105.00 LV 34.00 HV LT

Rain 14 10 91.60 132.00 LV 72.00 LV

Clear SW 16 16 69.80 90.00 LV 31.58 HV LT

Clear SG 37 33 100.15 135.00 LV 70.00 LV

Fog 11 11 83.09 104.00 LV 72.00 HV LT

Rain 17 14 92.21 116.00 LV 68.00 LV

Intersection 1 - Through Speed - No Stop

Intersection 1 - Through Speed - With Stop

D
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 1
D
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n
 2

D
ir
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ti

o
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 1
D
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 2
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Table E.2.2: Intersection 2 Through Speeds Summary 

 

Table E.2.3: Intersection 3 Through Speeds Summary 

 

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 152 100 69.01 92.31 LV 39.13 LV

Clear SG 135 124 87.85 124.00 LV 59.00 LV

Fog 46 42 85.07 129.00 LV 50.00 LV

Rain 57 56 88.79 121.00 LV 59.00 LV

Clear SW 118 84 69.52 88.89 LV 37.89 LV

Clear SG 143 124 89.14 129.00 LV 47.00 S Motor

Fog 52 48 90.42 138.00 LV 59.00 LV

Rain 53 48 90.88 121.00 LV 54.00 LV+T

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 84 56 67.53 96.00 MB 45.86 LV

Clear SG 156 130 86.38 142.00 LV 54.00 HV ST

Fog 58 50 86.56 117.00 LV 68.00 MB

Rain 30 24 81.25 105.00 LV 52.00 LV

Clear SW 60 37 67.00 88.89 LV 35.47 LV

Clear SG 74 63 88.67 118.00 LV 54.00 LV

Fog 27 21 87.14 120.00 LV 65.00 HV ST

Rain 22 17 86.35 115.00 LV 57.00 LV

Intersection 2 - Through Speed - No Stop

D
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ec
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n

 1
D
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ec

ti
o

n
 2

Intersection 2 - Through Speed - With Stop

D
ir
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ti

o
n

 1
D

ir
ec

ti
o

n
 2

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 80 71 62.61 91.14 LV 33.49 HV ST

Clear SG 150 143 79.76 116.00 MB 41.00 HV ST

Fog 36 33 82.18 123.00 LV 62.00 LV

Rain SW 50 37 63.03 79.12 LV 46.15 HV LT

Clear SW 88 72 71.18 100.00 LV 36.55 B

Clear SG 26 23 78.04 110.00 S Motor 52.00 LV

Fog 41 41 80.93 104.00 LV 58.00 LV

Rain SW 48 37 61.46 74.23 MB 39.78 LV

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 74 63 63.58 100.00 LV 24.74 B

Clear SG 42 40 77.98 108.00 LV 49.00 HV LT

Fog 67 64 75.28 95.00 LV 32.00 HV ST

Rain SW 21 17 53.35 72.00 LV 33.80 LV

Clear SW 23 15 64.08 79.12 LV 48.98 LV

Clear SG 8 7 94.71 124.00 LV 80.00 LV

Fog 9 9 84.11 99.00 LV 75.00 LV

Rain SW 5 3 70.63 82.76 LV 50.00 LV

Intersection 3 - Through Speed - No Stop

D
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D
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Intersection 3 - Through Speed - With Stop
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E.3 Intersection Turning Speed Tables 

 

Table E.3.1: Intersection 1 Turning Speeds Summary 

 

Table E.3.2: Intersection 2 Turning Speeds Summary 

 

 

Table E.3.3: Intersection 3 Turning Speeds Summary 

 

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 23 15 31.78 46.15 LV 17.31 HV LT

Clear SG 20 18 50.44 63.00 LV 38.00 LV

Fog 8 5 58.60 73.00 LV 35.00 B

Rain 6 6 53.17 63.00 LV 31.00 HV LT

Clear SW 47 41 37.23 72.00 LV 20.57 HV LT

Clear SG 40 35 51.83 66.00 LV 36.00 LV

Fog 29 24 58.54 76.00 LV 46.00 MB+T

Rain 16 15 52.80 66.00 LV 42.00 LV

D
ir

ec
ti

o
n

 1
D
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ec
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o
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 2

Intersection 1 - Turing Vehicle

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 38 27 31.68 39.78 LV 23.00 LV

Clear SG 32 27 53.70 68.00 S Motor 33.00 HV LT

Fog 12 11 60.18 68.00 LV 41.00 LV

Rain 13 13 51.49 64.00 LV 45.00 LV

Clear SW 67 55 40.40 53.73 LV 26.18 HV ST

Clear SG 61 46 53.76 72.00 LV 34.00 HV LT

Fog 30 25 55.40 69.00 LV 32.00 LV

Rain 15 14 51.29 63.00 LV 44.00 LVD
ir

ec
ti

o
n

 2

Intersection 2 - Turing Vehicle

D
ir

ec
ti

o
n

 1

Weather Type Count Record All Ave. Max. Max. Veh Min. Min. Veh.

Clear SW 21 20 37.52 64.29 LV 21.95 S TLB

Clear SG 8 7 56.71 62.00 MB 44.00 HV LV

Fog 7 4 51.50 59.00 LV 44.00 MB

Rain 3 3 43.82 48.00 LV 35.47 LV

Clear SW 43 37 35.87 51.43 LV 24.24 MB

Clear SG 8 7 56.14 69.00 LV 46.00 LV

Fog 27 22 51.00 65.00 LV 33.00 HV ST

Rain 17 13 31.33 44.44 LV 22.36 LV

Intersection 3 - Turing Vehicle

D
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D
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o

n
 2

Stellenbosch University https://scholar.sun.ac.za



 

171 

E.4 Intersection Left Turn Times 

DNS – Did Not Stop; C/T – Crossing/Turning Time 

 

Table E.4.1: Intersection 1 Left Turn Summary 

 
 

Table E.4.2: Intersection 2 Left Turn Summary 

 
 

Table E.4.3: Intersection 3 Left Turn Summary 

 

 

Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 5 2 0 04.31 05.36 LV 03.26 LV

Clear SG 1 1 1 04.19 04.19 LV 04.19 LV

Fog 3 2 0 06.21 07.78 LV 04.63 LV

Rain 1 1 1 02.31 02.31 LV 02.31 LV

Clear SW 9 9 1 06.00 10.42 HV LT 03.57 LV+T

Clear SG 6 6 1 05.78 09.36 HV LT 03.51 LV

Fog 7 3 0 06.42 08.05 HV LT 05.51 HV LT

Rain 5 2 0 04.84 05.36 LV+T 04.32 LV+TD
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Intersection 1 - Stop Street - Left Turn
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Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 40 15 2 04.85 07.51 MB 03.14 LV

Clear SG 24 7 1 04.31 06.23 HV ST 02.32 LV

Fog 15 4 2 05.15 05.81 LV 03.42 MB

Rain 17 9 2 04.38 06.04 HV ST 02.98 LV

Clear SW 19 11 6 04.95 09.10 HV LT 03.78 LV

Clear SG 18 4 2 04.04 05.15 LV 03.41 LV

Fog 5 2 0 03.95 04.20 LV 03.70 LV

Rain 5 4 3 04.16 04.54 MB 03.56 LV

Intersection 2 - Stop Street - Left Turn
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Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 75 34 7 04.68 06.36 HV ST 02.59 LV

Clear SG 54 42 18 04.51 07.44 LV+LV 02.69 LV

Fog 30 13 1 03.69 04.66 LV 02.42 LV

Rain SW 28 13 5 04.34 06.92 LV 03.36 LV

Intersection 3 - Stop Street - Left Turn
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E.5 Intersection Right Turn Times 
 

Table E.5.1: Intersection 1 Right Turn Summary 

 

 

Table E.5.2: Intersection 3 Right Turn Summary 

 

 

 

 

 

 

 

 

 

 

 

Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 15 8 0 06.17 11.23 HV LT 03.39 LV

Clear SG 9 6 0 04.98 06.07 LV 04.26 LV

Fog 4 0 0 00.00 00.00 - 00.00 -

Rain 8 6 1 06.24 13.63 HV LT 02.91 LV

Clear SW 57 31 0 06.08 13.05 HV LT 03.10 LV

Clear SG 26 18 3 05.11 07.75 HV ST 03.51 LV

Fog 18 7 0 04.54 05.79 LV 03.95 LV

Rain 20 10 0 06.24 13.95 HV LT 03.54 LVD
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Intersection 1 - Stop Street - Right Turn
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Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 25 14 0 06.04 08.23 LV 04.57 LV

Clear SG 5 4 0 06.32 08.23 HV ST 04.73 LV

Fog 9 6 0 04.42 06.07 LV 02.95 LV

Rain SW 10 6 1 05.17 05.70 LV 04.26 LV

Intersection 3 - Stop Street - Right Turn
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E.6 Intersection Over Times 
 

Table E.6.1: Intersection 1 Over Cross Summary 

 

 

Table E.6.2: Intersection 2 Over Cross and Right Turn Summary 

 

Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 91 54 2 05.27 14.16 LV 02.25 LV

Clear SG 57 42 6 04.85 11.04 HV LT 02.58 LV

Fog 46 19 2 05.43 07.58 MB 03.67 LV

Rain 26 15 3 04.86 06.70 HV ST 03.07 LV

Clear SW 57 30 1 05.37 10.42 HV ST 02.75 LV

Clear SG 43 33 3 04.79 06.32 LV 03.17 LV

Fog 23 10 1 05.55 11.58 HV LT 03.05 LV

Rain 22 9 0 05.21 06.85 LV 03.51 LV

D
ir

ec
ti

o
n

 1
D

ir
ec

ti
o

n
 2

Intersection 1 - Stop Street - Over

D1 Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 16 8 0 04.20 06.53 LV 02.47 HV ST

Clear SG 8 4 0 03.74 04.00 LV 03.47 LV

Fog 4 1 0 03.71 03.71 LV 03.71 LV

Rain 5 3 0 07.25 10.00 LV 03.44 LV

Clear SW 16 8 3 05.16 07.26 LV 03.29 HV ST

Clear SG 8 4 2 04.63 05.85 LV 04.00 LV

Fog 4 1 0 03.51 03.51 LV 03.51 LV

Rain 5 3 1 04.60 05.13 HV ST 04.09 LV

D2 Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 37 18 2 04.13 05.66 LV 02.72 LV

Clear SG 41 12 1 04.21 05.91 LV 03.00 LV

Fog 11 5 0 04.68 06.37 HV ST 03.25 LV

Rain 11 6 0 04.20 07.96 HV LT 02.57 LV

Clear SW 37 18 10 05.27 08.73 HV LT 04.88 LV

Clear SG 41 12 8 05.67 10.67 HV LT 03.05 LV

Fog 11 5 3 06.39 08.51 LV 04.10 LV

Rain 11 6 3 05.41 07.27 HV LT 04.10 LV
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Intersection 2 - Stop Street - Over and Right Turn

Stellenbosch University https://scholar.sun.ac.za



 

174 

Table E.6.3: Intersection 2 Over Cross and Over Cross Summary 

 

D1 Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 12 5 0 04.42 06.78 LV 03.25 LV

Clear SG 8 6 0 05.93 08.81 HV ST 04.09 LV

Fog 3 2 0 05.06 06.06 HV ST 04.06 HV ST

Rain 2 2 1 04.09 04.12 LV 04.05 LV

Clear SW 12 5 2 04.39 05.05 LV 03.39 LV

Clear SG 8 6 0 04.01 06.32 HV ST 02.63 LV

Fog 3 2 0 05.12 06.10 HV ST 04.13 HV ST

Rain 2 2 2 04.45 05.26 LV 03.64 LV

D2 Weather Type Count Record DNS C/T Ave Max. Max. Veh Min. Min. Veh.

Clear SW 9 6 1 03.78 05.84 LV 02.53 LV

Clear SG 11 10 2 04.50 05.90 LV 03.39 LV

Fog 5 2 0 04.52 05.06 LV 03.97 HV ST

Rain 1 1 0 05.41 05.41 LV 05.41 LV

Clear SW 9 6 3 04.93 05.57 LV 04.26 LV

Clear SG 11 10 3 04.86 06.29 LV 03.35 LV

Fog 5 2 1 05.43 05.55 LV 05.30 HV ST

Rain 1 1 0 03.67 03.67 LV 03.67 LV
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Intersection 2 - Stop Street - Over and Over
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