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Abstract
A set of online activities for children and the community that are based on an integrated real-time solar UV and cloud measurement system are described. These activities use the functionality of the internet to provide an educative tool for school children and the public on the influence of cloud and the angle of the sun above the horizon on the global erythemal UV or sunburning UV, the diffuse erythemal UV, the global UVA (320 – 400 nm) and the vitamin D effective UV. Additionally, the units of UV exposure and UV irradiance are investigated, along with the meaning and calculation of the UV index (UVI). This research will help ensure that children and the general public are better informed about sun safety by improving their personal understanding of the daily and the atmospheric factors that influence solar UV radiation and the solar UV exposures of the various wavebands in the natural environment. The activities may correct common misconceptions of children and the public about UV irradiances and exposure, utilising the widespread reach of the internet to increase the public’s awareness of the factors influencing UV irradiances and exposures in order to provide clear information for minimizing UV exposure, while maintaining healthy, outdoor lifestyles.
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1. Introduction
Skin cancer is a severe public health problem with the number of Australians being treated for skin cancer each year exceeding 750,000 [1]. There is a similar health problem in other countries, for example the American Cancer Society estimates that in 2016 in the USA, approximately 76,380 new cases of skin melanoma will be diagnosed, and approximately 10,180 persons will die [2]. Additionally, there is the incalculable cost of the associated human suffering and disfigurement. This is despite the fact that the risk of a large number of skin cancers can be reduced through the reduction of personal UV exposures [3]. For example, substantial sun damage can and does occur on cool or cloudy days when the majority of people may consider themselves safe. A recent report [4] states that through the increase of sun protection, many skin cancers can be prevented. This report also states that people need clear information about how to reduce their skin cancer risk while maintaining daily healthy, outdoor activities. Consequently, there is a demonstrated need for increased education of both school children and the general public on solar UV in order to raise awareness of the complex solar UV environment affecting the public health of citizens going about their everyday lives. In order to address this need, sound research, aimed at increasing public education on the physical factors influencing solar UV radiation needs to be presented highlighting the important concepts in a manner that can be easily understood and easily accessed through public forums, including the internet.  

The predicted UV index (UVI) [5] employed in Australia and worldwide has been introduced to increase the awareness of the public to UV radiation. However, the UVI does not take cloud cover into account and so the real-time UVI at any time of the day may be different to the predicted or modelled value. Additionally, most media reports provide the maximum UVI which is only relevant for solar noon under clear sky conditions. Consequently, the problem with current UVI forecasts is that they can be incorrect by a factor of 2 to 4 and thus potentially be very misleading to the general public. Opportunities to promote solar radiation awareness for online users, has the potential to reach an ever growing number of younger aged internet users [6]. This is important because personal behaviour and attitude toward sun safety play a critical role in minimising unnecessary exposure accumulated throughout a lifetime [7] and those exposures that occur due to daily UV variability [8]. The current measured UVI for the Australian capital cities of Adelaide, Brisbane, Darwin, Melbourne, Perth and Sydney and three other major population centres of Kingston (near Hobart), Newcastle and Townsville is available for users with mobile phone Internet access and a web browser [9]. However, it is not available for the large proportion of the population in locations outside of these areas. The UVI forecast is also available via an iPhone app [10], however like the UVI forecast in the media, this does not take into account the local cloud conditions.

A variety of educational programs and initiatives for UV prevention are available, The Cancer Council in Australia [11] has information on hats, clothing, sunscreen, sunglasses and shade for UV protection. Similarly, the American Cancer Society [12] provides information on UV protection, along with an online quiz to test general knowledge on sun safety. A series of teaching resources and lesson plans are provided for primary school teachers for the age groups of 6-9 years and 10-12 years [13]. These are based on the three units of the sun, UV radiation and the health risks with teaching objectives and activities provided for each of the units and the age groups. This education on sun protection is targeted at the two age groups of 6-9 years and 10-12 years when the children may be receptive to the messages of sun protection.

The online access to data on the solar UV environment has been previously introduced [14] and is extended in this current research to provide educational activities on the physical factors influencing solar UV exposures. These are designed to raise awareness amongst school children and the general public in order to provide clear information to minimize UV exposure, while maintaining healthy, outdoor activities. The project presented in this paper provides scientifically relevant information incorporating actual measured solar and cloud data which can be utilized as teaching resources for educators linking the physical environment, public health and solar UV radiation. This project therefore aims to improve community understanding of solar UV exposure to encourage improved sun safety, through the education of children and the community on the factors influencing solar UV radiation in the day to day environment. This information is provided online enabling children and the community in regional areas with internet availability to access this as readily as anyone in metropolitan areas. 

2. Methods
This paper reports on six online educational activities on solar UV radiation designed for children, but also applicable for the general public in order to raise awareness of solar UV and improve skin cancer prevention. The specific aims of the activities described in this paper are to:
1. Employ real-time erythemal UV and UVA (320 – 400 nm) data provided via an internet platform to develop an understanding of the daily factors influencing the solar UV radiation;
2. Provide a facility for the analysis of real-time data to develop a knowledge of the atmospheric factors that influence the solar UV radiation;
3. Provide an educative initiative for children in any location with network connectivity on the hazards and benefits of solar UV.

These objectives have been achieved by a series of online activities to investigate:
· Real-time solar UV data;
· Real-time cloud cover amount;
· Influence of cloud on the solar UV;
· Diffuse erythemal and global erythemal UV;
· Vitamin D effective UV;
· Animation on the factors influencing UV exposure.

Each activity will employ data on the solar UV environment from research equipment collected at the University of Southern Queensland's (USQ) online solar radiation network in Toowoomba (27.6 °S, 151.9 °E), Australia. The solar UV is comprised of the direct component which is received in a direct line from the sun and the diffuse component which is the UV scattered by the atmospheric components of clouds, suspended aerosols and the molecules in the atmosphere [15]. These two components make up the global UV radiation. The real-time data employed in this paper comprises of irradiance and exposure data of the global erythemal UV, the global UVA, the diffuse erythemal UV and the cloud amount data as follows:
· Global erythemal UV from a UV Biometer (model 501, Solar Light, Inc., PA. USA) [16]. The instrument is a radiometer with a spectral response that approximates the erythemal action spectrum [17] which is based on the response of human skin to the production of mild reddening 24 hours post exposure to set wavelengths in the UV waveband. The erythemal response is heavily weighted to the UVB (280-320 nm) wavelengths with a response that is of the order of 1000 times higher than in the UVA (320-400 nm). The instrument is temperature stabilised to 25 oC and is connected via a cable to a data logger in the laboratory. The unit of MED employed in this data is the minimum erythemal dose and represents the amount of erythemal UV that will induce barely perceptible erythema in skin type one (most sensitive), 8 to 24 hours post UV exposure [18] and it may be taken that one unit of MED is equivalent to 200 J/m2 of erythemally weighted UV [18]. The UVI is a unitless quantity that is calculated from the erythemally weighted UV by multiplying the erythemal irradiance in units of W/m2 by 40;
· Global UVA from a UVA Biometer (model 501A, Solar Light, Inc., PA. USA) [19]. This instrument is a radiometer with a response from 320-400 nm and is also temperature stabilised to 25 oC and is connected via a cable to a data logger in the laboratory;
· Diffuse erythemal UV from a UV Biometer (model 501, Solar Light, Inc., PA. USA) that is the same as that measuring the global erythemal UV, but with a shadow band to shade the sensor from the direct UV. This shadow band is aligned east-west and the inclination adjusted with the seasons to shade the sensor;
· Cloud fraction from a Total Sky Imager (TSI) (model TSI440, Yankee Environmental Systems, USA) [20]. The cloud fraction is provided as a percentage of cloud by image analysis of a JPEG image taken of a reflective hemispherical dome that images the sky and clouds at a user specified interval of five minutes [21]. The camera with a charge coupled device (CCD) sensor is suspended over the reflective dome on a thin metal arm and there is a black band on the dome to block out the sun, with the dome and band rotating throughout the day.

The data from the first three meters is collected by data loggers and the Internet Data Link (IDL) software (Solar Light Co., Philadelphia, PA. USA) which downloads the data from the data logger and outputs the written data as a graph to a remote server that makes the information available online with a data update provided every 5 minutes. The format of the display and the graphs are user defined and specified by the user. Similarly, the data on the cloud fraction with the raw image and the processed image are uploaded by the Total Sky Imager software every five minutes to a server. The educational activities based on the real-time data are at:
http://uveducation.usq.edu.au/

This web page accesses the real-time solar global and diffuse erythemal UV, the real-time UVA data and the cloud data that has been uploaded to the servers for display of the real-time UV and cloud data and for use in the educational activities. Specific data sets have also been employed to produce animations of the influence of cloud and time of day on the erythemal UV exposures, the influence of cloud and time of day on the relative amounts of diffuse and direct UV and the exposure time required at different times of the day to initiate the production of adequate amounts of vitamin D. The animation on the influence of cloud and time of day on the erythemal UV exposures compares the erythemal UV on a cloudy day to that on a cloud free day. The exposures for the cloud free case are actual measured exposures on a cloud free day that is within two days of the cloudy day. The animation on the relative amounts of diffuse and direct erythemal UV has derived the direct UV by the subtraction of the measured erythemal diffuse UV from the measured global erythemal UV. For each of the animations, each frame has been produced in PowerPoint and the saved file converted into a video file using Media Maker, which was then uploaded onto the UVEducation site.

3. Results and Discussion
3.1 Web Site Activity: Real-time Solar UV Data
The sample snap shot of the real-time solar UV data for Toowoomba with the global erythemal UV exposures over five minutes on each day provided on the web site are shown in Figure 1. In order to explain the terms on this graph and text on the web page and the graphs and text on the subsequent pages, some words and terms in the text have an explanation that appears on a computer when the user hovers over them. This is designed to assist with the understanding of the material. 

The information on the page has the maximum UVI encountered so far throughout the day in the top left hand side and the current UVI in the bottom left hand side. The colours on the column for the UVI are according to the UVI categories of low, moderate, high, very high and extreme [22]. As shown, these correspond to the UVI values of 1-2, 3-5, 6-7, 8-10 and 11+ respectively for each of the categories [22]. For a UVI in the low category, sun protection is generally not required unless outside for an extended time. The daily global erythemal UV exposures for each five minutes in units of MED over five minutes as a function of time of day are plotted in the top graph with the current erythemal exposure over the last five minutes in the top left hand corner of the graph. Similarly, the daily global UVA exposures over periods of five minutes in units of J/cm2 over five minutes as a function of time of day are shown on the bottom graph of Figure 1 with the current UVA exposure over the last five minutes in the top left hand corner of the graph.

The real time solar UV data updates every five minutes showing the real-time influence on the global erythemal UV and the UVA with time of day and cloud cover. The real time data clearly shows the influence of cloud which accounts for the observed variability from the smooth clear sky bell shaped curve expected under cloud free conditions. From the current erythemal UV in units of MED/5 min provided under the daily graph, one activity allows calculation of the time taken for an exposure of one MED to a horizontal plane. Other activities can allow the determination for any five minute period of the day, the conversion of MED in the five minutes to J/m2 over those five minutes and the calculation of the average irradiance in W/m2 over the five minutes.

The column on the right providing the cumulative daily UV exposures in units of MED to a horizontal plane represents the area under the curve of the daily erythemal UV graph. Based on this information, another online activity called ‘Influence of cloud on the solar UV’ described in Section 3.3 allows the observation of the changes and influencing factors on the erythemal UV and the manner in which this contributes to the cumulative exposure observed over the day.
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[bookmark: _Ref433375219]Figure 1 – An example of the real-time solar UV data for Toowoomba with current date and time in the top right hand corner and the global erythemal UV, UVI and UVA that are updated every five minutes during the day.

The real-time diffuse erythemal UV exposures for each five minutes are provided in Figure 2. These exposures account for approximately half of the global UV radiation received during most periods of the day. The current date (dd/mm/yy) and time are provided in the top right hand corner and updates are provided every five minutes. As well as the graph showing the change in the diffuse erythemal UV throughout the day, the current diffuse UV over the last five minutes is in the top left hand corner. The cumulative diffuse erythemal UV received by a horizontal plane throughout the day is shown by the column on the right hand side.
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Figure 2 - An example of the real-time diffuse erythemal UV exposure graph for Toowoomba at 13:35 on the 22nd December 2015 for every five minutes in units of MED/5 minutes. The right hand column shows the cumulative diffuse erythemal UV over the day. 

3.2 Web Site Activity: Real-time Cloud Cover Data
A sample real-time image of the cloud cover showing the raw camera image, the processed image and the amount of cloud cover as a percentage is provided in Figure 3. The thick black band is a black tape on the hemispherical dome with this rotating during the day to obscure the sun from being imaged and saturating the CCD sensor of the camera. The solar disc is represented by the yellow circle on the black band. The very thin line is the rod on which the camera is suspended. The processed image shows the cloud and sky as white and blue respectively. For this example, the image analysis provides the amount of cloud, with the raw and processed images and percentage of cloud cover updated every five minutes.

This activity allows users to evaluate the influence of real-time cloud cover on the global and diffuse erythemal UV and UVA provided in the previous activity. The influence will depend on the amount of cloud, type of cloud, configuration of cloud with respect to the solar disc and distribution of cloud.
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Figure 3 – Real-time image example of the cloud cover observed over Toowoomba (left image) with the corresponding processed image shown in the right image and the time, date and percentage of cloud cover shown below these. The black band is the tape on the dome to block the solar disc, with the dome rotating during the day and the thin line is the arm suspending the CCD camera over the dome.

3.3 Web Site Activity: Influence of Cloud
For a given solar zenith angle (the angle of the sun with respect to the zenith), cloud is the biggest influence on the UV irradiance. This influence is sensitive to the amount of cloud, cloud type, cloud position relative to the sun and the total sky distribution of the observed cloud [23]. Numerous papers have reported on the influence of cloud on both the erythemal UV and the UVA [24][25][26][27]. The integrated system described here provides the real-time data to enable an informed investigation for educating users of the influence of cloud on the global erythemal UV compared to that of a clear day with the same solar zenith angles. 

The main effect of cloud is to convert direct radiation into diffuse UV radiation. Clouds not covering but located in proximity to the sun can produce a UV enhancing effect, increasing the UV above clear sky values [23]. Cloud can therefore result in small enhancements of the UV irradiance above that of a clear day for the same solar angles, or result in near total elimination, particularly under the influence of heavy rain bearing cloud [28]. 

In this activity the real time influence of cloud on the solar UV to a horizontal plane throughout the day is shown as an animation of the changing cloud cover measured every five minutes for a selected sample day. The corresponding UV exposures are compared to the clear sky exposures. This illustrates the influence of the different types and configurations of cloud on the solar UV. 

A sample frame of this animation at 12.50 is shown in Figure 4. This animation has a frame for each of the five minutes of the day. The cloud is shown as the white part in the image and the UV exposures are shown as the black line of the bell shaped curve for the clear sky erythemal UV and the red jagged line for the cloud affected erythemal UV. Generally the UV on the cloudy day is below that on the clear day. However, there are two times in this example when the UV is enhanced above that of the clear day due to the particular configuration of cloud at that time. The amount of cloud as a percentage is given at the bottom of the figure along with the current five minute exposure in units of MED. The cumulative exposures over the day to a horizontal plane for a clear day and a cloudy day are shown as the black and red columns respectively to allow comparison. This activity shows the user that in most cases clouds do not totally block UV radiation and therefore people may still receive a sunburn even on a cloudy day.
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[bookmark: _Ref433270577]Figure 4 – Sample frame of an animation of the real time effect of cloud throughout the day on the corresponding solar erythemal UV exposures compared to the clear sky exposures. 

3.4 Web Site Activity: Direct and Diffuse UV
This activity is designed to show the components of the direct erythemal UV and the diffuse erythemal UV that comprise the global UV. The diffuse UV is influenced by the amount of atmospheric scattering which is affected mainly by the solar zenith angle and the amount of cloud cover. A sample frame of an animation showing the amounts of diffuse UV and direct UV influenced by the time of day and by the amount of cloud cover is in Figure 5. Throughout the day, the direct UV is shown as the red part of each column and the diffuse UV is the orange part of each column. The columns on the right hand side show the cumulative exposures of diffuse, direct and global UV. In this example the amount of cloud is higher in the morning resulting in a higher relative amount of diffuse UV. The animation shows the importance of the diffuse component of UV irradiance during cloudy times (most of the global is diffuse) as well as when the sky is clear (at least half of the global is diffuse) and by the end of the day 60% of the total global exposure is diffuse. This shows that even in shade, which blocks the direct UV, it is still possible to obtain a sunburn from the diffuse UV component. 
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Figure 5 – A sample frame at 14:55 of an animation showing the amounts of diffuse UV and direct UV influenced by the time of day and by the amount of cloud cover. Throughout the day, the direct UV is shown as the red part of each column and the diffuse UV is the orange part of each column. The columns on the right hand side show the cumulative exposures.

3.5 Web Site Activity: Vitamin D Effective UV
Small amounts of the shorter UV wavelengths can have a beneficial impact on human health, with these exposures required for the initiation of the production of pre-vitamin D3. The production of pre-vitamin D3 in human skin is necessary for maintaining adequate vitamin D levels [29]. Approximately 90-95% of the human body’s vitamin D levels are obtained from exposure to solar UV radiation [30]. Consequently, it is necessary to optimize exposures to solar UV to minimize skin and sun-related eye damage and yet allow the formation of vitamin D. A position statement issued by the Working Group of the Australian and New Zealand Bone and Mineral Society, Endocrine Society, Osteoporosis Australia, Australian College of Dermatologists and the Cancer Council Australia recommends exposures in Australia of five minutes solar UV exposure either side of the peak UV periods on most days of the week in summer and approximately 2-3 hours solar UV exposure over a week in winter.

The Cancer Council [31] recommends enough sun can be obtained in summer to maintain adequate vitamin D levels from a few minutes of exposure to sunlight on the face, arms and hands or the equivalent area of skin in the morning or in the afternoon, provided the exposure is received before or after the peak UV periods on most days of the week. For southern parts of Australia, this is a few minutes on most summer days and two to three hours per week in winter, whereas in the northern parts of Australia in winter, adequate vitamin D levels can be maintained by people going about their normal daily activities. Specifically, the time of exposure to the sun required to produce adequate amounts of vitamin D varies with the amount of UV levels which varies with location, season, time of day and atmospheric conditions, skin type, age and outdoor activities [31]. Webb and Engelsen [29] recommend 1/6 to 1/3 MED exposure to the arms, hands and face as being sufficient for the production of adequate amounts of vitamin D. This activity illustrates how the time for a moderate exposure to UV radiation sufficient to produce an adequate amount of vitamin D varies over the day and with cloud cover.

A sample frame at 14.50 from an animation shows the exposure time required at different times of the day for an exposure of 1/6 MED as calculated by Turnbull et al. [32] to produce an adequate amount of vitamin D. These times are along the x-axis for different periods of the day, showing that three minutes solar UV exposure either side of the middle part of a summer’s day on 1st February 2015 at a sub-tropical site provides the 1/6 MED required for vitamin D production. The presentation also shows that longer times (up to 25 minutes) are required during other parts of the day to accumulate 1/6 MED while only two minutes was required at midday. These times will change at different latitudes [33]. In terms of educational benefit, this activity illustrates that even very short times of exposure to solar radiation are enough for healthy vitamin D production in most individuals.  
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Figure 6 – A sample frame at 14.50 from an animation showing the exposure time required at different times of a summer’s day for an exposure of 1/6 MED at a sub-tropical site. These times are shown along the x-axis.

3.6 Web Site Activity: UV and U animation
This activity is based on the user design of an avatar with the user controlling gender, age, eye colour, skin tone, hair and clothing. The next part of the animation is based on the user’s selection of clothing, sunglasses, cosmetics, and sunscreen. Personal protection is discussed in terms of solar UV and UV from artificial light sources. Here the aim is to dress an avatar based upon an individual’s usual habits and then redesign the avatar to reflect better sun safe practices. The animation is interactive, so users selecting different forms of personal protection are prompted on use and best practice. This activity emphasises the genetic factors and the personal UV protection methods that govern or control personal exposure to UV radiation. The activity also provides a useful mechanism to allow the animation user to apply new or renewed knowledge about UV radiation and exposures to guide their choices within the interactive animation.

4. Summary and Conclusion
This research has provided six online educational activities based on real-time data, for use by children and the public in any location with internet connectivity. The integrated system described incorporates global erythemal UV exposures, global UVA exposures, diffuse erythemal UV exposures and real-time cloud amount data for the educational activities. These activities present scientific information which can be evaluated to educate users about the physical factors influencing UV exposures and the hazards of solar UV. They investigate important concepts that contribute toward better understanding of the solar UV environment, including, the influence of cloud and time of day on the global and the diffuse erythemal UV, and the global UVA. The web site also provides the flexibility of being able to add new online activities in the future.

There are beneficial social and environmental outcomes that can arise from the educational aspects of this project. This is because skin cancer is so widespread in Australia and worldwide and a lack of UV awareness and the resulting community behaviour are significant contributors to national disease burdens. The educative aspects of this project will improve the understanding of factors influencing solar UV and in the process promote improved sun safety. The activities may correct common misconceptions about UV exposure, such as; “There is no exposure risk when the sky is cloudy”, “The UV index is always very high”, “High UV exposures are dependent on temperature” or “Long exposure times are required for vitamin D production”. These issues have been directly addressed by this project which utilises the widespread reach of the internet to increase the public’s awareness of the factors influencing UV exposures in order to provide clear information for minimizing UV exposure, while maintaining healthy, outdoor lifestyles. An assessment of the utilisation of the information on the web site can be obtained through web analytics on the use of the web site as well as ‘indirect effectiveness assessment’ though email contact from schools, users and other Public Health researchers that may reference the site in the future literature.
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