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Abstract: 
We present the results of a nation-wide light-pollution awareness and observing campaign, carried out during an Austrian science festival. Data were obtained by issuing a public call via the media and distributing instructions and images of the little dipper for 7 different limiting magnitudes 1,5...6,5. Participants compared the Little Dipper on the sky to the reference images and supplied observing time and location together with an identifier for the image that fitted their observation best. To access the quality of the data we called for observations in an interval containing a significant fraction of the nautical and astronomical twilight. Reports where collected via the web-site:  http://www.astro.univie.ac.at/~scw  We show the results obtained so far, as an empirical visual limiting magnitude map of Austria and estimate the accuracy by the twilight dependence and a comparison to Walker's law  for the case of Vienna.

1.1 Introduction

During the 2001 nation-wide Austrian ScienceWeek, an event to promote the public understanding of science and humanities, our lightpollution campaign was chosen as a prototype flagship event. The project was designed to be a scientific experiment, where every participant should perform a simple astronomical observation to answer an overall scientific question. The goal was “do it yourself”-science together with raising the public awareness of the various aspects of light pollution. We aimed to reach 1 Million persons (1/8 of Austria’s population). 

1.2 Method and Organisation

The project was a collaboration of the Institute of Astronomy, University of Vienna, the “Verein” Kuffner-Sternwarte (an association of amateur astronomers and students) and the ScienceWeek Austria. Several other Austrian amateur astronomy associations also supported it. The ScieneWeek itself consisted of some 770 events from all fields of science and education. It lasted from May 11th to 20th.

 After preparing a webpage, we used our contacts to the media and to schools to promote this unprecedented project. Several sponsors could be found, and donated astronomical prizes to give away for the participants. In daily newspapers, via radio, TV and the Internet we called for observations of the Little Dipper (=Ursa Minor). To locate UMi a finding chart with the Big Dipper was distributed. 

To determine the limiting magnitude we provided a sequence of maps of UMi with stars down to magnitudes 2.5, 3.5, 4.5,5.5,6.5 (see Fig 1.) We asked to select the image that corresponded best to what was actually seen in the sky after a few minutes of adopting to the dark. Thereby we collected the following Data: date & time, geographic latitude & longitude and the quality number (qn = limiting visual magnitude - 0.5). 

[image: image1.wmf]
Figure 1. Little dipper for various limiting magnitudes: The above images show stars in Ursa Minor with decreasing sky brightness, and were used to calibrate the night sky  brightness. They are labelled with the quality number (2 to 7). Image 1 is omitted, because it stands for “Big and Little Dipper not visible“ and reports with qn = 1 do not provide information

Since geographic coordinates are usually unknown to the average citizen, the homepage provided a clickable map to determine them with an accuracy of 1 arc minute, which corresponds to approximately 1.8 km.  

The collection of observations was done via Internet and a professional call-center. However the majority of data were submitted via the web-interface on our homepage. A few percent used the possibility to call an astronomer (students at the Institute of Astronomy). We think that a key ingredient for the success of the whole project, were the small but useful maps, which made easy navigation and short download times possible. 

1.3 Results

1.3.1 Scientific

The project was running so good, that we decided to prolong it over the summer, alltough summer nights are very short in Austria. In September we had about 1700 reports, from these 8% didn’t provide useful information (qn = 1, which means UMi not found or not visible). The average over all dates and times and locations was qn = 4.2 .

Figure 2 gives an overview of the observations collected until September 9th 2001. The observations are concentrated around the major cities; prominent gaps remained in the alpine regions.
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Figure 2. Map of Austria showing reports from May 11th to September 9th 2001; Hammer-Aitoff projection; area shown ~600 x 400 km; The density of population is reflected in the density of measurements. The regions with the best sky conditions are generaly unpopulated and of alpine character.

From the acquired data it was straightforward to calculate the position of the sun relative to the horizon, and therefore to estimate in which phase of twilight the observations were recorded. Only 1.2 % of the data show a sun depth less than 6°. Table 1 and Fig. 3 illustrate the improvement of the limiting magnitude with the lowering sun.
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Figure 3. Observations were also called for during twilight for an accuracy and reliability check and to possibly identify the fraction of hoaxes. The dashed lines mark the end of civil, nautical and astronomical twilight

Table 1. Twilight effects

sun depth
6° – 12°
12° – 18°
> 18°

fraction of observations
9.9%
41.5%
47.4%

mean qn
3.8
4.3
4.7

We compared our data to Walker’s law (Walker, 1973): 

mr  =  mlim  log(1 + f * p * r–2.5 )

mr is the limiting sky brightness, p the number of inhabitants, f an empirical factor and r the radial distance to the light source (center). 

Walker’s law describes the decrease of the sky brightness around isolated cities. In the case of Vienna  P = 1.7 x 106, f= 0.01 and mlim = 6.5 . To check the law for Vienna we had to carefully select sectors, which don’t contain large suburbs or industrial areas. Fig. 4 zooms in on Vienna, the capital of Austria, and marks some sectors in which we check Walker’s law. 

Fig. 5 shows Walker’s law for the above mentioned parameters together with the observations. Only the graph on the left side shows some agreement until at about 80 km distance a small city pollutes the night sky. In the other two sectors we did not expect to find agreement, because they are populated.

We compared the results of Cinzano, 2001 with our observations and found a good qualitative agreement with their -- satellite data based -- calculated maps. 
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Figure 4. Vienna (population 1.8 Mio) and surroundings, marked are the 3 sectors investigated in Fig. 5
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Figure 5. Radial dependence of limiting sky brightness around Vienna, Data are binned in groups of 5, to give better overview.  left: towards alpine regions  middle: westsector, distance from St.Pölten (pop.: 50.000): ~55 km  right: suburban area south of Vienna, extending ~60km

1.3.2 Media

We received a very good coverage in various media: Reports in nation-wide, prime-time TV-news and weather, features in popular TV science-magazines, daily feature in TV science-web-site, articles in nation-wide and local newspapers and interviews for several radio stations. The total impact may be estimated as: 2 Mio in 14 days, from them 500.000 with an interest in science and technology.

1.3.3 Society

Among many positive aspects we want to emphasise the following points: The law-making process was accelerated. Light pollution was put into a wider context together with Nature, Health and Energy. A cooperation with national parks and nature reserves has been started. Furthermore astronomical aspects are part of a nation-wide brochure on lightpollution and energy saving prepared by the environmental attorney of Vienna. 

1.4 Outlook

The logical consequences from our success are prolonging the project and making it bigger. Currently a constellation is calibrated for the Southern Hemisphere and the determination of the geographic coordinates from scanned maps is improved. The homepage continues to accept data, and we will enlarge the region from where we accept data according to enlarging our database for coordinates. Cooperations to extend the project to other countries are underway.
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