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Measuring Albedo with Digital Cameras

Why are Polar Regions more affected by global warming than other parts of the globe? One reason is that as sea ice melts and more open water appears, more energy is absorbed, and warming accelerates. This is a form of positive feedback and it makes the polar climate change faster than the climate in temperate areas.

Technically, this effect is referred to as a change in the albedo – the fraction of the incident sunlight that is reflected back to space. It is much higher for snow and ice than for water.  Fresh snow can have an albedo as high as 0.95. This is why skiers wear dark glasses.  Ice and old snow typically have albedos from 0.2 to 0.45. However, liquid water has an albedo of only 0.03 for light incident at right angles to the water, and the albedo remains small until light comes in almost at a grazing angle.

You can easily observe effects of changes in the albedo. For example, if you clear the snow from a patch of dark colored driveway, the adjoining snow melts more quickly than the snow further away.  The driveway absorbs more solar energy and heats the nearby snow, speeding up the melting process.

Measuring albedo

How can we study albedo effects more quantitatively, using low or no cost materials that teachers can access?  There are several ways to do this.

1. How do professionals measure albedo? They use a pyranometer, an expensive device that measures the light energy coming from the surface by measuring the temperature of a black absorbing material. The device is pointed alternatively at the surface and the sky, and the ratio is the albedo. (Wikipedia has a nice short article on pyranometers.)


www.umassk12.net/ipy
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2. One simple idea is to use a light meter. Decades ago serious photographers had light meters, but these have disappeared in the present era of auto exposure cameras which are the norm in almost all prices ranges. A related option is to use a camera – film or digital – that tells you the aperture and exposure time of a photo. Point it at the surface in question, and then at a calibrating surface, and you have a relative brightness measure. However, today many (most?) cameras do not give you this information. 

A problem with both these methods is that exposures between successive stops in a camera correspond to a factor of 2 in brightness. That is less accuracy than we want.

However, there are inexpensive light meters available that are designed for determining illumination levels in work spaces, etc. We have a worksheet for using such a meter and an accompanying teacher guide.  Note that both the usual cameras and light meters used for illumination measurements are sensitive only to visible light, and not the infrared.  Furthermore, they are designed to be most sensitive to green like, as is the human eye.
3. I have tried another approach which is promising.  I took a digital photo of a sheet of white Xerox paper on a black fabric covered chair. I imported the photo into PhotoShop Elements, available for ~$50 for educators. I then measured the brightness in areas in the white and dark parts of the image, and found the brightness differed by a factor of 11.  (See Figure 1.).  Measurements with a light meter indicate that the albedo of the Xerox paper is about 0.60. Hence the albedo of the dark material is about 0.055.
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Figure 1a. A sheet of paper on a black chair. The rectangle selects part of the black area. The histogram at the right plots the brightness of the selection on a scale of 1 to 256, going from left to right. The pixels in the black area cluster to the left or dark end of the brightness scale, with a median brightness of 13 units. 
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Figure 1b. The pixels in the sample in the bright area show up as further to the right in the histogram, with a median brightness of 145 units. This is 145/13 = 11.2 times brighter than the darker area in Figure 1a. This sample reflects 11.2 times as much light as the darker sample.
Once we have an albedo value for a standard surface such as a particular type of Xerox paper, we can measure the brightness of snow, driveways, grass, or whatever by comparing the brightness of this standard and the test area which are equally illuminated and are in a single photograph. 

This experiment could be done with a film camera and a scanned image, but digital cameras are now ubiquitous and simpler to use for this purpose. One weakness of this experiment is that, unlike the pyranometer which captures all the reflected light, the camera measures only the light reflected in the visible region. Much of the incident solar energy is in the near infrared, and the extent to which it is reflected is important. We would need an infrared camera if we wanted to extend the results into that region.
Other software options

There is free software designed for a range of photo analysis purposes. A good choice is ImageJ, available at no cost from NIH at http://rsb.info.nih.gov/ij/ with versions for Mac, PC, Linux, etc. It is probably easier to use than Photoshop Elements for this purpose.

Both programs gave the same results for the test photograph.

Measuring relative albedo with ImageJ

Download and install the appropriate Window or Mac program. Start Image J, and then use File ( Open ( image.jpg, where image.jpg is the digital photo to be analyzed. Click and drag a rectangle in the area to be measured. Then Analyze ( Histogram produces what is shown below.  It shows a mean brightness of the selected area of about 140 units, on a scale of 0 to 256. (Figure 2.) If you now click and drag a rectangle in the dark area and repeat Analyze ( Histogram, you get a similar histogram with a mean of about 12.6 units. The ratio is about 11/1, as found with PhotoShop Elements. 
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Representative albedo values

The following table is from Wikipedia, which gives sources for its numbers. 

	Surface
	Typical
Albedo

	Fresh asphalt
	0.04[1]

	Conifer forest
(Summer)
	0.08[2]

	Worn asphalt
	0.12[1]

	Bare soil
	0.17[3]

	Green grass
	0.25[3]

	Desert sand
	0.40[4]

	New concrete
	0.55[3]

	Fresh snow
	0.80–0.90


Here is a table from another source. The numbers from another source are roughly the same. It is not possible to give exact values for the albedos of surfaces which vary considerably from sample to sample.

http://www.eoearth.org/image/Table_1.JPG
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Surface Details Albedo
Soil Dark & wet versus 0.05-
Light & dry 040
Sand 0.15-045
Grass Tong versus 0.16 -
short 0.26
Agricultural crops 0.18-025
Tundra 0.18-025
Forests Deciduous 0.15-020
Coniferous 0.05-0.15
Water Small zenith angle versus | 0.03-0.10
Large zenith angle 0.10-1.0
Snow Old 040-
Fresh 095
Tee Sea 030-045
Glacier 020-0.40
Clouds Thick 0.60-0.90
Thin 0.30-0.50

Sources: Oke, 1998; Ahrens, 2001





Albedo of water
As suggested in the opening paragraph, the albedo of water depends on the angle at which the light strikes the water.  When the incoming light is perpendicular to the surface, or at normal incidence, the albedo is about 0.03. At 70 degrees, the albedo is 0.1, and it rises sharply as the light approaches grazing incidence. You can see this when the sun is low in the sky near sunset, and light reflects brightly off a still lake. Of course, in the real world there are usually waves. Light strikes the water at a variety of angles, and the average albedo is small.
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http://en.wikipedia.org/wiki/Image:Water_reflectivity.jpg#file

Some questions to ponder.

1. When forests are cleared, the soil exposed often has a smaller albedo than the trees that were there. What effect does that have on the local temperature?

2. What is the effect of wearing dark clothes in strong sunlight rather than lighter colored clothing?

3. When sunlight shines on a pine forest, what effect will multiple scattering in the trees have on the albedo?

4. What effect do clouds have on the albedo of the earth?

5. What effect does dust in the atmosphere have on the albedo of the earth?

6. What effect does a large volcanic eruption have on the albedo of the earth?

7. Cities commonly have low albedos. Why?

Global albedo measurements from NASA. 
Mean annual albedo 1992.  http://isccp.giss.nasa.gov/products/browsesurf1.html 
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Mean January albedo 1992



Mean July albedo 1992
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What do these graphs tell us?
1. What part of the earth generally has the lowest average albedo?

2. Where do we find the largest average albedo?

3. What is the meaning of the gray band at the top of the January graph and the bottom of the July graph?

4. There is more white (high albedo) area in the northern hemisphere in January than in July. Why?

5. How does the albedo of the northern parts of Africa compare with that of the southern parts? What might be the explanation for this?

6. What happens to the albedo of the southern oceans as we go from January to July? Can you explain this?
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