
26 Eawag News 71/November 2011

Forum

Jürg Beer, physicist  

in the Surface Waters 

 department, studies  

the influence of solar 

activity on the climate.

Traces of the sun in  
polar ice
The sun – our primary source of energy – powers the Earth’s climate system  

and  hydrological cycle. But increasingly it also poses a hazard to our high-tech 

world. So it is important to improve our understanding of the sun, and long-

term solar  activity in particular. Ice cores allow us to look back over the past 

10,000 years – and to make tentative predictions about future activity.

Since antiquity, humans have intuitively appreciated the import-

ance of the sun for life on earth. Not surprisingly, therefore, the 

sun was venerated as a deity in almost all early cultures. From the 

dawn of the Enlightenment, scientists sought to understand the 

sun. In the 19th century, however, a major difficulty arose. William 

Thomson (later Lord Kelvin), one of the most famous physicists of 

the age, estimated that the sun’s energy reserves could last for 

no longer than 30 million years. This was in sharp contrast to the 

findings of another famous scientist: on the basis of rates of geo-

logical erosion and biological evolution, Charles Darwin concluded 

A researcher with a Greenland deep ice core, which provides a record of the sun’s history.
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precipitation fell on the oceans, while evaporation remained un-

changed, then continental precipitation – rising from 10 to 11 per 

cent of the total – would be increased by 10 per cent.

Here, the question arises of whether the sun, as the engine of 

the climate system, also contributes to climate change.

The sunspot cycle. Viewed in visible light, the sun looks like a 

smooth, luminous disc. So it is not surprising that, until recently, 

most scientists assumed that the intensity of solar radiation on 

Earth depended solely on the distance from the sun. Accordingly, 

the amount of incoming solar radiation (irradiance) – approximately 

1,360 watts per square metre – was generally known as the solar 

constant. However, it has also long been known that the sun’s 

surface is not completely homogeneous. Over the years, astron-

omers repeatedly observed the appearance of dark spots, which 

were often seen as an ill omen and therefore kept secret (Fig. 1).

With the invention of the telescope around 1610, it became 

possible to detect even smaller spots. In 1843, the apothecary 

Heinrich Schwabe published the findings of a 18-year series of ob-

servations, postulating the existence of a sunspot cycle of roughly 

11 years. One of the scientists impressed by this discovery was 

Rudolf Wolf, who in 1855 became the first professor of astronomy 

at the ETH Zurich. He subsequently concentrated on solar re-

search, and systematic sunspot counting was thus initiated at the 

Semper Observatory in Zurich (Fig. 2).

Apart from the waxing and waning of sunspots over an 

11-year cycle – in fact, the cycle length varies between 8 and 

15  years – a longer-term trend towards higher sunspot counts 

can be observed, as well as periods of low sunspot activity. 

Particularly striking is the period between 1645 and 1715, known 

as the Maunder minimum, when almost no sunspots could be 

that the Earth must be at least 300 million years old. How could 

these two scientific luminaries possibly arrive at such different 

results? In fact, there is a simple answer – the sun has a special 

source of energy which was not yet known at that time.

Temperatures of 16 million degrees. The sun’s core is a fusion 

reactor, where hydrogen is continuously converted into helium 

at a temperature of 16 million degrees Celsius. In the process – 

according to E = mc2 – 0.73 per cent of the mass is turned into 

energy, which is transported to the sun’s surface and radiated 

into space. As the total amount of radiation emitted by the sun 

is 4 × 1026 watts, this means that 4.4 million tonnes of mass is 

converted into energy per second. The process is so efficient 

that, with a mass of 2 × 1030 kilograms, the sun can easily burn 

for 10 billion years, while losing only about 0.5 per mil of its mass.

Around 30 per cent of the solar radiation striking the Earth 

is reflected back into space, e. g. by clouds, snow or ice. The 

remainder of this energy, which is absorbed, is equivalent to 

8.4 × 1016 watts, or the output of 100 million nuclear power 

plants. This is 6,000 times more energy than humankind currently 

requires. Almost half of this solar energy is responsible for the 

evaporation of water, thus powering the global hydrological cycle. 

Incoming solar radiation is not evenly distributed over the Earth, 

but is most intense near the equator. To compensate for these 

differences, the climate system continuously transports energy, 

in the form of water (ocean currents, water vapour) and wind, to 

higher latitudes.

Powering the hydrological cycle. Those of us fortunate enough 

to have access to safe drinking water may take it for granted that 

almost unlimited supplies are available at the turn of a tap. We 

often forget that we owe this precious resource largely to the ac-

tion of the sun. As around two thirds of the Earth’s surface are 

covered by oceans, a large proportion of incoming solar radiation 

(4 × 1016 watts) falls on water. This leads to the evaporation of 

430,000 cubic kilometres per year. Of course, about 90 per cent 

of this is returned directly to the sea in the form of rain. The vol-

ume of precipitation falling on continents, however, is more than 

the remaining 10 per cent (i. e. 43,000 cubic kilometres); in fact, it 

totals around 100,000 cubic kilometres since evaporation naturally 

also occurs on land masses.

Evaporation is a highly efficient cooling system, as a lot of 

energy is required to form water vapour. (The human body, like-

wise, starts to perspire when we exert ourselves.) What made 

the summer of 2003 so exceptionally hot was the fact that, after 

a prolonged period without rain, the ground dried out, thus losing 

its cooling effect.

The processes whereby water and air are transported are 

subject to variations – what we know as weather. Longer-term 

processes, extending over a number of decades, are classified as 

changes in the climate. While these are usually taken to refer to 

the temperature, the effects on the hydrological cycle are much 

more important – and they are of course also associated with 

changes in temperature. In addition, small causes can have large 

effects. For example, if for some reason just 1 per cent less 

Fig. 1: Sunspots visible on the surface of the sun.
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Solar wind hazard. On the morning of 1 September 1859, a 

young astronomer named Richard Carrington was sitting in his 

private observatory sketching sunspots projected onto a screen 

by his telescope, when he suddenly saw two patches of intense 

white light, which disappeared again within a minute. The next 

day, shortly before dawn, the sky over Europe was lit up by red, 

green and purple auroras, bright enough to read a newspaper by. 

At the same time, telegraph systems went haywire, sometimes 

even discharging sparks which set telegraph paper on fire.

The phenomenon which Carrington was the first to observe 

directly is known as a solar flare. Flares occur when intense 

magnetic fields on the sun short-circuit (Fig. 4), releasing huge 

amounts of energy, equivalent to hundreds of millions of hydro-

gen bombs.

While the exceptionally powerful flare of 1859 (known as the 

Carrington event) is remembered in particular for the spectacular 

Northern Lights display, a similar solar storm today would cause 

a global disaster, with damage running to a trillion dollars. This is 

due to the increasing vulnerability of our high-tech civilization. In 

1989, for example, a geomagnetic storm disrupted electric power 

transmission in Canada, causing a 9-hour blackout for 6 million 

people. Today, not only power grids would be affected, but entire 

communication systems, GPS satellites and much else besides.

To ensure more effective protection against this elusive hazard 

and to improve our ability to make reliable predictions – scientists 

now use the terms “space weather” and “space climate” – it 

is important to carry out statistical studies of the intensity and 

frequency of solar flares. Here, too, ice cores can yield valuable 

information.

Slow death of the sun. The sun and its planets were formed 

about 4.5 billion years ago from a gaseous cloud of matter left 

over from a supernova explosion. As a result of gravitational 

attraction, matter became more concentrated at the centre of 

the nebula; however, because of the conservation of angular 

momentum, only 99.9 per cent of the mass condensed to form 

the sun [6]. The rest orbits the sun as planets.

The release of gravitational energy caused the temperature 

inside the proto-sun to rise to over 16 million degrees, setting 

off the fusion reactor. Models have shown, however, that solar 

energy output was initially about 25 per cent lower than today and 

has since risen continuously. This raises the interesting question 

of why the Earth did not turn into a lump of ice at that time. It is 

possible that the lower solar radiation was offset by higher con-

centrations of greenhouse gases in the Earth’s atmosphere and 

the somewhat larger original mass of the sun.

The gradual rise in solar energy output will continue, reach-

ing a level about 50 per cent higher than today in around 5  bil-

lion years. But at that point, the sun’s hydrogen reserves will start 

to run out and it will expand into a red giant, extending almost as 

far as the Earth, where all life will be destroyed. When the sun’s 

energy production finally ceases, it will shrink into a white dwarf 

about the size of the Earth, slowly cooling and descending into 

darkness. i i i
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Fig. 4: A solar flare observed on 5 December 2006. It was so powerful that it 

damaged the detector on the GOES-13 satellite, which produced this image.
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