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Memo to: The Climate Club —  C759 For 13 February 1988
From: Walt Roberts

Provocatiori N o .196 
Earth-1 ike Climates on other Planets?

Mars is a cold, inhospitable planet, and Venus stays furnace-hot 
everywhere on its surface. Rarely does the surface temperature of Mars 
rise above the freezing point of water anywhere on the planet. On Venus, 
bar of lead will melt even on the shaded side of the planet. One might 
think this is because Venus is closer to the sun and Mars farther away. 
But that is not the primary reason. The greenhouse effect is what makes 
Earth habitable, and the others not. Mars does not have enough 
greenhouse warming for life as we know it here, and Venus has too much.

Probably greenhouse effects like those on Earth prevail on planets 
of other suns elsewhere in the universe— if they have life forms or 
geologic processes that control the greenhouse effects of carbon 
dioxide, as things work here on spaceship Earth. If so, this fact greatly 
increases the probability of life out there on planets of other stars.

Carbon dioxide gas is the primary clue to the temperature differ
ences among the three planets. The Earth now has the moderate climate it 
does because it has a cycling mechanism that increases the carbon dioxide 
greenhouse effect when things get too cool, and reduces carbon dioxide 
and its warming effect when things get too hot. Mars has lost its 
ability to recycle carbon dioxide back to the atmosphere, and thus has 
essentially lost this gas from its atmosphere. Venus has lost the 
ability to remove carbon dioxide from the atmosphere into the surface 
materials, and so has a predominant!y carbon dioxide atmosphere, with a 
huge greenhouse effect.

For those interested there's an excellent article by Kastmg, Toon 
and Pollack in the February "Scientific American" on all this. As the 
authors point out, Carl Sagan and George Mullen, some 15 years ago, 
realized the importance of the greenhouse effect to the early history of 
Earth. 3.8 billion years ago, over three-f ourths of the way back to its 
origin, the sun was appreciable weaker than now. If the Earth had the 
same carbon dioxide content as now the planet's abundant water would have 
been frozen solid year round. Yet the oceans were liquid then, and life 
has been present for at least 3.5 billion years. There were no glaciers 
like the ones we have today before about 2.7 billion years ago. Sagan 
and Mullen argued that the greenhouse effect must have been significantly 
stronger.

They suggested that the Earth had more ammonia gas then, and that 
this being an efficient greenhouse gas even in very tiny amounts, could 
have caused caused the Earth to be warmer than it is now in spite of the 
weaker sun. More recent research suggests that changes of atmospheric 
greenhouse gases are indeed the likely cause, but that carbon dioxide is 
probably the responsible gas, and not ammonia
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The main feedback system that keeps the carbon dioxide in balance, 
scientists now think, involves accelerated weathering of rock when carbon 
dioxide increases (increasing the carbonic acid in rain.) This 
weathering releases calcium and bicarbonate ions, which then enter marine 
life as calcium carbonate in the shells of plankton and other organisms, 
and fall to the bottom of the sea when the critters die. Ultimately, 
through sedimentation, the carbonates become silicate rocks fixed in the 
bottom of the sea. But the process is slow— and cleans up carbon dioxide 
only on time scales like a half-mill iqn years

At present carbon dioxide is building up too rapidly for this 
process to control things, and other gases are involved as well. Burning 
of fossil fuels for energy is the main source. However, trees, grasses 
and other photosynthetic vegetation take up carbon dioxide, and the 
growth of such plants is stimulated when carbon dioxide increases in 
concentration. This biologic process has a far faster time scale, but it 
is probably not potent enough to cope fully with the present rate of 
increase of carbon dioxide. Modern measurements show that the carbon 
dioxide content is rising steadily, in spite of the negative feedbacks, 
and global temperatures are rising.

Since 1890 the carbon dioxide content has gone up perhaps 20% or a 
bit more. Global temperatures have risen by about 0.7 deg C Q much more 
at high latitudes. Compared to 1890, the carbon dioxide may double by 
2030 or 2050 AD. Yet it seems that even this or still another doubling 
is not likely to overpower the control mechanisms of our planet. Venus 
and Mars did not escape the fate of too much and too little greenhouse 
gas. But unless we are truly reckless here on Earth, it is likely that 
we can escape their fates. However, we may have to learn to live with 
and adapt to some big climate changes before the Earth's system comes to 
equil ibrium at a new and warmer state over the next thousand or more 
years. Let us hope the changes come gradually, and not in jumps as 
speculated about in my last "Provocation".

*****
(Had to send this off early— going off on a trip for just over a week.)


