
Opening Statement

During the Watergate investigation, the mysterious informant “Deep Throat”  advised Wash-
ington Post reporter Bob Woodward to “Follow the money.”  Good advice for students of climate 
is “Follow the energy.” 

Energy from the Sun is absorbed by the Earth, transformed and transported inside the 
climate system, and radiated back out to space as infrared. Clouds affect these energy flows and 
transformations in several important ways.

Clouds are made of liquid water or ice, depending on the temperature. Water enters the 
atmosphere in the form of water vapor, which is evaporated from the ocean. 

Evaporation cools your skin when you climb out of a pool, because some of your skin’s 
thermal energy is added to the water to make it evaporate. 

Similarly, some of the ocean’s thermal energy is added to the evaporating water, and moves 
with the water vapor as the winds carry it around inside the atmosphere. The energy that rides 
with the water vapor is called “latent heat.”  The latent heat of one kilogram of water vapor is 
very large; it is the same as the kinetic energy of a kilogram of mass moving at seven times the 
speed of sound! And that brings us to the first effect of clouds on energy:

• When water vapor condenses to form clouds, the latent heat is “released,” like a genie from 
a bottle. The newly liberated latent heat warms the air. You may have experienced warming 
by latent heat release in a sauna. When water is thrown on the hot coals, vapor is produced. 
The vapor then condenses on your skin, releasing its latent heat and making your skin feel 
hot. Similarly, when water vapor condenses to form clouds, the released latent heat makes 
the air warmer.

• A second, more obvious effect of clouds on the energy of the climate system is that they 
reflect sunshine back to space, cooling the Earth. This is particularly true for low stratus 
clouds.

• Conversely, cold high clouds, especially cirrus clouds, reduce the infrared radiating out to 
space. This tends to warm the Earth, and is part of the greenhouse effect.

• Clouds drop rain and snow on the surface.

• Strong updrafts in thunderstorms carry energy and moisture (and other things) from near 
the surface to the upper troposphere and sometimes the lower stratosphere. 

Observations show that clouds cover about 70% of the Earth at any given time. The 
geographical pattern of clouds that we see on the Earth is affected by many things, including the 
geographical pattern of ocean temperature, the speed at which the air is rising or sinking on the 
broad scale (which varies from place to place, and with time), and the type of vegetation on the 
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land. At the same time, cloudiness affects the ocean temperature, the vertical motion of the air, 
and the type of vegetation. Therefore, all of these things have to be predicted together.

When the climate changes, lots of things change, including the clouds. Exactly how the 
clouds change depends on all of the other changes. The changes in cloudiness can “feed back”  to 
affect other aspects of climate change. A positive feedback makes the climate change stronger, 
and a negative feedback makes it weaker.  The feedback itself is a change in the climate. Even a 
negative feedback is a climate change.

Examples of possible positive cloud feedbacks on global warming are a reduction in bright 
stratus clouds or an increase in cold cirrus clouds.  Conversely, an increase in stratus clouds or a 
decrease in cirrus clouds would produce a negative feedback on global warming.

Our best current estimates of cloud feedback on global warming are that it will be a 
moderate positive feedback, but with significant uncertainty. The reality might be a negative 
feedback, but it could just as well be a stronger positive feedback. The uncertainty works in both 
directions. As the satellite data record becomes longer, we will gradually gain the ability to 
measure cloud feedbacks on climate change.

Although we need to understand clouds better, we understand a lot already. We can 
measure our understanding of clouds using observations of today’s weather and climate. One 
way is by weather forecasting, which includes predictions of cloudiness that can be checked as 
the weather changes. A second way is by observing cloud feedbacks on short time scales, 
including: 

• day-night differences, 

• the seasonal cycle, and 

• year-to-year changes such as El Niño and La Niña. 

The real-world cloud feedbacks on those shorter time scales can be observed right now, without 
waiting for climate change. For example, when an El Niño happens, the pattern of cloudiness 
over the Pacific Ocean changes very  dramatically. This is a cloud feedback on El Niño. It can be 
observed very well from satellites and in other ways. We can and do test our models by 
simulating these observed cloud feedbacks.

One reason that changes in cloudiness are hard to predict is that clouds are quite small. The 
horizontal cross sectional area of a medium-sized cloud is about one hundred-millionth of the 
surface area of the Earth. That makes simulating the distribution of clouds over the whole Earth a 
very big computational problem. 

The increasing speed of computers, combined with new modeling approaches, is making it 
possible to simulate clouds better and better. There are many scientists working on this, across 
the U.S. and around the world. As a result, our ability to simulate clouds is improving rapidly, as 
demonstrated by improved agreement with observations.
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