
 

1  Basics oF climate

The climate’s delicate, the air most sweet.

—William Shakespeare, A Winter’s Tale

to appreciate the role of the ocean in climate, 
we need to have a basic understanding of how the climate 
system itself works, and that is the purpose of this chap-
ter. our emphasis here is the role of the atmosphere—we 
don’t pay too much attention to the oceans as we’ll get 
more of that (lots more) in later chapters—and we as-
sume for now that the climate is unchanging. So without 
further ado, let’s begin. 

The PlaneT earTh

earth is a planet with a radius of about 6,000 km, mov-
ing around the sun once a year in an orbit that is almost 
circular, although not precisely so. its farthest distance 
from the sun, or aphelion, is about 152 million km, and its 
closest distance, perihelion, is about 147 million km. This 
 ellipticity, or eccentricity, is small, and for most of the rest 
of the book we will ignore it. (The eccentricity is not in fact 
constant and varies on timescales of about 100,000 years 
because of the influence of other planets on earth’s orbit; 
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these variations may play a role in the ebb and flow of ice 
ages, but that is a story for another day.) earth itself rotates 
around its own axis about once per day, although earth’s 
rotation axis is not parallel to the axis of rotation of earth 
around the sun. rather, it is at an angle of about 23°, and 
this is called the obliquity of earth’s axis of rotation. (rather 
like the eccentricity, the obliquity also varies on long tim-
escales because of the influence of the other planets, al-
though the timescale for obliquity variations is a relatively 
short 41,000 years.) Unlike the ellipticity, the obliquity is 
important for today’s climate because it is responsible for 
the seasons, as we will see later in this chapter. 
 earth is a little more than two- thirds covered by ocean 
and a little less than one- third land, with the oceans on 
average about 4 km deep. Above earth’s surface lies, of 
course, the atmosphere. Unlike water, which has an al-
most constant density, the density of the air diminishes 
steadily with height so that there is no clearly defined 
top to the atmosphere. About half the mass of the atmo-
sphere is in its lowest 5 km, and about 95% is in its low-
est 20 km. However, relative to the ocean, the mass of 
the atmosphere is tiny: about one- third of one percent of 
that of the ocean. it is the weight of the atmosphere that 
produces the atmospheric pressure at the surface, which 
is about 1,000 hPa (hectopascals), and so 105Pa (pascals), 
corresponding to a weight of 10 metric tons per square 
meter, or about 15 lb per square inch. in contrast, the 
pressure at the bottom of the ocean is on average about 
4 # 107Pa, corresponding to 4,000 metric tons per square 
meter or 6,000 lb per square inch!
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 The atmosphere is composed of nitrogen, oxygen, car-
bon dioxide, water vapor, and a number of other minor 
constituents, as shown in table 1.1. Most of the constit-
uents are well mixed, meaning that their proportion is 
virtually constant throughout the atmosphere. The ex-
ception is water vapor, as we know from our daily ex-
perience: Some days and some regions are much more 
humid than others, and when the amount of water vapor 
reaches a critical value, dependent on temperature, the 
water vapor condenses, clouds form, and rain may fall.
 earth’s temperature is, overall, maintained by a bal-
ance between incoming radiation from the sun and the 
radiation emitted by earth itself, and, slight though it 
may be compared to the ocean, the atmosphere has a 

Table 1.1
Main constituents of the Atmosphere

 Molecular 
Constituent weight Proportion by volume

nitrogen, n2
 28.01 78.1%

oxygen, o2
 32.00 20.9%

Argon, Ar 39.95 0.93%
Water vapor, H2o 18.02 ~0.4% (average)
    ~1%–4% (at surface)
carbon dioxide, co2

 44.01   390 ppm (0.039%)
neon, ne 20.18 18.2 ppm
Helium, He 4.00  5.2 ppm
Methane, cH4

 16.04  1.8 ppm

Molecular weight is the molar mass, measured in grams per mole. in ad-
dition, there are trace amounts of krypton, hydrogen, nitrous oxide, carbon 
monoxide, xenon, ozone, chlorofluorocarbons (cFcs), and other gases.
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substantial effect on this balance. This effect occurs be-
cause water vapor and carbon dioxide (as well as some 
other minor constituents) are greenhouse gases, which 
means that they absorb the infrared (or longwave) ra-
diation emitted by earth’s surface and act rather like a 
blanket over the planet, keeping its surface temperature 
much higher than it would be otherwise and keeping our 
planet habitable. However, we are getting a little ahead of 
ourselves—let’s slow down and consider in a little more 
detail earth’s radiation budget.

radiaTive Balance

Solar radiation received

Above earth’s atmosphere, the amount of radiation, S, 
passing through a plane normal to the direction of the 
sun (e.g., the plane in the lower panel of figure 1.1) is 
about 1,366 W/m2. (A watt is a joule per second, so this is 
a rate at which energy is arriving.) However, at any given 
time, half of earth is pointed away from the sun, so that 
on average earth receives much less radiation than this. 
How much less? Let us first calculate how much radiation 
earth receives in total every second. The total amount is 
S multiplied by the area of a disk that has the same radius 
as earth (figure 1.1). if earth’s radius is a, then the area 
of the disk is A = ra2, so that the rate of total radiation 
received is Sra2. over a 24- hour period, this radiation is 
spread out over the entire surface of earth, although not, 
of course, uniformly. now, earth is almost a sphere of 
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radius a, and the area of a sphere is 4ra2. Thus, the aver-
age amount of radiation that earth receives per unit area 
may be calculated as follows:

total radiation received = Sra2. (1.1)

Area of earth = 4ra2. (1.2)

Area of sphere = 4πa2

Area of disk = πa 2

Outgoing long-wave radiation

Incoming solar radiation

Surface area receiving insolation

              Sun’s rays
(Arrive parallel at Earth)

Figure 1.1. top: The incoming solar radiation impinges on a disk 
of area ra2 but is on average spread out over a sphere of area 4ra2. 
Bottom: Variation of incoming solar radiation with latitude. A given 
amount of radiation is spread over a larger area at high latitudes 
than at low latitudes, so the intensity of the radiation is diminished, 
and thus high latitudes are colder than low latitudes.
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That is, the average rate at which radiation is received at 
the top of earth’s atmosphere is 1,366/4 ≈ 342 W/m2, and 
we denote this S0; that is, S0 = S/4 ≈ 342 W/m2.

distribution of incoming solar radiation

The distribution of solar radiation is obviously not uni-
form over the globe, as figure 1.1 illustrates. Plainly, low 
latitudes receive, on average, much more solar radiation 
than high latitudes, which is the reason why tempera-
tures, on average, decrease with latitude. 
 The situation is made more complex by the nonzero 
obliquity of earth’s axis of rotation; that is, the rotation 
axis of earth is not perpendicular to its orbital plane, 
as illustrated in figure 1.2. The axis of earth’s rotation is 
fixed in space and does not vary as earth rotates around 
the sun; that is, relative to the distant galaxies, the line 
from the South Pole to the north Pole always has the 
same orientation. But because earth rotates around the 
sun, the orientation varies relative to the sun. one day a 
year, the north Pole is most inclined toward the sun, and 
this day is known as the northern Hemisphere’s summer 
solstice. These days, it usually occurs on June 20 or 21. 
The northern Hemisphere receives much more radia-
tion than the Southern Hemisphere at this time of year, 
so this corresponds to the northern Hemisphere’s sum-
mer and the Southern Hemisphere’s winter. in fact, not 
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only is the sun higher in the sky during summer, but the 
day is also much longer, and at latitudes above the Arctic 
circle, the sun does not set for about two weeks on either 
side of the summer solstice. 
 Progressing from June on, as earth moves around 
the sun, the distribution of solar radiation becomes 
more equal between the hemispheres, and the length of 
day evens out. Then we enter autumn in the northern 
Hemisphere and spring in the Southern Hemisphere. At 
the equinoxes (about March 20 and September 22), the 
hemispheres receive equal amounts of radiation from 
the sun, which is directly above the equator. The north-
ern Hemisphere’s winter solstice occurs on December 

Figure 1.2. earth’s orbit around the sun and the march of the seasons. 
earth’s axis of rotation is at an angle with respect to the axis of rota-
tion of earth around the sun. The northern Hemisphere’s summer 
and the Southern Hemisphere’s winter result when the north Pole 
points toward the sun, and the opposite season occurs six months 
later. The eccentricity is much exaggerated in the figure.

Equinox, March 20-21

152 million km

147 million km

Solstice, June 20-21

Equinox, September 22-23

Aphelion
July 3-6  Solstice

December 21-22  

Perihelion
January 2-5  
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21 or 22, when the South Pole is most inclined toward 
the sun. it might seem from this description that in the 
northern Hemisphere the coldest day should be on De-
cember 21 and the warmest day on or about June 21. in 
fact, the coldest and warmest times of year occur a few 
weeks after these dates; the main reason is thermal in-
ertia in the oceans, which delays the onset of the warm-
est and coldest days. We’ll discuss this effect more in 
chapter 5. Finally, we note that because of the eccentric-
ity of earth’s orbit, earth’s distance from the sun varies 
throughout the year. However, this variation is a minor 
factor in seasonality, and for most intents and purposes 
we can regard earth’s orbit as circular. 

a simple radiation model

Let us put aside the spatial variation of solar radiation 
for a while and try to obtain an estimate of the average 
surface temperature on earth, given the average solar 
radiation coming in at the top of the atmosphere. Solar 
radiation causes earth’s surface to warm and emit its 
own radiation back to space, and the balance between 
incoming and outgoing radiation determines the average 
temperature of earth’s surface and of the atmosphere. to 
calculate the temperature, we need to know a few pieces 
of physics; in particular, we need to know how much ra-
diation a body emits as a function of its temperature and 
the wavelength of the radiation. 
 A blackbody is a body that absorbs and emits electro-
magnetic radiation with perfect efficiency. Thus, all the 

Copyrighted Material



Basics oF cl imate

9

radiation—and therefore all the visible light—that falls 
upon it is absorbed. So, unless the body is emitting its 
own visible radiation, the body will appear black. now, 
unless it has a temperature of absolute zero (0 K), the 
blackbody emits radiation and, as we might expect, the 
amount of this radiation increases with temperature, al-
though not linearly. The amount, in fact, increases at 
the fourth power of the absolute temperature; that is, 
the flux of radiation emitted by the body per unit area 
varies as 

F = vT 4, (1.4)

where v = 5.67 # 10-8 Wm-2 K-4 is the Stefan–Boltzmann 
constant. The presence of a fourth power means that the 
radiation increases very rapidly with temperature. As a 
concrete illustration, let us suppose that earth is a black-
body with a temperature of -18°c, or 255 K (which is a 
temperature representative of places high in the atmo-
sphere). The energy flux per unit area is F = v # 2554 = 
240 Wm2. The sun, by contrast, has a surface tempera-
ture of about 6,000 K, and so the radiation it emits is 
Fsun = v # 6,0004 = 7.3 # 107 Wm2. Thus, although the 
sun’s surface is only about 24 times hotter than earth, 
it emits about 300,000 times as much radiation per unit 
area. it is, of course, the sun’s radiation that makes life on 
earth possible. 
 A blackbody emits radiation over a range of wave 
numbers, but the peak intensity occurs at a wavelength 
that is inversely proportional to the temperature; this is 
known as Wien’s law. That is,

Copyrighted Material



chaPteR 1

10

,T
b

peakm =  (1.5) 

where mpeak is the wavelength at peak intensity, b is a 
constant, and T is the temperature. For T in Kelvin and 
mpeak in meters, b = 2.898 # 10-3 mK. From equation 
1.5, it is evident that not only does the sun emit more 
radiation than earth, it also emits it at a shorter wave-
length. With T = 6,000 K, as for the sun, we find mpeak = 
0.483 # 10-6m or about 0.5 nm. electromagnetic radia-
tion at this wavelength is visible; that is (no surprise), 
the peak of the sun’s radiation is in the form of visible 
light. (This fact is no surprise because eyes have evolved 
to become sensitive to the wavelength of the radiation 
that comes from the sun.) on the other hand, the ra-
diation that earth emits (at 255 K) occurs at mpeak = 
1.1 # 10-5m, which is infrared radiation, also called 
longwave radiation. The importance of this difference 
lies in the fact that the molecules in earth’s atmosphere 
are able to absorb infrared radiation quite efficiently 
but they are fairly transparent to solar radiation; this 
difference gives us the greenhouse effect, which we will 
come to soon. 

a simple climate model

We are now in a position to make what is probably the 
simplest useful climate model of earth, a radiation- 
balance or energy- balance model (eBM), in which the net 
solar radiation coming in to earth is balanced by the in-
frared radiation emitted by earth. A fraction, a, known 
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as the albedo, of the solar radiation is reflected back to 
space by clouds, ice, and so forth, so that

net incoming solar radiation = S0(1 - a) = 239 Wm2, (1.6)

with a = 0.3 (we discuss the factors influencing the 
 albedo more below).
 This radiation is balanced by the outgoing infrared 
radiation. now, of course, earth is not a blackbody at a 
uniform temperature, but we can get some idea of what 
the average temperature on earth should be by suppos-
ing that it is, and so

outgoing infrared radiation = vT 4. (1.7)

equating equations 1.6 and 1.7, we have

vT 4 = S0(1 - a), (1.8)

and solving for T, we obtain T = 255 K or -18°c. For 
obvious reasons, this temperature is known as the av-
erage emitting temperature of earth, and it would be 
a decent approximation to the average temperature of 
earth’s surface if there were no atmosphere. However, it 
is in fact substantially lower than the average tempera-
ture of earth’s surface, which is about 288 K, because of 
the greenhouse effect of earth’s atmosphere, as we now 
discuss. 

Greenhouse effect

earth is covered with a blanket of gas made mainly of 
nitrogen, oxygen, carbon dioxide, and water vapor. This 
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blanket is essential to life on earth, for (at least) two 
reasons:

1.  We breathe the air, taking in the oxygen and breath-
ing out carbon dioxide. Similarly, plants use sunlight 
together with the carbon dioxide in the atmosphere to 
photosynthesize and create organic compounds.

2.  The atmosphere absorbs the infrared or longwave ra-
diation emitted by earth’s surface and re- emits it back 
to earth, so warming the surface up to a habitable 
temperature.

Because this is a book on physical science, not biology, 
we will consider only this second effect, which is similar 
to the effect of glass in a greenhouse and for that reason 
is called the greenhouse effect.
 Let us, then, consider the path of solar and infrared 
radiation through the atmosphere, as illustrated in fig-
ure 1.3. if the sky is clear, then most of the solar radia-
tion incident at the top of the atmosphere goes through 
the atmosphere to the surface. if the sky is cloudy, then 
roughly half of the solar radiation is reflected back to 
space, with the rest either absorbed in the cloud or pass-
ing through to earth’s surface. When the solar radiation 
reaches the surface, a fraction is reflected and returns to 
space, and the rest of the radiation is absorbed, warming 
the surface. All told, combining the effects of the reflec-
tion by clouds and at earth’s surface, the fraction of solar 
radiation reflected back to space—that is, the planetary 
albedo—is about 0.3. The albedo of clouds themselves 
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is higher than this, typically about 0.5, but it can be as 
high as 0.9 for thick clouds; the albedo of the surface is 
on average about 0.1 but is much higher if the surface is 
covered with fresh snow or ice. 
 The surface is warmed by the solar radiation ab-
sorbed and so emits radiation upward, but because the 
surface temperature of earth is so much less than that of 
the sun, the radiation emitted has a much longer wave-
length—it is infrared radiation. now, the atmosphere is 
not transparent to infrared radiation in the same way 
that it is to solar radiation; rather, it contains greenhouse 
gases—mainly carbon dioxide and water vapor—that 

Re�ected
Solar Radiation

107 W/m2

Incoming
Solar Radiation

342 W/m2
Transmitted from
surface to space

40 W/m2

Outgoing
Longwave Radiation

235 W/m2

Upward emission
from atmosphere

195 W/m2
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from surface
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by convection
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absorbed by surface
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at surface
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Figure 1.3. The energy budget of earth’s atmosphere, showing the 
average solar and longwave radiative fluxes per unit area and the 
convective flux from the surface to the atmosphere. Adapted from 
Kiehl and trenberth, 1997.
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absorb the infrared radiation as it passes through the 
atmosphere. naturally enough, this absorption warms 
the atmosphere, which then re- emits infrared radiation, 
some of it downward, where it is absorbed at earth’s 
surface. Thus, and look again at figure 1.3, the total 
downward radiation at the surface is much larger than 
it would be if earth had no atmosphere. consequently, 
the surface is much warmer than it would be were there 
no atmosphere, and this phenomenon is known as the 
greenhouse effect.

a simple mathematical model  
of the greenhouse effect

Let us now construct a simple mathematical model illus-
trating the greenhouse effect. our purpose in doing so is 
to see somewhat quantitatively, if approximately, whether 
the atmosphere might warm the surface up to the observed 
temperature. Let us make the following assumptions:

1.  The surface and the atmosphere are each character-
ized by a single temperature, Ts and Ta, respectively.

2.  The atmosphere is completely transparent to solar 
radiation.

3.  earth’s surface is a blackbody.
4.  The atmosphere is completely opaque to infrared 

 radiation, and it acts like a blackbody. 

The model is illustrated in figure 1.4, which the reader 
will appreciate is a very idealized version of figure 1.3. 
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The parameter e, called the emissivity or the absorptiv-
ity, determines what fraction of infrared radiation com-
ing from the surface is absorbed by the atmosphere, and 
we initially assume that e = 1; that is, the atmosphere is 
a blackbody and absorbs all the surface infrared radia-
tion. The incoming solar radiation, S0, and the albedo 
are presumed known, and the unknown temperatures 
Ts and Ta are obtained by imposing radiative balance at 
the surface and the atmosphere. At the surface, the in-
coming solar radiation, S0(1 - a), plus the downward 
longwave radiation emitted by the atmosphere is bal-
anced by the longwave radiation emitted by the surface, 
and therefore

(1 ) .S T Ta s0

4 4a v v− + =  (1.9)

Figure 1.4. An idealized two-level energy-balance 
model. The surface and the atmosphere are each 
characterized by a single temperature, Tsand Ta. The 
atmosphere absorbs most of the infrared radiation 
emitted by the surface, but it is transparent to solar 
radiation.

Atmosphere

Surface

(1 –    )

S 0 (1 – α) 
σTs

4

a
4

a
4

s
4
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Similarly, radiative balance at the top of the atmosphere is

(1 ) .S T a0

4a v− =  (1.10)

note that instead of equation 1.10, we could have used 
the condition that the radiation absorbed by the atmo-
sphere must balance the longwave radiation emitted by 
the atmosphere so that, looking again at figure 1.4,

2 .T Ts a

4 4v v=  (1.11)

 Using equation 1.9 and either equation 1.10 or 1.11 and 
just a little algebra, we obtain expressions for Ta and Ts, 
namely

(1 ), 2 (1 ) .T S T S
a s

04 04

v

a

v

a
=

−
=

−  (1.12a, b)

note that the equation for Ta, namely equation 1.10 is the 
same as equation 1.8, and so using S0 = 342 Wm2 and 
a = 0.3, we find Ta = 255 K. For the surface temperature, 
we obtain Ts = 303 K = 30°c. This temperature is quite 
a bit higher than the observed average temperature at 
earth’s surface (288 K) mainly because we are assuming 
that earth’s atmosphere is a perfect blackbody, absorbing 
all the longwave radiation incident upon it. in fact, some 
of the longwave radiation emitted by the surface escapes 
to space, so let’s try to model that in a simple way. 

A leaky blanket

instead of assuming that the atmosphere absorbs all the 
longwave radiation emitted by the ground, let us assume 
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that it absorbs just a fraction, e, of it, where 0 < e < 1; 
thus, an amount vT s

4(1 - e) of surface radiation escapes 
to space. Similarly, we also assume that the atmosphere 
only emits the (same) fraction e of the amount it would 
do as a blackbody. in other respects, the model is the 
same as that described above.
 The radiative balance equations corresponding to 
equations 1.9 and 1.10 are, for the surface,

e(1 )T S Ts a

4 4v a v= − +  (1.13)

and at the top of the atmosphere

e e(1 ) (1 ) .S T Ta s0

4 4a v v− = + −  (1.14)

Solving for Ts, we obtain

e(2 )
2 (1 ) .T S

s
04

v

a
=

−
−  (1.15)

if e = 1, we recover the blackbody result (equation 1.12b) 
with Ts = 303 K. if e = 0, then the atmosphere has no 
radiative effect and, as in equation 1.8, we obtain Ts = 
255 K. The real atmosphere is somewhere between these 
two extremes, and for e = 3/4, we find Ts = 287 K, close 
to the observed average surface temperature. 
 evidently, the surface temperature increases as e in-
creases, and this phenomenon is analogous to what 
is happening vis à vis global warming. As humankind 
puts carbon dioxide and other greenhouse gases into 
the atmosphere, the emissivity of the atmosphere in-
creases. The atmosphere absorbs more and more of the 
longwave radiation emitted by the surface and re- emits 
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it downward, and consequently the surface tempera-
ture begins to rise. The mechanism is relatively easy to 
under stand. it is much harder to determine precisely 
how much the emissivity rises and how much the surface 
temperature rises as a function of the amount of carbon 
dioxide in the atmosphere. We’ll discuss this question 
more in chapter 7, although there is still no exact answer 
to it. So let’s finish off this chapter by discussing a ques-
tion to which we do have a reasonable answer, namely, 
which gases in the atmosphere contribute to the green-
house effect. 

What are the important greenhouse gases?

The most important greenhouse gases in earth’s atmo-
sphere are water vapor and carbon dioxide, followed by 
ozone, nitrous oxide, methane, and various other gases 
(see table 1.1). Water vapor (and clouds) and carbon di-
oxide have the dominant effect, although their respec-
tive levels are maintained in different ways. The level of 
co2 is almost constant throughout the atmosphere, and 
year by year its level is maintained by a balance between 
emissions (e.g., respiration by animals and bacteria) and 
natural sinks, including photosynthesis in plants and 
absorption by the ocean. on longer timescales, geologi-
cal processes such as volcanic outgassing, weathering of 
rocks, and changes in the ocean circulation come into 
play, and the co2 level may change by natural causes on 
timescales of thousands of years and longer. As we dis-
cuss more in chapter 7, the burning of fossil fuels has led 
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to increased emissions of co2 in the past few centuries 
and the level itself has increased from about 280 ppm in 
preindustrial times to 390 ppm today.
 Water vapor, on the other hand, comes and goes on 
a daily timescale, as we know from our everyday expe-
rience. The source of water vapor in the atmosphere is 
evaporation from the ocean, lakes, and wet land, and 
the sink is condensation and rainfall. (clouds are made 
mainly of small water droplets that remain suspended 
in the air.) The level of water vapor varies both spatially 
(deserts are dry, the tropics are humid) and temporally 
(some days are dry, others are rainy). But one factor 
above all determines the average level of water vapor in 
the atmosphere, and that is temperature. The higher the 
temperature, the more water vapor a given volume can 
hold, and so if the atmosphere warms then the amount 
of water vapor in the atmosphere, on average, increases. 
Since water vapor is a greenhouse gas, this increase leads 
to a bit more warming still, and so on, and this process is 
known as positive feedback.
 As a rough rule of thumb, in the present climate about 
half the greenhouse effect comes from water vapor, 
about a quarter from clouds, and a fifth from carbon di-
oxide. However, these numbers are approximate because 
the effects of the greenhouse gases are not additive: if the 
atmosphere is dry, then adding co2 makes a big differ-
ence to the greenhouse effect. on the other hand, if we 
have a lot of water vapor in the atmosphere already so 
that we already have a significant greenhouse effect, then 
adding co2 does not make nearly as much difference: 
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the longwave radiation that co2 would absorb has al-
ready been absorbed by water vapor. table 1.2 shows the 
numbers, which we may interpret as follows. if the only 
greenhouse gas in the atmosphere were co2, then we 
would have 25% of the greenhouse effect that we have 
now (that is, a quarter of the long- wave radiation would 
be absorbed in the atmosphere, if the temperature were 
held fixed). on the other hand, if we were to remove 
co2 entirely from the atmosphere, the greenhouse effect 
(longwave absorption) would be reduced by about 14%, 

Table 1.2
effect of the main longwave absorbers in the atmosphere.1

 Just the Everything but Range of 
Absorber absorber the absorber contribution

Water vapor 62 61 39–62
clouds 36 85 15–36
Water vapor and clouds 81 33 67–85
carbon dioxide 25 86 14–25
All others 9 95 5–9
ozone 5.7 97.3 2.7–5.7
nitrous oxide 1.6 99 1–1.6
Methane 1.6 99.3 0.7–1.6
Aerosols 1.8 99.7 0.3–1.8
cFcs 0.5 99.9 0.1–0.5

The first two columns of numbers give the approximate percentage of 
the present greenhouse effect that would remain if either just the absorber 
or everything but the absorber were present, with temperatures fixed; the 
third column summarizes the percentage range of the contribution of the 
absorber. “All others” refers to the combined effects of all other absorbers, 
which are then listed individually. to obtain radiative fluxes, multiply the 
percentages by 1.55 W/m2.
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to 86% of its current value. if we had only water vapor 
(and no clouds), we would have about 62% greenhouse 
effect, and if we remove water vapor but keep everything 
else, we reduce the present- day greenhouse effect by 
about 39%. if we had only water vapor and clouds, then 
we would have 81% of the greenhouse effect, and if we 
remove water vapor and clouds, then we lose about 67% 
of the present greenhouse effect.
 However, these figures do not provide a good mea-
sure of the real importance of the dry or noncondensing 
greenhouse gases (e.g., co2, ozone, or methane) because 
the calculation assumes that the temperature stays the 
same. if we did not have any of these gases, the tempera-
tures would fall, leading to a reduction in the absolute 
humidity and a significantly reduced greenhouse effect 
from water vapor, causing a further reduction of tem-
perature, and so on. in fact, without the dry greenhouse 
gases, the terrestrial greenhouse effect would likely 
completely collapse and the temperature would fall so 
much that earth would become completely frozen over, 
forming a “snowball earth” (Lacis et al., 2010). Thus, ul-
timately almost all of the greenhouse effect stems from 
the dry greenhouse gases. The amount of water vapor 
adjusts to the level of the other greenhouse gases, and 
so we usually regard water vapor as a feedback and not a 
primary forcing.
 We’ll come back to radiative effects in the last chapter, 
but let’s now shift our attention to the ocean and its role 
in climate, beginning with a descriptive overview of the 
oceans themselves. 
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2  the oceans:  
a descRiPtive oveRview

Persons attempting to find a motive in 
this narrative will be prosecuted; persons 

attempting to find a moral in it will be 
banished; persons attempting to find a  

plot in it will be shot.

—Mark twain, Adventures of  
Huckleberry Finn

We now start to look at the ocean(s)1 in a little 
more detail, albeit in a rather descriptive manner, as a 
precursor to the more mechanistic or dynamical descrip-
tion, or “explanation,” that we try to provide in chapter 4. 
That is, in this chapter we describe what’s going on but 
with no underlying organizing principle—with no plot, 
one might say. 
 There is a sense in which all explanations are really 
descriptions; what we may think of as an explanation is 
really a description at a more general level. nevertheless, 
the distinction is useful, at least in science: an explana-
tion does not just describe the phenomenon at hand 
but also provides some more fundamental reason for its 
properties, and ideally for the properties of a whole class 
of phenomena. Descriptions are useful because they are 
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