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The climate system
Components

IPCC (2001)
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Absolute and relative mass sizes

Mass of selected components of the
climate systems in 1018 kg.

Hantel (2006)

⇒ mass oceans ~ 260 x mass of the atmosphere

N.B.: For the oceans we assume an average depth of 3650 m, a surface area of
0.7 x 5.1 ⋅1014 m2 and a density of ρ = 1000 kg m-3. For the atmosphere the mass is
computed assuming an average surface pressure of 1000 hPa.
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The atmosphere

NASA
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The atmosphere (2)

Specific and absolute mass

24
2

5
S

A mkg10
sm8.9

Pa10
g
pM −

− ≈≡=

kg101.5m101.5mkg10sMm 1821424
EAA ⋅=⋅⋅=⋅= −

where
pS = 1000 hPa, mean sea-level pressure
sE = 5.1 ⋅ 1014 m2, Earth’s surface
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The ocean

Atlantic Ocean, 60 N

mixed layer: dθ/dz ~ 0, ∆z ~ 50 mPot. temp.
thermocline: dθ/dz < 0, ∆z ~ 50 m

deep water
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The ocean (2)

Specific mass
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where
ZO = mean depth of the oceans
ZML= depth scale of the mixed layer
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The cryosphere

NSIDC
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The cryosphere (2)

Absolute and specific mass

mC =  ρice⋅ VC ≈ 917 kg m-3 ⋅ 33 ⋅ 106 km3 ⋅ 109 m3 km-3 = 30 ⋅ 1018 kg

MC =  mC/AC ≈ 30 ⋅ 1018 kg  / 15.9 ⋅ 1012 m2 ≈ 1.9 ⋅ 106 kg m-2
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The biosphere

Absolute mass

mB ≈ 2 ⋅ 1015 kg
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The biosphere (2)

Latitudinal and seasonal variations

Field et al. (1998)
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The global carbon cycle
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1 Pg (petagram) ≡ 1015 g ≡ 1012 kg 
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Time scales (Golytsin, 1983)

We first look at the time constants for thermal inertia of the 
atmosphere and ocean. Recall:

dt
dTMc

dt
dQ

p=

where

dQ/dt = heat added or subtracted per unit area and time
cp = specific heat
M = mass per unit area (i.e. specific mass)
dT/dt = change in temperature per unit time

Assume now that

τ
effT~

dt
dT

where

Teff = effective temperature
τ = time constant
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Time scales (2)

It follows that

dt/dQ
TMc

dt/dT
T~ effpeff =τ

We further assume that
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where
So = 1368 W m-2 is the solar constant
αP = 0.3 is the planetary albedo
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Time scales (3)

Atmosphere

MA = 104 kg m-2

TA = 255 K
cpa = 1005 J kg-1 K-1
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Ocean, mixed layer

MML = 105 kg m-2

TML = 288 K
cpw = 4184 J kg-1 K-1 (pure water); 3930 J kg-1 K-1 (salinity of 30 ‰); 
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Time scales (4)

As pointed out by Golitsyn, the exchange of water between the 
thermocline and the upper mixed layer takes place at a velocity of the 
order of 50 m yr-1. The depth of the thermocline varies with latitude 
and season. Assume that it is of the order of 500 m.
It follows that the time for the mixed layer to reach equilibrium with 
the thermocline is:

yr10~
yrm50
m500~ 1TC/ML −τ

This is comparable to the time scale derived before.
Because heated from above, the ocean is almost everywhere stably
stratified. The coefficient of turbulent vertical mixing is only of the 
order of K ~ 1 cm2 s-1. The mean depth of the ocean is ZO ~ 4 km. 
Therefore:
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Time scales (5)

Cryosphere

The heat required to melt 1 kg of ice at 0 °C is Lf = 0.334 ⋅ 106 J kg-1

(latent heat of fusion).

The summer radiation balance of the high latitudes is SWnet ~ 60 W m-2.
The time required to melt 2 km of ice (33.09 ⋅ 106 km3 / 15.85 ⋅ 106 km2) 
with a specific mass of 1.9 ⋅ 106 kg m-2 is:
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But this only represent a lower bound, because:
• the cryosphere continuously receives new mass during winter 

(accumulation, i.e. precipitation);
• most of the cryosphere is not at 0 °C;
• dynamical processes (ice flow) are important.
The typical time scale is therefore more like τC ~ 104 yr.


