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1 Description of the energy balance model

The two-box Energy Balance Model (EBM) used in this paper simulates the
response of global ocean and land temperatures to anomalous tropopause ra-
diative fluxes caused by climate forcings. One box represents global ocean and
the atmosphere above; the other box represents global land and the atmosphere
above. Each box has a temperature anomaly with respect to unperturbed con-
ditions, ∆T , a heat capacity, c, and a climate sensitivity parameter, λ, that
determines the strength of upward climate response radiative fluxes as a linear
function of temperature. We use the subscripts O and L to represent ocean and
land values respectively. ∆A represents the anomalous flow of heat from land
to ocean, and is proportional to the temperature difference between them. The
land-ocean heat exchange term, ∆A = β(∆TL − ∆TO), is based on those used
by Murphy, [1995] and Rowntree, [1998]. A schematic diagram of the EBM is
presented in Figure 1.

∆TO is given by

∆Q −
∆TO

λO

+
β

1 − f
(∆TL − ∆TO) = cO

dTO

dt
, (1)

where ∆Q is the radiative forcing due to external factors, β

1−f
(∆TL − ∆TO)

is the anomalous atmospheric land-ocean heat transport, f is the land fraction
and cO

dTO

dt
is the ocean heat uptake. ∆TL is given by

∆Q −
∆TL

λL

−
β

f
(∆TL − ∆TO) = cL

dTL

dt
, (2)

where cL
dTL

dt
is the land heat uptake. For simplicity, we assume that ∆Q is the

same over both land and ocean, and that atmospheric heat capacity is negligible
on annual and longer timescales. Multiplying equation 1 by the ocean fraction,
(1 − f), multiplying equation 2 by the land fraction, f , and adding, the land-
ocean heat flux terms cancel and we find an equation for global energy balance.
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Figure 1: Schematic diagram of the energy balance model.

2 Set up of energy balance model experiments

We integrate equations 1 and 2 forward in time from 1955-2003 numerically,
taking values of ∆Q calculated by the GISS model. We run the model for a
wide range of parameter values. Because we do not have observed estimates of
possible λO and λL, we calculate ranges from our observed estimate of φ and
the global climate sensitivity parameter, λ, estimate of Forster and Gregory,
[2006]. The null hypothesis is that φ is not maintained constant, but remains
close to its equilibrium value as a consequence of ∆Q, λO, λL, ∆UO and ∆UL.
Subtracting equation 2 from 1 and dividing by ∆TO, we derive an expression
relating β, λO and λL:

β =
f(1 − f)

(φ − 1)

(

1

λO

−
φ

λL

)

. (3)

λL and λO are related to λ via 1

λ
= (1 − f) 1

λO
+ f 1

λL
. Specifying β from

GCM data, we determine λO and λL using our estimates of φ and Forster and
Gregory’s estimates of λ. Hence, we use observed φ to estimate parameter values
of equations 1 and 2 consistent with the real world, but do not hold φ constant
while running the EBM.
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3 Global land-ocean temperature contrast

Table 1 in the main paper shows values of φ, φ′, r and r5 for observations and
GCMs, where the GCM data are masked so that only values for which there are
equivalent observations are considered. Here, we present GCM results for full
global coverage, Table 1. φ and φ′ are closer to unity and slightly less uncertain

Model φ r r5 φ′

CCSM3 1.29±0.10 0.010 2.7×10−3 1.53±0.12
GFDL0 1.17±0.15 0.013 6.1×10−3 1.49±0.19
GFDL1 1.08±0.11 0.012 2.2×10−3 1.28±0.14
GISS E-R 1.13±0.08 6.0×10−3 1.7×10−3 1.39±0.09
MIROC 1.20±0.15 8.6×10−3 2.1×10−3 1.51±0.19
MRI 0.88±0.11 0.017 3.5×10−3 1.25±0.15
PCM 1.20±0.11 0.012 4.1×10−3 1.43±0.13

Table 1: φ, φ′ (φ calculated with ∆TL as the independent variable), r and r5 in
seven GCMs for unmasked global data for 1955-2003.

than for masked data. Values of r are generally less than for masked data, but
values of r5 are similar.

4 Effective ocean heat capacity

It is difficult to rule out a role for an adaptive ocean heat capacity, cO, in
maintaining constant φ. (If cO is smaller on shorter timescales, then the ocean
could respond rapidly to rapid changes in forcing.) Modeling ocean heat uptake
as ∆UO = γ∆TO +cO

dT
dt

, we regress values of ∆UO against ∆TO and dT
dt

filtered
on various timescales in four models. Estimates of γ and cO on below 5-year,
5-10 year and 10-20 year timescales are presented in Table 2 for model ensemble
means for 1901-97. A summary of cO values is also shown in Figure 2.

Model below 5-year 5-10 year 10-20 year
γ cO γ cO γ cO

GFDL0 1.58±1.01 2.26±0.72 2.06±0.88 4.62±1.25 1.28±0.81 5.00±1.95
GFDL1 0.03±1.60 1.46±1.19 2.00±1.38 3.72±1.63 1.80±1.29 2.44±2.07
MIROC 1.10±1.51 0.98±1.09 1.27±0.80 3.23±1.13 1.03±0.96 3.65±2.35
MRI 2.26±3.37 -1.01±2.23 3.90±3.55 3.10±4.60 2.23±0.33 5.20±5.30

Table 2: γ and cO in units of Wm−2K−1 on below 5-year, 5-10 year and 10-20
year timescales in four GCMs.

As stated in the main text, estimates of cO on below 5-year timescales are
lower than on 5-10 year timescales. However, 5-10 year values are consistent with
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CO on various timescales
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Figure 2: Estimates of cO on different timescales, GFDL0 (triangles), GFDL1
(stars), MIROC (squares), MRI (diamonds). The vertical lines show the max-
imum and minimum of the 5 and 95 % tails for the individual models. The
horizontal position of the right-hand plotting symbols and vertical line, which
represent cO on greater than 20-year timescales, is arbitrary.

10-20 year values. This does not mean that changes in cO do not assist in the
maintenance of constant φ. However, such changes are not readily detectable
using a simple regression method, because the ocean heat uptake time series
contain significant variations unrelated to temperature change.
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