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Spatial patterns of ground heat gain in the Northern Hemisphere
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[1] Variations in the Earth’s surface energy balance are
recorded in the subsurface as perturbations of the steady
state thermal field. Here we invert 558 temperature-depth
profiles in the Northern Hemisphere (NH), in order to
estimate the energy balance history at the continental
surface from heat flux anomalies in the subsurface. The heat
gain is spatially variable and does not appear to have been
persistent for the last 200 years at all locations, but overall
continental areas have absorbed energy in the last 50 years.
Results indicate a mean surface heat flux of 20.6 mWm >
over the last 200 years. The total heat absorbed by the
ground is 4.8 x 10°'J and 13.3 x 10*'J for the last 50 and
200 years respectively. We suggest that our results may be
useful for state-of-the-art General Circulation Model (GCM)
validation and for land-surface coupling schemes.
Citation: Beltrami, H., E. Bourlon, L. Kellman, and J. F.
Gonzdlez-Rouco (2006), Spatial patterns of ground heat gain in
the Northern Hemisphere, Geophys. Res. Lett., 33, L06717,
doi:10.1029/2006GL025676.

1. Introduction

[2] The energy balance and its variation at the Earth’s
surface is important to help determine changes in radiative
forcing, climate systems energy budgets, and for constrain-
ing climate and land surface models [Delworth and Knutson,
2000]. The radiative forcing associated with anthropogenic
greenhouse gas emissions to the Earth’s energy balance is
about 2.0-2.5 W m 2 since 1780 [Intergovernmental
Panel on Climate Change (IPCC), 2001]. Approximately
one third of this forcing goes to heating the surface; about
10% of this flows into the ground [Sellers, 1995]. The
ground component of the energy balance of the Earth’s
surface is relatively small and difficult to measure due to
uncertainties in the measurements of atmospheric varia-
bles, and also because of several processes taking place
near the air-ground interface. However, recent analysis of
the underground temperature field indicated that continents
have absorbed as much energy as the whole atmosphere in
the last 50 years [Levitus et al., 2001; Beltrami et al., 2002;
Levitus et al., 2005].

[3] The underground temperature ficld at shallow depths
is a direct response of the ground to past surface temper-
atures [Pollack and Huang, 2000, and references therein], in
contrast to the analysis of other climate proxies, that are
modelled as climate anomalies through the fitting of nu-
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merical functions [Briffa and Osborn, 2002]. Because of
heat diffusion underground, borehole temperature (BT) data
yield robust information on long-term temperature trends.
Although, as in the case of other methods for paleoclimatic
inferences, BT based reconstructions have uncertainties.

[4] Recent attempts to reconstruct surface temperature
variation for the last millennium using a variety of proxy
data, have generated much controversy and have stimulated
a large body of recent work. Within this debate, BT
reconstructions tend to be much colder than some recon-
structions based on tree-ring data or multiproxy data sets
[Briffa and Osborn, 2002; Jones and Mann, 2004; Pollack
and Smerdon, 2004; Beltrami and Bourlon, 2004]. This
initial discrepancy has raised concern about potential biases
produced by changes in land-use, vegetation and snow
cover among others, as factors that can affect the SAT and
soil temperature coupling and may distort temperature
reconstructions based on BT profiles [Mann and Schmidt,
2003; Mann et al., 2003; Gonzdlez-Rouco et al., 2003,
2006; Pollack and Smerdon, 2004; Chapman et al., 2004;
Nitoiu and Beltrami, 2005]. In addition to BT reconstruc-
tions, new approaches aimed at preserving low-frequency
information in tree-ring chronologies have recently provided
comparable degrees of cooling in pre-industrial times
[Esper et al., 2002, 2004; Moberg et al., 2005; Beltrami
et al., 2005; Harris and Chapman, 2001; Harris and
Chapman, 2005] lending support to the results obtained
with BT profiles. The topic is still open for debate and
though much progress has been made, considerable uncer-
tainties hamper our understanding of the amplitude of
temperature variations through the last millennium.

[5] Independent of this discussion and the uncertainties
that affect BT profiles as a source of information for past
SAT trends, subsurface temperatures record past changes
in the energy budget at the surface of the ground.
Whether related to climate or to other physical changes
at the surface, subsurface temperature variations with
depth record a history of heat storage and loss with time
which can be used to analyse the contribution of conti-
nental areas to the Earth’s energy balance [Levitus et al.,
2005].

[6] In this note, we report on the results of the analysis of
the NH borehole data set of 588 temperature-depth profiles, in
order to estimate for the first time, the spatial variation of the
ground surface energy balance during the last 200 years. We
find that the ground heat flux in the NH has increased an
average of 20.6 mWm 2 over the last 200 years. In the last
50 years the mean flux has been 29.6 mWm 2 implying that
the NH continental surface has absorbed 4.8 x 10*' J. This
quantity of energy is of similar magnitude to that of the heat
absorbed by the whole atmosphere (6.6 x 102'7) and to
that absorbed by all continental areas (except Antarctica)
(8.0 - 10*")J for the same time period [Levitus et al., 2001;
Beltrami et al., 2002; Beltrami, 2002; Levitus et al., 2005].
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