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THE “ICE-EMISSIVITY” FEEDBACK

• Large discrepancies in temperature between models and

observations are observed (Flato et al., 2013).

• Multi-model average surface air temperatures across the

Arctic and Antarctica are significantly colder than observed.

• Larger biases in individual models in these regions (Figure 1).

• Recent high latitude warming is also underestimated by

current climate models.

• Substantial difference in emissivity between ocean and sea

ice emissivities of 0.1 at 500 cm-1 to 0.2 below 100 cm-1.

• Decrease in sea ice surface and snow fraction.

• Increase in surface temperature (Figure 2).
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Figure 1: from Flato et al., 2013 (9.2(d)), mean inconsistency
between ERA-Interim, ERA 40-year reanalysis (ERA40) and
Japanese 25-year ReAnalysis (JRA-25) products as the mean
of the absolute pairwise differences between those fields for
their common period (1979–2001).

Figure 2: from Feldman et al., 2014 (2(c)), instantaneous
change in clear-sky OLR based on a spectrally uniform
perturbation of far-infrared surface emissivity of 0.05.
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Figure 3: Retrieved emissivity from TAFTS (blue triangles) and ARIES (red crosses) with the closest simulations
(lines). Snow fill factor and effective radius are expressed for each of the best fits (Bellisario et al., 2017).
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VARIOUS CHALLENGES TO SOLVE

• Adding a spectrally resolved emissivity? Not straightforward!

• Only longwave and shortwave separation in the land model.

PROSPECT

• Ability to assess sensitivity of HADGEM7.1 energy budget to spectrally resolved surface emissivity and how this changes with time under different climate

change scenarios due to surface and atmospheric responses.

• Comparison to previous results using alternative climate model (CESM) and emissivity representation: are similar sensitivities seen?

• Ability to incorporate high altitude aircraft and future satellite-based retrievals of FIR emissivity in future work.

• Potential to test expected improvement in representation of top of atmosphere FIR fluxes under appropriate conditions against planned satellite measurements

(FORUM and PREFIRE, Polar Radiant Energy in the Far Infrared Experiment).

• Up to now, there is no spectrally resolved

measurement of outgoing FIR radiances from

space. If selected, ESA Earth Explorer mission

FORUM (Far-infrared Outgoing Radiation

Understanding and Monitoring) would be the

first to provide data.

INSIDE HADGEM7.1

Snow/ice

• FIR more important over cold and dry areas such as polar regions.

• Exchanges between the models include

variables connected to upwelling and

downwelling fluxes F, surface temperature T*,

albedo α, emissivity ε, ...

• Change in surface temperature proportional to the net radiative shortwave

and longwave flux and therefore to the emissivity.H
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Comparisons between climate models and reanalysis show persistent biases in surface temperature over polar regions, particularly in the wintertime Arctic. A recent study using the

Community Earth System Model (CESM) suggests that incorporating a more realistic spectrally varying surface emissivity can substantially reduce these discrepancies. In this work

we investigate whether a similar effect is seen in UK HadGEM-GA7.1 (Hadley Centre Global Environment Model) by replacing the current simplified assumptions of surface type and

characteristics with observationally based estimates of snow spectral infrared emissivity. We describe the non-trivial steps involved in incorporating such a change in the land

(JULES) and atmospheric (UM and SOCRATES) components of the model.

• First observation of far-infrared (FIR) emissivity over snow/ice with TAFTS

(Tropospheric Airborne Fourier Transform Spectrometer) instrument

(Bellisario et al., 2017) to be included in the model.

• Land emissivity not spectrally resolved and

not shared between the parts of the model.

• Land type fraction different between land and

radiation code.

• Consistency in energy to be insured all

along the changes.

• Longer time step for the radiation code.


