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Motivation

Figure courtesy of DSC.

The NZESM is a powerful tool for simulating the complex interactions between components of
the climate system. However, its complexity can make it difficult to asses individual components of
the system. The NZESM single column model (SCM) allows easier validation of processes. The DSC
project "Developing capacity in process assessment and improvement in NZESM through the use of
the single column version of the model" used the SCM for radiation experiments in the Deep South
[7]. Radiation components from SCM are compared with measurements from the AWARE campaign
[3]. Furthermore, SCM results were compared with the full NZESM above the Southern Ocean.
The capacity which has been developed can now be used to investigate a gap in our understanding
about how Antarctica cools itself and explore the outgoing longwave radiation budget to improve
simulations of New Zealand’s changing climate.
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Improving NZESM simulations of New Zealand’s changing climate
Antarctica’s heat budget defines how it will respond to climate change. Antarctica’s surface cools itself by emitting infrared radiation

(≈ 50% at wavelengths beyond 15µm). Models of this radiative cooling are challenged by a paucity of measurements of surface emissivity at
wavelengths beyond 15µm, compromising climate change projections over Southern middle and high latitudes. The far-infrared surface emis-
sivity is commonly assumed to equal 1 (emissivity of a blackbody radiator) in climate models, however, it has been shown that perturbations
to this parameter cause significant changes in the OLR where the atmosphere is extremely dry, see Fig.1 (from Feldman et al., 2014) and [1, 2].

water’s far-IR emissivity is 0.95. Microscopic and macroscopic
spatial and temporal heterogeneity suggest that this aspect of
surface remote sensing is an open scientific topic that can be, but
has not been, determined with global far-IR measurements.
This paper evaluates the implications of reasonable far-IR

surface spectral emissivity values, derived from radiative transfer
calculations, for a variety of surface types, on instantaneous OLR,
cooling rates, and other key climate variables. It also provides an
estimate for how improved understanding of far-IR surface
characteristics would be affect the modeling of critical climate
variables, and discusses the consequences for high-latitude and
high-altitude climate.

Methodology
We use several well-established radiative transfer techniques and one state-
of-the-art Earth system model to evaluate the role of far-IR surface emissivity
on instantaneous radiation and on long-term climate model performance.

Spectrally resolved transmission is calculated with the Line-By-Line Radi-
ative Transfer Model (LBLRTM) version 12.0 (32). Broadband OLR, cooling
rates, and transmission are produced with the Rapid Radiative Transfer
Model (RRTMG) (32) as implemented in the PSrad radiation package (33).
We use the Community Earth System Model (CESM) (34) version 1.0.5, which
also uses RRTMG for its radiation calculations, to explore the implications of
surface emissivity on climate variables.

CESM was run with the Representative Concentration Pathway (RCP) 8.5
forcing (35), which specifies a radiative forcing from greenhouse gases,

aerosols, and land-use changes of 8.5 W m−2 in the year 2100 (compset
B_RCP8.5_CN; see Appendix A of the CESM User’s Guide for details: www.
cesm.ucar.edu/models/cesm1.0/cesm). The spatial resolution was set to a 1-
degree atmosphere/land grid with a nominal 1-degree ocean/ice grid using
the gx1v6 ocean mask (0.9 × 1.25_gx1v6).

The model was first run with no modifications to ensure agreement with
results archived in the Coupled Model Intercomparison Project—Phase 5
archive (36). Then, the model was modified to determine the sensitivity of
the climate model to far-IR surface emissivity alone. This was accomplished
by only adjusting the surface emissivity in RRTMG over the wavelength
range from 1,000 μm to 15.9 μm (10–630 cm−1) with scene-type emissivity
values specified by ocean, land, and frozen surface (sea ice and land ice) for
International Geosphere-Biosphere Program (IGBP) scene types (37) (here-
after, denoted as IGBP emissivity). Far-IR emissivity was specified over three
bands: 10−250 cm−1, 250−500 cm−1, and 500−630 cm−1. The emissivity of
RRTMG bands at wavelengths shorter than 15.9 μm was held fixed at 1.0000.
The far-IR angularly averaged emissivity over each band for ocean, desert,
vegetation, and frozen surface scene types was established through radia-
tive transfer calculations. The values for ocean scenes were calculated based
on liquid water refractive indices (38) and a Fresnel equation calculation; the
values for vegetation were extrapolated from the ASTER Spectral Library
(18); the values for desert were calculated based on surficial mineral re-
fractive indices and a Fresnel equation calculation; and the values for frozen
surfaces were calculated based on ice refractive indices (26) and a Hapke
model calculation (39) as done in ref. 27 (see Supporting Information for
more details). In each call to the RRTMG routine, the land fraction, latitude,
longitude, snow area, and sea ice fraction were used to create a weighted

Fig. 2. (A) Monthly averaged PWV from CESM integration of RCP8.5 for January 2005. (B) Monthly averaged far-IR (15.9 μm and 100 μm) non-Planck-
weighted transmission. (C) Instantaneous change in clear-sky OLR based on a spectrally uniform perturbation of far-IR surface emissivity of 0.05. (D) Same as C
but for all-sky OLR.
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(a) Monthly averaged Precipitable Water Vapour from Community Earth System
Model integration of RCP8.5 for January 2005. Figure from [2].
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archive (36). Then, the model was modified to determine the sensitivity of
the climate model to far-IR surface emissivity alone. This was accomplished
by only adjusting the surface emissivity in RRTMG over the wavelength
range from 1,000 μm to 15.9 μm (10–630 cm−1) with scene-type emissivity
values specified by ocean, land, and frozen surface (sea ice and land ice) for
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after, denoted as IGBP emissivity). Far-IR emissivity was specified over three
bands: 10−250 cm−1, 250−500 cm−1, and 500−630 cm−1. The emissivity of
RRTMG bands at wavelengths shorter than 15.9 μm was held fixed at 1.0000.
The far-IR angularly averaged emissivity over each band for ocean, desert,
vegetation, and frozen surface scene types was established through radia-
tive transfer calculations. The values for ocean scenes were calculated based
on liquid water refractive indices (38) and a Fresnel equation calculation; the
values for vegetation were extrapolated from the ASTER Spectral Library
(18); the values for desert were calculated based on surficial mineral re-
fractive indices and a Fresnel equation calculation; and the values for frozen
surfaces were calculated based on ice refractive indices (26) and a Hapke
model calculation (39) as done in ref. 27 (see Supporting Information for
more details). In each call to the RRTMG routine, the land fraction, latitude,
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Fig. 2. (A) Monthly averaged PWV from CESM integration of RCP8.5 for January 2005. (B) Monthly averaged far-IR (15.9 μm and 100 μm) non-Planck-
weighted transmission. (C) Instantaneous change in clear-sky OLR based on a spectrally uniform perturbation of far-IR surface emissivity of 0.05. (D) Same as C
but for all-sky OLR.
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(b) Instantaneous change in clear-sky OLR based on a spectrally uniform pertur-
bation of far-infrared surface emissivity of 0.05. Figure from [2].

Figure 1: Implications for climate models: The magnitude of change in outgoing longwave radiation (OLR) caused by reasonable perturbation of the far-infrared surface
emissivity is comparable to the effect a surface temperature change of 2 K would have on OLR.

A project has been proposed for the second phase of the DSC to improve the fidelity of NZESM simulations if New Zealand’s changing
climate. This project aims to:

• Combine high-quality measurements the West Antarctic Ice Sheet into Site Atmospheric State Best Estimates (SASBEs). [4, 5]
• Translate the SASBEs into top-of-the-atmosphere (TOA) radiation using the SCM [6], including a new JULES (land surface) and

SOCRATES (radiation) scheme.
• Test the sensitivity of TOA radiation to changes in the spectrally resolved surface emissivity.
• Use simulations from the UK ESM, with new implementations of infrared surface emissivities, and control simulations, as boundary

conditions for a regional climate model for New Zealand.
This project will allow us to estimate how much climate projections change with a better representation of far-infrared surface emissivities in
the NZESM. Ultimately this will improve climate projections for New Zealand.
NASA and ESA are currently developing satellite missions to measure the outgoing far-infrared radiation. Both missions are highly supportive
of the proposed project.


